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1.0 Introduction 

1.1 Purpose and Scope of Work 
The City of Thousand Oaks has retained CH2M HILL to provide engineering services for 
the project plans, specifications, and estimates (PS&E) phase of the Route 101/State Route 
(SR) 23 Interchange Improvements project.  

This final foundation report is prepared as part of the PS&E phase of the project. It includes 
the geotechnical exploration findings, conclusions, and recommendations to aid in the 
foundation design of the proposed widening at the Hampshire Road Undercrossing (UC) 
(Bridge No. 52-0273). Separate foundation reports are prepared to address the other bridges 
within the project improvements. 

California Department of Transportation (Caltrans) reviewed the Foundation Report dated 
April 22, 2011, and provided review comments on June 8, 2011. CH2M HILL responded to 
the review comments in a technical memorandum dated August 24, 2011 after a meeting 
with Caltrans was conducted to resolve the review comments. Caltrans subsequently 
concurred with CH2M HILL’s responses to the review comments on September 7, 2011. The 
Caltrans review comments and CH2M HILL’s responses are included in Appendix F. 

The scope of work for the current study includes the following: 

• Review the as-built bridge drawings, Log of Test Borings (LOTBs) sheet, and geologic 
maps 

• Perform drilling, sampling, and logging of two hollow-stem auger (HSA) borings and 
one rotary wash boring to verify the information presented in the as-built LOTBs  

• Conduct laboratory testing of selected samples to characterize the subsurface material 

• Provide recommendations for seismic parameters and acceleration response spectra, 
evaluation of the potential for liquefaction and lateral spreading, and development of 
geotechnical recommendations for foundation design 

• Preparation of this final foundation report according to the Foundation Report Preparation 
for Bridge Foundations (Caltrans, 2009b) and Guidelines for Structural Foundation Reports, 
Version 2.0 (Caltrans, 2009a) 

This Final Foundation Report supersedes the Foundation Report for Hampshire Road UC 
(Widen) (Bridge No. 52-0273), dated April 22, 2011 (CH2M HILL). Project Description 

The Route 101/23 Interchange Improvements project is located from Post Miles (PMs) 0.1 to 
4.5 along the Ventura (Route 101) Freeway corridor between Lakeview Canyon Road and 
Moorpark Road in Ventura County, California. The project improvements include widening 
the northbound (NB) 101 freeway and bridge UCs, including Hampshire Road UC (Bridge 
No. 52-0273), Conejo School Road UC (Bridge No. 52-0274), and Moorpark Road UC (Bridge 
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No. 52-0237); constructing associated retaining walls and sound walls for the widening and 
improving the on- and off-ramps; drainage modifications primarily including adding pipes 
to connect to the existing drainage system, although no new culverts or major drainage 
structures are proposed; pavement construction, mainly consisting of replacing the existing 
hot-mixed asphalt (HMA) pavement with jointed plain concrete pavement (JPCP) at 
median, constructing new JPCP for the NB 101 widening on the existing or new roadway 
embankment, and constructing HMA for the outside shoulder and the on-and off-ramps; 
roadway striping and re-striping; landscaping for the new grading areas; and installing 
Caltrans standard overhead signs and lights are also included within the project limits.  

This Final Foundation Report is prepared for design and construction of the proposed 
widening at Hampshire Road UC (Bridge No. 52-0273). Foundation design and construction 
for widening the other structures are presented in separate foundation reports. Foundation 
design and construction for retaining walls, soundwalls, and roadway embankment are 
included in the Geotechnical Design Report. Materials and pavement structural section 
design are included in the Materials Report prepared for this project. 

1.2 Existing Bridge Information 
The existing Hampshire Road UC is located approximately 1.5 miles south of the 
Route 101/SR 23 Interchange at PM 1.62 on Route 101 in the city of Thousand Oaks in 
Ventura County, California. The site coordinates are 34.166139° N, 118.83789° W. The 
location of the site is shown in the Site Location Map, Figure 1-1. 

The proposed NB widening at Hampshire Road UC will add a 12-foot-long, 8-inch-wide 
(minimum and varies) concrete box girder structure to the east side of the existing bridge to 
accommodate the proposed lane widening and addition of a soundwall. To accommodate 
the proposed improvement, the existing barrier railings along the east edges of the existing 
structure will be removed. The general plan and foundation plan for the proposed widening 
are provided in the Appendix A. 

The Hampshire Road UC site is located at the northern edge of the Santa Monica 
Mountains, within the Transverse Ranges Geomorphic Province of Southern California 
(California Geological Survey [CGS], 2000). The topography in the immediate vicinity of the 
Route 101 project alignment under consideration varies from relatively flat to gently sloping 
toward the northwest. The terrain surrounding the bridge site is of relatively low relief and 
is surrounded by commercial and residential developments. The existing ground surface 
elevation at the proposed bridge area ranges between approximately 894 and 900 feet. The 
approach fills are approximately 25 and 26 feet high at the Abutments 1 and 4, respectively.  

The bridge was originally built in 1966 with a deck elevation of approximately 921 feet. The 
bridge was widened with a 14-foot addition on either side in 1973. The existing structure is a 
three-span “T” girder with continuous reinforced concrete (RC) deck with open-end 
diaphragm abutments and RC column bents. The originally built portions of the abutments 
are supported by 16-inch cast-in-drilled-hole (CIDH) piles, while the bents are supported on 
spread footings. The widened portions of the abutments and bents are supported on driven 
H-pile (HP) 10x57 piles. The bridge is approximately 148 feet in length and 154 feet in 
width. 
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The details of the existing structure foundations according to the as-built plans are 
summarized in Table 1-1.  

TABLE 1-1 

As-Built Foundation Data  
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support Foundation Type 

Estimated Pile  
Cut-Off Elevation

a,c
/ 

Size of Footing
b
 (feet) 

Specified Tip 
Elevation

a,c
/ 

Bottom of Footing 
Elevation

b,c 
(feet) 

Pile Load 
(tons)

a
/ 

Footing 
Pressure (tsf)

b
 

Abutment 1 (Original) 16-inch CIDH Piles 912.0 870.0 45 

Abutment 1 (Widening) HP 10 x 57 912.0 850.0 to 860.0 NA 

Bent 2 (Original) Spread Footing 8.5 x 8.5 to 11 x 11 887.0 2.5 

Bent 2 (Widening) HP 10 x 57 888.0 to 894.0 845.0 to 855.0 NA 

Bent 3 (Original) Spread Footing 8.5 x 8.5 to 11 x 11 887.0 2.5 

Bent 3 (Widening) HP 10 x 57 888.0 to 894.0 845.0 to 855.0 NA 

Abutment 4 (Original) 16-inch CIDH Piles 912.0 870.0 45 

Abutment 4 (Widening) HP 10 x 57 912.0 850.0 to 860.0 NA 

Notes: 

NA = not available 
tsf = tons per square foot 
a Corresponds to pile foundations 
b Corresponds to spread footings 
c Elevation data based on National Geodetic Vertical Datum of 1929 (NGVD 29); to convert to North American Vertical 
Datum of 1988 (NAVD 88), 2.615 feet should be added. 

1.3 Pertinent Reports and Investigations 
As part of the study, CH2M HILL reviewed pertinent documents, reports and geotechnical 
investigations performed at the project site, as available. The most pertinent documents 
reviewed included the following: 

• Caltrans. 1971. As-Built Plans, Hampshire Road Undercrossing (Widen), Bridge No. 
52-0273, Ventura County. November 29. 

• Caltrans. 1964. As-Built Plans, Hampshire Road Undercrossing, Bridge No. 52-0273, 
Ventura County. August 10. 

• CGS. 2000. Seismic Hazard Report for the Thousand Oaks 7.5-Minute Quadrangle, Ventura 
and Los Angeles Counties, California. Seismic Hazard Zone Report 042. 

• CH2M HILL. 2010a. Preliminary Foundation Report, Route 101/23 Interchange Improvements, 
Hampshire Road Undercrossing (Widen), Bridge No. 52-0273, Ventura County, California, 
November 17. 
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• CH2M HILL. 2010b. Technical Memorandum, Geotechnical Field Investigation Plan for Route 
101/23 Interchange Improvements, City of Thousand Oaks, Ventura County, California, 
December 17. 

• CH2M HILL. 2011a. Foundation Report, Route 101/23 Interchange Improvements, Hampshire 
Road Undercrossing (Widen), Bridge No. 52-0273, Ventura County, California, April 22. 

• CH2M HILL. 2011b. Geotechnical Design Report, Route 101/23 Interchange Improvements, 
U.S. Route 101 from North of Lakeview Canyon Road to 0.3 Mile North of Moorpark Road 
Undercrossing, Ventura County, California. April 22 

• Yerkes R.F., and Showalter, P.K. 1991, Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California. United States Geological Survey Open File 
Report 91-288 

• Yerkes, R.F., and Campbell, R.H. 2005, Preliminary Geologic Map of the Los Angeles 30’ 
x 60’ Quadrangle, Southern California, Version 1.0. United States Geological Survey Open 
File Report 2005-1019. 

1.4 Limitations 
This Foundation Report has been prepared for the exclusive use of City of Thousand Oaks, 
Caltrans, and CH2M HILL design team members for the design and construction of 
Hampshire Road UC (Widen). It has been prepared in accordance with Caltrans’ Guidelines 
for Structures Foundation Reports, Version 2.0 (Caltrans, 2009a), and Foundation Report 
Preparation for Bridge Foundations (Caltrans, 2009b). No other warranty, express or implied, is 
made. 

The analyses and recommendations contained in this report are based on data obtained 
from published information, boring data from the as-built LOTB, and three borings drilled 
by CH2M HILL. The borings indicate subsurface conditions only at specific locations at the 
time of explorations and only within the depths penetrated. They do not necessarily reflect 
subsurface variations that could exist between such locations or between samples or 
changes that could take place with time. If variations in subsurface conditions from those 
described in this report are noted during final design or construction, the recommendations 
in this report should be reevaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
widening occurs, the conclusions and recommendations of this report should not be 
considered valid unless such changes are reviewed and the conclusions of this report are 
verified in writing by CH2M HILL. CH2M HILL is not responsible for any claims, damages, 
or liability associated with the reinterpretation or reuse of the subsurface data in this report 
by others. 
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2.0 Geotechnical Investigation 

2.1 Field Investigation 

2.1.1 Review of Existing Information 

According to the as-built drawings, the most-recent subsurface investigation was performed 
in June 1969 before the construction for widening of the original bridge. At that time, the 
subsurface information was obtained from two rotary borings (B-1 and B-2) and one 
penetration boring (B-3). The subsurface investigation for the construction of the original 
bridge was performed in September 1962, which included two rotary borings (B-1 and B-2) 
and three penetration borings (B-3 to B-5). The details of the investigations (per the as-built 
LOTB) are presented in Table 2-1. The depth of the borings ranged from 30 to 62 feet below 
the existing ground surface (bgs). Groundwater was encountered at an approximate 
elevation of 870 feet (between 24 and 30 feet bgs) in two of the rotary borings drilled for the 
widening. No groundwater was encountered at other borings. The as-built LOTBs are 
presented in Appendix B. 

TABLE 2-1 

Summary of As-Built LOTBs 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Boring 
No. 

Date 
Performed 

Exploration 
Method 

Station 
(C/L) 
Route 
101a 

Offset 
(feet) LT/RT 

Ground 
Surface 

Elevationb 
(feet) 

Depth 
of 

Boring 
(feet) 

Groundwater 
Level 

Elevationb 
(feet) 

Caltrans As-Built Plan – November 29, 1971 

B-1 6-24-69 Rotary Boring 96+14 76 LT 899.5 62 870.0 

B-2 6-24-69 Rotary Boring 97+03 74 RT 894.6 60 870.5 

B-3 6-24-69 2.25-inch Cone 
Penetrometer 

97+18 78 LT 918.3 45 NE 

Caltrans As-Built Plan – August 10, 1964 

B-1 9-24-62 Rotary Boring 96+95 77 RT 890.3 50 NE 

B-2 9-24-62 Rotary Boring 96+09 69 LT 896.7 56 NE 

B-3 9-24-62 2.25-inch Cone 
Penetrometer 

96+80 60 LT 898.5 30 NE 

B-4 9-24-62 2.25-inch Cone 
Penetrometer 

96+61 0 - 898.5 45 NE 

B-5 9-24-62 2.25-inch Cone 
Penetrometer 

96+41 76 RT 891.6 41 NE 

Notes:  

LT = left 
NE = not encountered  
RT = right 
a Station data based on as-built LOTB stationing  
b Elevation data based on NGVD 29. To convert to NAVD88, 2.615 feet should be added. 
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2.1.2 Current Investigation 

CH2M HILL conducted a field investigation between January 19, 2011, and January 26, 2011, 
to verify and supplement the subsurface interpretations from the as-built LOTBs at the 
bridge site. The field investigation included drilling and sampling two HSA borings (A-11-
001 and A-11-003) and one rotary wash boring (R-11-002). The HSA borings were drilled 
near Abutments 1 and 4 on the NB side of the existing bridge. The rotary wash boring was 
drilled close to the existing Bent 2 location of the bridge. The locations of borings are 
presented in Figure 2-1. Table 2-2 summarizes the information and the approximate location 
of these borings.  

TABLE 2-2 

Summary of Exploratory Borings from Current Field Investigation 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Boring 
Number 

 Date 
Performed 

Exploration 
Method 

Station
1  

(feet) 
Offset

1
 

(feet) 

Ground 
Surface 

Elevation 
(feet) 

Exploration 
Depth 
(feet) 

Groundwater 
Elevation 

(feet) 

A-11-001 1-25-11 Hollow Stem 
Auger 

95+89 72 RT 

 

921.9 88.0 885.9 

R-11-002 1-19-11 Mud Rotary 96+78 108 RT 

 

896.7 70.8 NM 

A-11-003 1-25-11 Hollow Stem 
Auger 

97+69 72 RT 

 

922.4 87.0 862.4 

Notes: 
1 

Station and offset is based on the center line of US-101 (“A” Line). 

RT = Right 
NM = not measured 

The borings were drilled by WDC Drilling and Wells of Montclaire, California, using a 
truck-mounted drill rig (CME 85) equipped with 8-inch-diameter HSAs and a 140-pound 
automatic hammer falling freely for 30 inches. The automatic hammer was estimated to 
have an equivalent efficiency of about 75 percent. Soil samples were collected every 5 feet 
using standard penetration test (SPT) split-spoon sampler or modified California ring 
sampler. The sampling procedures generally followed SPT and split-barrel sampling of soils 
(ASTM International [ASTM] D1586). Each soil sample collected was described using the 
Unified Soil Classification System (USCS) in accordance with the ASTM D2487 and D2488, 
and the guidelines in the Soil and Rock Logging, Classification, and Presentation Manual 
(Caltrans, 2010b). Following the drilling, sampling, and logging, the borings were backfilled 
with the compacted soil cuttings for HSA borings with 2 feet of concrete to repair the 
existing shoulder pavements. The rotary wash boring was backfilled using bentonite grout. 
The LOTBs for the current investigation are presented in Appendix B.  

Site-specific calibration on the automatic hammer used for the current field exploration was 
not conducted for this project. Review of the document of CME Automatic Hammer 
Operations Bulletin published by U.S. Department of the Interior (USDOI) indicates that a 
hammer efficiency from 85 to 95 percent was recommended based on various research and 
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testing data for the CME automatic hammer (USDOI, 1999). Therefore, a hammer efficiency 
of 75 percent was conservatively used for this project. The CME Automatic Hammer 
Operations Bulletin is included in Appendix C. 

2.2 Laboratory Testing 
Laboratory testing was performed on selected soil samples of the subsurface material to aid 
in the field classification of the samples collected and to evaluate the geotechnical 
engineering properties of subsurface materials. Leighton Consulting, Inc., of Irvine, 
California, performed the laboratory tests under a subcontract to CH2M HILL. Tests 
included moisture content, in-place density, gradation analysis, Atterberg limits, direct 
shear, consolidation, unconsolidated undrained (UU) triaxial test, and corrosion tests. 
Testing was completed in accordance with applicable ASTM standards (ASTM, 2006) or 
California Test Methods (CTMs) (Caltrans, 2003). The laboratory tests performed on the 
samples are summarized in Table 2-3 and the results of the tests are presented in 
Appendix D. 

TABLE 2-3 

Summary of Laboratory Test Methods 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Laboratory Test Test Method 

Moisture Content ASTM D2216 

In-place Density ASTM D2937 

Particle-size Analysis ASTM D422 

Atterberg Limits ASTM D4318 

Direct Shear (Consolidated Drained) ASTM D3080 

UU Triaxial  ASTM D2850 

Corrosion Suite CTM 417, 422, and 532/643 
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FIGURE 2-1 
Boring Location Map
Hampshire Road Undercrossing
Route 101/23 Interchange Improvements
Ventura County, California
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3.0 Geology 

3.1 Physiography 
The physiography in the immediate vicinity of the proposed bridge widening at the 
Hampshire Road UC is dominated by Russell Valley, a gently sloping alluvial valley that 
drains to the northwest, into Arroyo Conejo. The ground surface elevation at Hampshire 
Road is approximately 905 feet, the area gently drains towards the north-northwest. 
Surficial weathering processes and human activities, including the construction of the 
Hampshire Road UC, have yielded the physiographic conditions present onsite today. 

Geologic Structure The site is located at the northern edge of the Santa Monica Mountains, 
within the Transverse Ranges Geomorphic Province of Southern California. The Santa 
Monica, San Gabriel, and San Bernardino Mountains are located within the Transverse 
Ranges Geomorphic Province, which is a generally east-west trending series of mountain 
ranges and valleys that extend from offshore (the province includes the northern Channel 
Islands) to north of the Salton Sea in the east. Within the province, the San Gabriel and San 
Bernardino Mountains are separated by the San Andreas Fault Zone, which has offset the 
two mountain ranges in a right-lateral direction. The Transverse Ranges are being 
compressed in a north-south direction resulting in a continuous, relatively rapid uplift of 
the province. It is believed that this compression is a result of the San Andreas Fault’s 
“Big Bend.” The Transverse Ranges Province is bounded on the south by a series of low 
angle thrust faults, which on the south side of the Santa Monica Mountains includes the 
Malibu Coast and Santa Monica Faults. In the vicinity of the site, the Santa Monica 
Mountains are generally composed of middle Miocene-aged volcanic rocks and volcanic-
derived rocks, overlain locally by late Miocene aged sedimentary rocks. These sedimentary 
rocks have been locally eroded from the Santa Monica Mountains exposing the underlying 
volcanically derived units at the surface. Roughly 15 million years ago, this area and a good 
portion of the Los Angeles region were submerged by the Pacific Ocean. Tectonic evolution 
of western North America resulted in the extrusion of volcanic rocks and the uplift and 
formation of the Los Angeles Basin and the Santa Monica Mountains. 

3.2 Stratigraphy  
Based on the results of the geologic mapping shown in Figure 3-1, the project site and 
nearby vicinity are underlain by artificial fills and younger to older alluvial deposits. 
Formational material of Calabasas Formation was encountered below the alluvial deposits. 
Generalized descriptions of these units are presented on the Geology Map (Figure 3-1), 
summarized from Yerkes and Campbell (2005). The artificial fill soils were placed during 
previous construction and are expected to be similar in composition to the underlying 
alluvial soils. The alluvial sediments that underlie the site generally consist of a combination 
of gravel, sand, silt, and clay. Relatively thick sections of alluvial soils are expected below 
portions of the alignment. Out-of-slope bedding conditions have been mapped within 
portions of the mountainous areas adjacent to the alignment. 
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No Alquist-Priolo Earthquake Fault Zones have been mapped transecting the alignment. A 
splay of the northeast trending Sycamore Canyon Fault has been mapped in the vicinity of 
Hampshire Road and Route 101; the fault in this area has been mapped as being concealed 
by alluvial soils and is labeled as an “undifferentiated Quaternary fault” (CGS, 2000). The 
Sycamore Canyon Fault is not considered active, as currently defined by the State and the 
Alquist-Priolo Earthquake Fault Zoning Act. The northwest trending Boney Mountain Fault 
has been mapped roughly ½ mile southwest of Route 101, trending towards Conejo School 
Road. This fault is also considered inactive by the State. 

3.3 Geologic Hazards 

3.3.1 Liquefaction 

According to the Seismic Hazard Zones Map for Thousand Oaks Quadrangle prepared by State 
of California (2000), the proposed project site is mapped in an area not susceptible to 
liquefaction. Detailed site-specific liquefaction potential study for this site is presented in 
Section 5 of this report.  

3.3.2 Landslide and Slope Instability 

Landslides could be generated in soil or rock when preexisting conditions inherent within 
the soil or the rock mass can initiate the sliding failure mechanism. In addition, landslides 
could be activated from natural events such as earthquakes, rainfall, and erosion, or from 
human-made activities, such as removal of lateral supports near the base of unstable hillside 
areas.  

Based on the field reconnaissance and on the review of the available geologic maps, there 
are no known landslides mapped near or at the bridge site. According to the Seismic Hazard 
Zones Map for Thousand Oaks Quadrangle prepared by State of California (2000), the 
Hampshire Road UC site is not within the vicinity of potential landslide areas. Therefore, 
the potential for landsliding is considered low. 

3.3.3 Expansive Soil 

Based on the borings, the materials from the proposed excavation at the bents primarily 
consist of clayey sand, silty sand with gravel, silty clay, and fat clay within the top 10 feet 
from ground surface. The native granular soils generally have low potential for expansion. 
The fat clay has a plastic index (PI) of 28 and clay fraction (CF) of 31 percent based on the 
lab data. Activity (A=PI/CF) of this clay soil is about 0.903. Based on Seed et al., 1962, the 
clay soil with activity value of 0.903 has medium potential for expansion. Therefore, the on-
site excavated material generally has low to medium potential for expansion. However, 
considering material variance and the assurance to have uniform granular structural 
backfill, we recommend import, low expansive, granular materials be used as structural 
backfill for the abutments. The expansive soil exclusion zone (ESEZ) diagram (low 
expansion material backfill limits) is depicted on the structural plan attached in 
Appendix A.  
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3.3.4 Tsunamis 

Based on the Tsunami Inundation Map for Emergency Planning for Ventura County, 
California, published by California Emergency Management Agency (2009), the 
susceptibility to tsunamis at the project site is very low. 

  



Source: Yerkes, R.F. and Campbell, R.H., 2005, Preliminary Geologic Map of Los Angeles 30' x 60' Quadrangle, Southern California, Version 1.0, USGS, OFR 2005-1019.

North

 Approximate scale in miles

0 1.0.5

FIGURE 3-1 
Regional Geology Map
Hampshire Rd. Undercrossing
Route 101/23 Interchange Improvements
Ventura County, California

SCO400486.01.04.01.07 hampshire_geology.ai 4/11

Bridge Site

Qu

Description of Map Units
Qaf Artificial fill, placed in association with US 101
Qu Younger alluvial deposits, unconsolidated mixture of silt, sand 

and gravel
Qof Older alluvial fan deposits, slightly to moderately consolidated 

mixture of silt, sand and gravel
Tm Modelo Formation, sedimentary rock; thinly bedded mudstone, 

siltstone, and/or shale with some sandstone interbeds
Tcb Calabasas Formation, interbedded clayey to silty sandstone, 

and shale with local breccia beds 
Tcbvc  Calabasas Formation - Volcanic Conglomerate Member, 

(unit), volcanic derived cobbles in a matrix of volcanically derived 
clay, silt and sand

Tcoab  Conejo Volcanics - Andesitic Breccias Member, andesitic/ 
basaltic breccias, angular volcanic clasts in volcanic matrix 

Tcob  Conejo Volcanics – Basalt Member, basaltic and andesitic 
volcanic flows, breccias, and basaltic sands and silts. 

Contact or mapped horizon - Long-dashed where 
approximately located, short-dashed where inferred
Fault - Long-dashed where approximately located, 
short-dashed where inferred, dotted where 
concealed, queried where doubtful
Thrust fault - Dashed where approximately 
located, dotted where concealed, sawteeth on 
upper plate
Anticline - Approximately located, dotted where 
concealed, showing troughline
Syncline - Approximately located, dotted where 
concealed; showing troughline
Strike and dip of inclined beds

Map Symbols

?

70



 

TBG041511162302SCO\FR HAMPSHIRE RD UC.DOCX/111120001 4-1 

4.0 Subsurface Conditions 

4.1 Subsurface Conditions 
Review of the LOTB sheet indicates that the geologic units encountered at the bridge site 
during the previous and the current field investigation consist of artificial fill (Qaf), young 
alluvium deposits (Qu), and old alluvium fan deposits (Qof). Calabasas formation materials 
were encountered below alluvium at few locations. The as-built plans indicate that artificial 
fill was generated from materials derived locally during the initial grading for the 
construction of the Route 101 roadway embankment at the Hampshire Road UC. It is not 
known if these materials were placed as an engineered fill based on the available 
documentation. Generally, all the geologic units at the bridge site predominately consists of 
medium stiff to hard sandy lean clay, fat clay, silt and clayey silt, medium to very dense 
clayey sand with varying degree of gravel and shale of young alluvium deposits between 
elevations of about 900 and 850 feet. The field SPT N-values ranged from 9 to 66 for the 
young alluvium materials. Under the young alluvium materials, very dense silty sand, 
poorly graded sand, and clayey gravel of older alluvium with scattered gravels and cobbles 
were encountered below elevation 850 feet. The field SPT N-values ranged from 62 to 
greater than 100 for the older alluvium materials. Calabasas formational materials were 
encountered below 840 feet. 

4.2 Groundwater Conditions 
The design groundwater table at the project site was established through the collection and 
review of data from several sources, which include the as-built LOTBs, current geotechnical 
investigation, and California Department of Water Resources (CDWR) CGS Seismic Hazard 
Zone Report 042 (CGS, 2000). The following paragraphs summarize the findings and 
present the recommended design groundwater table.  

Groundwater was encountered at approximate elevation of 870 feet (between 24 and 30 feet 
bgs) in two of the rotary borings drilled in 1969 for the bridge widening. Groundwater was 
not encountered in any of the other as-built borings, which were advanced to a maximum 
depth of 62 feet below the original ground surface at the project site. The groundwater 
information was supplemented by data collected from groundwater monitoring wells 
located in the vicinity of the boundaries of the project alignment. According to the CDWR 
Water Data Library Interface (2010) reviewed online, the closest monitoring well to the bridge 
site, located approximately 0.25 mile to the north, had a highest water level at an elevation 
of 892.6 feet, corresponding to a depth of 16.2 feet from the ground surface as recorded in 
March 2005. During current investigations, groundwater was encountered at elevations 
varying from 886 to 862 feet (36 and 60 feet bgs). However, based on Seismic Hazard Report 
for the Thousand Oaks 7.5-Minute Quadrangle by CGS (2000), the historically high 
groundwater level is approximately at 10 feet bgs in the vicinity of the Hampshire Road UC, 
which corresponding to approximate elevation of 887 feet. The historically high 
groundwater map is presented in Figure 4-1. 
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Therefore, for the purpose of design, the historically high groundwater elevation of 887 feet 
is considered as the design groundwater elevation. It should be noted that the groundwater 
table may fluctuate due to seasonal variation, nearby construction, irrigation, and numerous 
other human-made and natural influences.  

4.3 Idealized Soil Profile 
Field investigation and laboratory test results were mainly used to develop the engineering 
properties of the subsurface materials. In addition to laboratory tests, SPT blow counts from 
various test borings were used to estimate equivalent friction angles for granular soils based 
on established correlations in literature (Federal Highway Administration [FHWA] Manual, 
1996). The generalized (idealized) subsurface soil profiles and the material properties used 
for engineering analyses are developed at each support location and are presented in Table 
4-1. The idealized soil profile along the proposed widening including the field groundwater 
table elevation, design groundwater table elevation, idealized soil strength, and friction 
angle, and field SPT blow counts are presented in Figure 4-2.  

4.4 Soil Corrosion 
Representative soil samples were collected to evaluate the corrosivity of the soil at the 
bridge site. The soil samples were tested for minimum resistivity, pH, soluble chloride 
content, and soluble sulfate content. A summary of the test results is presented in Table 4-2.  

According to the corrosion guidelines (Caltrans, 2003), the site is considered corrosive to 
structural elements if one or more of the following conditions exist for the representative 
soil and/or water samples collected from the site: 

• Chloride concentration is 500 ppm or greater 

• Sulfate concentration is 2,000 ppm or greater 

• The pH level is 5.5 or less 

• Electrochemical resistivity of less than 1,000 ohm-cm 

A comparison between the test results and the corrosion criteria indicates the soil at the 
bridge site is not corrosive to structural elements; therefore, corrosion mitigation is not 
recommended. Additionally, the bridge site is not located within 1,000 feet of salt or 
brackish water. A corrosion engineer should review the data and provide corrosion design 
recommendations for the construction materials proposed at the project site. 

4.5 Scour 
There are no channel, creek, and river crossing the site. Therefore, scour is not a concern at 
the project site.  
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TABLE 4-1 

Summary of Idealized Soil Profiles 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support Soil Type 
Elevation of Layer 

(feet) 

Total Unit 
Weight 

(pcf) 

Friction 
Angle 

 (degree) 

Undrained 
Cohesion 

 (psf) 

Abutment 1 Af(SC) 921.9 - 903.5 115 32 --- 

 Af(CL) 903.5 - 898.5 115 --- 1,000 

 SC 898.5 - 884.5 120 32 200--- 

 SC 884.5 - 870.5 120 34 --- 

 CL 870.5 - 854.5 125 --- 1,500 

 GC <854.5 125 42 --- 

Bent 2 CH 896.7 – 887.0 115 --- 1,500 

and CL 887.0 - 871.0 115 --- 1,500 

Bent 3 ML 871.0 - 863.0 120 --- 2,000 

 CL 863.0 - 851.0 125 --- 1,500 

 CL 851.0 - 846.0 125 --- 3,000 

 Sandstone <846 125 42 --- 

Abutment 4 Af(GM) 922.4 - 904.5 115 36 --- 

 CL 904.5 - 894.5 115 --- 1,000 

 CH 894.5 - 884.5 115 --- 2,500 

 CL 884.5 - 869.5 120 --- 4,000 

 CH 869.5 - 859.5 125 --- 3,000 

 SM 859.5 - 849.5 125 40 --- 

 CL-ML 849.5 - 841.5 125 --- 2,500 

 Sandstone <841.5 125 42 --- 

 

TABLE 4-2 

Summary of Corrosion Test Results 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Boring No. 
Depth 
(feet) 

Sample 
No.  Soil Type pH 

Minimum 
Resistivity 
(ohm-cm) 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

R-11-002 2.5 to 6 B01 SC 6.6 850 312 47 

A-11-003 11.5 to 15 B03 SW-SM 6.5 1,280 253 36 

Notes: 

ohm-cm = ohm-centimeter  
ppm = parts per million  
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5.0 Seismicity and Geo-Seismic Hazards 

5.1 Seismicity 
The seismic design methodology adopted for the current study is based on the following 
current Caltrans standards: 

• Geotechnical Services Design Manual (Caltrans, 2009c) 

• Seismic Design Criteria (Caltrans, 2010c) 

• Caltrans Deterministic Peak Ground Acceleration (PGA) Map (Caltrans, 2007) 

5.1.1 Site Soil Profile 

The site soil profile type is classified based on the average shear wave velocity (Vs30) in the 
upper 100 feet. In the recent investigation by CH2M HILL, the soil exploration was carried 
out to a maximum depth of 96 feet below the existing Route 101 roadway elevation (about 
922 feet) and 71 feet below the original ground surface elevation (about 897 feet). Using each 
boring from the current field investigation, the SPT blow count values with applied energy 
correction (N60) were used to estimate the average shear wave velocity below the original 
ground surface. This shear wave velocity was then extrapolated to the average Vs30 of 
308 meters/second (m/sec) in the upper 100 feet (Boore, 2004). The Vs30 from the three 
borings performed during current field investigation were averaged. Based on Seismic 
Design Criteria (Caltrans, 2010c), Soil Profile Type D is defined as stiff soil with 180 m/sec < 
Vs30 < 360 m/sec or with either Standard Penetration Resistance 15 ≤  N ≤  50 or undrained 
shear strength 1,000 < Su < 2,000 psf. Therefore, the Vs30 of 308 m/sec is recommended to 
determine the design ground motion at the ground surface for soil profile Type D. The Vs30 
calculations are presented in Appendix E-1. 

5.1.2 Earthquake Sources 

The project site is located within a seismically active area in southern California. Based on 
the Caltrans Deterministic PGA Map (Caltrans, 2007), several active faults have been 
mapped within the general vicinity of the project site. The significant faults close to the 
project site include, but are not limited to, the Simi-Santa Rosa Fault Zone (Camarillo-Santa 
Rosa Section, Simi-Santa Rosa Section, and Springville Section), Chatsworth Fault, and 
Malibu Coast Fault. The location of the proposed bridge site relative to the nearby fault and 
the more distant faults is shown in Figure 5-1.  

5.1.3 Controlling Fault Parameters 

The Simi-Santa Rosa (Camarillo-Santa Rosa Section) Fault is considered the controlling fault 
at the bridge site. This fault is a reverse fault. The maximum moment magnitude (MMax) 
and distance from the site to this seismic source and other significant sources near the site 
are summarized in Table 5-1. 



5.0  SEISMICITY AND GEO-SEISMIC HAZARDS 

TBG101011023944SCO/FR HAMPSHIRE RD UC.DOCX /111080002 5-2 

TABLE 5-1 

Summary of Nearby Faults 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Fault Name MMax 

Distance in Kilometers 

RRup
a 

 RJB
b
 Rx

c
 

Simi-Santa Rosa Fault Zone 
(Camarillo-Santa Rosa Section) 

7.0 9.66 9.61 9.44 

Simi-Santa Rosa Fault Zone (Simi-
Santa Rosa Section) 

7.0 10.73 10.68 10.68 

Simi-Santa Rosa Fault Zone 
(Springville Section) 

7.0 20.63 20.6 14.66 

Chatsworth Fault  6.6 12.61 12.61 12.71 

Malibu Coast Fault  6.7 13.64 10.62 14.12 

Notes: 
a RRup = Closest distance to the fault rupture plane 
b RJB = Joyner-Boore distance measured as the shortest horizontal distance to the surface projection of the 
rupture area 

c Rx = Horizontal distance to the fault trace or surface projection 

5.1.4 Ground Motion 

Both deterministic and probabilistic response spectrums at 5 percent damping were 
evaluated to determine the design spectrum at the site. In the deterministic analysis, the 
response spectrum is calculated for each of the controlling faults using the arithmetic 
average of the median spectral values predicted from the ground motion prediction 
equations (GMPE) developed by Chiou and Young (2008) and Campbell and Bozorgnia 
(2008). The parameters for the site-source distance, Vs30, and the depth to the rock used in 
the GMPEs for the deterministic analysis are those discussed in Sections 5.1.1 and 5.1.3.  

In the probabilistic analysis, the United States Geological Survey (USGS) model (Petersen et 
al., 2008) was used to calculate the response spectrum for the 975-year return period ground 
motion using Vs30 of 308 m/sec in Atkinson and Boore (2008), Chiou and Young (2008), and 
Campbell and Bozorgnia (2008) GMPEs. The response spectrum was adjusted for the site 
shear wave velocity in the upper 100 feet using the soil amplification factors derived from 
the average of the three attenuation relationships. The response spectrums obtained from 
the deterministic and the probabilistic analyses were further modified to include the near-
fault rupture directivity effect (Caltrans, 2009c).  

Finally, the recommended design spectrum was developed as the maximum spectral value 
from both the deterministic and probabilistic analyses across the period spectrum. All the 
spectral acceleration values calculated from the magnitudes and distances of the controlling 
faults were found to be greater than the spectral values of the minimum spectrum for a 
scenario MMax of 6.5 occurring at a distance of 12 kilometers. The recommended PGA at 
the site is 0.48g (with g being gravitational acceleration), and the recommended design 
spectrum is presented in Figure 4-2. The spectral value in the design spectrum for all 
periods is controlled by the ground motion from the probabilistic spectrum. The detailed 
ground motion analyses and the supporting documentations for the Caltrans acceleration 
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response spectral (ARS) curve development, including ARS online fault map, basin maps, 
fault and site data input sheet, deterministic fault information and seismic procedure quality 
control/quality assurance (QC/QA) checklist, ARS on line output, estimation of Vs30, 
deterministic spread sheet calculation and comparison to ARS online, probabilistic spread 
sheet calculation and comparison to ARS on-line, and USGS 2008 interactive deaggregation 
(beta) Web site, are presented in Appendix E-1. 

5.2 Geo-Seismic Hazards 

5.2.1 Liquefaction 

Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when the following three general conditions exist: (1) shallow groundwater, (2) low-density 
sandy soils, and (3) high-intensity ground motion. Studies indicate that saturated, loose and 
medium-dense, near-surface, cohesionless soils exhibit the highest liquefaction potential; 
whereas, dry, dense, cohesionless soils and cohesive soils exhibit low to negligible 
liquefaction potential. Effects of liquefaction on level ground include sand boils, settlement, 
and failures of bearing capacity below structural foundations. 

For the project site, the PGA value of 0.48g and the maximum moment magnitude of 7.0 
were used in the liquefaction analyses as discussed in Section 5.1. The design groundwater 
elevation at 887 feet, which is close to the historically high groundwater level, was used in 
the liquefaction analyses.  

The borings completed at the project site were examined for liquefaction potential using the 
computer program Liquefy Pro Version 5.3 (CivilTech, 2006). The methodology used for 
liquefaction analysis is based on the reference of Liquefaction Resistance of Soils: Summary 
Report from the 1996 National Center for Earthquake Engineering Research (NCEER) and 
1998 NCEER/National Science Foundation (NSF) Workshops on Evaluation of Liquefaction 
Resistance of Soils (Youd, et.al, 2001).Based on the soil boring data associated with the 
liquefaction analyses, low to medium plastic cohesive soils and dense to very dense 
granular soils were encountered below the design groundwater table elevation of 887 feet.  
Therefore, liquefaction potential at the site is considered low. The CGS (2000) report also 
indicates a low overall liquefaction potential for this area. The liquefaction potential and 
seismic settlement analyses are presented in Appendix E-2. 

5.2.2 Ground Rupture 

According to the official maps of earthquake fault zones in the Los Angeles County area 
(CGS, 2007), the bridge site is not located within a State of California-designated Alquist-
Priolo Earthquake Fault Zone. Therefore, ground surface rupture associated with known 
active faults does not pose a significant hazard. 

5.2.3 Seismically Induced Settlement 

Liquefaction induced settlement at the site is expected to be negligible due to the low 
potential of liquefaction at the site.  
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Seismically induced settlement refers to the settlement of unsaturated granular materials as 
a result of densification and particle rearrangement (i.e., volumetric strain) due to 
earthquake shaking. Because of the shallow groundwater conditions at the site, the 
unsaturated soil zone is limited to about 10 feet bgs. The material in this zone is a 
combination of coarse-grained and fine-grained soils, including sandy lean clay, fat clay, 
silty-clay, clayey sand, and silty sand. Based on the limited thickness of unsaturated coarse-
grained soil, seismically induced settlement of those unsaturated granular layers is expected 
to be negligible. 

5.2.4 Lateral Spreading 

Lateral spreading is defined as the finite lateral displacement of gently sloping ground as a 
result of pore water pressure built up or liquefaction in a shallow underlying deposit during 
an earthquake. Due to the low liquefaction potential at the site, the lateral spreading is 
considered low. 



Source: Caltrans Deterministic PGA Map, 2007

                            

Fault ID Mmax Fault Name
1 6.4 Bailey Fault
15 7.3 Northridge Blind Thrust Fault
126 7.2 Mission Ridge Arroyo Parida Fault
144 7.5 Newport Inglewood – Rose Canyon Fault Zone (N. LA  Basin Section)
160 6.9 Ventura-Pitas Point Fault
161 7.0 Oak Ridge Fault
162 6.5 Holser Fault
165 6.6 Chatsworth Fault
247 6.7 Sierra Madre Fault Zone (San Fernando Section)
270 6.8 Mesa-Rincon Creek Fault
274 6.7 Sierra Madre Fault Zone (Santa Susana Section)
279 6.7 Malibu Coast Fault

Fault ID Mmax Fault Name
280 6.1 Santa Monica Fault
282 6.6 Hollywood Fault
363 6.4 Lion Canyon Fault Zone
370 6.2 Mission Hills Fault
371 6.7 Northridge Hills Fault
372 7.0 Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa Section)
373 7.0 Simi-Santa Rosa Fault Zone (Simi-Santa Rosa Section)
376 7.0 Simi-Santa Rosa Fault Zone (Springville Section)
383 6.6 Oak Ridge Mid Channel Structure
403 7.0 San Cayetano Fault
418 6.9 Verdugo Fault
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FIGURE 4-1
Seismic Hazard Map
Hampshire Rd. Undercrossing
Route 101/23 Interchange Improvements
Ventura County, California
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FIGURE 4-2
Acceleration Response Spectra Curve
Hampshire Rd. Undercrossing
Route 101/23 Interchange Improvements
Ventura County, California
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6.0 Foundation Recommendations 

6.1 Foundation Types 
Based on the as-built plans, the existing bridge is supported on shallow foundations, CIDH 
piles, and driven HPs. The subsurface material consists of stiff to hard silt and clay 
interlayered with dense to very dense clayey sands with gravel. This is underlain by very 
dense clayey gravels and silty sands and gravels with scattered cobbles. The existing 
subsurface materials are expected to provide sufficient bearing resistance for shallow 
foundation with tolerable settlements. However, considering the potential for uplift and 
lateral loads, shallow foundations are not considered a feasible foundation system to 
support widening of Bents 2 and 3. CIDH concrete piles are also considered as a feasible 
foundation type at this site. Use of CIDH piles, especially at bent locations, may pose some 
challenges due to construction issues associated with the potential shallow groundwater 
conditions, if encountered. Driven steel HPs were used at both abutments and bent locations 
to support the bridge widening completed in 1973.  

Therefore, to match the existing foundation system, driven piles are recommended to 
support the proposed widening. The deep foundations for the support of the proposed 
widening is evaluated and addressed in the following sections. The compressive and tensile 
pile capacities were analyzed for the piles at each of the support locations.  

6.1.1 Design Criteria 

According to Caltrans Memo to Designers (MTD) 3-1, Deep Foundations (Caltrans, 2008a), 
the current Caltrans practice is to design abutments in accordance with the working stress 
design (WSD) methodology and bents/piers in accordance with the load and resistance 
factor design (LRFD) methodology as specified in the current LRFD Bridge Design 
Specifications (BDS) (American Association for State Highway and Transportation Officials 
[AASHTO] LRFD BDS with interims [AASHTO, 2008] and Caltrans Amendments [Caltrans, 
2010a]). Loads from the LRFD Service-I Limit State should be used as design loads for WSD 
of the abutments. For the case of bents/piers, the geotechnical factored resistance of the 
foundation should be at least equal to or greater than the applicable LRFD limit states 
factored loading (Service–I, Strength, and Extreme Limit States). For multi-span bridge 
structures with multi-column bents, the total tolerable support settlement under the LRFD 
Service-I loading should be limited to 1.0 inch (Caltrans, 2008a). 

6.1.2 Foundation Design 

The structural information and the demands on the pile foundations for the proposed NB 
widening were provided by the structural designer per MTD 3-1 (Caltrans, 2008a) and are 
summarized in Tables 6-1 and 6-2. Procedures used to develop the geotechnical 
recommendations for the axial and lateral capacity of the recommended piles are described 
in the subsequent sections. 
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Axial Capacity 

The axial capacity of the HP 14x89 piles was analyzed using the A-Pile program for Windows, 
v. 4.0 (Ensoft, 2007). The A-pile program computations are based on the procedures outlined in 
the FHWA Manual. Only skin friction capacity was considered in the pile design. 
Conservatively, capacity from end bearing is ignored due to the relatively smaller cross-section 
area and corresponding minor contribution of end bearing to the total capacity. Calculations 
were performed to establish pile tip elevations based on requirements for axial compressive 
capacity, lateral pile capacity, and settlement criteria. Axial capacity calculations are included 
in Appendix E-3. Tables 6-3 and 6-4 summarize the results of axial capacity analyses at the 
abutment and bent support locations, respectively, per MTD 3-1 (Caltrans, 2008a). 

TABLE 6-1 

General Foundation Information 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support  
Design 
Method Pile Type 

Finished 
Grade 

Elevation 
(feet) 

Cut-off 
Elevation 

(feet) 

Pile Cap Size 
(feet) 

Permissible 
Settlement 

under Service 
Load 

(inches) 

Number of 
Piles per 
Support B L 

Abutment 1 WSD HP 14x89 916.0+/- 913.4 2.5 13.375 1 2 

Bent 2 LRFD HP 14x89 896.8 892.4 12.0 10.0 1 8 

Bent 3 LRFD HP 14x89 896.2 891.9 12.0 10.0 1 8 

Abutment 4 WSD HP 14x89 917.0+/- 913.6 2.5 13.375 1 2 

Notes:  

B = Pile Cap Width 
L = Pile Cap Length  

 

TABLE 6-2 

Foundation Design Loads 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support 

Service-I Limit State 
(kips) 

Strength Limit State (Controlling 
Group, kips) 

Extreme Event Limit State 
(Controlling Group, Kips) 

Total Load 
Permanent 

Loads Compression Tension Compression Tension 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
pile 

Per 
Support 

Max. 
Per 
pile 

Abut 1 155 78 82 N/A N/A N/A N/A N/A N/A N/A N/A 

Bent 2 605 N/A 379 901 151 N/A N/A 455 189 0 75 

Bent 3 605 N/A 379 901 151 N/A N/A 455 189 0 75 

Abut 4 155 78 82 N/A N/A N/A N/A N/A N/A N/A N/A 

Notes: 

kip = kilo pound  
N/A = Not applicable 
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TABLE 6-3 

Abutment Foundation Design Recommendations 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support 
Pile 
type 

Cut-off 
Elevation 

(feet) 

LRFD Service-
I Limit State Load 
(kips) per Support 

LRFD Service-I 
Limit State 
Total Load 

(kips) per Pile 
(compression) 

Nominal 
Resistance 

(kips) 

Design 
Tip 

Elevation 
(feet) 

Specified 
Tip 

Elevation 
(feet) Total Permanent 

Abut 1 HP 
14x89 

913.4 155 82 78 160 868 (a) 
883 (c) 
883 (d) 

868.0 

Abut 4 HP 
14x89 

913.6 155 82 78 160 873 (a) 
883 (c) 
883 (d) 

873.0 

Notes:  

1. Design tip elevations are controlled by (a) compression, (b) settlement, and (c) lateral load, respectively.  
2. The specified tip elevation shall not be raised. 

To protect the existing embankment and foundation, the piles at the proposed abutment 
foundations predrilling of oversize holes through the embankment fill to the elevations of 
904 and 905 feet at Abutments 1 and 4, respectively. The oversize predrilling should be 
performed in accordance with Section 49-1.05 of Caltrans Standard Specifications (Caltrans, 
2006). The oversize predrilling hole shall have a diameter of not less than the greatest 
dimension of the pile cross-section plus 6 inches. After the pile driving, the space between 
the perimeter of the pile and predrilling hole shall be filled to ground surface with dry sand 
or pea gravel. Because of the predrilled hole, the calculated axial geotechnical capacity of the 
piles within the embankment fill was ignored. 

When driving the piles, the contractor should anticipate higher driving resistances than 
what would be indicated by the nominal resistances as shown in Table 6-6. The nominal 
driving resistance is the total resistance the pile will experience when driving to the 
specified pile tip elevations. Because of the over-sized pre-drilling through fills at 
abutments, the specified pile tip elevations were developed as follows: for Abutments 1 and 
4, it corresponds to the total pile resistance required to meet the ultimate load demand and 
the pile settlement criteria after ignoring the skin friction from the over-sized predrilled 
length. For Bents 2 and 3, it corresponds to the nominal resistance in compression at 
Strength Limit State (in control) and the pile settlement criteria. Details on how the normal 
driving resistance values were developed are shown on the Apile output diagrams in 
Appendix E-3 
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TABLE 6-4 

Bent Foundation Design Recommendations 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support 
Location 

Pile 
Type 

Cut-off 
Elevation 

(feet) 

Service-
I Limit 
State 
Load 
(kips) 
Per 

Support 

Total 
Permissible 

Support 
Settlement 

(inch) 

Required Factored Nominal 
Resistance (kips) 

Design 
Tip 

Elevation 
(feet) 

Specified 
Tip 

Elevation 
(feet) 

Strength Limit Extreme Limit 

Comp. 
(Φ=0.7) 

Ten. 
(Φ=0.7) 

Comp. 
(Φ=1) 

Ten. 
(Φ=1) 

Bent 2 HP 
14x89 

892.4 605.0 1 151 0 189 75 860 (a-I) 
864 (a-II) 
847 (c) 

880 (b-II) 
857 (d) 

847.0 

Bent 3 HP 
14x89 

891.9 605.0 1 151 0 189 75 859 (a-I) 
863 (a-II) 
846 (c) 

879 (b-II) 
856 (d) 

846.0 

Notes: 

1. Design tip elevations are controlled by (a) compression (strength limit), (b) compression (extreme event), (c) tension 
(extreme event), (d) settlement, and (e) lateral load, respectively.  

2. The specified tip elevation shall not be raised. 

Pile Settlement 

Settlements of individual and group piles under the service limit state condition were 
computed based on the procedures in accordance with AASHTO LRFD Bridge Design 
Specifications (AASHTO, 2007 and 2008) and Caltrans Amendments (Caltrans, 2010a). At the 
abutment locations, since the pile spacing is greater than a 5-pile diameter, the abutment 
piles are not expected to act as a group. Hence, only individual pile settlements are 
considered. At the bent locations, long-term consolidation settlement of the pile group is 
calculated by equivalent footing method. However, due to the absence of granular soil 
layers below the equivalent footing, no elastic settlement is calculated for the pile group. 
Conservatively, the immediate settlement of pile group is assumed to be equivalent to the 
immediate settlement of a single pile obtained from the load-settlement curve. Total 
settlement for the bent pile group is calculated as the sum of immediate and long-term 
settlements. Calculations were performed to establish pile-tip elevations based on 
requirements for permissible settlement criteria. The settlement calculations are included in 
Appendix E-3. Tables 6-3 and 6-4 include the pile-tip elevations controlled by the 
permissible settlement criteria. 

Lateral Capacity 

The geotechnical lateral capacity of the H-piles was estimated using the P-Y method 
assuming the structural section of the pile remains elastic when subjected to lateral loads. 
The P-Y curves for soils (Reese and Wang, 2000) were selected to model the lateral response 
of the soil. The lateral load-deformation responses of 14x89 H-piles were analyzed using 
LPILE Plus version 5.0 software (EnSoft, 2005). The LPILE program uses a beam-column, 
soil-structure interaction approach in which the soil response is modeled by stress-
deflection relationships referenced as “P-Y” curves. The lateral pile capacity analyses were 
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performed for a pinned-head-boundary condition at the pile head for both the abutments 
and bents. Intact soil strength was used for static conditions.  

TABLE 6-5 

Summary of Lateral Pile Capacity Analyses 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Support 
Location 

Pile 
Type 

Lateral 
Displacement 

at  
Head 

(inches) 

Strong Axis Weak Axis 

Shear 
Force at 

Head 
(Φ=1.0) 
(kips) 

Max. 
Bending 
Moment 
(kip-in) 

Depth to 
Max. 

Moment 
(inches) 

Shear 
Force at 

Head 
(Φ=1.0) 
(kips) 

Max. 
Bending 
Moment 
(kip-in) 

Depth to 
Max. 

Moment 
(inches) 

Abutments 
1 and 4 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

21 
33 
54 
79 
97 

813 
1,466 
2,659 
4,696 
6,343 

70.2 
75.6 
81.0 
91.8 
97.2 

14 
23 
35 
52 
63 

447 
800 

1,429  
2,515 
3,447 

59.4 
64.8 
64.8  
75.6 
81.0 

Bents  
2 and 3 
(Row 1) 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

23 
32 
43 
59 
71 

862 
1,352 
2,116 
3,314 
4,305 

71.4 
79.8 
92.4  

100.8 
109.2 

17 
23 
31 
43 
51 

502 
789 

1,239 
1,946 
2,535 

54.6 
63.0 
71.4 
79.8  
88.2 

Bents  
2 and 3 
(Row 2) 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

19 
25 
35 
47 
56 

745 
1,167 
1,830 
2,863 
3,718 

75.6 
88.2 
96.6 

109.2 
117.6 

14 
18 
25 
34 
40 

434 
682 

1,072 
1,685 
2,196 

58.8 
67.2 
75.6 
88.2 
92.4 

Bents  
2 and 3 
(Row 3) 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

15 
20 
27 
37 
44 

643 
1,006 
1,574 
2,461 
3,190 

84.0 
92.4 

105.0 
117.6 
126.0 

11 
14 
20 
26 
31 

374 
589 
924 

 1,455 
1,895 

67.2 
75.6 
84.0 
92.4 
100.8 

Notes: 

1. Pinned-head condition is assumed at both abutment and bent locations.  
2. Pile group effects have been considered using P-Multipliers in the analyses.  

Lateral pile capacity analyses input and results are included in Appendix E-4. Table 6-5 
summarizes the results of the lateral pile analyses for the steel H piles. The structural 
factored load effect applied to the top of the piles must be less than or equal to the factored 
resistance values presented in Table 6-5 for given pile head displacement values. It should 
be noted that group effects are applied in the form of P-multiplier to the lateral pile capacity 
at the abutment and bent locations. 

The foundation recommendations are summarized in a pile data table as Table 6-6. 
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TABLE 6-6 

Pile Data Table 
Hampshire Road Undercrossing (Bridge No. 52-0273) 

Location Pile Type 

Nominal Resistance (kips) 
Design Tip 

Elevations
1, 2 

(feet) 

Specified 
Tip 

Elevation
3
 

(feet) 

Nominal Driving 
Resistance 

(kips) Compression Tension 

Abut 1 HP 14x89 160 0 868 (a) 
883 (c) 
883 (d) 

868.0 160 

Bent 2 HP 14x89 220 80 860 (a) 
880 (b) 
847 (c) 
857 (d) 

847.0 220 

Bent 3 HP 14x89 220 80 859 (a) 
879 (b) 
846 (c) 
856 (d) 

846.0 220 

Abut 4 HP 14x89 160 0 873 (a) 
883 (c) 
883 (d) 

873.0 160 

Notes: 
1
 Design tip elevations for abutments are controlled by (a) compression, (b) settlement, and (c) lateral load. 

2
 Design tip elevations for bents are controlled by (a) compression, (b) tension, (c) settlement, and (d) lateral load. 

3
 The specified tip elevation shall not be raised. 

6.2 Approach Fill 
Approximately 3 feet of additional “sliver fill” will be placed behind the NB sides of 
Abutments 1 and 4, tapering off to meet the existing approach fill grading. The new fill will 
be placed on the slopes of the existing embankment to provide widening of approximately 
8 to 10 feet to the NB side of the Route 101 traveled way. Any new fill should be placed and 
compacted according to Caltrans Standard Specifications Section 19-6 for the embankment fill, 
to a minimum of 95 percent relative compaction within 150 feet from the bridge abutments 
and Section 19-3 for the structural backfill of the bridge abutment (Caltrans, 2006). The back 
cut of the excavation should be sloped no steeper than 1:1 (horizontal:vertical [H:V]). The 
proposed embankment sliver fill slopes at Abutments 1 and 4 will be constructed at a ratio 
of 2:1 (H:V). 

6.2.1 Global Slope Stability 

The global stability of the proposed permanent slopes at the bridge abutments was 
evaluated using the SLIDE (Version 6.0) computer software (Rocscience, 2011). The 
modified Bishop’s Method was used to compute the static and the pseudo-static factor of 
safety for the most critical circular failure surfaces.  

Two sections were selected to evaluate the global stability of the south and the north 
abutments for the proposed widening. In the stability analyses, a surcharge load of 250 psf 
was applied at the top of the backfill behind the bridge abutments. The ultimate shear 
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strength was used in the static and pseudo-static analyses. In the pseudo-static analyses, a 
seismic force was applied to the soil mass based on a horizontal seismic acceleration 
coefficient kh equal to 0.16g, which corresponds to one-third of the PGA produced by the 
design earthquake event. The computed factors of safety for the static and pseudo-static 
cases were greater than 1.5 and 1.1, respectively. Therefore, the proposed abutment slopes 
are considered globally stable at static and seismic loading conditions. The slope stability 
analyses are presented in Appendix E-5. 

6.2.2 Settlement  

Settlement of the existing bridge abutment fill embankments, due to the addition of “sliver 
fills” used to widen the abutment embankments, was analyzed. Based on grading plans for 
the proposed widening, the sliver fills will have a maximum height of approximately 3 feet 
where they terminate adjacent to the proposed widened-diaphragm abutments on the north 
side of the bridge, and will taper down as they approach the toe of the existing abutment 
embankment fill. 

Settlement was analyzed assuming a surcharge load, due to a sliver fill of 8 feet wide at the 
top and a height of 3 feet on the existing fill embankment. Standard consolidation and 
elastic procedures were used to evaluate settlements in clayey/sandy materials, 
respectively. 

For the proposed sliver fills at the Hampshire Road UC abutments, a fill-induced settlement 
of less than 1 inch is anticipated for a fill height of 3 feet. Most of the settlement is expected 
to complete within 1 month of fill placement. Settlement analyses are presented in 
Appendix E-5. 

6.3 Abutment Walls 
The diaphragm-type abutment walls for the proposed widening should be backfilled with 
structural backfill in accordance with the Caltrans Standard Specifications Section 19-6 
(Caltrans, 2006).  

For the longitudinal resistance of the bridge abutments, the contribution from the passive 
resistance of the backfill material behind the backwall may be mobilized. Refer to Section 
7.8.1 of Caltrans Seismic Design Criteria for calculating the passive pressure force resisting 
the movement at the abutments (Caltrans, 2010). The initial secant stiffness of the effective 
spring may be obtained by assuming the maximum passive resistance will be mobilized at a 
horizontal displacement (∆) of 0.02H plus the width of the expansion gap between the 
bridge superstructure and the abutments. If the backwall displacement is less than ∆, linear 
interpolation may be used to estimate the passive resistance mobilized. 

6.4 Wing Walls 
The existing wing walls at Abutments 1 and 4 will be removed as part of the proposed 
bridge demolition. The proposed wing walls at the Abutments 1 and 4 will consist of 
Type 1SWB soundwalls on retaining walls on spread footings. The wing walls will be 
designed per Caltrans Standard Drawing xs14-220x for Retaining Wall Type 1SWB 
(Caltrans, 2011).  
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The proposed wing wall shallow foundations consist of two steps at Abutment 1 and one 
step at Abutment 4. The heights of the retaining walls range from 6 to 8 feet. The wing wall 
spread footings will terminate at the back edge of the abutment pile cap. The abutment and 
wing wall will be separated by a wall expansion joint to allow for differential movement. 
The wing wall structural layout sheets are presented in Appendix E-6.  

The footing design of the proposed wing walls was checked such that it met the WSD 
design requirement for settlement (for Service Limit State) and bearing capacity (for Service 
Limit State), per MTD 4-1 (Caltrans, 2008b). The analyses indicate that the proposed wing 
walls will not exceed the allowable gross bearing capacity of the subgrade soils, and will not 
exceed the permissible gross contact stress (stress that will result in an estimated settlement 
of 1 inch). The wing wall settlement and bearing calculations are also presented in 
Appendix E-6.  

6.5 Structure Approach Slab 
Section 610 of the Highway Design Manual provides requirements for structure approach 
pavement systems (Caltrans, 2009d). Seismic approach slabs are required for asphalt 
concrete pavement (ACP) if the site peak bedrock acceleration is 0.6g or more and the 
embankment height is 10 feet or more, or if the site geology indicates a need for an approach 
slab. Approach slabs are used for all JPCP, the current term for Portland cement concrete 
pavement (PCCP). 

The existing Hampshire Road UC was built with an approach slab between the existing 
concrete pavement and bridge deck. A portion of the existing approach slabs adjacent to the 
widenings will need to be replaced after they are demolished, and new approach slabs will 
be required for the widening. Therefore, in accordance with Caltrans MTD 5-3 (Caltrans, 
1996), Type R (30D) seismic approach slabs will be used to replace the existing demolished 
approach slabs, and Type N (30D) seismic approach slabs will be used at the new widened 
shoulders. 
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7.0 Construction Considerations 

7.1 Site Preparation 
Site preparation for the abutments of the proposed widening will include the removal of 
surface vegetation, organic soil, and any trash or debris in the areas where structure 
foundations will be located. Loose, soft, or wet material should also be removed and 
replaced with competent backfill. Removed material should not be used as structure backfill 
and should be disposed of offsite. The subgrade within the footprint of the proposed 
abutments should be graded level, proof rolled, and compacted as described in Section 7.4.1 
Existing utilities, drainage structures, and other existing structures may also need to be 
removed or protected prior to construction of the abutments. 

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2006). 

7.2 Temporary Cuts  
Excavation of the temporary cut slopes greater than 5 feet in height should be no steeper 
than a gradient of 1:1 (H:V) or as the field conditions dictate to provide safe and stable 
slopes. All temporary excavations should be performed in accordance with the safety 
requirements of California Occupational Safety and Health Administration (Cal-OSHA). 
Shoring, if required, may be designed in accordance with methods presented in the Caltrans 
Trenching and Shoring Manual (Caltrans, 2000). It is the responsibility of the contractor to 
provide stable excavation for the temporary cuts at the bridge site. 

7.3 Structural Backfill  
Specifications for the structural backfill material should conform to Section 19-3 of Caltrans 
Standard Specifications (Caltrans, 2006). The expansive soil exclusion zone (ESEZ) diagram 
(low expansion material backfill limits) is shown on the structural plan attached in 
Appendix A. 

7.4 Earthwork 
Earthwork should be performed in accordance with Caltrans Standard Specifications, Section 
19 (Caltrans, 2006). As stated previously, any temporary sloping, sheeting, or shoring 
should be designed per the Caltrans Trenching and Shoring Manual (Caltrans, 1990b). 
Measures to control the impact of both groundwater and surface water on the stability of 
temporary excavations shall be employed and shall remain the sole responsibility of the 
contractor. 
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Backfill soil surrounding and above pile caps, behind walls, and underneath wing wall 
footings shall be placed and compacted in accordance with Section 19-3 of the Caltrans 
Standard Specifications (Caltrans, 2006). 

7.4.1 Fill Placement and Compaction 

Native onsite granular material can be used for placement as compacted embankment fill. 
However, it should be free of organic material, debris, and oversized material. All 
embankment fill should be placed in thin, loose lifts; moisture-conditioned, as necessary, 
to near-optimum moisture content; and compacted to a minimum 95 percent relative 
compaction as determined by ASTM D1557. Considering material variance and the 
assurance to have uniform granular structural backfill, we recommend import low-
expansion material (material with an EI less than or equal to 50) be used as structural 
backfill for abutments. All low-expansion backfill and fill should be placed in thin, loose 
lifts; moisture-conditioned, as necessary, to near-optimum moisture content; and compacted 
to a minimum 95 percent relative compaction as determined by ASTM D1557. 

The geotechnical engineer should approve all imported material prior to placement. 

7.4.2 Over-excavation 

No over-excavation is anticipated for the project site. However, if soft soils are encountered 
beneath wing wall footings, they should be over-excavated and backfilled with suitable 
material. The native, over-excavated material may be suitable for reuse as backfill. Either 
native granular material or imported granular material may be used as backfill such that it 
is free of organics, debris, and oversized material, and has an EI less than 50 as determined 
in accordance with ASTM D4829. The over-excavation backfill should be placed in thin, 
loose lifts; moisture-conditioned, as necessary, to near-optimum moisture content; and 
compacted to a minimum 95 percent relative compaction as determined by ASTM D1557. 

7.5 Pile Driving 
Hard driving is anticipated at some locations based on the borings drilled at the site. 
Construction of pile foundations shall generally be in accordance with Section 49 of the 
Caltrans Standard Specifications (Caltrans, 2006). Considering the driving conditions at the 
site, we recommend that the contractor perform a drivability analysis to determine the 
refusal criteria at each location. The drivability analysis should be based on the type of 
hammer selected to drive the piles.  

According to Section 49 of Caltrans Standard Specifications (Caltrans, 2006), piles to be driven 
through embankment constructed by the contractor, shall be driven in holes predrilled 
through the embankment when the depth of new embankment at the pile location is in 
excess of 5 feet. For pile driving through existing fills at abutments, oversized predrilling 
method is also recommended. The hole shall have a diameter of not less than the greatest 
dimension of the pile cross-section plus 6 inches. After driving the pile, the space around the 
pile shall be filled to ground surface with dry sand or pea gravel.  
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7.6 Dewatering 
As discussed in Section 4.2, Groundwater, the groundwater table elevation was encountered 
as high as at 886 feet in the current borings. Considering the historically high groundwater 
table, dewatering is not anticipated for the construction of the abutment and bent 
foundations, as the pile cut-off elevations are expected to be above the historically high 
groundwater level.  

7.7 Settlement Monitoring 
As discussed in Section 6.2.2, Settlement, settlement of the abutments with the placement of 
the “sliver fills” is anticipated to be less than 1 inch. Most of this settlement is expected to be 
completed within 1 month after placement. Therefore, no settlement monitoring is 
recommended. 

7.8 Geotechnical Observation 
Pile driving, preparations for subgrade, and backfill should be observed by a geotechnical 
specialist or a technician under the supervision of a geotechnical specialist. Variations in soil 
and geologic conditions may be encountered during construction. To permit correlation 
between the exploration data and the actual conditions encountered during construction, a 
qualified geotechnical specialist should perform onsite review during construction. 

7.9 Review of Construction Plans and Specifications 
The geotechnical recommendations in this report are based on the as-built plans, the 
geotechnical field investigation, structural bridge plans, and roadway plans available at the 
time of preparing this report. The geotechnical designer should review construction plans 
and specifications to verify that the geotechnical recommendations have been incorporated 
into the bridge design. If the nature, design, or location of the proposed improvement at the 
bridge site varies from those used to develop the recommendations provided in this report, 
the recommendations should be re-evaluated. 



 

TBG101011023944SCO/FR HAMPSHIRE RD UC.DOCX /111080002 8-1 

8.0 References 

American Association of State Highway and Transportation Officials (AASHTO). 2007. 
AASHTO LRFD Bridge Design Specifications. 2008 and 2009 Interim Revision. 

American Association of State Highway and Transportation Officials (AASHTO). 2008. 
AASHTO LRFD Bridge Design Specifications, 2008 Interim Revisions, Customary U.S. Units, 4th 
Edition, 2007.  

ASTM International (ASTM). 2006. Annual Book of Standards. Soil and Rock, Vol. 04.08. 

Atkinson, G. and D. Boore. 2008. Ground-motion Prediction Equations for the Average Horizontal 
Component of PGA, PGV, and 5 Percent-damped PSA at Spectral Periods between 0.01 s and 10.0 s. 
Earthquake Spectra. Vol. 24. pp. 99–138. 

Boore, D. 2004. Estimating Vs30 (or NEHRP Site Classes) from Shallow Velocity Models. Bulletin 
of the Seismological Society of America. Vol. 94. No. 2. April. pp. 591–597. 

California Department of Transportation (Caltrans). 1964. As-built Plans and Log of Test 
Borings, Hampshire Road Undercrossing (Bridge No. 52-0273), Ventura, California. August 10 

 California Department of Transportation (Caltrans). 1971. As-Built Plans, Hampshire Road 
Undercrossing (Widen), Bridge No. 52-0273, Ventura County, November 29. 

California Department of Transportation (Caltrans). 1996. Memo to Designers 5-3, Structure 
Approach. July. 

California Department of Transportation (Caltrans). 2000. Trenching and Shoring Manual.  

California Department of Transportation (Caltrans). 2003. Corrosion Guidelines Version 1.0, 
Division of Engineering Services, Material Engineering and Testing Services, Corrosion 
Technology Branch. September. 

California Department of Transportation (Caltrans). 2006. Standard Specifications. May. 

California Department of Transportation (Caltrans). 2007. Caltrans Deterministic Peak Ground 
Acceleration Map. September. 

California Department of Transportation (Caltrans). 2008a. Memo to Designers 3-1, Deep 
Foundations. July. 

California Department of Transportation (Caltrans). 2008b. Memo to Designers 4-1, Spread 
Footings. April. 

California Department of Transportation (Caltrans). 2009a. Guidelines for Structures 
Foundation Reports. Version 2.0. December. 

California Department of Transportation (Caltrans). 2009b. Foundation Report Preparation for 
Bridge Foundations. December. 



8.0  REFERENCES 

TBG101011023944SCO/FR HAMPSHIRE RD UC.DOCX /111080002 8-2 

California Department of Transportation (Caltrans). 2009c. Geotechnical Services Design 
Manual. Version 1.0. August. 

California Department of Transportation (Caltrans). 2009d. Highway Design Manual. July. 

California Department of Transportation (Caltrans). 2010a. California Amendments to 
AASHTO LRFD Bridge Design Specifications. 2007. 4th Edition with Interims through 2008.  

California Department of Transportation (Caltrans). 2010b. Soil and Rock Logging, 
Classification, and Presentation Manual, 2010 Edition. Division of Engineering Services, 
Geotechnical Services. 

California Department of Transportation (Caltrans). 2010c. Seismic Design Criteria, Version 
1.6, Appendix B, November  

California Department of Transportation (Caltrans). 2011. Division of Engineering Services, 
File No. xs14-220x, Standard Drawing for Retaining Wall Type 1SWB. July. 

California Department of Water Resources (CDWR), Planning and Local Assistance. 2010. 
Well Information at Local-Scale Map Interface. Reviewed Online on October 4, 2010 at 
http://www.water.ca.gov/waterdatalibrary/. 

California Emergency Management Agency. 2009. Tsunami Inundation Map for Emergency 
Planning, Ventura County, California, February 15.  

California Geological Survey (CGS), Department of Conservation. 2007. Fault-Rupture 
Hazard Zones In California. Special Publication 42, Interim Revision. 

California Geological Survey, (CGS), 2000, Seismic Hazard Report for the Thousand Oaks 
7.5-Minute Quadrangle, Ventura and Los Angeles Counties, California, Seismic Hazard Zone 
Report 042. 

Campell, K. and Y. Bozorgnia. 2008. NGA Ground Motion Model for the Geometric Mean 
Horizontal Component of PGA, PGV, PGD, and 5 Percent Damped Linear Elastic Response Spectra 
for Periods Ranging from 0.01 to 10s. Earthquake Spectra. Vol. 24. pp. 139–172. 

CH2M HILL. 2010a. Preliminary Foundation Report, Route 101/23 Interchange Improvements, 
Hampshire Road Undercrossing (Widen), Bridge No. 52-0273, Ventura County, California, 
November 17. 

CH2M HILL. 2010b. Technical Memorandum, Geotechnical Field Investigation Plan for Route 
101/23 Interchange Improvements, City of Thousand Oaks, Ventura County, California, December 
17. 

CH2M HILL. 2011a. Foundation Report, Route 101/23 Interchange Improvements, Hampshire 
Road Undercrossing (Widen), Bridge No. 52-0273, Ventura County, California, April 22. 

CH2M HILL. 2011b. Geotechnical Design Report, Route 101/23 Interchange Improvements, U.S. 
Route 101 from North of Lakeview Canyon Road to 0.3 Mile North of Moorpark Road 
Undercrossing, Ventura County, California. April 22. 

Chiou, B. and R. Young. 2008. An NGA Model for the Average Horizontal Component of Peak 
Ground Motion and Response Spectra. Earthquake Spectra. Vol. 24. pp. 173–216. 



8.0  REFERENCES 

TBG101011023944SCO/FR HAMPSHIRE RD UC.DOCX /111080002 8-3 

CivilTech. 2006. Liquefy Pro Version 5.3. CivilTech Software, Seattle, Washington.  

Ensoft, Inc. 2005. LPILE Plus. Version 5.0. 

Ensoft, Inc. 2007. APILE Plus. Version 5.0. 

Federal Highway Administration (FHWA). 1996. Manual on Design and Construction of 
Driven Pile Foundations. 

Petersen, Mark D., Frankel, Arthur D., Harmsen, Stephen C., Mueller, Charles S., Haller, 
Kathleen M., Wheeler, Russell L., Wesson, Robert L., Zeng, Yuehua, Boyd, Oliver S., Perkins, 
David M., Luco, Nicolas, Field, Edward H., Wills, Chris J., and Kenneth S. Rukstales. 2008. 
Documentation for the 2008 Update of the United States National Seismic Hazard Maps. United 
States Geological Survey (USGS) Open-File Report 2008-1128. p. 60. 

Reese, L.C., and S.T. Wang. 2000. Documentation of Computer Program LPILE. Version 4.0. 
Ensoft, Inc. Austin, Texas. 

Rocscience, Inc. 2011. SLIDE V.6.026, Slide Program Manual and Tutorial. 

Seed, H.B., Mitchell, J.K., and Chan, C.K., 1962, Prediction of Swelling Potential for Compacted 
Clays, Journal of Soil Mechanics and Foundation Division, ASCE, Vol. 88, No. SM3, pp 53-
87, June State of California. 2000. Seismic Hazard Zones, Thousand Oaks Quadrangle, Scale 
1:24,000. February 7.  

State of California. 2000. Seismic Hazard Zones, Thousand Oaks Quadrangle, Scale 1:24,000. 
February 7.  

United States Department of the Interior (USDOI). 1999. Bureau of Reclamation, Earth 
Sciences and Research Laboratory, CME Automatic Hammer Operations Bulletin, DSO-99-03, 
November. 

Yerkes R.F., and Showalter, P.K., 1991, Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California, United States Geological Survey Open File Report 
91-288. 

Yerkes, R.F., and Campbell, R.H., 2005, Preliminary Geologic Map of the Los Angeles 30’ x 60’ 
Quadrangle, Southern California, Version 1.0, United States Geological Survey Open File 
Report 2005-1019. 

Youd, et.al, 2001. Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 
1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils. 

 



 

TBG101011023944SCO/FR HAMPSHIRE RD UC.DOCX /111080002 

Appendix A 
Proposed Widening General and Foundation Plans 



PLAN

ELEVATION

TYPICAL SECTION

 1"=20’

�"=1’-0"

 1"=20’

EB

BB

BENT 2 BENT 3

Abut 4Abut 1 M
in

V
e
r
t
 
C

l
r

82+77.06 EC

1

CURVE DATA

"HM" Line

I

1

2

3

4

LEGEND:

*

5

6

RETROFIT LEGEND: Match Existing Grade & Cross Slope

Indicates Existing Structure

Indicates New Construction

Bridge Removal (Portion)

Structure Approach Type N(30D)

Structure Approach Type R(30D)

Exist

TOE OF FILL

2
:
1
¨

Exist

TOP OF FILL

N50^53’28"W

TO VENTURA

4

3

TOP OF FILL

2
:1TOE OF FILL

1�:1
¨

1�:
1¨

2
:1

TOP OF FILL

4

3
21

2
:
1
¨ Exist

TOE OF FILLExist

TOP OF FILL

TO LOS ANGELES

5

Conc 

BARRIER

TYPE 736

(MOD)

*

WIDEN

Paint "HAMPSHIRE ROAD UC"

Paint "BR NO. 52-0273" & Year Constructed

Exist

APPROACH SLAB

7

I I

6

I
I

STEEL PILE

HP14X89,

Typ

CLOSURE

POUR

ITyp

Existing Bridge Mounted Sign to be relocated, 

see "ROAD PLANS"

SW MASONRY

BLOCK

2’-0"

2
’

EB 97+32.41¨ 

Elev 923.48¨

BB 95+85.02¨ 

Elev 923.24¨

21

8
89

8

9

STAGE 3

Exist

APPROACH SLAB

Exist MBGR

TO BE REMOVED,

SEE "ROAD PLANS"

9

7

Exist 

CIP/RC

T-GIRDER

REFINISH

BRIDGE DECK

R = 600.00’

À = 19^59’49"

T = 105.78’

L = 209.41’

10
10

"A" 96+58.91 =

"HM" 83+38.27

CIP/RC 

BOX GIRDER

Remove Existing Approach Slab10

Exist  Ret WALL

Exist  Ret WALL

Exist  Ret WALL

TOE OF FILL

Exist SUPPLY

LINE-1.5%¨

I
I

Infill Wall

R

=

6

0

0

.

0

0

’

83+94.25 BC

1

2

Exist Ret WALL

"HM" Line2

N
0
^
5
1
’5

4
"
E

80+67.65 BC

85+31.17 EC

R

=

6

0

0

.

0

0

’

Exist Concrete Barrier Type 50A to be removed

12

98+00

Exist MBGR TO BE

REMOVED, SEE 

"ROAD PLANS"

NOTE:

F

o

r

 

"

G

E

N

E

R

A

L

 

N

O

T

E

S

"

 

a

n

d

 

"

P

I

L

E

 

D

A

T

A

 

T

A

B

L

E

"

s

e

e

 

"

G

E

N

E

R

A

L

 

N

O

T

E

S

"

 

s

h

e

e

t

.

11

11

Exist RW TO BE

PROTECTED IN 

PLACE, Typ

SW NO. 92,

SEE "ROAD PLANS"

FULL SLOPE

PAVING, Typ

SW NO. 98,

SEE "ROAD 

PLANS"

SW NO. 97,

SEE "ROAD PLANS"

SW NO. 98,

SEE "ROAD PLANS"

SW NO. 92,

SEE "ROAD PLANS"

11

12

Remove Existing Special Concrete Barrier

C

o

n

c

r

e

t

e

 

B

a

r

r

i

e

r

 

T

y

p

e

 

6

0

C

,

 

s

e

e

 

"

R

O

A

D

 

P

L

A

N

S

N
2
0
^
5
1
’
4
3
"
E

96+00

7

Concrete Barrier Type 60A (Mod)

TOP OF SW

TOP OF 

CONC BARRIER

Temp Railing (Type K), see "ROAD PLANS"

N33^56’11"E

8

12

Approx 

OG/FG

Exist 2-4" COS

CONDUIT 

Denotes Existing Point of Minimum Vertical Clearance
R = 600.00’

À = 13^04’28"

T = 68.76’

L = 136.92’

18^18’17"¨

SKEW

UTILITY

CONDUIT

(CALTRANS)

8

35’-8�"¨36’-1�"¨

6
’

5
’

89’-8"

77’-0"¨

5’-0" 11’-0" 5 LANES @ 12’-0" = 60’-0"

4 LANES @ 11’-0" = 44’-0"

5 LANES @ 11’-0" = 55’-0"

10’-0"

12’-8"

1
4

’
-
4

"

4
’
-
9
"

4
’
-
9

"
¨

1’-8"

1
0

’
¨

5
 
L

A
N

E
S

 
@

 
1

2
’
¨
 
=

 
6

0
’
¨

1
1

’
5

 L
A

N
E

S
 @

 1
2

’
 =

 6
0

’
1

0
’

12’¨ 11’¨ 11’¨ 11’¨ 11’¨ 12’¨

75’-6�"¨

TOTAL LENGTH = 147’-4�"¨ MEASURED ALONG "A" LINE

17’-0"

Approx 

OG1
5

’
-
4

"
¨

E
x
i
s
t

1
9
’
-
1
0
"

(W
ID

E
N

)

Remove Existing Type 9 Barrier and Overhang, 

Salvage Metal Railing

"
H

M
"
 L

I
N

E

"A" LINE

"A" LINE

REFINISH

BRIDGE 

DECK

STAGE 1
**

**

**

D

e

n

o

t

e

s

 

P

o

i

n

t

 

o

f

 

C

r

i

t

i

c

a

l

 

V

e

r

t

i

c

a

l

 

C

l

e

a

r

a

n

c

e

For Stage 2 and Stage Construction Details, 

See "ROAD PLANS"

 13’¨

 13’¨

REMOVE Exist MBGR,

SEE "ROAD PLANS"

SIDE

WALK

18^33’16"¨

SKEW

18^24’03"¨

SKEW

18^33’16"¨

SKEW

SIDE

WALK

2’-0"

1’-0"

CONSTRUCTION

AREA

2’-0"
18’-0"

CONSTRUCTION AREA

2’-0"

2’-0"1’-0"

10’-0"

23’-8"

52-0273

1.62

HAMPSHIRE ROAD UC (WIDEN)M. Desai / E. Coates

N. Morales

E. Coates

M. Desai 

DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
1

0
:
5

2
2

5
-
O

C
U

S
E

R
N

A
M

E
 =

>
p
w

a
l
k

PROJECT ENGINEER

DESIGN OVERSIGHT

SIGN OFF DATE

DESIGN

DETAILS

QUANTITIES

BY CHECKED

SPECIFICATIONS

CHECKED

PLANS AND SPECS

COMPARED

BY

BY

LAYOUT

BRIDGE NO.

CHECKED

CHECKEDBY

BY

        

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

POST MILES

DATE

DESIGN GENERAL PLAN SHEET (ENGLISH) (REV.7/16/10)

GENERAL PLAN

7

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 

P
R O F E S S I O N

A
L

 
E

N
G

I
N

E
E

R

S

T
A

T
E  OF  C

A

LI F O R N
I A

VEN 101, 23
R0.1/R4.5

3.3/3.8

 

Milind Desai

NOTE:THE CONTRACTOR SHALL VERIFY ALL 

C

O

N

T

R

O

L

L

I

N

G

 

F

I

E

L

D

 

D

I

M

E

N

S

I

O

N

S

B

E

F

O

R

E

 

O

R

D

E

R

I

N

G

 

O

R

 

F

A

B

R

I

C

A

T

I

N

G

 

A

N

Y

 

M

A

T

E

R

I

A

L

S

.

N. Morales

Richard Hartzell

 

CITY OF THOUSAND OAKS

2100 THOUSAND OAKS BLVD

THOUSAND OAKS, CA 91362

CH2M HILL

1000 WILSHIRE BLVD, 21ST FLOOR

LOS ANGELES, CA 90017

LOAD & RESISTANCE

FACTOR DESIGN

LIVE LOADING:  HL93 W/"LOW-BOY";

              PERMIT DESIGN VEHICLE

52-0273-FILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES
                                        10/12/11                 

SHEET OF
UNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 104/22/11 34

I
N

I
T

I
A

L
 P

S
&

E
 S

U
B

M
I
T

T
A

L
 -

 N
O

T
 F

O
R

 C
O

N
S

T
R

U
C

T
I
O

N

M. Desai M. RemoladorJ. Reguyal

M. Negrete

M. Negrete

DATUM Elev 880.00

95+00 96+00 97+00 98+00

96+0095+00

8
3
+

0
0

97+00 98+00

8
2
+

0
0

8
4
+

0
0

MILIND R. DESAI

51437

6/30/12



INDEX TO PLANS

INDEX TO PLANS

TITLESHEET NO.

Standard Plan Sheet No.

Detail No.

STANDARD PLANS DATED MAY 2006

ABBREVIATION

COS
 
 

Corridor Operating System 
 

CONCRETE STRENGTH AND TYPE LIMITS

NO SCALE

 =    Structural Concrete, Approach Slab  

Abut 1 Abut 4

BENT 2 BENT 3

2

RSP

RSP

LEGEND:

Spa Space

MILIND R. DESAI

51437

6/30/12

M. Desai / E. Coates

DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
2

1
:
5

6
1
5
-
N

O
U

S
E

R
N

A
M

E
 =

>
n

m
o

r
a

DESIGN OVERSIGHT

SIGN OFF DATE

                   

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETSThe State of California or its officers or agents completeness of electronic copies of this plan sheet.shall not be responsible for the accuracy or
ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

POST MILES

DATE

DESIGN

DETAILS

QUANTITIES

BY CHECKED

CHECKED

CHECKEDBY

BY

DESIGN DETAIL SHEET (ENGLISH) (REV.7/16/10)

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 

P
R O F E S S I O N

A
L

 
E

N
G

I
N

E
E

R

S

T
A

T
E  OF  CALI F O R N

I A

 

7 VEN 101, 23
R0.1/R4.5

3.3/3.8

NOTE:

THE CONTRACTOR SHALL VERIFY ALL 

CONTROLLING FIELD DIMENSIONS

BEFORE ORDERING OR FABRICATING 

ANY MATERIALS.

N. Morales

Richard Hartzell

CITY OF THOUSAND OAKS

2100 THOUSAND OAKS BLVD

THOUSAND OAKS, CA 91362

CH2M HILL

1000 WILSHIRE BLVD, 21ST FLOOR

LOS ANGELES, CA 90017

52-0273

1.62

HAMPSHIRE ROAD UC (WIDEN)
PROJECT ENGINEER

BRIDGE NO.

POST MILES

Milind Desai

52-0273-FILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES
                                        10/12/11                 

SHEET OF
UNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

4
’
-
0
"

M
in

PAVEMENT
FG

H
<

1
6
’
-
0
"

Abut

1’-0"

1

1

SLOPE PAVING = FG

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

APPROACH

SLAB

NO SCALE

LIMITS OF STRUCTURE EXCAVATION

NO SCALE
NOTES:

1.

 

 

2.

 

 

 

3.

Approx OG

Abut

APPROACH

SLAB
PAVEMENT

4
’
-
0
"

M
in

FG

H
<

1
6
’
-
0
"

1’-0"

1

1

SLOPE PAVING = FG

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

.

Approx OG

Low expansion

material 

A10A

A10B

A10C

A10D

A62B

 

A62C

A76A

A76B

B0-1

B0-5

B3-8

B3-9

B6-21

B7-1

B11-56

ACRONYMS AND ABBREVIATIONS (SHEET 1 OF 2)

ACRONYMS AND ABBREVIATIONS (SHEET 2 OF 2)

SYMBOLS (SHEET 1 OF 2)

SYMBOLS (SHEET 2 OF 2)

LIMITS OF PAYMENT FOR EXCAVATION AND BACKFILL - BRIDGE

SURCHARGE AND WALL
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CONCRETE BARRIER TYPE 60

BRIDGE DETAILS

BRIDGE DETAILS

RETAINING WALL DETAILS NO. 1

RETAINING WALL DETAILS NO. 2
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BOX GIRDER DETAILS

CONCRETE BARRIER TYPE 736

Expansion index to be

determined by ASTM D4829

 

Low expansion material shall

be EI<50 or SE>20 at new 
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Backfill shall be placed 

simultaneously at both 

abutments after the deck 

is completed.
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=    Structural Concrete, Bridge Footing (f’c = 3,600 psi @ 28 days)   

*

*  Infill Wall Concrete f’c = 4,000 psi

LIMITS OF LOW EXPANSION MATERIAL BACKFILL

1
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LIMITS OF PAYMENT 

FOR EXCAVATION AND BACKFILL

EXCAVATION

PLAN B
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=  Structure Excavation (Bridge)

=  Structure Backfill (Bridge) 

=  Structure Backfill (Bridge) (Low Expansion) 
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PLAN
D
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C

C

INFILL WALL, Typ
Exist Col, Typ
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BACKFILL

� Col & Ftg

SECTION A-A

1’-0"
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� Col & Ftg

SECTION A-A

1’-0" 1’-0"

Ftg BEYOND

� Col & Ftg

SECTION C-C

1’-0"
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� Col & Ftg

SECTION D-D
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Ftg BEYOND

GENERAL PLAN
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FOUNDATION PLAN
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GIRDER REINFORCEMENT
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STRUCTURE APPROACH TYPE N(30D)
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STRUCTURE APPROACH DRAINAGE DETAILS
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SOUNDWALL-MASONRY BLOCK WITH BARRIER 
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NOTE:

Utility locations shown are approximate.

For new & existing utility locations and details
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Hampshire Road, in top of, and 2 Ft northeast of 
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Log of Test Borings
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Appendix C 
Field Exploration and Testing
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Brown; PP=1.5 - 2.0 tsf.
SANDY lean CLAY (CL) (continued).

Medium stiff; PP=0.75 - 1.0 tsf.

Stiff; PP=2.0 tsf.

CLAYEY GRAVEL (GC); very dense; brown; wet; coarse
to fine, angular GRAVEL; few medium plasticity fines
[OLDER ALLUVIUM].

Gray.

SILTY SAND (SM); very dense; gray; wet; few GRAVEL;
coarse to fine SAND; little low plasticity fines.
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SILTY SAND (SM) (continued).

Borehole terminated at 86' due to human error.
Bottom of borehole at 86.0 ft bgs

0S19 No Sample Recovery.
Lost the sampler in the hole.
Refusal due to the lost sampler.
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ASPHALT Pavement 7"; Base 10".

SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; medium to fine SAND; little fines [FILL].
Fat CLAY (CH); very stiff; dark gray; moist; trace
GRAVEL; trace cobbles.

PP=3.25 - 3.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; little GRAVEL; coarse to fine SAND; some
medium plasticity fines; lean clay interbed [RECENT
ALLUVIUM].

Lean CLAY with SAND (CL); medium stiff; grayish brown;
moist; little fine SAND; medium plasticity fines.

Very stiff; PP=3.5 - 4.0 tsf.
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DRILLING METHOD
Rotary Wash
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CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS
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R-11-002
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WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.8 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
108.40' Rt  Sta 96+77.9
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SILT with SAND (ML); stiff; grayish brown; moist; fine
SAND; PP=1.5 tsf.

Very stiff; PP=2.0 - 2.25 tsf; UU=2.5 tsf.

Stiff; PP=1.5-1.75 tsf.

Lean CLAY with SAND (CL); stiff to very stiff; grayish
brown; moist; trace GRAVEL; fine SAND; medium
plasticity fines.

Very stiff; PP=2.25 tsf.

Lean CLAY (CL); hard; dark gray; moist; low  to medium
plasticity fines; little SHALE fragments [OLDER
ALLUVIUM].

CLAYEY GRAVEL (GC); very dense; dark gray; wet;
coarse to fine GRAVEL; little medium plasticity fines.

SEDIMENTARY ROCK (SANDSTONE), fine sand  silt,
thinly bedded, dark gray, slightly weathered, hard
[CALABASAS FORMATION].
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SEDIMENTARY ROCK (Sandstone) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 70.8 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; some
coarse to fine GRAVEL; fine SAND; some low plasticity
fines; trace mica [FILL].

Medium dense.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
some coarse to fine GRAVEL; trace fine SAND; low
plasticity fines.

PP=4.0 tsf.

SILTY GRAVEL with SAND (GM); very dense; olive;
moist; some SAND; little low plasticity fines.

Dense.

SILTY CLAY (CL-ML); very stiff; dark olive brown; moist;
few coarse to fine GRAVEL; little fine SAND; low plasticity
fines.

PP=2.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; brown;
moist; little GRAVEL; fine SAND; low plasticity fines.
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TOTAL DEPTH OF BORING
87.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
72.40' Rt  Sta 97+68.6
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SANDY lean CLAY with GRAVEL (CL) (continued).

SILTY CLAY (CL-ML); hard; brown; moist; few fine
GRAVEL; few fine SAND; low  to medium plasticity fines
[RECENT ALLUVIUM].

PP=4.0 tsf.

Fat CLAY (CH); hard; dark olive brown; moist; little fine
SAND.

Trace fine SAND.

SANDY lean CLAY (CL); hard; olive brown; little fine
GRAVEL; fine SAND; low plasticity fines.

PP=4.0 tsf; UU=2.9 tsf.

Olive; few fine SAND.

Gray; PP=4.5 tsf.

Fat CLAY with SAND (CH); very stiff; olive brown; moist;
little fine SAND; high plasticity fines.
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Fat CLAY with SAND (CH) (continued).

Lean CLAY with GRAVEL (CL); hard; gray; wet; little
GRAVEL; few fine SAND; medium plasticity fines.

PP=4.0 tsf.

SILTY SAND (SM); very dense; light olive gray; wet; few
GRAVEL; fine SAND; some low plasticity fines;
micaceous.

Lean CLAY (CL); very stiff; gray; wet; few fine SAND;
medium to high plasticity fines.

PP=3.0 tsf.

SILTY CLAY (CL-ML); very stiff; light gray; wet; few fine
SAND; medium to high plasticity fines.

Poorly graded SAND with GRAVEL (SP); very dense;
gray; wet; little GRAVEL; coarse to medium SAND; few
low plasticity fines [OLDER ALLUVIUM].

SEDIMENTARY ROCK (CLAYSTONE), Sandy, dark
gray, intensely weathered, soft, wet; micaceous.
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SEDIMENTARY ROCK (Claystone) (continued).

Refusal at 87'. Terminated due to auger refusal.
Bottom of borehole at 87.0 ft bgs

S18 50/3"
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1

Purpose

This bulletin provides an update on the proper use of the Central Mine Equipment (CME)
automatic Standard Penetration Test (SPT) hammer based on recent drop height and drill rod
energy measurement studies.  Recent observations of the testing by government crews and
contract drilling has shown these hammers are not always operated correctly.  The CME hammer
system, when operated according to manufacturer’s instructions, can result in N values up to a
factor of 1.5 times lower than the SPT N values obtained by conventional rope and cat-head
safety hammer systems.  The hammer is rate dependent and can deliver drill rod energy ratios
varying from 60 to 90 percent.  This guide will show engineers how to evaluate the hammer
performance and how the operation can be adjusted.  The information in this bulletin can  be
used to estimate SPT drill rod energy for this hammer system based on hammer rate and drop
height observations.

Background

The Central Mine Equipment Company has been selling an automatic hammer for over 15 years. 
Figure 1 shows the exterior of the hammer system.  This hammer uses a cylindrical hammer of
lead encased in steel enclosed in a guide tube.  The hammer is lifted by a chain cam mechanism. 
On the chain is a finger cam which picks up the hammer.  The cam carries the hammer upward
and, at the end of its travel, the hammer is “flung” farther into the air.  The distance the hammer
is flung, in excess of the top of the chain travel, is a function of the speed of the chain.  There-
fore, the drop height of the hammer is a function of the speed of the chain.

In an important paper on the influence of SPT procedures in liquefaction analysis, Seed et al. [1]1

recommended 30 to 40 blows per minute (bpm).  In addition, the recently released American
Society for Testing and Materials (ASTM) Practice D 6066-97 for determining normalized
penetration resistance in sands recommends 20 to 40 bpm [2].  Consequently, there have been
numerous occurrences where a slower hammer rate has been used.  However, the rate required to
develop a 30-inch drop using the CME hammer equipped with a standard anvil is 50 to 55 bpm.

It should be stated clearly here that a blow count rate of 50 to 55 bpm is acceptable for most
geotechnical explorations, and the reduced rate is considered to be an issue only with
liquefaction investigations of sands.  There have been numerous occurrences where the hammer
has not been operated according to instructions, and the rate has been slower.  Because of these
slower rates, there have been questions regarding the energy transfer and effect on SPT blow
counts.  

Recently, the Los Angeles District Army Corps of Engineers evaluated the effect of blow count
rate on the efficiency of the CME  hammer used in their investigations of Whittier Narrows Dam. 
This report will summarize the results of this rate study and make recommendations on energy
delivered under these variable rate conditions. 
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Figure 1.—CME automatic hammer system.

There have been numerous SPT energy transfer measurements on the CME automatic hammer. 
A compilation of energy measurement data from our files is shown in table 1 [3-10].  Energy
measurements performed prior to 1990 were performed in accordance with ASTM standard 
D 4633 [11].  This method consists of measuring the force-time history of the first compression
pulse in the rods and integration of the square of the force.  This method will be denoted as EF2. 
The EF2 measurement provides the drill rod energy ratio (ERi) by using a force transducer
housed in the drill rods below the impact anvil.  Early work by Schmertmann and continued
measurements have shown that the penetration resistance “N” is inversely proportional to ERi.
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The energy transfer of SPT hammers is especially important in liquefaction evaluation of soils. 
In 1997, the ASTM developed a practice for determination of normalized penetration resistance
of sands [2].  In this practice, the effects of hammer systems are discussed.  Automatic hammers
are very desirable from the standpoint of energy transfer reproducibility.  The practice states that
for hammers used in these investigations, energy can be measured during the investigation, or an
assumed value can be used if there is reliable data from others and the hammer is operated
correctly.  

Proper Hammer Operation

The CME factory operating instructions and instructions for adjusting the hammer speed are
given in the appendix.  CME has designed the automatic hammer with a viewing slot so that the
drop height of the hammer can be easily checked.  The CME automatic hammer is designed to
operate at a speed of 50 to 55 bpm.  The chain-cam motor is hydraulic, and there are flow control
settings to adjust the blow count rate.  All drills are adjusted at the factory to provide the
recommended rate.  However, with time, these settings may change and should be checked.

The rate of the hammer depends on the engine revolutions per minute (rpm).  This is because 
the chain cam system is driven by a hydraulic motor.  The power of the motor depends on the
hydraulic fluid pressure in the drill system, and the hydraulic supply pressure varies with engine
rpm.  The hammer will not operate correctly at idle speed.  Typically, the hammer is adjusted to
operate at a set throttle detent speed of 1,500 to 2,000 rpm, or full throttle.

The flow control setting is accomplished according to the instructions in the appendix.  The
viewing slot allows for observation of the drop height.  The hammer is equipped with an anvil
that projects into the guide tube 11.75 inches.  The viewing slot is about 39 to 43 inches above
the base of the guide tube (refer to figure 1 in the appendix).  When the hammer is operated 
at about 50 to 55 bpm, the base of the hammer will be visible at a height of 41½ inches above the
base of the guide tube.  If hammer rates are set too high, the falling hammer will impact the
returning cam prior to anvil impact and may damage the equipment.  This occurs when the rate is
set near or above 60 bpm. 

Therefore, the easy way to check for proper operation is to look at the viewing slot and count the
blow count rate during testing.  The base of the hammer should be about 41½ inches above the
base of the guide tube.  

It is important that the drill operator understand what throttle speed is to be used during testing.
Field observations have shown that when the hammer is operated at idle speed or at a speed
slower than that for proper flow control, the drop height is significantly reduced.  Therefore,
during testing, if the operator fails to engage throttle detent speed, the SPT test will be invalid
unless the rate is recorded.
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Operation at slower speeds.—ASTM procedures for testing of liquefaction state that the
rate of blows should range from 20-40 bpm [2].  If it is desired to operate the hammer at 40 bpm,
the energy will be reduced.  Another approach is to add a spacer ring  to the anvil.  Based on the
properties of this hammer system, the spacer ring will allow for a 30-inch hammer drop.  Based
on theoretical calculations, the height of the spacer ring should be about 3 inches at 40 bpm.  Our
study, to follow, shows that at 40 bpm, the ring may need to be only 2 inches.  When a spacer
ring is to be used, the viewing slot must be cut and lowered 3 inches so that the hammer can be
observed, assuring proper operation.

The effect of blow count rate on SPT liquefaction data in sands is not known.  In a clean sand of
high permeability, there could be almost no difference between the N value for a hammer of 
30-inch drop performed at 50 and 20 bpm.  The rate effect is more likely a problem for dirty
sands.  In our data to follow, the rate effect on the drop height is significant when a spacer ring
is not used to maintain the 30-inch drop height. 

Maintenance.—As with any hammer system, the hammer should be maintained to ensure that
it operates correctly.  The guide sleeve and chain should be cleaned and lubricated periodically 
to ensure that the hammer is dropping freely.  You can measure the hammer efficiency by
measuring the velocity at impact with radar or a displacement transducer.  Our measurements
indicate that the hammer drops at 95 to 97 percent efficiency in a clean guide tube.  In some
cases, where we have measured low drill rod energy, the hammer velocity is slower than normal,
pointing to a situation such as a rusted or dirty guide tube interior.

Other Operation Considerations

The hammer assembly weighs about 230 lbs.  This assembly weight is significantly greater than
rope and cathead operated hammers which weigh from 75 to 100 lbs [10].  When testing very
soft soils, the hammer assembly may sink under the weight of the assembly.  The SPT data in
soft, fine-grained soils may differ significantly between the automatic and rope-cathead
hammers, so it is important to report the assembly mass on the drill log [12].  The hydraulic
cylinder that controls vertical movement of the assembly is a one-way piston, made only to lift
the assembly.  If the assembly sinks quickly, the A valve may be used to catch the hammer (see
appendix). 

In hard driving conditions, the assembly may cause secondary impacts to the anvil shoulder.  In
these conditions, valve C (hammer restricted fall) should be used.

Summary of Energy Measurements  

In the mid 1980s, after collection of EF2 drill rod energy data in the U.S. and other countries, 
H. Bolton Seed et al. recommended that SPT N values be corrected to N60 for liquefaction
analysis [1].  The correction takes the form of:

N60 = Nm * (ERi / 60) EQN (1)
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Where:

Nm = measured N value
ERi = drill rod energy ratio, expressed as a percent, of maximum theoretical energy for

the system used

The EF2 data form the basis of the 60 percent recommendation.  Seed assumed that safety
hammers deliver ERi of 60 percent.  Table 1 shows the EF2 data that were collected prior to
1992.  In this table, EF2 ERi, ranges from 83 percent to over 100 percent, and the data that are
considered reliable generally average around 85 to 95 percent.

In the 1990s, accelerometers began to find use in SPT energy measurement, and a new method
called the EFV method was developed.  Table 1 summarizes EF2 and EFV data that have been
collected since 1992.  The first EFV data were collected by Goble in 1989.  Virtually all the new
EFV data for the CME automatic hammer have been collected using equipment provided by
Goble, Rausche, Likins and Associates, Inc. (GRL).  This company has adapted their pile driving
analysis equipment for SPT energy measurements.

Review of the new GRL data in table 1 indicates the new EFV data for the CME hammer range
from 74 to 86 percent.  EFV data, where the hammer is operated at a correct rate, generally range
from 80 to 85 percent.  There is also an appreciable difference between EF2 and EFV data.  In
some cases, EFV data are higher than EF2 data, while in other cases, EFV is lower than EF2. 
There is a very wide variability in the reported EF2 data.  The reasons for the variability are not
well explained [9, 13].  Due to limited funding, GRL measurements have not been well
documented.  That is, they have been on a project to project basis.  GRL does not adjust EF2 data
for short rod lengths, and this could explain some of the lower EF2 data.   GRL believes that, due
to reflections in the stress waves near the transducers, EF2 data are not always reliable.  Also,
they believe that older, pre-1990 EF2 data could be biased toward the high side (90-95 percent)
because of errors with piezoelectric load cells.  It is well accepted that EFV measurements, if
collected correctly, are more fundamentally correct than EF2 measurements because true, one-
dimensional wave equation conditions are not met in SPT drill rod.

Measuring ERi is more difficult with the CME automatic hammer than with most hammers.  This
is because the hammer anvil aspect ratio is such that a very fast rise and fall time and a very
large, sharp peak in force and velocity can develop in the drill rods [8].  This rapidly peaking
large force results in very severe loading conditions for both accelerometers and strain
transducers.  Additional studies are planned to try to explain the lower energy levels being
measured with GRL equipment.  

An engineer who must decide on how to apply this energy data has some difficult decisions to
make.  EF2 data were originally reported as high as 90 percent.  According to equation (1) above,
CME automatic hammer N values would be lower than rope and cathead safety hammer data by a
factor of 90/60 = 1.5 using EF2 data.  Using new EFV data, a correction of 80/60 = 1.3 would be
applied.

Reclamation had the opportunity to test the difference in hammer systems at Jackson Lake Dam. 
Dynamic compaction ground improvement was performed in two phases.  SPT drilling of the
first phase was with a rope and cathead safety hammer, while in the second phase, CME
automatic hammers were used.  Over 4,000 SPT N values were analyzed [14].  The results
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indicate that N values from the CME automatic hammers differed by a factor of approximately
1.8.  The factor was surprisingly constant through a wide range of soil types, from gravel to clay. 
This larger factor could also be attributed to other effects, such as drilling method and systematic
disturbance, amount of gravels, prestress effects, etc.  But the data show there is a significant
difference in SPT N values between the automatic hammer and safety hammer.  Physical
comparison data published in many sources also show much larger differences in N values
collected with automatic and safety hammers than those predicted by EFV energy measurements
[12].  The differences are much larger than could be explained by a 20 percent energy difference
(i.e., a factor of 80/60 = 1.3) implied by the GRL data.

Even with the larger differences shown in some of the field data, the engineer who is using the
new EFV data will likely err toward conservatism and would likely apply the factor of 1.3.  This
low correction factor gives little incentive to using automatic hammers on a project if low con-
servative N values requiring costly ground modifications would result.

Even though GRL data appear to be erratic and possibly lower than the older EF2 data, GRL is
the only active SPT energy measurement contractor in the U.S.  The Army Corps of Engineers
had questions regarding past drilling at Whittier Narrows Dam.  We decided we would use the
GRL equipment to study the rate effects of the CME automatic hammer. 

Rate Effect Study

The Los Angeles District of the Army Corps of Engineers had questions regarding CME hammer
operations during their liquefaction investigation at Whittier Narrows Dam.  The CME automatic
hammer was used exclusively, and in most of the investigation, the same hammer and operator
were used.  Drop height and rate effect studies where performed to evaluate the CME hammer.

In a series of field studies on a CME 75HT drill, the rate of the hammer was varied, and the drop
height was measured through the viewing window.  Drop height was also monitored on the
second hammer in a second round of drilling.  The results of this study are summarized in 
figure 2.  When the hammer rate was slowed to about 40 bpm, the drop height was reduced to 
28 inches.  This reduction in drop height equates to a theoretical reduction in input energy of 
7 percent.

Next, a field study and energy measurements were performed by GRL [15]. Measurements were
performed in three drill holes.  The results of this study are shown in table 2 and figure 3.  Test
depths ranged from 4.5 to 35.5 feet.  GRL reports EF2 data without correction for short rod
length.  In order to compare EFV data, which are equivalent to a nominal hammer energy, it is
necessary to correct the EF2 data by the K2 factor described in the old ASTM D 4633 standard. 
This is because the hammer input energy is prematurely terminated by the reflected tensile wave
in short drill rods.  This effect can easily be seen in table 2 in the column "Average EF2."  The
shorter the rod length, the lower the value of EF2.  Once rod length is about 40 feet, the full
energy content can be delivered.
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Figure 2.—Summary of CME hammer drop height and rate measurements
(Whittier Narrows Dam investigation).
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To correct for short rod length, we first estimated the rod length during the test (table 2).  Then,
we calculated the estimated wave travel time:

wave travel time, t  = 2l’/c

Where:

l’ = length of rods, distance from transducer to bottom of rods
  c = stress wave velocity in steel, 16,800 ft/sec

For our new standard in ASTM, the short rod factor is now called the K1 factor, and we have
developed tables of K1 for different rod sizes/lengths.  The K1 factor for AW rods used in this
study is shown in table 2.  We took the average EF2 energy and multiplied it by the K1 factor to
get a nominal energy.

Table 2 and figure 3 summarize the results of the rate study.  Rates from 30 to 58 bpm were
measured.  When the rate of the hammer is slowed to around 30 bpm, drill rod energy drops 
10 to 15 percent.  These data agree fairly well with the drop height data summarized in figure 1. 
The drop height study indicates that a reduction to 40 bpm resulted in a drop height of 28 inches,
equivalent to about 7 percent energy.  Assuming a linear relationship, further reduction to 
30 bpm results in an energy loss of 14 percent, which would equate to a drop height reduction to
26 inches.  A drop height of 26 inches may well be the minimum with this hammer system and
may reflect the distance between the chain cam sprockets.

Using figure 3 and the drop height data, one could estimate the energy delivery of the CME
hammer if the blow count rate is recorded.

For the nominal energy of the Los Angeles study, which is summarized in the last row of table 1,
we averaged seven series of data at rates ranging from 50-57 bpm.  EFV ERi averaged 81 percent
while K2 corrected EF2 ERi averaged 75 percent.  The difference in EF2 and EFV data again has
not been explained.  It is not known why, in this case, the EF2 data are lower than EFV data. 
Additional controlled research is needed to explain these differences.

The assumed drill rod energy for the CME hammer, when operated at 50 to 55 bpm, should be on
the order of ERi =  85 to 95 percent based on most of the measurements made to date.  The value
used in design depends on the analysis being performed.  For the Whittier study, EF2 data were
even lower, at 75 percent.

Conclusions

In this report, energy measurements for the CME automatic hammer are reviewed.  Operational
guidelines of the CME automatic hammer are given to avoid operation at incorrect speeds. 
Finally, the effects of slowing the blow rate are measured.  The following conclusions can be
drawn from this study:
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Figure 3.—Summary of drill rod energy and rate data
(Whittier Narrows Dam investigation).
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• The CME automatic hammer delivers more energy than typical rope-cathead safety
hammer systems.  The hammer is much more consistent in energy delivery than manually
operated hammers.  The use of this automatic hammer is highly desirable, but it must be
checked to assure it is operating correctly.

• The hammer is designed to operate at 50-55 bpm.  The speed is controlled by the
hydraulics of the drill and, therefore, the flow control valves must be adjusted correctly
and the drop height should be checked to assure proper operation.  The operator should
be sure that proper engine speed is reached during testing.  The hammer is simple to
check—simply count the rate and check the position of the hammer in the viewing slot. 
The hammer speed and drop height should be reported on the drill logs.

• Numerous investigators have measured drill rod energy on the CME automatic hammer. 
Prior to the 1990s, the measurements were made according to ASTM D 4633 using the
force squared (EF2) method.  These measurements indicated that the hammer, when
operated at the correct speed, would deliver 90 to 95 percent ERi.  In the 1990s,
accelerometers came into use, and the product of force and velocity (EFV) was
measured.  The recent EFV ERi data range from 80 to 85 percent.  Reported EF2 data are
more variable, and there are differences of as high has 10 percent ERi between EF2 and
EFV data.  The reason for these differences have not been explained.  The new EFV data
appear about 10 percent lower than the older EF2 data.  Limited field comparisons
between CME automatic and safety hammers indicate larger differences in actual blow
counts than would be expected using the EFV or even older EF2 data.

• Given the new EFV data and any uncertainties with the older EF2 data, the recom-
mended drill rod energy for the CME automatic hammer operated at the correct speed of
50 to 55 bpm is 85 to 95 percent.  This assumed energy could be used for liquefaction
investigations in accordance with ASTM D 6066, method B, and thus alleviate the need
for project-specific energy measurements.  If there is uncertainty, smaller energy
corrections could be used. 

• Studying the rate of the CME automatic hammer and measuring the energy indicates that
when the hammer is operated at 30 bpm, drill rod energy loss was almost 15 percent. 
Using the information in this report, an observer could estimate energy delivery of the
CME automatic hammer from information on the speed and drop height.

• Additional studies are needed.  There needs to be a systematic study of the various
energy measurement equipment available.  This study should be performed under the
most extreme loading conditions.  The CME hammer provides a good test for response
under extreme loading.  It would also be helpful to look at additional field studies,
comparing safety hammer data and CME automatic hammer data.  Some data exist in the
literature but were not reviewed for this report.
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Appendix

Operation Instructions for the CME Automatic Hammer
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Laboratory Test Results



17781 Cowan , Suite 150, Irvine, CA 92614                      Leighton Consulting, Inc.     Tel.No. (949) 253-5922   Fax. No. (949) 724-1557

Project Name:     101/23 Interchange Improvements LCI No.:                           603141001  

Project No.:         400486.01.04.02.09.SC Tabulated by: JHW

Client:                  CH2M Hill Date: 03/15/11

Page 1

ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-001 B01 0-5

S02 5.0 8.7 115.6 (SC)g*

S03 10.0

S04 15.0 17.0 98.7 27:41:32 (SC)g

S05 20.0

S06 25.0 14.0 100.3 37:37:26 (SC)g

S07 30.0

S08 35.0 37.27 @ 20.8 SC*

S09 40.0 44,23,21 33:35:32 (SC)g

S10 45.0 30.1 87.9 15:51:34 (SC)g

S11 50.0

U12 52-54 36,19,17 0:35:65 36.88 @ 27.8 s(CL)

S13 55.0 22.7 105.1 CL*

S14 60.0

S15 65.0

S16 70.0

S17 75.0 26.9 92.4 10:67:23 SM

S18 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Boring 
No.

Sample 
No.

Particle - 
Size    

Distribution

Soil  
Classification / 
Identification

Moisture 
Content

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

Depth

SUMMARY of LABORATORY TEST RESULTS

TABLE 1

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

Corrosion Suite (Soils) DOT CA Test 532/643Dry 
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Atterberg 
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R-Value 
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-002 B01 2.5-6 6.62 47 312 850 @ 36.1 s(CL)*

S02 6.0 51,23,28 (CH)s

S03 10.0 14:42:44 SC

S04 15.0

S05 20.0 29.2 90.9 0:18:82 (CL)s

S06 25.0

U07 27-29 37,29,8 0:28:72 35.13 @ 17.4 (ML)s

S08 30.0

S09 35.0 1:20:79 (CL)s

S10 40.0 27.7 94.1 CL*

S11 45.0

S12 50.0

S13 55.0

S14 60.0

S15 65.0 Combined NonPlastic 13:49:38 SM

S16 70.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-003 S01 5.0

S02 10.0 10.5 109.4 (CL-ML)g*

B03 11.5-15 48:32:20 6.46 36 253 1280 @ 27.3 (GM)s

S04 15.0

S05 20.0 21.6 94.7 CL-ML*

S06 25.0 17:32:51 s(CL)g

S07 30.0 21.1 100.3 CL-ML*

S08 35.0 53,26,27 CH

S09 40.0 14:26:60 79.51 @ 20.8 s(CL)

S10 45.0

S11 50.0 32.7 88.0 CL*

S12 55.0 54,26,28 0:16:84 (CH)s

S13 60.0 21.0 103.7 (CL)g*

S14 65.0

S15 70.0 32.6 87.3 CL*

S16 75.0

S17 80.0 18.2 99.1 (SP)g*

S18 85.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643



Project Name: 101/23 Interchange Improvements

Project No.: 400486.01.04.02.09.SC

Depth

(ft) At 5% Strain At Failure

A-11-001 S08 35 SC 20 37.27

A-11-001 U12 52 CL 33 36.88

R-11-002 U07 27 ML 33 35.13

A-11-003 S09 40 CL 68 79.51

Table 2

Summary of Unconsolidated Undrained (UU) Triaxial Test Results

Boring No. Sample No. Soil Type
Deviator Stress (psi)



A-11-001 A-11-001 A-11-001 A-11-001 A-11-001 A-11-001

S02 S04 S06 S10 S13 S17

5.0 15.0 25.0 45.0 55.0 75.0

Drive Drive Drive Drive Drive Drive

4.25 >4.50 >4.50 1.00 2.50 >4.50

978.18 917.13 728.25 1091.92 1197.36 927.42

222.00 222.00 177.60 266.40 266.40 222.00

5.00 5.00 4.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416 2.416 2.416

190.78 1039.00 321.20 1109.88 255.72 1080.23

178.53 917.60 286.41 910.37 215.53 898.01

38.12 204.50 38.68 246.73 38.32 220.20

Container No.

125.7 115.5 114.4 114.3 128.9 117.2

8.7 17.0 14.0 30.1 22.7 26.9

115.6 98.7 100.3 87.9 105.1 92.4

51.4 65.0 55.7 88.5 101.4 88.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
clayey sand 
with gravel 

(SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown lean 
clay (CL)

Gray silty 
sand (SM)

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown clayey 

sand with 
gravel (SC)g

M&D A-11-001, S02, S04, S06, S10, S13, S17



R-11-002 R-11-002

S05 S10

20.0 40.0

Drive Drive

3.75 1.75

1114.24 1134.59

266.40 266.40

6.00 6.00

2.416 2.416

250.02 268.16

201.97 218.00

37.54 37.17

Container No.

117.4 120.2

29.2 27.7

90.9 94.1

92.3 94.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive lean clay 
with sand 

(CL)s

Olive gray 
lean clay (CL)

M&D R-11-002, S05 @ 20 and S10 @ 40



A-11-003 A-11-003 A-11-003 A-11-003 A-11-003 A-11-003 A-11-003

S02 S05 S07 S11 S13 S15 S17

10.0 20.0 30.0 50.0 60.0 70.0 80.0

Drive Drive Drive Drive Drive Drive Drive

>4.50 3.00 >4.50 >4.50 4.00 3.25 <0.25

949.25 1098.17 952.86 1110.10 1172.11 1102.23 741.65

222.00 266.40 222.00 266.40 266.40 266.40 177.60

5.00 6.00 5.00 6.00 6.00 6.00 4.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416

302.44 215.35 240.37 239.78 286.05 269.70 434.80

277.36 183.89 205.25 190.24 243.10 213.08 373.81

38.24 38.28 38.54 38.86 38.65 39.60 38.71

Container No.

120.9 115.2 121.5 116.8 125.4 115.8 117.2

10.5 21.6 21.1 32.7 21.0 32.6 18.2

109.4 94.7 100.3 88.0 103.7 87.3 99.1

52.4 74.8 83.6 96.6 90.6 94.6 70.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

Brown silty 
clay (CL-ML)

Gray lean clay 
with gravel 

(CL)g

Gray lean clay 
(CL)

Gray lean clay 
(CL)

Gray poorly-
graded sand 
with gravel 
(SP)g, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay (CL-ML)

M&D A-11-003, S02, S05, S07, S11, S13, S15, S17



Project Name: Tested By: G. Bathala Date: 02/24/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 24 17

23.87 25.06 21.63 24.48 24.75

21.94 22.90 19.22 21.10 21.15

13.59 13.56 13.50 13.49 13.56

23.11 23.13 42.13 44.42 47.43

44
23
21
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S09 40.0
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Project Name: Tested By: G. Bathala Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 15

25.39 25.96 26.44 24.45 24.98

23.54 24.01 23.13 21.60 21.86

13.59 13.48 13.48 13.58 13.49

18.59 18.52 34.30 35.54 37.28

36
19
17
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

U12 52.0-54.0
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Project Name: Tested By: V. Juliano Date: 01/31/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

7.34 7.13 14.87 13.76 17.09

6.18 6.02 10.32 9.50 11.60

1.06 1.08 1.04 1.07 1.10

22.66 22.47 49.03 50.53 52.29

51
23
28
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Very dark gray fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S02 6.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Project Name: Tested By: V. Juliano Date: 02/01/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

27 21 15

7.68 9.09 12.24 11.28 11.75

6.17 7.27 9.23 8.46 8.68

1.03 1.09 1.05 1.06 1.08

29.38 29.45 36.80 38.11 40.39

37
29
8
ML

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown silt with sand (ML)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

U07 27.0-29.0
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Project Name: Tested By: V. Juliano Date: 01/27/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

6

Cannot be rolled: 15.63 Cannot get more than 6 blows:

NonPlastic 11.52 NonPlastic

1.06

39.29

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)   =   

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Very dark gray silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S14, S15, S16 combined 60.0-70.0
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Project Name: Tested By: A. Santos Date: 02/27/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 22

9.84 9.52 20.05 18.29 20.67

8.03 7.78 13.72 12.37 13.80

1.05 1.02 1.04 1.03 1.04

25.93 25.74 49.92 52.20 53.84

53
26
27
CH

PI at "A" - Line  =  0.73(LL-20)  24.09

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S08 35.0
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 20 15

24.37 24.71 24.72 24.42 24.49 25.62

22.15 22.38 20.83 20.61 20.64 21.30

13.50 13.47 13.48 13.48 13.56 13.47

25.66 26.15 52.93 53.44 54.38 55.17

54
26
28
CH

PI at "A" - Line  =  0.73(LL-20)  24.82

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S12 55.0

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 10

P
la

st
ic

ity
 In

de
x 

(P
I)

Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 37 Soil Type

% Sand 37

% Fines 26

2.70 0.00 195.06

0.99 0.00 190.10 103.57

892.80 1.00 64.82 72.94

148.20 0.00 3.96

744.60 30.63

3" 0.00 100.0 0.00 100.0 54.0

1½" 0.00 100.0 4.33 92.5 49.9

3/4" 131.99 82.3 10.77 81.4 43.9

3/8" 213.30 71.4 17.90 69.0 37.3

No. 4 275.24 63.0 24.60 57.5 31.0

No. 10 342.86 54.0 29.73 48.6 26.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.11             Wt. of Dry Soil (g) 57.82

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:30 0

9:32 2 20.2 32.0 23.1 0.0317

9:35 5 20.2 29.0 20.4 0.0204

9:45 15 20.3 26.5 18.1 0.0120

10:00 30 20.3 24.0 15.7 0.0086

10:30 60 20.4 22.0 13.9 0.0062

11:30 120 20.8 21.0 13.0 0.0044

13:40 250 21.4 19.0 11.1 0.0031

18-Feb-11 8:44 1394 19.9 16.0 8.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S06

Olive brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-001, S06 @ 25



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

37 : 37 : 26

S06

Feb-11

(SC)g
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SA & Hyd A-11-001, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Bathala Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 33 Soil Type

% Sand 35

% Fines 32

2.70 0.00 58.94

0.99 0.00 58.60 122.25

367.65 1.00 39.17 72.92

140.89 0.00 1.75

226.76 49.33

3" 0.00 100.0 0.00 100.0 66.5

1½" 0.00 100.0 7.63 91.6 60.9

3/4" 0.00 100.0 20.70 77.2 51.3

3/8" 45.09 80.1 30.07 66.8 44.5

No. 4 75.41 66.7 38.86 57.2 38.0

No. 10 75.94 66.5 47.48 47.6 31.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 92.28             Wt. of Dry Soil (g) 90.69

Deflocculant  125 cc of 4% Solution

28-Feb-11 9:58 0

10:00 2 19.3 42.0 25.1 0.0295

10:03 5 19.4 38.0 22.2 0.0193

10:13 15 19.5 34.5 19.6 0.0115

10:28 30 19.6 32.5 18.2 0.0082

10:58 60 19.8 30.0 16.4 0.0059

11:58 120 20.3 29.0 15.6 0.0042

14:08 250 21.2 27.0 14.2 0.0029

01-Mar-11 10:22 1464 20.2 23.5 11.6 0.0012

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S09

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-001, S09 @ 40
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39
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##

33 : 35 : 32

S09

Mar-11

(SC)gDepth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     52.0-54.0

% Gravel 0 Soil Type

% Sand 35

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 112.93

1315.70 1.00 1.00 76.16

109.60 0.00 0.00

1206.10 36.77

3" 0.00 100.0 0.00 100.0 99.3

1½" 0.00 100.0 0.62 99.4 98.7

3/4" 0.00 100.0 3.57 96.4 95.8

3/8" 1.11 99.9 10.52 89.5 88.9

No. 4 3.45 99.7 20.60 79.5 79.0

No. 10 8.37 99.3 35.06 65.1 64.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.50             Wt. of Dry Soil (g) 100.50

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:40 0

9:42 2 20.4 47.0 39.2 0.0279

9:45 5 20.5 41.5 33.8 0.0185

9:55 15 20.5 36.0 28.4 0.0112

10:10 30 20.6 33.0 25.5 0.0081

10:40 60 20.8 31.0 23.5 0.0058

11:40 120 21.3 29.0 21.6 0.0041

13:50 250 21.7 26.5 19.1 0.0029

25-Feb-11 9:40 1440 20.7 23.0 15.7 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

U12

Pale olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-001, U12 @ 52-54
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##

0 : 35 : 65

U12

Mar-11

s(CL)Depth (feet) :  52.0-54.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA & Hyd A-11-001, U12 @ 52-54



Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/08/11

Exploration No.: R-11-002 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Brown clayey sand (SC)

PHD 0.00

965.96 0.00

215.48 1.00

750.48 0.00

PHD

635.78

215.48

420.30

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 14 %
SAND: 42 %
FINES: 44 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

51.60

104.10

98.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

417.20

60.1

PAN

299.10

66.7250.20

206.10

44.4

356.20 52.5

93.1

86.1

72.5

78.8159.20

15.20

100.0



Project Name:

14 : 42 : 44

S03

Feb-11

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-002 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 17 Soil Type

% Sand 32

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 94.72

290.40 1.00 1.00 76.18

39.68 0.00 0.00

250.72 18.54

3" 0.00 100.0 0.00 100.0 77.0

1½" 0.00 100.0 1.94 96.4 74.3

3/4" 12.18 95.1 4.67 91.4 70.4

3/8" 30.90 87.7 8.26 84.8 65.3

No. 4 41.60 83.4 13.14 75.8 58.4

No. 10 57.60 77.0 18.12 66.6 51.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.20             Wt. of Dry Soil (g) 54.20

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:52 0

9:54 2 20.5 35.5 40.2 0.0308

9:57 5 20.5 32.5 35.9 0.0199

10:07 15 20.6 29.5 31.7 0.0117

10:22 30 20.7 27.5 28.9 0.0084

10:52 60 20.9 26.0 26.8 0.0060

11:52 120 21.3 24.0 24.0 0.0043

14:02 250 21.7 22.0 21.1 0.0030

25-Feb-11 9:52 1440 20.7 18.0 15.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S06

Olive brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S06 @ 25
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##

17 : 32 : 51

S06

Mar-11

s(CL)gDepth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-003, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/15/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 14 Soil Type

% Sand 26

% Fines 60

2.70 0.00 0.00

0.99 0.00 0.00 91.22

676.00 1.00 1.00 77.07

108.39 0.00 0.00

567.61 14.15

3" 0.00 100.0 0.00 100.0 81.8

1½" 0.00 100.0 1.21 97.6 79.9

3/4" 0.00 100.0 3.04 94.1 77.0

3/8" 48.80 91.4 5.53 89.2 73.0

No. 4 76.90 86.5 9.28 81.9 67.0

No. 10 103.20 81.8 13.75 73.1 59.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 51.17             Wt. of Dry Soil (g) 51.17

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:18 0

9:20 2 20.2 37.0 47.6 0.0304

9:23 5 20.2 33.5 42.0 0.0198

9:33 15 20.2 30.0 36.5 0.0117

9:48 30 20.3 28.5 34.1 0.0084

10:18 60 20.4 26.5 30.9 0.0060

11:18 120 20.7 24.5 27.8 0.0043

13:28 250 21.4 23.0 25.4 0.0030

18-Feb-11 8:35 1397 19.9 18.0 17.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S09

Olive brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S09 @ 40
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##

14 : 26 : 60

S09

Mar-11

s(CL)Depth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 16

% Fines 84

2.70 0.00 0.00

0.99 0.00 0.00 87.09

423.99 1.00 1.00 76.02

74.64 0.00 0.00

349.35 11.07

3" 0.00 100.0 0.00 100.0 99.4

1½" 0.00 100.0 0.11 99.8 99.2

3/4" 0.00 100.0 0.55 99.1 98.5

3/8" 0.00 100.0 1.71 97.2 96.6

No. 4 0.80 99.8 4.65 92.4 91.8

No. 10 2.09 99.4 9.65 84.1 83.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.80             Wt. of Dry Soil (g) 60.80

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:54 0

8:56 2 20.1 48.0 66.5 0.0276

8:59 5 20.1 43.0 58.4 0.0182

9:09 15 20.1 39.0 51.9 0.0109

9:24 30 20.1 35.5 46.2 0.0080

9:54 60 20.1 33.0 42.2 0.0057

10:54 120 20.4 30.0 37.3 0.0041

13:04 250 21.0 28.0 34.1 0.0029

24-Feb-11 8:31 1417 20.1 23.0 25.9 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S12

Olive brown fat clay with sand (CH)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CH)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S12 @ 55
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0 : 16 : 84

S12

Mar-11

(CH)sDepth (feet) :  55.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown fat clay with sand (CH)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
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Project Name: Tested By: G. Bathala Date: 02/08/11
Project No.: Checked By: J. Ward Date: 02/26/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Shelby
Soil Identification:

2.871
1.000
297.62
82.40
0.9624

421.83
356.47
38.02
20.52
105.1

92
0.2782

333.40
297.10
38.00
20.54
108.0

99
0.2385
2.70
62.43

0.10 0.2777 0.9995 0.00 0.05 0.603 0.05 2/11/11 8:00:00 0.0 0.0 0.2651
0.25 0.2740 0.9958 0.06 0.42 0.598 0.36 2/11/11 8:00:06 0.1 0.3 0.2634
0.50 0.2702 0.9920 0.09 0.80 0.593 0.71 2/11/11 8:00:15 0.2 0.5 0.2633
1.00 0.2644 0.9862 0.14 1.39 0.584 1.25 2/11/11 8:00:30 0.5 0.7 0.2631
1.00 0.2651 0.9869 0.14 1.31 0.585 1.17 2/11/11 8:01:00 1.0 1.0 0.2629
2.00 0.2607 0.9825 0.20 1.76 0.579 1.56 2/11/11 8:02:00 2.0 1.4 0.2627
4.00 0.2519 0.9737 0.30 2.64 0.567 2.34 2/11/11 8:04:00 4.0 2.0 0.2625
8.00 0.2368 0.9586 0.46 4.15 0.545 3.69 2/11/11 8:08:00 8.0 2.8 0.2623
16.00 0.2143 0.9361 0.65 6.40 0.512 5.74 2/11/11 8:15:00 15.0 3.9 0.2622
4.00 0.2201 0.9419 0.43 5.81 0.518 5.38 2/11/11 8:30:00 30.0 5.5 0.2620
1.00 0.2288 0.9506 0.28 4.94 0.529 4.66 2/11/11 9:00:00 60.0 7.7 0.2619
0.25 0.2385 0.9603 0.21 3.97 0.544 3.76 2/11/11 10:00:00 120.0 11.0 0.2617

2/11/11 12:00:00 240.0 15.5 0.2615
2/11/11 16:00:00 480.0 21.9 0.2612
2/13/11 8:15:00 2895.0 53.8 0.2608
2/14/11 8:40:00 4360.0 66.0 0.2607

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Pale olive sandy lean clay s(CL)

52.0-54.0
U12
A-11-001
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Tap water



Initial Final Initial Final Initial Final Initial Final

Time Readings @ 2.0 ksf

0.544 92 99105.1

Degree of 
Saturation (%)Dry Density (pcf)  

0.604

Void Ratio

52.0-54.0 20.5

Soil Identification: Pale olive sandy lean clay s(CL)

Project No.:

101/23 Interchange Improvements

02-11

400486.01.04.02.09.SC

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       
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Project Name: Tested by: A. Santos Date: 02/15/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: A-11-001 Sample Type: Drive
Sample No.: S08 Depth(ft): 35.0
Sample Description:

1 2.414
2 2.415
3 2.415

Average 2.415
1 4.843
2 4.844
3 4.849

Average 4.845

691.30
0.00

801.30
654.00
110.60
2.70
20.8
0.045

27.11 37.27
93.4 20.80
0.804 58.07
91.0 15.07

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish olive clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: A-11-001 Sample Type: Shelby
Sample No.: U12 Depth(ft): 52.0-54.0
Sample Description:

1 2.880
2 2.885
3 2.886

Average 2.884
1 5.996
2 5.993
3 5.998

Average 5.996

1279.30
0.00

1387.90
1139.30
109.90
2.70
27.8
0.045

24.15 36.88
100.2 27.80
0.681 64.68
95.8 14.84

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Pale olive sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 01/31/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/08/11
Boring No.: R-11-002 Sample Type: Shelby
Sample No.: U07 Depth(ft): 27.0-29.0
Sample Description:

1 2.890
2 2.883
3 2.887

Average 2.887
1 6.002
2 5.998
3 6.009

Average 6.003

1156.10
0.00

1262.70
960.90
109.10
2.70
17.4
0.045

35.43 35.13
82.8 17.40
1.035 52.53
92.4 11.49

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown silt with sand (ML)s

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 02/14/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/01/11
Boring No.: A-11-003 Sample Type: Drive
Sample No.: S09 Depth(ft): 40.0
Sample Description:

1 2.416
2 2.416
3 2.418

Average 2.417
1 4.758
2 4.760
3 4.755

Average 4.758

703.30
0.00

811.00
676.00
108.39
2.70
20.8
0.045

23.78 79.51
99.2 20.80
0.699 100.31
91.9 14.92

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 04/08/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 04/12/11

Revised: 06/27/11

Boring No. R-11-002

Sample No. B01

Sample Depth (ft) 2.5-6.0

178.55

163.87

60.63

14.22

100.10

11

3

840

7:25/8:10

45

18.5351

18.5286

0.0065

267.47

312

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 47

6.62

19.5

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Very dark gray 
s(CL), asphalt 
particles noted

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     2.5-6.0 Revised:

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)23.01 1835

14.22

178.55

1019

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

31.79

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

270

140

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 130

15049.36

40.58

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

163.87

60.63

850 36.1 312 47 6.62 19.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

951

883

Very dark gray s(CL), asphalt particles noted

B01

101/23 Interchange Improvements 04/11/11

04/12/11400486.01.04.02.09

R-11-002 06/27/11

600

800

1000

1200

1400

1600

1800

2000

20.0 25.0 30.0 35.0 40.0 45.0 50.0

So
il 

R
es

is
tiv

ity
 (o

hm
-c

m
)

Moisture Content (%)



Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/01/11

Boring No. A-11-003

Sample No. B03

Sample Depth (ft) 11.5-15.0

160.10

146.10

56.00

15.54

100.50

8

15

830

7:40/8:25

45

20.3213

20.3161

0.0052

213.98

253

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 36

6.46

20.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Olive brown 
(GM)s

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.54 3400

15.54

160.10

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

24.43

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3400

1400

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 150033.31

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

146.10

56.00

1280 27.3 253 36 6.46 20.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1400

1500

B03

101/23 Interchange Improvements 02/15/11

03/01/11

11.5-15.0

400486.01.04.02.09
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Appendix E 
Analyses and Calculations
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Appendix E-1 
Seismic Evaluation Documents and Worksheets
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Figure B.7 Contours of depth (meters) to shear wave velocity 1 km/s (Z1.0) in the Ventura Basin.

jlee12
Oval

jlee12
Text Box
Hampshire Rd UC



                                                                 

 
SEISMIC DESIGN CRITERIA                                                                                                                                              B-12 

APPENDIX B – DESIGN SPECTRUM DEVELOPMENT  
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Figure B.8  Contours of depth (meters) to shear wave velocity 2.5 km/s (Z2.5) in the Ventura Basin. 
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Fault & Site Data Input Sheet 

The input sheet is to help the user organize the site data for developing the design response spectrum. 8eta
Testers: If you fill out the fault and site information for each location, please provide this document and the 
checker to facilitate the QC/QA procedures listed in the 2009 Deterministic Fault Information & Seismic 
Procedures QC/QA checklist. 

Project Information 

Dist - EA: OJ . \'\<;~\ County: ~C'" Route: J.QL 
Bridge/Facility Name: ",, \J.,ytJl-\, U- \LV. U( Bridge/Facility No.: 

Latitude:;:'",· \bb\~'\ Longitude: -\\g·'62 .. ~q 

PM: .!..l.2... 
a 2--0 9-17, 

Fault Information (#1) I. ~'(·. \\t. ... §::,t 'Lv \ '(7) - - ~c", .. · p~ , 

Fault NameSml -S. ~ (".Lv 'V l)~? FaulllD#: 31 :2-

Iv '\ 
Fault Information (#2) I> tn:.-~\{. Q.a,1}... ~Ot .,. 

Fault Name:~\'" p.\o ~~" ~ault 10# ~ '1 J 
MMax: ~ Fault Type: ~ 

Fault Dip: ~ Dip Direction: ~ 
Top of Rupture: ~ Bottom of Rupture: \ 1.- "-1"'\ 

Plan View Elevation View 

Calculated or Measure Distances 

R",:Cl , t" \" ., h ,\ .. 9,6\ 

R,,: 9 · t,'( 

R,: "I . "'6 
f" 1"'.\ '. '1s~ 
\.r:"! ; Q,4\' 

Determination of VS30 

Vs>o(m/S):('.4 'i.rO ·Q, s~\~\b~s, \< ; :;>lI4 " \~ 
Determination of Z1.0 and Z2.S 

2 1.0 (m/s) : vO Y" 

22.5 (km/s): '? '?-<(\ 

Notes: 
('",].o ·~ ' iJ..?(\ 

O!\'~C' ~ ('f"'"(.(Q r~ . ur~ o~ I~,,\ 

MMax: ~ Fault Type: Lt..g.$. 

Fault Dip: ~ Dip Direction : ~ 
Top of Rupture: ,¥..... Bottom of Rupture: \2 ... 't.f., 

Plan View Elevation View 

Calculated or Measure Distances 

R RUP: 10·1-3 ~ 

R . \o·~"(, ~'" J' . -""--'--'-__ 

Determination of VS;l;O 

Vs>o (m/s) : :):g"l 
Determination of Z1.0 and Z2.5 

Z,,(m/s): _ __ _ 

Z,s(km/s): _ _ _ 

Notes: J. 
t"e-k ,,~l,:. 
Cell <2. 4 w.' '" 

kradhakr
Cross-Out

kradhakr
Cross-Out

kradhakr
Text Box
308 m/s

kradhakr
Text Box
308 m/s



Fault & Site Data Input Sheet 

The input sheet is to help the user organize the site data for developing the design response spectrum. Beta
Testers: If you fill out the fault and site information for each location, please provide this document and the 
checker to facilitate the QC/QA procedures listed in the 2009 Deterministic Fault Information & Seismic 
Procedures QC/QA checklist. 

Project Information 

Dist - EA: tYI-\«'S;ul\ County: 'ir..! Route: i2L PM: \ -b?-

Bridge/Facility Name: tl<>+" QJ.. \\~ Bridge/Facility No.: ~, - 0 1.1:; 
Lalitude: 3ft . I b b n'l Longitude: - liS· (11-~'1 

Fault Inloomation (#1) '/&~ ~!'\''I'j', It.. ",Ai ~ 
Fault Name:gl. fr'~ - ~{\\c- Fault lOll: 3~ 
MMax: ~ Fault Type: L-
Fault Dip:.1..D- Dip Direction: ~ 
Top of Rupture: I t-...... Bottom of Rupture: 11.~ 

Plan View Elevation View 

Calculated or Measure Distances 

R,"p: \"!'''4~ g;.1~"oI o'J.l)· b"'i"' 

R,,: \~ . !;\ "'" I-J ~ fool. ~ ?o·b \ -"1 

R,: I ~' 51'0 1', , .• ~ ~ I~ 'b~ \l.-
M 

Determination of VS30 

Vs,, (m/s}: uq 
Determination of Z1.0 and Z2.5 

Zo., (m/s): ___ _ 

Z,,(km/s): ___ _ 

Notes: 

J.~ \ '" o.y\ \;..J. 
~.b 
~ o.."i;~~ , ()~\ 

Fault Inlormation (#2) \6-0.1.\-
Fault Name: ct<>1,WO<\l-- Fault ID#: 16, 
MMax: ...6...:.h... Faull Type: ---L 
Fault Dip: ..l!..L Dip Direction: ~ 
Top of Rupture: ~ Bottom of Rupture: ~ 

Plan View Elevation View 

~,' 

Calculated or Measure Distances 

R RUP: t1'5'i'>"~ ~:ro( I'rJ o \ 2 ' ~I"'''' 
R,,:V' ~'h'" ~'S"~I"'~ : \2 · .,1V' 

R,: [) . '511\'.<'\ ~> S; 0,1 =, 1 ·1 \ ~ 

Determination of VS30 

Vs,, (m/s): 2'il1 

Determination of Z1.0 and Z2.5 

Z1.o(m/s): ___ _ 

Z" (km/s): ___ _ 

kradhakr
Cross-Out

kradhakr
Cross-Out

kradhakr
Text Box
308 m/s

kradhakr
Text Box
308 m/s
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Fault & Site Data Input Sheet 

The input sheet is to help the user organize the site data for developing the design response spectrum. Beta
Testers: If you fill out the fau lt and site information for each location, please provide this document and the 
checker to facilitate the QC/QA procedures listed in the 2009 Deterministic Fault Information & Seismic 
Procedures QC/QA checklist. 

Project Information 

Dist - EA: 1)1 -1'1,, 1-0\ County: ~ Route: JQL PM: 1 ·b:l 

Bridge/Facility Name: IjtQ + {2:t\.. Ut- Bridge/Facility No.: S'2-" b~"t~ 
Latitude '3l. ' \ b6\3'i Longitude: - \ 13· 'is'31'\('l 

Fault Information (#1) Fault Information (#2) 

Fault Name: d q,l: hu (p c.t t Fault 10.: 2.'t9 Fault Name: Fault 10#: --
MMax il Fault Type: kL~S MMax: -- Fault Type: __ 

Fault Dip: 15· Dip Direction: ~ Fault Dip: __ Dip Direction: _ _ 

Top of Rupture: V \v\ Bottom of Rupture: 13 f4" Top of Rupture: __ Bottom of Rupture: __ 

Pian View Elevation View Plan View Elevation View ...., 
'Ii ~ , \4,1" '''' 

~ 
qt .J 

---
flO!; ; f> . 

I ,,··\11'"'1 
l~·\:/.~'" 

~ 
I .. '1'1 

,\~,\,l\'" I 
:r-I'I J, 

Calculated or Measure Distances Calculated or Measure Distances 

RRuP: l)" b ~ "'" R RUP: 

RJ8: \0 · &2- """ RJa: 

Rx : 14' P. ~f'\ Rx: 

Determination of VS30 Determination of V~ 

V S30 (mls) : 1.'6" VS30 (mlS): 

Determination of Z1.0 and Z2.5 Determination of Z1.0 and Z2.5 

Z l .0 (mls) : Zl .0 (mls) : 

Z 2.5 (km/s) : Z 2.5 (km/s) : 

Notes: 
o.~X (....A 

Notes: 

~e 'Y 
1W~ :.. ~~S¥-'l" 

'/:. ' '-I~ · s '< <" 
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Route 101/23 Interchange Improvements ‐ Hampshire Road UC (52‐0273)
Calculation Shear Wave Velocity for Top 30 meters (Vs30)

Shear Wave Velocity Equations Used (Per Caltrans GS Design Manual)

Cohesionless Soils (S), Vs = 100.5*(N60)0.29 Sykora (1987)
Cohesive Soils (C),  Vs = 86.9*(N60)0.333 Ohta and Goto (1978)

A‐11‐001 R‐11‐002 A‐11‐003

Depth N‐value N60 Soil Type Vs Dn/Vn Depth N‐value N60 Soil Type Vs Dn/Vn Depth N‐value N60 Soil Type Vs Dn/Vn
(feet) (m/sec) (feet) (m/sec) (feet) (m/sec)

‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐ ‐‐‐‐‐‐‐‐‐‐‐
0 0 0
5 20 14 S 216.11 0.023136 5 15 15 C 213.00 0.023474 5 10 11 S 200.28 0.024965
10 10 11 S 200.28 0.024965 10 26 17 S 227.13 0.022014 10 100 70 C 310.00 0.016129
15 20 16 S 224.10 0.022311 15 12 13 C 206.16 0.024253 15 27 33 S 277.01 0.01805
20 9 12 C 200.38 0.024953 20 27 22 C 242.81 0.020592 20 12 11 C 191.05 0.026171
25 30 27 S 260.33 0.019206 25 9 11 C 194.40 0.02572 25 20 27 C 261.41 0.019127
30 15 20 S 241.26 0.020725 30 31 25 C 254.24 0.019666 30 45 40 C 296.69 0.016853
35 25 23 S 250.62 0.01995 35 12 16 C 217.63 0.022975 35 25 36 C 286.43 0.017456
40 20 29 S 266.18 0.018784 40 17 15 C 211.73 0.023615 40 49 46 C 310.00 0.016129
45 15 14 S 216.11 0.023136 45 63 83 C 310.00 0.016129 45 37 53 C 310.00 0.016129
50 10 14 C 211.11 0.023685 50 100 100 S 380.00 0.013158 50 50 47 C 310.00 0.016129
55 19 18 C 226.48 0.022077 55 100 100 S 380.00 0.013158 55 24 35 C 282.56 0.017695
60 9 13 C 203.83 0.02453 60 100 100 S 380.00 0.013158 60 46 43 C 304.02 0.016446
65 100 100 S 380.00 0.013158 65 100 100 S 380.00 0.013158 65 50 72 S 347.37 0.014394
70 62 100 S 380.00 0.013158 70 100 100 S 380.00 0.013158 70 66 62 C 310.00 0.016129
75 78 100 S 380.00 0.013158 75 22 32 C 274.49 0.018215
80 78 100 S 380.00 0.013158 80 67 100 S 380.00 0.013158
85 100 100 S 380.00 0.013158 85 100 100 S 380.00 0.013158

VS(d) 273 VS(d) 265 VS(d) 284

Extrapolated using Equation VS30 307 VS30 291 VS30 326Extrapolated using Equation S30 307 S30 291 S30 326

Average Vs30 for the Site =  308 m/sec



Analysis of CY-CB Attenuation Prediction Equation vs ARS Online Results

Comparison of ARS Curves
(unlock sheet with "shmi")
Model Inputs  

Fault

Magnitude 7.0 (5 to 8.5)

F RV 1 (input 1 = Rev)

F NM 0 (input 1 = Normal)

Dip (degree) 60 ( 0 to 90)

Z TOR (km) 1

Distance

R RUP (km) 9.6

R JB (km) 9.6

R x  (km) 9.4

Hanging Wall? FALSE

Near-Field Factor? TRUE

Site

V S30 (m/sec) 308 (270 to 1500 m/s)

Z 1.0  (m) 320 (0 - No Basin)

Z 2.5  (km) 2 (0 - No Basin)

No. Cal. Basin? FALSE

So. Cal. Basin? FALSE

Analysis

ARS Online vs CY-CB Spreadsheet Results
MAX. % Diff. = 1%

Min. Spectrum for CA Min Sprectrum for ECSZ

T (sec) CB-CY   S(a) T (sec) Base S(a)
Basin 
Factor

Near 
Fault 

Factor
Final 

Adj. S(a)
Diff. 
(%) T (sec) S (a) T (sec) S (a)

0.010 0.35049 0.01 0.349 1 1 0.349 0% 0.010 0.19711
0.020 0.35546 0.02 0.354 1 1 0.354 0% 0.020 0.20075
0.022 0.35902 0.022 0.358 1 1 0.358 0% 0.022 0.20383
0.025 0.36410 0.025 0.363 1 1 0.363 0% 0.025 0.20840

For Comparsion Plots of Min. Sprectra, Paste 
Special into CellsPlace ARS Online Deterministic Data Here      

"Paste"CY-CB Spreadsheet Results

(Check only for 
sites located 

within a Basin)

0.0
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0.4

0.6
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Period (sec)

Deterministic ARS (5% Damping)
Comparison of Spreadsheet vs ARS Online

CY-CB Spreadsheet
ARS Online
Min. Spectrum for CA
Min Sprectrum for ECSZ

      Yes?

      Yes?

      Yes ?

      Yes ?
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0.025 0.36410 0.025 0.363 1 1 0.363 0% 0.025 0.20840
0.029 0.37029 0.029 0.369 1 1 0.369 0% 0.029 0.21440
0.030 0.37207 0.03 0.371 1 1 0.371 0% 0.030 0.21606
0.032 0.37698 0.032 0.376 1 1 0.376 0% 0.032 0.22097
0.035 0.38416 0.035 0.383 1 1 0.383 0% 0.035 0.22840
0.036 0.38660 0.036 0.385 1 1 0.385 0% 0.036 0.23097
0.040 0.39596 0.04 0.395 1 1 0.395 0% 0.040 0.24099
0.042 0.40093 0.042 0.4 1 1 0.4 0% 0.042 0.24619
0.044 0.40584 0.044 0.405 1 1 0.405 0% 0.044 0.25137
0.045 0.40843 0.045 0.407 1 1 0.407 0% 0.045 0.25401
0.046 0.41098 0.046 0.41 1 1 0.41 0% 0.046 0.25665
0.048 0.41596 0.048 0.415 1 1 0.415 0% 0.048 0.26184
0.050 0.42097 0.05 0.42 1 1 0.42 0% 0.050 0.26709
0.055 0.43772 0.055 0.437 1 1 0.437 0% 0.055 0.28392
0.060 0.45456 0.06 0.453 1 1 0.453 0% 0.060 0.30070
0.065 0.47114 0.065 0.47 1 1 0.47 0% 0.065 0.31700
0.067 0.47785 0.067 0.477 1 1 0.477 0% 0.067 0.32347
0.070 0.48769 0.07 0.486 1 1 0.486 0% 0.070 0.33290
0.075 0.50405 0.075 0.503 1 1 0.503 0% 0.075 0.34836
0.080 0.52122 0.08 0.52 1 1 0.52 0% 0.080 0.36248
0.085 0.53823 0.085 0.537 1 1 0.537 0% 0.085 0.37623
0.090 0.55489 0.09 0.554 1 1 0.554 0% 0.090 0.38927
0.095 0.57130 0.095 0.57 1 1 0.57 0% 0.095 0.40185
0.100 0.58728 0.1 0.586 1 1 0.586 0% 0.100 0.41386
0.110 0.61464 0.11 0.613 1 1 0.613 0% 0.110 0.43086
0.120 0.63976 0.12 0.638 1 1 0.638 0% 0.120 0.44564
0.130 0.66228 0.13 0.661 1 1 0.661 0% 0.130 0.45803
0.133 0.66833 0.133 0.667 1 1 0.667 0% 0.133 0.46110
0.140 0.68180 0.14 0.68 1 1 0.68 0% 0.140 0.46785
0.150 0.69944 0.15 0.698 1 1 0.698 0% 0.150 0.47602
0.160 0.71171 0.16 0.71 1 1 0.71 0% 0.160 0.47584
0.170 0.72213 0.17 0.721 1 1 0.721 0% 0.170 0.47434
0.180 0.73146 0.18 0.73 1 1 0.73 0% 0.180 0.47222
0.190 0.73953 0.19 0.738 1 1 0.738 0% 0.190 0.46938
0.200 0.74656 0.2 0.745 1 1 0.745 0% 0.200 0.46617
0.220 0.74872 0.22 0.747 1 1 0.747 0% 0.220 0.44358

      Yes?

      Yes?

      Yes ?

      Yes ?
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Analysis of CY-CB Attenuation Prediction Equation vs ARS Online Results

0.240 0.74898 0.24 0.747 1 1 0.747 0% 0.240 0.42278
0.250 0.74825 0.25 0.746 1 1 0.746 0% 0.250 0.41288
0.260 0.74645 0.26 0.745 1 1 0.745 0% 0.260 0.40311
0.280 0.74290 0.28 0.741 1 1 0.741 0% 0.280 0.38524
0.290 0.74022 0.29 0.738 1 1 0.738 0% 0.290 0.37659
0.300 0.73756 0.3 0.736 1 1 0.736 0% 0.300 0.36834
0.320 0.72998 0.32 0.728 1 1 0.728 0% 0.320 0.35346
0.340 0.72171 0.34 0.72 1 1 0.72 0% 0.340 0.33955
0.350 0.71726 0.35 0.715 1 1 0.715 0% 0.350 0.33290
0.360 0.71288 0.36 0.711 1 1 0.711 0% 0.360 0.32657
0.380 0.70371 0.38 0.702 1 1 0.702 0% 0.380 0.31440
0.400 0.69448 0.4 0.692 1 1 0.692 0% 0.400 0.30307
0.420 0.68409 0.42 0.682 1 1 0.682 0% 0.420 0.29019
0.440 0.67361 0.44 0.672 1 1 0.672 0% 0.440 0.27816
0.450 0.66865 0.45 0.667 1 1 0.667 0% 0.450 0.27254
0.460 0.66362 0.46 0.662 1 1 0.662 0% 0.460 0.26709
0.480 0.65370 0.48 0.652 1 1 0.652 0% 0.480 0.25676
0.500 0.64426 0.5 0.642 1 1 0.642 0% 0.500 0.24721
0.550 0.62146 0.55 0.607 1 1.02 0.619 0% 0.550 0.22261
0.600 0.60165 0.6 0.577 1 1.04 0.6 0% 0.600 0.20230
0.650 0.58401 0.65 0.549 1 1.06 0.582 0% 0.650 0.18525
0.660 0.57881 0.667 0.54 1 1.067 0.577 0% 0.660 0.18130
0.700 0.56821 0.7 0.524 1 1.08 0.566 0% 0.700 0.17076
0.750 0.55390 0.75 0.502 1 1.1 0.552 0% 0.750 0.15826
0.800 0.53666 0.8 0.478 1 1.12 0.535 0% 0.800 0.14753
0.850 0.52086 0.85 0.455 1 1.14 0.519 0% 0.850 0.13807
0.900 0.50601 0.9 0.435 1 1.16 0.504 0% 0.900 0.12964
0.950 0.49231 0.95 0.416 1 1.18 0.491 0% 0.950 0.12211
1.000 0.47924 1 0.398 1 1.2 0.478 0% 1.000 0.11529
1.100 0.43478 1.1 0.361 1 1.2 0.434 0% 1.100 0.10277
1.200 0.39634 1.2 0.329 1 1.2 0.395 0% 1.200 0.09241
1.300 0.36256 1.3 0.301 1 1.2 0.362 0% 1.300 0.08362
1.400 0.33278 1.4 0.277 1 1.2 0.332 0% 1.400 0.07608
1.500 0.30631 1.5 0.255 1 1.2 0.306 0% 1.500 0.06952
1.600 0.28168 1.6 0.234 1 1.2 0.281 0% 1.600 0.06381
1.700 0.26007 1.7 0.216 1 1.2 0.26 0% 1.700 0.05880
1.800 0.24111 1.8 0.201 1 1.2 0.241 0% 1.800 0.05437
1.900 0.22447 1.9 0.187 1 1.2 0.224 0% 1.900 0.05045
2.000 0.20988 2 0.175 1 1.2 0.21 0% 2.000 0.04700
2.200 0.18420 2.2 0.153 1 1.2 0.184 0% 2.200 0.04125
2.400 0.16362 2.4 0.136 1 1.2 0.163 0% 2.400 0.03662
2.500 0.15477 2.5 0.129 1 1.2 0.154 0% 2.500 0.03463
2.600 0.14671 2.6 0.122 1 1.2 0.146 0% 2.600 0.03283
2.800 0.13257 2.8 0.11 1 1.2 0.132 0% 2.800 0.02966
3.000 0.12061 3 0.1 1 1.2 0.12 1% 3.000 0.02699
3.200 0.11130 3.2 0.093 1 1.2 0.111 0% 3.200 0.02479
3.400 0.10316 3.4 0.086 1 1.2 0.103 0% 3.400 0.02287
3 500 0 09947 3 5 0 083 1 1 2 0 099 0% 3 500 0 02201
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3.500 0.09947 3.5 0.083 1 1.2 0.099 0% 3.500 0.02201
3.600 0.09600 3.6 0.08 1 1.2 0.096 0% 3.600 0.02120
3.800 0.08963 3.8 0.075 1 1.2 0.089 1% 3.800 0.01971
4.000 0.08396 4 0.07 1 1.2 0.084 0% 4.000 0.01840
4.200 0.07916 4.2 0.066 1 1.2 0.079 0% 4.200 0.01728
4.400 0.07478 4.4 0.062 1 1.2 0.075 0% 4.400 0.01629
4.600 0.07079 4.6 0.059 1 1.2 0.071 0% 4.600 0.01538
4.800 0.06715 4.8 0.056 1 1.2 0.067 0% 4.800 0.01455
5.000 0.06380 5 0.053 1 1.2 0.064 0% 5.000 0.01380
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Comparison spreadsheet of the 2008 USGS Probabilistic Seismic Hazard Data and ARS Online Probabilistic Data (unlock spreadsheet "shmi")
Spectral Accelerations Points from USGS Website at http://earthquake.usgs.gov/research/hazmaps/products_data/2008/data/

Latitude Longitude
34.1661 -118.8379

VS30 (m/s) = 308

Z 1.0 (m) = 320

Z 2.5 (km) = 2

Analysis of ARS Online Results vs USGS Deaggregation Hazard (Adj. By CT)

T (sec)

Base 
Spectrum 

S(a)
Basin 
Factor

Near 
Fault 

Factor

Final Adj. 
Spectrum 

S(a)
Period 
(sec)

USGS 
Interpolated 

Spectral 
Accel.

Adj. for 
Near Fault 

Effect
Adj. for Soil 
Amplification

Adj. For 
Basin 
Effect

Final Adj. 
USGS      

Spec Accel

ARS Online 
Final Adj. 

Spect. Accel.

% Difference 
(bet. USGS & 
ARS Online)

0.01 0.48 1 1 0.48 0 0.455 1.000 1.056 1.000 0.480 0.48 0.1%
0.02 0.566 1 1 0.566 0.2 1.138 1.000 0.897 1.000 1.021 1.017 0.4%
0.022 0.58 1 1 0.58 0.3 0.955 1.000 1.140 1.000 1.089 1.047 3.9%
0.025 0.598 1 1 0.598 1 0.346 1.200 1.774 1.000 0.736 0.736 0.1%

Place ARS Online Probabilistic Data Here               "Paste"

* Note:  This spreadsheet uses the given latitude and longitude data provided by the user to estimate spectral acceleration values with a probability of exceedence 5% in 50 yrs (or 
975 yr return period).  The four spectral acceleration data points plotted on the graph are from the USGS website and are based on a 0.05 degree grid. Basic interpolation is used to 
estimate intermediate values inside each grid.  Raw Data points are provided in the tabs of this spreadsheet.  Corner grid spectral acceleration data are shown in the "calculation" 
tab.

13.6

Near Fault Factor, 
Derived from USGS 
Deagg. Dist (km) =

Input Site Information
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Probabilistic ARS (5% Damping)
Comparison of USGS Data & ARS Online

2008 USGS Deag. Hazard (Rock Adj. by CT)

ARS Online

2008 USGS Deag. Hazard (Beta)
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0.029 0.619 1 1 0.619
0.03 0.624 1 1 0.624 Max % Difference = 3.9%
0.032 0.634 1 1 0.634
0.035 0.648 1 1 0.648
0.036 0.652 1 1 0.652
0.04 0.669 1 1 0.669 USGS Deaggregation Hazard (Beta) with Near Field and Basin Factors
0.042 0.676 1 1 0.676
0.044 0.684 1 1 0.684
0.045 0.688 1 1 0.688
0.046 0.691 1 1 0.691
0.048 0.698 1 1 0.698 0 1.000 1.000 0.48 0.0%
0.05 0.705 1 1 0.705 0.1 1.000 1.000 0.832 0.0%
0.055 0.721 1 1 0.721 0.2 1.000 1.000 1.017 0.0%
0.06 0.737 1 1 0.737 0.3 1.000 1.000 1.047 0.0%
0.065 0.751 1 1 0.751 0.5 1.000 1.000 0.939 0.0%
0.067 0.756 1 1 0.756 1 1.200 1.000 0.736 0.0%
0.07 0.764 1 1 0.764 2 1.200 1.000 0.373 0.0%
0.075 0.777 1 1 0.777 3 1.200 1.000 0.232 0.0%
0.08 0.789 1 1 0.789 4 1.200 1.000 0.164 0.0%
0.085 0.8 1 1 0.8 5 1.200 1.000 0.137 0.0%
0.09 0.811 1 1 0.811
0.095 0.822 1 1 0.822 Max % Difference = 0.0%
0.1 0.832 1 1 0.832
0.11 0.855 1 1 0.855
0.12 0.877 1 1 0.877
0.13 0.898 1 1 0.898
0.133 0.904 1 1 0.904
0.14 0.917 1 1 0.917
0.15 0.936 1 1 0.936
0.16 0.954 1 1 0.954
0.17 0.97 1 1 0.97
0.18 0.987 1 1 0.987
0.19 1.002 1 1 1.002
0.2 1.017 1 1 1.017
0.22 1.024 1 1 1.024
0.24 1.03 1 1 1.03
0.25 1.033 1 1 1.033
0.26 1.036 1 1 1.036
0.28 1.042 1 1 1.042

Final Adj. 
USGS 
Deagg     

Spec Accel
Period 
(sec)

INPUT   
USGS 

Deagg. Spec 
Accel

Adj. for 
Near Fault 

Effect
Adj. For Basin 

Effect

ARS Online 
Final Adj. 

Spect. Accel.

% Difference 
(bet. USGS & 
ARS Online)
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0.29 1.044 1 1 1.044
0.3 1.047 1 1 1.047
0.32 1.033 1 1 1.033
0.34 1.019 1 1 1.019
0.35 1.013 1 1 1.013
0.36 1.007 1 1 1.007
0.38 0.995 1 1 0.995
0.4 0.985 1 1 0.985
0.42 0.975 1 1 0.975
0.44 0.965 1 1 0.965
0.45 0.96 1 1 0.96
0.46 0.956 1 1 0.956
0.48 0.947 1 1 0.947
0.5 0.939 1 1 0.939
0.55 0.897 1 1.02 0.915
0.6 0.86 1 1.04 0.894
0.65 0.827 1 1.06 0.877
0.667 0.817 1 1.067 0.871
0.7 0.798 1 1.08 0.862
0.75 0.771 1 1.1 0.849
0.8 0.733 1 1.12 0.821
0.85 0.698 1 1.14 0.796
0.9 0.667 1 1.16 0.774
0.95 0.639 1 1.18 0.754

1 0.613 1 1.2 0.736
1.1 0.558 1 1.2 0.67
1.2 0.513 1 1.2 0.615
1.3 0.474 1 1.2 0.569
1.4 0.441 1 1.2 0.529
1.5 0.412 1 1.2 0.494
1.6 0.387 1 1.2 0.464
1.7 0.364 1 1.2 0.437
1.8 0.345 1 1.2 0.414
1.9 0.327 1 1.2 0.392
2 0.311 1 1.2 0.373

2.2 0.278 1 1.2 0.333
2.4 0.251 1 1.2 0.301
2.5 0.239 1 1.2 0.287
2.6 0.228 1 1.2 0.274
2.8 0.209 1 1.2 0.251
3 0.193 1 1.2 0.232

3.2 0.179 1 1.2 0.214
3.4 0.166 1 1.2 0.199
3.5 0.16 1 1.2 0.192
3.6 0.155 1 1.2 0.186
3 8 0 145 1 1 2 0 174
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3.8 0.145 1 1.2 0.174
4 0.137 1 1.2 0.164

4.2 0.131 1 1.2 0.158
4.4 0.127 1 1.2 0.152
4.6 0.122 1 1.2 0.147
4.8 0.118 1 1.2 0.142
5 0.114 1 1.2 0.137
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Simi-Santa Rosa fault zone (Camarillo-Santa Rosa section)
Fault ID: 372

Maximum Magnitude (MMax): 7

Fault Type: R

Fault Dip: 60 Deg

Dip Direction: N

Bottom of Rupture Plane: 12.00 km

Top of Rupture Plane(Ztor): 1.00 km

Rrup 9.66 km

Rjb: 9.61 km

Rx: 9.44 km

Fnorm: 0

Frev: 1 

Period SA(Base 
Spectrum) Basin Factor

Near Fault 
Factor
(Applied)

SA(Final 
Spectrum)

0.01 0.349 1.000 1.000 0.349

0.02 0.354 1.000 1.000 0.354

0.022 0.358 1.000 1.000 0.358

0.025 0.363 1.000 1.000 0.363

0.029 0.369 1.000 1.000 0.369

0.03 0.371 1.000 1.000 0.371

0.032 0.376 1.000 1.000 0.376

0.035 0.383 1.000 1.000 0.383

0.036 0.385 1.000 1.000 0.385

0.04 0.395 1.000 1.000 0.395

0.042 0.400 1.000 1.000 0.400

0.044 0.405 1.000 1.000 0.405

0.045 0.407 1.000 1.000 0.407

0.046 0.410 1.000 1.000 0.410

0.048 0.415 1.000 1.000 0.415

0.05 0.420 1.000 1.000 0.420

0.055 0.437 1.000 1.000 0.437

0.06 0.453 1.000 1.000 0.453

0.065 0.470 1.000 1.000 0.470

0.067 0.477 1.000 1.000 0.477

 

Shear Wave Velocity, Vs30: 308 m/s

Latitude: 34.166100

Longitude: -118.837900

Depth to Vs = 1.0 km/s: 310 m 

Depth to Vs = 2.5 km/s: 2.00 km

 
DETERMINISTIC 
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0.07 0.486 1.000 1.000 0.486

0.075 0.503 1.000 1.000 0.503

0.08 0.520 1.000 1.000 0.520

0.085 0.537 1.000 1.000 0.537

0.09 0.554 1.000 1.000 0.554

0.095 0.570 1.000 1.000 0.570

0.1 0.586 1.000 1.000 0.586

0.11 0.613 1.000 1.000 0.613

0.12 0.638 1.000 1.000 0.638

0.13 0.661 1.000 1.000 0.661

0.133 0.667 1.000 1.000 0.667

0.14 0.680 1.000 1.000 0.680

0.15 0.698 1.000 1.000 0.698

0.16 0.710 1.000 1.000 0.710

0.17 0.721 1.000 1.000 0.721

0.18 0.730 1.000 1.000 0.730

0.19 0.738 1.000 1.000 0.738

0.2 0.745 1.000 1.000 0.745

0.22 0.747 1.000 1.000 0.747

0.24 0.747 1.000 1.000 0.747

0.25 0.746 1.000 1.000 0.746

0.26 0.745 1.000 1.000 0.745

0.28 0.741 1.000 1.000 0.741

0.29 0.738 1.000 1.000 0.738

0.3 0.736 1.000 1.000 0.736

0.32 0.728 1.000 1.000 0.728

0.34 0.720 1.000 1.000 0.720

0.35 0.715 1.000 1.000 0.715

0.36 0.711 1.000 1.000 0.711

0.38 0.702 1.000 1.000 0.702

0.4 0.692 1.000 1.000 0.692

0.42 0.682 1.000 1.000 0.682

0.44 0.672 1.000 1.000 0.672

0.45 0.667 1.000 1.000 0.667

0.46 0.662 1.000 1.000 0.662

0.48 0.652 1.000 1.000 0.652

0.5 0.642 1.000 1.000 0.642

0.55 0.607 1.000 1.020 0.619

0.6 0.577 1.000 1.040 0.600

0.65 0.549 1.000 1.060 0.582

0.667 0.540 1.000 1.067 0.577

0.7 0.524 1.000 1.080 0.566

0.75 0.502 1.000 1.100 0.552

0.8 0.478 1.000 1.120 0.535

0.85 0.455 1.000 1.140 0.519

0.9 0.435 1.000 1.160 0.504

0.95 0.416 1.000 1.180 0.491

1 0.398 1.000 1.200 0.478

1.1 0.361 1.000 1.200 0.434

1.2 0.329 1.000 1.200 0.395
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1.3 0.301 1.000 1.200 0.362

1.4 0.277 1.000 1.200 0.332

1.5 0.255 1.000 1.200 0.306

1.6 0.234 1.000 1.200 0.281

1.7 0.216 1.000 1.200 0.260

1.8 0.201 1.000 1.200 0.241

1.9 0.187 1.000 1.200 0.224

2 0.175 1.000 1.200 0.210

2.2 0.153 1.000 1.200 0.184

2.4 0.136 1.000 1.200 0.163

2.5 0.129 1.000 1.200 0.154

2.6 0.122 1.000 1.200 0.146

2.8 0.110 1.000 1.200 0.132

3 0.100 1.000 1.200 0.120

3.2 0.093 1.000 1.200 0.111

3.4 0.086 1.000 1.200 0.103

3.5 0.083 1.000 1.200 0.099

3.6 0.080 1.000 1.200 0.096

3.8 0.075 1.000 1.200 0.089

4 0.070 1.000 1.200 0.084

4.2 0.066 1.000 1.200 0.079

4.4 0.062 1.000 1.200 0.075

4.6 0.059 1.000 1.200 0.071

4.8 0.056 1.000 1.200 0.067

5 0.053 1.000 1.200 0.064

 
PROBABILISTIC 
 

Probabilistic Model  
USGS Seismic Hazard Map(2008) 975 Year Return Period

Period SA(Base 
Spectrum) Basin Factor

Near Fault 
Factor
(Applied)

SA(Final 
Spectrum)

0.01 0.480 1.000 1.000 0.480

0.02 0.566 1.000 1.000 0.566

0.022 0.580 1.000 1.000 0.580

0.025 0.598 1.000 1.000 0.598

0.029 0.619 1.000 1.000 0.619

0.03 0.624 1.000 1.000 0.624

0.032 0.634 1.000 1.000 0.634

0.035 0.648 1.000 1.000 0.648

0.036 0.652 1.000 1.000 0.652

0.04 0.669 1.000 1.000 0.669

0.042 0.676 1.000 1.000 0.676

0.044 0.684 1.000 1.000 0.684

0.045 0.688 1.000 1.000 0.688

0.046 0.691 1.000 1.000 0.691

0.048 0.698 1.000 1.000 0.698

0.05 0.705 1.000 1.000 0.705
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0.055 0.721 1.000 1.000 0.721

0.06 0.737 1.000 1.000 0.737

0.065 0.751 1.000 1.000 0.751

0.067 0.756 1.000 1.000 0.756

0.07 0.764 1.000 1.000 0.764

0.075 0.777 1.000 1.000 0.777

0.08 0.789 1.000 1.000 0.789

0.085 0.800 1.000 1.000 0.800

0.09 0.811 1.000 1.000 0.811

0.095 0.822 1.000 1.000 0.822

0.1 0.832 1.000 1.000 0.832

0.11 0.855 1.000 1.000 0.855

0.12 0.877 1.000 1.000 0.877

0.13 0.898 1.000 1.000 0.898

0.133 0.904 1.000 1.000 0.904

0.14 0.917 1.000 1.000 0.917

0.15 0.936 1.000 1.000 0.936

0.16 0.954 1.000 1.000 0.954

0.17 0.970 1.000 1.000 0.970

0.18 0.987 1.000 1.000 0.987

0.19 1.002 1.000 1.000 1.002

0.2 1.017 1.000 1.000 1.017

0.22 1.024 1.000 1.000 1.024

0.24 1.030 1.000 1.000 1.030

0.25 1.033 1.000 1.000 1.033

0.26 1.036 1.000 1.000 1.036

0.28 1.042 1.000 1.000 1.042

0.29 1.044 1.000 1.000 1.044

0.3 1.047 1.000 1.000 1.047

0.32 1.033 1.000 1.000 1.033

0.34 1.019 1.000 1.000 1.019

0.35 1.013 1.000 1.000 1.013

0.36 1.007 1.000 1.000 1.007

0.38 0.995 1.000 1.000 0.995

0.4 0.985 1.000 1.000 0.985

0.42 0.975 1.000 1.000 0.975

0.44 0.965 1.000 1.000 0.965

0.45 0.960 1.000 1.000 0.960

0.46 0.956 1.000 1.000 0.956

0.48 0.947 1.000 1.000 0.947

0.5 0.939 1.000 1.000 0.939

0.55 0.897 1.000 1.020 0.915

0.6 0.860 1.000 1.040 0.894

0.65 0.827 1.000 1.060 0.877

0.667 0.817 1.000 1.067 0.871

0.7 0.798 1.000 1.080 0.862

0.75 0.771 1.000 1.100 0.849

0.8 0.733 1.000 1.120 0.821

0.85 0.698 1.000 1.140 0.796

0.9 0.667 1.000 1.160 0.774
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Period SA

0.01 0.480

0.02 0.566

0.022 0.580

0.025 0.598

0.029 0.619

0.03 0.624

0.032 0.634

0.035 0.648

0.036 0.652

0.04 0.669

0.042 0.676

0.044 0.684

0.95 0.639 1.000 1.180 0.754

1 0.613 1.000 1.200 0.736

1.1 0.558 1.000 1.200 0.670

1.2 0.513 1.000 1.200 0.615

1.3 0.474 1.000 1.200 0.569

1.4 0.441 1.000 1.200 0.529

1.5 0.412 1.000 1.200 0.494

1.6 0.387 1.000 1.200 0.464

1.7 0.364 1.000 1.200 0.437

1.8 0.345 1.000 1.200 0.414

1.9 0.327 1.000 1.200 0.392

2 0.311 1.000 1.200 0.373

2.2 0.278 1.000 1.200 0.333

2.4 0.251 1.000 1.200 0.301

2.5 0.239 1.000 1.200 0.287

2.6 0.228 1.000 1.200 0.274

2.8 0.209 1.000 1.200 0.251

3 0.193 1.000 1.200 0.232

3.2 0.179 1.000 1.200 0.214

3.4 0.166 1.000 1.200 0.199

3.5 0.160 1.000 1.200 0.192

3.6 0.155 1.000 1.200 0.186

3.8 0.145 1.000 1.200 0.174

4 0.137 1.000 1.200 0.164

4.2 0.131 1.000 1.200 0.158

4.4 0.127 1.000 1.200 0.152

4.6 0.122 1.000 1.200 0.147

4.8 0.118 1.000 1.200 0.142

5 0.114 1.000 1.200 0.137

 
 

Envelope Data 
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0.045 0.688

0.046 0.691

0.048 0.698

0.05 0.705

0.055 0.721

0.06 0.737

0.065 0.751

0.067 0.756

0.07 0.764

0.075 0.777

0.08 0.789

0.085 0.800

0.09 0.811

0.095 0.822

0.1 0.832

0.11 0.855

0.12 0.877

0.13 0.898

0.133 0.904

0.14 0.917

0.15 0.936

0.16 0.954

0.17 0.970

0.18 0.987

0.19 1.002

0.2 1.017

0.22 1.024

0.24 1.030

0.25 1.033

0.26 1.036

0.28 1.042

0.29 1.044

0.3 1.047

0.32 1.033

0.34 1.019

0.35 1.013

0.36 1.007

0.38 0.995

0.4 0.985

0.42 0.975

0.44 0.965

0.45 0.960

0.46 0.956

0.48 0.947

0.5 0.939

0.55 0.915

0.6 0.894

0.65 0.877

0.667 0.871

0.7 0.862
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0.75 0.849

0.8 0.821

0.85 0.796

0.9 0.774

0.95 0.754

1 0.736

1.1 0.670

1.2 0.615

1.3 0.569

1.4 0.529

1.5 0.494

1.6 0.464

1.7 0.437

1.8 0.414

1.9 0.392

2 0.373

2.2 0.333

2.4 0.301

2.5 0.287

2.6 0.274

2.8 0.251

3 0.232

3.2 0.214

3.4 0.199

3.5 0.192

3.6 0.186

3.8 0.174

4 0.164

4.2 0.158

4.4 0.152

4.6 0.147

4.8 0.142

5 0.137
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
Peak Horiz. Ground Accel.>=0.5247  g
Ann. Exceedance Rate .101E-02. Mean Return Time 975   years
Mean (R,M,ε0)  19.5 km, 6.77,  1.26
Modal (R,M,ε0) =  15.4 km, 7.01,  0.87 (from peak R,M bin)
Modal (R,M,ε*) = 15.3 km, 7.01, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR 10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 20:51:26 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 0.10 sec. Accel.>=0.9307  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  18.6 km,6.69,  1.32
Modal (R,M,ε0) = 13.6 km, 6.62, 1.20 (from peak R,M bin)
Modal (R,M,ε*) = 13.6 km, 6.62, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 20:54:58 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 0.20 sec. Accel.>=1.1890  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  19.3 km,6.75,  1.33
Modal (R,M,ε0) = 13.6 km, 6.62, 1.20 (from peak R,M bin)
Modal (R,M,ε*) = 13.6 km, 6.62, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:20:05 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 0.30 sec. Accel.>=1.1818  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  20.1 km,6.82,  1.32
Modal (R,M,ε0) = 23.6 km, 7.01, 1.46 (from peak R,M bin)
Modal (R,M,ε*) = 14.1 km, 6.78, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:23:56 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 0.50 sec. Accel.>=1.0088  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  20.8 km,6.89,  1.29
Modal (R,M,ε0) = 23.6 km, 7.02, 1.41 (from peak R,M bin)
Modal (R,M,ε*) = 15.3 km, 7.01, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 20:57:26 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 1.00 sec. Accel.>=0.6398  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  24.0 km,7.02,  1.34
Modal (R,M,ε0) = 15.3 km, 7.00, 0.89 (from peak R,M bin)
Modal (R,M,ε*) = 15.2 km, 6.99, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:00:14 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 2.00 sec. Accel.>=0.3174  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  36.3 km,7.21,  1.44
Modal (R,M,ε0) = 24.0 km, 7.03, 1.58 (from peak R,M bin)
Modal (R,M,ε*) = 13.2 km, 6.80, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:14:16 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 3.00 sec. Accel.>=0.1952  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  41.7 km,7.34,  1.44
Modal (R,M,ε0) = 65.9 km, 7.80, 1.55 (from peak R,M bin)
Modal (R,M,ε*) = 65.9 km, 7.99, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:15:12 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 4.00 sec. Accel.>=0.13780  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  42.8 km,7.38,  1.44
Modal (R,M,ε0) = 65.9 km, 7.81, 1.51 (from peak R,M bin)
Modal (R,M,ε*) = 65.9 km, 7.81, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:15:56 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Hampsire_Road_U 118.838o W, 34.166 N.
SA period 5.00 sec. Accel.>=0.11454  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  43.6 km,7.39,  1.45
Modal (R,M,ε0) = 65.9 km, 7.81, 1.44 (from peak R,M bin)
Modal (R,M,ε*) = 65.9 km, 7.81, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Oct  6 21:18:48 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 289. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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Appendix E-2 
Liquefaction Potential Analyses
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LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Hampshire Road UC Plate A-1

Hole No.=A-11-001    Water Depth=34.9 ft    Surface Elev.=921.9 Magnitude=7

Acceleration=0.48g
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A-11-001.cal
    
************************************************************************************
*******************
                                    LIQUEFACTION ANALYSIS CALCULATION DETAILS       
        
                                          Copyright by CivilTech Software     
                                               www.civiltechsoftware.com            
    
    
************************************************************************************
*******************

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 10/20/2011 11:28:58 AM

Input File Name: 
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Hampshire Rd UC\Analysis\Liquefaction\A-11-001.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Hampshire Road UC

 Input Data:
Surface Elev.=921.9
Hole No.=A-11-001
Depth of Hole=85.00 ft
Water Table during Earthquake= 34.90 ft
Water Table during In-Situ Testing= 38.00 ft
Max. Acceleration=0.48 g
Earthquake Magnitude=7.00
No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   
1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu/Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Average two input data between two Depths: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT Gamma Fines
ft pcf %
__________________________________
0.00 13.00 115.00 26.00
10.00 10.00 115.00 26.00
15.00 13.00 115.00 26.00
20.00 9.00 115.00 NoLiq
25.00 19.00 125.00 NoLiq
30.00 15.00 125.00 NoLiq
35.00 16.00 125.00 NoLiq
40.00 20.00 120.00 NoLiq
45.00 9.00 120.00 NoLiq
50.00 10.00 120.00 NoLiq
55.00 12.00 120.00 NoLiq
60.00 9.00 120.00 NoLiq
65.00 100.00 120.00 NoLiq
70.00 62.00 125.00 NoLiq
75.00 49.00 125.00 25.00
80.00 78.00 125.00 23.00
85.00 100.00 125.00 23.00
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A-11-001.cal
__________________________________

 Output Results:
Calculation segment, dz=0.050 ft
User defined Print Interval, dp=0.50 ft

Acceleration Amplification:
  a(z)=a_max-mZ=a0+m(H-z),  a_max=a0+mH,  m=(a_max-a0)/H
User defined a0 (acceleration at bottom of profile) = 0.000 g
Maximum acceleration on surface, a_max = 0.480 g
amplification factor, m = 0.000
Depth of a0,  H = 85.00

CSR Calculation:
Depth gamma sigma gamma' sigma'  rd mZ a(z) CSR x 

fs1 =CSRfs
ft pcf atm pcf atm  g g

____________________________________________________________________________________
_

0.00 115.00 0.000 115.00 0.000 1.00 0.000 0.480 0.31 1.00
0.31

0.50 115.00 0.027 115.00 0.027 1.00 0.000 0.480 0.31 1.00
0.31

1.00 115.00 0.054 115.00 0.054 1.00 0.000 0.480 0.31 1.00
0.31

1.50 115.00 0.082 115.00 0.082 1.00 0.000 0.480 0.31 1.00
0.31

2.00 115.00 0.109 115.00 0.109 1.00 0.000 0.480 0.31 1.00
0.31

2.50 115.00 0.136 115.00 0.136 0.99 0.000 0.480 0.31 1.00
0.31

3.00 115.00 0.163 115.00 0.163 0.99 0.000 0.480 0.31 1.00
0.31

3.50 115.00 0.190 115.00 0.190 0.99 0.000 0.480 0.31 1.00
0.31

4.00 115.00 0.217 115.00 0.217 0.99 0.000 0.480 0.31 1.00
0.31

4.50 115.00 0.245 115.00 0.245 0.99 0.000 0.480 0.31 1.00
0.31

5.00 115.00 0.272 115.00 0.272 0.99 0.000 0.480 0.31 1.00
0.31

5.50 115.00 0.299 115.00 0.299 0.99 0.000 0.480 0.31 1.00
0.31

6.00 115.00 0.326 115.00 0.326 0.99 0.000 0.480 0.31 1.00
0.31

6.50 115.00 0.353 115.00 0.353 0.98 0.000 0.480 0.31 1.00
0.31

7.00 115.00 0.380 115.00 0.380 0.98 0.000 0.480 0.31 1.00
0.31

7.50 115.00 0.408 115.00 0.408 0.98 0.000 0.480 0.31 1.00
0.31

8.00 115.00 0.435 115.00 0.435 0.98 0.000 0.480 0.31 1.00
0.31

8.50 115.00 0.462 115.00 0.462 0.98 0.000 0.480 0.31 1.00
0.31

9.00 115.00 0.489 115.00 0.489 0.98 0.000 0.480 0.31 1.00
0.31

9.50 115.00 0.516 115.00 0.516 0.98 0.000 0.480 0.31 1.00
0.31

10.00 115.00 0.543 115.00 0.543 0.98 0.000 0.480 0.30 1.00
0.30
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A-11-001.cal
10.50 115.00 0.571 115.00 0.571 0.98 0.000 0.480 0.30 1.00

0.30
11.00 115.00 0.598 115.00 0.598 0.97 0.000 0.480 0.30 1.00

0.30
11.50 115.00 0.625 115.00 0.625 0.97 0.000 0.480 0.30 1.00

0.30
12.00 115.00 0.652 115.00 0.652 0.97 0.000 0.480 0.30 1.00

0.30
12.50 115.00 0.679 115.00 0.679 0.97 0.000 0.480 0.30 1.00

0.30
13.00 115.00 0.706 115.00 0.706 0.97 0.000 0.480 0.30 1.00

0.30
13.50 115.00 0.734 115.00 0.734 0.97 0.000 0.480 0.30 1.00

0.30
14.00 115.00 0.761 115.00 0.761 0.97 0.000 0.480 0.30 1.00

0.30
14.50 115.00 0.788 115.00 0.788 0.97 0.000 0.480 0.30 1.00

0.30
15.00 115.00 0.815 115.00 0.815 0.97 0.000 0.480 0.30 1.00

0.30
15.50 115.00 0.842 115.00 0.842 0.96 0.000 0.480 0.30 1.00

0.30
16.00 115.00 0.869 115.00 0.869 0.96 0.000 0.480 0.30 1.00

0.30
16.50 115.00 0.897 115.00 0.897 0.96 0.000 0.480 0.30 1.00

0.30
17.00 115.00 0.924 115.00 0.924 0.96 0.000 0.480 0.30 1.00

0.30
17.50 115.00 0.951 115.00 0.951 0.96 0.000 0.480 0.30 1.00

0.30
18.00 115.00 0.978 115.00 0.978 0.96 0.000 0.480 0.30 1.00

0.30
18.50 115.00 1.005 115.00 1.005 0.96 0.000 0.480 0.30 1.00

0.30
19.00 115.00 1.033 115.00 1.033 0.96 0.000 0.480 0.30 1.00

0.30
19.50 115.00 1.060 115.00 1.060 0.95 0.000 0.480 0.30 1.00

0.30
20.00 115.00 1.087 115.00 1.087 0.95 0.000 0.480 0.30 1.00

0.30
20.50 116.00 1.114 116.00 1.114 0.95 0.000 0.480 0.30 1.00

0.30
21.00 117.00 1.142 117.00 1.142 0.95 0.000 0.480 0.30 1.00

0.30
21.50 118.00 1.169 118.00 1.169 0.95 0.000 0.480 0.30 1.00

0.30
22.00 119.00 1.197 119.00 1.197 0.95 0.000 0.480 0.30 1.00

0.30
22.50 120.00 1.226 120.00 1.226 0.95 0.000 0.480 0.30 1.00

0.30
23.00 121.00 1.254 121.00 1.254 0.95 0.000 0.480 0.30 1.00

0.30
23.50 122.00 1.283 122.00 1.283 0.95 0.000 0.480 0.29 1.00

0.29
24.00 123.00 1.312 123.00 1.312 0.94 0.000 0.480 0.29 1.00

0.29
24.50 124.00 1.341 124.00 1.341 0.94 0.000 0.480 0.29 1.00

0.29
25.00 125.00 1.370 125.00 1.370 0.94 0.000 0.480 0.29 1.00

0.29
25.50 125.00 1.400 125.00 1.400 0.94 0.000 0.480 0.29 1.00

0.29
26.00 125.00 1.429 125.00 1.429 0.94 0.000 0.480 0.29 1.00
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0.29

26.50 125.00 1.459 125.00 1.459 0.94 0.000 0.480 0.29 1.00
0.29

27.00 125.00 1.488 125.00 1.488 0.94 0.000 0.480 0.29 1.00
0.29

27.50 125.00 1.518 125.00 1.518 0.94 0.000 0.480 0.29 1.00
0.29

28.00 125.00 1.547 125.00 1.547 0.93 0.000 0.480 0.29 1.00
0.29

28.50 125.00 1.577 125.00 1.577 0.93 0.000 0.480 0.29 1.00
0.29

29.00 125.00 1.607 125.00 1.607 0.93 0.000 0.480 0.29 1.00
0.29

29.50 125.00 1.636 125.00 1.636 0.93 0.000 0.480 0.29 1.00
0.29

30.00 125.00 1.666 125.00 1.666 0.93 0.000 0.480 0.29 1.00
0.29

30.50 125.00 1.695 125.00 1.695 0.93 0.000 0.480 0.29 1.00
0.29

31.00 125.00 1.725 125.00 1.725 0.92 0.000 0.480 0.29 1.00
0.29

31.50 125.00 1.754 125.00 1.754 0.92 0.000 0.480 0.29 1.00
0.29

32.00 125.00 1.784 125.00 1.784 0.91 0.000 0.480 0.29 1.00
0.29

32.50 125.00 1.813 125.00 1.813 0.91 0.000 0.480 0.28 1.00
0.28

33.00 125.00 1.843 125.00 1.843 0.91 0.000 0.480 0.28 1.00
0.28

33.50 125.00 1.872 125.00 1.872 0.90 0.000 0.480 0.28 1.00
0.28

34.00 125.00 1.902 125.00 1.902 0.90 0.000 0.480 0.28 1.00
0.28

34.50 125.00 1.931 125.00 1.931 0.89 0.000 0.480 0.28 1.00
0.28

35.00 125.00 1.961 62.60 1.959 0.89 0.000 0.480 0.28 1.00
0.28

35.50 124.50 1.990 62.10 1.974 0.89 0.000 0.480 0.28 1.00
0.28

36.00 124.00 2.020 61.60 1.989 0.88 0.000 0.480 0.28 1.00
0.28

36.50 123.50 2.049 61.10 2.003 0.88 0.000 0.480 0.28 1.00
0.28

37.00 123.00 2.078 60.60 2.018 0.87 0.000 0.480 0.28 1.00
0.28

37.50 122.50 2.107 60.10 2.032 0.87 0.000 0.480 0.28 1.00
0.28

38.00 122.00 2.136 59.60 2.046 0.86 0.000 0.480 0.28 1.00
0.28

38.50 121.50 2.165 59.10 2.060 0.86 0.000 0.480 0.28 1.00
0.28

39.00 121.00 2.193 58.60 2.074 0.86 0.000 0.480 0.28 1.00
0.28

39.50 120.50 2.222 58.10 2.088 0.85 0.000 0.480 0.28 1.00
0.28

40.00 120.00 2.250 57.60 2.102 0.85 0.000 0.480 0.28 1.00
0.28

40.50 120.00 2.279 57.60 2.115 0.84 0.000 0.480 0.28 1.00
0.28

41.00 120.00 2.307 57.60 2.129 0.84 0.000 0.480 0.28 1.00
0.28

41.50 120.00 2.336 57.60 2.142 0.84 0.000 0.480 0.28 1.00
0.28
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A-11-001.cal
42.00 120.00 2.364 57.60 2.156 0.83 0.000 0.480 0.28 1.00

0.28
42.50 120.00 2.392 57.60 2.170 0.83 0.000 0.480 0.28 1.00

0.28
43.00 120.00 2.421 57.60 2.183 0.82 0.000 0.480 0.29 1.00

0.29
43.50 120.00 2.449 57.60 2.197 0.82 0.000 0.480 0.29 1.00

0.29
44.00 120.00 2.477 57.60 2.210 0.82 0.000 0.480 0.29 1.00

0.29
44.50 120.00 2.506 57.60 2.224 0.81 0.000 0.480 0.29 1.00

0.29
45.00 120.00 2.534 57.60 2.238 0.81 0.000 0.480 0.29 1.00

0.29
45.50 120.00 2.562 57.60 2.251 0.80 0.000 0.480 0.29 1.00

0.29
46.00 120.00 2.591 57.60 2.265 0.80 0.000 0.480 0.29 1.00

0.29
46.50 120.00 2.619 57.60 2.278 0.80 0.000 0.480 0.29 1.00

0.29
47.00 120.00 2.647 57.60 2.292 0.79 0.000 0.480 0.29 1.00

0.29
47.50 120.00 2.676 57.60 2.306 0.79 0.000 0.480 0.29 1.00

0.29
48.00 120.00 2.704 57.60 2.319 0.78 0.000 0.480 0.28 1.00

0.28
48.50 120.00 2.732 57.60 2.333 0.78 0.000 0.480 0.28 1.00

0.28
49.00 120.00 2.761 57.60 2.347 0.78 0.000 0.480 0.28 1.00

0.28
49.50 120.00 2.789 57.60 2.360 0.77 0.000 0.480 0.28 1.00

0.28
50.00 120.00 2.818 57.60 2.374 0.77 0.000 0.480 0.28 1.00

0.28
50.50 120.00 2.846 57.60 2.387 0.76 0.000 0.480 0.28 1.00

0.28
51.00 120.00 2.874 57.60 2.401 0.76 0.000 0.480 0.28 1.00

0.28
51.50 120.00 2.903 57.60 2.415 0.75 0.000 0.480 0.28 1.00

0.28
52.00 120.00 2.931 57.60 2.428 0.75 0.000 0.480 0.28 1.00

0.28
52.50 120.00 2.959 57.60 2.442 0.75 0.000 0.480 0.28 1.00

0.28
53.00 120.00 2.988 57.60 2.455 0.74 0.000 0.480 0.28 1.00

0.28
53.50 120.00 3.016 57.60 2.469 0.74 0.000 0.480 0.28 1.00

0.28
54.00 120.00 3.044 57.60 2.483 0.73 0.000 0.480 0.28 1.00

0.28
54.50 120.00 3.073 57.60 2.496 0.73 0.000 0.480 0.28 1.00

0.28
55.00 120.00 3.101 57.60 2.510 0.73 0.000 0.480 0.28 1.00

0.28
55.50 120.00 3.129 57.60 2.523 0.72 0.000 0.480 0.28 1.00

0.28
56.00 120.00 3.158 57.60 2.537 0.72 0.000 0.480 0.28 1.00

0.28
56.50 120.00 3.186 57.60 2.551 0.71 0.000 0.480 0.28 1.00

0.28
57.00 120.00 3.214 57.60 2.564 0.71 0.000 0.480 0.28 1.00

0.28
57.50 120.00 3.243 57.60 2.578 0.71 0.000 0.480 0.28 1.00
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58.00 120.00 3.271 57.60 2.591 0.70 0.000 0.480 0.28 1.00
0.28

58.50 120.00 3.300 57.60 2.605 0.70 0.000 0.480 0.28 1.00
0.28

59.00 120.00 3.328 57.60 2.619 0.69 0.000 0.480 0.28 1.00
0.28

59.50 120.00 3.356 57.60 2.632 0.69 0.000 0.480 0.27 1.00
0.27

60.00 120.00 3.385 57.60 2.646 0.69 0.000 0.480 0.27 1.00
0.27

60.50 120.00 3.413 57.60 2.660 0.68 0.000 0.480 0.27 1.00
0.27

61.00 120.00 3.441 57.60 2.673 0.68 0.000 0.480 0.27 1.00
0.27

61.50 120.00 3.470 57.60 2.687 0.67 0.000 0.480 0.27 1.00
0.27

62.00 120.00 3.498 57.60 2.700 0.67 0.000 0.480 0.27 1.00
0.27

62.50 120.00 3.526 57.60 2.714 0.67 0.000 0.480 0.27 1.00
0.27

63.00 120.00 3.555 57.60 2.728 0.66 0.000 0.480 0.27 1.00
0.27

63.50 120.00 3.583 57.60 2.741 0.66 0.000 0.480 0.27 1.00
0.27

64.00 120.00 3.611 57.60 2.755 0.65 0.000 0.480 0.27 1.00
0.27

64.50 120.00 3.640 57.60 2.768 0.65 0.000 0.480 0.27 1.00
0.27

65.00 120.00 3.668 57.60 2.782 0.65 0.000 0.480 0.27 1.00
0.27

65.50 120.50 3.696 58.10 2.796 0.64 0.000 0.480 0.26 1.00
0.26

66.00 121.00 3.725 58.60 2.809 0.64 0.000 0.480 0.26 1.00
0.26

66.50 121.50 3.754 59.10 2.823 0.63 0.000 0.480 0.26 1.00
0.26

67.00 122.00 3.782 59.60 2.837 0.63 0.000 0.480 0.26 1.00
0.26

67.50 122.50 3.811 60.10 2.851 0.62 0.000 0.480 0.26 1.00
0.26

68.00 123.00 3.840 60.60 2.866 0.62 0.000 0.480 0.26 1.00
0.26

68.50 123.50 3.869 61.10 2.880 0.62 0.000 0.480 0.26 1.00
0.26

69.00 124.00 3.899 61.60 2.895 0.61 0.000 0.480 0.26 1.00
0.26

69.50 124.50 3.928 62.10 2.909 0.61 0.000 0.480 0.26 1.00
0.26

70.00 125.00 3.957 62.60 2.924 0.60 0.000 0.480 0.26 1.00
0.26

70.50 125.00 3.987 62.60 2.939 0.60 0.000 0.480 0.25 1.00
0.25

71.00 125.00 4.017 62.60 2.954 0.60 0.000 0.480 0.25 1.00
0.25

71.50 125.00 4.046 62.60 2.968 0.59 0.000 0.480 0.25 1.00
0.25

72.00 125.00 4.076 62.60 2.983 0.59 0.000 0.480 0.25 1.00
0.25

72.50 125.00 4.105 62.60 2.998 0.58 0.000 0.480 0.25 1.00
0.25

73.00 125.00 4.135 62.60 3.013 0.58 0.000 0.480 0.25 1.00
0.25
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73.50 125.00 4.164 62.60 3.027 0.58 0.000 0.480 0.25 1.00

0.25
74.00 125.00 4.194 62.60 3.042 0.57 0.000 0.480 0.25 1.00

0.25
74.50 125.00 4.223 62.60 3.057 0.57 0.000 0.480 0.24 1.00

0.24
75.00 125.00 4.253 62.60 3.072 0.56 0.000 0.480 0.24 1.00

0.24
75.50 125.00 4.282 62.60 3.087 0.56 0.000 0.480 0.24 1.00

0.24
76.00 125.00 4.312 62.60 3.101 0.56 0.000 0.480 0.24 1.00

0.24
76.50 125.00 4.341 62.60 3.116 0.56 0.000 0.480 0.24 1.00

0.24
77.00 125.00 4.371 62.60 3.131 0.56 0.000 0.480 0.24 1.00

0.24
77.50 125.00 4.400 62.60 3.146 0.56 0.000 0.480 0.24 1.00

0.24
78.00 125.00 4.430 62.60 3.161 0.55 0.000 0.480 0.24 1.00

0.24
78.50 125.00 4.460 62.60 3.175 0.55 0.000 0.480 0.24 1.00

0.24
79.00 125.00 4.489 62.60 3.190 0.55 0.000 0.480 0.24 1.00

0.24
79.50 125.00 4.519 62.60 3.205 0.55 0.000 0.480 0.24 1.00

0.24
80.00 125.00 4.548 62.60 3.220 0.55 0.000 0.480 0.24 1.00

0.24
80.50 125.00 4.578 62.60 3.235 0.55 0.000 0.480 0.24 1.00

0.24
81.00 125.00 4.607 62.60 3.249 0.55 0.000 0.480 0.24 1.00

0.24
81.50 125.00 4.637 62.60 3.264 0.55 0.000 0.480 0.24 1.00

0.24
82.00 125.00 4.666 62.60 3.279 0.54 0.000 0.480 0.24 1.00

0.24
82.50 125.00 4.696 62.60 3.294 0.54 0.000 0.480 0.24 1.00

0.24
83.00 125.00 4.725 62.60 3.309 0.54 0.000 0.480 0.24 1.00

0.24
83.50 125.00 4.755 62.60 3.323 0.54 0.000 0.480 0.24 1.00

0.24
84.00 125.00 4.784 62.60 3.338 0.54 0.000 0.480 0.24 1.00

0.24
84.50 125.00 4.814 62.60 3.353 0.54 0.000 0.480 0.24 1.00

0.24
85.00 125.00 4.844 62.60 3.368 0.54 0.000 0.480 0.24 1.00

0.24

____________________________________________________________________________________
_

CSR is based on water table at 34.90 during earthquake

CRR Calculation from SPT or BPT data:
Depth SPT Cebs Cr sigma' Cn (N1)60 Fines d(N1)60

(N1)60f CRR7.5
ft atm %

____________________________________________________________________________________
_

0.00 13.00 1.05 0.75 0.000 1.70 17.40 26.00 5.04
22.44 0.25

0.50 12.85 1.05 0.75 0.027 1.70 17.20 26.00 5.04
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22.24 0.24

1.00 12.70 1.05 0.75 0.054 1.70 17.00 26.00 5.04
22.04 0.24

1.50 12.55 1.05 0.75 0.082 1.70 16.80 26.00 5.04
21.84 0.24

2.00 12.40 1.05 0.75 0.109 1.70 16.60 26.00 5.04
21.64 0.24

2.50 12.25 1.05 0.75 0.136 1.70 16.40 26.00 5.04
21.44 0.23

3.00 12.10 1.05 0.75 0.163 1.70 16.20 26.00 5.04
21.24 0.23

3.50 11.95 1.05 0.75 0.190 1.70 16.00 26.00 5.04
21.04 0.23

4.00 11.80 1.05 0.75 0.217 1.70 15.80 26.00 5.04
20.84 0.23

4.50 11.65 1.05 0.75 0.245 1.70 15.60 26.00 5.04
20.64 0.22

5.00 11.50 1.05 0.75 0.272 1.70 15.40 26.00 5.04
20.44 0.22

5.50 11.35 1.05 0.75 0.299 1.70 15.19 26.00 5.04
20.23 0.22

6.00 11.20 1.05 0.75 0.326 1.70 14.99 26.00 5.04
20.03 0.22

6.50 11.05 1.05 0.75 0.353 1.68 14.64 26.00 5.04
19.68 0.21

7.00 10.90 1.05 0.75 0.380 1.62 13.92 26.00 5.04
18.96 0.20

7.50 10.75 1.05 0.75 0.408 1.57 13.26 26.00 5.04
18.30 0.20

8.00 10.60 1.05 0.75 0.435 1.52 12.66 26.00 5.04
17.70 0.19

8.50 10.45 1.05 0.85 0.462 1.47 13.72 26.00 5.04
18.76 0.20

9.00 10.30 1.05 0.85 0.489 1.43 13.14 26.00 5.04
18.18 0.20

9.50 10.15 1.05 0.85 0.516 1.39 12.61 26.00 5.04
17.65 0.19

10.00 10.00 1.05 0.85 0.543 1.36 12.11 26.00 5.04
17.15 0.19

10.50 10.30 1.05 0.85 0.571 1.32 12.17 26.00 5.04
17.21 0.19

11.00 10.60 1.05 0.85 0.598 1.29 12.24 26.00 5.04
17.28 0.19

11.50 10.90 1.05 0.85 0.625 1.26 12.31 26.00 5.04
17.35 0.19

12.00 11.20 1.05 0.85 0.652 1.24 12.38 26.00 5.04
17.42 0.19

12.50 11.50 1.05 0.85 0.679 1.21 12.45 26.00 5.04
17.49 0.19

13.00 11.80 1.05 0.85 0.706 1.19 12.53 26.00 5.04
17.57 0.19

13.50 12.10 1.05 0.85 0.734 1.17 12.61 26.00 5.04
17.65 0.19

14.00 12.40 1.05 0.85 0.761 1.15 12.69 26.00 5.04
17.73 0.19

14.50 12.70 1.05 0.85 0.788 1.13 12.77 26.00 5.04
17.81 0.19

15.00 13.00 1.05 0.95 0.815 1.11 14.36 26.00 5.04
19.40 0.21

15.50 12.60 1.05 0.95 0.842 1.09 13.69 33.50 6.84
20.53 0.22

16.00 12.20 1.05 0.95 0.869 1.07 13.05 41.00 7.20
20.25 0.22
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16.50 11.80 1.05 0.95 0.897 1.06 12.43 48.50 7.20

19.63 0.21
17.00 11.40 1.05 0.95 0.924 1.04 11.83 56.00 7.20

19.03 0.21
17.50 11.00 1.05 0.95 0.951 1.03 11.25 63.50 7.20

18.45 0.20
18.00 10.60 1.05 0.95 0.978 1.01 10.69 NoLiq 7.20

17.89 0.19
18.50 10.20 1.05 0.95 1.005 1.00 10.15 NoLiq 7.20

17.35 0.19
19.00 9.80 1.05 0.95 1.033 0.98 9.62 NoLiq 7.20

16.82 0.18
19.50 9.40 1.05 0.95 1.060 0.97 9.11 NoLiq 7.20

16.31 0.18
20.00 9.00 1.05 0.95 1.087 0.96 8.61 NoLiq 7.20

15.81 0.17
20.50 10.00 1.05 0.95 1.114 0.95 9.45 NoLiq 7.20

16.65 0.18
21.00 11.00 1.05 0.95 1.142 0.94 10.27 NoLiq 7.20

17.47 0.19
21.50 12.00 1.05 0.95 1.169 0.92 11.07 NoLiq 7.20

18.27 0.20
22.00 13.00 1.05 0.95 1.197 0.91 11.85 NoLiq 7.20

19.05 0.21
22.50 14.00 1.05 0.95 1.226 0.90 12.61 NoLiq 7.20

19.81 0.21
23.00 15.00 1.05 0.95 1.254 0.89 13.36 NoLiq 7.20

20.56 0.22
23.50 16.00 1.05 0.95 1.283 0.88 14.09 NoLiq 7.20

21.29 0.23
24.00 17.00 1.05 0.95 1.312 0.87 14.81 NoLiq 7.20

22.01 0.24
24.50 18.00 1.05 0.95 1.341 0.86 15.51 NoLiq 7.20

22.71 0.25
25.00 19.00 1.05 0.95 1.370 0.85 16.19 NoLiq 7.20

23.39 0.26
25.50 18.60 1.05 0.95 1.400 0.85 15.68 NoLiq 7.20

22.88 0.25
26.00 18.20 1.05 0.95 1.429 0.84 15.19 NoLiq 7.20

22.39 0.25
26.50 17.80 1.05 0.95 1.459 0.83 14.70 NoLiq 7.20

21.90 0.24
27.00 17.40 1.05 0.95 1.488 0.82 14.23 NoLiq 7.20

21.43 0.23
27.50 17.00 1.05 0.95 1.518 0.81 13.76 NoLiq 7.20

20.96 0.23
28.00 16.60 1.05 1.00 1.547 0.80 14.01 NoLiq 7.20

21.21 0.23
28.50 16.20 1.05 1.00 1.577 0.80 13.55 NoLiq 7.20

20.75 0.22
29.00 15.80 1.05 1.00 1.607 0.79 13.09 NoLiq 7.20

20.29 0.22
29.50 15.40 1.05 1.00 1.636 0.78 12.64 NoLiq 7.20

19.84 0.21
30.00 15.00 1.05 1.00 1.666 0.77 12.20 NoLiq 7.20

19.40 0.21
30.50 15.10 1.05 1.00 1.695 0.77 12.18 NoLiq 7.20

19.38 0.21
31.00 15.20 1.05 1.00 1.725 0.76 12.15 NoLiq 7.20

19.35 0.21
31.50 15.30 1.05 1.00 1.754 0.76 12.13 NoLiq 7.20

19.33 0.21
32.00 15.40 1.05 1.00 1.784 0.75 12.11 NoLiq 7.20
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32.50 15.50 1.05 1.00 1.813 0.74 12.09 NoLiq 7.20
19.29 0.21

33.00 15.60 1.05 1.00 1.843 0.74 12.07 NoLiq 7.20
19.27 0.21

33.50 15.70 1.05 1.00 1.872 0.73 12.05 NoLiq 7.20
19.25 0.21

34.00 15.80 1.05 1.00 1.902 0.73 12.03 NoLiq 7.20
19.23 0.21

34.50 15.90 1.05 1.00 1.931 0.72 12.01 NoLiq 7.20
19.21 0.21

35.00 16.00 1.05 1.00 1.961 0.71 12.00 NoLiq 7.20
19.20 0.21

35.50 16.40 1.05 1.00 1.990 0.71 12.21 NoLiq 7.20
19.41 0.21

36.00 16.80 1.05 1.00 2.020 0.70 12.41 NoLiq 7.20
19.61 0.21

36.50 17.20 1.05 1.00 2.049 0.70 12.62 NoLiq 7.20
19.82 0.21

37.00 17.60 1.05 1.00 2.078 0.69 12.82 NoLiq 7.20
20.02 0.22

37.50 18.00 1.05 1.00 2.107 0.69 13.02 NoLiq 7.20
20.22 0.22

38.00 18.40 1.05 1.00 2.136 0.68 13.22 NoLiq 7.20
20.42 0.22

38.50 18.80 1.05 1.00 2.152 0.68 13.46 NoLiq 7.20
20.66 0.22

39.00 19.20 1.05 1.00 2.165 0.68 13.70 NoLiq 7.20
20.90 0.23

39.50 19.60 1.05 1.00 2.179 0.68 13.94 NoLiq 7.20
21.14 0.23

40.00 20.00 1.05 1.00 2.193 0.68 14.18 NoLiq 7.20
21.38 0.23

40.50 18.90 1.05 1.00 2.207 0.67 13.36 NoLiq 7.20
20.56 0.22

41.00 17.80 1.05 1.00 2.220 0.67 12.54 NoLiq 7.20
19.74 0.21

41.50 16.70 1.05 1.00 2.234 0.67 11.73 NoLiq 7.20
18.93 0.20

42.00 15.60 1.05 1.00 2.247 0.67 10.93 NoLiq 7.20
18.13 0.20

42.50 14.50 1.05 1.00 2.261 0.67 10.13 NoLiq 7.20
17.33 0.19

43.00 13.40 1.05 1.00 2.275 0.66 9.33 NoLiq 7.20
16.53 0.18

43.50 12.30 1.05 1.00 2.288 0.66 8.54 NoLiq 7.20
15.74 0.17

44.00 11.20 1.05 1.00 2.302 0.66 7.75 NoLiq 7.20
14.95 0.16

44.50 10.10 1.05 1.00 2.315 0.66 6.97 NoLiq 7.20
14.17 0.15

45.00 9.00 1.05 1.00 2.329 0.66 6.19 NoLiq 7.20
13.39 0.14

45.50 9.10 1.05 1.00 2.343 0.65 6.24 NoLiq 7.20
13.44 0.15

46.00 9.20 1.05 1.00 2.356 0.65 6.29 NoLiq 7.20
13.49 0.15

46.50 9.30 1.05 1.00 2.370 0.65 6.34 NoLiq 7.20
13.54 0.15

47.00 9.40 1.05 1.00 2.383 0.65 6.39 NoLiq 7.20
13.59 0.15

47.50 9.50 1.05 1.00 2.397 0.65 6.44 NoLiq 7.20
13.64 0.15
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48.00 9.60 1.05 1.00 2.411 0.64 6.49 NoLiq 7.20

13.69 0.15
48.50 9.70 1.05 1.00 2.424 0.64 6.54 NoLiq 7.20

13.74 0.15
49.00 9.80 1.05 1.00 2.438 0.64 6.59 NoLiq 7.20

13.79 0.15
49.50 9.90 1.05 1.00 2.452 0.64 6.64 NoLiq 7.20

13.84 0.15
50.00 10.00 1.05 1.00 2.465 0.64 6.69 NoLiq 7.20

13.89 0.15
50.50 10.20 1.05 1.00 2.479 0.64 6.80 NoLiq 7.20

14.00 0.15
51.00 10.40 1.05 1.00 2.492 0.63 6.92 NoLiq 7.20

14.12 0.15
51.50 10.60 1.05 1.00 2.506 0.63 7.03 NoLiq 7.20

14.23 0.15
52.00 10.80 1.05 1.00 2.520 0.63 7.14 NoLiq 7.20

14.34 0.16
52.50 11.00 1.05 1.00 2.533 0.63 7.26 NoLiq 7.20

14.46 0.16
53.00 11.20 1.05 1.00 2.547 0.63 7.37 NoLiq 7.20

14.57 0.16
53.50 11.40 1.05 1.00 2.560 0.62 7.48 NoLiq 7.20

14.68 0.16
54.00 11.60 1.05 1.00 2.574 0.62 7.59 NoLiq 7.20

14.79 0.16
54.50 11.80 1.05 1.00 2.588 0.62 7.70 NoLiq 7.20

14.90 0.16
55.00 12.00 1.05 1.00 2.601 0.62 7.81 NoLiq 7.20

15.01 0.16
55.50 11.70 1.05 1.00 2.615 0.62 7.60 NoLiq 7.20

14.80 0.16
56.00 11.40 1.05 1.00 2.628 0.62 7.38 NoLiq 7.20

14.58 0.16
56.50 11.10 1.05 1.00 2.642 0.62 7.17 NoLiq 7.20

14.37 0.16
57.00 10.80 1.05 1.00 2.656 0.61 6.96 NoLiq 7.20

14.16 0.15
57.50 10.50 1.05 1.00 2.669 0.61 6.75 NoLiq 7.20

13.95 0.15
58.00 10.20 1.05 1.00 2.683 0.61 6.54 NoLiq 7.20

13.74 0.15
58.50 9.90 1.05 1.00 2.696 0.61 6.33 NoLiq 7.20

13.53 0.15
59.00 9.60 1.05 1.00 2.710 0.61 6.12 NoLiq 7.20

13.32 0.14
59.50 9.30 1.05 1.00 2.724 0.61 5.92 NoLiq 7.20

13.12 0.14
60.00 9.00 1.05 1.00 2.737 0.60 5.71 NoLiq 7.20

12.91 0.14
60.50 18.09 1.05 1.00 2.751 0.60 11.45 NoLiq 7.20

18.65 0.20
61.00 27.19 1.05 1.00 2.765 0.60 17.17 NoLiq 7.20

24.37 0.27
61.50 36.29 1.05 1.00 2.778 0.60 22.86 NoLiq 7.20

30.06 0.47
62.00 45.39 1.05 1.00 2.792 0.60 28.52 NoLiq 7.20

35.72 2.00
62.50 54.49 1.05 1.00 2.805 0.60 34.16 NoLiq 7.20

41.36 2.00
63.00 63.59 1.05 1.00 2.819 0.60 39.77 NoLiq 7.20

46.97 2.00
63.50 72.69 1.05 1.00 2.833 0.59 45.35 NoLiq 7.20
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52.55 2.00

64.00 81.79 1.05 1.00 2.846 0.59 50.90 NoLiq 7.20
58.10 2.00

64.50 90.89 1.05 1.00 2.860 0.59 56.43 NoLiq 7.20
63.63 2.00

65.00 99.99 1.05 1.00 2.873 0.59 61.94 NoLiq 7.20
69.14 2.00

65.50 96.20 1.05 1.00 2.887 0.59 59.45 NoLiq 7.20
66.65 2.00

66.00 92.40 1.05 1.00 2.901 0.59 56.97 NoLiq 7.20
64.17 2.00

66.50 88.60 1.05 1.00 2.915 0.59 54.49 NoLiq 7.20
61.69 2.00

67.00 84.80 1.05 1.00 2.929 0.58 52.03 NoLiq 7.20
59.23 2.00

67.50 81.00 1.05 1.00 2.943 0.58 49.58 NoLiq 7.20
56.78 2.00

68.00 77.20 1.05 1.00 2.957 0.58 47.14 NoLiq 7.20
54.34 2.00

68.50 73.40 1.05 1.00 2.972 0.58 44.71 NoLiq 7.20
51.91 2.00

69.00 69.60 1.05 1.00 2.986 0.58 42.29 NoLiq 7.20
49.49 2.00

69.50 65.80 1.05 1.00 3.001 0.58 39.89 NoLiq 7.20
47.09 2.00

70.00 62.00 1.05 1.00 3.015 0.58 37.49 NoLiq 7.20
44.69 2.00

70.50 60.70 1.05 1.00 3.030 0.57 36.61 93.40 7.20
43.81 2.00

71.00 59.40 1.05 1.00 3.045 0.57 35.74 85.80 7.20
42.94 2.00

71.50 58.10 1.05 1.00 3.060 0.57 34.88 78.20 7.20
42.08 2.00

72.00 56.80 1.05 1.00 3.075 0.57 34.01 70.60 7.20
41.21 2.00

72.50 55.50 1.05 1.00 3.089 0.57 33.16 63.00 7.20
40.36 2.00

73.00 54.20 1.05 1.00 3.104 0.57 32.30 55.40 7.20
39.50 2.00

73.50 52.90 1.05 1.00 3.119 0.57 31.45 47.80 7.20
38.65 2.00

74.00 51.60 1.05 1.00 3.134 0.56 30.61 40.20 7.20
37.81 2.00

74.50 50.30 1.05 1.00 3.148 0.56 29.77 32.60 6.62
36.39 2.00

75.00 49.00 1.05 1.00 3.163 0.56 28.93 25.00 4.80
33.73 2.00

75.50 51.90 1.05 1.00 3.178 0.56 30.57 24.80 4.75
35.32 2.00

76.00 54.80 1.05 1.00 3.193 0.56 32.20 24.60 4.70
36.91 2.00

76.50 57.70 1.05 1.00 3.208 0.56 33.83 24.40 4.66
38.48 2.00

77.00 60.60 1.05 1.00 3.222 0.56 35.45 24.20 4.61
40.05 2.00

77.50 63.50 1.05 1.00 3.237 0.56 37.06 24.00 4.56
41.62 2.00

78.00 66.40 1.05 1.00 3.252 0.55 38.66 23.80 4.51
43.17 2.00

78.50 69.30 1.05 1.00 3.267 0.55 40.26 23.60 4.46
44.72 2.00

79.00 72.20 1.05 1.00 3.282 0.55 41.85 23.40 4.42
46.27 2.00
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79.50 75.10 1.05 1.00 3.296 0.55 43.43 23.20 4.37

47.80 2.00
80.00 78.00 1.05 1.00 3.311 0.55 45.01 23.00 4.32

49.33 2.00
80.50 80.20 1.05 1.00 3.326 0.55 46.18 23.00 4.32

50.50 2.00
81.00 82.40 1.05 1.00 3.341 0.55 47.34 23.00 4.32

51.66 2.00
81.50 84.60 1.05 1.00 3.356 0.55 48.49 23.00 4.32

52.81 2.00
82.00 86.80 1.05 1.00 3.370 0.54 49.65 23.00 4.32

53.97 2.00
82.50 89.00 1.05 1.00 3.385 0.54 50.79 23.00 4.32

55.11 2.00
83.00 91.20 1.05 1.00 3.400 0.54 51.93 23.00 4.32

56.25 2.00
83.50 93.40 1.05 1.00 3.415 0.54 53.07 23.00 4.32

57.39 2.00
84.00 95.60 1.05 1.00 3.429 0.54 54.21 23.00 4.32

58.53 2.00
84.50 97.80 1.05 1.00 3.444 0.54 55.33 23.00 4.32

59.65 2.00
85.00 100.00 1.05 1.00 3.459 0.54 56.46 23.00 4.32

60.78 2.00

____________________________________________________________________________________
_

CRR is based on water table at 38.00 during In-Situ Testing

Factor of Safety,  - Earthquake Magnitude= 7.00:
Depth sigC' CRR7.5 x Ksig =CRRv x MSF =CRRm CSRfs

F.S.=CRRm/CSRfs
ft atm
________________________________________________________________________
0.00 0.00 0.25 1.00 0.25 1.19 0.29 0.31 5.00
0.50 0.02 0.24 1.00 0.24 1.19 0.29 0.31 5.00
1.00 0.04 0.24 1.00 0.24 1.19 0.29 0.31 5.00
1.50 0.05 0.24 1.00 0.24 1.19 0.28 0.31 5.00
2.00 0.07 0.24 1.00 0.24 1.19 0.28 0.31 5.00
2.50 0.09 0.23 1.00 0.23 1.19 0.28 0.31 5.00
3.00 0.11 0.23 1.00 0.23 1.19 0.28 0.31 5.00
3.50 0.12 0.23 1.00 0.23 1.19 0.27 0.31 5.00
4.00 0.14 0.23 1.00 0.23 1.19 0.27 0.31 5.00
4.50 0.16 0.22 1.00 0.22 1.19 0.27 0.31 5.00
5.00 0.18 0.22 1.00 0.22 1.19 0.26 0.31 5.00
5.50 0.19 0.22 1.00 0.22 1.19 0.26 0.31 5.00
6.00 0.21 0.22 1.00 0.22 1.19 0.26 0.31 5.00
6.50 0.23 0.21 1.00 0.21 1.19 0.25 0.31 5.00
7.00 0.25 0.20 1.00 0.20 1.19 0.24 0.31 5.00
7.50 0.26 0.20 1.00 0.20 1.19 0.24 0.31 5.00
8.00 0.28 0.19 1.00 0.19 1.19 0.23 0.31 5.00
8.50 0.30 0.20 1.00 0.20 1.19 0.24 0.31 5.00
9.00 0.32 0.20 1.00 0.20 1.19 0.23 0.31 5.00
9.50 0.34 0.19 1.00 0.19 1.19 0.23 0.31 5.00
10.00 0.35 0.19 1.00 0.19 1.19 0.22 0.30 5.00
10.50 0.37 0.19 1.00 0.19 1.19 0.22 0.30 5.00
11.00 0.39 0.19 1.00 0.19 1.19 0.22 0.30 5.00
11.50 0.41 0.19 1.00 0.19 1.19 0.22 0.30 5.00
12.00 0.42 0.19 1.00 0.19 1.19 0.22 0.30 5.00
12.50 0.44 0.19 1.00 0.19 1.19 0.23 0.30 5.00
13.00 0.46 0.19 1.00 0.19 1.19 0.23 0.30 5.00
13.50 0.48 0.19 1.00 0.19 1.19 0.23 0.30 5.00
14.00 0.49 0.19 1.00 0.19 1.19 0.23 0.30 5.00
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14.50 0.51 0.19 1.00 0.19 1.19 0.23 0.30 5.00
15.00 0.53 0.21 1.00 0.21 1.19 0.25 0.30 5.00
15.50 0.55 0.22 1.00 0.22 1.19 0.27 0.30 5.00
16.00 0.57 0.22 1.00 0.22 1.19 0.26 0.30 5.00
16.50 0.58 0.21 1.00 0.21 1.19 0.25 0.30 5.00
17.00 0.60 0.21 1.00 0.21 1.19 0.24 0.30 5.00
17.50 0.62 0.20 1.00 0.20 1.19 0.24 0.30 5.00
18.00 0.64 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
18.50 0.65 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
19.00 0.67 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
19.50 0.69 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
20.00 0.71 0.17 1.00 0.17 1.19 2.00 0.30 5.00 ^
20.50 0.72 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
21.00 0.74 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
21.50 0.76 0.20 1.00 0.20 1.19 2.00 0.30 5.00 ^
22.00 0.78 0.21 1.00 0.21 1.19 2.00 0.30 5.00 ^
22.50 0.80 0.21 1.00 0.21 1.19 2.00 0.30 5.00 ^
23.00 0.82 0.22 1.00 0.22 1.19 2.00 0.30 5.00 ^
23.50 0.83 0.23 1.00 0.23 1.19 2.00 0.29 5.00 ^
24.00 0.85 0.24 1.00 0.24 1.19 2.00 0.29 5.00 ^
24.50 0.87 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
25.00 0.89 0.26 1.00 0.26 1.19 2.00 0.29 5.00 ^
25.50 0.91 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
26.00 0.93 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
26.50 0.95 0.24 1.00 0.24 1.19 2.00 0.29 5.00 ^
27.00 0.97 0.23 1.00 0.23 1.19 2.00 0.29 5.00 ^
27.50 0.99 0.23 1.00 0.23 1.19 2.00 0.29 5.00 ^
28.00 1.01 0.23 1.01 0.23 1.19 2.00 0.29 5.00 ^
28.50 1.03 0.22 1.00 0.23 1.19 2.00 0.29 5.00 ^
29.00 1.04 0.22 1.00 0.22 1.19 2.00 0.29 5.00 ^
29.50 1.06 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
30.00 1.08 0.21 0.99 0.21 1.19 2.00 0.29 5.00 ^
30.50 1.10 0.21 0.99 0.21 1.19 2.00 0.29 5.00 ^
31.00 1.12 0.21 0.99 0.21 1.19 2.00 0.29 5.00 ^
31.50 1.14 0.21 0.98 0.21 1.19 2.00 0.29 5.00 ^
32.00 1.16 0.21 0.98 0.20 1.19 2.00 0.29 5.00 ^
32.50 1.18 0.21 0.98 0.20 1.19 2.00 0.28 5.00 ^
33.00 1.20 0.21 0.98 0.20 1.19 2.00 0.28 5.00 ^
33.50 1.22 0.21 0.97 0.20 1.19 2.00 0.28 5.00 ^
34.00 1.24 0.21 0.97 0.20 1.19 2.00 0.28 5.00 ^
34.50 1.26 0.21 0.97 0.20 1.19 2.00 0.28 5.00 ^
35.00 1.27 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
35.50 1.29 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
36.00 1.31 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
36.50 1.33 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
37.00 1.35 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
37.50 1.37 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
38.00 1.39 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
38.50 1.40 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
39.00 1.41 0.23 0.95 0.21 1.19 2.00 0.28 5.00 ^
39.50 1.42 0.23 0.94 0.22 1.19 2.00 0.28 5.00 ^
40.00 1.43 0.23 0.94 0.22 1.19 2.00 0.28 5.00 ^
40.50 1.43 0.22 0.94 0.21 1.19 2.00 0.28 5.00 ^
41.00 1.44 0.21 0.94 0.20 1.19 2.00 0.28 5.00 ^
41.50 1.45 0.20 0.94 0.19 1.19 2.00 0.28 5.00 ^
42.00 1.46 0.20 0.94 0.18 1.19 2.00 0.28 5.00 ^
42.50 1.47 0.19 0.94 0.18 1.19 2.00 0.28 5.00 ^
43.00 1.48 0.18 0.94 0.17 1.19 2.00 0.29 5.00 ^
43.50 1.49 0.17 0.93 0.16 1.19 2.00 0.29 5.00 ^
44.00 1.50 0.16 0.93 0.15 1.19 2.00 0.29 5.00 ^
44.50 1.51 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
45.00 1.51 0.14 0.93 0.13 1.19 2.00 0.29 5.00 ^
45.50 1.52 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
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46.00 1.53 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
46.50 1.54 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
47.00 1.55 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
47.50 1.56 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
48.00 1.57 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
48.50 1.58 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
49.00 1.58 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
49.50 1.59 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
50.00 1.60 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
50.50 1.61 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
51.00 1.62 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
51.50 1.63 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
52.00 1.64 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
52.50 1.65 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
53.00 1.66 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
53.50 1.66 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
54.00 1.67 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
54.50 1.68 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
55.00 1.69 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
55.50 1.70 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
56.00 1.71 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
56.50 1.72 0.16 0.90 0.14 1.19 2.00 0.28 5.00 ^
57.00 1.73 0.15 0.90 0.14 1.19 2.00 0.28 5.00 ^
57.50 1.74 0.15 0.90 0.14 1.19 2.00 0.28 5.00 ^
58.00 1.74 0.15 0.90 0.13 1.19 2.00 0.28 5.00 ^
58.50 1.75 0.15 0.90 0.13 1.19 2.00 0.28 5.00 ^
59.00 1.76 0.14 0.90 0.13 1.19 2.00 0.28 5.00 ^
59.50 1.77 0.14 0.90 0.13 1.19 2.00 0.27 5.00 ^
60.00 1.78 0.14 0.90 0.13 1.19 2.00 0.27 5.00 ^
60.50 1.79 0.20 0.90 0.18 1.19 2.00 0.27 5.00 ^
61.00 1.80 0.27 0.90 0.24 1.19 2.00 0.27 5.00 ^
61.50 1.81 0.47 0.89 0.42 1.19 2.00 0.27 5.00 ^
62.00 1.81 2.00 0.89 1.79 1.19 2.00 0.27 5.00 ^
62.50 1.82 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
63.00 1.83 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
63.50 1.84 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
64.00 1.85 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
64.50 1.86 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
65.00 1.87 2.00 0.89 1.77 1.19 2.00 0.27 5.00 ^
65.50 1.88 2.00 0.89 1.77 1.19 2.00 0.26 5.00 ^
66.00 1.89 2.00 0.88 1.77 1.19 2.00 0.26 5.00 ^
66.50 1.89 2.00 0.88 1.77 1.19 2.00 0.26 5.00 ^
67.00 1.90 2.00 0.88 1.77 1.19 2.00 0.26 5.00 ^
67.50 1.91 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
68.00 1.92 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
68.50 1.93 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
69.00 1.94 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
69.50 1.95 2.00 0.88 1.75 1.19 2.00 0.26 5.00 ^
70.00 1.96 2.00 0.88 1.75 1.19 2.00 0.26 5.00 ^
70.50 1.97 2.00 0.88 1.75 1.19 2.09 0.25 5.00
71.00 1.98 2.00 0.87 1.75 1.19 2.09 0.25 5.00
71.50 1.99 2.00 0.87 1.75 1.19 2.08 0.25 5.00
72.00 2.00 2.00 0.87 1.74 1.19 2.08 0.25 5.00
72.50 2.01 2.00 0.87 1.74 1.19 2.08 0.25 5.00
73.00 2.02 2.00 0.87 1.74 1.19 2.07 0.25 5.00
73.50 2.03 2.00 0.87 1.74 1.19 2.07 0.25 5.00
74.00 2.04 2.00 0.87 1.74 1.19 2.07 0.25 5.00
74.50 2.05 2.00 0.87 1.73 1.19 2.07 0.24 5.00
75.00 2.06 2.00 0.87 1.73 1.19 2.06 0.24 5.00
75.50 2.07 2.00 0.86 1.73 1.19 2.06 0.24 5.00
76.00 2.08 2.00 0.86 1.73 1.19 2.06 0.24 5.00
76.50 2.08 2.00 0.86 1.72 1.19 2.06 0.24 5.00
77.00 2.09 2.00 0.86 1.72 1.19 2.05 0.24 5.00
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77.50 2.10 2.00 0.86 1.72 1.19 2.05 0.24 5.00
78.00 2.11 2.00 0.86 1.72 1.19 2.05 0.24 5.00
78.50 2.12 2.00 0.86 1.72 1.19 2.05 0.24 5.00
79.00 2.13 2.00 0.86 1.71 1.19 2.05 0.24 5.00
79.50 2.14 2.00 0.86 1.71 1.19 2.04 0.24 5.00
80.00 2.15 2.00 0.86 1.71 1.19 2.04 0.24 5.00
80.50 2.16 2.00 0.85 1.71 1.19 2.04 0.24 5.00
81.00 2.17 2.00 0.85 1.71 1.19 2.04 0.24 5.00
81.50 2.18 2.00 0.85 1.70 1.19 2.03 0.24 5.00
82.00 2.19 2.00 0.85 1.70 1.19 2.03 0.24 5.00
82.50 2.20 2.00 0.85 1.70 1.19 2.03 0.24 5.00
83.00 2.21 2.00 0.85 1.70 1.19 2.03 0.24 5.00
83.50 2.22 2.00 0.85 1.70 1.19 2.02 0.24 5.00
84.00 2.23 2.00 0.85 1.69 1.19 2.02 0.24 5.00
84.50 2.24 2.00 0.85 1.69 1.19 2.02 0.24 5.00
85.00 2.25 2.00 0.85 1.69 1.19 2.02 0.24 5.00
________________________________________________________________________
* F.S.<1: Liquefaction Potential Zone.  (If above water table: F.S.=5)
^ No-liquefiable Soils or above Water Table.
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

CPT convert to SPT for Settlement Analysis:
Fines Correction for Settlement Analysis:
Depth Ic qc/N60 qc1 (N1)60 Fines d(N1)60 (N1)60s
ft atm %
________________________________________________________________
0.00 - - - 22.44 26.00 0.00 22.44
0.50 - - - 22.24 26.00 0.00 22.24
1.00 - - - 22.04 26.00 0.00 22.04
1.50 - - - 21.84 26.00 0.00 21.84
2.00 - - - 21.64 26.00 0.00 21.64
2.50 - - - 21.44 26.00 0.00 21.44
3.00 - - - 21.24 26.00 0.00 21.24
3.50 - - - 21.04 26.00 0.00 21.04
4.00 - - - 20.84 26.00 0.00 20.84
4.50 - - - 20.64 26.00 0.00 20.64
5.00 - - - 20.44 26.00 0.00 20.44
5.50 - - - 20.23 26.00 0.00 20.23
6.00 - - - 20.03 26.00 0.00 20.03
6.50 - - - 19.68 26.00 0.00 19.68
7.00 - - - 18.96 26.00 0.00 18.96
7.50 - - - 18.30 26.00 0.00 18.30
8.00 - - - 17.70 26.00 0.00 17.70
8.50 - - - 18.76 26.00 0.00 18.76
9.00 - - - 18.18 26.00 0.00 18.18
9.50 - - - 17.65 26.00 0.00 17.65
10.00 - - - 17.15 26.00 0.00 17.15
10.50 - - - 17.21 26.00 0.00 17.21
11.00 - - - 17.28 26.00 0.00 17.28
11.50 - - - 17.35 26.00 0.00 17.35
12.00 - - - 17.42 26.00 0.00 17.42
12.50 - - - 17.49 26.00 0.00 17.49
13.00 - - - 17.57 26.00 0.00 17.57
13.50 - - - 17.65 26.00 0.00 17.65
14.00 - - - 17.73 26.00 0.00 17.73
14.50 - - - 17.81 26.00 0.00 17.81
15.00 - - - 19.40 26.00 0.00 19.40
15.50 - - - 20.53 33.50 0.00 20.53
16.00 - - - 20.25 41.00 0.00 20.25
16.50 - - - 19.63 48.50 0.00 19.63
17.00 - - - 19.03 56.00 0.00 19.03
17.50 - - - 18.45 63.50 0.00 18.45
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18.00 - - - 17.89 NoLiq 0.00 17.89
18.50 - - - 17.35 NoLiq 0.00 17.35
19.00 - - - 16.82 NoLiq 0.00 16.82
19.50 - - - 16.31 NoLiq 0.00 16.31
20.00 - - - 15.81 NoLiq 0.00 15.81
20.50 - - - 16.65 NoLiq 0.00 16.65
21.00 - - - 17.47 NoLiq 0.00 17.47
21.50 - - - 18.27 NoLiq 0.00 18.27
22.00 - - - 19.05 NoLiq 0.00 19.05
22.50 - - - 19.81 NoLiq 0.00 19.81
23.00 - - - 20.56 NoLiq 0.00 20.56
23.50 - - - 21.29 NoLiq 0.00 21.29
24.00 - - - 22.01 NoLiq 0.00 22.01
24.50 - - - 22.71 NoLiq 0.00 22.71
25.00 - - - 23.39 NoLiq 0.00 23.39
25.50 - - - 22.88 NoLiq 0.00 22.88
26.00 - - - 22.39 NoLiq 0.00 22.39
26.50 - - - 21.90 NoLiq 0.00 21.90
27.00 - - - 21.43 NoLiq 0.00 21.43
27.50 - - - 20.96 NoLiq 0.00 20.96
28.00 - - - 21.21 NoLiq 0.00 21.21
28.50 - - - 20.75 NoLiq 0.00 20.75
29.00 - - - 20.29 NoLiq 0.00 20.29
29.50 - - - 19.84 NoLiq 0.00 19.84
30.00 - - - 19.40 NoLiq 0.00 19.40
30.50 - - - 19.38 NoLiq 0.00 19.38
31.00 - - - 19.35 NoLiq 0.00 19.35
31.50 - - - 19.33 NoLiq 0.00 19.33
32.00 - - - 19.31 NoLiq 0.00 19.31
32.50 - - - 19.29 NoLiq 0.00 19.29
33.00 - - - 19.27 NoLiq 0.00 19.27
33.50 - - - 19.25 NoLiq 0.00 19.25
34.00 - - - 19.23 NoLiq 0.00 19.23
34.50 - - - 19.21 NoLiq 0.00 19.21
35.00 - - - 19.20 NoLiq 0.00 19.20
35.50 - - - 19.41 NoLiq 0.00 19.41
36.00 - - - 19.61 NoLiq 0.00 19.61
36.50 - - - 19.82 NoLiq 0.00 19.82
37.00 - - - 20.02 NoLiq 0.00 20.02
37.50 - - - 20.22 NoLiq 0.00 20.22
38.00 - - - 20.42 NoLiq 0.00 20.42
38.50 - - - 20.66 NoLiq 0.00 20.66
39.00 - - - 20.90 NoLiq 0.00 20.90
39.50 - - - 21.14 NoLiq 0.00 21.14
40.00 - - - 21.38 NoLiq 0.00 21.38
40.50 - - - 20.56 NoLiq 0.00 20.56
41.00 - - - 19.74 NoLiq 0.00 19.74
41.50 - - - 18.93 NoLiq 0.00 18.93
42.00 - - - 18.13 NoLiq 0.00 18.13
42.50 - - - 17.33 NoLiq 0.00 17.33
43.00 - - - 16.53 NoLiq 0.00 16.53
43.50 - - - 15.74 NoLiq 0.00 15.74
44.00 - - - 14.95 NoLiq 0.00 14.95
44.50 - - - 14.17 NoLiq 0.00 14.17
45.00 - - - 13.39 NoLiq 0.00 13.39
45.50 - - - 13.44 NoLiq 0.00 13.44
46.00 - - - 13.49 NoLiq 0.00 13.49
46.50 - - - 13.54 NoLiq 0.00 13.54
47.00 - - - 13.59 NoLiq 0.00 13.59
47.50 - - - 13.64 NoLiq 0.00 13.64
48.00 - - - 13.69 NoLiq 0.00 13.69
48.50 - - - 13.74 NoLiq 0.00 13.74
49.00 - - - 13.79 NoLiq 0.00 13.79
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49.50 - - - 13.84 NoLiq 0.00 13.84
50.00 - - - 13.89 NoLiq 0.00 13.89
50.50 - - - 14.00 NoLiq 0.00 14.00
51.00 - - - 14.12 NoLiq 0.00 14.12
51.50 - - - 14.23 NoLiq 0.00 14.23
52.00 - - - 14.34 NoLiq 0.00 14.34
52.50 - - - 14.46 NoLiq 0.00 14.46
53.00 - - - 14.57 NoLiq 0.00 14.57
53.50 - - - 14.68 NoLiq 0.00 14.68
54.00 - - - 14.79 NoLiq 0.00 14.79
54.50 - - - 14.90 NoLiq 0.00 14.90
55.00 - - - 15.01 NoLiq 0.00 15.01
55.50 - - - 14.80 NoLiq 0.00 14.80
56.00 - - - 14.58 NoLiq 0.00 14.58
56.50 - - - 14.37 NoLiq 0.00 14.37
57.00 - - - 14.16 NoLiq 0.00 14.16
57.50 - - - 13.95 NoLiq 0.00 13.95
58.00 - - - 13.74 NoLiq 0.00 13.74
58.50 - - - 13.53 NoLiq 0.00 13.53
59.00 - - - 13.32 NoLiq 0.00 13.32
59.50 - - - 13.12 NoLiq 0.00 13.12
60.00 - - - 12.91 NoLiq 0.00 12.91
60.50 - - - 18.65 NoLiq 0.00 18.65
61.00 - - - 24.37 NoLiq 0.00 24.37
61.50 - - - 30.06 NoLiq 0.00 30.06
62.00 - - - 35.72 NoLiq 0.00 35.72
62.50 - - - 41.36 NoLiq 0.00 41.36
63.00 - - - 46.97 NoLiq 0.00 46.97
63.50 - - - 52.55 NoLiq 0.00 52.55
64.00 - - - 58.10 NoLiq 0.00 58.10
64.50 - - - 63.63 NoLiq 0.00 63.63
65.00 - - - 69.14 NoLiq 0.00 69.14
65.50 - - - 66.65 NoLiq 0.00 66.65
66.00 - - - 64.17 NoLiq 0.00 64.17
66.50 - - - 61.69 NoLiq 0.00 61.69
67.00 - - - 59.23 NoLiq 0.00 59.23
67.50 - - - 56.78 NoLiq 0.00 56.78
68.00 - - - 54.34 NoLiq 0.00 54.34
68.50 - - - 51.91 NoLiq 0.00 51.91
69.00 - - - 49.49 NoLiq 0.00 49.49
69.50 - - - 47.09 NoLiq 0.00 47.09
70.00 - - - 44.69 NoLiq 0.00 44.69
70.50 - - - 43.81 93.40 0.00 43.81
71.00 - - - 42.94 85.80 0.00 42.94
71.50 - - - 42.08 78.20 0.00 42.08
72.00 - - - 41.21 70.60 0.00 41.21
72.50 - - - 40.36 63.00 0.00 40.36
73.00 - - - 39.50 55.40 0.00 39.50
73.50 - - - 38.65 47.80 0.00 38.65
74.00 - - - 37.81 40.20 0.00 37.81
74.50 - - - 36.39 32.60 0.00 36.39
75.00 - - - 33.73 25.00 0.00 33.73
75.50 - - - 35.32 24.80 0.00 35.32
76.00 - - - 36.91 24.60 0.00 36.91
76.50 - - - 38.48 24.40 0.00 38.48
77.00 - - - 40.05 24.20 0.00 40.05
77.50 - - - 41.62 24.00 0.00 41.62
78.00 - - - 43.17 23.80 0.00 43.17
78.50 - - - 44.72 23.60 0.00 44.72
79.00 - - - 46.27 23.40 0.00 46.27
79.50 - - - 47.80 23.20 0.00 47.80
80.00 - - - 49.33 23.00 0.00 49.33
80.50 - - - 50.50 23.00 0.00 50.50
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81.00 - - - 51.66 23.00 0.00 51.66
81.50 - - - 52.81 23.00 0.00 52.81
82.00 - - - 53.97 23.00 0.00 53.97
82.50 - - - 55.11 23.00 0.00 55.11
83.00 - - - 56.25 23.00 0.00 56.25
83.50 - - - 57.39 23.00 0.00 57.39
84.00 - - - 58.53 23.00 0.00 58.53
84.50 - - - 59.65 23.00 0.00 59.65
85.00 - - - 60.78 23.00 0.00 60.78
________________________________________________________________
(N1)60s has been fines corrected in liquefaction analysis, therefore 

d(N1)60=0.
Fines=NoLiq means the soils are not liquefiable.

Settlement of Saturated Sands:
Settlement Analysis Method: Tokimatsu/Seed
Depth CSRsf / MSF* =CSRm F.S. Fines (N1)60s Dr ec dsz

dsp S
ft % % % in.

in. in.

____________________________________________________________________________________
__________

84.95 0.24 1.00 0.24 5.00 23.00 60.67 100.00 0.000
0.0E0 0.000 0.000

84.50 0.24 1.00 0.24 5.00 23.00 59.65 100.00 0.000
0.0E0 0.000 0.000

84.00 0.24 1.00 0.24 5.00 23.00 58.53 100.00 0.000
0.0E0 0.000 0.000

83.50 0.24 1.00 0.24 5.00 23.00 57.39 100.00 0.000
0.0E0 0.000 0.000

83.00 0.24 1.00 0.24 5.00 23.00 56.25 100.00 0.000
0.0E0 0.000 0.000

82.50 0.24 1.00 0.24 5.00 23.00 55.11 100.00 0.000
0.0E0 0.000 0.000

82.00 0.24 1.00 0.24 5.00 23.00 53.97 100.00 0.000
0.0E0 0.000 0.000

81.50 0.24 1.00 0.24 5.00 23.00 52.81 100.00 0.000
0.0E0 0.000 0.000

81.00 0.24 1.00 0.24 5.00 23.00 51.66 100.00 0.000
0.0E0 0.000 0.000

80.50 0.24 1.00 0.24 5.00 23.00 50.50 100.00 0.000
0.0E0 0.000 0.000

80.00 0.24 1.00 0.24 5.00 23.00 49.33 100.00 0.000
0.0E0 0.000 0.000

79.50 0.24 1.00 0.24 5.00 23.20 47.80 100.00 0.000
0.0E0 0.000 0.000

79.00 0.24 1.00 0.24 5.00 23.40 46.27 100.00 0.000
0.0E0 0.000 0.000

78.50 0.24 1.00 0.24 5.00 23.60 44.72 100.00 0.000
0.0E0 0.000 0.000

78.00 0.24 1.00 0.24 5.00 23.80 43.17 100.00 0.000
0.0E0 0.000 0.000

77.50 0.24 1.00 0.24 5.00 24.00 41.62 100.00 0.000
0.0E0 0.000 0.000

77.00 0.24 1.00 0.24 5.00 24.20 40.05 100.00 0.000
0.0E0 0.000 0.000

76.50 0.24 1.00 0.24 5.00 24.40 38.48 100.00 0.000
0.0E0 0.000 0.000

76.00 0.24 1.00 0.24 5.00 24.60 36.91 100.00 0.000
0.0E0 0.000 0.000

75.50 0.24 1.00 0.24 5.00 24.80 35.32 100.00 0.000
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0.0E0 0.000 0.000

75.00 0.24 1.00 0.24 5.00 25.00 33.73 99.17 0.000
0.0E0 0.000 0.000

74.50 0.24 1.00 0.24 5.00 32.60 36.39 100.00 0.000
0.0E0 0.000 0.000

74.00 0.25 1.00 0.25 5.00 40.20 37.81 100.00 0.000
0.0E0 0.000 0.000

73.50 0.25 1.00 0.25 5.00 47.80 38.65 100.00 0.000
0.0E0 0.000 0.000

73.00 0.25 1.00 0.25 5.00 55.40 39.50 100.00 0.000
0.0E0 0.000 0.000

72.50 0.25 1.00 0.25 5.00 63.00 40.36 100.00 0.000
0.0E0 0.000 0.000

72.00 0.25 1.00 0.25 5.00 70.60 41.21 100.00 0.000
0.0E0 0.000 0.000

71.50 0.25 1.00 0.25 5.00 78.20 42.08 100.00 0.000
0.0E0 0.000 0.000

71.00 0.25 1.00 0.25 5.00 85.80 42.94 100.00 0.000
0.0E0 0.000 0.000

70.50 0.25 1.00 0.25 5.00 93.40 43.81 100.00 0.000
0.0E0 0.000 0.000

70.00 0.26 1.00 0.26 5.00 NoLiq 44.69 100.00 0.000
0.0E0 0.000 0.000

69.50 0.26 1.00 0.26 5.00 NoLiq 47.09 100.00 0.000
0.0E0 0.000 0.000

69.00 0.26 1.00 0.26 5.00 NoLiq 49.49 100.00 0.000
0.0E0 0.000 0.000

68.50 0.26 1.00 0.26 5.00 NoLiq 51.91 100.00 0.000
0.0E0 0.000 0.000

68.00 0.26 1.00 0.26 5.00 NoLiq 54.34 100.00 0.000
0.0E0 0.000 0.000

67.50 0.26 1.00 0.26 5.00 NoLiq 56.78 100.00 0.000
0.0E0 0.000 0.000

67.00 0.26 1.00 0.26 5.00 NoLiq 59.23 100.00 0.000
0.0E0 0.000 0.000

66.50 0.26 1.00 0.26 5.00 NoLiq 61.69 100.00 0.000
0.0E0 0.000 0.000

66.00 0.26 1.00 0.26 5.00 NoLiq 64.17 100.00 0.000
0.0E0 0.000 0.000

65.50 0.26 1.00 0.26 5.00 NoLiq 66.65 100.00 0.000
0.0E0 0.000 0.000

65.00 0.27 1.00 0.27 5.00 NoLiq 69.14 100.00 0.000
0.0E0 0.000 0.000

64.50 0.27 1.00 0.27 5.00 NoLiq 63.63 100.00 0.000
0.0E0 0.000 0.000

64.00 0.27 1.00 0.27 5.00 NoLiq 58.10 100.00 0.000
0.0E0 0.000 0.000

63.50 0.27 1.00 0.27 5.00 NoLiq 52.55 100.00 0.000
0.0E0 0.000 0.000

63.00 0.27 1.00 0.27 5.00 NoLiq 46.97 100.00 0.000
0.0E0 0.000 0.000

62.50 0.27 1.00 0.27 5.00 NoLiq 41.36 100.00 0.000
0.0E0 0.000 0.000

62.00 0.27 1.00 0.27 5.00 NoLiq 35.72 100.00 0.000
0.0E0 0.000 0.000

61.50 0.27 1.00 0.27 5.00 NoLiq 30.06 90.19 0.000
0.0E0 0.000 0.000

61.00 0.27 1.00 0.27 5.00 NoLiq 24.37 78.52 0.333
0.0E0 0.000 0.000

60.50 0.27 1.00 0.27 5.00 NoLiq 18.65 68.10 1.446
0.0E0 0.000 0.000

60.00 0.27 1.00 0.27 5.00 NoLiq 12.91 57.06 2.188
0.0E0 0.000 0.000

Page 20



A-11-001.cal
59.50 0.27 1.00 0.27 5.00 NoLiq 13.12 57.49 2.163

0.0E0 0.000 0.000
59.00 0.28 1.00 0.28 5.00 NoLiq 13.32 57.91 2.138

0.0E0 0.000 0.000
58.50 0.28 1.00 0.28 5.00 NoLiq 13.53 58.34 2.112

0.0E0 0.000 0.000
58.00 0.28 1.00 0.28 5.00 NoLiq 13.74 58.77 2.087

0.0E0 0.000 0.000
57.50 0.28 1.00 0.28 5.00 NoLiq 13.95 59.19 2.062

0.0E0 0.000 0.000
57.00 0.28 1.00 0.28 5.00 NoLiq 14.16 59.61 2.036

0.0E0 0.000 0.000
56.50 0.28 1.00 0.28 5.00 NoLiq 14.37 60.04 2.011

0.0E0 0.000 0.000
56.00 0.28 1.00 0.28 5.00 NoLiq 14.58 60.46 1.984

0.0E0 0.000 0.000
55.50 0.28 1.00 0.28 5.00 NoLiq 14.80 60.88 1.956

0.0E0 0.000 0.000
55.00 0.28 1.00 0.28 5.00 NoLiq 15.01 61.30 1.928

0.0E0 0.000 0.000
54.50 0.28 1.00 0.28 5.00 NoLiq 14.90 61.09 1.943

0.0E0 0.000 0.000
54.00 0.28 1.00 0.28 5.00 NoLiq 14.79 60.87 1.957

0.0E0 0.000 0.000
53.50 0.28 1.00 0.28 5.00 NoLiq 14.68 60.65 1.972

0.0E0 0.000 0.000
53.00 0.28 1.00 0.28 5.00 NoLiq 14.57 60.43 1.986

0.0E0 0.000 0.000
52.50 0.28 1.00 0.28 5.00 NoLiq 14.46 60.21 2.001

0.0E0 0.000 0.000
52.00 0.28 1.00 0.28 5.00 NoLiq 14.34 59.98 2.014

0.0E0 0.000 0.000
51.50 0.28 1.00 0.28 5.00 NoLiq 14.23 59.76 2.028

0.0E0 0.000 0.000
51.00 0.28 1.00 0.28 5.00 NoLiq 14.12 59.53 2.042

0.0E0 0.000 0.000
50.50 0.28 1.00 0.28 5.00 NoLiq 14.00 59.30 2.056

0.0E0 0.000 0.000
50.00 0.28 1.00 0.28 5.00 NoLiq 13.89 59.07 2.069

0.0E0 0.000 0.000
49.50 0.28 1.00 0.28 5.00 NoLiq 13.84 58.97 2.075

0.0E0 0.000 0.000
49.00 0.28 1.00 0.28 5.00 NoLiq 13.79 58.87 2.081

0.0E0 0.000 0.000
48.50 0.28 1.00 0.28 5.00 NoLiq 13.74 58.77 2.087

0.0E0 0.000 0.000
48.00 0.28 1.00 0.28 5.00 NoLiq 13.69 58.67 2.093

0.0E0 0.000 0.000
47.50 0.29 1.00 0.29 5.00 NoLiq 13.64 58.57 2.099

0.0E0 0.000 0.000
47.00 0.29 1.00 0.29 5.00 NoLiq 13.59 58.47 2.105

0.0E0 0.000 0.000
46.50 0.29 1.00 0.29 5.00 NoLiq 13.54 58.37 2.111

0.0E0 0.000 0.000
46.00 0.29 1.00 0.29 5.00 NoLiq 13.49 58.26 2.117

0.0E0 0.000 0.000
45.50 0.29 1.00 0.29 5.00 NoLiq 13.44 58.16 2.123

0.0E0 0.000 0.000
45.00 0.29 1.00 0.29 5.00 NoLiq 13.39 58.06 2.129

0.0E0 0.000 0.000
44.50 0.29 1.00 0.29 5.00 NoLiq 14.17 59.64 2.035

0.0E0 0.000 0.000
44.00 0.29 1.00 0.29 5.00 NoLiq 14.95 61.18 1.938
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0.0E0 0.000 0.000

43.50 0.29 1.00 0.29 5.00 NoLiq 15.74 62.70 1.839
0.0E0 0.000 0.000

43.00 0.29 1.00 0.29 5.00 NoLiq 16.53 64.20 1.739
0.0E0 0.000 0.000

42.50 0.28 1.00 0.28 5.00 NoLiq 17.33 65.68 1.638
0.0E0 0.000 0.000

42.00 0.28 1.00 0.28 5.00 NoLiq 18.13 67.15 1.536
0.0E0 0.000 0.000

41.50 0.28 1.00 0.28 5.00 NoLiq 18.93 68.61 1.450
0.0E0 0.000 0.000

41.00 0.28 1.00 0.28 5.00 NoLiq 19.74 70.08 1.373
0.0E0 0.000 0.000

40.50 0.28 1.00 0.28 5.00 NoLiq 20.56 71.55 1.294
0.0E0 0.000 0.000

40.00 0.28 1.00 0.28 5.00 NoLiq 21.38 73.03 1.215
0.0E0 0.000 0.000

39.50 0.28 1.00 0.28 5.00 NoLiq 21.14 72.59 1.236
0.0E0 0.000 0.000

39.00 0.28 1.00 0.28 5.00 NoLiq 20.90 72.16 1.257
0.0E0 0.000 0.000

38.50 0.28 1.00 0.28 5.00 NoLiq 20.66 71.72 1.279
0.0E0 0.000 0.000

38.00 0.28 1.00 0.28 5.00 NoLiq 20.42 71.29 1.300
0.0E0 0.000 0.000

37.50 0.28 1.00 0.28 5.00 NoLiq 20.22 70.93 1.317
0.0E0 0.000 0.000

37.00 0.28 1.00 0.28 5.00 NoLiq 20.02 70.57 1.335
0.0E0 0.000 0.000

36.50 0.28 1.00 0.28 5.00 NoLiq 19.82 70.21 1.352
0.0E0 0.000 0.000

36.00 0.28 1.00 0.28 5.00 NoLiq 19.61 69.84 1.370
0.0E0 0.000 0.000

35.50 0.28 1.00 0.28 5.00 NoLiq 19.41 69.47 1.388
0.0E0 0.000 0.000

35.00 0.28 1.00 0.28 5.00 NoLiq 19.20 69.09 1.406
0.0E0 0.000 0.000

34.95 0.28 1.00 0.28 5.00 NoLiq 19.20 69.09 1.405
0.0E0 0.000 0.000

No Settlement of Saturated Sands

____________________________________________________________________________________
__________

Settlement of Saturated Sands=0.000 in.
qc1 and (N1)60 is after fines correction in liquefaction analysis
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Settlement of Unsaturated Sands:
Settlement of Unsaturated Sands=0 due to Option 5, Calculation settlement 

only in liquefied zone.
Depth sigma' sigC' (N1)60s CSRsf Gmax   g*Ge/Gm g_eff ec7.5 Cec

ec dsz dsp S
ft atm atm atm %

% in. in. in.

____________________________________________________________________________________
____________________________

34.90 1.96 1.27 19.20 0.28 1348.62 4.0E-4 0.1144 0.1188 0.93
0.1103 0.00E0 0.000 0.000

34.50 1.93 1.26 19.21 0.28 1340.75 4.0E-4 0.1136 0.1179 0.93
0.1095 0.00E0 0.000 0.000
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34.00 1.90 1.24 19.23 0.28 1330.84 4.0E-4 0.1126 0.1167 0.93

0.1084 0.00E0 0.000 0.000
33.50 1.87 1.22 19.25 0.28 1320.87 4.0E-4 0.1115 0.1154 0.93

0.1072 0.00E0 0.000 0.000
33.00 1.84 1.20 19.27 0.28 1310.84 4.0E-4 0.1104 0.1142 0.93

0.1060 0.00E0 0.000 0.000
32.50 1.81 1.18 19.29 0.28 1300.74 4.0E-4 0.1093 0.1129 0.93

0.1048 0.00E0 0.000 0.000
32.00 1.78 1.16 19.31 0.29 1290.57 3.9E-4 0.1082 0.1115 0.93

0.1036 0.00E0 0.000 0.000
31.50 1.75 1.14 19.33 0.29 1280.34 3.9E-4 0.1070 0.1101 0.93

0.1023 0.00E0 0.000 0.000
31.00 1.72 1.12 19.35 0.29 1270.02 3.9E-4 0.1058 0.1087 0.93

0.1009 0.00E0 0.000 0.000
30.50 1.70 1.10 19.38 0.29 1259.64 3.9E-4 0.1045 0.1072 0.93

0.0996 0.00E0 0.000 0.000
30.00 1.67 1.08 19.40 0.29 1249.18 3.9E-4 0.1033 0.1058 0.93

0.0982 0.00E0 0.000 0.000
29.50 1.64 1.06 19.84 0.29 1247.29 3.8E-4 0.0994 0.0989 0.93

0.0919 0.00E0 0.000 0.000
29.00 1.61 1.04 20.29 0.29 1245.19 3.8E-4 0.0957 0.0925 0.93

0.0859 0.00E0 0.000 0.000
28.50 1.58 1.03 20.75 0.29 1242.86 3.7E-4 0.0922 0.0865 0.93

0.0804 0.00E0 0.000 0.000
28.00 1.55 1.01 21.21 0.29 1240.32 3.6E-4 0.0888 0.0810 0.93

0.0752 0.00E0 0.000 0.000
27.50 1.52 0.99 20.96 0.29 1223.63 3.6E-4 0.0878 0.0813 0.93

0.0755 0.00E0 0.000 0.000
27.00 1.49 0.97 21.43 0.29 1220.51 3.6E-4 0.0846 0.0762 0.93

0.0707 0.00E0 0.000 0.000
26.50 1.46 0.95 21.90 0.29 1217.17 3.5E-4 0.0815 0.0713 0.93

0.0662 0.00E0 0.000 0.000
26.00 1.43 0.93 22.39 0.29 1213.60 3.5E-4 0.0785 0.0668 0.93

0.0620 0.00E0 0.000 0.000
25.50 1.40 0.91 22.88 0.29 1209.81 3.4E-4 0.0756 0.0625 0.93

0.0580 0.00E0 0.000 0.000
25.00 1.37 0.89 23.39 0.29 1205.77 3.3E-4 0.0728 0.0585 0.93

0.0543 0.00E0 0.000 0.000
24.50 1.34 0.87 22.71 0.29 1181.02 3.3E-4 0.0729 0.0608 0.93

0.0565 0.00E0 0.000 0.000
24.00 1.31 0.85 22.01 0.29 1155.99 3.3E-4 0.0730 0.0635 0.93

0.0589 0.00E0 0.000 0.000
23.50 1.28 0.83 21.29 0.29 1130.68 3.3E-4 0.0732 0.0664 0.93

0.0617 0.00E0 0.000 0.000
23.00 1.25 0.82 20.56 0.30 1105.04 3.4E-4 0.0734 0.0697 0.93

0.0648 0.00E0 0.000 0.000
22.50 1.23 0.80 19.81 0.30 1079.05 3.4E-4 0.0737 0.0735 0.93

0.0683 0.00E0 0.000 0.000
22.00 1.20 0.78 19.05 0.30 1052.68 3.4E-4 0.0742 0.0778 0.93

0.0723 0.00E0 0.000 0.000
21.50 1.17 0.76 18.27 0.30 1025.90 3.4E-4 0.0747 0.0828 0.93

0.0769 0.00E0 0.000 0.000
21.00 1.14 0.74 17.47 0.30 998.66 3.4E-4 0.1359 0.1595 0.93

0.1482 0.00E0 0.000 0.000
20.50 1.11 0.72 16.65 0.30 970.90 3.4E-4 0.1386 0.1732 0.93

0.1608 0.00E0 0.000 0.000
20.00 1.09 0.71 15.81 0.30 942.57 3.4E-4 0.1419 0.1896 0.93

0.1761 0.00E0 0.000 0.000
19.50 1.06 0.69 16.31 0.30 940.36 3.4E-4 0.1304 0.1673 0.93

0.1554 0.00E0 0.000 0.000
19.00 1.03 0.67 16.82 0.30 937.83 3.3E-4 0.1200 0.1479 0.93

0.1374 0.00E0 0.000 0.000
18.50 1.01 0.65 17.35 0.30 934.97 3.2E-4 0.1106 0.1310 0.93
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0.1216 0.00E0 0.000 0.000

18.00 0.98 0.64 17.89 0.30 931.77 3.1E-4 0.1020 0.1161 0.93
0.1079 0.00E0 0.000 0.000

17.50 0.95 0.62 18.45 0.30 928.22 3.1E-4 0.0943 0.1031 0.93
0.0958 0.00E0 0.000 0.000

17.00 0.92 0.60 19.03 0.30 924.34 3.0E-4 0.0873 0.0917 0.93
0.0851 0.00E0 0.000 0.000

16.50 0.90 0.58 19.63 0.30 920.09 2.9E-4 0.0809 0.0816 0.93
0.0758 0.00E0 0.000 0.000

16.00 0.87 0.57 20.25 0.30 915.48 2.9E-4 0.0751 0.0727 0.93
0.0675 0.00E0 0.000 0.000

15.50 0.84 0.55 20.53 0.30 905.25 2.8E-4 0.0709 0.0675 0.93
0.0627 0.00E0 0.000 0.000

15.00 0.82 0.53 19.40 0.30 873.88 2.8E-4 0.0717 0.0734 0.93
0.0682 0.00E0 0.000 0.000

14.50 0.79 0.51 17.81 0.30 835.01 2.8E-4 0.0744 0.0852 0.93
0.0791 0.00E0 0.000 0.000

14.00 0.76 0.49 17.73 0.30 819.24 2.8E-4 0.0713 0.0821 0.93
0.0762 0.00E0 0.000 0.000

13.50 0.73 0.48 17.65 0.30 803.27 2.8E-4 0.0682 0.0790 0.93
0.0733 0.00E0 0.000 0.000

13.00 0.71 0.46 17.57 0.30 787.09 2.7E-4 0.0651 0.0759 0.93
0.0705 0.00E0 0.000 0.000

12.50 0.68 0.44 17.49 0.30 770.68 2.7E-4 0.0622 0.0729 0.93
0.0677 0.00E0 0.000 0.000

12.00 0.65 0.42 17.42 0.30 754.04 2.6E-4 0.0593 0.0699 0.93
0.0649 0.00E0 0.000 0.000

11.50 0.62 0.41 17.35 0.30 737.14 2.6E-4 0.0565 0.0670 0.93
0.0622 0.00E0 0.000 0.000

11.00 0.60 0.39 17.28 0.30 719.97 2.5E-4 0.0538 0.0641 0.93
0.0595 0.00E0 0.000 0.000

10.50 0.57 0.37 17.21 0.30 702.51 2.5E-4 0.0511 0.0612 0.93
0.0568 0.00E0 0.000 0.000

10.00 0.54 0.35 17.15 0.30 684.75 2.4E-4 0.0486 0.0584 0.93
0.0542 0.00E0 0.000 0.000

9.50 0.52 0.34 17.65 0.31 673.84 2.3E-4 0.0559 0.0648 0.93
0.0602 0.00E0 0.000 0.000

9.00 0.49 0.32 18.18 0.31 662.44 2.3E-4 0.0498 0.0554 0.93
0.0515 0.00E0 0.000 0.000

8.50 0.46 0.30 18.76 0.31 650.52 2.2E-4 0.0451 0.0482 0.93
0.0448 0.00E0 0.000 0.000

8.00 0.43 0.28 17.70 0.31 618.97 2.2E-4 0.0441 0.0509 0.93
0.0473 0.00E0 0.000 0.000

7.50 0.41 0.26 18.30 0.31 606.01 2.1E-4 0.0406 0.0449 0.93
0.0417 0.00E0 0.000 0.000

7.00 0.38 0.25 18.96 0.31 592.37 2.0E-4 0.0389 0.0411 0.93
0.0382 0.00E0 0.000 0.000

6.50 0.35 0.23 19.68 0.31 578.00 1.9E-4 0.0362 0.0364 0.93
0.0338 0.00E0 0.000 0.000

6.00 0.33 0.21 20.03 0.31 558.62 1.8E-4 0.0339 0.0333 0.93
0.0309 0.00E0 0.000 0.000

5.50 0.30 0.19 20.23 0.31 536.61 1.7E-4 0.0318 0.0308 0.93
0.0286 0.00E0 0.000 0.000

5.00 0.27 0.18 20.44 0.31 513.33 1.6E-4 0.0297 0.0284 0.93
0.0264 0.00E0 0.000 0.000

4.50 0.24 0.16 20.64 0.31 488.57 1.5E-4 0.0276 0.0261 0.93
0.0242 0.00E0 0.000 0.000

4.00 0.22 0.14 20.84 0.31 462.12 1.5E-4 0.0279 0.0260 0.93
0.0242 0.00E0 0.000 0.000

3.50 0.19 0.12 21.04 0.31 433.66 1.4E-4 0.0253 0.0233 0.93
0.0217 0.00E0 0.000 0.000

3.00 0.16 0.11 21.24 0.31 402.76 1.3E-4 0.0232 0.0211 0.93
0.0196 0.00E0 0.000 0.000
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2.50 0.14 0.09 21.44 0.31 368.83 1.1E-4 0.0243 0.0218 0.93

0.0203 0.00E0 0.000 0.000
2.00 0.11 0.07 21.64 0.31 330.92 1.0E-4 0.0206 0.0183 0.93

0.0170 0.00E0 0.000 0.000
1.50 0.08 0.05 21.84 0.31 287.47 8.8E-5 0.0163 0.0143 0.93

0.0133 0.00E0 0.000 0.000
1.00 0.05 0.04 22.04 0.31 235.44 7.2E-5 0.0120 0.0104 0.93

0.0096 0.00E0 0.000 0.000
0.50 0.03 0.02 22.24 0.31 167.00 5.1E-5 0.0071 0.0061 0.93

0.0057 0.00E0 0.000 0.000
0.00 0.00 0.00 22.44 0.31 3.21 9.7E-7 0.0010 0.0009 0.93

0.0008 0.00E0 0.000 0.000
Settlement of Unsaturated Sands

____________________________________________________________________________________
____________________________

Settlement of Unsaturated Sands=0.000 in.
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Total Settlement of Saturated and Unsaturated Sands=0.000 in.
Differential Settlement=0.000 to 0.000 in.

Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = 
pcf; Depth = ft; Settlement = in. 

____________________________________________________________________________________
_____________

1 atm (atmosphere) = 1.0581 tsf(1 tsf = 1 ton/ft2 = 2 kip/ft2)
1 atm (atmosphere) = 101.325 kPa(1 kPa = 1 kN/m2 = 0.001 Mpa)
SPT Field data from Standard Penetration Test (SPT)
BPT Field data from Becker Penetration Test (BPT)
qc Field data from Cone Penetration Test (CPT) [atm (tsf)]
fs Friction from CPT testing [atm (tsf)]
Rf Ratio of fs/qc (%)
gamma Total unit weight of soil
gamma' Effective unit weight of soil
Fines Fines content [%]  
D50 Mean grain size       
Dr   Relative Density
sigma Total vertical stress [atm]
sigma' Effective vertical stress [atm]
sigC' Effective confining pressure [atm] 
rd  Acceleration reduction coefficient by Seed
a_max. Peak Ground Acceleration (PGA) in ground surface
mZ  Linear acceleration reduction coefficient X depth
a_min. Minimum acceleration under linear reduction, mZ
CRRv  CRR after overburden stress correction, CRRv=CRR7.5 * Ksig
  CRR7.5 Cyclic resistance ratio (M=7.5)
  Ksig Overburden stress correction factor for CRR7.5
CRRm After magnitude scaling correction CRRm=CRRv * MSF
  MSF  Magnitude scaling factor from M=7.5 to user input M 
CSR Cyclic stress ratio induced by earthquake
CSRfs CSRfs=CSR*fs1 (Default fs1=1)
  fs1 First CSR curve in graphic defined in #9 of Advanced page
  fs2 2nd CSR curve in graphic defined in #9 of Advanced page
F.S. Calculated factor of safety against liquefaction 

F.S.=CRRm/CSRsf
Cebs Energy Ratio, Borehole Dia., and Sampling Method Corrections
Cr Rod Length Corrections
Cn  Overburden Pressure Correction
(N1)60 SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
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d(N1)60 Fines correction of SPT
(N1)60f (N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Cq  Overburden stress correction factor
qc1 CPT after Overburden stress correction
dqc1 Fines correction of CPT
qc1f CPT after Fines and Overburden correction, qc1f=qc1 + dqc1
qc1n CPT after normalization in Robertson's method
Kc  Fine correction factor in Robertson's Method
qc1f CPT after Fines correction in Robertson's Method
Ic  Soil type index in Suzuki's and Robertson's Methods
(N1)60s (N1)60 after settlement fines corrections
CSRm After magnitude scaling correction for Settlement 

calculation  CSRm=CSRsf / MSF*
  CSRfs Cyclic stress ratio induced by earthquake with user 

inputed fs
  MSF*  Scaling factor from CSR, MSF*=1, based on Item 2 of 

Page C.
ec Volumetric strain for saturated sands
dz  Calculation segment, dz=0.050 ft
dsz    Settlement in each segment, dz
dp    User defined print interval
dsp    Settlement in each print interval, dp
Gmax Shear Modulus at low strain
g_eff gamma_eff, Effective shear Strain
g*Ge/Gm gamma_eff * G_eff/G_max, Strain-modulus ratio
ec7.5 Volumetric Strain for magnitude=7.5
Cec Magnitude correction factor for any magnitude
ec Volumetric strain for unsaturated sands, ec=Cec * ec7.5
NoLiq No-Liquefy Soils

References:

____________________________________________________________________________________
1. NCEER Workshop on Evaluation of Liquefaction Resistance of Soils. Youd, 

T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.
   SP117. Southern California Earthquake Center. Recommended Procedures for 

Implementation of DMG Special Publication 117, Guidelines for
   Analyzing and Mitigating Liquefaction in California. University of 

Southern California. March 1999.
2. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING AND SEISMIC SITE 

RESPONSE EVALUATION, Paper No. SPL-2, PROCEEDINGS: Fourth
   International Conference on Recent Advances in Geotechnical Earthquake 

Engineering and Soil Dynamics, San Diego, CA, March 2001.
3. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING: A UNIFIED AND 

CONSISTENT FRAMEWORK, Earthquake Engineering Research Center,
   Report No. EERC 2003-06 by R.B Seed and etc. April 2003.

Note: Print Interval you selected does not show complete results. To get 
complete results, you should select 'Segment' in Print Interval (Item 12, Page C).
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CH2M HILL

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Hampshire Road UC Plate A-1

Hole No.=A-11-003    Water Depth=34.9 ft    Surface Elev.=922.4 Magnitude=7

Acceleration=0.48g
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************************************************************************************
*******************
                                    LIQUEFACTION ANALYSIS CALCULATION DETAILS       
        
                                          Copyright by CivilTech Software     
                                               www.civiltechsoftware.com            
    
    
************************************************************************************
*******************

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 10/20/2011 12:10:52 PM

Input File Name: 
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Hampshire Rd UC\Analysis\Liquefaction\A-11-003.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Hampshire Road UC

 Input Data:
Surface Elev.=922.4
Hole No.=A-11-003
Depth of Hole=84.00 ft
Water Table during Earthquake= 34.90 ft
Water Table during In-Situ Testing= 60.00 ft
Max. Acceleration=0.48 g
Earthquake Magnitude=7.00
No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   
1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu/Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Average two input data between two Depths: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT Gamma Fines
ft pcf %
__________________________________
0.00 10.00 115.00 25.00
10.00 100.00 115.00 NoLiq
15.00 27.00 115.00 25.00
20.00 8.00 115.00 NoLiq
25.00 20.00 125.00 NoLiq
30.00 28.00 125.00 NoLiq
35.00 25.00 125.00 NoLiq
40.00 30.00 120.00 NoLiq
45.00 37.00 120.00 NoLiq
50.00 31.00 120.00 NoLiq
55.00 24.00 120.00 NoLiq
60.00 29.00 120.00 NoLiq
65.00 50.00 120.00 25.00
70.00 41.00 125.00 NoLiq
76.00 22.00 125.00 NoLiq
79.90 40.00 125.00 NoLiq
80.00 42.00 125.00 8.00
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__________________________________

 Output Results:
Calculation segment, dz=0.050 ft
User defined Print Interval, dp=0.50 ft

Acceleration Amplification:
  a(z)=a_max-mZ=a0+m(H-z),  a_max=a0+mH,  m=(a_max-a0)/H
User defined a0 (acceleration at bottom of profile) = 0.000 g
Maximum acceleration on surface, a_max = 0.480 g
amplification factor, m = 0.000
Depth of a0,  H = 84.00

CSR Calculation:
Depth gamma sigma gamma' sigma'  rd mZ a(z) CSR x 

fs1 =CSRfs
ft pcf atm pcf atm  g g

____________________________________________________________________________________
_

0.00 115.00 0.000 115.00 0.000 1.00 0.000 0.480 0.31 1.00
0.31

0.50 115.00 0.027 115.00 0.027 1.00 0.000 0.480 0.31 1.00
0.31

1.00 115.00 0.054 115.00 0.054 1.00 0.000 0.480 0.31 1.00
0.31

1.50 115.00 0.082 115.00 0.082 1.00 0.000 0.480 0.31 1.00
0.31

2.00 115.00 0.109 115.00 0.109 1.00 0.000 0.480 0.31 1.00
0.31

2.50 115.00 0.136 115.00 0.136 0.99 0.000 0.480 0.31 1.00
0.31

3.00 115.00 0.163 115.00 0.163 0.99 0.000 0.480 0.31 1.00
0.31

3.50 115.00 0.190 115.00 0.190 0.99 0.000 0.480 0.31 1.00
0.31

4.00 115.00 0.217 115.00 0.217 0.99 0.000 0.480 0.31 1.00
0.31

4.50 115.00 0.245 115.00 0.245 0.99 0.000 0.480 0.31 1.00
0.31

5.00 115.00 0.272 115.00 0.272 0.99 0.000 0.480 0.31 1.00
0.31

5.50 115.00 0.299 115.00 0.299 0.99 0.000 0.480 0.31 1.00
0.31

6.00 115.00 0.326 115.00 0.326 0.99 0.000 0.480 0.31 1.00
0.31

6.50 115.00 0.353 115.00 0.353 0.98 0.000 0.480 0.31 1.00
0.31

7.00 115.00 0.380 115.00 0.380 0.98 0.000 0.480 0.31 1.00
0.31

7.50 115.00 0.408 115.00 0.408 0.98 0.000 0.480 0.31 1.00
0.31

8.00 115.00 0.435 115.00 0.435 0.98 0.000 0.480 0.31 1.00
0.31

8.50 115.00 0.462 115.00 0.462 0.98 0.000 0.480 0.31 1.00
0.31

9.00 115.00 0.489 115.00 0.489 0.98 0.000 0.480 0.31 1.00
0.31

9.50 115.00 0.516 115.00 0.516 0.98 0.000 0.480 0.31 1.00
0.31

10.00 115.00 0.543 115.00 0.543 0.98 0.000 0.480 0.30 1.00
0.30
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10.50 115.00 0.571 115.00 0.571 0.98 0.000 0.480 0.30 1.00

0.30
11.00 115.00 0.598 115.00 0.598 0.97 0.000 0.480 0.30 1.00

0.30
11.50 115.00 0.625 115.00 0.625 0.97 0.000 0.480 0.30 1.00

0.30
12.00 115.00 0.652 115.00 0.652 0.97 0.000 0.480 0.30 1.00

0.30
12.50 115.00 0.679 115.00 0.679 0.97 0.000 0.480 0.30 1.00

0.30
13.00 115.00 0.706 115.00 0.706 0.97 0.000 0.480 0.30 1.00

0.30
13.50 115.00 0.734 115.00 0.734 0.97 0.000 0.480 0.30 1.00

0.30
14.00 115.00 0.761 115.00 0.761 0.97 0.000 0.480 0.30 1.00

0.30
14.50 115.00 0.788 115.00 0.788 0.97 0.000 0.480 0.30 1.00

0.30
15.00 115.00 0.815 115.00 0.815 0.97 0.000 0.480 0.30 1.00

0.30
15.50 115.00 0.842 115.00 0.842 0.96 0.000 0.480 0.30 1.00

0.30
16.00 115.00 0.869 115.00 0.869 0.96 0.000 0.480 0.30 1.00

0.30
16.50 115.00 0.897 115.00 0.897 0.96 0.000 0.480 0.30 1.00

0.30
17.00 115.00 0.924 115.00 0.924 0.96 0.000 0.480 0.30 1.00

0.30
17.50 115.00 0.951 115.00 0.951 0.96 0.000 0.480 0.30 1.00

0.30
18.00 115.00 0.978 115.00 0.978 0.96 0.000 0.480 0.30 1.00

0.30
18.50 115.00 1.005 115.00 1.005 0.96 0.000 0.480 0.30 1.00

0.30
19.00 115.00 1.033 115.00 1.033 0.96 0.000 0.480 0.30 1.00

0.30
19.50 115.00 1.060 115.00 1.060 0.95 0.000 0.480 0.30 1.00

0.30
20.00 115.00 1.087 115.00 1.087 0.95 0.000 0.480 0.30 1.00

0.30
20.50 116.00 1.114 116.00 1.114 0.95 0.000 0.480 0.30 1.00

0.30
21.00 117.00 1.142 117.00 1.142 0.95 0.000 0.480 0.30 1.00

0.30
21.50 118.00 1.169 118.00 1.169 0.95 0.000 0.480 0.30 1.00

0.30
22.00 119.00 1.197 119.00 1.197 0.95 0.000 0.480 0.30 1.00

0.30
22.50 120.00 1.226 120.00 1.226 0.95 0.000 0.480 0.30 1.00

0.30
23.00 121.00 1.254 121.00 1.254 0.95 0.000 0.480 0.30 1.00

0.30
23.50 122.00 1.283 122.00 1.283 0.95 0.000 0.480 0.29 1.00

0.29
24.00 123.00 1.312 123.00 1.312 0.94 0.000 0.480 0.29 1.00

0.29
24.50 124.00 1.341 124.00 1.341 0.94 0.000 0.480 0.29 1.00

0.29
25.00 125.00 1.370 125.00 1.370 0.94 0.000 0.480 0.29 1.00

0.29
25.50 125.00 1.400 125.00 1.400 0.94 0.000 0.480 0.29 1.00

0.29
26.00 125.00 1.429 125.00 1.429 0.94 0.000 0.480 0.29 1.00
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0.29

26.50 125.00 1.459 125.00 1.459 0.94 0.000 0.480 0.29 1.00
0.29

27.00 125.00 1.488 125.00 1.488 0.94 0.000 0.480 0.29 1.00
0.29

27.50 125.00 1.518 125.00 1.518 0.94 0.000 0.480 0.29 1.00
0.29

28.00 125.00 1.547 125.00 1.547 0.93 0.000 0.480 0.29 1.00
0.29

28.50 125.00 1.577 125.00 1.577 0.93 0.000 0.480 0.29 1.00
0.29

29.00 125.00 1.607 125.00 1.607 0.93 0.000 0.480 0.29 1.00
0.29

29.50 125.00 1.636 125.00 1.636 0.93 0.000 0.480 0.29 1.00
0.29

30.00 125.00 1.666 125.00 1.666 0.93 0.000 0.480 0.29 1.00
0.29

30.50 125.00 1.695 125.00 1.695 0.93 0.000 0.480 0.29 1.00
0.29

31.00 125.00 1.725 125.00 1.725 0.92 0.000 0.480 0.29 1.00
0.29

31.50 125.00 1.754 125.00 1.754 0.92 0.000 0.480 0.29 1.00
0.29

32.00 125.00 1.784 125.00 1.784 0.91 0.000 0.480 0.29 1.00
0.29

32.50 125.00 1.813 125.00 1.813 0.91 0.000 0.480 0.28 1.00
0.28

33.00 125.00 1.843 125.00 1.843 0.91 0.000 0.480 0.28 1.00
0.28

33.50 125.00 1.872 125.00 1.872 0.90 0.000 0.480 0.28 1.00
0.28

34.00 125.00 1.902 125.00 1.902 0.90 0.000 0.480 0.28 1.00
0.28

34.50 125.00 1.931 125.00 1.931 0.89 0.000 0.480 0.28 1.00
0.28

35.00 125.00 1.961 62.60 1.959 0.89 0.000 0.480 0.28 1.00
0.28

35.50 124.50 1.990 62.10 1.974 0.89 0.000 0.480 0.28 1.00
0.28

36.00 124.00 2.020 61.60 1.989 0.88 0.000 0.480 0.28 1.00
0.28

36.50 123.50 2.049 61.10 2.003 0.88 0.000 0.480 0.28 1.00
0.28

37.00 123.00 2.078 60.60 2.018 0.87 0.000 0.480 0.28 1.00
0.28

37.50 122.50 2.107 60.10 2.032 0.87 0.000 0.480 0.28 1.00
0.28

38.00 122.00 2.136 59.60 2.046 0.86 0.000 0.480 0.28 1.00
0.28

38.50 121.50 2.165 59.10 2.060 0.86 0.000 0.480 0.28 1.00
0.28

39.00 121.00 2.193 58.60 2.074 0.86 0.000 0.480 0.28 1.00
0.28

39.50 120.50 2.222 58.10 2.088 0.85 0.000 0.480 0.28 1.00
0.28

40.00 120.00 2.250 57.60 2.102 0.85 0.000 0.480 0.28 1.00
0.28

40.50 120.00 2.279 57.60 2.115 0.84 0.000 0.480 0.28 1.00
0.28

41.00 120.00 2.307 57.60 2.129 0.84 0.000 0.480 0.28 1.00
0.28

41.50 120.00 2.336 57.60 2.142 0.84 0.000 0.480 0.28 1.00
0.28
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42.00 120.00 2.364 57.60 2.156 0.83 0.000 0.480 0.28 1.00

0.28
42.50 120.00 2.392 57.60 2.170 0.83 0.000 0.480 0.28 1.00

0.28
43.00 120.00 2.421 57.60 2.183 0.82 0.000 0.480 0.29 1.00

0.29
43.50 120.00 2.449 57.60 2.197 0.82 0.000 0.480 0.29 1.00

0.29
44.00 120.00 2.477 57.60 2.210 0.82 0.000 0.480 0.29 1.00

0.29
44.50 120.00 2.506 57.60 2.224 0.81 0.000 0.480 0.29 1.00

0.29
45.00 120.00 2.534 57.60 2.238 0.81 0.000 0.480 0.29 1.00

0.29
45.50 120.00 2.562 57.60 2.251 0.80 0.000 0.480 0.29 1.00

0.29
46.00 120.00 2.591 57.60 2.265 0.80 0.000 0.480 0.29 1.00

0.29
46.50 120.00 2.619 57.60 2.278 0.80 0.000 0.480 0.29 1.00

0.29
47.00 120.00 2.647 57.60 2.292 0.79 0.000 0.480 0.29 1.00

0.29
47.50 120.00 2.676 57.60 2.306 0.79 0.000 0.480 0.29 1.00

0.29
48.00 120.00 2.704 57.60 2.319 0.78 0.000 0.480 0.28 1.00

0.28
48.50 120.00 2.732 57.60 2.333 0.78 0.000 0.480 0.28 1.00

0.28
49.00 120.00 2.761 57.60 2.347 0.78 0.000 0.480 0.28 1.00

0.28
49.50 120.00 2.789 57.60 2.360 0.77 0.000 0.480 0.28 1.00

0.28
50.00 120.00 2.818 57.60 2.374 0.77 0.000 0.480 0.28 1.00

0.28
50.50 120.00 2.846 57.60 2.387 0.76 0.000 0.480 0.28 1.00

0.28
51.00 120.00 2.874 57.60 2.401 0.76 0.000 0.480 0.28 1.00

0.28
51.50 120.00 2.903 57.60 2.415 0.75 0.000 0.480 0.28 1.00

0.28
52.00 120.00 2.931 57.60 2.428 0.75 0.000 0.480 0.28 1.00

0.28
52.50 120.00 2.959 57.60 2.442 0.75 0.000 0.480 0.28 1.00

0.28
53.00 120.00 2.988 57.60 2.455 0.74 0.000 0.480 0.28 1.00

0.28
53.50 120.00 3.016 57.60 2.469 0.74 0.000 0.480 0.28 1.00

0.28
54.00 120.00 3.044 57.60 2.483 0.73 0.000 0.480 0.28 1.00

0.28
54.50 120.00 3.073 57.60 2.496 0.73 0.000 0.480 0.28 1.00

0.28
55.00 120.00 3.101 57.60 2.510 0.73 0.000 0.480 0.28 1.00

0.28
55.50 120.00 3.129 57.60 2.523 0.72 0.000 0.480 0.28 1.00

0.28
56.00 120.00 3.158 57.60 2.537 0.72 0.000 0.480 0.28 1.00

0.28
56.50 120.00 3.186 57.60 2.551 0.71 0.000 0.480 0.28 1.00

0.28
57.00 120.00 3.214 57.60 2.564 0.71 0.000 0.480 0.28 1.00

0.28
57.50 120.00 3.243 57.60 2.578 0.71 0.000 0.480 0.28 1.00
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0.28

58.00 120.00 3.271 57.60 2.591 0.70 0.000 0.480 0.28 1.00
0.28

58.50 120.00 3.300 57.60 2.605 0.70 0.000 0.480 0.28 1.00
0.28

59.00 120.00 3.328 57.60 2.619 0.69 0.000 0.480 0.28 1.00
0.28

59.50 120.00 3.356 57.60 2.632 0.69 0.000 0.480 0.27 1.00
0.27

60.00 120.00 3.385 57.60 2.646 0.69 0.000 0.480 0.27 1.00
0.27

60.50 120.00 3.413 57.60 2.660 0.68 0.000 0.480 0.27 1.00
0.27

61.00 120.00 3.441 57.60 2.673 0.68 0.000 0.480 0.27 1.00
0.27

61.50 120.00 3.470 57.60 2.687 0.67 0.000 0.480 0.27 1.00
0.27

62.00 120.00 3.498 57.60 2.700 0.67 0.000 0.480 0.27 1.00
0.27

62.50 120.00 3.526 57.60 2.714 0.67 0.000 0.480 0.27 1.00
0.27

63.00 120.00 3.555 57.60 2.728 0.66 0.000 0.480 0.27 1.00
0.27

63.50 120.00 3.583 57.60 2.741 0.66 0.000 0.480 0.27 1.00
0.27

64.00 120.00 3.611 57.60 2.755 0.65 0.000 0.480 0.27 1.00
0.27

64.50 120.00 3.640 57.60 2.768 0.65 0.000 0.480 0.27 1.00
0.27

65.00 120.00 3.668 57.60 2.782 0.65 0.000 0.480 0.27 1.00
0.27

65.50 120.50 3.696 58.10 2.796 0.64 0.000 0.480 0.26 1.00
0.26

66.00 121.00 3.725 58.60 2.809 0.64 0.000 0.480 0.26 1.00
0.26

66.50 121.50 3.754 59.10 2.823 0.63 0.000 0.480 0.26 1.00
0.26

67.00 122.00 3.782 59.60 2.837 0.63 0.000 0.480 0.26 1.00
0.26

67.50 122.50 3.811 60.10 2.851 0.62 0.000 0.480 0.26 1.00
0.26

68.00 123.00 3.840 60.60 2.866 0.62 0.000 0.480 0.26 1.00
0.26

68.50 123.50 3.869 61.10 2.880 0.62 0.000 0.480 0.26 1.00
0.26

69.00 124.00 3.899 61.60 2.895 0.61 0.000 0.480 0.26 1.00
0.26

69.50 124.50 3.928 62.10 2.909 0.61 0.000 0.480 0.26 1.00
0.26

70.00 125.00 3.957 62.60 2.924 0.60 0.000 0.480 0.26 1.00
0.26

70.50 125.00 3.987 62.60 2.939 0.60 0.000 0.480 0.25 1.00
0.25

71.00 125.00 4.017 62.60 2.954 0.60 0.000 0.480 0.25 1.00
0.25

71.50 125.00 4.046 62.60 2.968 0.59 0.000 0.480 0.25 1.00
0.25

72.00 125.00 4.076 62.60 2.983 0.59 0.000 0.480 0.25 1.00
0.25

72.50 125.00 4.105 62.60 2.998 0.58 0.000 0.480 0.25 1.00
0.25

73.00 125.00 4.135 62.60 3.013 0.58 0.000 0.480 0.25 1.00
0.25
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73.50 125.00 4.164 62.60 3.027 0.58 0.000 0.480 0.25 1.00

0.25
74.00 125.00 4.194 62.60 3.042 0.57 0.000 0.480 0.25 1.00

0.25
74.50 125.00 4.223 62.60 3.057 0.57 0.000 0.480 0.24 1.00

0.24
75.00 125.00 4.253 62.60 3.072 0.56 0.000 0.480 0.24 1.00

0.24
75.50 125.00 4.282 62.60 3.087 0.56 0.000 0.480 0.24 1.00

0.24
76.00 125.00 4.312 62.60 3.101 0.56 0.000 0.480 0.24 1.00

0.24
76.50 125.00 4.341 62.60 3.116 0.56 0.000 0.480 0.24 1.00

0.24
77.00 125.00 4.371 62.60 3.131 0.56 0.000 0.480 0.24 1.00

0.24
77.50 125.00 4.400 62.60 3.146 0.56 0.000 0.480 0.24 1.00

0.24
78.00 125.00 4.430 62.60 3.161 0.55 0.000 0.480 0.24 1.00

0.24
78.50 125.00 4.460 62.60 3.175 0.55 0.000 0.480 0.24 1.00

0.24
79.00 125.00 4.489 62.60 3.190 0.55 0.000 0.480 0.24 1.00

0.24
79.50 125.00 4.519 62.60 3.205 0.55 0.000 0.480 0.24 1.00

0.24
80.00 125.00 4.548 62.60 3.220 0.55 0.000 0.480 0.24 1.00

0.24
80.50 125.00 4.578 62.60 3.235 0.55 0.000 0.480 0.24 1.00

0.24
81.00 125.00 4.607 62.60 3.249 0.55 0.000 0.480 0.24 1.00

0.24
81.50 125.00 4.637 62.60 3.264 0.55 0.000 0.480 0.24 1.00

0.24
82.00 125.00 4.666 62.60 3.279 0.54 0.000 0.480 0.24 1.00

0.24
82.50 125.00 4.696 62.60 3.294 0.54 0.000 0.480 0.24 1.00

0.24
83.00 125.00 4.725 62.60 3.309 0.54 0.000 0.480 0.24 1.00

0.24
83.50 125.00 4.755 62.60 3.323 0.54 0.000 0.480 0.24 1.00

0.24
84.00 125.00 4.784 62.60 3.338 0.54 0.000 0.480 0.24 1.00

0.24

____________________________________________________________________________________
_

CSR is based on water table at 34.90 during earthquake

CRR Calculation from SPT or BPT data:
Depth SPT Cebs Cr sigma' Cn (N1)60 Fines d(N1)60

(N1)60f CRR7.5
ft atm %

____________________________________________________________________________________
_

0.00 10.00 1.05 0.75 0.000 1.70 13.39 25.00 4.80
18.19 0.20

0.50 14.50 1.05 0.75 0.027 1.70 19.41 28.80 5.71
25.12 0.28

1.00 19.00 1.05 0.75 0.054 1.70 25.44 32.60 6.62
32.06 2.00

1.50 23.50 1.05 0.75 0.082 1.70 31.46 36.40 7.20
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38.66 2.00

2.00 28.00 1.05 0.75 0.109 1.70 37.48 40.20 7.20
44.68 2.00

2.50 32.50 1.05 0.75 0.136 1.70 43.51 44.00 7.20
50.71 2.00

3.00 37.00 1.05 0.75 0.163 1.70 49.53 47.80 7.20
56.73 2.00

3.50 41.50 1.05 0.75 0.190 1.70 55.56 51.60 7.20
62.76 2.00

4.00 46.00 1.05 0.75 0.217 1.70 61.58 55.40 7.20
68.78 2.00

4.50 50.50 1.05 0.75 0.245 1.70 67.61 59.20 7.20
74.81 2.00

5.00 55.00 1.05 0.75 0.272 1.70 73.63 63.00 7.20
80.83 2.00

5.50 59.50 1.05 0.75 0.299 1.70 79.66 66.80 7.20
86.86 2.00

6.00 64.00 1.05 0.75 0.326 1.70 85.68 70.60 7.20
92.88 2.00

6.50 68.50 1.05 0.75 0.353 1.68 90.76 74.40 7.20
97.96 2.00

7.00 73.00 1.05 0.75 0.380 1.62 93.21 78.20 7.20
100.41 2.00

7.50 77.50 1.05 0.75 0.408 1.57 95.60 82.00 7.20
102.80 2.00

8.00 82.00 1.05 0.75 0.435 1.52 97.94 85.80 7.20
105.14 2.00

8.50 86.50 1.05 0.85 0.462 1.47 113.59 89.60 7.20
120.79 2.00

9.00 91.00 1.05 0.85 0.489 1.43 116.13 93.40 7.20
123.33 2.00

9.50 95.50 1.05 0.85 0.516 1.39 118.62 97.20 7.20
125.82 2.00

10.00 100.00 1.05 0.85 0.543 1.36 121.07 NoLiq 7.20
128.27 2.00

10.50 92.70 1.05 0.85 0.571 1.32 109.53 93.40 7.20
116.73 2.00

11.00 85.40 1.05 0.85 0.598 1.29 98.58 85.80 7.20
105.78 2.00

11.50 78.10 1.05 0.85 0.625 1.26 88.17 78.20 7.20
95.37 2.00

12.00 70.80 1.05 0.85 0.652 1.24 78.25 70.60 7.20
85.45 2.00

12.50 63.50 1.05 0.85 0.679 1.21 68.76 63.00 7.20
75.96 2.00

13.00 56.20 1.05 0.85 0.706 1.19 59.68 55.40 7.20
66.88 2.00

13.50 48.90 1.05 0.85 0.734 1.17 50.95 47.80 7.20
58.15 2.00

14.00 41.60 1.05 0.85 0.761 1.15 42.57 40.20 7.20
49.77 2.00

14.50 34.30 1.05 0.85 0.788 1.13 34.49 32.60 6.62
41.11 2.00

15.00 27.00 1.05 0.95 0.815 1.11 29.83 25.00 4.80
34.63 2.00

15.50 25.10 1.05 0.95 0.842 1.09 27.28 32.60 6.62
33.90 2.00

16.00 23.20 1.05 0.95 0.869 1.07 24.82 40.20 7.20
32.02 2.00

16.50 21.30 1.05 0.95 0.897 1.06 22.44 47.80 7.20
29.64 0.41

17.00 19.40 1.05 0.95 0.924 1.04 20.13 55.40 7.20
27.33 0.33
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17.50 17.50 1.05 0.95 0.951 1.03 17.90 63.00 7.20

25.10 0.28
18.00 15.60 1.05 0.95 0.978 1.01 15.73 70.60 7.20

22.93 0.25
18.50 13.70 1.05 0.95 1.005 1.00 13.63 78.20 7.20

20.83 0.23
19.00 11.80 1.05 0.95 1.033 0.98 11.58 85.80 7.20

18.78 0.20
19.50 9.90 1.05 0.95 1.060 0.97 9.59 93.40 7.20

16.79 0.18
20.00 8.00 1.05 0.95 1.087 0.96 7.65 NoLiq 7.20

14.85 0.16
20.50 9.20 1.05 0.95 1.114 0.95 8.69 NoLiq 7.20

15.89 0.17
21.00 10.40 1.05 0.95 1.142 0.94 9.71 NoLiq 7.20

16.91 0.18
21.50 11.60 1.05 0.95 1.169 0.92 10.70 NoLiq 7.20

17.90 0.19
22.00 12.80 1.05 0.95 1.197 0.91 11.67 NoLiq 7.20

18.87 0.20
22.50 14.00 1.05 0.95 1.226 0.90 12.61 NoLiq 7.20

19.81 0.21
23.00 15.20 1.05 0.95 1.254 0.89 13.54 NoLiq 7.20

20.74 0.22
23.50 16.40 1.05 0.95 1.283 0.88 14.44 NoLiq 7.20

21.64 0.24
24.00 17.60 1.05 0.95 1.312 0.87 15.33 NoLiq 7.20

22.53 0.25
24.50 18.80 1.05 0.95 1.341 0.86 16.19 NoLiq 7.20

23.39 0.26
25.00 20.00 1.05 0.95 1.370 0.85 17.04 NoLiq 7.20

24.24 0.27
25.50 20.80 1.05 0.95 1.400 0.85 17.54 NoLiq 7.20

24.74 0.28
26.00 21.60 1.05 0.95 1.429 0.84 18.02 NoLiq 7.20

25.22 0.29
26.50 22.40 1.05 0.95 1.459 0.83 18.50 NoLiq 7.20

25.70 0.29
27.00 23.20 1.05 0.95 1.488 0.82 18.97 NoLiq 7.20

26.17 0.30
27.50 24.00 1.05 0.95 1.518 0.81 19.43 NoLiq 7.20

26.63 0.31
28.00 24.80 1.05 1.00 1.547 0.80 20.93 NoLiq 7.20

28.13 0.35
28.50 25.60 1.05 1.00 1.577 0.80 21.40 NoLiq 7.20

28.60 0.36
29.00 26.40 1.05 1.00 1.607 0.79 21.87 NoLiq 7.20

29.07 0.38
29.50 27.20 1.05 1.00 1.636 0.78 22.33 NoLiq 7.20

29.53 0.40
30.00 28.00 1.05 1.00 1.666 0.77 22.78 NoLiq 7.20

29.98 0.45
30.50 27.70 1.05 1.00 1.695 0.77 22.34 NoLiq 7.20

29.54 0.40
31.00 27.40 1.05 1.00 1.725 0.76 21.91 NoLiq 7.20

29.11 0.38
31.50 27.10 1.05 1.00 1.754 0.76 21.48 NoLiq 7.20

28.68 0.36
32.00 26.80 1.05 1.00 1.784 0.75 21.07 NoLiq 7.20

28.27 0.35
32.50 26.50 1.05 1.00 1.813 0.74 20.66 NoLiq 7.20

27.86 0.34
33.00 26.20 1.05 1.00 1.843 0.74 20.27 NoLiq 7.20
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27.47 0.33

33.50 25.90 1.05 1.00 1.872 0.73 19.87 NoLiq 7.20
27.07 0.32

34.00 25.60 1.05 1.00 1.902 0.73 19.49 NoLiq 7.20
26.69 0.31

34.50 25.30 1.05 1.00 1.931 0.72 19.11 NoLiq 7.20
26.31 0.31

35.00 25.00 1.05 1.00 1.961 0.71 18.75 NoLiq 7.20
25.95 0.30

35.50 25.50 1.05 1.00 1.990 0.71 18.98 NoLiq 7.20
26.18 0.30

36.00 26.00 1.05 1.00 2.020 0.70 19.21 NoLiq 7.20
26.41 0.31

36.50 26.50 1.05 1.00 2.049 0.70 19.44 NoLiq 7.20
26.64 0.31

37.00 27.00 1.05 1.00 2.078 0.69 19.67 NoLiq 7.20
26.87 0.32

37.50 27.50 1.05 1.00 2.107 0.69 19.89 NoLiq 7.20
27.09 0.32

38.00 28.00 1.05 1.00 2.136 0.68 20.12 NoLiq 7.20
27.32 0.33

38.50 28.50 1.05 1.00 2.165 0.68 20.34 NoLiq 7.20
27.54 0.33

39.00 29.00 1.05 1.00 2.193 0.68 20.56 NoLiq 7.20
27.76 0.34

39.50 29.50 1.05 1.00 2.222 0.67 20.78 NoLiq 7.20
27.98 0.34

40.00 30.00 1.05 1.00 2.250 0.67 21.00 NoLiq 7.20
28.20 0.35

40.50 30.70 1.05 1.00 2.279 0.66 21.35 NoLiq 7.20
28.55 0.36

41.00 31.40 1.05 1.00 2.307 0.66 21.71 NoLiq 7.20
28.91 0.37

41.50 32.10 1.05 1.00 2.336 0.65 22.05 NoLiq 7.20
29.25 0.39

42.00 32.80 1.05 1.00 2.364 0.65 22.40 NoLiq 7.20
29.60 0.41

42.50 33.50 1.05 1.00 2.392 0.65 22.74 NoLiq 7.20
29.94 0.45

43.00 34.20 1.05 1.00 2.421 0.64 23.08 NoLiq 7.20
30.28 2.00

43.50 34.90 1.05 1.00 2.449 0.64 23.42 NoLiq 7.20
30.62 2.00

44.00 35.60 1.05 1.00 2.477 0.64 23.75 NoLiq 7.20
30.95 2.00

44.50 36.30 1.05 1.00 2.506 0.63 24.08 NoLiq 7.20
31.28 2.00

45.00 37.00 1.05 1.00 2.534 0.63 24.41 NoLiq 7.20
31.61 2.00

45.50 36.40 1.05 1.00 2.562 0.62 23.88 NoLiq 7.20
31.08 2.00

46.00 35.80 1.05 1.00 2.591 0.62 23.35 NoLiq 7.20
30.55 2.00

46.50 35.20 1.05 1.00 2.619 0.62 22.84 NoLiq 7.20
30.04 0.47

47.00 34.60 1.05 1.00 2.647 0.61 22.33 NoLiq 7.20
29.53 0.40

47.50 34.00 1.05 1.00 2.676 0.61 21.82 NoLiq 7.20
29.02 0.38

48.00 33.40 1.05 1.00 2.704 0.61 21.33 NoLiq 7.20
28.53 0.36

48.50 32.80 1.05 1.00 2.732 0.60 20.84 NoLiq 7.20
28.04 0.34
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49.00 32.20 1.05 1.00 2.761 0.60 20.35 NoLiq 7.20

27.55 0.33
49.50 31.60 1.05 1.00 2.789 0.60 19.87 NoLiq 7.20

27.07 0.32
50.00 31.00 1.05 1.00 2.818 0.60 19.39 NoLiq 7.20

26.59 0.31
50.50 30.30 1.05 1.00 2.846 0.59 18.86 NoLiq 7.20

26.06 0.30
51.00 29.60 1.05 1.00 2.874 0.59 18.33 NoLiq 7.20

25.53 0.29
51.50 28.90 1.05 1.00 2.903 0.59 17.81 NoLiq 7.20

25.01 0.28
52.00 28.20 1.05 1.00 2.931 0.58 17.30 NoLiq 7.20

24.50 0.27
52.50 27.50 1.05 1.00 2.959 0.58 16.79 NoLiq 7.20

23.99 0.27
53.00 26.80 1.05 1.00 2.988 0.58 16.28 NoLiq 7.20

23.48 0.26
53.50 26.10 1.05 1.00 3.016 0.58 15.78 NoLiq 7.20

22.98 0.25
54.00 25.40 1.05 1.00 3.044 0.57 15.29 NoLiq 7.20

22.49 0.25
54.50 24.70 1.05 1.00 3.073 0.57 14.80 NoLiq 7.20

22.00 0.24
55.00 24.00 1.05 1.00 3.101 0.57 14.31 NoLiq 7.20

21.51 0.23
55.50 24.50 1.05 1.00 3.129 0.57 14.54 NoLiq 7.20

21.74 0.24
56.00 25.00 1.05 1.00 3.158 0.56 14.77 NoLiq 7.20

21.97 0.24
56.50 25.50 1.05 1.00 3.186 0.56 15.00 NoLiq 7.20

22.20 0.24
57.00 26.00 1.05 1.00 3.214 0.56 15.23 NoLiq 7.20

22.43 0.25
57.50 26.50 1.05 1.00 3.243 0.56 15.45 NoLiq 7.20

22.65 0.25
58.00 27.00 1.05 1.00 3.271 0.55 15.67 NoLiq 7.20

22.87 0.25
58.50 27.50 1.05 1.00 3.300 0.55 15.90 NoLiq 7.20

23.10 0.25
59.00 28.00 1.05 1.00 3.328 0.55 16.12 NoLiq 7.20

23.32 0.26
59.50 28.50 1.05 1.00 3.356 0.55 16.33 NoLiq 7.20

23.53 0.26
60.00 29.00 1.05 1.00 3.385 0.54 16.55 NoLiq 7.20

23.75 0.26
60.50 31.10 1.05 1.00 3.400 0.54 17.71 NoLiq 7.20

24.91 0.28
61.00 33.20 1.05 1.00 3.413 0.54 18.87 NoLiq 7.20

26.07 0.30
61.50 35.30 1.05 1.00 3.427 0.54 20.02 NoLiq 7.20

27.22 0.32
62.00 37.40 1.05 1.00 3.440 0.54 21.17 NoLiq 7.20

28.37 0.35
62.50 39.50 1.05 1.00 3.454 0.54 22.31 NoLiq 7.20

29.51 0.40
63.00 41.60 1.05 1.00 3.468 0.54 23.45 55.41 7.20

30.65 2.00
63.50 43.70 1.05 1.00 3.481 0.54 24.59 47.81 7.20

31.79 2.00
64.00 45.80 1.05 1.00 3.495 0.53 25.72 40.21 7.20

32.92 2.00
64.50 47.90 1.05 1.00 3.509 0.53 26.85 32.61 6.63
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33.48 2.00

65.00 50.00 1.05 1.00 3.522 0.53 27.97 25.01 4.80
32.77 2.00

65.50 49.10 1.05 1.00 3.536 0.53 27.42 32.59 6.62
34.04 2.00

66.00 48.20 1.05 1.00 3.550 0.53 26.86 40.19 7.20
34.06 2.00

66.50 47.30 1.05 1.00 3.563 0.53 26.31 47.79 7.20
33.51 2.00

67.00 46.40 1.05 1.00 3.577 0.53 25.76 55.39 7.20
32.96 2.00

67.50 45.50 1.05 1.00 3.592 0.53 25.21 62.99 7.20
32.41 2.00

68.00 44.60 1.05 1.00 3.606 0.53 24.66 NoLiq 7.20
31.86 2.00

68.50 43.70 1.05 1.00 3.620 0.53 24.12 NoLiq 7.20
31.32 2.00

69.00 42.80 1.05 1.00 3.635 0.52 23.57 NoLiq 7.20
30.77 2.00

69.50 41.90 1.05 1.00 3.649 0.52 23.03 NoLiq 7.20
30.23 2.00

70.00 41.00 1.05 1.00 3.664 0.52 22.49 NoLiq 7.20
29.69 0.42

70.50 39.42 1.05 1.00 3.679 0.52 21.58 NoLiq 7.20
28.78 0.37

71.00 37.83 1.05 1.00 3.694 0.52 20.67 NoLiq 7.20
27.87 0.34

71.50 36.25 1.05 1.00 3.708 0.52 19.77 NoLiq 7.20
26.97 0.32

72.00 34.67 1.05 1.00 3.723 0.52 18.86 NoLiq 7.20
26.06 0.30

72.50 33.08 1.05 1.00 3.738 0.52 17.97 NoLiq 7.20
25.17 0.29

73.00 31.50 1.05 1.00 3.753 0.52 17.07 NoLiq 7.20
24.27 0.27

73.50 29.92 1.05 1.00 3.768 0.52 16.18 NoLiq 7.20
23.38 0.26

74.00 28.33 1.05 1.00 3.782 0.51 15.30 NoLiq 7.20
22.50 0.25

74.50 26.75 1.05 1.00 3.797 0.51 14.41 NoLiq 7.20
21.61 0.24

75.00 25.17 1.05 1.00 3.812 0.51 13.53 NoLiq 7.20
20.73 0.22

75.50 23.58 1.05 1.00 3.827 0.51 12.66 NoLiq 7.20
19.86 0.21

76.00 22.00 1.05 1.00 3.842 0.51 11.79 NoLiq 7.20
18.99 0.20

76.50 24.31 1.05 1.00 3.856 0.51 13.00 NoLiq 7.20
20.20 0.22

77.00 26.62 1.05 1.00 3.871 0.51 14.20 NoLiq 7.20
21.40 0.23

77.50 28.92 1.05 1.00 3.886 0.51 15.41 NoLiq 7.20
22.61 0.25

78.00 31.23 1.05 1.00 3.901 0.51 16.60 NoLiq 7.20
23.80 0.26

78.50 33.54 1.05 1.00 3.916 0.51 17.80 NoLiq 7.20
25.00 0.28

79.00 35.85 1.05 1.00 3.930 0.50 18.99 NoLiq 7.20
26.19 0.30

79.50 38.16 1.05 1.00 3.945 0.50 20.17 NoLiq 7.20
27.37 0.33

80.00 42.00 1.05 1.00 3.960 0.50 22.16 8.00 0.72
22.88 0.25
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80.50 42.00 1.05 1.00 3.975 0.50 22.12 8.00 0.72

22.84 0.25
81.00 42.00 1.05 1.00 3.989 0.50 22.08 8.00 0.72

22.80 0.25
81.50 42.00 1.05 1.00 4.004 0.50 22.04 8.00 0.72

22.76 0.25
82.00 42.00 1.05 1.00 4.019 0.50 22.00 8.00 0.72

22.72 0.25
82.50 42.00 1.05 1.00 4.034 0.50 21.96 8.00 0.72

22.68 0.25
83.00 42.00 1.05 1.00 4.049 0.50 21.92 8.00 0.72

22.64 0.25
83.50 42.00 1.05 1.00 4.063 0.50 21.88 8.00 0.72

22.60 0.25
84.00 42.00 1.05 1.00 4.078 0.50 21.84 8.00 0.72

22.56 0.25

____________________________________________________________________________________
_

CRR is based on water table at 60.00 during In-Situ Testing

Factor of Safety,  - Earthquake Magnitude= 7.00:
Depth sigC' CRR7.5 x Ksig =CRRv x MSF =CRRm CSRfs

F.S.=CRRm/CSRfs
ft atm
________________________________________________________________________
0.00 0.00 0.20 1.00 0.20 1.19 0.23 0.31 5.00
0.50 0.02 0.28 1.00 0.28 1.19 0.34 0.31 5.00
1.00 0.04 2.00 1.00 2.00 1.19 2.39 0.31 5.00
1.50 0.05 2.00 1.00 2.00 1.19 2.39 0.31 5.00
2.00 0.07 2.00 1.00 2.00 1.19 2.39 0.31 5.00
2.50 0.09 2.00 1.00 2.00 1.19 2.39 0.31 5.00
3.00 0.11 2.00 1.00 2.00 1.19 2.39 0.31 5.00
3.50 0.12 2.00 1.00 2.00 1.19 2.39 0.31 5.00
4.00 0.14 2.00 1.00 2.00 1.19 2.39 0.31 5.00
4.50 0.16 2.00 1.00 2.00 1.19 2.39 0.31 5.00
5.00 0.18 2.00 1.00 2.00 1.19 2.39 0.31 5.00
5.50 0.19 2.00 1.00 2.00 1.19 2.39 0.31 5.00
6.00 0.21 2.00 1.00 2.00 1.19 2.39 0.31 5.00
6.50 0.23 2.00 1.00 2.00 1.19 2.39 0.31 5.00
7.00 0.25 2.00 1.00 2.00 1.19 2.39 0.31 5.00
7.50 0.26 2.00 1.00 2.00 1.19 2.39 0.31 5.00
8.00 0.28 2.00 1.00 2.00 1.19 2.39 0.31 5.00
8.50 0.30 2.00 1.00 2.00 1.19 2.39 0.31 5.00
9.00 0.32 2.00 1.00 2.00 1.19 2.39 0.31 5.00
9.50 0.34 2.00 1.00 2.00 1.19 2.39 0.31 5.00
10.00 0.35 2.00 1.00 2.00 1.19 2.39 0.30 5.00
10.50 0.37 2.00 1.00 2.00 1.19 2.39 0.30 5.00
11.00 0.39 2.00 1.00 2.00 1.19 2.39 0.30 5.00
11.50 0.41 2.00 1.00 2.00 1.19 2.39 0.30 5.00
12.00 0.42 2.00 1.00 2.00 1.19 2.39 0.30 5.00
12.50 0.44 2.00 1.00 2.00 1.19 2.39 0.30 5.00
13.00 0.46 2.00 1.00 2.00 1.19 2.39 0.30 5.00
13.50 0.48 2.00 1.00 2.00 1.19 2.39 0.30 5.00
14.00 0.49 2.00 1.00 2.00 1.19 2.39 0.30 5.00
14.50 0.51 2.00 1.00 2.00 1.19 2.39 0.30 5.00
15.00 0.53 2.00 1.00 2.00 1.19 2.39 0.30 5.00
15.50 0.55 2.00 1.00 2.00 1.19 2.39 0.30 5.00
16.00 0.57 2.00 1.00 2.00 1.19 2.39 0.30 5.00
16.50 0.58 0.41 1.00 0.41 1.19 0.49 0.30 5.00
17.00 0.60 0.33 1.00 0.33 1.19 0.39 0.30 5.00
17.50 0.62 0.28 1.00 0.28 1.19 0.34 0.30 5.00
18.00 0.64 0.25 1.00 0.25 1.19 0.30 0.30 5.00
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18.50 0.65 0.23 1.00 0.23 1.19 0.27 0.30 5.00
19.00 0.67 0.20 1.00 0.20 1.19 0.24 0.30 5.00
19.50 0.69 0.18 1.00 0.18 1.19 0.22 0.30 5.00
20.00 0.71 0.16 1.00 0.16 1.19 0.19 0.30 5.00
20.50 0.72 0.17 1.00 0.17 1.19 2.00 0.30 5.00 ^
21.00 0.74 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
21.50 0.76 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
22.00 0.78 0.20 1.00 0.20 1.19 2.00 0.30 5.00 ^
22.50 0.80 0.21 1.00 0.21 1.19 2.00 0.30 5.00 ^
23.00 0.82 0.22 1.00 0.22 1.19 2.00 0.30 5.00 ^
23.50 0.83 0.24 1.00 0.24 1.19 2.00 0.29 5.00 ^
24.00 0.85 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
24.50 0.87 0.26 1.00 0.26 1.19 2.00 0.29 5.00 ^
25.00 0.89 0.27 1.00 0.27 1.19 2.00 0.29 5.00 ^
25.50 0.91 0.28 1.00 0.28 1.19 2.00 0.29 5.00 ^
26.00 0.93 0.29 1.00 0.29 1.19 2.00 0.29 5.00 ^
26.50 0.95 0.29 1.00 0.29 1.19 2.00 0.29 5.00 ^
27.00 0.97 0.30 1.00 0.30 1.19 2.00 0.29 5.00 ^
27.50 0.99 0.31 1.00 0.31 1.19 2.00 0.29 5.00 ^
28.00 1.01 0.35 1.01 0.35 1.19 2.00 0.29 5.00 ^
28.50 1.03 0.36 1.00 0.36 1.19 2.00 0.29 5.00 ^
29.00 1.04 0.38 1.00 0.38 1.19 2.00 0.29 5.00 ^
29.50 1.06 0.40 1.00 0.40 1.19 2.00 0.29 5.00 ^
30.00 1.08 0.45 0.99 0.45 1.19 2.00 0.29 5.00 ^
30.50 1.10 0.40 0.99 0.40 1.19 2.00 0.29 5.00 ^
31.00 1.12 0.38 0.99 0.37 1.19 2.00 0.29 5.00 ^
31.50 1.14 0.36 0.98 0.36 1.19 2.00 0.29 5.00 ^
32.00 1.16 0.35 0.98 0.34 1.19 2.00 0.29 5.00 ^
32.50 1.18 0.34 0.98 0.33 1.19 2.00 0.28 5.00 ^
33.00 1.20 0.33 0.98 0.32 1.19 2.00 0.28 5.00 ^
33.50 1.22 0.32 0.97 0.31 1.19 2.00 0.28 5.00 ^
34.00 1.24 0.31 0.97 0.30 1.19 2.00 0.28 5.00 ^
34.50 1.26 0.31 0.97 0.30 1.19 2.00 0.28 5.00 ^
35.00 1.27 0.30 0.96 0.29 1.19 2.00 0.28 5.00 ^
35.50 1.29 0.30 0.96 0.29 1.19 2.00 0.28 5.00 ^
36.00 1.31 0.31 0.96 0.29 1.19 2.00 0.28 5.00 ^
36.50 1.33 0.31 0.96 0.30 1.19 2.00 0.28 5.00 ^
37.00 1.35 0.32 0.95 0.30 1.19 2.00 0.28 5.00 ^
37.50 1.37 0.32 0.95 0.31 1.19 2.00 0.28 5.00 ^
38.00 1.39 0.33 0.95 0.31 1.19 2.00 0.28 5.00 ^
38.50 1.41 0.33 0.95 0.31 1.19 2.00 0.28 5.00 ^
39.00 1.43 0.34 0.94 0.32 1.19 2.00 0.28 5.00 ^
39.50 1.44 0.34 0.94 0.32 1.19 2.00 0.28 5.00 ^
40.00 1.46 0.35 0.94 0.33 1.19 2.00 0.28 5.00 ^
40.50 1.48 0.36 0.94 0.34 1.19 2.00 0.28 5.00 ^
41.00 1.50 0.37 0.93 0.35 1.19 2.00 0.28 5.00 ^
41.50 1.52 0.39 0.93 0.36 1.19 2.00 0.28 5.00 ^
42.00 1.54 0.41 0.93 0.38 1.19 2.00 0.28 5.00 ^
42.50 1.55 0.45 0.93 0.41 1.19 2.00 0.28 5.00 ^
43.00 1.57 2.00 0.92 1.85 1.19 2.00 0.29 5.00 ^
43.50 1.59 2.00 0.92 1.84 1.19 2.00 0.29 5.00 ^
44.00 1.61 2.00 0.92 1.84 1.19 2.00 0.29 5.00 ^
44.50 1.63 2.00 0.92 1.83 1.19 2.00 0.29 5.00 ^
45.00 1.65 2.00 0.91 1.83 1.19 2.00 0.29 5.00 ^
45.50 1.67 2.00 0.91 1.82 1.19 2.00 0.29 5.00 ^
46.00 1.68 2.00 0.91 1.82 1.19 2.00 0.29 5.00 ^
46.50 1.70 0.47 0.91 0.42 1.19 2.00 0.29 5.00 ^
47.00 1.72 0.40 0.90 0.36 1.19 2.00 0.29 5.00 ^
47.50 1.74 0.38 0.90 0.34 1.19 2.00 0.29 5.00 ^
48.00 1.76 0.36 0.90 0.32 1.19 2.00 0.28 5.00 ^
48.50 1.78 0.34 0.90 0.31 1.19 2.00 0.28 5.00 ^
49.00 1.79 0.33 0.90 0.30 1.19 2.00 0.28 5.00 ^
49.50 1.81 0.32 0.89 0.29 1.19 2.00 0.28 5.00 ^
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50.00 1.83 0.31 0.89 0.28 1.19 2.00 0.28 5.00 ^
50.50 1.85 0.30 0.89 0.27 1.19 2.00 0.28 5.00 ^
51.00 1.87 0.29 0.89 0.26 1.19 2.00 0.28 5.00 ^
51.50 1.89 0.28 0.88 0.25 1.19 2.00 0.28 5.00 ^
52.00 1.91 0.27 0.88 0.24 1.19 2.00 0.28 5.00 ^
52.50 1.92 0.27 0.88 0.24 1.19 2.00 0.28 5.00 ^
53.00 1.94 0.26 0.88 0.23 1.19 2.00 0.28 5.00 ^
53.50 1.96 0.25 0.88 0.22 1.19 2.00 0.28 5.00 ^
54.00 1.98 0.25 0.87 0.22 1.19 2.00 0.28 5.00 ^
54.50 2.00 0.24 0.87 0.21 1.19 2.00 0.28 5.00 ^
55.00 2.02 0.23 0.87 0.20 1.19 2.00 0.28 5.00 ^
55.50 2.03 0.24 0.87 0.21 1.19 2.00 0.28 5.00 ^
56.00 2.05 0.24 0.87 0.21 1.19 2.00 0.28 5.00 ^
56.50 2.07 0.24 0.86 0.21 1.19 2.00 0.28 5.00 ^
57.00 2.09 0.25 0.86 0.21 1.19 2.00 0.28 5.00 ^
57.50 2.11 0.25 0.86 0.21 1.19 2.00 0.28 5.00 ^
58.00 2.13 0.25 0.86 0.22 1.19 2.00 0.28 5.00 ^
58.50 2.14 0.25 0.86 0.22 1.19 2.00 0.28 5.00 ^
59.00 2.16 0.26 0.85 0.22 1.19 2.00 0.28 5.00 ^
59.50 2.18 0.26 0.85 0.22 1.19 2.00 0.27 5.00 ^
60.00 2.20 0.26 0.85 0.22 1.19 2.00 0.27 5.00 ^
60.50 2.21 0.28 0.85 0.24 1.19 2.00 0.27 5.00 ^
61.00 2.22 0.30 0.85 0.26 1.19 2.00 0.27 5.00 ^
61.50 2.23 0.32 0.85 0.27 1.19 2.00 0.27 5.00 ^
62.00 2.24 0.35 0.85 0.30 1.19 2.00 0.27 5.00 ^
62.50 2.25 0.40 0.85 0.34 1.19 2.00 0.27 5.00 ^
63.00 2.25 2.00 0.84 1.69 1.19 2.02 0.27 5.00
63.50 2.26 2.00 0.84 1.69 1.19 2.01 0.27 5.00
64.00 2.27 2.00 0.84 1.69 1.19 2.01 0.27 5.00
64.50 2.28 2.00 0.84 1.68 1.19 2.01 0.27 5.00
65.00 2.29 2.00 0.84 1.68 1.19 2.01 0.27 5.00
65.50 2.30 2.00 0.84 1.68 1.19 2.00 0.26 5.00
66.00 2.31 2.00 0.84 1.68 1.19 2.00 0.26 5.00
66.50 2.32 2.00 0.84 1.68 1.19 2.00 0.26 5.00
67.00 2.33 2.00 0.84 1.68 1.19 2.00 0.26 5.00
67.50 2.33 2.00 0.84 1.67 1.19 2.00 0.26 5.00
68.00 2.34 2.00 0.84 1.67 1.19 2.00 0.26 5.00 ^
68.50 2.35 2.00 0.84 1.67 1.19 2.00 0.26 5.00 ^
69.00 2.36 2.00 0.83 1.67 1.19 2.00 0.26 5.00 ^
69.50 2.37 2.00 0.83 1.67 1.19 2.00 0.26 5.00 ^
70.00 2.38 0.42 0.83 0.35 1.19 2.00 0.26 5.00 ^
70.50 2.39 0.37 0.83 0.30 1.19 2.00 0.25 5.00 ^
71.00 2.40 0.34 0.83 0.28 1.19 2.00 0.25 5.00 ^
71.50 2.41 0.32 0.83 0.26 1.19 2.00 0.25 5.00 ^
72.00 2.42 0.30 0.83 0.25 1.19 2.00 0.25 5.00 ^
72.50 2.43 0.29 0.83 0.24 1.19 2.00 0.25 5.00 ^
73.00 2.44 0.27 0.83 0.22 1.19 2.00 0.25 5.00 ^
73.50 2.45 0.26 0.83 0.21 1.19 2.00 0.25 5.00 ^
74.00 2.46 0.25 0.83 0.20 1.19 2.00 0.25 5.00 ^
74.50 2.47 0.24 0.82 0.19 1.19 2.00 0.24 5.00 ^
75.00 2.48 0.22 0.82 0.19 1.19 2.00 0.24 5.00 ^
75.50 2.49 0.21 0.82 0.18 1.19 2.00 0.24 5.00 ^
76.00 2.50 0.20 0.82 0.17 1.19 2.00 0.24 5.00 ^
76.50 2.51 0.22 0.82 0.18 1.19 2.00 0.24 5.00 ^
77.00 2.52 0.23 0.82 0.19 1.19 2.00 0.24 5.00 ^
77.50 2.53 0.25 0.82 0.20 1.19 2.00 0.24 5.00 ^
78.00 2.54 0.26 0.82 0.22 1.19 2.00 0.24 5.00 ^
78.50 2.55 0.28 0.82 0.23 1.19 2.00 0.24 5.00 ^
79.00 2.55 0.30 0.82 0.25 1.19 2.00 0.24 5.00 ^
79.50 2.56 0.33 0.82 0.27 1.19 2.00 0.24 5.00 ^
80.00 2.57 0.25 0.81 0.20 1.19 0.24 0.24 1.01
80.50 2.58 0.25 0.81 0.20 1.19 0.24 0.24 1.01
81.00 2.59 0.25 0.81 0.20 1.19 0.24 0.24 1.00
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81.50 2.60 0.25 0.81 0.20 1.19 0.24 0.24 1.00
82.00 2.61 0.25 0.81 0.20 1.19 0.24 0.24 1.00 *
82.50 2.62 0.25 0.81 0.20 1.19 0.24 0.24 1.00 *
83.00 2.63 0.25 0.81 0.20 1.19 0.24 0.24 0.99 *
83.50 2.64 0.25 0.81 0.20 1.19 0.24 0.24 0.99 *
84.00 2.65 0.25 0.81 0.20 1.19 0.24 0.24 0.99 *
________________________________________________________________________
* F.S.<1: Liquefaction Potential Zone.  (If above water table: F.S.=5)
^ No-liquefiable Soils or above Water Table.
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

CPT convert to SPT for Settlement Analysis:
Fines Correction for Settlement Analysis:
Depth Ic qc/N60 qc1 (N1)60 Fines d(N1)60 (N1)60s
ft atm %
________________________________________________________________
0.00 - - - 18.19 25.00 0.00 18.19
0.50 - - - 25.12 28.80 0.00 25.12
1.00 - - - 32.06 32.60 0.00 32.06
1.50 - - - 38.66 36.40 0.00 38.66
2.00 - - - 44.68 40.20 0.00 44.68
2.50 - - - 50.71 44.00 0.00 50.71
3.00 - - - 56.73 47.80 0.00 56.73
3.50 - - - 62.76 51.60 0.00 62.76
4.00 - - - 68.78 55.40 0.00 68.78
4.50 - - - 74.81 59.20 0.00 74.81
5.00 - - - 80.83 63.00 0.00 80.83
5.50 - - - 86.86 66.80 0.00 86.86
6.00 - - - 92.88 70.60 0.00 92.88
6.50 - - - 97.96 74.40 0.00 97.96
7.00 - - - 100.00 78.20 0.00 100.00
7.50 - - - 100.00 82.00 0.00 100.00
8.00 - - - 100.00 85.80 0.00 100.00
8.50 - - - 100.00 89.60 0.00 100.00
9.00 - - - 100.00 93.40 0.00 100.00
9.50 - - - 100.00 97.20 0.00 100.00
10.00 - - - 100.00 NoLiq 0.00 100.00
10.50 - - - 100.00 93.40 0.00 100.00
11.00 - - - 100.00 85.80 0.00 100.00
11.50 - - - 95.37 78.20 0.00 95.37
12.00 - - - 85.45 70.60 0.00 85.45
12.50 - - - 75.96 63.00 0.00 75.96
13.00 - - - 66.88 55.40 0.00 66.88
13.50 - - - 58.15 47.80 0.00 58.15
14.00 - - - 49.77 40.20 0.00 49.77
14.50 - - - 41.11 32.60 0.00 41.11
15.00 - - - 34.63 25.00 0.00 34.63
15.50 - - - 33.90 32.60 0.00 33.90
16.00 - - - 32.02 40.20 0.00 32.02
16.50 - - - 29.64 47.80 0.00 29.64
17.00 - - - 27.33 55.40 0.00 27.33
17.50 - - - 25.10 63.00 0.00 25.10
18.00 - - - 22.93 70.60 0.00 22.93
18.50 - - - 20.83 78.20 0.00 20.83
19.00 - - - 18.78 85.80 0.00 18.78
19.50 - - - 16.79 93.40 0.00 16.79
20.00 - - - 14.85 NoLiq 0.00 14.85
20.50 - - - 15.89 NoLiq 0.00 15.89
21.00 - - - 16.91 NoLiq 0.00 16.91
21.50 - - - 17.90 NoLiq 0.00 17.90
22.00 - - - 18.87 NoLiq 0.00 18.87
22.50 - - - 19.81 NoLiq 0.00 19.81

Page 16



A-11-003.cal
23.00 - - - 20.74 NoLiq 0.00 20.74
23.50 - - - 21.64 NoLiq 0.00 21.64
24.00 - - - 22.53 NoLiq 0.00 22.53
24.50 - - - 23.39 NoLiq 0.00 23.39
25.00 - - - 24.24 NoLiq 0.00 24.24
25.50 - - - 24.74 NoLiq 0.00 24.74
26.00 - - - 25.22 NoLiq 0.00 25.22
26.50 - - - 25.70 NoLiq 0.00 25.70
27.00 - - - 26.17 NoLiq 0.00 26.17
27.50 - - - 26.63 NoLiq 0.00 26.63
28.00 - - - 28.13 NoLiq 0.00 28.13
28.50 - - - 28.60 NoLiq 0.00 28.60
29.00 - - - 29.07 NoLiq 0.00 29.07
29.50 - - - 29.53 NoLiq 0.00 29.53
30.00 - - - 29.98 NoLiq 0.00 29.98
30.50 - - - 29.54 NoLiq 0.00 29.54
31.00 - - - 29.11 NoLiq 0.00 29.11
31.50 - - - 28.68 NoLiq 0.00 28.68
32.00 - - - 28.27 NoLiq 0.00 28.27
32.50 - - - 27.86 NoLiq 0.00 27.86
33.00 - - - 27.47 NoLiq 0.00 27.47
33.50 - - - 27.07 NoLiq 0.00 27.07
34.00 - - - 26.69 NoLiq 0.00 26.69
34.50 - - - 26.31 NoLiq 0.00 26.31
35.00 - - - 25.95 NoLiq 0.00 25.95
35.50 - - - 26.18 NoLiq 0.00 26.18
36.00 - - - 26.41 NoLiq 0.00 26.41
36.50 - - - 26.64 NoLiq 0.00 26.64
37.00 - - - 26.87 NoLiq 0.00 26.87
37.50 - - - 27.09 NoLiq 0.00 27.09
38.00 - - - 27.32 NoLiq 0.00 27.32
38.50 - - - 27.54 NoLiq 0.00 27.54
39.00 - - - 27.76 NoLiq 0.00 27.76
39.50 - - - 27.98 NoLiq 0.00 27.98
40.00 - - - 28.20 NoLiq 0.00 28.20
40.50 - - - 28.55 NoLiq 0.00 28.55
41.00 - - - 28.91 NoLiq 0.00 28.91
41.50 - - - 29.25 NoLiq 0.00 29.25
42.00 - - - 29.60 NoLiq 0.00 29.60
42.50 - - - 29.94 NoLiq 0.00 29.94
43.00 - - - 30.28 NoLiq 0.00 30.28
43.50 - - - 30.62 NoLiq 0.00 30.62
44.00 - - - 30.95 NoLiq 0.00 30.95
44.50 - - - 31.28 NoLiq 0.00 31.28
45.00 - - - 31.61 NoLiq 0.00 31.61
45.50 - - - 31.08 NoLiq 0.00 31.08
46.00 - - - 30.55 NoLiq 0.00 30.55
46.50 - - - 30.04 NoLiq 0.00 30.04
47.00 - - - 29.53 NoLiq 0.00 29.53
47.50 - - - 29.02 NoLiq 0.00 29.02
48.00 - - - 28.53 NoLiq 0.00 28.53
48.50 - - - 28.04 NoLiq 0.00 28.04
49.00 - - - 27.55 NoLiq 0.00 27.55
49.50 - - - 27.07 NoLiq 0.00 27.07
50.00 - - - 26.59 NoLiq 0.00 26.59
50.50 - - - 26.06 NoLiq 0.00 26.06
51.00 - - - 25.53 NoLiq 0.00 25.53
51.50 - - - 25.01 NoLiq 0.00 25.01
52.00 - - - 24.50 NoLiq 0.00 24.50
52.50 - - - 23.99 NoLiq 0.00 23.99
53.00 - - - 23.48 NoLiq 0.00 23.48
53.50 - - - 22.98 NoLiq 0.00 22.98
54.00 - - - 22.49 NoLiq 0.00 22.49
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54.50 - - - 22.00 NoLiq 0.00 22.00
55.00 - - - 21.51 NoLiq 0.00 21.51
55.50 - - - 21.74 NoLiq 0.00 21.74
56.00 - - - 21.97 NoLiq 0.00 21.97
56.50 - - - 22.20 NoLiq 0.00 22.20
57.00 - - - 22.43 NoLiq 0.00 22.43
57.50 - - - 22.65 NoLiq 0.00 22.65
58.00 - - - 22.87 NoLiq 0.00 22.87
58.50 - - - 23.10 NoLiq 0.00 23.10
59.00 - - - 23.32 NoLiq 0.00 23.32
59.50 - - - 23.53 NoLiq 0.00 23.53
60.00 - - - 23.75 NoLiq 0.00 23.75
60.50 - - - 24.91 NoLiq 0.00 24.91
61.00 - - - 26.07 NoLiq 0.00 26.07
61.50 - - - 27.22 NoLiq 0.00 27.22
62.00 - - - 28.37 NoLiq 0.00 28.37
62.50 - - - 29.51 NoLiq 0.00 29.51
63.00 - - - 30.65 55.41 0.00 30.65
63.50 - - - 31.79 47.81 0.00 31.79
64.00 - - - 32.92 40.21 0.00 32.92
64.50 - - - 33.48 32.61 0.00 33.48
65.00 - - - 32.77 25.01 0.00 32.77
65.50 - - - 34.04 32.59 0.00 34.04
66.00 - - - 34.06 40.19 0.00 34.06
66.50 - - - 33.51 47.79 0.00 33.51
67.00 - - - 32.96 55.39 0.00 32.96
67.50 - - - 32.41 62.99 0.00 32.41
68.00 - - - 31.86 NoLiq 0.00 31.86
68.50 - - - 31.32 NoLiq 0.00 31.32
69.00 - - - 30.77 NoLiq 0.00 30.77
69.50 - - - 30.23 NoLiq 0.00 30.23
70.00 - - - 29.69 NoLiq 0.00 29.69
70.50 - - - 28.78 NoLiq 0.00 28.78
71.00 - - - 27.87 NoLiq 0.00 27.87
71.50 - - - 26.97 NoLiq 0.00 26.97
72.00 - - - 26.06 NoLiq 0.00 26.06
72.50 - - - 25.17 NoLiq 0.00 25.17
73.00 - - - 24.27 NoLiq 0.00 24.27
73.50 - - - 23.38 NoLiq 0.00 23.38
74.00 - - - 22.50 NoLiq 0.00 22.50
74.50 - - - 21.61 NoLiq 0.00 21.61
75.00 - - - 20.73 NoLiq 0.00 20.73
75.50 - - - 19.86 NoLiq 0.00 19.86
76.00 - - - 18.99 NoLiq 0.00 18.99
76.50 - - - 20.20 NoLiq 0.00 20.20
77.00 - - - 21.40 NoLiq 0.00 21.40
77.50 - - - 22.61 NoLiq 0.00 22.61
78.00 - - - 23.80 NoLiq 0.00 23.80
78.50 - - - 25.00 NoLiq 0.00 25.00
79.00 - - - 26.19 NoLiq 0.00 26.19
79.50 - - - 27.37 NoLiq 0.00 27.37
80.00 - - - 22.88 8.00 0.00 22.88
80.50 - - - 22.84 8.00 0.00 22.84
81.00 - - - 22.80 8.00 0.00 22.80
81.50 - - - 22.76 8.00 0.00 22.76
82.00 - - - 22.72 8.00 0.00 22.72
82.50 - - - 22.68 8.00 0.00 22.68
83.00 - - - 22.64 8.00 0.00 22.64
83.50 - - - 22.60 8.00 0.00 22.60
84.00 - - - 22.56 8.00 0.00 22.56
________________________________________________________________
(N1)60s has been fines corrected in liquefaction analysis, therefore 

d(N1)60=0.
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Fines=NoLiq means the soils are not liquefiable.

Settlement of Saturated Sands:
Settlement Analysis Method: Tokimatsu/Seed
Depth CSRsf / MSF* =CSRm F.S. Fines (N1)60s Dr ec dsz

dsp S
ft % % % in.

in. in.

____________________________________________________________________________________
__________

83.95 0.24 1.00 0.24 0.99 8.00 22.56 75.17 0.195
1.2E-3 0.001 0.001

83.50 0.24 1.00 0.24 0.99 8.00 22.60 75.23 0.194
1.2E-3 0.011 0.012

83.00 0.24 1.00 0.24 0.99 8.00 22.64 75.31 0.193
1.2E-3 0.012 0.023

82.50 0.24 1.00 0.24 1.00 8.00 22.68 75.38 0.191
1.1E-3 0.012 0.035

82.00 0.24 1.00 0.24 1.00 8.00 22.72 75.45 0.190
1.1E-3 0.011 0.046

81.50 0.24 1.00 0.24 1.00 8.00 22.76 75.53 0.189
0.0E0 0.005 0.051

81.00 0.24 1.00 0.24 1.00 8.00 22.80 75.60 0.187
0.0E0 0.000 0.051

80.50 0.24 1.00 0.24 1.01 8.00 22.84 75.68 0.186
0.0E0 0.000 0.051

80.00 0.24 1.00 0.24 1.01 8.00 22.88 75.76 0.185
0.0E0 0.000 0.051

79.50 0.24 1.00 0.24 5.00 NoLiq 27.37 84.41 0.000
0.0E0 0.000 0.051

79.00 0.24 1.00 0.24 5.00 NoLiq 26.19 82.02 0.000
0.0E0 0.000 0.051

78.50 0.24 1.00 0.24 5.00 NoLiq 25.00 79.71 0.000
0.0E0 0.000 0.051

78.00 0.24 1.00 0.24 5.00 NoLiq 23.80 77.46 0.148
0.0E0 0.000 0.051

77.50 0.24 1.00 0.24 5.00 NoLiq 22.61 75.25 0.197
0.0E0 0.000 0.051

77.00 0.24 1.00 0.24 5.00 NoLiq 21.40 73.07 0.803
0.0E0 0.000 0.051

76.50 0.24 1.00 0.24 5.00 NoLiq 20.20 70.89 1.128
0.0E0 0.000 0.051

76.00 0.24 1.00 0.24 5.00 NoLiq 18.99 68.71 1.277
0.0E0 0.000 0.051

75.50 0.24 1.00 0.24 5.00 NoLiq 19.86 70.28 1.170
0.0E0 0.000 0.051

75.00 0.24 1.00 0.24 5.00 NoLiq 20.73 71.86 1.070
0.0E0 0.000 0.051

74.50 0.24 1.00 0.24 5.00 NoLiq 21.61 73.45 0.760
0.0E0 0.000 0.051

74.00 0.25 1.00 0.25 5.00 NoLiq 22.50 75.05 0.310
0.0E0 0.000 0.051

73.50 0.25 1.00 0.25 5.00 NoLiq 23.38 76.68 0.181
0.0E0 0.000 0.051

73.00 0.25 1.00 0.25 5.00 NoLiq 24.27 78.34 0.149
0.0E0 0.000 0.051

72.50 0.25 1.00 0.25 5.00 NoLiq 25.17 80.04 0.116
0.0E0 0.000 0.051

72.00 0.25 1.00 0.25 5.00 NoLiq 26.06 81.78 0.000
0.0E0 0.000 0.051

71.50 0.25 1.00 0.25 5.00 NoLiq 26.97 83.58 0.000
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0.0E0 0.000 0.051

71.00 0.25 1.00 0.25 5.00 NoLiq 27.87 85.44 0.000
0.0E0 0.000 0.051

70.50 0.25 1.00 0.25 5.00 NoLiq 28.78 87.36 0.000
0.0E0 0.000 0.051

70.00 0.26 1.00 0.26 5.00 NoLiq 29.69 89.36 0.000
0.0E0 0.000 0.051

69.50 0.26 1.00 0.26 5.00 NoLiq 30.23 90.58 0.000
0.0E0 0.000 0.051

69.00 0.26 1.00 0.26 5.00 NoLiq 30.77 91.83 0.000
0.0E0 0.000 0.051

68.50 0.26 1.00 0.26 5.00 NoLiq 31.32 93.11 0.000
0.0E0 0.000 0.051

68.00 0.26 1.00 0.26 5.00 NoLiq 31.86 94.43 0.000
0.0E0 0.000 0.051

67.50 0.26 1.00 0.26 5.00 62.99 32.41 95.78 0.000
0.0E0 0.000 0.051

67.00 0.26 1.00 0.26 5.00 55.39 32.96 97.17 0.000
0.0E0 0.000 0.051

66.50 0.26 1.00 0.26 5.00 47.79 33.51 98.59 0.000
0.0E0 0.000 0.051

66.00 0.26 1.00 0.26 5.00 40.19 34.06 100.00 0.000
0.0E0 0.000 0.051

65.50 0.26 1.00 0.26 5.00 32.59 34.04 100.00 0.000
0.0E0 0.000 0.051

65.00 0.27 1.00 0.27 5.00 25.01 32.77 96.70 0.000
0.0E0 0.000 0.051

64.50 0.27 1.00 0.27 5.00 32.61 33.48 98.50 0.000
0.0E0 0.000 0.051

64.00 0.27 1.00 0.27 5.00 40.21 32.92 97.07 0.000
0.0E0 0.000 0.051

63.50 0.27 1.00 0.27 5.00 47.81 31.79 94.25 0.000
0.0E0 0.000 0.051

63.00 0.27 1.00 0.27 5.00 55.41 30.65 91.56 0.000
0.0E0 0.000 0.051

62.50 0.27 1.00 0.27 5.00 NoLiq 29.51 88.97 0.000
0.0E0 0.000 0.051

62.00 0.27 1.00 0.27 5.00 NoLiq 28.37 86.49 0.000
0.0E0 0.000 0.051

61.50 0.27 1.00 0.27 5.00 NoLiq 27.22 84.10 0.000
0.0E0 0.000 0.051

61.00 0.27 1.00 0.27 5.00 NoLiq 26.07 81.79 0.147
0.0E0 0.000 0.051

60.50 0.27 1.00 0.27 5.00 NoLiq 24.91 79.54 0.196
0.0E0 0.000 0.051

60.00 0.27 1.00 0.27 5.00 NoLiq 23.75 77.36 0.635
0.0E0 0.000 0.051

59.50 0.27 1.00 0.27 5.00 NoLiq 23.53 76.96 0.786
0.0E0 0.000 0.051

59.00 0.28 1.00 0.28 5.00 NoLiq 23.32 76.56 0.933
0.0E0 0.000 0.051

58.50 0.28 1.00 0.28 5.00 NoLiq 23.10 76.15 1.014
0.0E0 0.000 0.051

58.00 0.28 1.00 0.28 5.00 NoLiq 22.87 75.74 1.039
0.0E0 0.000 0.051

57.50 0.28 1.00 0.28 5.00 NoLiq 22.65 75.33 1.064
0.0E0 0.000 0.051

57.00 0.28 1.00 0.28 5.00 NoLiq 22.43 74.92 1.089
0.0E0 0.000 0.051

56.50 0.28 1.00 0.28 5.00 NoLiq 22.20 74.51 1.114
0.0E0 0.000 0.051

56.00 0.28 1.00 0.28 5.00 NoLiq 21.97 74.10 1.139
0.0E0 0.000 0.051
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55.50 0.28 1.00 0.28 5.00 NoLiq 21.74 73.68 1.164

0.0E0 0.000 0.051
55.00 0.28 1.00 0.28 5.00 NoLiq 21.51 73.26 1.189

0.0E0 0.000 0.051
54.50 0.28 1.00 0.28 5.00 NoLiq 22.00 74.14 1.144

0.0E0 0.000 0.051
54.00 0.28 1.00 0.28 5.00 NoLiq 22.49 75.03 1.099

0.0E0 0.000 0.051
53.50 0.28 1.00 0.28 5.00 NoLiq 22.98 75.94 1.053

0.0E0 0.000 0.051
53.00 0.28 1.00 0.28 5.00 NoLiq 23.48 76.86 1.007

0.0E0 0.000 0.051
52.50 0.28 1.00 0.28 5.00 NoLiq 23.99 77.80 0.796

0.0E0 0.000 0.051
52.00 0.28 1.00 0.28 5.00 NoLiq 24.50 78.76 0.556

0.0E0 0.000 0.051
51.50 0.28 1.00 0.28 5.00 NoLiq 25.01 79.74 0.372

0.0E0 0.000 0.051
51.00 0.28 1.00 0.28 5.00 NoLiq 25.53 80.74 0.204

0.0E0 0.000 0.051
50.50 0.28 1.00 0.28 5.00 NoLiq 26.06 81.77 0.180

0.0E0 0.000 0.051
50.00 0.28 1.00 0.28 5.00 NoLiq 26.59 82.83 0.159

0.0E0 0.000 0.051
49.50 0.28 1.00 0.28 5.00 NoLiq 27.07 83.79 0.141

0.0E0 0.000 0.051
49.00 0.28 1.00 0.28 5.00 NoLiq 27.55 84.77 0.122

0.0E0 0.000 0.051
48.50 0.28 1.00 0.28 5.00 NoLiq 28.04 85.78 0.102

0.0E0 0.000 0.051
48.00 0.28 1.00 0.28 5.00 NoLiq 28.53 86.82 0.000

0.0E0 0.000 0.051
47.50 0.29 1.00 0.29 5.00 NoLiq 29.02 87.90 0.000

0.0E0 0.000 0.051
47.00 0.29 1.00 0.29 5.00 NoLiq 29.53 89.00 0.000

0.0E0 0.000 0.051
46.50 0.29 1.00 0.29 5.00 NoLiq 30.04 90.14 0.000

0.0E0 0.000 0.051
46.00 0.29 1.00 0.29 5.00 NoLiq 30.55 91.32 0.000

0.0E0 0.000 0.051
45.50 0.29 1.00 0.29 5.00 NoLiq 31.08 92.54 0.000

0.0E0 0.000 0.051
45.00 0.29 1.00 0.29 5.00 NoLiq 31.61 93.80 0.000

0.0E0 0.000 0.051
44.50 0.29 1.00 0.29 5.00 NoLiq 31.28 93.02 0.000

0.0E0 0.000 0.051
44.00 0.29 1.00 0.29 5.00 NoLiq 30.95 92.24 0.000

0.0E0 0.000 0.051
43.50 0.29 1.00 0.29 5.00 NoLiq 30.62 91.47 0.000

0.0E0 0.000 0.051
43.00 0.29 1.00 0.29 5.00 NoLiq 30.28 90.69 0.000

0.0E0 0.000 0.051
42.50 0.28 1.00 0.28 5.00 NoLiq 29.94 89.93 0.000

0.0E0 0.000 0.051
42.00 0.28 1.00 0.28 5.00 NoLiq 29.60 89.16 0.000

0.0E0 0.000 0.051
41.50 0.28 1.00 0.28 5.00 NoLiq 29.25 88.40 0.000

0.0E0 0.000 0.051
41.00 0.28 1.00 0.28 5.00 NoLiq 28.91 87.64 0.000

0.0E0 0.000 0.051
40.50 0.28 1.00 0.28 5.00 NoLiq 28.55 86.88 0.000

0.0E0 0.000 0.051
40.00 0.28 1.00 0.28 5.00 NoLiq 28.20 86.13 0.000
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0.0E0 0.000 0.051

39.50 0.28 1.00 0.28 5.00 NoLiq 27.98 85.67 0.100
0.0E0 0.000 0.051

39.00 0.28 1.00 0.28 5.00 NoLiq 27.76 85.21 0.108
0.0E0 0.000 0.051

38.50 0.28 1.00 0.28 5.00 NoLiq 27.54 84.75 0.116
0.0E0 0.000 0.051

38.00 0.28 1.00 0.28 5.00 NoLiq 27.32 84.29 0.123
0.0E0 0.000 0.051

37.50 0.28 1.00 0.28 5.00 NoLiq 27.09 83.84 0.131
0.0E0 0.000 0.051

37.00 0.28 1.00 0.28 5.00 NoLiq 26.87 83.38 0.138
0.0E0 0.000 0.051

36.50 0.28 1.00 0.28 5.00 NoLiq 26.64 82.92 0.146
0.0E0 0.000 0.051

36.00 0.28 1.00 0.28 5.00 NoLiq 26.41 82.47 0.153
0.0E0 0.000 0.051

35.50 0.28 1.00 0.28 5.00 NoLiq 26.18 82.01 0.160
0.0E0 0.000 0.051

35.00 0.28 1.00 0.28 5.00 NoLiq 25.95 81.55 0.168
0.0E0 0.000 0.051

34.95 0.28 1.00 0.28 5.00 NoLiq 25.98 81.62 0.166
0.0E0 0.000 0.051

____________________________________________________________________________________
__________

Settlement of Saturated Sands=0.051 in.
qc1 and (N1)60 is after fines correction in liquefaction analysis
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Settlement of Unsaturated Sands:
Settlement of Unsaturated Sands=0 due to Option 5, Calculation settlement 

only in liquefied zone.
Depth sigma' sigC' (N1)60s CSRsf Gmax   g*Ge/Gm g_eff ec7.5 Cec

ec dsz dsp S
ft atm atm atm %

% in. in. in.

____________________________________________________________________________________
____________________________

34.90 1.96 1.27 26.02 0.28 1492.25 3.6E-4 0.0887 0.0619 0.93
0.0574 0.00E0 0.000 0.000

34.50 1.93 1.26 26.31 0.28 1488.80 3.6E-4 0.0874 0.0600 0.93
0.0557 0.00E0 0.000 0.000

34.00 1.90 1.24 26.69 0.28 1484.38 3.6E-4 0.0858 0.0578 0.93
0.0537 0.00E0 0.000 0.000

33.50 1.87 1.22 27.07 0.28 1479.82 3.6E-4 0.0842 0.0556 0.93
0.0516 0.00E0 0.000 0.000

33.00 1.84 1.20 27.47 0.28 1475.12 3.5E-4 0.0826 0.0534 0.93
0.0496 0.00E0 0.000 0.000

32.50 1.81 1.18 27.86 0.28 1470.29 3.5E-4 0.0810 0.0514 0.93
0.0477 0.00E0 0.000 0.000

32.00 1.78 1.16 28.27 0.29 1465.31 3.5E-4 0.0794 0.0493 0.93
0.0458 0.00E0 0.000 0.000

31.50 1.75 1.14 28.68 0.29 1460.19 3.4E-4 0.0779 0.0474 0.93
0.0440 0.00E0 0.000 0.000

31.00 1.72 1.12 29.11 0.29 1454.92 3.4E-4 0.0763 0.0454 0.93
0.0422 0.00E0 0.000 0.000

30.50 1.70 1.10 29.54 0.29 1449.50 3.4E-4 0.0747 0.0435 0.93
0.0404 0.00E0 0.000 0.000

30.00 1.67 1.08 29.98 0.29 1443.92 3.3E-4 0.0732 0.0417 0.93
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0.0387 0.00E0 0.000 0.000

29.50 1.64 1.06 29.53 0.29 1423.84 3.3E-4 0.0728 0.0424 0.93
0.0394 0.00E0 0.000 0.000

29.00 1.61 1.04 29.07 0.29 1403.60 3.3E-4 0.0724 0.0432 0.93
0.0401 0.00E0 0.000 0.000

28.50 1.58 1.03 28.60 0.29 1383.19 3.3E-4 0.0720 0.0440 0.93
0.0408 0.00E0 0.000 0.000

28.00 1.55 1.01 28.13 0.29 1362.61 3.3E-4 0.0715 0.0447 0.93
0.0416 0.00E0 0.000 0.000

27.50 1.52 0.99 26.63 0.29 1325.11 3.3E-4 0.0731 0.0494 0.93
0.0459 0.00E0 0.000 0.000

27.00 1.49 0.97 26.17 0.29 1304.53 3.3E-4 0.0727 0.0503 0.93
0.0467 0.00E0 0.000 0.000

26.50 1.46 0.95 25.70 0.29 1283.76 3.3E-4 0.0722 0.0512 0.93
0.0475 0.00E0 0.000 0.000

26.00 1.43 0.93 25.22 0.29 1262.79 3.3E-4 0.0718 0.0522 0.93
0.0485 0.00E0 0.000 0.000

25.50 1.40 0.91 24.74 0.29 1241.61 3.3E-4 0.0714 0.0532 0.93
0.0494 0.00E0 0.000 0.000

25.00 1.37 0.89 24.24 0.29 1220.22 3.3E-4 0.0709 0.0544 0.93
0.0505 0.00E0 0.000 0.000

24.50 1.34 0.87 23.39 0.29 1192.84 3.3E-4 0.0713 0.0572 0.93
0.0532 0.00E0 0.000 0.000

24.00 1.31 0.85 22.53 0.29 1165.06 3.3E-4 0.0717 0.0605 0.93
0.0562 0.00E0 0.000 0.000

23.50 1.28 0.83 21.64 0.29 1136.87 3.3E-4 0.0723 0.0642 0.93
0.0597 0.00E0 0.000 0.000

23.00 1.25 0.82 20.74 0.30 1108.22 3.3E-4 0.0729 0.0685 0.93
0.0636 0.00E0 0.000 0.000

22.50 1.23 0.80 19.81 0.30 1079.05 3.4E-4 0.0737 0.0735 0.93
0.0683 0.00E0 0.000 0.000

22.00 1.20 0.78 18.87 0.30 1049.32 3.4E-4 0.0747 0.0794 0.93
0.0737 0.00E0 0.000 0.000

21.50 1.17 0.76 17.90 0.30 1018.95 3.4E-4 0.0759 0.0863 0.93
0.0802 0.00E0 0.000 0.000

21.00 1.14 0.74 16.91 0.30 987.88 3.4E-4 0.1418 0.1737 0.93
0.1613 0.00E0 0.000 0.000

20.50 1.11 0.72 15.89 0.30 955.99 3.5E-4 0.1474 0.1956 0.93
0.1816 0.00E0 0.000 0.000

20.00 1.09 0.71 14.85 0.30 923.18 3.5E-4 0.1543 0.2235 0.93
0.2075 0.00E0 0.000 0.000

19.50 1.06 0.69 16.79 0.30 949.58 3.3E-4 0.1256 0.1552 0.93
0.1442 0.00E0 0.000 0.000

19.00 1.03 0.67 18.78 0.30 972.95 3.2E-4 0.1051 0.1122 0.93
0.1042 0.00E0 0.000 0.000

18.50 1.01 0.65 20.83 0.30 993.69 3.0E-4 0.0897 0.0838 0.93
0.0778 0.00E0 0.000 0.000

18.00 0.98 0.64 22.93 0.30 1012.09 2.9E-4 0.0780 0.0643 0.93
0.0597 0.00E0 0.000 0.000

17.50 0.95 0.62 25.10 0.30 1028.39 2.8E-4 0.0687 0.0503 0.93
0.0467 0.00E0 0.000 0.000

17.00 0.92 0.60 27.33 0.30 1042.77 2.7E-4 0.0612 0.0399 0.93
0.0370 0.00E0 0.000 0.000

16.50 0.90 0.58 29.64 0.30 1055.38 2.5E-4 0.0551 0.0319 0.93
0.0297 0.00E0 0.000 0.000

16.00 0.87 0.57 32.02 0.30 1066.35 2.4E-4 0.0500 0.0257 0.93
0.0238 0.00E0 0.000 0.000

15.50 0.84 0.55 33.90 0.30 1069.76 2.4E-4 0.0463 0.0215 0.93
0.0199 0.00E0 0.000 0.000

15.00 0.82 0.53 34.63 0.30 1059.81 2.3E-4 0.0441 0.0196 0.93
0.0182 0.00E0 0.000 0.000

14.50 0.79 0.51 41.11 0.30 1103.24 2.2E-4 0.0380 0.0120 0.93
0.0111 0.00E0 0.000 0.000
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14.00 0.76 0.49 49.77 0.30 1155.28 2.0E-4 0.0328 0.0104 0.93

0.0096 0.00E0 0.000 0.000
13.50 0.73 0.48 58.15 0.30 1194.86 1.9E-4 0.0293 0.0093 0.93

0.0086 0.00E0 0.000 0.000
13.00 0.71 0.46 66.88 0.30 1228.37 1.7E-4 0.0266 0.0084 0.93

0.0078 0.00E0 0.000 0.000
12.50 0.68 0.44 75.96 0.30 1256.72 1.6E-4 0.0245 0.0077 0.93

0.0072 0.00E0 0.000 0.000
12.00 0.65 0.42 85.45 0.30 1280.54 1.5E-4 0.0227 0.0072 0.93

0.0067 0.00E0 0.000 0.000
11.50 0.62 0.41 95.37 0.30 1300.30 1.5E-4 0.0212 0.0067 0.93

0.0062 0.00E0 0.000 0.000
11.00 0.60 0.39 100.00 0.30 1291.94 1.4E-4 0.0203 0.0064 0.93

0.0060 0.00E0 0.000 0.000
10.50 0.57 0.37 100.00 0.30 1262.24 1.4E-4 0.0198 0.0063 0.93

0.0058 0.00E0 0.000 0.000
10.00 0.54 0.35 100.00 0.30 1231.82 1.3E-4 0.0193 0.0061 0.93

0.0057 0.00E0 0.000 0.000
9.50 0.52 0.34 100.00 0.31 1200.63 1.3E-4 0.0223 0.0071 0.93

0.0066 0.00E0 0.000 0.000
9.00 0.49 0.32 100.00 0.31 1168.61 1.3E-4 0.0216 0.0068 0.93

0.0064 0.00E0 0.000 0.000
8.50 0.46 0.30 100.00 0.31 1135.68 1.2E-4 0.0209 0.0066 0.93

0.0061 0.00E0 0.000 0.000
8.00 0.43 0.28 100.00 0.31 1101.77 1.2E-4 0.0202 0.0064 0.93

0.0059 0.00E0 0.000 0.000
7.50 0.41 0.26 100.00 0.31 1066.79 1.2E-4 0.0194 0.0061 0.93

0.0057 0.00E0 0.000 0.000
7.00 0.38 0.25 100.00 0.31 1030.62 1.1E-4 0.0186 0.0059 0.93

0.0055 0.00E0 0.000 0.000
6.50 0.35 0.23 97.96 0.31 986.34 1.1E-4 0.0180 0.0057 0.93

0.0053 0.00E0 0.000 0.000
6.00 0.33 0.21 92.88 0.31 930.99 1.1E-4 0.0175 0.0055 0.93

0.0051 0.00E0 0.000 0.000
5.50 0.30 0.19 86.86 0.31 871.67 1.1E-4 0.0171 0.0054 0.93

0.0050 0.00E0 0.000 0.000
5.00 0.27 0.18 80.83 0.31 811.45 1.0E-4 0.0166 0.0053 0.93

0.0049 0.00E0 0.000 0.000
4.50 0.24 0.16 74.81 0.31 750.21 1.0E-4 0.0161 0.0051 0.93

0.0047 0.00E0 0.000 0.000
4.00 0.22 0.14 68.78 0.31 687.80 9.8E-5 0.0192 0.0061 0.93

0.0056 0.00E0 0.000 0.000
3.50 0.19 0.12 62.76 0.31 624.04 9.4E-5 0.0182 0.0057 0.93

0.0053 0.00E0 0.000 0.000
3.00 0.16 0.11 56.73 0.31 558.66 9.0E-5 0.0170 0.0054 0.93

0.0050 0.00E0 0.000 0.000
2.50 0.14 0.09 50.71 0.31 491.27 8.6E-5 0.0156 0.0049 0.93

0.0046 0.00E0 0.000 0.000
2.00 0.11 0.07 44.68 0.31 421.29 8.0E-5 0.0140 0.0044 0.93

0.0041 0.00E0 0.000 0.000
1.50 0.08 0.05 38.66 0.31 347.68 7.3E-5 0.0122 0.0042 0.93

0.0039 0.00E0 0.000 0.000
1.00 0.05 0.04 32.06 0.31 266.73 6.3E-5 0.0100 0.0051 0.93

0.0048 0.00E0 0.000 0.000
0.50 0.03 0.02 25.12 0.31 173.91 4.9E-5 0.0067 0.0049 0.93

0.0045 0.00E0 0.000 0.000
0.00 0.00 0.00 18.19 0.31 3.00 1.0E-6 0.0010 0.0011 0.93

0.0011 0.00E0 0.000 0.000
Settlement of Unsaturated Sands

____________________________________________________________________________________
____________________________

Settlement of Unsaturated Sands=0.000 in.
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dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Total Settlement of Saturated and Unsaturated Sands=0.051 in.
Differential Settlement=0.025 to 0.034 in.

Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = 
pcf; Depth = ft; Settlement = in. 

____________________________________________________________________________________
_____________

1 atm (atmosphere) = 1.0581 tsf(1 tsf = 1 ton/ft2 = 2 kip/ft2)
1 atm (atmosphere) = 101.325 kPa(1 kPa = 1 kN/m2 = 0.001 Mpa)
SPT Field data from Standard Penetration Test (SPT)
BPT Field data from Becker Penetration Test (BPT)
qc Field data from Cone Penetration Test (CPT) [atm (tsf)]
fs Friction from CPT testing [atm (tsf)]
Rf Ratio of fs/qc (%)
gamma Total unit weight of soil
gamma' Effective unit weight of soil
Fines Fines content [%]  
D50 Mean grain size       
Dr   Relative Density
sigma Total vertical stress [atm]
sigma' Effective vertical stress [atm]
sigC' Effective confining pressure [atm] 
rd  Acceleration reduction coefficient by Seed
a_max. Peak Ground Acceleration (PGA) in ground surface
mZ  Linear acceleration reduction coefficient X depth
a_min. Minimum acceleration under linear reduction, mZ
CRRv  CRR after overburden stress correction, CRRv=CRR7.5 * Ksig
  CRR7.5 Cyclic resistance ratio (M=7.5)
  Ksig Overburden stress correction factor for CRR7.5
CRRm After magnitude scaling correction CRRm=CRRv * MSF
  MSF  Magnitude scaling factor from M=7.5 to user input M 
CSR Cyclic stress ratio induced by earthquake
CSRfs CSRfs=CSR*fs1 (Default fs1=1)
  fs1 First CSR curve in graphic defined in #9 of Advanced page
  fs2 2nd CSR curve in graphic defined in #9 of Advanced page
F.S. Calculated factor of safety against liquefaction 

F.S.=CRRm/CSRsf
Cebs Energy Ratio, Borehole Dia., and Sampling Method Corrections
Cr Rod Length Corrections
Cn  Overburden Pressure Correction
(N1)60 SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
d(N1)60 Fines correction of SPT
(N1)60f (N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Cq  Overburden stress correction factor
qc1 CPT after Overburden stress correction
dqc1 Fines correction of CPT
qc1f CPT after Fines and Overburden correction, qc1f=qc1 + dqc1
qc1n CPT after normalization in Robertson's method
Kc  Fine correction factor in Robertson's Method
qc1f CPT after Fines correction in Robertson's Method
Ic  Soil type index in Suzuki's and Robertson's Methods
(N1)60s (N1)60 after settlement fines corrections
CSRm After magnitude scaling correction for Settlement 

calculation  CSRm=CSRsf / MSF*
  CSRfs Cyclic stress ratio induced by earthquake with user 

inputed fs
  MSF*  Scaling factor from CSR, MSF*=1, based on Item 2 of 

Page C.
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ec Volumetric strain for saturated sands
dz  Calculation segment, dz=0.050 ft
dsz    Settlement in each segment, dz
dp    User defined print interval
dsp    Settlement in each print interval, dp
Gmax Shear Modulus at low strain
g_eff gamma_eff, Effective shear Strain
g*Ge/Gm gamma_eff * G_eff/G_max, Strain-modulus ratio
ec7.5 Volumetric Strain for magnitude=7.5
Cec Magnitude correction factor for any magnitude
ec Volumetric strain for unsaturated sands, ec=Cec * ec7.5
NoLiq No-Liquefy Soils

References:

____________________________________________________________________________________
1. NCEER Workshop on Evaluation of Liquefaction Resistance of Soils. Youd, 

T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.
   SP117. Southern California Earthquake Center. Recommended Procedures for 

Implementation of DMG Special Publication 117, Guidelines for
   Analyzing and Mitigating Liquefaction in California. University of 

Southern California. March 1999.
2. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING AND SEISMIC SITE 

RESPONSE EVALUATION, Paper No. SPL-2, PROCEEDINGS: Fourth
   International Conference on Recent Advances in Geotechnical Earthquake 

Engineering and Soil Dynamics, San Diego, CA, March 2001.
3. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING: A UNIFIED AND 

CONSISTENT FRAMEWORK, Earthquake Engineering Research Center,
   Report No. EERC 2003-06 by R.B Seed and etc. April 2003.

Note: Print Interval you selected does not show complete results. To get 
complete results, you should select 'Segment' in Print Interval (Item 12, Page C).
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Axial Capacity Analyses
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\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Apile\Hampshire-HP14x89-Abut.cpt                                        
                                                                                    
           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Interchange Improvement Project - Hampshire Rd. UC - Abut

          DESIGNER : KR                                                          

          DATE : 10/11/10                                                    

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.05 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      1.41 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     55.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =  15.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       115.00        32.00     20.00
            10.00   SAND      1.00       115.00        32.00     20.00
            10.00   CLAY      0.00       115.00         0.00      0.00
            15.00   CLAY      0.00       115.00         0.00      0.00
            15.00   SAND      1.00       120.00        34.00     20.00
            29.00   SAND      1.00        57.60        34.00     20.00
            29.00   SAND      1.00        57.60        32.00     20.00
            43.00   SAND      1.00        57.60        32.00     20.00
            43.00   CLAY      0.00        62.60         0.00      0.00
            59.00   CLAY      0.00        62.60         0.00      0.00
            59.00   SAND      1.00        62.60        42.00     50.00
            75.00   SAND      1.00        62.60        42.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     6.2     6.2    0.0     7.4     7.4    0.0     4.9     4.9
        1.0    0.0    10.3    10.3    0.0    12.2    12.2    0.0     8.2     8.2
        2.0    0.0    14.4    14.4    0.0    17.1    17.1    0.0    11.4    11.4
        3.0    0.0    18.5    18.5    0.0    22.0    22.0    0.0    14.7    14.7
        4.0    0.0    22.6    22.6    0.0    26.8    26.8    0.0    17.9    17.9
        5.0    0.0    26.7    26.7    0.0    31.7    31.7    0.0    21.1    21.1
        6.0    0.0    30.8    30.8    0.0    36.6    36.6    0.0    24.4    24.4
        7.0    0.0    34.7    34.7    0.0    41.1    41.1    0.0    27.5    27.5
        8.0    0.0    28.7    28.7    0.0    33.3    33.3    0.0    23.6    23.6
        9.0    0.0    21.4    21.4    0.0    23.8    23.8    0.0    18.7    18.7
       10.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       11.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       12.0    0.0    13.4    13.4    0.0    13.5    13.5    0.0    13.0    13.0
       13.0    0.0    39.9    39.9    0.0    45.1    45.1    0.0    25.5    25.5
       14.0    0.0    68.4    68.4    0.0    79.1    79.1    0.0    39.0    39.0
       15.0    2.4    98.2   100.5    1.8   115.3   117.1    0.0    53.6    53.6
       16.0    6.7   101.8   108.5    6.1   122.0   128.1   16.2    56.7    73.0
       17.0   10.7   103.4   114.2   11.2   128.5   139.7   19.1    59.8    78.9
       18.0   15.1   103.8   118.8   16.7   134.7   151.4   22.3    62.6    85.0
       19.0   19.6   103.8   123.3   22.4   140.6   163.0   25.7    65.4    91.1
       20.0   24.3   103.8   128.1   28.5   146.3   174.7   29.1    68.0    97.2
       21.0   29.3   103.8   133.1   34.8   151.5   186.3   32.6    70.5   103.2
       22.0   34.5   103.8   138.2   41.3   152.5   193.8   36.2    72.9   109.2
       23.0   39.8   103.8   143.6   48.2   151.6   199.8   39.9    75.2   115.1
       24.0   45.3   103.8   149.1   55.0   149.0   204.0   52.1    77.3   129.4
       25.0   51.0   103.8   154.8   61.9   149.0   210.9   55.9    79.3   135.2
       26.0   56.9   103.3   160.2   68.7   148.6   217.3   59.7    81.2   140.8
       27.0   62.9    84.4   147.3   75.6   133.8   209.3   63.4    82.9   146.3
       28.0   69.1    65.5   134.5   82.4   118.9   201.3   67.1    84.6   151.7
       29.0   75.4    46.6   121.9   86.8   104.0   190.8   70.7    86.2   157.0
       30.0   81.3    46.6   127.9   91.2   104.0   195.2   74.2    87.9   162.1
       31.0   86.9    46.6   133.4   95.6   104.0   199.6   77.6    89.5   167.1
       32.0   92.5    46.6   139.1  100.0   104.0   204.0   81.0    91.1   172.1
       33.0   98.3    46.6   144.9  104.4   104.0   208.4   84.3    92.7   177.0
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       34.0  104.1    46.6   150.7  108.8   104.0   212.8   87.5    94.4   181.9
       35.0  110.1    46.6   156.7  113.2   104.0   217.2   90.8    96.0   186.8
       36.0  116.2    46.6   162.8  117.6   104.0   221.6   94.8    97.6   192.4
       37.0  122.4    46.6   169.0  122.0   104.0   226.0   99.9    99.2   199.1
       38.0  128.7    46.6   175.2  126.4   104.0   230.4  105.1   100.9   205.9
       39.0  135.1    46.6   181.6  130.8   104.0   234.8  110.3   102.5   212.8
       40.0  141.6    46.3   187.9  135.2   103.2   238.4  115.7   103.4   219.0
       41.0  148.2    37.2   185.4  139.6    75.2   214.8  121.1    75.8   196.9
       42.0  154.9    28.1   183.0  144.0    47.1   191.1  126.6    47.7   174.3
       43.0  161.7    19.1   180.7  148.4    19.1   167.4  132.2    19.1   151.3
       44.0  168.1    19.1   187.2  152.4    19.1   171.4  136.8    19.1   155.8
       45.0  174.7    19.1   193.7  155.9    19.1   175.0  141.3    19.1   160.4
       46.0  181.6    19.1   200.7  159.5    19.1   178.6  146.0    19.1   165.0
       47.0  188.6    19.1   207.7  163.1    19.1   182.1  150.6    19.1   169.7
       48.0  195.6    19.1   214.7  166.6    19.1   185.7  155.3    19.1   174.4
       49.0  202.6    19.1   221.6  170.2    19.1   189.2  160.0    19.1   179.1
       50.0  209.6    19.1   228.6  173.8    19.1   192.8  164.8    19.1   183.9
       51.0  216.6    19.1   235.6  177.3    19.1   196.4  169.6    19.1   188.7
       52.0  223.5    19.1   242.6  180.9    19.1   199.9  174.5    19.1   193.6
       53.0  230.5    19.1   249.6  184.5    19.1   203.5  179.4    19.1   198.5
       54.0  237.5    19.1   256.6  188.0    19.1   207.1  184.4    19.1   203.4
       55.0  244.5    19.1   263.5  191.6    19.1   210.6  189.3    19.1   208.4

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           4.9          4.9
              1.00           0.0           8.2          8.2
              2.00           0.0          11.4         11.4
              3.00           0.0          14.7         14.7
              4.00           0.0          17.9         17.9
              5.00           0.0          21.1         21.1
              6.00           0.0          24.4         24.4
              7.00           0.0          27.5         27.5
              8.00           0.0          23.6         23.6
              9.00           0.0          18.7         18.7
             10.00           0.0          12.7         12.7
             11.00           0.0          12.7         12.7
             12.00           0.0          13.0         13.0
             13.00           0.0          25.5         25.5
             14.00           0.0          39.0         39.0
             15.00           1.6          53.6         55.2
             16.00           5.6          56.7         62.3
             17.00          10.6          59.8         70.3
             18.00          15.9          62.6         78.5
             19.00          21.4          65.4         86.8
             20.00          27.3          68.0         95.3
             21.00          33.4          70.5        103.9
             22.00          39.7          72.9        112.6
             23.00          46.3          75.2        121.5
             24.00          53.1          77.3        130.4
             25.00          60.2          79.3        139.4
             26.00          67.4          81.2        148.5
             27.00          74.8          82.9        157.7
             28.00          82.4          84.6        167.0
             29.00          90.1          86.2        176.3
             30.00          97.7          87.9        185.5
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             31.00         105.1          89.5        194.6
             32.00         112.6          91.1        203.7
             33.00         120.3          92.7        213.0
             34.00         128.1          94.4        222.5
             35.00         136.1          96.0        232.1
             36.00         144.2          97.6        241.8
             37.00         152.4          99.2        251.6
             38.00         160.8         100.9        261.6
             39.00         169.3         102.5        271.8
             40.00         177.9         103.4        281.3
             41.00         186.6          75.8        262.4
             42.00         195.2          47.7        242.9
             43.00         204.3          19.1        223.4
             44.00         211.7          19.1        230.8
             45.00         217.5          19.1        236.5
             46.00         223.2          19.1        242.3
             47.00         229.1          19.1        248.1
             48.00         234.9          19.1        254.0
             49.00         240.8          19.1        259.9
             50.00         246.8          19.1        265.8
             51.00         252.8          19.1        271.8
             52.00         258.8          19.1        277.9
             53.00         264.9          19.1        284.0
             54.00         271.0          19.1        290.1
             55.00         277.2          19.1        296.3

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1816E-01
                                               0.0000E+00      0.3632E-01
                                               0.0000E+00      0.7264E-01
                                               0.0000E+00      0.1090E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1634E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.1816E+01
            2         10      0.5025E+01
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1816E-01
                                               0.0000E+00      0.3632E-01
                                               0.0000E+00      0.7264E-01
                                               0.0000E+00      0.1090E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1634E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.9080E+00
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                                               0.0000E+00      0.1816E+01
            3         10      0.9958E+01
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1816E-01
                                               0.0000E+00      0.3632E-01
                                               0.0000E+00      0.7264E-01
                                               0.0000E+00      0.1090E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1634E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.1816E+01
            4         10      0.1000E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.2906E-01
                                               0.0000E+00      0.5629E-01
                                               0.0000E+00      0.1035E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.3632E+00
                                               0.0000E+00      0.5448E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.3632E+01
            5         10      0.1253E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.2906E-01
                                               0.0000E+00      0.5629E-01
                                               0.0000E+00      0.1035E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.3632E+00
                                               0.0000E+00      0.5448E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.3632E+01
            6         10      0.1496E+02
                                               0.0000E+00      0.0000E+00
                                               0.1032E+01      0.2906E-01
                                               0.1720E+01      0.5629E-01
                                               0.2580E+01      0.1035E+00
                                               0.3096E+01      0.1453E+00
                                               0.3440E+01      0.1816E+00
                                               0.3096E+01      0.3632E+00
                                               0.3096E+01      0.5448E+00
                                               0.3096E+01      0.9080E+00
                                               0.3096E+01      0.3632E+01
            7         10      0.1500E+02
                                               0.0000E+00      0.0000E+00
                                               0.6321E+00      0.1816E-01
                                               0.1264E+01      0.3632E-01
                                               0.2528E+01      0.7264E-01
                                               0.3793E+01      0.1090E+00
                                               0.5057E+01      0.1453E+00
                                               0.5689E+01      0.1634E+00
                                               0.6321E+01      0.1816E+00
                                               0.6321E+01      0.9080E+00
                                               0.6321E+01      0.1816E+01
            8         10      0.2202E+02
                                               0.0000E+00      0.0000E+00
                                               0.7816E+00      0.1816E-01
                                               0.1563E+01      0.3632E-01
                                               0.3126E+01      0.7264E-01
                                               0.4689E+01      0.1090E+00
                                               0.6253E+01      0.1453E+00
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                                               0.7034E+01      0.1634E+00
                                               0.7816E+01      0.1816E+00
                                               0.7816E+01      0.9080E+00
                                               0.7816E+01      0.1816E+01
            9         10      0.2896E+02
                                               0.0000E+00      0.0000E+00
                                               0.9189E+00      0.1816E-01
                                               0.1838E+01      0.3632E-01
                                               0.3676E+01      0.7264E-01
                                               0.5514E+01      0.1090E+00
                                               0.7351E+01      0.1453E+00
                                               0.8270E+01      0.1634E+00
                                               0.9189E+01      0.1816E+00
                                               0.9189E+01      0.9080E+00
                                               0.9189E+01      0.1816E+01
           10         10      0.2900E+02
                                               0.0000E+00      0.0000E+00
                                               0.8660E+00      0.1816E-01
                                               0.1732E+01      0.3632E-01
                                               0.3464E+01      0.7264E-01
                                               0.5196E+01      0.1090E+00
                                               0.6928E+01      0.1453E+00
                                               0.7794E+01      0.1634E+00
                                               0.8660E+01      0.1816E+00
                                               0.8660E+01      0.9080E+00
                                               0.8660E+01      0.1816E+01
           11         10      0.3602E+02
                                               0.0000E+00      0.0000E+00
                                               0.9032E+00      0.1816E-01
                                               0.1806E+01      0.3632E-01
                                               0.3613E+01      0.7264E-01
                                               0.5419E+01      0.1090E+00
                                               0.7225E+01      0.1453E+00
                                               0.8129E+01      0.1634E+00
                                               0.9032E+01      0.1816E+00
                                               0.9032E+01      0.9080E+00
                                               0.9032E+01      0.1816E+01
           12         10      0.4296E+02
                                               0.0000E+00      0.0000E+00
                                               0.9950E+00      0.1816E-01
                                               0.1990E+01      0.3632E-01
                                               0.3980E+01      0.7264E-01
                                               0.5970E+01      0.1090E+00
                                               0.7960E+01      0.1453E+00
                                               0.8955E+01      0.1634E+00
                                               0.9950E+01      0.1816E+00
                                               0.9950E+01      0.9080E+00
                                               0.9950E+01      0.1816E+01
           13         10      0.4300E+02
                                               0.0000E+00      0.0000E+00
                                               0.2830E+01      0.2906E-01
                                               0.4717E+01      0.5629E-01
                                               0.7076E+01      0.1035E+00
                                               0.8491E+01      0.1453E+00
                                               0.9434E+01      0.1816E+00
                                               0.8491E+01      0.3632E+00
                                               0.8491E+01      0.5448E+00
                                               0.8491E+01      0.9080E+00
                                               0.8491E+01      0.3632E+01
           14         10      0.5102E+02
                                               0.0000E+00      0.0000E+00
                                               0.3060E+01      0.2906E-01
                                               0.5100E+01      0.5629E-01
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                                               0.7650E+01      0.1035E+00
                                               0.9180E+01      0.1453E+00
                                               0.1020E+02      0.1816E+00
                                               0.9180E+01      0.3632E+00
                                               0.9180E+01      0.5448E+00
                                               0.9180E+01      0.9080E+00
                                               0.9180E+01      0.3632E+01
           15         10      0.5896E+02
                                               0.0000E+00      0.0000E+00
                                               0.3060E+01      0.2906E-01
                                               0.5100E+01      0.5629E-01
                                               0.7650E+01      0.1035E+00
                                               0.9180E+01      0.1453E+00
                                               0.1020E+02      0.1816E+00
                                               0.9180E+01      0.3632E+00
                                               0.9180E+01      0.5448E+00
                                               0.9180E+01      0.9080E+00
                                               0.9180E+01      0.3632E+01
           16         10      0.5900E+02
                                               0.0000E+00      0.0000E+00
                                               0.1020E+01      0.1816E-01
                                               0.2040E+01      0.3632E-01
                                               0.4080E+01      0.7264E-01
                                               0.6120E+01      0.1090E+00
                                               0.8160E+01      0.1453E+00
                                               0.9180E+01      0.1634E+00
                                               0.1020E+02      0.1816E+00
                                               0.1020E+02      0.9080E+00
                                               0.1020E+02      0.1816E+01
           17         10      0.6703E+02
                                               0.0000E+00      0.0000E+00
                                               0.1020E+01      0.1816E-01
                                               0.2040E+01      0.3632E-01
                                               0.4080E+01      0.7264E-01
                                               0.6120E+01      0.1090E+00
                                               0.8160E+01      0.1453E+00
                                               0.9180E+01      0.1634E+00
                                               0.1020E+02      0.1816E+00
                                               0.1020E+02      0.9080E+00
                                               0.1020E+02      0.1816E+01
           18         10      0.7496E+02
                                               0.0000E+00      0.0000E+00
                                               0.1020E+01      0.1816E-01
                                               0.2040E+01      0.3632E-01
                                               0.4080E+01      0.7264E-01
                                               0.6120E+01      0.1090E+00
                                               0.8160E+01      0.1453E+00
                                               0.9180E+01      0.1634E+00
                                               0.1020E+02      0.1816E+00
                                               0.1020E+02      0.9080E+00
                                               0.1020E+02      0.1816E+01

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.1191E+01         0.9080E-02
        0.2382E+01         0.1816E-01
        0.4763E+01         0.3632E-01
        0.9526E+01         0.2361E+00
        0.1429E+02         0.7627E+00
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        0.1715E+02         0.1326E+01
        0.1905E+02         0.1816E+01
        0.1905E+02         0.2724E+01
        0.1905E+02         0.3632E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.2291E+00      0.2364E-03      0.1311E-01      0.1000E-03
       0.2291E+01      0.2364E-02      0.1311E+00      0.1000E-02
       0.1145E+02      0.1182E-01      0.6557E+00      0.5000E-02
       0.2300E+02      0.2368E-01      0.1311E+01      0.1000E-01
       0.1054E+03      0.1119E+00      0.5089E+01      0.5000E-01
       0.1851E+03      0.2060E+00      0.6282E+01      0.1000E+00
       0.2514E+03      0.6454E+00      0.1191E+02      0.5000E+00
       0.2550E+03      0.1149E+01      0.1549E+02      0.1000E+01
       0.2586E+03      0.2152E+01      0.1905E+02      0.2000E+01
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\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Apile\Hampshire-HP14x89-Abut4.cpt                                       
                                                                                    
           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Interchange Improvement - Hampshire Rd. UC - Abut 4      

          DESIGNER : KR                                                          

          DATE : 10/11/10                                                    

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.05 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      1.41 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     55.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =  15.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       115.00        36.00     20.00
             9.00   SAND      1.00       115.00        36.00     20.00
             9.00   CLAY      0.00       115.00         0.00      0.00
            19.00   CLAY      0.00       115.00         0.00      0.00
            19.00   CLAY      0.00       115.00         0.00      0.00
            29.00   CLAY      0.00       115.00         0.00      0.00
            29.00   CLAY      0.00        57.60         0.00      0.00
            44.00   CLAY      0.00        57.60         0.00      0.00
            44.00   CLAY      0.00        62.60         0.00      0.00
            54.00   CLAY      0.00        62.60         0.00      0.00
            54.00   SAND      1.00        62.60        40.00     50.00
            64.00   SAND      1.00        62.60        40.00     50.00
            64.00   CLAY      0.00        62.60         0.00      0.00
            72.00   CLAY      0.00        62.60         0.00      0.00
            72.00   SAND      1.00        62.60        42.00     50.00
            80.00   SAND      1.00        62.60        42.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
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          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       4.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       4.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       3.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       3.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0    13.2    13.2    0.0    13.8    13.8    0.0     4.9     4.9
        1.0    0.0    21.9    21.9    0.0    22.8    22.8    0.0     8.2     8.2
        2.0    0.0    30.7    30.7    0.0    31.9    31.9    0.0    11.4    11.4
        3.0    0.0    39.4    39.4    0.0    41.0    41.0    0.0    14.7    14.7
        4.0    0.0    48.1    48.1    0.0    50.1    50.1    0.0    17.9    17.9
        5.0    0.0    56.9    56.9    0.0    59.2    59.2    0.0    21.1    21.1
        6.0    0.0    65.0    65.0    0.0    67.7    67.7    0.0    24.2    24.2
        7.0    0.0    50.5    50.5    0.0    52.4    52.4    0.0    21.5    21.5
        8.0    0.0    33.0    33.0    0.0    34.0    34.0    0.0    17.6    17.6
        9.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       10.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       11.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       12.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       13.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       14.0    0.0    12.7    12.7    0.0    12.7    12.7    0.0    12.7    12.7
       15.0    2.4    12.7    15.1    1.8    12.7    14.5    0.0    12.7    12.7
       16.0    7.1    12.9    19.9    5.3    12.9    18.2   16.1    12.9    28.9
       17.0   11.8    19.2    30.9    8.9    19.2    28.1   18.6    19.2    37.8
       18.0   16.5    25.5    41.9   12.5    25.5    37.9   21.4    25.5    46.8
       19.0   21.2    31.8    52.9   16.0    31.8    47.8   24.2    31.8    56.0
       20.0   27.5    31.8    59.3   20.8    31.8    52.6   28.8    31.8    60.6
       21.0   35.5    31.8    67.2   26.7    31.8    58.5   33.5    31.8    65.3
       22.0   43.4    31.8    75.2   32.7    31.8    64.4   46.3    31.8    78.1
       23.0   51.4    31.8    83.2   38.6    31.8    70.4   51.1    31.8    82.8
       24.0   59.4    31.8    91.1   44.6    31.8    76.3   55.7    31.8    87.5
       25.0   67.3    31.8    99.1   50.5    31.8    82.3   60.3    31.8    92.0
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       26.0   75.3    31.9   107.2   56.5    31.9    88.4   64.7    31.9    96.7
       27.0   83.2    38.2   121.5   62.4    38.2   100.6   69.1    38.2   107.3
       28.0   91.2    44.5   135.7   68.3    44.5   112.9   73.3    44.5   117.8
       29.0   99.1    50.8   150.0   74.3    50.8   125.1   77.5    50.8   128.3
       30.0  106.0    50.8   156.8   82.0    50.8   132.8   82.8    50.8   133.6
       31.0  111.8    50.8   162.7   91.5    50.8   142.3   88.0    50.8   138.8
       32.0  117.7    50.8   168.5  101.0    50.8   151.8   93.6    50.8   144.4
       33.0  123.5    50.8   174.3  110.5    50.8   161.3  101.3    50.8   152.1
       34.0  129.3    50.8   180.1  120.0    50.8   170.8  109.0    50.8   159.8
       35.0  135.1    50.8   185.9  129.6    50.8   180.4  116.7    50.8   167.6
       36.0  140.9    50.8   191.7  139.1    50.8   189.9  124.5    50.8   175.3
       37.0  146.7    50.8   197.5  148.6    50.8   199.4  132.4    50.8   183.2
       38.0  152.5    50.8   203.3  158.1    50.8   208.9  140.2    50.8   191.0
       39.0  158.3    50.8   209.1  167.6    50.8   218.4  148.2    50.8   199.0
       40.0  164.2    50.8   215.0  177.1    50.8   227.9  156.1    50.8   206.9
       41.0  170.0    50.7   220.7  186.6    50.7   237.3  164.1    50.7   214.8
       42.0  175.8    46.5   222.3  196.1    46.5   242.6  172.1    46.5   218.6
       43.0  181.6    42.3   223.9  205.6    42.3   247.9  180.2    42.3   222.5
       44.0  187.4    38.1   225.5  215.1    38.1   253.2  188.3    38.1   226.4
       45.0  193.7    38.1   231.8  223.4    38.1   261.6  195.1    38.1   233.2
       46.0  200.5    38.1   238.6  230.6    38.1   268.7  201.9    38.1   240.0
       47.0  207.3    38.1   245.4  237.7    38.1   275.8  208.8    38.1   246.9
       48.0  214.2    38.1   252.3  244.8    38.1   282.9  215.8    38.1   253.9
       49.0  221.0    38.1   259.1  252.0    38.1   290.1  222.7    38.1   260.8
       50.0  227.8    38.1   265.9  259.1    38.1   297.2  229.7    38.1   267.9
       51.0  234.6    42.9   277.5  266.2    41.5   307.7  236.8    40.8   277.6
       52.0  241.4   225.1   466.5  273.4   168.7   442.1  243.9   141.4   385.3
       53.0  248.2   407.2   655.5  280.5   296.0   576.5  251.0   243.6   494.6
       54.0  255.0   589.4   844.4  291.8   423.2   715.1  258.2   347.0   605.2
       55.0  267.6   589.4   857.0  303.2   423.2   726.4  266.9   350.4   617.2

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           4.9          4.9
              1.00           0.0           8.2          8.2
              2.00           0.0          11.4         11.4
              3.00           0.0          14.7         14.7
              4.00           0.0          17.9         17.9
              5.00           0.0          21.1         21.1
              6.00           0.0          24.2         24.2
              7.00           0.0          21.5         21.5
              8.00           0.0          17.6         17.6
              9.00           0.0          12.7         12.7
             10.00           0.0          12.7         12.7
             11.00           0.0          12.7         12.7
             12.00           0.0          12.7         12.7
             13.00           0.0          12.7         12.7
             14.00           0.0          12.7         12.7
             15.00           1.6          12.7         14.3
             16.00           4.7          12.9         17.6
             17.00           8.0          19.2         27.2
             18.00          11.4          25.5         36.8
             19.00          14.8          31.8         46.6
             20.00          19.5          31.8         51.3
             21.00          25.4          31.8         57.1
             22.00          31.3          31.8         63.1
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             23.00          37.4          31.8         69.1
             24.00          43.5          31.8         75.3
             25.00          49.8          31.8         81.6
             26.00          56.3          31.9         88.2
             27.00          62.8          38.2        101.1
             28.00          69.5          44.5        114.0
             29.00          76.3          50.8        127.1
             30.00          84.3          50.8        135.1
             31.00          93.5          50.8        144.3
             32.00         102.6          50.8        153.4
             33.00         111.9          50.8        162.7
             34.00         121.1          50.8        171.9
             35.00         130.4          50.8        181.2
             36.00         139.7          50.8        190.6
             37.00         149.1          50.8        199.9
             38.00         158.5          50.8        209.3
             39.00         168.0          50.8        218.8
             40.00         177.4          50.8        228.2
             41.00         186.9          50.7        237.6
             42.00         196.5          46.5        243.0
             43.00         206.2          42.3        248.5
             44.00         215.9          38.1        254.0
             45.00         225.0          38.1        263.1
             46.00         233.5          38.1        271.6
             47.00         242.1          38.1        280.2
             48.00         250.8          38.1        288.9
             49.00         259.5          38.1        297.6
             50.00         268.2          38.1        306.4
             51.00         277.1          40.8        317.8
             52.00         286.0         141.4        427.4
             53.00         294.9         243.6        538.5
             54.00         304.0         347.0        651.0
             55.00         315.4         350.4        665.7

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1816E-01
                                               0.0000E+00      0.3632E-01
                                               0.0000E+00      0.7264E-01
                                               0.0000E+00      0.1090E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1634E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.1816E+01
            2         10      0.4525E+01
                                               0.0000E+00      0.0000E+00
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                                               0.0000E+00      0.1816E-01
                                               0.0000E+00      0.3632E-01
                                               0.0000E+00      0.7264E-01
                                               0.0000E+00      0.1090E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1634E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.1816E+01
            3         10      0.8958E+01
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1816E-01
                                               0.0000E+00      0.3632E-01
                                               0.0000E+00      0.7264E-01
                                               0.0000E+00      0.1090E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1634E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.1816E+01
            4         10      0.9000E+01
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.2906E-01
                                               0.0000E+00      0.5629E-01
                                               0.0000E+00      0.1035E+00
                                               0.0000E+00      0.1453E+00
                                               0.0000E+00      0.1816E+00
                                               0.0000E+00      0.3632E+00
                                               0.0000E+00      0.5448E+00
                                               0.0000E+00      0.9080E+00
                                               0.0000E+00      0.3632E+01
            5         10      0.1403E+02
                                               0.0000E+00      0.0000E+00
                                               0.1032E+01      0.2906E-01
                                               0.1720E+01      0.5629E-01
                                               0.2580E+01      0.1035E+00
                                               0.3096E+01      0.1453E+00
                                               0.3440E+01      0.1816E+00
                                               0.3096E+01      0.3632E+00
                                               0.3096E+01      0.5448E+00
                                               0.3096E+01      0.9080E+00
                                               0.3096E+01      0.3632E+01
            6         10      0.1896E+02
                                               0.0000E+00      0.0000E+00
                                               0.2064E+01      0.2906E-01
                                               0.3440E+01      0.5629E-01
                                               0.5159E+01      0.1035E+00
                                               0.6191E+01      0.1453E+00
                                               0.6879E+01      0.1816E+00
                                               0.6191E+01      0.3632E+00
                                               0.6191E+01      0.5448E+00
                                               0.6191E+01      0.9080E+00
                                               0.6191E+01      0.3632E+01
            7         10      0.1900E+02
                                               0.0000E+00      0.0000E+00
                                               0.2776E+01      0.2906E-01
                                               0.4626E+01      0.5629E-01
                                               0.6939E+01      0.1035E+00
                                               0.8327E+01      0.1453E+00
                                               0.9252E+01      0.1816E+00
                                               0.8327E+01      0.3632E+00
                                               0.8327E+01      0.5448E+00
                                               0.8327E+01      0.9080E+00
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                                               0.8327E+01      0.3632E+01
            8         10      0.2402E+02
                                               0.0000E+00      0.0000E+00
                                               0.3487E+01      0.2906E-01
                                               0.5812E+01      0.5629E-01
                                               0.8718E+01      0.1035E+00
                                               0.1046E+02      0.1453E+00
                                               0.1162E+02      0.1816E+00
                                               0.1046E+02      0.3632E+00
                                               0.1046E+02      0.5448E+00
                                               0.1046E+02      0.9080E+00
                                               0.1046E+02      0.3632E+01
            9         10      0.2896E+02
                                               0.0000E+00      0.0000E+00
                                               0.3487E+01      0.2906E-01
                                               0.5812E+01      0.5629E-01
                                               0.8718E+01      0.1035E+00
                                               0.1046E+02      0.1453E+00
                                               0.1162E+02      0.1816E+00
                                               0.1046E+02      0.3632E+00
                                               0.1046E+02      0.5448E+00
                                               0.1046E+02      0.9080E+00
                                               0.1046E+02      0.3632E+01
           10         10      0.2900E+02
                                               0.0000E+00      0.0000E+00
                                               0.3017E+01      0.2906E-01
                                               0.5028E+01      0.5629E-01
                                               0.7543E+01      0.1035E+00
                                               0.9051E+01      0.1453E+00
                                               0.1006E+02      0.1816E+00
                                               0.9051E+01      0.3632E+00
                                               0.9051E+01      0.5448E+00
                                               0.9051E+01      0.9080E+00
                                               0.9051E+01      0.3632E+01
           11         10      0.3652E+02
                                               0.0000E+00      0.0000E+00
                                               0.2547E+01      0.2906E-01
                                               0.4245E+01      0.5629E-01
                                               0.6367E+01      0.1035E+00
                                               0.7640E+01      0.1453E+00
                                               0.8489E+01      0.1816E+00
                                               0.7640E+01      0.3632E+00
                                               0.7640E+01      0.5448E+00
                                               0.7640E+01      0.9080E+00
                                               0.7640E+01      0.3632E+01
           12         10      0.4396E+02
                                               0.0000E+00      0.0000E+00
                                               0.2547E+01      0.2906E-01
                                               0.4245E+01      0.5629E-01
                                               0.6367E+01      0.1035E+00
                                               0.7640E+01      0.1453E+00
                                               0.8489E+01      0.1816E+00
                                               0.7640E+01      0.3632E+00
                                               0.7640E+01      0.5448E+00
                                               0.7640E+01      0.9080E+00
                                               0.7640E+01      0.3632E+01
           13         10      0.4400E+02
                                               0.0000E+00      0.0000E+00
                                               0.2766E+01      0.2906E-01
                                               0.4611E+01      0.5629E-01
                                               0.6916E+01      0.1035E+00
                                               0.8299E+01      0.1453E+00
                                               0.9221E+01      0.1816E+00

Page 6



Hampshire-HP14x89-Abut4.apo
                                               0.8299E+01      0.3632E+00
                                               0.8299E+01      0.5448E+00
                                               0.8299E+01      0.9080E+00
                                               0.8299E+01      0.3632E+01
           14         10      0.4902E+02
                                               0.0000E+00      0.0000E+00
                                               0.2986E+01      0.2906E-01
                                               0.4977E+01      0.5629E-01
                                               0.7465E+01      0.1035E+00
                                               0.8958E+01      0.1453E+00
                                               0.9953E+01      0.1816E+00
                                               0.8958E+01      0.3632E+00
                                               0.8958E+01      0.5448E+00
                                               0.8958E+01      0.9080E+00
                                               0.8958E+01      0.3632E+01
           15         10      0.5396E+02
                                               0.0000E+00      0.0000E+00
                                               0.2986E+01      0.2906E-01
                                               0.4977E+01      0.5629E-01
                                               0.7465E+01      0.1035E+00
                                               0.8958E+01      0.1453E+00
                                               0.9953E+01      0.1816E+00
                                               0.8958E+01      0.3632E+00
                                               0.8958E+01      0.5448E+00
                                               0.8958E+01      0.9080E+00
                                               0.8958E+01      0.3632E+01
           16         10      0.5400E+02
                                               0.0000E+00      0.0000E+00
                                               0.1836E+01      0.1816E-01
                                               0.3672E+01      0.3632E-01
                                               0.7344E+01      0.7264E-01
                                               0.1102E+02      0.1090E+00
                                               0.1469E+02      0.1453E+00
                                               0.1652E+02      0.1634E+00
                                               0.1836E+02      0.1816E+00
                                               0.1836E+02      0.9080E+00
                                               0.1836E+02      0.1816E+01
           17         10      0.5902E+02
                                               0.0000E+00      0.0000E+00
                                               0.1836E+01      0.1816E-01
                                               0.3672E+01      0.3632E-01
                                               0.7344E+01      0.7264E-01
                                               0.1102E+02      0.1090E+00
                                               0.1469E+02      0.1453E+00
                                               0.1652E+02      0.1634E+00
                                               0.1836E+02      0.1816E+00
                                               0.1836E+02      0.9080E+00
                                               0.1836E+02      0.1816E+01
           18         10      0.6396E+02
                                               0.0000E+00      0.0000E+00
                                               0.1836E+01      0.1816E-01
                                               0.3672E+01      0.3632E-01
                                               0.7344E+01      0.7264E-01
                                               0.1102E+02      0.1090E+00
                                               0.1469E+02      0.1453E+00
                                               0.1652E+02      0.1634E+00
                                               0.1836E+02      0.1816E+00
                                               0.1836E+02      0.9080E+00
                                               0.1836E+02      0.1816E+01
           19         10      0.6400E+02
                                               0.0000E+00      0.0000E+00
                                               0.5508E+01      0.2906E-01
                                               0.9180E+01      0.5629E-01
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                                               0.1377E+02      0.1035E+00
                                               0.1652E+02      0.1453E+00
                                               0.1836E+02      0.1816E+00
                                               0.1652E+02      0.3632E+00
                                               0.1652E+02      0.5448E+00
                                               0.1652E+02      0.9080E+00
                                               0.1652E+02      0.3632E+01
           20         10      0.6803E+02
                                               0.0000E+00      0.0000E+00
                                               0.5508E+01      0.2906E-01
                                               0.9180E+01      0.5629E-01
                                               0.1377E+02      0.1035E+00
                                               0.1652E+02      0.1453E+00
                                               0.1836E+02      0.1816E+00
                                               0.1652E+02      0.3632E+00
                                               0.1652E+02      0.5448E+00
                                               0.1652E+02      0.9080E+00
                                               0.1652E+02      0.3632E+01
           21         10      0.7196E+02
                                               0.0000E+00      0.0000E+00
                                               0.5508E+01      0.2906E-01
                                               0.9180E+01      0.5629E-01
                                               0.1377E+02      0.1035E+00
                                               0.1652E+02      0.1453E+00
                                               0.1836E+02      0.1816E+00
                                               0.1652E+02      0.3632E+00
                                               0.1652E+02      0.5448E+00
                                               0.1652E+02      0.9080E+00
                                               0.1652E+02      0.3632E+01
           22         10      0.7200E+02
                                               0.0000E+00      0.0000E+00
                                               0.1836E+01      0.1816E-01
                                               0.3672E+01      0.3632E-01
                                               0.7344E+01      0.7264E-01
                                               0.1102E+02      0.1090E+00
                                               0.1469E+02      0.1453E+00
                                               0.1652E+02      0.1634E+00
                                               0.1836E+02      0.1816E+00
                                               0.1836E+02      0.9080E+00
                                               0.1836E+02      0.1816E+01
           23         10      0.7603E+02
                                               0.0000E+00      0.0000E+00
                                               0.1836E+01      0.1816E-01
                                               0.3672E+01      0.3632E-01
                                               0.7344E+01      0.7264E-01
                                               0.1102E+02      0.1090E+00
                                               0.1469E+02      0.1453E+00
                                               0.1652E+02      0.1634E+00
                                               0.1836E+02      0.1816E+00
                                               0.1836E+02      0.9080E+00
                                               0.1836E+02      0.1816E+01
           24         10      0.7996E+02
                                               0.0000E+00      0.0000E+00
                                               0.1836E+01      0.1816E-01
                                               0.3672E+01      0.3632E-01
                                               0.7344E+01      0.7264E-01
                                               0.1102E+02      0.1090E+00
                                               0.1469E+02      0.1453E+00
                                               0.1652E+02      0.1634E+00
                                               0.1836E+02      0.1816E+00
                                               0.1836E+02      0.9080E+00
                                               0.1836E+02      0.1816E+01
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        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.3684E+02         0.9080E-02
        0.7367E+02         0.1816E-01
        0.1473E+03         0.3632E-01
        0.2947E+03         0.2361E+00
        0.4420E+03         0.7627E+00
        0.5304E+03         0.1326E+01
        0.5894E+03         0.1816E+01
        0.5894E+03         0.2724E+01
        0.5894E+03         0.3632E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.1161E+01      0.8061E-03      0.4057E+00      0.1000E-03
       0.1161E+02      0.8061E-02      0.4057E+01      0.1000E-02
       0.5894E+02      0.4072E-01      0.2028E+02      0.5000E-02
       0.1138E+03      0.8016E-01      0.4057E+02      0.1000E-01
       0.3611E+03      0.2910E+00      0.1574E+03      0.5000E-01
       0.4389E+03      0.4014E+00      0.1943E+03      0.1000E+00
       0.6130E+03      0.9576E+00      0.3685E+03      0.5000E+00
       0.7237E+03      0.1554E+01      0.4793E+03      0.1000E+01
       0.8338E+03      0.2650E+01      0.5894E+03      0.2000E+01
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Project: 101/23 Interchange Improvement
Hampshire Rd. UC (Widen) - Abutments 1 & 4
Project No.: 400486

Performed By: Karthik. R
Date: 3/30/2011

Page 1 of 1

ABUTMENT PILE GROUPS 

References
American Association of State Highway and Transportation Officials (AASHTO),2008, LRFD Bridge
Design Specifications, 4th Edition.
California Department of Transportation (Caltrans),2010, California Addendums to AASHTO LRFD
Bridge Design Specifications. 2006. 3rd Edition with Interims through 2006

 

Abutment Group Capacity

Service-I Limit State Load  - Maximum Per Pile, Pp 78kip

Service-I Limit State Load  -  Per Support, Ps 155kip

Required nominal resistance per pile, Rn Pp 2 Rn 156 kip

Rngroup Ps 2 Rngroup 310 kipRequired nominal resistance per support, 

Available nominal resistance per pile, Rna 160kip > 156kip

Number of Piles, n 2

Available nominal resistance per support, Rnagroup Rna n Rnagroup 320 kip > 310kip

Abutment Group Settlement

The Spacing between abutment piles is greater than 5D. Hence group settlement is not considered for
abutment piles. Single pile settlement is used.
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Hampshire-HP14x89-Bent.apo
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Apile\Hampshire-HP14x89-Bent.cpt                                        
                                                                                    
           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Interchange Improvements - Hampshire Rd. UC - Bent 2     

          DESIGNER : KR                                                          

          DATE : 10/11/10                                                    

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.05 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      1.41 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     45.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   CLAY      0.00       115.00         0.00      0.00
             5.00   CLAY      0.00       115.00         0.00      0.00
             5.00   CLAY      0.00        52.60         0.00      0.00
            21.00   CLAY      0.00        52.60         0.00      0.00
            21.00   CLAY      0.00        57.60         0.00      0.00
            29.00   CLAY      0.00        57.60         0.00      0.00
            29.00   CLAY      0.00        62.60         0.00      0.00
            41.00   CLAY      0.00        62.60         0.00      0.00
            41.00   CLAY      0.00        62.60         0.00      0.00
            46.00   CLAY      0.00        62.60         0.00      0.00
            46.00   SAND      0.00        62.60        42.00     50.00
            50.00   SAND      0.00        62.60        42.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
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          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.00   0.00       0.00      0.00
          9999.00 99999.00       3.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       3.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0    19.1    19.1    0.0    19.1    19.1    0.0    19.1    19.1
        1.0    6.7    19.1    25.8    3.6    19.1    22.6    5.2    19.1    24.2
        2.0   13.4    19.1    32.5    7.1    19.1    26.2    9.2    19.1    28.3
        3.0   20.1    19.1    39.2   10.7    19.1    29.7   12.9    19.1    32.0
        4.0   26.9    19.1    45.9   14.3    19.1    33.3   16.4    19.1    35.5
        5.0   33.6    19.1    52.6   17.8    19.1    36.9   19.8    19.1    38.8
        6.0   40.3    19.1    59.3   21.4    19.1    40.4   23.0    19.1    42.0
        7.0   47.0    19.1    66.1   25.0    19.1    44.0   26.0    19.1    45.1
        8.0   53.7    19.1    72.8   28.5    19.1    47.6   29.0    19.1    48.1
        9.0   60.4    19.1    79.5   32.1    19.1    51.1   31.9    19.1    50.9
       10.0   67.1    19.1    86.2   35.7    19.1    54.7   34.6    19.1    53.7
       11.0   73.9    19.1    92.9   39.2    19.1    58.3   37.3    19.1    56.4
       12.0   80.6    19.1    99.6   42.8    19.1    61.8   40.0    19.1    59.0
       13.0   87.3    19.1   106.3   46.4    19.1    65.4   42.6    19.1    61.6
       14.0   94.0    19.1   113.0   49.9    19.1    69.0   45.1    19.1    64.1
       15.0  100.7    19.1   119.8   53.5    19.1    72.5   47.5    19.1    66.6
       16.0  107.4    19.1   126.5   57.0    19.1    76.1   50.0    19.1    69.0
       17.0  114.1    19.1   133.2   60.6    19.1    79.7   52.3    19.1    71.4
       18.0  120.9    19.1   140.0   64.2    19.1    83.3   54.7    19.1    73.8
       19.0  127.6    21.2   148.8   67.7    21.2    89.0   57.0    21.2    78.2
       20.0  134.3    23.3   157.6   71.3    23.3    94.6   59.3    23.3    82.6
       21.0  141.0    25.4   166.4   74.9    25.4   100.3   61.5    25.4    86.9
       22.0  148.3    25.4   173.7   79.0    25.4   104.4   64.2    25.4    89.6
       23.0  156.2    25.4   181.6   83.8    25.4   109.2   66.9    25.4    92.3
       24.0  164.0    25.4   189.4   88.5    25.4   113.9   69.6    25.4    95.0
       25.0  171.9    25.4   197.3   93.3    25.4   118.7   72.2    25.4    97.6
       26.0  179.8    25.3   205.1   98.1    25.3   123.4   74.7    25.3   100.0
       27.0  187.6    23.2   210.9  102.8    23.2   126.1   77.2    23.2   100.4
       28.0  195.5    21.2   216.6  107.6    21.2   128.7   79.7    21.2   100.8
       29.0  203.4    19.1   222.4  112.3    19.1   131.4   83.6    19.1   102.6
       30.0  210.7    19.1   229.7  116.5    19.1   135.5   86.8    19.1   105.9
       31.0  217.4    19.1   236.4  120.0    19.1   139.1   90.1    19.1   109.2
       32.0  224.1    19.1   243.1  123.6    19.1   142.7   93.5    19.1   112.5
       33.0  230.8    19.1   249.8  127.2    19.1   146.2   96.9    19.1   115.9
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       34.0  237.5    19.1   256.6  130.7    19.1   149.8  100.3    19.1   119.4
       35.0  244.2    19.1   263.3  134.3    19.1   153.4  103.8    19.1   122.8
       36.0  250.9    19.1   270.0  137.9    19.1   156.9  107.3    19.1   126.4
       37.0  257.6    19.1   276.7  141.4    19.1   160.5  110.9    19.1   129.9
       38.0  264.4    19.2   283.6  145.0    19.2   164.2  114.5    19.2   133.7
       39.0  271.1    25.5   296.6  148.6    25.5   174.1  118.1    25.5   143.6
       40.0  277.8    31.8   309.6  152.1    31.8   183.9  121.8    31.8   153.6
       41.0  284.5    38.1   322.6  155.7    38.1   193.8  125.5    38.1   163.6
       42.0  291.0    38.1   329.1  161.0    38.1   199.2  131.3    38.1   169.4
       43.0  297.1    44.7   341.8  168.2    41.0   209.2  137.1    39.6   176.7
       44.0  303.3   294.0   597.4  175.3   149.6   324.9  142.9    96.4   239.3
       45.0  309.5   548.9   858.4  182.4   258.1   440.6  148.8   154.6   303.4

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0          19.1         19.1
              1.00           1.9          19.1         20.9
              2.00           3.9          19.1         23.0
              3.00           6.3          19.1         25.3
              4.00           8.8          19.1         27.9
              5.00          11.6          19.1         30.6
              6.00          14.4          19.1         33.5
              7.00          17.3          19.1         36.4
              8.00          20.3          19.1         39.3
              9.00          23.3          19.1         42.3
             10.00          26.3          19.1         45.4
             11.00          29.4          19.1         48.5
             12.00          32.6          19.1         51.6
             13.00          35.8          19.1         54.8
             14.00          39.0          19.1         58.1
             15.00          42.3          19.1         61.4
             16.00          45.6          19.1         64.7
             17.00          49.0          19.1         68.0
             18.00          52.4          19.1         71.5
             19.00          55.8          21.2         77.0
             20.00          59.3          23.3         82.6
             21.00          62.8          25.4         88.2
             22.00          66.7          25.4         92.1
             23.00          71.2          25.4         96.6
             24.00          75.6          25.4        101.0
             25.00          80.1          25.4        105.5
             26.00          84.7          25.3        110.0
             27.00          89.3          23.2        112.5
             28.00          93.9          21.2        115.0
             29.00          98.5          19.1        117.6
             30.00         102.9          19.1        122.0
             31.00         107.0          19.1        126.1
             32.00         111.2          19.1        130.2
             33.00         115.4          19.1        134.4
             34.00         119.6          19.1        138.7
             35.00         124.0          19.1        143.0
             36.00         128.4          19.1        147.4
             37.00         132.8          19.1        151.9
             38.00         137.4          19.2        156.6
             39.00         141.9          25.5        167.5
             40.00         146.6          31.8        178.4
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             41.00         151.3          38.1        189.4
             42.00         157.1          38.1        195.2
             43.00         164.1          39.6        203.7
             44.00         171.1          96.4        267.4
             45.00         178.1         154.6        332.7

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.8222E+00      0.2906E-01
                                               0.1370E+01      0.5629E-01
                                               0.2055E+01      0.1035E+00
                                               0.2467E+01      0.1453E+00
                                               0.2741E+01      0.1816E+00
                                               0.2467E+01      0.3632E+00
                                               0.2467E+01      0.5448E+00
                                               0.2467E+01      0.9080E+00
                                               0.2467E+01      0.3632E+01
            2         10      0.2525E+01
                                               0.0000E+00      0.0000E+00
                                               0.1030E+01      0.2906E-01
                                               0.1717E+01      0.5629E-01
                                               0.2575E+01      0.1035E+00
                                               0.3090E+01      0.1453E+00
                                               0.3433E+01      0.1816E+00
                                               0.3090E+01      0.3632E+00
                                               0.3090E+01      0.5448E+00
                                               0.3090E+01      0.9080E+00
                                               0.3090E+01      0.3632E+01
            3         10      0.4958E+01
                                               0.0000E+00      0.0000E+00
                                               0.1196E+01      0.2906E-01
                                               0.1994E+01      0.5629E-01
                                               0.2990E+01      0.1035E+00
                                               0.3588E+01      0.1453E+00
                                               0.3987E+01      0.1816E+00
                                               0.3588E+01      0.3632E+00
                                               0.3588E+01      0.5448E+00
                                               0.3588E+01      0.9080E+00
                                               0.3588E+01      0.3632E+01
            4         10      0.5000E+01
                                               0.0000E+00      0.0000E+00
                                               0.1243E+01      0.2906E-01
                                               0.2072E+01      0.5629E-01
                                               0.3108E+01      0.1035E+00
                                               0.3729E+01      0.1453E+00
                                               0.4144E+01      0.1816E+00
                                               0.3729E+01      0.3632E+00
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                                               0.3729E+01      0.5448E+00
                                               0.3729E+01      0.9080E+00
                                               0.3729E+01      0.3632E+01
            5         10      0.1303E+02
                                               0.0000E+00      0.0000E+00
                                               0.1420E+01      0.2906E-01
                                               0.2366E+01      0.5629E-01
                                               0.3549E+01      0.1035E+00
                                               0.4259E+01      0.1453E+00
                                               0.4732E+01      0.1816E+00
                                               0.4259E+01      0.3632E+00
                                               0.4259E+01      0.5448E+00
                                               0.4259E+01      0.9080E+00
                                               0.4259E+01      0.3632E+01
            6         10      0.2096E+02
                                               0.0000E+00      0.0000E+00
                                               0.1533E+01      0.2906E-01
                                               0.2555E+01      0.5629E-01
                                               0.3833E+01      0.1035E+00
                                               0.4599E+01      0.1453E+00
                                               0.5110E+01      0.1816E+00
                                               0.4599E+01      0.3632E+00
                                               0.4599E+01      0.5448E+00
                                               0.4599E+01      0.9080E+00
                                               0.4599E+01      0.3632E+01
            7         10      0.2100E+02
                                               0.0000E+00      0.0000E+00
                                               0.1735E+01      0.2906E-01
                                               0.2892E+01      0.5629E-01
                                               0.4338E+01      0.1035E+00
                                               0.5206E+01      0.1453E+00
                                               0.5784E+01      0.1816E+00
                                               0.5206E+01      0.3632E+00
                                               0.5206E+01      0.5448E+00
                                               0.5206E+01      0.9080E+00
                                               0.5206E+01      0.3632E+01
            8         10      0.2502E+02
                                               0.0000E+00      0.0000E+00
                                               0.1993E+01      0.2906E-01
                                               0.3322E+01      0.5629E-01
                                               0.4983E+01      0.1035E+00
                                               0.5979E+01      0.1453E+00
                                               0.6644E+01      0.1816E+00
                                               0.5979E+01      0.3632E+00
                                               0.5979E+01      0.5448E+00
                                               0.5979E+01      0.9080E+00
                                               0.5979E+01      0.3632E+01
            9         10      0.2896E+02
                                               0.0000E+00      0.0000E+00
                                               0.2043E+01      0.2906E-01
                                               0.3404E+01      0.5629E-01
                                               0.5107E+01      0.1035E+00
                                               0.6128E+01      0.1453E+00
                                               0.6809E+01      0.1816E+00
                                               0.6128E+01      0.3632E+00
                                               0.6128E+01      0.5448E+00
                                               0.6128E+01      0.9080E+00
                                               0.6128E+01      0.3632E+01
           10         10      0.2900E+02
                                               0.0000E+00      0.0000E+00
                                               0.1914E+01      0.2906E-01
                                               0.3190E+01      0.5629E-01
                                               0.4784E+01      0.1035E+00
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                                               0.5741E+01      0.1453E+00
                                               0.6379E+01      0.1816E+00
                                               0.5741E+01      0.3632E+00
                                               0.5741E+01      0.5448E+00
                                               0.5741E+01      0.9080E+00
                                               0.5741E+01      0.3632E+01
           11         10      0.3502E+02
                                               0.0000E+00      0.0000E+00
                                               0.1928E+01      0.2906E-01
                                               0.3214E+01      0.5629E-01
                                               0.4820E+01      0.1035E+00
                                               0.5784E+01      0.1453E+00
                                               0.6427E+01      0.1816E+00
                                               0.5784E+01      0.3632E+00
                                               0.5784E+01      0.5448E+00
                                               0.5784E+01      0.9080E+00
                                               0.5784E+01      0.3632E+01
           12         10      0.4096E+02
                                               0.0000E+00      0.0000E+00
                                               0.2056E+01      0.2906E-01
                                               0.3427E+01      0.5629E-01
                                               0.5140E+01      0.1035E+00
                                               0.6168E+01      0.1453E+00
                                               0.6853E+01      0.1816E+00
                                               0.6168E+01      0.3632E+00
                                               0.6168E+01      0.5448E+00
                                               0.6168E+01      0.9080E+00
                                               0.6168E+01      0.3632E+01
           13         10      0.4100E+02
                                               0.0000E+00      0.0000E+00
                                               0.2555E+01      0.2906E-01
                                               0.4258E+01      0.5629E-01
                                               0.6387E+01      0.1035E+00
                                               0.7665E+01      0.1453E+00
                                               0.8516E+01      0.1816E+00
                                               0.7665E+01      0.3632E+00
                                               0.7665E+01      0.5448E+00
                                               0.7665E+01      0.9080E+00
                                               0.7665E+01      0.3632E+01
           14         10      0.4352E+02
                                               0.0000E+00      0.0000E+00
                                               0.3067E+01      0.2906E-01
                                               0.5112E+01      0.5629E-01
                                               0.7669E+01      0.1035E+00
                                               0.9202E+01      0.1453E+00
                                               0.1022E+02      0.1816E+00
                                               0.9202E+01      0.3632E+00
                                               0.9202E+01      0.5448E+00
                                               0.9202E+01      0.9080E+00
                                               0.9202E+01      0.3632E+01
           15         10      0.4596E+02
                                               0.0000E+00      0.0000E+00
                                               0.3085E+01      0.2906E-01
                                               0.5141E+01      0.5629E-01
                                               0.7711E+01      0.1035E+00
                                               0.9254E+01      0.1453E+00
                                               0.1028E+02      0.1816E+00
                                               0.9254E+01      0.3632E+00
                                               0.9254E+01      0.5448E+00
                                               0.9254E+01      0.9080E+00
                                               0.9254E+01      0.3632E+01
           16         10      0.4600E+02
                                               0.0000E+00      0.0000E+00
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                                               0.1028E+01      0.1816E-01
                                               0.2056E+01      0.3632E-01
                                               0.4113E+01      0.7264E-01
                                               0.6169E+01      0.1090E+00
                                               0.8225E+01      0.1453E+00
                                               0.9254E+01      0.1634E+00
                                               0.1028E+02      0.1816E+00
                                               0.1028E+02      0.9080E+00
                                               0.1028E+02      0.1816E+01
           17         10      0.4802E+02
                                               0.0000E+00      0.0000E+00
                                               0.1028E+01      0.1816E-01
                                               0.2056E+01      0.3632E-01
                                               0.4113E+01      0.7264E-01
                                               0.6169E+01      0.1090E+00
                                               0.8225E+01      0.1453E+00
                                               0.9254E+01      0.1634E+00
                                               0.1028E+02      0.1816E+00
                                               0.1028E+02      0.9080E+00
                                               0.1028E+02      0.1816E+01
           18         10      0.4996E+02
                                               0.0000E+00      0.0000E+00
                                               0.1028E+01      0.1816E-01
                                               0.2056E+01      0.3632E-01
                                               0.4113E+01      0.7264E-01
                                               0.6169E+01      0.1090E+00
                                               0.8225E+01      0.1453E+00
                                               0.9254E+01      0.1634E+00
                                               0.1028E+02      0.1816E+00
                                               0.1028E+02      0.9080E+00
                                               0.1028E+02      0.1816E+01

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.9661E+01         0.9080E-02
        0.1932E+02         0.1816E-01
        0.3864E+02         0.3632E-01
        0.7729E+02         0.2361E+00
        0.1159E+03         0.7627E+00
        0.1391E+03         0.1326E+01
        0.1546E+03         0.1816E+01
        0.1546E+03         0.2724E+01
        0.1546E+03         0.3632E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.3950E+00      0.2770E-03      0.1064E+00      0.1000E-03
       0.3950E+01      0.2770E-02      0.1064E+01      0.1000E-02
       0.1983E+02      0.1386E-01      0.5320E+01      0.5000E-02
       0.3984E+02      0.2780E-01      0.1064E+02      0.1000E-01
       0.1460E+03      0.1189E+00      0.4129E+02      0.5000E-01
       0.2018E+03      0.1953E+00      0.5096E+02      0.1000E+00
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       0.2575E+03      0.6350E+00      0.9666E+02      0.5000E+00
       0.2865E+03      0.1156E+01      0.1257E+03      0.1000E+01
       0.3154E+03      0.2176E+01      0.1546E+03      0.2000E+01
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Project: 101/23 Interchange Improvement
Hampshire Rd. UC (Widen) - Bents 2 & 3
Project No.: 400486

Performed By: Karthik. R
Date: 3/30/2011

Page 1 of 1

PILE GROUP CAPACITY CALCULATIONS
(STRENGTH LIMIT STATE)

References
American Association of State Highway and Transportation Officials (AASHTO),2008, LRFD Bridge
Design Specifications, 4th Edition.
California Department of Transportation (Caltrans),2010, California Addendums to AASHTO LRFD
Bridge Design Specifications. 2006. 3rd Edition with Interims through 2006

 

Foundation Soil 

Average undrained strength along the depth of pile penetration, Su1 1.6ksf

Undrained strength at the base of the group, Su 1.5ksf

Bents 2 & 3 
Overall Width of the Pile Group, X 8.2ft

Overall Length of the Pile Group, Y 10.2ft

Depth of Pile Penetration, Z 32ft

Bearing Capacity for Block Failure

(AASHTO LRFD, 2008,
C10.7.3.9-2, C10.7.3.9-3)Nc Nc 5 1

0.2 X

Y






 1
0.2 Z

Y







Z

X
2.5if

Nc 7.5 1
0.2 X

Y






 otherwise



Nc 8.706

Block Capacity, Qg 2 X 2 Y( ) Z Su1 X Y Nc Su

Qg 2976 kip

Nominal Capacity of each Pile, Rn 220kip Number of Piles, n 8

Group Nominal Resistance, Rngroup Rn n Rngroup 1760 kip

Available Group Nominal Resistance, Rna Rna Qg Rngroup Qgif

Rna Rngroup otherwise


Rna 1760 kip

Required Nominal Resistance for the Support, Rnr
901kip

0.7
 Rnr 1287 kip < Available - Design OK
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PILE GROUP CAPACITY CALCULATIONS
(EXTREME EVENT LIMIT STATE)

References
American Association of State Highway and Transportation Officials (AASHTO),2008, LRFD Bridge
Design Specifications, 4th Edition.
California Department of Transportation (Caltrans),2010, California Addendums to AASHTO LRFD
Bridge Design Specifications. 2006. 3rd Edition with Interims through 2006

 

Foundation Soil 

Average undrained strength along the depth of pile penetration, Su1 1.6ksf

Undrained strength at the base of the group, Su 1.5ksf

Bents 2 & 3 
Overall Width of the Pile Group, X 8.2ft

Overall Length of the Pile Group, Y 10.2ft

Depth of Pile Penetration, Z 28ft

Bearing Capacity for Block Failure

(AASHTO LRFD, 2008,
C10.7.3.9-2, C10.7.3.9-3)Nc Nc 5 1

0.2 X

Y






 1
0.2 Z

Y







Z

X
2.5if

Nc 7.5 1
0.2 X

Y






 otherwise



Nc 8.706

Block Capacity, Qg 2 X 2 Y( ) Z Su1 X Y Nc Su

Qg 2741 kip

Nominal Capacity of each Pile, Rn 189kip Number of Piles, n 8

Group Nominal Resistance, Rngroup Rn n Rngroup 1512 kip

Available Group Nominal Resistance, Rna Rna Qg Rngroup Qgif

Rna Rngroup otherwise


Rna 1512 kip

Required Nominal Resistance for the Support, Rnr
455kip

1.0
 Rnr 455 kip < Available - Design OK
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Settle3D Analysis Information

101/23 Interchange Improvements

Project Settings

Document Name: Bent-GroupSettlement_Rev1.s3z
Project Title: 101/23 Interchange Improvements
Analysis: Hampshire Rd. UC - Bent Pile Group Settlement
Author: KR
Company: CH2M HILL
Date Created: 3/22/2011, 2:39:26 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 10 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0.786111 seconds

Stage: Stage 1

MaximumMinimumData Type
0.9928520Total Settlement [in]
0.9928520Consolidation Settlement [in]

00Immediate Settlement [in]
0.7850Loading Stress [ksf]

3.696090Effective Stress [ksf]
6.192090Total Stress [ksf]

0.008657170Total Strain
2.4960Pore Water Pressure [ksf]

1000Degree of Consolidation [%]
3.695380.0115Pre-consolidation Stress [ksf]
1.998881Over-consolidation Ratio

1.10Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Page 1 of 3
SETTLE3D 2.010

Bent-GroupSettlement_Rev1.s3z CH2M HILL   3/22/2011, 2:39:26 PM

Length: 23 ft
Width: 21 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 483 ft2
Load: 0.785 ksf
Depth: 27 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-10.5-11.5
-10.511.5
10.511.5
10.5-11.5

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
011CH1

1114CL-12
258ML-23
3317CL-34

Soil Properties

CL-3ML-2CL-1CHProperty

____________Color

0.120.120.120.115Unit Weight [kips/ft3]
0.120.120.120.115Saturated Unit Weight [kips/ft3]

DisabledDisabledDisabledEnabledImmediate Settlement
1000Es [ksf]

Es bottom [ksf]
1000Esur [ksf]

Esur bottom [ksf]
EnabledEnabledEnabledDisabledPrimary Consolidation

Non-LinearNon-LinearNon-LinearMaterial Type
0.070.080.1Cce
0.070.080.1Cce bottom

0.0070.010.01Cre
0.0070.010.01Cre bottom
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1.11.521OCR
111.5OCR bottom

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 690, 01

Field Point Grid

Number of points: 306
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
2325

-2325
-23-25
23-25

Page 3 of 3
SETTLE3D 2.010

Bent-GroupSettlement_Rev1.s3z CH2M HILL   3/22/2011, 2:39:26 PM



30
20

10
0

-1
0

-2
0

-3
0

-20 -10 0 10 20

Consolidation Settlement 
(in)
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 0.195
 0.260
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 0.390
 0.455
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 0.650

max (stage): 0.62 in
max (all):   0.62 in

Data Type:  Consolidation SettlementStage 1

Analysis Description Hampshire Rd. UC - Bent Pile Group Settlement
Company CH2M HILLDrawn By KR
File Name Bent-GroupSettlement_Rev2.s3zDate 3/22/2011, 2:39:26 PM

Project

101/23 Interchange Improvements

SETTLE3D 2.010
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Data Type:  
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Company CH2M HILLDrawn By KR
File Name Bent-GroupSettlement_Rev2.s3zDate 3/22/2011, 2:39:26 PM

Project
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Settle3D Analysis Information

101/23 Interchange Improvements

Project Settings

Document Name: Bent-GroupSettlement_Rev2.s3z
Project Title: 101/23 Interchange Improvements
Analysis: Hampshire Rd. UC - Bent Pile Group Settlement
Author: KR
Company: CH2M HILL
Date Created: 3/22/2011, 2:39:26 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 10 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0 seconds

Stage: Stage 1

MaximumMinimumData Type
0.6198070Total Settlement [in]
0.6198070Consolidation Settlement [in]

00Immediate Settlement [in]
0.5610Loading Stress [ksf]

3.800460Effective Stress [ksf]
6.296460Total Stress [ksf]

0.003702780Total Strain
2.4960Pore Water Pressure [ksf]

1000Degree of Consolidation [%]
3.79990.0115Pre-consolidation Stress [ksf]

1.998881Over-consolidation Ratio
1.10Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 27 ft
Width: 25 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 675 ft2
Load: 0.561 ksf
Depth: 35 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-12.5-13.5
-12.513.5
12.513.5
12.5-13.5

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
011CH1

1114CL-12
258ML-23
3317CL-34

Soil Properties

CL-3ML-2CL-1CHProperty

____________Color

0.120.120.120.115Unit Weight [kips/ft3]
0.120.120.120.115Saturated Unit Weight [kips/ft3]

DisabledDisabledDisabledEnabledImmediate Settlement
1000Es [ksf]

Es bottom [ksf]
1000Esur [ksf]

Esur bottom [ksf]
EnabledEnabledEnabledDisabledPrimary Consolidation

Non-LinearNon-LinearNon-LinearMaterial Type
0.070.080.1Cce
0.070.080.1Cce bottom

0.0070.010.01Cre
0.0070.010.01Cre bottom
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1.11.521OCR
111.5OCR bottom

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 690, 01

Field Point Grid

Number of points: 306
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
2627

-2627
-26-27
26-27
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Appendix E-4 
Lateral Capacity Analyses





              SOIL AND MATERIAL PARAMETERS 
              FOR LATERAL PILE ANALYSIS

PROJECT No: 400486
PROJECT: Route 101/23 Interchange
PERFORMED BY: KR DATE: 3/17/2011
REVIEWED BY: DATE:

SOIL PARAMETERS 

Depth
(ft) (inch)     Soil Type Soil Model 

Eff. Unit 

(pcf)

Weight

(lbs/in3)

Friction 
Angle

(degree)

p-y 
Modulus

( k )
(lb/in3)

Undrained 
Cohesion 
( lbs/in2 )

Strain 
Factor 
E50

Boring A-11-001 
10 120 SAND (Reese) 115 0.0666 32 60 ---- ---
15 180 CLAY w/o WATER 115 0.0666 --- --- 12 0.007
29 348 SAND (Reese) 57.6 0.0333 34 60 --- ---
43 516 SAND (Reese) 57.6 0.0333 32 60 ---- ----
59 708 CLAY w/o WATER 62.6 0.0362 --- ---- 10 0.007
75 900 SAND (Reese) 62.6 0.0362 42 125 ---- ----

PILE PROPERTIES
Type: HP 14x89

Modeled Pile Length : 45 ft Width (W) : 14.695 in
   (540 in) Length (L) : 13.83 in

No. of Increments : 100 Area: 26.1 in2

   (24 in) Elastic Modulus : 29,000,000 psi
 Pile Top to Ground Surface : 2 ft Equivalent Diameter (Axis X-X) : 14.7 in

Sloping Ground Angle : 0 Moment of Inertia (Axis X-X) : 904 in4

Loading Type : Static Equivalent Diameter (Axis Y-Y) : 13.8 in
M t f I ti (A i Y Y) 326 i 4

SC
CL
SC
SC
CL
GC

Y
Moment of Inertia (Axis Y-Y) : 326 in4

LONGITUDINAL (Spacing = 5.3B
P-mulitiplier

Row 1 Row 2 Row 3
1.0 1.0

TRANSVERSE (Spacing = 5.7B)
P-mulitiplier

Row 1 Row 2 Row 3
1.00 0.90

Reference : 
Caltrans (2008), California Amendments to 

Pile Head Fixity Condition : LRFD Bridge Design Specifications-4th Edi
1 Displacement & 2 Moment for Pinned Head Condition 

Case 
1
2
3
4
5

Moment at Pile Top Axial Loads (lb)
0.250 0 78000

780000
1.000
0.500

 (inch) at Pile Top

0

3.000 0 78000
2.000 0 78000

78000

W

L

Y

Y

X X 6.5ft

Row1

Row2

TRAN
SVERS 

LO
AD

LONGITUDINAL
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Lateral Deflection (in)
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Bending Moment (in-kips)
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Shear Force (kips)
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Abutment14x89-Weak Case.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Abutment14x89-Weak Case.lpd
Name of output file:         Abutment14x89-Weak Case.lpo
Name of plot output file:    Abutment14x89-Weak Case.lpp
Name of runtime file:        Abutment14x89-Weak Case.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 18, 2011     Time:  14:14:15

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Abutments                                    

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis does not use p-y multipliers (individual pile or shaft action only)
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile

Page 1

Abutment14x89-Weak Case.lpo
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     540.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     540.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  6 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =      120.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      120.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      348.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      516.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3
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Abutment14x89-Weak Case.lpo
Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      516.000 in
Distance from top of pile to bottom of layer =      708.000 in

Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      708.000 in
Distance from top of pile to bottom of layer =      900.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends  360.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 12 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00        0.06600
  2           120.00        0.06600
  3           120.00        0.06600
  4           180.00        0.06600
  5           180.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03300
  8           516.00        0.03300
  9           516.00        0.03600
 10           708.00        0.03600
 11           708.00        0.03600
 12           900.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 12 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000        0.00000           32.00           ------    ------
  2      120.000        0.00000           32.00           ------    ------
  3      120.000        7.00000            0.00          0.00700       0.0
  4      180.000        7.00000            0.00          0.00700       0.0
  5      180.000        0.00000           34.00           ------    ------
  6      348.000        0.00000           34.00           ------    ------
  7      348.000        0.00000           32.00           ------    ------
  8      516.000        0.00000           32.00           ------    ------
  9      516.000       10.00000            0.00          0.00700       0.0
 10      708.000       10.00000            0.00          0.00700       0.0
 11      708.000        0.00000           42.00           ------    ------
 12      900.000        0.00000           42.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
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(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Page 4



Abutment14x89-Weak Case.lpo
Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  14126.6673  -0.0040036   2988.5057   -180.9119   
1953.8485
   5.400  0.228381  75332.6216  13074.7980  -0.0039821   4582.9692   -208.6693   
4933.9324
  10.800  0.206994     144562.  11898.6815  -0.0039193   6048.2604   -226.9294   
5920.0811
  16.200  0.186052     207140.  10642.5210  -0.0038188   7372.7569   -238.3153   
6916.8818
  21.600  0.165750     262719.   9330.9165  -0.0036846   8549.1128   -247.4642   
8062.1751
  27.000  0.146258     311018.   7996.6458  -0.0035208   9571.3984   -246.7102   
9108.7865
  32.400  0.127726     352048.   6685.8083  -0.0033314  10439.8332   -238.7852  
10095.3939
  37.800  0.110279     386031.   5368.2801  -0.0031206  11159.0994   -249.1882  
12201.9435
  43.200  0.094023     412654.   4011.8445  -0.0028925  11722.6034   -253.1954  
14541.7480
  48.600  0.079039     431796.   2631.1633  -0.0026514  12127.7364   -258.1680  
17638.1123
  54.000  0.065388     443305.   1226.9037  -0.0024014  12371.3320   -261.9282  
21631.0575
  59.400  0.053104     447069.   -184.1484  -0.0021472  12451.0106   -260.6837  
26508.2589
  64.800  0.042199     443125.  -1574.4264  -0.0018929  12367.5213   -254.2341  
32533.2987
  70.200  0.032660     431660.  -2915.5382  -0.0016431  12124.8648   -242.4740  
40090.2107
  75.600  0.024453     413021.  -4162.0576  -0.0014019  11730.3577   -219.1998  
48405.6000
  81.000  0.017520     387891.  -5200.9275  -0.0011731  11198.4594   -165.5668  
51030.0000
  86.400  0.011784     357839.  -5964.0803  -0.0009601  10562.3998   -117.0824  
53654.4000
  91.800  0.007151     324287.  -6481.4199  -0.0007653   9852.2559    -74.5249  
56278.8000
  97.200  0.003518     288484.  -6786.2492  -0.0005903   9094.4646    -38.3748  
58903.2000
 102.600  0.000775     251493.  -6913.7081  -0.0004361   8311.5198     -8.8322  
61527.6000
 108.000 -0.001192     214184.  -6899.3199  -0.0003031   7521.8432     14.1611  
64152.0000
 113.400 -0.002499     177236.  -6777.6624  -0.0001913   6739.8161     30.8972  
66776.4000
 118.800 -0.003258     141146.  -6581.1708  -0.0001004   5975.9560     41.8774  
69400.8000
 124.200 -0.003583     106244.  -6057.9277 -2.9755E-05   5237.2234    151.9163     
228958.
 129.600 -0.003580  75745.6448  -5237.6570  2.2220E-05   4591.7111    151.8876     
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229118.
 135.000 -0.003343  49658.3474  -4424.3821  5.8035E-05   4039.5567    149.3253     
241209.
 140.400 -0.002953  27913.4292  -3630.2775  8.0189E-05   3579.3115    144.7875     
264764.
 145.800 -0.002477  10383.7995  -2865.1576  9.1126E-05   3208.2856    138.5902     
302141.
 151.200 -0.001969  -3107.0375  -2137.5465  9.3204E-05   3054.2682    130.8954     
359009.
 156.600 -0.001470 -12780.2186  -1455.4683  8.8667E-05   3259.0073    121.7262     
447055.
 162.000 -0.001011 -18900.7887   -827.3483  7.9619E-05   3388.5531    110.9108     
592259.
 167.400 -0.000610 -21782.6513   -263.6893  6.8000E-05   3449.5496     97.8517     
865592.
 172.800 -0.000277 -21805.9165    216.9671  5.5552E-05   3450.0420     80.1691    
1563768.
 178.200 -1.05E-05 -19486.2035    441.6255  4.3759E-05   3400.9438      3.0377    
1563768.
 183.600  0.000196 -17073.2239    444.5297  3.3318E-05   3349.8715     -1.9620  
54123.1267
 189.000  0.000349 -14713.3497    429.4728  2.4240E-05   3299.9233     -3.6146  
55872.7267
 194.400  0.000458 -12455.3369    406.5310  1.6481E-05   3252.1310     -4.8824  
57622.3267
 199.800  0.000527 -10336.6983    377.6941  9.9714E-06   3207.2886     -5.7979  
59371.9267
 205.200  0.000565  -8384.6403    344.7656  4.6247E-06   3165.9721     -6.3978  
61121.5267
 210.600  0.000577  -6617.1255    309.3444  3.4027E-07   3128.5615     -6.7212  
62871.1267
 216.000  0.000569  -5044.0077    272.8155 -2.9901E-06   3095.2654     -6.8081  
64620.7267
 221.400  0.000545  -3668.1995    236.3482 -5.4782E-06   3066.1456     -6.6983  
66370.3267
 226.800  0.000510  -2486.8323    200.9007 -7.2361E-06   3041.1412     -6.4304  
68119.9267
 232.200  0.000467  -1492.3762    167.2298 -8.3725E-06   3020.0929     -6.0403  
69869.5267
 237.600  0.000419   -673.6969    135.9051 -8.9911E-06   3002.7650     -5.5614  
71619.1267
 243.000  0.000370    -17.0267    107.3258 -9.1884E-06   2988.8661     -5.0235  
73368.7267
 248.400  0.000320    493.1624     81.7401 -9.0524E-06   2998.9438     -4.4527  
75118.3267
 253.800  0.000272    873.3917     59.2649 -8.6621E-06   3006.9916     -3.8714  
76867.9267
 259.200  0.000227   1140.5205     39.9071 -8.0870E-06   3012.6456     -3.2981  
78617.5267
 264.600  0.000185   1311.2010     23.5831 -7.3868E-06   3016.2582     -2.7478  
80367.1267
 270.000  0.000147   1401.4404     10.1382 -6.6121E-06   3018.1681     -2.2318  
82116.7267
 275.400  0.000113   1426.2637  -0.6352288 -5.8045E-06   3018.6935     -1.7584  
83866.3267
 280.800  8.41E-05   1399.4697     -8.9819 -4.9975E-06   3018.1264     -1.3330  
85615.9267
 286.200  5.92E-05   1333.4692    -15.1690 -4.2170E-06   3016.7295  -0.9585301  
87365.5267
 291.600  3.85E-05   1239.1972    -19.4738 -3.4822E-06   3014.7342  -0.6358688  
89115.1267
 297.000  2.16E-05   1126.0852    -22.1738 -2.8067E-06   3012.3401  -0.3640994  
90864.7267
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 302.400  8.22E-06   1002.0851    -23.5374 -2.1989E-06   3009.7155  -0.1409534  
92614.3267
 307.800 -2.11E-06    873.7337    -23.8184 -1.6632E-06   3006.9989   0.0368767  
94363.9267
 313.200 -9.74E-06    746.2474    -23.2506 -1.2005E-06   3004.3006   0.1734329  
96113.5267
 318.600 -1.51E-05    623.6389    -22.0446 -8.0931E-07   3001.7055   0.2732220  
97863.1267
 324.000 -1.85E-05    508.8475    -20.3862 -4.8588E-07   2999.2758   0.3409828  
99612.7267
 329.400 -2.03E-05    403.8768    -18.4356 -2.2521E-07   2997.0541   0.3814916     
101362.
 334.800 -2.09E-05    309.9331    -16.3271 -2.1355E-08   2995.0657   0.3994053     
103112.
 340.200 -2.06E-05    227.5616    -14.1711  1.3215E-07   2993.3222   0.3991399     
104862.
 345.600 -1.95E-05    156.7743    -12.0545  2.4191E-07   2991.8240   0.3847822     
106611.
 351.000 -1.79E-05     97.1694     -9.9621  3.1444E-07   2990.5624   0.3901921     
117438.
 356.400 -1.61E-05     48.9192     -7.9494  3.5616E-07   2989.5412   0.3552203     
119188.
 361.800 -1.41E-05     11.0155     -6.1380  3.7328E-07   2988.7389   0.3156718     
120938.
 367.200 -1.21E-05    -17.6859     -4.5458  3.7137E-07   2988.8801   0.2740563     
122687.
 372.600 -1.01E-05    -38.3916     -3.1784  3.5536E-07   2989.3183   0.2323806     
124437.
 378.000 -8.22E-06    -52.3118     -2.0320  3.2945E-07   2989.6130   0.1921902     
126186.
 383.400 -6.53E-06    -60.6152     -1.0957  2.9720E-07   2989.7887   0.1546174     
127936.
 388.800 -5.01E-06    -64.3953  -0.3530224  2.6150E-07   2989.8687   0.1204341     
129686.
 394.200 -3.70E-06    -64.6481   0.2154354  2.2465E-07   2989.8741   0.0901058     
131435.
 399.600 -2.59E-06    -62.2579   0.6311023  1.8840E-07   2989.8235   0.0638449     
133185.
 405.000 -1.67E-06    -57.9909   0.9159677  1.5406E-07   2989.7332   0.0416608     
134934.
 410.400 -9.25E-07    -52.4952      1.0917  1.2251E-07   2989.6168   0.0234072     
136684.
 415.800 -3.44E-07    -46.3043      1.1787  9.4289E-08   2989.4858   0.0088234     
138434.
 421.200  9.36E-08    -39.8449      1.1959  6.9686E-08   2989.3491  -0.0024291     
140183.
 426.600  4.08E-07    -33.4468      1.1604  4.8754E-08   2989.2137  -0.0107349     
141933.
 432.000  6.20E-07    -27.3537      1.0869  3.1390E-08   2989.0847  -0.0164999     
143682.
 437.400  7.47E-07    -21.7352   0.9879620  1.7370E-08   2988.9658  -0.0201298     
145432.
 442.800  8.08E-07    -16.6984   0.8741714  6.3939E-09   2988.8592  -0.0220149     
147182.
 448.200  8.16E-07    -12.2995   0.7539310 -1.8877E-09   2988.7661  -0.0225186     
148931.
 453.600  7.87E-07     -8.5543   0.6338134 -7.8434E-09   2988.6868  -0.0219694     
150681.
 459.000  7.32E-07     -5.4477   0.5187234 -1.1842E-08   2988.6211  -0.0206565     
152430.
 464.400  6.59E-07     -2.9421   0.4121154 -1.4238E-08   2988.5680  -0.0188279     
154180.
 469.800  5.78E-07  -0.9848704   0.3162161 -1.5360E-08   2988.5266  -0.0166904     
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155930.
 475.200  4.94E-07   0.4859390   0.2322415 -1.5502E-08   2988.5160  -0.0144113     
157679.
 480.600  4.11E-07      1.5364   0.1606019 -1.4925E-08   2988.5383  -0.0121218     
159429.
 486.000  3.32E-07      2.2330   0.1010888 -1.3848E-08   2988.5530  -0.0099200     
161178.
 491.400  2.61E-07      2.6398   0.0530413 -1.2457E-08   2988.5616  -0.0078753     
162928.
 496.800  1.98E-07      2.8164   0.0154895 -1.0898E-08   2988.5654  -0.0060327     
164678.
 502.200  1.43E-07      2.8163  -0.0127244 -9.2898E-09   2988.5654  -0.0044169     
166427.
 507.600  9.75E-08      2.6868  -0.0328480 -7.7181E-09   2988.5626  -0.0030363     
168177.
 513.000  6.00E-08      2.4680  -0.0461401 -6.2460E-09   2988.5580  -0.0018867     
169926.
 518.400  3.00E-08      2.1937  -0.0847830 -4.9146E-09   2988.5522  -0.0124255    
2233954.
 523.800  6.88E-09      1.5565  -0.1260162 -3.8436E-09   2988.5387  -0.0028461    
2233954.
 529.200 -1.15E-08   0.8359654  -0.1208831 -3.1603E-09   2988.5234   0.0047472    
2233954.
 534.600 -2.73E-08   0.2536412  -0.0776264 -2.8491E-09   2988.5111   0.0112738    
2233954.
 540.000 -4.22E-08      0.0000      0.0000 -2.7767E-09   2988.5057   0.0174767    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00400359
Maximum bending moment           =   447069.07117 lbs-in
Maximum shear force              =    14126.66732 lbs
Depth of maximum bending moment  =    59.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
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lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  22629.4341  -0.0075621   2988.5057   -241.5448   
1304.3421
   5.400  0.459165     121862.  21226.1009  -0.0075273   5567.8012   -278.2082   
3271.8630
  10.800  0.418705     235583.  19659.0783  -0.0074252   7974.7688   -302.1705   
3897.0609
  16.200  0.378973     340435.  17971.4545  -0.0072607  10194.0400   -322.8753   
4600.6644
  21.600  0.340290     435791.  16168.6396  -0.0070390  12212.3022   -344.8339   
5472.1035
  27.000  0.302952     520986.  14271.3034  -0.0067657  14015.5173   -357.8832   
6379.1331
  32.400  0.267220     595621.  12325.7058  -0.0064468  15595.1974   -362.7085   
7329.6346
  37.800  0.233326     659535.  10306.1175  -0.0060884  16947.9844   -385.2871   
8916.9343
  43.200  0.201466     712055.   8184.9018  -0.0056967  18059.6175   -400.3484  
10730.7697
  48.600  0.171802     752731.   5986.3881  -0.0052783  18920.5338   -413.9160  
13010.0327
  54.000  0.144460     781155.   3723.6923  -0.0048403  19522.1521   -424.1195  
15853.8788
  59.400  0.119527     797024.   1425.9018  -0.0043895  19858.0304   -426.9140  
19287.1743
  64.800  0.097052     800252.   -865.7608  -0.0039334  19926.3629   -421.8499  
23471.7259
  70.200  0.077046     790987.  -3107.9674  -0.0034789  19730.2589   -408.5970  
28637.5929
  75.600  0.059480     769617.  -5255.8575  -0.0030332  19277.9450   -386.9179  
35127.0077
  81.000  0.044288     736779.  -7263.3795  -0.0026030  18582.9102   -356.6088  
43481.4964
  86.400  0.031368     693365.  -9067.7256  -0.0021946  17664.0282   -311.6675  
53654.4000
  91.800  0.020586     640696. -10488.5088  -0.0018136  16549.2574   -214.5485  
56278.8000
  97.200  0.011781     581617. -11414.7559  -0.0014645  15298.8069   -128.5060  
58903.2000
 102.600  0.004770     518651. -11908.4536  -0.0011503  13966.0820    -54.3450  
61527.6000
 108.000 -0.000642     453975. -12034.5947  -0.0008725  12597.1750      7.6261  
64152.0000
 113.400 -0.004653     389412. -11858.6413  -0.0006316  11230.6630     57.5418  
66776.4000
 118.800 -0.007463     326434. -11444.2945  -0.0004272   9897.6823     95.9199  
69400.8000
 124.200 -0.009267     266174. -10665.5523  -0.0002579   8622.2402    192.5031     
112177.
 129.600 -0.010249     211463.  -9612.7839  -0.0001215   7464.2538    197.4111     
104011.
 135.000 -0.010579     162458.  -8542.5140 -1.4736E-05   6427.0307    198.9852     
101569.
 140.400 -0.010408     119216.  -7470.1585  6.5709E-05   5511.7921    198.1835     
102821.
 145.800 -0.009870  81724.7813  -6407.0019   0.0001231   4718.2634    195.5782     
107008.
 151.200 -0.009079  49916.8218  -5361.7557   0.0001607   4045.0274    191.5501     
113932.
 156.600 -0.008134  23682.4529  -4341.3576   0.0001817   3489.7601    186.3751     
123729.
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 162.000 -0.007116   2877.0855  -3351.4227   0.0001893   3049.4011    180.2674     
136790.
 167.400 -0.006090 -12672.3764  -2396.5177   0.0001865   3256.7248    173.4011     
153762.
 172.800 -0.005102 -23162.4132  -1480.3504   0.0001763   3478.7531    165.9201     
175606.
 178.200 -0.004186 -28808.6463   -605.9411   0.0001614   3598.2593    157.9351     
203737.
 183.600 -0.003359 -29842.5597    -88.6223   0.0001447   3620.1427     33.6644  
54123.1267
 189.000 -0.002624 -29887.6394     75.5647   0.0001276   3621.0969     27.1456  
55872.7267
 194.400 -0.001981 -29133.9622    205.9200   0.0001108   3605.1448     21.1341  
57622.3267
 199.800 -0.001427 -27757.0051    305.3558  9.4510E-05   3576.0006     15.6939  
59371.9267
 205.200 -0.000960 -25915.7350    377.0631  7.9181E-05   3537.0290     10.8644  
61121.5267
 210.600 -0.000572 -23751.4254    424.3856  6.4997E-05   3491.2200      6.6625  
62871.1267
 216.000 -0.000258 -21387.1239    450.7067  5.2105E-05   3441.1780      3.0861  
64620.7267
 221.400 -9.50E-06 -18927.6866    459.3545  4.0592E-05   3389.1224   0.1167940  
66370.3267
 226.800  0.000181 -16460.2898    453.5219  3.0485E-05   3336.8984     -2.2770  
68119.9267
 232.200  0.000320 -14055.3302    436.2041  2.1770E-05   3285.9959     -4.1370  
69869.5267
 237.600  0.000416 -11767.6241    410.1512  1.4395E-05   3237.5751     -5.5123  
71619.1267
 243.000  0.000475  -9637.8243    377.8355  8.2819E-06   3192.4965     -6.4565  
73368.7267
 248.400  0.000505  -7693.9771    341.4333  3.3320E-06   3151.3537     -7.0258  
75118.3267
 253.800  0.000511  -5953.1518    302.8165 -5.6550E-07   3114.5080     -7.2767  
76867.9267
 259.200  0.000499  -4423.0821    263.5562 -3.5289E-06   3082.1231     -7.2642  
78617.5267
 264.600  0.000473  -3103.7719    224.9330 -5.6785E-06   3054.1991     -7.0407  
80367.1267
 270.000  0.000438  -1989.0223    187.9548 -7.1330E-06   3030.6047     -6.6549  
82116.7267
 275.400  0.000396  -1067.8512    153.3793 -8.0060E-06   3011.1075     -6.1508  
83866.3267
 280.800  0.000351   -325.7815    121.7395 -8.4040E-06   2995.4011     -5.5676  
85615.9267
 286.200  0.000305    254.0151     93.3716 -8.4245E-06   2993.8821     -4.9390  
87365.5267
 291.600  0.000260    689.7286     68.4433 -8.1550E-06   3003.1043     -4.2937  
89115.1267
 297.000  0.000217   1000.0730     46.9824 -7.6724E-06   3009.6729     -3.6549  
90864.7267
 302.400  0.000177   1203.6015     28.9033 -7.0430E-06   3013.9807     -3.0411  
92614.3267
 307.800  0.000141   1318.1617     14.0331 -6.3228E-06   3016.4055     -2.4664  
94363.9267
 313.200  0.000109   1360.4850      2.1343 -5.5578E-06   3017.3013     -1.9406  
96113.5267
 318.600  8.11E-05   1345.8935     -7.0744 -4.7849E-06   3016.9925     -1.4700  
97863.1267
 324.000  5.74E-05   1288.1121    -13.9000 -4.0326E-06   3015.7695     -1.0580  
99612.7267
 329.400  3.76E-05   1199.1706    -18.6602 -3.3223E-06   3013.8870  -0.7050760     
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101362.
 334.800  2.15E-05   1089.3806    -21.6709 -2.6687E-06   3011.5632  -0.4099913     
103112.
 340.200  8.74E-06    967.3732    -23.2361 -2.0813E-06   3008.9808  -0.1697286     
104862.
 345.600 -1.01E-06    840.1837    -23.6407 -1.5651E-06   3006.2888   0.0198757     
106611.
 351.000 -8.16E-06    713.3717    -23.1078 -1.1214E-06   3003.6047   0.1775152     
117438.
 356.400 -1.31E-05    591.5644    -21.8467 -7.4871E-07   3001.0266   0.2895338     
119188.
 361.800 -1.62E-05    478.0575    -20.0825 -4.4323E-07   2998.6241   0.3638994     
120938.
 367.200 -1.79E-05    375.0470    -18.0016 -1.9959E-07   2996.4439   0.4067927     
122687.
 372.600 -1.84E-05    283.8083    -15.7582 -1.1429E-08   2994.5127   0.4241021     
124437.
 378.000 -1.80E-05    204.8682    -13.4757  1.2813E-07   2992.8419   0.4212793     
126186.
 383.400 -1.70E-05    138.1632    -11.2495  2.2610E-07   2991.4301   0.4032422     
127936.
 388.800 -1.56E-05     83.1836     -9.1500  2.8932E-07   2990.2664   0.3743175     
129686.
 394.200 -1.39E-05     39.0990     -7.2262  3.2424E-07   2989.3333   0.3382186     
131435.
 399.600 -1.21E-05      4.8675     -5.5083  3.3680E-07   2988.6088   0.2980498     
133185.
 405.000 -1.03E-05    -20.6740     -4.0114  3.3228E-07   2988.9433   0.2563322     
134934.
 410.400 -8.50E-06    -38.7359     -2.7387  3.1531E-07   2989.3256   0.2150453     
136684.
 415.800 -6.85E-06    -50.5178     -1.6838  2.8982E-07   2989.5750   0.1756792     
138434.
 421.200 -5.37E-06    -57.1647  -0.8333375  2.5907E-07   2989.7157   0.1392935     
140183.
 426.600 -4.05E-06    -59.7361  -0.1694829  2.2568E-07   2989.7701   0.1065785     
141933.
 432.000 -2.93E-06    -59.1852   0.3286540  1.9172E-07   2989.7584   0.0779166     
143682.
 437.400 -1.98E-06    -56.3481   0.6833199  1.5873E-07   2989.6984   0.0534411     
145432.
 442.800 -1.21E-06    -51.9391   0.9169567  1.2780E-07   2989.6051   0.0330910     
147182.
 448.200 -6.04E-07    -46.5527      1.0513  9.9671E-08   2989.4911   0.0166601     
148931.
 453.600 -1.38E-07    -40.6692      1.1066  7.4761E-08   2989.3665   0.0038406     
150681.
 459.000  2.03E-07    -34.6640      1.1015  5.3247E-08   2989.2394  -0.0057403     
152430.
 464.400  4.37E-07    -28.8178      1.0523  3.5117E-08   2989.1157  -0.0124894     
154180.
 469.800  5.83E-07    -23.3288   0.9731422  2.0224E-08   2988.9995  -0.0168236     
155930.
 475.200  6.56E-07    -18.3249   0.8760116  8.3281E-09   2988.8936  -0.0191507     
157679.
 480.600  6.73E-07    -13.8749   0.7706918 -8.6793E-10   2988.7994  -0.0198566     
159429.
 486.000  6.46E-07    -10.0007   0.6649799 -7.6866E-09   2988.7174  -0.0192959     
161178.
 491.400  5.90E-07     -6.6867   0.5648541 -1.2452E-08   2988.6473  -0.0177877     
162928.
 496.800  5.12E-07     -3.8897   0.4746707 -1.5473E-08   2988.5881  -0.0156136     
164678.
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 502.200  4.22E-07     -1.5472   0.3973615 -1.7026E-08   2988.5385  -0.0130195     
166427.
 507.600  3.28E-07   0.4160989   0.3346185 -1.7349E-08   2988.5146  -0.0102187     
168177.
 513.000  2.35E-07      2.0813   0.2870558 -1.6636E-08   2988.5498  -0.0073972     
169926.
 518.400  1.48E-07      3.5303   0.1012699 -1.5033E-08   2988.5805  -0.0614124    
2233954.
 523.800  7.27E-08      3.1877  -0.1457651 -1.3114E-08   2988.5732  -0.0300820    
2233954.
 529.200  6.81E-09      1.9671  -0.2345980 -1.1642E-08   2988.5474  -0.0028191    
2233954.
 534.600 -5.30E-08   0.6638346  -0.1829883 -1.0891E-08   2988.5198   0.0219338    
2233954.
 540.000 -1.11E-07      0.0000      0.0000 -1.0701E-08   2988.5057   0.0458396    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00756207
Maximum bending moment           =   800252.38165 lbs-in
Maximum shear force              =    22629.43415 lbs
Depth of maximum bending moment  =    64.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  35466.3077  -0.0142946   2988.5057   -245.7891    
663.6307
   5.400  0.922809     193955.  34004.0570  -0.0142392   7093.6951   -295.7852   
1730.8449
  10.800  0.846217     379239.  32295.1329  -0.0140755  11015.3411   -337.1497   
2151.4672
  16.200  0.770794     554600.  30351.5459  -0.0138088  14726.9705   -382.6974   
2681.0856
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  21.600  0.697082     718668.  28129.1324  -0.0134451  18199.5788   -440.4188   
3411.7365
  27.000  0.625587     869721.  25586.1733  -0.0129915  21396.7053   -501.4179   
4328.1857
  32.400  0.556774    1005943.  22703.5465  -0.0124558  24279.9330   -566.2217   
5491.6283
  37.800  0.491064    1125412.  19462.3070  -0.0118471  26808.5718   -634.2374   
6974.4079
  43.200  0.428825    1226116.  15970.9685  -0.0111755  28940.0348   -658.8510   
8296.6066
  48.600  0.370368    1307313.  12362.4262  -0.0104520  30658.6180   -677.6461   
9880.1339
  54.000  0.315944    1368435.   8668.2532  -0.0096878  31952.3076   -690.5661  
11802.9165
  59.400  0.265740    1409091.   4925.5192  -0.0088946  32812.8183   -695.6317  
14135.6724
  64.800  0.219882    1429123.   1174.5881  -0.0080840  33236.8168   -693.6021  
17033.9033
  70.200  0.178432    1428586.  -2536.4162  -0.0072679  33225.4536   -680.8439  
20604.7533
  75.600  0.141389    1407852.  -6143.2587  -0.0064578  32786.6057   -655.0236  
25016.9648
  81.000  0.108688    1367679.  -9573.7840  -0.0056651  31936.3147   -615.5413  
30582.1796
  86.400  0.080206    1309228. -12752.2443  -0.0049006  30699.1533   -561.6662  
37815.1976
  91.800  0.055762    1234083. -15597.6872  -0.0041743  29108.6703   -492.2015  
47665.2671
  97.200  0.035124    1144289. -17961.0801  -0.0034950  27208.1212   -383.1292  
58903.2000
 102.600  0.018015    1043048. -19549.7482  -0.0028703  25065.2817   -205.2664  
61527.6000
 108.000  0.004124     935570. -20236.2524  -0.0023053  22790.4425    -48.9944  
64152.0000
 113.400 -0.006881     826438. -20138.7794  -0.0018020  20480.6004     85.0955  
66776.4000
 118.800 -0.015338     719589. -19376.7918  -0.0013605  18219.0700    197.1221  
69400.8000
 124.200 -0.021575     618315. -18202.7708  -0.0009784  16075.5373    237.7005  
59494.5515
 129.600 -0.025905     523823. -16889.1772  -0.0006522  14075.5625    248.8156  
51867.4119
 135.000 -0.028619     436461. -15528.6344  -0.0003780  12226.4869    255.0891  
48132.1792
 140.400 -0.029987     356432. -14143.0688  -0.0001515  10532.6272    258.0833  
46475.7452
 145.800 -0.030255     283844. -12747.8635  3.1340E-05   8996.2391    258.6594  
46166.0893
 151.200 -0.029648     218729. -11354.6301   0.0001749   7618.0476    257.3530  
46873.2982
 156.600 -0.028367     161066.  -9972.5550   0.0002833   6397.5781    254.5267  
48453.0567
 162.000 -0.026588     110787.  -8609.1411   0.0003610   5333.3798    250.4414  
50864.2607
 167.400 -0.024468  67783.5055  -7270.6564   0.0004120   4423.1873    245.2937  
54135.5476
 172.800 -0.022139  31916.6651  -5962.4239   0.0004404   3664.0425    239.2368  
58353.7553
 178.200 -0.019711   3018.2925  -4689.0273   0.0004504   3052.3899    232.3915  
63665.3802
 183.600 -0.017274 -19104.2690  -3594.1050   0.0004458   3392.8599    173.1352  
54123.1267
 189.000 -0.014896 -36173.6117  -2710.4972   0.0004300   3754.1435    154.1270  
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55872.7267
 194.400 -0.012630 -48739.9094  -1930.4799   0.0004058   4020.1173    134.7683  
57622.3267
 199.800 -0.010514 -57364.6362  -1254.5017   0.0003755   4202.6652    115.5939  
59371.9267
 205.200 -0.008574 -62604.8428   -680.3604   0.0003412   4313.5776     97.0510  
61121.5267
 210.600 -0.006828 -64999.9808   -203.6736   0.0003048   4364.2722     79.4997  
62871.1267
 216.000 -0.005283 -65061.2707    181.6588   0.0002676   4365.5695     63.2160  
64620.7267
 221.400 -0.003938 -63263.5282    483.0149   0.0002310   4327.5191     48.3973  
66370.3267
 226.800 -0.002788 -60039.2991    708.6430   0.0001958   4259.2762     35.1686  
68119.9267
 232.200 -0.001823 -55775.1078    867.2940   0.0001627   4169.0218     23.5910  
69869.5267
 237.600 -0.001031 -50809.5852    967.8982   0.0001323   4063.9233     13.6699  
71619.1267
 243.000 -0.000395 -45433.2255   1019.2909   0.0001048   3950.1292      5.3645  
73368.7267
 248.400  0.000101 -39889.5076   1029.9852  8.0409E-05   3832.7929     -1.4036  
75118.3267
 253.800  0.000474 -34377.1222   1007.9934  5.9199E-05   3716.1197     -6.7415  
76867.9267
 259.200  0.000740 -29053.0486    960.6928  4.1084E-05   3603.4322    -10.7772  
78617.5267
 264.600  0.000917 -24036.2489    894.7339  2.5922E-05   3497.2484    -13.6520  
80367.1267
 270.000  0.001020 -19411.7599    815.9850  1.3514E-05   3399.3682    -15.5142  
82116.7267
 275.400  0.001063 -15234.9946    729.5112  3.6189E-06   3310.9642    -16.5131  
83866.3267
 280.800  0.001059 -11536.0874    639.5793 -4.0268E-06   3232.6745    -16.7950  
85615.9267
 286.200  0.001020  -8324.1458    549.6869 -9.6987E-06   3164.6917    -16.4985  
87365.5267
 291.600  0.000955  -5591.2988    462.6083 -1.3673E-05   3106.8492    -15.7528  
89115.1267
 297.000  0.000872  -3316.4576    380.4545 -1.6217E-05   3058.7007    -14.6746  
90864.7267
 302.400  0.000779  -1468.7291    304.7409 -1.7583E-05   3019.5923    -13.3675  
92614.3267
 307.800  0.000682    -10.4436    236.4614 -1.8006E-05   2988.7268    -11.9212  
94363.9267
 313.200  0.000585   1100.2224    176.1636 -1.7695E-05   3011.7927    -10.4113  
96113.5267
 318.600  0.000491   1907.0293    124.0232 -1.6836E-05   3028.8693     -8.8999  
97863.1267
 324.000  0.000403   2453.8552     79.9155 -1.5590E-05   3040.4432     -7.4362  
99612.7267
 329.400  0.000323   2783.2498     43.4821 -1.4095E-05   3047.4150     -6.0576     
101362.
 334.800  0.000251   2935.3351     14.1914 -1.2462E-05   3050.6340     -4.7908     
103112.
 340.200  0.000188   2947.0146     -8.6075 -1.0782E-05   3050.8812     -3.6533     
104862.
 345.600  0.000134   2851.4562    -25.6385 -9.1256E-06   3048.8587     -2.6545     
106611.
 351.000  8.96E-05   2677.8065    -38.0653 -7.5465E-06   3045.1832     -1.9480     
117438.
 356.400  5.30E-05   2446.7079    -46.4807 -6.0829E-06   3040.2919     -1.1688     
119188.
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 361.800  2.39E-05   2180.9396    -51.0802 -4.7613E-06   3034.6667  -0.5347684     
120938.
 367.200  1.53E-06   1899.0528    -52.6179 -3.5961E-06   3028.7004  -0.0347714     
122687.
 372.600 -1.50E-05   1615.6952    -51.7811 -2.5923E-06   3022.7030   0.3447285     
124437.
 378.000 -2.65E-05   1342.0011    -49.1804 -1.7476E-06   3016.9101   0.6184610     
126186.
 383.400 -3.38E-05   1086.0185    -45.3463 -1.0542E-06   3011.4920   0.8015826     
127936.
 388.800 -3.79E-05    853.1488    -40.7277 -5.0035E-07   3006.5632   0.9090317     
129686.
 394.200 -3.92E-05    646.5812    -35.6947 -7.2040E-08   3002.1911   0.9550348     
131435.
 399.600 -3.86E-05    467.7068    -30.5437  2.4619E-07   2998.4051   0.9527485     
133185.
 405.000 -3.66E-05    316.5021    -25.5034  4.7016E-07   2995.2047   0.9140207     
134934.
 410.400 -3.36E-05    191.8741    -20.7426  6.1535E-07   2992.5669   0.8492540     
136684.
 415.800 -2.99E-05     91.9641    -16.3777  6.9641E-07   2990.4522   0.7673541     
138434.
 421.200 -2.60E-05     14.4081    -12.4813  7.2679E-07   2988.8107   0.6757456     
140183.
 426.600 -2.21E-05    -43.4467     -9.0896  7.1850E-07   2989.4253   0.5804402     
141933.
 432.000 -1.83E-05    -84.3653     -6.2099  6.8199E-07   2990.2914   0.4861429     
143682.
 437.400 -1.47E-05   -111.0878     -3.8271  6.2617E-07   2990.8570   0.3963829     
145432.
 442.800 -1.15E-05   -126.2250     -1.9099  5.5840E-07   2991.1774   0.3136598     
147182.
 448.200 -8.69E-06   -132.1855  -0.4161487  4.8460E-07   2991.3035   0.2395943     
148931.
 453.600 -6.27E-06   -131.1276   0.7034658  4.0940E-07   2991.2811   0.1750777     
150681.
 459.000 -4.27E-06   -124.9329      1.5013  3.3627E-07   2991.1500   0.1204144     
152430.
 464.400 -2.64E-06   -115.1969      2.0301  2.6769E-07   2990.9440   0.0754518     
154180.
 469.800 -1.37E-06   -103.2330      2.3410  2.0531E-07   2990.6907   0.0396974     
155930.
 475.200 -4.25E-07    -90.0866      2.4818  1.5010E-07   2990.4125   0.0124190     
157679.
 480.600  2.46E-07    -76.5565      2.4957  1.0250E-07   2990.1261  -0.0072710     
159429.
 486.000  6.82E-07    -63.2200      2.4211  6.2584E-08   2989.8438  -0.0203481     
161178.
 491.400  9.22E-07    -50.4616      2.2910  3.0118E-08   2989.5738  -0.0278241     
162928.
 496.800  1.01E-06    -38.5024      2.1330  4.7102E-09   2989.3207  -0.0307093     
164678.
 502.200  9.73E-07    -27.4294      1.9691 -1.4120E-08   2989.0863  -0.0299894     
166427.
 507.600  8.55E-07    -17.2244      1.8163 -2.6872E-08   2988.8703  -0.0266127     
168177.
 513.000  6.83E-07     -7.7912      1.6864 -3.4017E-08   2988.6707  -0.0214873     
169926.
 518.400  4.87E-07      1.0173      1.0843 -3.5951E-08   2988.5273  -0.2015229    
2233954.
 523.800  2.95E-07      3.9492   0.2111330 -3.4533E-08   2988.5893  -0.1218587    
2233954.
 529.200  1.14E-07      3.3266  -0.2454161 -3.2455E-08   2988.5762  -0.0472336    
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2233954.
 534.600 -5.60E-08      1.3260  -0.3104506 -3.1126E-08   2988.5338   0.0231467    
2233954.
 540.000 -2.22E-07      0.0000      0.0000 -3.0747E-08   2988.5057   0.0918350    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01429456
Maximum bending moment           =       1429123. lbs-in
Maximum shear force              =    35466.30767 lbs
Depth of maximum bending moment  =    64.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  51552.4361  -0.0264895   2988.5057   -245.7891    
331.8153
   5.400     1.857     285957.  50090.1856  -0.0264078   9040.9682   -295.7851    
860.1384
  10.800     1.715     563220.  48381.2617  -0.0261653  14909.4189   -337.1496   
1061.7055
  16.200     1.574     830516.  46437.6752  -0.0257673  20566.9161   -382.6972   
1312.6286
  21.600     1.437    1086453.  44215.2625  -0.0252198  25983.9873   -440.4186   
1655.5832
  27.000     1.302    1329286.  41672.3048  -0.0245299  31123.7041   -501.4176   
2079.6158
  32.400     1.172    1557178.  38789.6797  -0.0237055  35947.1820   -566.2213   
2609.7901
  37.800     1.046    1768184.  35479.5026  -0.0227558  40413.2644   -659.7702   
3406.1503
  43.200  0.925824    1959526.  31647.9101  -0.0216912  44463.1392   -759.3381   
4428.9484
  48.600  0.811713    2128254.  27249.0319  -0.0205238  48034.3799   -869.8760   
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5786.9332
  54.000  0.704167    2271105.  22226.3265  -0.0192673  51057.9043   -990.3852   
7594.9010
  59.400  0.603626    2384529.  16532.0093  -0.0179377  53458.6080  -1118.6211  
10007.1118
  64.800  0.510440    2464761.  10160.2523  -0.0165528  55156.7674  -1241.2888  
13131.7308
  70.200  0.424856    2508204.   3558.7440  -0.0151325  56076.2647  -1203.7143  
15299.4342
  75.600  0.347008    2515943.  -2804.0154  -0.0136977  56240.0692  -1152.8633  
17940.3726
  81.000  0.276921    2489460.  -8863.4306  -0.0122682  55679.5264  -1091.3646  
21281.7589
  86.400  0.214512    2430553. -14568.2136  -0.0108630  54432.7275  -1021.5180  
25715.0635
  91.800  0.159600    2341274. -19845.0529  -0.0095002  52543.0811   -932.8669  
31563.1139
  97.200  0.111910    2224230. -24574.0686  -0.0081964  50065.7563   -818.6203  
39501.0451
 102.600  0.071080    2082779. -28604.3361  -0.0069663  47071.8610   -674.0714  
51210.0243
 108.000  0.036674    1921171. -31600.6693  -0.0058228  43651.3298   -435.6817  
64152.0000
 113.400  0.008193    1746397. -33050.5666  -0.0047754  39952.1173   -101.3173  
66776.4000
 118.800 -0.014901    1568248. -32807.0697  -0.0038287  36181.4799    191.5013  
69400.8000
 124.200 -0.033157    1395306. -31575.4561  -0.0029824  32521.0496    264.6519  
43101.4568
 129.600 -0.047110    1229745. -30080.7918  -0.0022327  29016.8547    288.9275  
33118.3935
 135.000 -0.057270    1072314. -28481.5681  -0.0015752  25684.7210    303.3776  
28605.5769
 140.400 -0.064122     923471. -26819.8645  -0.0010052  22534.3687    312.0682  
26280.5207
 145.800 -0.068126     783506. -25121.8451  -0.0005177  19571.9194    316.8278  
25113.1782
 151.200 -0.069714     652591. -23406.0380  -0.0001076  16801.0234    318.6563  
24682.9726
 156.600 -0.069288     530812. -21686.6119   0.0002304  14223.4759    318.1682  
24796.4939
 162.000 -0.067226     418182. -19974.9712   0.0005014  11839.5957    315.7728  
25364.9152
 167.400 -0.063873     314660. -18280.6333   0.0007107   9648.4779    311.7597  
26356.9767
 172.800 -0.059550     220152. -16611.7508   0.0008634   7648.1730    306.3449  
27779.3596
 178.200 -0.054548     134525. -14975.4340   0.0009647   5835.8200    299.6984  
29668.7849
 183.600 -0.049131  57605.0118 -12836.6895   0.0010196   4207.7529    492.4292  
54123.1267
 189.000 -0.043536  -4969.8820 -10290.8882   0.0010346   3093.6965    450.4602  
55872.7267
 194.400 -0.037957 -54408.1618  -7981.0667   0.0010177   4140.0895    405.0293  
57622.3267
 199.800 -0.032545 -92022.6978  -5921.3518   0.0009759   4936.2254    357.8281  
59371.9267
 205.200 -0.027417    -119181.  -4117.3172   0.0009155   5511.0447    310.3329  
61121.5267
 210.600 -0.022657    -137261.  -2567.1725   0.0008423   5893.7228    263.7948  
62871.1267
 216.000 -0.018321    -147616.  -1262.9825   0.0007609   6112.8903    219.2385  
64620.7267
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 221.400 -0.014439    -151542.   -191.8746   0.0006755   6195.9943    177.4681  
66370.3267
 226.800 -0.011025    -150257.    662.8025   0.0005893   6168.7950    139.0789  
68119.9267
 232.200 -0.008074    -144880.   1320.3952   0.0005050   6054.9924    104.4740  
69869.5267
 237.600 -0.005571    -136422.   1801.9611   0.0004247   5875.9718     73.8838  
71619.1267
 243.000 -0.003488    -125777.   2129.3956   0.0003498   5650.6562     47.3883  
73368.7267
 248.400 -0.001793    -113720.   2324.6810   0.0002814   5395.4526     24.9397  
75118.3267
 253.800 -0.000449    -100907.   2409.2595   0.0002201   5124.2773      6.3857  
76867.9267
 259.200  0.000584 -87884.9371   2403.5290   0.0001662   4848.6471     -8.5081  
78617.5267
 264.600  0.001346 -75089.3578   2326.4576   0.0001197   4577.8204    -20.0369  
80367.1267
 270.000  0.001877 -62859.9891   2195.3069  8.0253E-05   4318.9779    -28.5374  
82116.7267
 275.400  0.002213 -51447.6492   2025.4556  4.7608E-05   4077.4284    -34.3704  
83866.3267
 280.800  0.002391 -41025.1737   1830.3106  2.1198E-05   3856.8300    -37.9055  
85615.9267
 286.200  0.002442 -31698.1524   1621.2928  4.2903E-07   3659.4176    -39.5085  
87365.5267
 291.600  0.002395 -23515.5727   1407.8857 -1.5340E-05   3486.2280    -39.5312  
89115.1267
 297.000  0.002276 -16480.0652   1197.7327 -2.6762E-05   3337.3169    -38.3032  
90864.7267
 302.400  0.002106 -10557.5153    996.7729 -3.4484E-05   3211.9624    -36.1263  
92614.3267
 307.800  0.001904  -5685.8686    809.4023 -3.9123E-05   3108.8508    -33.2702  
94363.9267
 313.200  0.001684  -1783.0138    638.6516 -4.1256E-05   3026.2444    -29.9708  
96113.5267
 318.600  0.001458   1246.3221    486.3720 -4.1409E-05   3014.8850    -26.4291  
97863.1267
 324.000  0.001237   3504.6864    353.4207 -4.0052E-05   3062.6847    -22.8121  
99612.7267
 329.400  0.001026   5097.0054    239.8408 -3.7596E-05   3096.3871    -19.2545     
101362.
 334.800  0.000831   6126.6377    145.0308 -3.4390E-05   3118.1800    -15.8603     
103112.
 340.200  0.000654   6692.3085     67.8998 -3.0729E-05   3130.1528    -12.7067     
104862.
 345.600  0.000499   6885.8417      7.0064 -2.6852E-05   3134.2490     -9.8464     
106611.
 351.000  0.000364   6790.5975    -40.9734 -2.2946E-05   3132.2331     -7.9239     
117438.
 356.400  0.000251   6462.6581    -77.3213 -1.9161E-05   3125.2921     -5.5383     
119188.
 361.800  0.000157   5971.6679   -101.7936 -1.5609E-05   3114.8999     -3.5255     
120938.
 367.200  8.23E-05   5376.4362   -116.3635 -1.2369E-05   3102.3015     -1.8707     
122687.
 372.600  2.38E-05   4725.3612   -122.8977 -9.4835E-06   3088.5211  -0.5493529     
124437.
 378.000 -2.01E-05   4057.1303   -123.1137 -6.9753E-06   3074.3775   0.4693203     
126186.
 383.400 -5.15E-05   3401.6087   -118.5526 -4.8451E-06   3060.5030      1.2200     
127936.
 388.800 -7.24E-05   2780.8434   -110.5633 -3.0794E-06   3047.3641      1.7390     
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129686.
 394.200 -8.48E-05   2210.1187   -100.2983 -1.6541E-06   3035.2843      2.0628     
131435.
 399.600 -9.03E-05   1699.0149    -88.7170 -5.3764E-07   3024.4665      2.2265     
133185.
 405.000 -9.06E-05   1252.4281    -76.5957  3.0527E-07   3015.0142      2.2629     
134934.
 410.400 -8.70E-05    871.5247    -64.5417  9.1186E-07   3006.9521      2.2016     
136684.
 415.800 -8.07E-05    554.6098    -53.0109  1.3192E-06   3000.2444      2.0691     
138434.
 421.200 -7.27E-05    297.8956    -42.3266  1.5626E-06   2994.8109      1.8881     
140183.
 426.600 -6.38E-05     96.1665    -32.6987  1.6752E-06   2990.5412      1.6778     
141933.
 432.000 -5.46E-05    -56.6611    -24.2432  1.6864E-06   2989.7050      1.4538     
143682.
 437.400 -4.56E-05   -167.0811    -17.0006  1.6225E-06   2992.0421      1.2286     
145432.
 442.800 -3.71E-05   -241.6339    -10.9518  1.5058E-06   2993.6201      1.0116     
147182.
 448.200 -2.94E-05   -286.6295     -6.0343  1.3550E-06   2994.5724   0.8096674     
148931.
 453.600 -2.25E-05   -307.9463     -2.1544  1.1851E-06   2995.0236   0.6273481     
150681.
 459.000 -1.66E-05   -310.8955   0.8013739  1.0084E-06   2995.0861   0.4673857     
152430.
 464.400 -1.16E-05   -300.1410      2.9569  8.3390E-07   2994.8584   0.3309632     
154180.
 469.800 -7.55E-06   -279.6633      4.4393  6.6831E-07   2994.4250   0.2180549     
155930.
 475.200 -4.37E-06   -252.7599      5.3728  5.1626E-07   2993.8556   0.1277161     
157679.
 480.600 -1.98E-06   -222.0714      5.8752  3.8065E-07   2993.2060   0.0583355     
159429.
 486.000 -2.63E-07   -189.6285      6.0539  2.6307E-07   2992.5194   0.0078456     
161178.
 491.400  8.65E-07   -156.9112      6.0046  1.6410E-07   2991.8269  -0.0261070     
162928.
 496.800  1.51E-06   -124.9174      5.8098  8.3612E-08   2991.1497  -0.0460314     
164678.
 502.200  1.77E-06    -94.2358      5.5384  2.1023E-08   2990.5003  -0.0544984     
166427.
 507.600  1.74E-06    -65.1208      5.2452 -2.4488E-08   2989.8841  -0.0540808     
168177.
 513.000  1.50E-06    -37.5670      4.9714 -5.3815E-08   2989.3009  -0.0473220     
169926.
 518.400  1.16E-06    -11.3842      3.5532 -6.7795E-08   2988.7467  -0.4779354    
2233954.
 523.800  7.72E-07   0.8648303      1.4009 -7.0799E-08   2988.5241  -0.3192215    
2233954.
 529.200  3.91E-07      3.8051   0.1026466 -6.9465E-08   2988.5863  -0.1616111    
2233954.
 534.600  2.14E-08      2.0319  -0.3576150 -6.7798E-08   2988.5488  -0.0088561    
2233954.
 540.000 -3.42E-07      0.0000      0.0000 -6.7218E-08   2988.5057   0.1413061    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.02648949
Maximum bending moment           =       2515943. lbs-in
Maximum shear force              =    51552.43615 lbs
Depth of maximum bending moment  =    75.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  62915.8662  -0.0376101   2988.5057   -245.7891    
221.2102
   5.400     2.797     352003.  61453.6153  -0.0375095  10438.8852   -295.7853    
571.0742
  10.800     2.595     695297.  59744.6902  -0.0372104  17704.9164   -337.1499    
701.6115
  16.200     2.395    1028592.  57801.1012  -0.0367181  24759.3214   -382.6979    
862.8559
  21.600     2.198    1350480.  55578.6841  -0.0360387  31572.2914   -440.4196   
1081.8455
  27.000     2.006    1659201.  53035.7195  -0.0351791  38106.5619   -501.4192   
1349.9067
  32.400     1.818    1952901.  50153.0839  -0.0341475  44322.9126   -566.2236   
1681.4758
  37.800     1.637    2229620.  46842.8912  -0.0329530  50179.8513   -659.7737   
2176.3773
  43.200     1.463    2486564.  43011.2758  -0.0316061  55618.2306   -759.3431   
2803.7010
  48.600     1.296    2720767.  38612.3645  -0.0301189  60575.2889   -869.8833   
3625.4194
  54.000     1.137    2928950.  33589.6118  -0.0285054  64981.6094   -990.3955   
4702.7742
  59.400  0.987818    3107548.  27895.2279  -0.0267814  68761.7529  -1118.6356   
6115.1280
  64.800  0.847991    3252779.  21487.4819  -0.0249650  71835.6616  -1254.6037   
7989.3107
  70.200  0.718196    3360643.  14324.6417  -0.0230762  74118.6777  -1398.3001  
10513.5896
  75.600  0.598768    3426924.   6364.9738  -0.0211377  75521.5639  -1549.7251  
13976.2350
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  81.000  0.489909    3447191.  -2242.0050  -0.0191745  75950.5247  -1638.0448  
18055.2824
  86.400  0.391683    3418863. -10772.1648  -0.0172136  75350.9469  -1521.2736  
20973.2985
  91.800  0.304002    3345352. -18640.3406  -0.0152818  73795.0446  -1392.8656  
24741.5522
  97.200  0.226639    3230421. -25795.7113  -0.0134038  71362.4445  -1257.2717  
29956.2854
 102.600  0.159241    3078050. -32162.5598  -0.0116022  68137.4189  -1100.8203  
37329.8701
 108.000  0.101336    2892839. -37577.2011  -0.0098969  64217.3041   -904.6024  
48204.5530
 113.400  0.052354    2680553. -41767.6331  -0.0083052  59724.1469   -647.4094  
66776.4000
 118.800  0.011640    2448745. -43919.5502  -0.0068403  54817.7653   -149.5969  
69400.8000
 124.200 -0.021521    2211985. -43682.3379  -0.0055092  49806.5847    237.4534  
59580.9377
 129.600 -0.047860    1981616. -42258.1939  -0.0043115  44930.6942    290.0074  
32721.5866
 135.000 -0.068086    1759228. -40619.9919  -0.0032432  40223.7028    316.7341  
25120.7007
 140.400 -0.082886    1545653. -38866.5113  -0.0022993  35703.2385    332.7032  
21675.5292
 145.800 -0.092919    1341407. -37043.8771  -0.0014748  31380.2446    342.3465  
19895.5826
 151.200 -0.098814    1146821. -35180.8765  -0.0007642  27261.7130    347.6537  
18998.6380
 156.600 -0.101172     962097. -33297.9927  -0.0001619  23351.9102    349.7106  
18665.6280
 162.000 -0.100562     787339. -31410.9782   0.0003377  19653.0462    349.1836  
18750.4613
 167.400 -0.097524     622574. -29532.5873   0.0007404  16165.6857    346.5167  
19186.8875
 172.800 -0.092566     467764. -27673.5209   0.0010518  12889.0217    342.0264  
19952.6727
 178.200 -0.086165     322814. -25842.9733   0.0012776   9821.0711    335.9542  
21054.3688
 183.600 -0.078768     187583. -22804.3005   0.0014233   6958.8244    789.4802  
54123.1267
 189.000 -0.070793  75328.4962 -18695.0018   0.0014984   4582.8819    732.4823  
55872.7267
 194.400 -0.062585 -15585.1186 -14914.1396   0.0015155   3318.3748    667.8371  
57622.3267
 199.800 -0.054426 -87020.8551 -11495.2946   0.0014862   4830.3582    598.4018  
59371.9267
 205.200 -0.046535    -140986.  -8457.4732   0.0014211   5972.5707    526.7172  
61121.5267
 210.600 -0.039078    -179559.  -5806.8849   0.0013295   6788.9806    454.9821  
62871.1267
 216.000 -0.032176    -204821.  -3538.8172   0.0012197   7323.6657    385.0430  
64620.7267
 221.400 -0.025905    -218805.  -1639.5328   0.0010988   7619.6631    318.3957  
66370.3267
 226.800 -0.020309    -223453.    -88.1284   0.0009725   7718.0356    256.1985  
68119.9267
 232.200 -0.015403    -220576.   1141.6987   0.0008456   7657.1470    199.2930  
69869.5267
 237.600 -0.011176    -211835.   2080.0140   0.0007221   7472.1336    148.2312  
71619.1267
 243.000 -0.007604    -198721.   2759.1707   0.0006049   7194.5546    103.3083  
73368.7267
 248.400 -0.004644    -182546.   3212.5138   0.0004960   6852.2028     64.5965  
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75118.3267
 253.800 -0.002247    -164443.   3473.2748   0.0003969   6469.0531     31.9816  
76867.9267
 259.200 -0.000357    -145369.   3573.6592   0.0003084   6065.3274      5.1978  
78617.5267
 264.600  0.001084    -126108.   3544.1224   0.0002309   5657.6533    -16.1374  
80367.1267
 270.000  0.002137    -107287.   3412.8241   0.0001642   5259.2970    -32.4916  
82116.7267
 275.400  0.002858 -89387.4087   3205.2481   0.0001081   4880.4478    -44.3884  
83866.3267
 280.800  0.003304 -72761.0186   2943.9698  6.1762E-05   4528.5396    -52.3814  
85615.9267
 286.200  0.003525 -57644.5636   2648.5531  2.4519E-05   4208.5901    -57.0322  
87365.5267
 291.600  0.003569 -44177.3002   2335.5568 -4.5602E-06   3923.5468    -58.8923  
89115.1267
 297.000  0.003476 -32416.7090   2018.6304 -2.6435E-05   3674.6263    -58.4878  
90864.7267
 302.400  0.003283 -22353.8229   1708.6810 -4.2077E-05   3461.6388    -56.3083  
92614.3267
 307.800  0.003021 -13927.5087   1414.0912 -5.2439E-05   3283.2904    -52.7990  
94363.9267
 313.200  0.002717  -7037.4640   1140.9736 -5.8426E-05   3137.4582    -48.3556  
96113.5267
 318.600  0.002390  -1555.7760    893.4456 -6.0880E-05   3021.4347    -43.3214  
97863.1267
 324.000  0.002059   2663.0344    673.9125 -6.0564E-05   3044.8706    -37.9872  
99612.7267
 329.400  0.001736   5773.4981    483.3472 -5.8155E-05   3110.7056    -32.5926     
101362.
 334.800  0.001431   7932.1739    321.5598 -5.4240E-05   3156.3953    -27.3287     
103112.
 340.200  0.001151   9292.0366    187.4484 -4.9321E-05   3185.1777    -22.3422     
104862.
 345.600  0.000899   9998.1646     79.2272 -4.3812E-05   3200.1233    -17.7397     
106611.
 351.000  0.000677  10184.5973     -8.4449 -3.8048E-05   3204.0693    -14.7314     
117438.
 356.400  0.000488   9939.0112    -77.2791 -3.2301E-05   3198.8713    -10.7627     
119188.
 361.800  0.000329   9377.1937   -126.2038 -2.6784E-05   3186.9801     -7.3576     
120938.
 367.200  0.000198   8598.5736   -158.2366 -2.1651E-05   3170.5001     -4.5065     
122687.
 372.600  9.47E-05   7686.4764   -176.2960 -1.7000E-05   3151.1950     -2.1822     
124437.
 378.000  1.48E-05   6708.8978   -183.1186 -1.2889E-05   3130.5039  -0.3447210     
126186.
 383.400 -4.45E-05   5719.6532   -181.2028 -9.3390E-06   3109.5659      1.0543     
127936.
 388.800 -8.61E-05   4759.7752   -172.7726 -6.3461E-06   3089.2495      2.0680     
129686.
 394.200 -0.000113   3859.0546   -159.7605 -3.8847E-06   3070.1851      2.7513     
131435.
 399.600 -0.000128   3037.6343   -143.8038 -1.9150E-06   3052.7992      3.1585     
133185.
 405.000 -0.000134   2307.5863   -126.2540 -3.8846E-07   3037.3473      3.3414     
134934.
 410.400 -0.000132   1674.4178   -108.1935  7.4878E-07   3023.9459      3.3477     
136684.
 415.800 -0.000126   1138.4660    -90.4587  1.5521E-06   3012.6021      3.2207     
138434.
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 421.200 -0.000115    696.1565    -73.6674  2.0761E-06   3003.2403      2.9983     
140183.
 426.600 -0.000103    341.1087    -58.2476  2.3723E-06   2995.7255      2.7128     
141933.
 432.000 -8.99E-05     65.0842    -44.4663  2.4883E-06   2989.8833      2.3914     
143682.
 437.400 -7.63E-05   -141.2232    -32.4585  2.4666E-06   2991.4948      2.0559     
145432.
 442.800 -6.32E-05   -287.5459    -22.2540  2.3441E-06   2994.5918      1.7236     
147182.
 448.200 -5.10E-05   -383.5407    -13.8010  2.1525E-06   2996.6236      1.4072     
148931.
 453.600 -4.00E-05   -438.4103     -6.9889  1.9177E-06   2997.7850      1.1159     
150681.
 459.000 -3.03E-05   -460.6359     -1.6660  1.6610E-06   2998.2554   0.8555863     
152430.
 464.400 -2.21E-05   -457.8018      2.3441  1.3987E-06   2998.1954   0.6296035     
154180.
 469.800 -1.52E-05   -436.4983      5.2294  1.1433E-06   2997.7445   0.4390432     
155930.
 475.200 -9.70E-06   -402.2873      7.1799  9.0370E-07   2997.0204   0.2833590     
157679.
 480.600 -5.44E-06   -359.7167      8.3790  6.8608E-07   2996.1194   0.1607445     
159429.
 486.000 -2.29E-06   -312.3723      8.9979  4.9413E-07   2995.1173   0.0684863     
161178.
 491.400 -1.08E-07   -262.9557      9.1916  3.2982E-07   2994.0714   0.0032569     
162928.
 496.800  1.27E-06   -213.3809      9.0960  1.9378E-07   2993.0221  -0.0386552     
164678.
 502.200  1.98E-06   -164.8819      8.8265  8.5753E-08   2991.9956  -0.0611745     
166427.
 507.600  2.19E-06   -118.1270      8.4769  4.9277E-09   2991.0060  -0.0683200     
168177.
 513.000  2.04E-06    -73.3360      8.1192 -4.9753E-08   2990.0580  -0.0641354     
169926.
 518.400  1.66E-06    -30.3975      6.0959 -7.9379E-08   2989.1491  -0.6852275    
2233954.
 523.800  1.18E-06     -7.4330      2.9269 -9.0183E-08   2988.6631  -0.4885057    
2233954.
 529.200  6.82E-07      1.2885   0.8456879 -9.1938E-08   2988.5330  -0.2822994    
2233954.
 534.600  1.88E-07      1.7779  -0.1264112 -9.1062E-08   2988.5434  -0.0777373    
2233954.
 540.000 -3.01E-07      0.0000      0.0000 -9.0554E-08   2988.5057   0.1245562    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.03761007
Maximum bending moment           =       3447191. lbs-in
Maximum shear force              =    62915.86624 lbs
Depth of maximum bending moment  =    81.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5
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------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000  78000.0000   0.2500000     447069.  14126.6673
  4  y=  0.500000 M=     0.000  78000.0000   0.5000000     800252.  22629.4341
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000    1429123.  35466.3077
  4  y=     2.000 M=     0.000  78000.0000      2.0000    2515943.  51552.4361
  4  y=     3.000 M=     0.000  78000.0000      3.0000    3447191.  62915.8662

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =          78000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   540.000    0.25000000  447069.07117   14126.66732
   513.000    0.25000000  446316.50427   14125.27814
   486.000    0.25000000  447057.75942   14138.76486
   459.000    0.25000000  446973.78161   14131.55577
   432.000    0.25000000  447014.19659   14136.39723
   405.000    0.25000000  446854.90782   14139.71217
   378.000    0.25000000  447007.16653   14141.12523
   351.000    0.25000000  446997.15554   14133.08699
   324.000    0.25000000  446945.97264   14141.15497
   297.000    0.25000000  447134.71214   14143.52617

The analysis ended normally. 
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Abutment14x89-Weak Case-Row2.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Abutment14x89-Weak Case-Row2.lpd
Name of output file:         Abutment14x89-Weak Case-Row2.lpo
Name of plot output file:    Abutment14x89-Weak Case-Row2.lpp
Name of runtime file:        Abutment14x89-Weak Case-Row2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 21, 2011     Time:  16:03:01

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Abutments - Weak Case Row 2                  

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     540.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     540.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  6 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =      120.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      120.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      348.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      516.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Page 2



Abutment14x89-Weak Case-Row2.lpo
Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      516.000 in
Distance from top of pile to bottom of layer =      708.000 in

Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      708.000 in
Distance from top of pile to bottom of layer =      900.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends  360.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 12 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00        0.06600
  2           120.00        0.06600
  3           120.00        0.06600
  4           180.00        0.06600
  5           180.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03300
  8           516.00        0.03300
  9           516.00        0.03600
 10           708.00        0.03600
 11           708.00        0.03600
 12           900.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 12 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000        0.00000           32.00           ------    ------
  2      120.000        0.00000           32.00           ------    ------
  3      120.000        7.00000            0.00          0.00700       0.0
  4      180.000        7.00000            0.00          0.00700       0.0
  5      180.000        0.00000           34.00           ------    ------
  6      348.000        0.00000           34.00           ------    ------
  7      348.000        0.00000           32.00           ------    ------
  8      516.000        0.00000           32.00           ------    ------
  9      516.000       10.00000            0.00          0.00700       0.0
 10      708.000       10.00000            0.00          0.00700       0.0
 11      708.000        0.00000           42.00           ------    ------
 12      900.000        0.00000           42.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
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(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.9000         1.0000
  2            0.000         0.9000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs
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Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  14077.8211  -0.0040036   2988.5057   -162.8207   
1758.4637
   5.400  0.228381  75332.6216  13074.7980  -0.0039821   4582.9692   -208.6693   
4933.9324
  10.800  0.206994     144562.  11898.6815  -0.0039193   6048.2604   -226.9294   
5920.0811
  16.200  0.186052     207140.  10642.5210  -0.0038188   7372.7569   -238.3153   
6916.8818
  21.600  0.165750     262719.   9330.9165  -0.0036846   8549.1128   -247.4642   
8062.1751
  27.000  0.146258     311018.   7996.6458  -0.0035208   9571.3984   -246.7102   
9108.7865
  32.400  0.127726     352048.   6685.8083  -0.0033314  10439.8332   -238.7852  
10095.3939
  37.800  0.110279     386031.   5368.2801  -0.0031206  11159.0994   -249.1882  
12201.9435
  43.200  0.094023     412654.   4011.8445  -0.0028925  11722.6034   -253.1954  
14541.7480
  48.600  0.079039     431796.   2631.1633  -0.0026514  12127.7364   -258.1680  
17638.1123
  54.000  0.065388     443305.   1226.9037  -0.0024014  12371.3320   -261.9282  
21631.0575
  59.400  0.053104     447069.   -184.1484  -0.0021472  12451.0106   -260.6837  
26508.2589
  64.800  0.042199     443125.  -1574.4264  -0.0018929  12367.5213   -254.2341  
32533.2987
  70.200  0.032660     431660.  -2915.5382  -0.0016431  12124.8648   -242.4740  
40090.2107
  75.600  0.024453     413021.  -4162.0576  -0.0014019  11730.3577   -219.1998  
48405.6000
  81.000  0.017520     387891.  -5200.9275  -0.0011731  11198.4594   -165.5668  
51030.0000
  86.400  0.011784     357839.  -5964.0803  -0.0009601  10562.3998   -117.0824  
53654.4000
  91.800  0.007151     324287.  -6481.4199  -0.0007653   9852.2559    -74.5249  
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56278.8000
  97.200  0.003518     288484.  -6786.2492  -0.0005903   9094.4646    -38.3748  
58903.2000
 102.600  0.000775     251493.  -6913.7081  -0.0004361   8311.5198     -8.8322  
61527.6000
 108.000 -0.001192     214184.  -6899.3199  -0.0003031   7521.8432     14.1611  
64152.0000
 113.400 -0.002499     177236.  -6777.6624  -0.0001913   6739.8161     30.8972  
66776.4000
 118.800 -0.003258     141146.  -6581.1708  -0.0001004   5975.9560     41.8774  
69400.8000
 124.200 -0.003583     106244.  -6057.9277 -2.9755E-05   5237.2234    151.9163     
228958.
 129.600 -0.003580  75745.6448  -5237.6570  2.2220E-05   4591.7111    151.8876     
229118.
 135.000 -0.003343  49658.3474  -4424.3821  5.8035E-05   4039.5567    149.3253     
241209.
 140.400 -0.002953  27913.4292  -3630.2775  8.0189E-05   3579.3115    144.7875     
264764.
 145.800 -0.002477  10383.7995  -2865.1576  9.1126E-05   3208.2856    138.5902     
302141.
 151.200 -0.001969  -3107.0375  -2137.5465  9.3204E-05   3054.2682    130.8954     
359009.
 156.600 -0.001470 -12780.2186  -1455.4683  8.8667E-05   3259.0073    121.7262     
447055.
 162.000 -0.001011 -18900.7887   -827.3483  7.9619E-05   3388.5531    110.9108     
592259.
 167.400 -0.000610 -21782.6513   -263.6893  6.8000E-05   3449.5496     97.8517     
865592.
 172.800 -0.000277 -21805.9165    216.9671  5.5552E-05   3450.0420     80.1691    
1563768.
 178.200 -1.05E-05 -19486.2035    441.6255  4.3759E-05   3400.9438      3.0377    
1563768.
 183.600  0.000196 -17073.2239    444.5297  3.3318E-05   3349.8715     -1.9620  
54123.1267
 189.000  0.000349 -14713.3497    429.4728  2.4240E-05   3299.9233     -3.6146  
55872.7267
 194.400  0.000458 -12455.3369    406.5310  1.6481E-05   3252.1310     -4.8824  
57622.3267
 199.800  0.000527 -10336.6983    377.6941  9.9714E-06   3207.2886     -5.7979  
59371.9267
 205.200  0.000565  -8384.6403    344.7656  4.6247E-06   3165.9721     -6.3978  
61121.5267
 210.600  0.000577  -6617.1255    309.3444  3.4027E-07   3128.5615     -6.7212  
62871.1267
 216.000  0.000569  -5044.0077    272.8155 -2.9901E-06   3095.2654     -6.8081  
64620.7267
 221.400  0.000545  -3668.1995    236.3482 -5.4782E-06   3066.1456     -6.6983  
66370.3267
 226.800  0.000510  -2486.8323    200.9007 -7.2361E-06   3041.1412     -6.4304  
68119.9267
 232.200  0.000467  -1492.3762    167.2298 -8.3725E-06   3020.0929     -6.0403  
69869.5267
 237.600  0.000419   -673.6969    135.9051 -8.9911E-06   3002.7650     -5.5614  
71619.1267
 243.000  0.000370    -17.0267    107.3258 -9.1884E-06   2988.8661     -5.0235  
73368.7267
 248.400  0.000320    493.1624     81.7401 -9.0524E-06   2998.9438     -4.4527  
75118.3267
 253.800  0.000272    873.3917     59.2649 -8.6621E-06   3006.9916     -3.8714  
76867.9267
 259.200  0.000227   1140.5205     39.9071 -8.0870E-06   3012.6456     -3.2981  
78617.5267
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 264.600  0.000185   1311.2010     23.5831 -7.3868E-06   3016.2582     -2.7478  
80367.1267
 270.000  0.000147   1401.4404     10.1382 -6.6121E-06   3018.1681     -2.2318  
82116.7267
 275.400  0.000113   1426.2637  -0.6352288 -5.8045E-06   3018.6935     -1.7584  
83866.3267
 280.800  8.41E-05   1399.4697     -8.9819 -4.9975E-06   3018.1264     -1.3330  
85615.9267
 286.200  5.92E-05   1333.4692    -15.1690 -4.2170E-06   3016.7295  -0.9585301  
87365.5267
 291.600  3.85E-05   1239.1972    -19.4738 -3.4822E-06   3014.7342  -0.6358688  
89115.1267
 297.000  2.16E-05   1126.0852    -22.1738 -2.8067E-06   3012.3401  -0.3640994  
90864.7267
 302.400  8.22E-06   1002.0851    -23.5374 -2.1989E-06   3009.7155  -0.1409534  
92614.3267
 307.800 -2.11E-06    873.7337    -23.8184 -1.6632E-06   3006.9989   0.0368767  
94363.9267
 313.200 -9.74E-06    746.2474    -23.2506 -1.2005E-06   3004.3006   0.1734329  
96113.5267
 318.600 -1.51E-05    623.6389    -22.0446 -8.0931E-07   3001.7055   0.2732220  
97863.1267
 324.000 -1.85E-05    508.8475    -20.3862 -4.8588E-07   2999.2758   0.3409828  
99612.7267
 329.400 -2.03E-05    403.8768    -18.4356 -2.2521E-07   2997.0541   0.3814916     
101362.
 334.800 -2.09E-05    309.9331    -16.3271 -2.1355E-08   2995.0657   0.3994053     
103112.
 340.200 -2.06E-05    227.5616    -14.1711  1.3215E-07   2993.3222   0.3991399     
104862.
 345.600 -1.95E-05    156.7743    -12.0545  2.4191E-07   2991.8240   0.3847822     
106611.
 351.000 -1.79E-05     97.1694     -9.9621  3.1444E-07   2990.5624   0.3901921     
117438.
 356.400 -1.61E-05     48.9192     -7.9494  3.5616E-07   2989.5412   0.3552203     
119188.
 361.800 -1.41E-05     11.0155     -6.1380  3.7328E-07   2988.7389   0.3156718     
120938.
 367.200 -1.21E-05    -17.6859     -4.5458  3.7137E-07   2988.8801   0.2740563     
122687.
 372.600 -1.01E-05    -38.3916     -3.1784  3.5536E-07   2989.3183   0.2323806     
124437.
 378.000 -8.22E-06    -52.3118     -2.0320  3.2945E-07   2989.6130   0.1921902     
126186.
 383.400 -6.53E-06    -60.6152     -1.0957  2.9720E-07   2989.7887   0.1546174     
127936.
 388.800 -5.01E-06    -64.3953  -0.3530224  2.6150E-07   2989.8687   0.1204341     
129686.
 394.200 -3.70E-06    -64.6481   0.2154354  2.2465E-07   2989.8741   0.0901058     
131435.
 399.600 -2.59E-06    -62.2579   0.6311023  1.8840E-07   2989.8235   0.0638449     
133185.
 405.000 -1.67E-06    -57.9909   0.9159677  1.5406E-07   2989.7332   0.0416608     
134934.
 410.400 -9.25E-07    -52.4952      1.0917  1.2251E-07   2989.6168   0.0234072     
136684.
 415.800 -3.44E-07    -46.3043      1.1787  9.4289E-08   2989.4858   0.0088234     
138434.
 421.200  9.36E-08    -39.8449      1.1959  6.9686E-08   2989.3491  -0.0024291     
140183.
 426.600  4.08E-07    -33.4468      1.1604  4.8754E-08   2989.2137  -0.0107349     
141933.
 432.000  6.20E-07    -27.3537      1.0869  3.1390E-08   2989.0847  -0.0164999     
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143682.
 437.400  7.47E-07    -21.7352   0.9879620  1.7370E-08   2988.9658  -0.0201298     
145432.
 442.800  8.08E-07    -16.6984   0.8741714  6.3939E-09   2988.8592  -0.0220149     
147182.
 448.200  8.16E-07    -12.2995   0.7539310 -1.8877E-09   2988.7661  -0.0225186     
148931.
 453.600  7.87E-07     -8.5543   0.6338134 -7.8434E-09   2988.6868  -0.0219694     
150681.
 459.000  7.32E-07     -5.4477   0.5187234 -1.1842E-08   2988.6211  -0.0206565     
152430.
 464.400  6.59E-07     -2.9421   0.4121154 -1.4238E-08   2988.5680  -0.0188279     
154180.
 469.800  5.78E-07  -0.9848704   0.3162161 -1.5360E-08   2988.5266  -0.0166904     
155930.
 475.200  4.94E-07   0.4859390   0.2322415 -1.5502E-08   2988.5160  -0.0144113     
157679.
 480.600  4.11E-07      1.5364   0.1606019 -1.4925E-08   2988.5383  -0.0121218     
159429.
 486.000  3.32E-07      2.2330   0.1010888 -1.3848E-08   2988.5530  -0.0099200     
161178.
 491.400  2.61E-07      2.6398   0.0530413 -1.2457E-08   2988.5616  -0.0078753     
162928.
 496.800  1.98E-07      2.8164   0.0154895 -1.0898E-08   2988.5654  -0.0060327     
164678.
 502.200  1.43E-07      2.8163  -0.0127244 -9.2898E-09   2988.5654  -0.0044169     
166427.
 507.600  9.75E-08      2.6868  -0.0328480 -7.7181E-09   2988.5626  -0.0030363     
168177.
 513.000  6.00E-08      2.4680  -0.0461401 -6.2460E-09   2988.5580  -0.0018867     
169926.
 518.400  3.00E-08      2.1937  -0.0847830 -4.9146E-09   2988.5522  -0.0124255    
2233954.
 523.800  6.88E-09      1.5565  -0.1260162 -3.8436E-09   2988.5387  -0.0028461    
2233954.
 529.200 -1.15E-08   0.8359654  -0.1208831 -3.1603E-09   2988.5234   0.0047472    
2233954.
 534.600 -2.73E-08   0.2536412  -0.0776264 -2.8491E-09   2988.5111   0.0112738    
2233954.
 540.000 -4.22E-08      0.0000      0.0000 -2.7767E-09   2988.5057   0.0174767    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00400359
Maximum bending moment           =   447069.07117 lbs-in
Maximum shear force              =    14077.82111 lbs
Depth of maximum bending moment  =    59.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
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                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  22564.2170  -0.0075621   2988.5057   -217.3904   
1173.9079
   5.400  0.459165     121862.  21226.1009  -0.0075273   5567.8012   -278.2082   
3271.8630
  10.800  0.418705     235583.  19659.0783  -0.0074252   7974.7688   -302.1705   
3897.0609
  16.200  0.378973     340435.  17971.4545  -0.0072607  10194.0400   -322.8753   
4600.6644
  21.600  0.340290     435791.  16168.6396  -0.0070390  12212.3022   -344.8339   
5472.1035
  27.000  0.302952     520986.  14271.3034  -0.0067657  14015.5173   -357.8832   
6379.1331
  32.400  0.267220     595621.  12325.7058  -0.0064468  15595.1974   -362.7085   
7329.6346
  37.800  0.233326     659535.  10306.1175  -0.0060884  16947.9844   -385.2871   
8916.9343
  43.200  0.201466     712055.   8184.9018  -0.0056967  18059.6175   -400.3484  
10730.7697
  48.600  0.171802     752731.   5986.3881  -0.0052783  18920.5338   -413.9160  
13010.0327
  54.000  0.144460     781155.   3723.6923  -0.0048403  19522.1521   -424.1195  
15853.8788
  59.400  0.119527     797024.   1425.9018  -0.0043895  19858.0304   -426.9140  
19287.1743
  64.800  0.097052     800252.   -865.7608  -0.0039334  19926.3629   -421.8499  
23471.7259
  70.200  0.077046     790987.  -3107.9674  -0.0034789  19730.2589   -408.5970  
28637.5929
  75.600  0.059480     769617.  -5255.8575  -0.0030332  19277.9450   -386.9179  
35127.0077
  81.000  0.044288     736779.  -7263.3795  -0.0026030  18582.9102   -356.6088  
43481.4964
  86.400  0.031368     693365.  -9067.7256  -0.0021946  17664.0282   -311.6675  
53654.4000
  91.800  0.020586     640696. -10488.5088  -0.0018136  16549.2574   -214.5485  
56278.8000
  97.200  0.011781     581617. -11414.7559  -0.0014645  15298.8069   -128.5060  
58903.2000
 102.600  0.004770     518651. -11908.4536  -0.0011503  13966.0820    -54.3450  
61527.6000
 108.000 -0.000642     453975. -12034.5947  -0.0008725  12597.1750      7.6261  
64152.0000
 113.400 -0.004653     389412. -11858.6413  -0.0006316  11230.6630     57.5418  
66776.4000
 118.800 -0.007463     326434. -11444.2945  -0.0004272   9897.6823     95.9199  
69400.8000
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 124.200 -0.009267     266174. -10665.5523  -0.0002579   8622.2402    192.5031     
112177.
 129.600 -0.010249     211463.  -9612.7839  -0.0001215   7464.2538    197.4111     
104011.
 135.000 -0.010579     162458.  -8542.5140 -1.4736E-05   6427.0307    198.9852     
101569.
 140.400 -0.010408     119216.  -7470.1585  6.5709E-05   5511.7921    198.1835     
102821.
 145.800 -0.009870  81724.7813  -6407.0019   0.0001231   4718.2634    195.5782     
107008.
 151.200 -0.009079  49916.8218  -5361.7557   0.0001607   4045.0274    191.5501     
113932.
 156.600 -0.008134  23682.4529  -4341.3576   0.0001817   3489.7601    186.3751     
123729.
 162.000 -0.007116   2877.0855  -3351.4227   0.0001893   3049.4011    180.2674     
136790.
 167.400 -0.006090 -12672.3764  -2396.5177   0.0001865   3256.7248    173.4011     
153762.
 172.800 -0.005102 -23162.4132  -1480.3504   0.0001763   3478.7531    165.9201     
175606.
 178.200 -0.004186 -28808.6463   -605.9411   0.0001614   3598.2593    157.9351     
203737.
 183.600 -0.003359 -29842.5597    -88.6223   0.0001447   3620.1427     33.6644  
54123.1267
 189.000 -0.002624 -29887.6394     75.5647   0.0001276   3621.0969     27.1456  
55872.7267
 194.400 -0.001981 -29133.9622    205.9200   0.0001108   3605.1448     21.1341  
57622.3267
 199.800 -0.001427 -27757.0051    305.3558  9.4510E-05   3576.0006     15.6939  
59371.9267
 205.200 -0.000960 -25915.7350    377.0631  7.9181E-05   3537.0290     10.8644  
61121.5267
 210.600 -0.000572 -23751.4254    424.3856  6.4997E-05   3491.2200      6.6625  
62871.1267
 216.000 -0.000258 -21387.1239    450.7067  5.2105E-05   3441.1780      3.0861  
64620.7267
 221.400 -9.50E-06 -18927.6866    459.3545  4.0592E-05   3389.1224   0.1167940  
66370.3267
 226.800  0.000181 -16460.2898    453.5219  3.0485E-05   3336.8984     -2.2770  
68119.9267
 232.200  0.000320 -14055.3302    436.2041  2.1770E-05   3285.9959     -4.1370  
69869.5267
 237.600  0.000416 -11767.6241    410.1512  1.4395E-05   3237.5751     -5.5123  
71619.1267
 243.000  0.000475  -9637.8243    377.8355  8.2819E-06   3192.4965     -6.4565  
73368.7267
 248.400  0.000505  -7693.9771    341.4333  3.3320E-06   3151.3537     -7.0258  
75118.3267
 253.800  0.000511  -5953.1518    302.8165 -5.6550E-07   3114.5080     -7.2767  
76867.9267
 259.200  0.000499  -4423.0821    263.5562 -3.5289E-06   3082.1231     -7.2642  
78617.5267
 264.600  0.000473  -3103.7719    224.9330 -5.6785E-06   3054.1991     -7.0407  
80367.1267
 270.000  0.000438  -1989.0223    187.9548 -7.1330E-06   3030.6047     -6.6549  
82116.7267
 275.400  0.000396  -1067.8512    153.3793 -8.0060E-06   3011.1075     -6.1508  
83866.3267
 280.800  0.000351   -325.7815    121.7395 -8.4040E-06   2995.4011     -5.5676  
85615.9267
 286.200  0.000305    254.0151     93.3716 -8.4245E-06   2993.8821     -4.9390  
87365.5267
 291.600  0.000260    689.7286     68.4433 -8.1550E-06   3003.1043     -4.2937  
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89115.1267
 297.000  0.000217   1000.0730     46.9824 -7.6724E-06   3009.6729     -3.6549  
90864.7267
 302.400  0.000177   1203.6015     28.9033 -7.0430E-06   3013.9807     -3.0411  
92614.3267
 307.800  0.000141   1318.1617     14.0331 -6.3228E-06   3016.4055     -2.4664  
94363.9267
 313.200  0.000109   1360.4850      2.1343 -5.5578E-06   3017.3013     -1.9406  
96113.5267
 318.600  8.11E-05   1345.8935     -7.0744 -4.7849E-06   3016.9925     -1.4700  
97863.1267
 324.000  5.74E-05   1288.1121    -13.9000 -4.0326E-06   3015.7695     -1.0580  
99612.7267
 329.400  3.76E-05   1199.1706    -18.6602 -3.3223E-06   3013.8870  -0.7050760     
101362.
 334.800  2.15E-05   1089.3806    -21.6709 -2.6687E-06   3011.5632  -0.4099913     
103112.
 340.200  8.74E-06    967.3732    -23.2361 -2.0813E-06   3008.9808  -0.1697286     
104862.
 345.600 -1.01E-06    840.1837    -23.6407 -1.5651E-06   3006.2888   0.0198757     
106611.
 351.000 -8.16E-06    713.3717    -23.1078 -1.1214E-06   3003.6047   0.1775152     
117438.
 356.400 -1.31E-05    591.5644    -21.8467 -7.4871E-07   3001.0266   0.2895338     
119188.
 361.800 -1.62E-05    478.0575    -20.0825 -4.4323E-07   2998.6241   0.3638994     
120938.
 367.200 -1.79E-05    375.0470    -18.0016 -1.9959E-07   2996.4439   0.4067927     
122687.
 372.600 -1.84E-05    283.8083    -15.7582 -1.1429E-08   2994.5127   0.4241021     
124437.
 378.000 -1.80E-05    204.8682    -13.4757  1.2813E-07   2992.8419   0.4212793     
126186.
 383.400 -1.70E-05    138.1632    -11.2495  2.2610E-07   2991.4301   0.4032422     
127936.
 388.800 -1.56E-05     83.1836     -9.1500  2.8932E-07   2990.2664   0.3743175     
129686.
 394.200 -1.39E-05     39.0990     -7.2262  3.2424E-07   2989.3333   0.3382186     
131435.
 399.600 -1.21E-05      4.8675     -5.5083  3.3680E-07   2988.6088   0.2980498     
133185.
 405.000 -1.03E-05    -20.6740     -4.0114  3.3228E-07   2988.9433   0.2563322     
134934.
 410.400 -8.50E-06    -38.7359     -2.7387  3.1531E-07   2989.3256   0.2150453     
136684.
 415.800 -6.85E-06    -50.5178     -1.6838  2.8982E-07   2989.5750   0.1756792     
138434.
 421.200 -5.37E-06    -57.1647  -0.8333375  2.5907E-07   2989.7157   0.1392935     
140183.
 426.600 -4.05E-06    -59.7361  -0.1694829  2.2568E-07   2989.7701   0.1065785     
141933.
 432.000 -2.93E-06    -59.1852   0.3286540  1.9172E-07   2989.7584   0.0779166     
143682.
 437.400 -1.98E-06    -56.3481   0.6833199  1.5873E-07   2989.6984   0.0534411     
145432.
 442.800 -1.21E-06    -51.9391   0.9169567  1.2780E-07   2989.6051   0.0330910     
147182.
 448.200 -6.04E-07    -46.5527      1.0513  9.9671E-08   2989.4911   0.0166601     
148931.
 453.600 -1.38E-07    -40.6692      1.1066  7.4761E-08   2989.3665   0.0038406     
150681.
 459.000  2.03E-07    -34.6640      1.1015  5.3247E-08   2989.2394  -0.0057403     
152430.
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 464.400  4.37E-07    -28.8178      1.0523  3.5117E-08   2989.1157  -0.0124894     
154180.
 469.800  5.83E-07    -23.3288   0.9731422  2.0224E-08   2988.9995  -0.0168236     
155930.
 475.200  6.56E-07    -18.3249   0.8760116  8.3281E-09   2988.8936  -0.0191507     
157679.
 480.600  6.73E-07    -13.8749   0.7706918 -8.6793E-10   2988.7994  -0.0198566     
159429.
 486.000  6.46E-07    -10.0007   0.6649799 -7.6866E-09   2988.7174  -0.0192959     
161178.
 491.400  5.90E-07     -6.6867   0.5648541 -1.2452E-08   2988.6473  -0.0177877     
162928.
 496.800  5.12E-07     -3.8897   0.4746707 -1.5473E-08   2988.5881  -0.0156136     
164678.
 502.200  4.22E-07     -1.5472   0.3973615 -1.7026E-08   2988.5385  -0.0130195     
166427.
 507.600  3.28E-07   0.4160989   0.3346185 -1.7349E-08   2988.5146  -0.0102187     
168177.
 513.000  2.35E-07      2.0813   0.2870558 -1.6636E-08   2988.5498  -0.0073972     
169926.
 518.400  1.48E-07      3.5303   0.1012699 -1.5033E-08   2988.5805  -0.0614124    
2233954.
 523.800  7.27E-08      3.1877  -0.1457651 -1.3114E-08   2988.5732  -0.0300820    
2233954.
 529.200  6.81E-09      1.9671  -0.2345980 -1.1642E-08   2988.5474  -0.0028191    
2233954.
 534.600 -5.30E-08   0.6638346  -0.1829883 -1.0891E-08   2988.5198   0.0219338    
2233954.
 540.000 -1.11E-07      0.0000      0.0000 -1.0701E-08   2988.5057   0.0458396    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00756207
Maximum bending moment           =   800252.38165 lbs-in
Maximum shear force              =    22564.21704 lbs
Depth of maximum bending moment  =    64.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
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    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  35399.9446  -0.0142946   2988.5057   -221.2102    
597.2676
   5.400  0.922809     193955.  34004.0570  -0.0142392   7093.6951   -295.7852   
1730.8449
  10.800  0.846217     379239.  32295.1329  -0.0140755  11015.3411   -337.1497   
2151.4672
  16.200  0.770794     554600.  30351.5459  -0.0138088  14726.9705   -382.6974   
2681.0856
  21.600  0.697082     718668.  28129.1324  -0.0134451  18199.5788   -440.4188   
3411.7365
  27.000  0.625587     869721.  25586.1733  -0.0129915  21396.7053   -501.4179   
4328.1857
  32.400  0.556774    1005943.  22703.5465  -0.0124558  24279.9330   -566.2217   
5491.6283
  37.800  0.491064    1125412.  19462.3070  -0.0118471  26808.5718   -634.2374   
6974.4079
  43.200  0.428825    1226116.  15970.9685  -0.0111755  28940.0348   -658.8510   
8296.6066
  48.600  0.370368    1307313.  12362.4262  -0.0104520  30658.6180   -677.6461   
9880.1339
  54.000  0.315944    1368435.   8668.2532  -0.0096878  31952.3076   -690.5661  
11802.9165
  59.400  0.265740    1409091.   4925.5192  -0.0088946  32812.8183   -695.6317  
14135.6724
  64.800  0.219882    1429123.   1174.5881  -0.0080840  33236.8168   -693.6021  
17033.9033
  70.200  0.178432    1428586.  -2536.4162  -0.0072679  33225.4536   -680.8439  
20604.7533
  75.600  0.141389    1407852.  -6143.2587  -0.0064578  32786.6057   -655.0236  
25016.9648
  81.000  0.108688    1367679.  -9573.7840  -0.0056651  31936.3147   -615.5413  
30582.1796
  86.400  0.080206    1309228. -12752.2443  -0.0049006  30699.1533   -561.6662  
37815.1976
  91.800  0.055762    1234083. -15597.6872  -0.0041743  29108.6703   -492.2015  
47665.2671
  97.200  0.035124    1144289. -17961.0801  -0.0034950  27208.1212   -383.1292  
58903.2000
 102.600  0.018015    1043048. -19549.7482  -0.0028703  25065.2817   -205.2664  
61527.6000
 108.000  0.004124     935570. -20236.2524  -0.0023053  22790.4425    -48.9944  
64152.0000
 113.400 -0.006881     826438. -20138.7794  -0.0018020  20480.6004     85.0955  
66776.4000
 118.800 -0.015338     719589. -19376.7918  -0.0013605  18219.0700    197.1221  
69400.8000
 124.200 -0.021575     618315. -18202.7708  -0.0009784  16075.5373    237.7005  
59494.5515
 129.600 -0.025905     523823. -16889.1772  -0.0006522  14075.5625    248.8156  
51867.4119
 135.000 -0.028619     436461. -15528.6344  -0.0003780  12226.4869    255.0891  
48132.1792
 140.400 -0.029987     356432. -14143.0688  -0.0001515  10532.6272    258.0833  
46475.7452
 145.800 -0.030255     283844. -12747.8635  3.1340E-05   8996.2391    258.6594  
46166.0893
 151.200 -0.029648     218729. -11354.6301   0.0001749   7618.0476    257.3530  
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46873.2982
 156.600 -0.028367     161066.  -9972.5550   0.0002833   6397.5781    254.5267  
48453.0567
 162.000 -0.026588     110787.  -8609.1411   0.0003610   5333.3798    250.4414  
50864.2607
 167.400 -0.024468  67783.5055  -7270.6564   0.0004120   4423.1873    245.2937  
54135.5476
 172.800 -0.022139  31916.6651  -5962.4239   0.0004404   3664.0425    239.2368  
58353.7553
 178.200 -0.019711   3018.2925  -4689.0273   0.0004504   3052.3899    232.3915  
63665.3802
 183.600 -0.017274 -19104.2690  -3594.1050   0.0004458   3392.8599    173.1352  
54123.1267
 189.000 -0.014896 -36173.6117  -2710.4972   0.0004300   3754.1435    154.1270  
55872.7267
 194.400 -0.012630 -48739.9094  -1930.4799   0.0004058   4020.1173    134.7683  
57622.3267
 199.800 -0.010514 -57364.6362  -1254.5017   0.0003755   4202.6652    115.5939  
59371.9267
 205.200 -0.008574 -62604.8428   -680.3604   0.0003412   4313.5776     97.0510  
61121.5267
 210.600 -0.006828 -64999.9808   -203.6736   0.0003048   4364.2722     79.4997  
62871.1267
 216.000 -0.005283 -65061.2707    181.6588   0.0002676   4365.5695     63.2160  
64620.7267
 221.400 -0.003938 -63263.5282    483.0149   0.0002310   4327.5191     48.3973  
66370.3267
 226.800 -0.002788 -60039.2991    708.6430   0.0001958   4259.2762     35.1686  
68119.9267
 232.200 -0.001823 -55775.1078    867.2940   0.0001627   4169.0218     23.5910  
69869.5267
 237.600 -0.001031 -50809.5852    967.8982   0.0001323   4063.9233     13.6699  
71619.1267
 243.000 -0.000395 -45433.2255   1019.2909   0.0001048   3950.1292      5.3645  
73368.7267
 248.400  0.000101 -39889.5076   1029.9852  8.0409E-05   3832.7929     -1.4036  
75118.3267
 253.800  0.000474 -34377.1222   1007.9934  5.9199E-05   3716.1197     -6.7415  
76867.9267
 259.200  0.000740 -29053.0486    960.6928  4.1084E-05   3603.4322    -10.7772  
78617.5267
 264.600  0.000917 -24036.2489    894.7339  2.5922E-05   3497.2484    -13.6520  
80367.1267
 270.000  0.001020 -19411.7599    815.9850  1.3514E-05   3399.3682    -15.5142  
82116.7267
 275.400  0.001063 -15234.9946    729.5112  3.6189E-06   3310.9642    -16.5131  
83866.3267
 280.800  0.001059 -11536.0874    639.5793 -4.0268E-06   3232.6745    -16.7950  
85615.9267
 286.200  0.001020  -8324.1458    549.6869 -9.6987E-06   3164.6917    -16.4985  
87365.5267
 291.600  0.000955  -5591.2988    462.6083 -1.3673E-05   3106.8492    -15.7528  
89115.1267
 297.000  0.000872  -3316.4576    380.4545 -1.6217E-05   3058.7007    -14.6746  
90864.7267
 302.400  0.000779  -1468.7291    304.7409 -1.7583E-05   3019.5923    -13.3675  
92614.3267
 307.800  0.000682    -10.4436    236.4614 -1.8006E-05   2988.7268    -11.9212  
94363.9267
 313.200  0.000585   1100.2224    176.1636 -1.7695E-05   3011.7927    -10.4113  
96113.5267
 318.600  0.000491   1907.0293    124.0232 -1.6836E-05   3028.8693     -8.8999  
97863.1267
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 324.000  0.000403   2453.8552     79.9155 -1.5590E-05   3040.4432     -7.4362  
99612.7267
 329.400  0.000323   2783.2498     43.4821 -1.4095E-05   3047.4150     -6.0576     
101362.
 334.800  0.000251   2935.3351     14.1914 -1.2462E-05   3050.6340     -4.7908     
103112.
 340.200  0.000188   2947.0146     -8.6075 -1.0782E-05   3050.8812     -3.6533     
104862.
 345.600  0.000134   2851.4562    -25.6385 -9.1256E-06   3048.8587     -2.6545     
106611.
 351.000  8.96E-05   2677.8065    -38.0653 -7.5465E-06   3045.1832     -1.9480     
117438.
 356.400  5.30E-05   2446.7079    -46.4807 -6.0829E-06   3040.2919     -1.1688     
119188.
 361.800  2.39E-05   2180.9396    -51.0802 -4.7613E-06   3034.6667  -0.5347684     
120938.
 367.200  1.53E-06   1899.0528    -52.6179 -3.5961E-06   3028.7004  -0.0347714     
122687.
 372.600 -1.50E-05   1615.6952    -51.7811 -2.5923E-06   3022.7030   0.3447285     
124437.
 378.000 -2.65E-05   1342.0011    -49.1804 -1.7476E-06   3016.9101   0.6184610     
126186.
 383.400 -3.38E-05   1086.0185    -45.3463 -1.0542E-06   3011.4920   0.8015826     
127936.
 388.800 -3.79E-05    853.1488    -40.7277 -5.0035E-07   3006.5632   0.9090317     
129686.
 394.200 -3.92E-05    646.5812    -35.6947 -7.2040E-08   3002.1911   0.9550348     
131435.
 399.600 -3.86E-05    467.7068    -30.5437  2.4619E-07   2998.4051   0.9527485     
133185.
 405.000 -3.66E-05    316.5021    -25.5034  4.7016E-07   2995.2047   0.9140207     
134934.
 410.400 -3.36E-05    191.8741    -20.7426  6.1535E-07   2992.5669   0.8492540     
136684.
 415.800 -2.99E-05     91.9641    -16.3777  6.9641E-07   2990.4522   0.7673541     
138434.
 421.200 -2.60E-05     14.4081    -12.4813  7.2679E-07   2988.8107   0.6757456     
140183.
 426.600 -2.21E-05    -43.4467     -9.0896  7.1850E-07   2989.4253   0.5804402     
141933.
 432.000 -1.83E-05    -84.3653     -6.2099  6.8199E-07   2990.2914   0.4861429     
143682.
 437.400 -1.47E-05   -111.0878     -3.8271  6.2617E-07   2990.8570   0.3963829     
145432.
 442.800 -1.15E-05   -126.2250     -1.9099  5.5840E-07   2991.1774   0.3136598     
147182.
 448.200 -8.69E-06   -132.1855  -0.4161487  4.8460E-07   2991.3035   0.2395943     
148931.
 453.600 -6.27E-06   -131.1276   0.7034658  4.0940E-07   2991.2811   0.1750777     
150681.
 459.000 -4.27E-06   -124.9329      1.5013  3.3627E-07   2991.1500   0.1204144     
152430.
 464.400 -2.64E-06   -115.1969      2.0301  2.6769E-07   2990.9440   0.0754518     
154180.
 469.800 -1.37E-06   -103.2330      2.3410  2.0531E-07   2990.6907   0.0396974     
155930.
 475.200 -4.25E-07    -90.0866      2.4818  1.5010E-07   2990.4125   0.0124190     
157679.
 480.600  2.46E-07    -76.5565      2.4957  1.0250E-07   2990.1261  -0.0072710     
159429.
 486.000  6.82E-07    -63.2200      2.4211  6.2584E-08   2989.8438  -0.0203481     
161178.
 491.400  9.22E-07    -50.4616      2.2910  3.0118E-08   2989.5738  -0.0278241     
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162928.
 496.800  1.01E-06    -38.5024      2.1330  4.7102E-09   2989.3207  -0.0307093     
164678.
 502.200  9.73E-07    -27.4294      1.9691 -1.4120E-08   2989.0863  -0.0299894     
166427.
 507.600  8.55E-07    -17.2244      1.8163 -2.6872E-08   2988.8703  -0.0266127     
168177.
 513.000  6.83E-07     -7.7912      1.6864 -3.4017E-08   2988.6707  -0.0214873     
169926.
 518.400  4.87E-07      1.0173      1.0843 -3.5951E-08   2988.5273  -0.2015229    
2233954.
 523.800  2.95E-07      3.9492   0.2111330 -3.4533E-08   2988.5893  -0.1218587    
2233954.
 529.200  1.14E-07      3.3266  -0.2454161 -3.2455E-08   2988.5762  -0.0472336    
2233954.
 534.600 -5.60E-08      1.3260  -0.3104506 -3.1126E-08   2988.5338   0.0231467    
2233954.
 540.000 -2.22E-07      0.0000      0.0000 -3.0747E-08   2988.5057   0.0918350    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01429456
Maximum bending moment           =       1429123. lbs-in
Maximum shear force              =    35399.94460 lbs
Depth of maximum bending moment  =    64.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  51486.0731  -0.0264895   2988.5057   -221.2102    
298.6338
   5.400     1.857     285957.  50090.1856  -0.0264078   9040.9682   -295.7851    
860.1384
  10.800     1.715     563220.  48381.2617  -0.0261653  14909.4189   -337.1496   
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1061.7055
  16.200     1.574     830516.  46437.6752  -0.0257673  20566.9161   -382.6972   
1312.6286
  21.600     1.437    1086453.  44215.2625  -0.0252198  25983.9873   -440.4186   
1655.5832
  27.000     1.302    1329286.  41672.3048  -0.0245299  31123.7041   -501.4176   
2079.6158
  32.400     1.172    1557178.  38789.6797  -0.0237055  35947.1820   -566.2213   
2609.7901
  37.800     1.046    1768184.  35479.5026  -0.0227558  40413.2644   -659.7702   
3406.1503
  43.200  0.925824    1959526.  31647.9101  -0.0216912  44463.1392   -759.3381   
4428.9484
  48.600  0.811713    2128254.  27249.0319  -0.0205238  48034.3799   -869.8760   
5786.9332
  54.000  0.704167    2271105.  22226.3265  -0.0192673  51057.9043   -990.3852   
7594.9010
  59.400  0.603626    2384529.  16532.0093  -0.0179377  53458.6080  -1118.6211  
10007.1118
  64.800  0.510440    2464761.  10160.2523  -0.0165528  55156.7674  -1241.2888  
13131.7308
  70.200  0.424856    2508204.   3558.7440  -0.0151325  56076.2647  -1203.7143  
15299.4342
  75.600  0.347008    2515943.  -2804.0154  -0.0136977  56240.0692  -1152.8633  
17940.3726
  81.000  0.276921    2489460.  -8863.4306  -0.0122682  55679.5264  -1091.3646  
21281.7589
  86.400  0.214512    2430553. -14568.2136  -0.0108630  54432.7275  -1021.5180  
25715.0635
  91.800  0.159600    2341274. -19845.0529  -0.0095002  52543.0811   -932.8669  
31563.1139
  97.200  0.111910    2224230. -24574.0686  -0.0081964  50065.7563   -818.6203  
39501.0451
 102.600  0.071080    2082779. -28604.3361  -0.0069663  47071.8610   -674.0714  
51210.0243
 108.000  0.036674    1921171. -31600.6693  -0.0058228  43651.3298   -435.6817  
64152.0000
 113.400  0.008193    1746397. -33050.5666  -0.0047754  39952.1173   -101.3173  
66776.4000
 118.800 -0.014901    1568248. -32807.0697  -0.0038287  36181.4799    191.5013  
69400.8000
 124.200 -0.033157    1395306. -31575.4561  -0.0029824  32521.0496    264.6519  
43101.4568
 129.600 -0.047110    1229745. -30080.7918  -0.0022327  29016.8547    288.9275  
33118.3935
 135.000 -0.057270    1072314. -28481.5681  -0.0015752  25684.7210    303.3776  
28605.5769
 140.400 -0.064122     923471. -26819.8645  -0.0010052  22534.3687    312.0682  
26280.5207
 145.800 -0.068126     783506. -25121.8451  -0.0005177  19571.9194    316.8278  
25113.1782
 151.200 -0.069714     652591. -23406.0380  -0.0001076  16801.0234    318.6563  
24682.9726
 156.600 -0.069288     530812. -21686.6119   0.0002304  14223.4759    318.1682  
24796.4939
 162.000 -0.067226     418182. -19974.9712   0.0005014  11839.5957    315.7728  
25364.9152
 167.400 -0.063873     314660. -18280.6333   0.0007107   9648.4779    311.7597  
26356.9767
 172.800 -0.059550     220152. -16611.7508   0.0008634   7648.1730    306.3449  
27779.3596
 178.200 -0.054548     134525. -14975.4340   0.0009647   5835.8200    299.6984  
29668.7849
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 183.600 -0.049131  57605.0118 -12836.6895   0.0010196   4207.7529    492.4292  
54123.1267
 189.000 -0.043536  -4969.8820 -10290.8882   0.0010346   3093.6965    450.4602  
55872.7267
 194.400 -0.037957 -54408.1618  -7981.0667   0.0010177   4140.0895    405.0293  
57622.3267
 199.800 -0.032545 -92022.6978  -5921.3518   0.0009759   4936.2254    357.8281  
59371.9267
 205.200 -0.027417    -119181.  -4117.3172   0.0009155   5511.0447    310.3329  
61121.5267
 210.600 -0.022657    -137261.  -2567.1725   0.0008423   5893.7228    263.7948  
62871.1267
 216.000 -0.018321    -147616.  -1262.9825   0.0007609   6112.8903    219.2385  
64620.7267
 221.400 -0.014439    -151542.   -191.8746   0.0006755   6195.9943    177.4681  
66370.3267
 226.800 -0.011025    -150257.    662.8025   0.0005893   6168.7950    139.0789  
68119.9267
 232.200 -0.008074    -144880.   1320.3952   0.0005050   6054.9924    104.4740  
69869.5267
 237.600 -0.005571    -136422.   1801.9611   0.0004247   5875.9718     73.8838  
71619.1267
 243.000 -0.003488    -125777.   2129.3956   0.0003498   5650.6562     47.3883  
73368.7267
 248.400 -0.001793    -113720.   2324.6810   0.0002814   5395.4526     24.9397  
75118.3267
 253.800 -0.000449    -100907.   2409.2595   0.0002201   5124.2773      6.3857  
76867.9267
 259.200  0.000584 -87884.9371   2403.5290   0.0001662   4848.6471     -8.5081  
78617.5267
 264.600  0.001346 -75089.3578   2326.4576   0.0001197   4577.8204    -20.0369  
80367.1267
 270.000  0.001877 -62859.9891   2195.3069  8.0253E-05   4318.9779    -28.5374  
82116.7267
 275.400  0.002213 -51447.6492   2025.4556  4.7608E-05   4077.4284    -34.3704  
83866.3267
 280.800  0.002391 -41025.1737   1830.3106  2.1198E-05   3856.8300    -37.9055  
85615.9267
 286.200  0.002442 -31698.1524   1621.2928  4.2903E-07   3659.4176    -39.5085  
87365.5267
 291.600  0.002395 -23515.5727   1407.8857 -1.5340E-05   3486.2280    -39.5312  
89115.1267
 297.000  0.002276 -16480.0652   1197.7327 -2.6762E-05   3337.3169    -38.3032  
90864.7267
 302.400  0.002106 -10557.5153    996.7729 -3.4484E-05   3211.9624    -36.1263  
92614.3267
 307.800  0.001904  -5685.8686    809.4023 -3.9123E-05   3108.8508    -33.2702  
94363.9267
 313.200  0.001684  -1783.0138    638.6516 -4.1256E-05   3026.2444    -29.9708  
96113.5267
 318.600  0.001458   1246.3221    486.3720 -4.1409E-05   3014.8850    -26.4291  
97863.1267
 324.000  0.001237   3504.6864    353.4207 -4.0052E-05   3062.6847    -22.8121  
99612.7267
 329.400  0.001026   5097.0054    239.8408 -3.7596E-05   3096.3871    -19.2545     
101362.
 334.800  0.000831   6126.6377    145.0308 -3.4390E-05   3118.1800    -15.8603     
103112.
 340.200  0.000654   6692.3085     67.8998 -3.0729E-05   3130.1528    -12.7067     
104862.
 345.600  0.000499   6885.8417      7.0064 -2.6852E-05   3134.2490     -9.8464     
106611.
 351.000  0.000364   6790.5975    -40.9734 -2.2946E-05   3132.2331     -7.9239     
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117438.
 356.400  0.000251   6462.6581    -77.3213 -1.9161E-05   3125.2921     -5.5383     
119188.
 361.800  0.000157   5971.6679   -101.7936 -1.5609E-05   3114.8999     -3.5255     
120938.
 367.200  8.23E-05   5376.4362   -116.3635 -1.2369E-05   3102.3015     -1.8707     
122687.
 372.600  2.38E-05   4725.3612   -122.8977 -9.4835E-06   3088.5211  -0.5493529     
124437.
 378.000 -2.01E-05   4057.1303   -123.1137 -6.9753E-06   3074.3775   0.4693203     
126186.
 383.400 -5.15E-05   3401.6087   -118.5526 -4.8451E-06   3060.5030      1.2200     
127936.
 388.800 -7.24E-05   2780.8434   -110.5633 -3.0794E-06   3047.3641      1.7390     
129686.
 394.200 -8.48E-05   2210.1187   -100.2983 -1.6541E-06   3035.2843      2.0628     
131435.
 399.600 -9.03E-05   1699.0149    -88.7170 -5.3764E-07   3024.4665      2.2265     
133185.
 405.000 -9.06E-05   1252.4281    -76.5957  3.0527E-07   3015.0142      2.2629     
134934.
 410.400 -8.70E-05    871.5247    -64.5417  9.1186E-07   3006.9521      2.2016     
136684.
 415.800 -8.07E-05    554.6098    -53.0109  1.3192E-06   3000.2444      2.0691     
138434.
 421.200 -7.27E-05    297.8956    -42.3266  1.5626E-06   2994.8109      1.8881     
140183.
 426.600 -6.38E-05     96.1665    -32.6987  1.6752E-06   2990.5412      1.6778     
141933.
 432.000 -5.46E-05    -56.6611    -24.2432  1.6864E-06   2989.7050      1.4538     
143682.
 437.400 -4.56E-05   -167.0811    -17.0006  1.6225E-06   2992.0421      1.2286     
145432.
 442.800 -3.71E-05   -241.6339    -10.9518  1.5058E-06   2993.6201      1.0116     
147182.
 448.200 -2.94E-05   -286.6295     -6.0343  1.3550E-06   2994.5724   0.8096674     
148931.
 453.600 -2.25E-05   -307.9463     -2.1544  1.1851E-06   2995.0236   0.6273481     
150681.
 459.000 -1.66E-05   -310.8955   0.8013739  1.0084E-06   2995.0861   0.4673857     
152430.
 464.400 -1.16E-05   -300.1410      2.9569  8.3390E-07   2994.8584   0.3309632     
154180.
 469.800 -7.55E-06   -279.6633      4.4393  6.6831E-07   2994.4250   0.2180549     
155930.
 475.200 -4.37E-06   -252.7599      5.3728  5.1626E-07   2993.8556   0.1277161     
157679.
 480.600 -1.98E-06   -222.0714      5.8752  3.8065E-07   2993.2060   0.0583355     
159429.
 486.000 -2.63E-07   -189.6285      6.0539  2.6307E-07   2992.5194   0.0078456     
161178.
 491.400  8.65E-07   -156.9112      6.0046  1.6410E-07   2991.8269  -0.0261070     
162928.
 496.800  1.51E-06   -124.9174      5.8098  8.3612E-08   2991.1497  -0.0460314     
164678.
 502.200  1.77E-06    -94.2358      5.5384  2.1023E-08   2990.5003  -0.0544984     
166427.
 507.600  1.74E-06    -65.1208      5.2452 -2.4488E-08   2989.8841  -0.0540808     
168177.
 513.000  1.50E-06    -37.5670      4.9714 -5.3815E-08   2989.3009  -0.0473220     
169926.
 518.400  1.16E-06    -11.3842      3.5532 -6.7795E-08   2988.7467  -0.4779354    
2233954.
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 523.800  7.72E-07   0.8648303      1.4009 -7.0799E-08   2988.5241  -0.3192215    
2233954.
 529.200  3.91E-07      3.8051   0.1026466 -6.9465E-08   2988.5863  -0.1616111    
2233954.
 534.600  2.14E-08      2.0319  -0.3576150 -6.7798E-08   2988.5488  -0.0088561    
2233954.
 540.000 -3.42E-07      0.0000      0.0000 -6.7218E-08   2988.5057   0.1413061    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.02648949
Maximum bending moment           =       2515943. lbs-in
Maximum shear force              =    51486.07308 lbs
Depth of maximum bending moment  =    75.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  62849.5032  -0.0376101   2988.5057   -221.2102    
199.0892
   5.400     2.797     352003.  61453.6153  -0.0375095  10438.8852   -295.7853    
571.0742
  10.800     2.595     695297.  59744.6902  -0.0372104  17704.9164   -337.1499    
701.6115
  16.200     2.395    1028592.  57801.1012  -0.0367181  24759.3214   -382.6979    
862.8559
  21.600     2.198    1350480.  55578.6841  -0.0360387  31572.2914   -440.4196   
1081.8455
  27.000     2.006    1659201.  53035.7195  -0.0351791  38106.5619   -501.4192   
1349.9067
  32.400     1.818    1952901.  50153.0839  -0.0341475  44322.9126   -566.2236   
1681.4758
  37.800     1.637    2229620.  46842.8912  -0.0329530  50179.8513   -659.7737   
2176.3773
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  43.200     1.463    2486564.  43011.2758  -0.0316061  55618.2306   -759.3431   
2803.7010
  48.600     1.296    2720767.  38612.3645  -0.0301189  60575.2889   -869.8833   
3625.4194
  54.000     1.137    2928950.  33589.6118  -0.0285054  64981.6094   -990.3955   
4702.7742
  59.400  0.987818    3107548.  27895.2279  -0.0267814  68761.7529  -1118.6356   
6115.1280
  64.800  0.847991    3252779.  21487.4819  -0.0249650  71835.6616  -1254.6037   
7989.3107
  70.200  0.718196    3360643.  14324.6417  -0.0230762  74118.6777  -1398.3001  
10513.5896
  75.600  0.598768    3426924.   6364.9738  -0.0211377  75521.5639  -1549.7251  
13976.2350
  81.000  0.489909    3447191.  -2242.0050  -0.0191745  75950.5247  -1638.0448  
18055.2824
  86.400  0.391683    3418863. -10772.1648  -0.0172136  75350.9469  -1521.2736  
20973.2985
  91.800  0.304002    3345352. -18640.3406  -0.0152818  73795.0446  -1392.8656  
24741.5522
  97.200  0.226639    3230421. -25795.7113  -0.0134038  71362.4445  -1257.2717  
29956.2854
 102.600  0.159241    3078050. -32162.5598  -0.0116022  68137.4189  -1100.8203  
37329.8701
 108.000  0.101336    2892839. -37577.2011  -0.0098969  64217.3041   -904.6024  
48204.5530
 113.400  0.052354    2680553. -41767.6331  -0.0083052  59724.1469   -647.4094  
66776.4000
 118.800  0.011640    2448745. -43919.5502  -0.0068403  54817.7653   -149.5969  
69400.8000
 124.200 -0.021521    2211985. -43682.3379  -0.0055092  49806.5847    237.4534  
59580.9377
 129.600 -0.047860    1981616. -42258.1939  -0.0043115  44930.6942    290.0074  
32721.5866
 135.000 -0.068086    1759228. -40619.9919  -0.0032432  40223.7028    316.7341  
25120.7007
 140.400 -0.082886    1545653. -38866.5113  -0.0022993  35703.2385    332.7032  
21675.5292
 145.800 -0.092919    1341407. -37043.8771  -0.0014748  31380.2446    342.3465  
19895.5826
 151.200 -0.098814    1146821. -35180.8765  -0.0007642  27261.7130    347.6537  
18998.6380
 156.600 -0.101172     962097. -33297.9927  -0.0001619  23351.9102    349.7106  
18665.6280
 162.000 -0.100562     787339. -31410.9782   0.0003377  19653.0462    349.1836  
18750.4613
 167.400 -0.097524     622574. -29532.5873   0.0007404  16165.6857    346.5167  
19186.8875
 172.800 -0.092566     467764. -27673.5209   0.0010518  12889.0217    342.0264  
19952.6727
 178.200 -0.086165     322814. -25842.9733   0.0012776   9821.0711    335.9542  
21054.3688
 183.600 -0.078768     187583. -22804.3005   0.0014233   6958.8244    789.4802  
54123.1267
 189.000 -0.070793  75328.4962 -18695.0018   0.0014984   4582.8819    732.4823  
55872.7267
 194.400 -0.062585 -15585.1186 -14914.1396   0.0015155   3318.3748    667.8371  
57622.3267
 199.800 -0.054426 -87020.8551 -11495.2946   0.0014862   4830.3582    598.4018  
59371.9267
 205.200 -0.046535    -140986.  -8457.4732   0.0014211   5972.5707    526.7172  
61121.5267
 210.600 -0.039078    -179559.  -5806.8849   0.0013295   6788.9806    454.9821  
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62871.1267
 216.000 -0.032176    -204821.  -3538.8172   0.0012197   7323.6657    385.0430  
64620.7267
 221.400 -0.025905    -218805.  -1639.5328   0.0010988   7619.6631    318.3957  
66370.3267
 226.800 -0.020309    -223453.    -88.1284   0.0009725   7718.0356    256.1985  
68119.9267
 232.200 -0.015403    -220576.   1141.6987   0.0008456   7657.1470    199.2930  
69869.5267
 237.600 -0.011176    -211835.   2080.0140   0.0007221   7472.1336    148.2312  
71619.1267
 243.000 -0.007604    -198721.   2759.1707   0.0006049   7194.5546    103.3083  
73368.7267
 248.400 -0.004644    -182546.   3212.5138   0.0004960   6852.2028     64.5965  
75118.3267
 253.800 -0.002247    -164443.   3473.2748   0.0003969   6469.0531     31.9816  
76867.9267
 259.200 -0.000357    -145369.   3573.6592   0.0003084   6065.3274      5.1978  
78617.5267
 264.600  0.001084    -126108.   3544.1224   0.0002309   5657.6533    -16.1374  
80367.1267
 270.000  0.002137    -107287.   3412.8241   0.0001642   5259.2970    -32.4916  
82116.7267
 275.400  0.002858 -89387.4087   3205.2481   0.0001081   4880.4478    -44.3884  
83866.3267
 280.800  0.003304 -72761.0186   2943.9698  6.1762E-05   4528.5396    -52.3814  
85615.9267
 286.200  0.003525 -57644.5636   2648.5531  2.4519E-05   4208.5901    -57.0322  
87365.5267
 291.600  0.003569 -44177.3002   2335.5568 -4.5602E-06   3923.5468    -58.8923  
89115.1267
 297.000  0.003476 -32416.7090   2018.6304 -2.6435E-05   3674.6263    -58.4878  
90864.7267
 302.400  0.003283 -22353.8229   1708.6810 -4.2077E-05   3461.6388    -56.3083  
92614.3267
 307.800  0.003021 -13927.5087   1414.0912 -5.2439E-05   3283.2904    -52.7990  
94363.9267
 313.200  0.002717  -7037.4640   1140.9736 -5.8426E-05   3137.4582    -48.3556  
96113.5267
 318.600  0.002390  -1555.7760    893.4456 -6.0880E-05   3021.4347    -43.3214  
97863.1267
 324.000  0.002059   2663.0344    673.9125 -6.0564E-05   3044.8706    -37.9872  
99612.7267
 329.400  0.001736   5773.4981    483.3472 -5.8155E-05   3110.7056    -32.5926     
101362.
 334.800  0.001431   7932.1739    321.5598 -5.4240E-05   3156.3953    -27.3287     
103112.
 340.200  0.001151   9292.0366    187.4484 -4.9321E-05   3185.1777    -22.3422     
104862.
 345.600  0.000899   9998.1646     79.2272 -4.3812E-05   3200.1233    -17.7397     
106611.
 351.000  0.000677  10184.5973     -8.4449 -3.8048E-05   3204.0693    -14.7314     
117438.
 356.400  0.000488   9939.0112    -77.2791 -3.2301E-05   3198.8713    -10.7627     
119188.
 361.800  0.000329   9377.1937   -126.2038 -2.6784E-05   3186.9801     -7.3576     
120938.
 367.200  0.000198   8598.5736   -158.2366 -2.1651E-05   3170.5001     -4.5065     
122687.
 372.600  9.47E-05   7686.4764   -176.2960 -1.7000E-05   3151.1950     -2.1822     
124437.
 378.000  1.48E-05   6708.8978   -183.1186 -1.2889E-05   3130.5039  -0.3447210     
126186.
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 383.400 -4.45E-05   5719.6532   -181.2028 -9.3390E-06   3109.5659      1.0543     
127936.
 388.800 -8.61E-05   4759.7752   -172.7726 -6.3461E-06   3089.2495      2.0680     
129686.
 394.200 -0.000113   3859.0546   -159.7605 -3.8847E-06   3070.1851      2.7513     
131435.
 399.600 -0.000128   3037.6343   -143.8038 -1.9150E-06   3052.7992      3.1585     
133185.
 405.000 -0.000134   2307.5863   -126.2540 -3.8846E-07   3037.3473      3.3414     
134934.
 410.400 -0.000132   1674.4178   -108.1935  7.4878E-07   3023.9459      3.3477     
136684.
 415.800 -0.000126   1138.4660    -90.4587  1.5521E-06   3012.6021      3.2207     
138434.
 421.200 -0.000115    696.1565    -73.6674  2.0761E-06   3003.2403      2.9983     
140183.
 426.600 -0.000103    341.1087    -58.2476  2.3723E-06   2995.7255      2.7128     
141933.
 432.000 -8.99E-05     65.0842    -44.4663  2.4883E-06   2989.8833      2.3914     
143682.
 437.400 -7.63E-05   -141.2232    -32.4585  2.4666E-06   2991.4948      2.0559     
145432.
 442.800 -6.32E-05   -287.5459    -22.2540  2.3441E-06   2994.5918      1.7236     
147182.
 448.200 -5.10E-05   -383.5407    -13.8010  2.1525E-06   2996.6236      1.4072     
148931.
 453.600 -4.00E-05   -438.4103     -6.9889  1.9177E-06   2997.7850      1.1159     
150681.
 459.000 -3.03E-05   -460.6359     -1.6660  1.6610E-06   2998.2554   0.8555863     
152430.
 464.400 -2.21E-05   -457.8018      2.3441  1.3987E-06   2998.1954   0.6296035     
154180.
 469.800 -1.52E-05   -436.4983      5.2294  1.1433E-06   2997.7445   0.4390432     
155930.
 475.200 -9.70E-06   -402.2873      7.1799  9.0370E-07   2997.0204   0.2833590     
157679.
 480.600 -5.44E-06   -359.7167      8.3790  6.8608E-07   2996.1194   0.1607445     
159429.
 486.000 -2.29E-06   -312.3723      8.9979  4.9413E-07   2995.1173   0.0684863     
161178.
 491.400 -1.08E-07   -262.9557      9.1916  3.2982E-07   2994.0714   0.0032569     
162928.
 496.800  1.27E-06   -213.3809      9.0960  1.9378E-07   2993.0221  -0.0386552     
164678.
 502.200  1.98E-06   -164.8819      8.8265  8.5753E-08   2991.9956  -0.0611745     
166427.
 507.600  2.19E-06   -118.1270      8.4769  4.9277E-09   2991.0060  -0.0683200     
168177.
 513.000  2.04E-06    -73.3360      8.1192 -4.9753E-08   2990.0580  -0.0641354     
169926.
 518.400  1.66E-06    -30.3975      6.0959 -7.9379E-08   2989.1491  -0.6852275    
2233954.
 523.800  1.18E-06     -7.4330      2.9269 -9.0183E-08   2988.6631  -0.4885057    
2233954.
 529.200  6.82E-07      1.2885   0.8456879 -9.1938E-08   2988.5330  -0.2822994    
2233954.
 534.600  1.88E-07      1.7779  -0.1264112 -9.1062E-08   2988.5434  -0.0777373    
2233954.
 540.000 -3.01E-07      0.0000      0.0000 -9.0554E-08   2988.5057   0.1245562    
1116977.

Output Verification:
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Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.03761007
Maximum bending moment           =       3447191. lbs-in
Maximum shear force              =    62849.50317 lbs
Depth of maximum bending moment  =    81.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000  78000.0000   0.2500000     447069.  14077.8211
  4  y=  0.500000 M=     0.000  78000.0000   0.5000000     800252.  22564.2170
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000    1429123.  35399.9446
  4  y=     2.000 M=     0.000  78000.0000      2.0000    2515943.  51486.0731
  4  y=     3.000 M=     0.000  78000.0000      3.0000    3447191.  62849.5032

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =          78000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   540.000    0.25000000  447069.07117   14077.82111
   513.000    0.25000000  446316.50427   14078.87424
   486.000    0.25000000  447057.75942   14094.80327
   459.000    0.25000000  446973.78161   14090.03649
   432.000    0.25000000  447014.19659   14097.32026
   405.000    0.25000000  446854.90782   14103.07751
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   378.000    0.25000000  447007.16653   14106.93288
   351.000    0.25000000  446997.15554   14101.33695
   324.000    0.25000000  446945.97264   14111.84724
   297.000    0.25000000  447134.71214   14116.66075

The analysis ended normally. 
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Abutment14x89-Strong Case.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Abutment14x89-Strong Case.lpd
Name of output file:         Abutment14x89-Strong Case.lpo
Name of plot output file:    Abutment14x89-Strong Case.lpp
Name of runtime file:        Abutment14x89-Strong Case.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 18, 2011     Time:  14:36:39

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Abutments                                    

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis does not use p-y multipliers (individual pile or shaft action only)
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     540.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     540.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  6 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =      120.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      120.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      348.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      516.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3
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Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      516.000 in
Distance from top of pile to bottom of layer =      708.000 in

Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      708.000 in
Distance from top of pile to bottom of layer =      900.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends  360.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 12 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00        0.06600
  2           120.00        0.06600
  3           120.00        0.06600
  4           180.00        0.06600
  5           180.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03300
  8           516.00        0.03300
  9           516.00        0.03600
 10           708.00        0.03600
 11           708.00        0.03600
 12           900.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 12 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000        0.00000           32.00           ------    ------
  2      120.000        0.00000           32.00           ------    ------
  3      120.000        7.00000            0.00          0.00700       0.0
  4      180.000        7.00000            0.00          0.00700       0.0
  5      180.000        0.00000           34.00           ------    ------
  6      348.000        0.00000           34.00           ------    ------
  7      348.000        0.00000           32.00           ------    ------
  8      516.000        0.00000           32.00           ------    ------
  9      516.000       10.00000            0.00          0.00700       0.0
 10      708.000       10.00000            0.00          0.00700       0.0
 11      708.000        0.00000           42.00           ------    ------
 12      900.000        0.00000           42.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
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(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  20552.2844  -0.0032395   2988.5057   -189.4362   
2045.9112
   5.400  0.232507     109585.  19443.8330  -0.0032282   3879.4885   -221.1013   
5135.1054
  10.800  0.215136     212713.  18183.9099  -0.0031950   4717.9740   -245.5369   
6163.0882
  16.200  0.198001     308663.  16814.3375  -0.0031413   5498.0959   -261.7122   
7137.5744
  21.600  0.181209     396954.  15375.2716  -0.0030686   6215.9517   -271.2752   
8083.9368
  27.000  0.164860     477300.  13886.2350  -0.0029786   6869.2120   -280.2199   
9178.6405
  32.400  0.149041     549434.  12384.5764  -0.0028728   7455.6992   -275.9500   
9998.1402
  37.800  0.133833     613474.  10885.3153  -0.0027531   7976.3749   -279.3319  
11270.7132
  43.200  0.119307     669315.   9339.0249  -0.0026210   8430.3921   -293.3683  
13278.2019
  48.600  0.105527     716543.   7731.8342  -0.0024782   8814.3836   -301.8875  
15448.1794
  54.000  0.092543     754906.   6065.9672  -0.0023267   9126.2962   -315.1003  
18386.5818
  59.400  0.080398     784016.   4333.6055  -0.0021682   9362.9704   -326.5152  
21930.5871
  64.800  0.069126     803536.   2550.5577  -0.0020047   9521.6793   -333.8729  
26081.5204
  70.200  0.058748     813251.    739.4945  -0.0018382   9600.6646   -336.8912  
30966.5565
  75.600  0.049274     813071.  -1075.5578  -0.0016707   9599.2040   -335.3503  
36751.6170
  81.000  0.040704     803042.  -2869.5439  -0.0015042   9517.6629   -329.0889  
43658.2700
  86.400  0.033028     783347.  -4616.6697  -0.0013409   9357.5329   -317.9947  
51991.2913
  91.800  0.026223     754311.  -6213.1582  -0.0011825   9121.4581   -273.2973  
56278.8000
  97.200  0.020257     717241.  -7547.6675  -0.0010309   8820.0562   -220.9654  
58903.2000
 102.600  0.015089     673665.  -8608.4707  -0.0008877   8465.7604   -171.9246  
61527.6000
 108.000  0.010670     625017.  -9414.9254  -0.0007539   8070.2285   -126.7623  
64152.0000
 113.400  0.006947     572619.  -9989.1183  -0.0006306   7644.2021    -85.9017  
66776.4000
 118.800  0.003860     517666. -10354.9935  -0.0005183   7197.4057    -49.6076  
69400.8000
 124.200  0.001349     461222. -10824.0050  -0.0004175   6738.4828   -124.1004     
496764.
 129.600 -0.000649     401118. -10876.4305  -0.0003287   6249.8121    104.6836     
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871199.
 135.000 -0.002201     344033. -10212.5709  -0.0002519   5785.6774    141.1903     
346466.
 140.400 -0.003370     291035.  -9407.6754  -0.0001865   5354.7744    156.9191     
251470.
 145.800 -0.004215     242587.  -8536.0848  -0.0001316   4960.8694    165.8922     
212533.
 151.200 -0.004790     198956.  -7625.7878 -8.6084E-05   4606.1241    171.2548     
193045.
 156.600 -0.005145     160301.  -6692.7437 -4.9084E-05   4291.8406    174.3171     
182968.
 162.000 -0.005321     126716.  -5747.4931 -1.9524E-05   4018.7722    175.7757     
178400.
 167.400 -0.005356  98244.8438  -4797.5514  3.6448E-06   3787.2885    176.0546     
177516.
 172.800 -0.005281  74899.1445  -3848.5336  2.1477E-05   3597.4756    175.4335     
179379.
 178.200 -0.005124  56662.5884  -2904.7830  3.5027E-05   3449.2027    174.1037     
183497.
 183.600 -0.004903  43497.9812  -2301.7634  4.5342E-05   3342.1674     49.2369  
54228.6511
 189.000 -0.004634  31765.3470  -2039.1255  5.3094E-05   3246.7749     48.0364  
55978.2511
 194.400 -0.004330  21430.6996  -1784.4603  5.8572E-05   3162.7487     46.2840  
57727.8511
 199.800 -0.004001  12443.8340  -1540.4999  6.2061E-05   3089.6807     44.0717  
59477.4511
 205.200 -0.003659   4741.0206  -1309.4835  6.3831E-05   3027.0528     41.4899  
61227.0511
 210.600 -0.003312  -1752.3593  -1093.1737  6.4139E-05   3002.7534     38.6249  
62976.6511
 216.000 -0.002967  -7119.2862   -892.8796  6.3225E-05   3046.3893     35.5581  
64726.2511
 221.400 -0.002629 -11448.7199   -709.4868  6.1313E-05   3081.5899     32.3651  
66475.8511
 226.800 -0.002304 -14833.3936   -543.4924  5.8606E-05   3109.1091     29.1143  
68225.4511
 232.200 -0.001996 -17367.8077   -395.0433  5.5290E-05   3129.7152     25.8669  
69975.0511
 237.600 -0.001707 -19146.4373   -263.9768  5.1529E-05   3144.1764     22.6763  
71724.6511
 243.000 -0.001440 -20262.1654   -149.8625  4.7470E-05   3153.2479     19.5883  
73474.2511
 248.400 -0.001195 -20804.9415    -52.0440  4.3241E-05   3157.6610     16.6408  
75223.8511
 253.800 -0.000973 -20860.6667     30.3200  3.8950E-05   3158.1140     13.8644  
76973.4511
 259.200 -0.000774 -20510.2964     98.2165  3.4689E-05   3155.2653     11.2824  
78723.0511
 264.600 -0.000598 -19829.1508    152.7406  3.0534E-05   3149.7273      8.9117  
80472.6511
 270.000 -0.000444 -18886.4200    195.0616  2.6547E-05   3142.0624      6.7628  
82222.2511
 275.400 -0.000311 -17744.8483    226.3913  2.2774E-05   3132.7808      4.8408  
83971.8511
 280.800 -0.000198 -16460.5785    247.9561  1.9251E-05   3122.3390      3.1461  
85721.4511
 286.200 -0.000103 -15083.1395    260.9723  1.6003E-05   3111.1397      1.6747  
87471.0511
 291.600 -2.54E-05 -13655.5579    266.6254  1.3043E-05   3099.5327   0.4190335  
89220.6511
 297.000  3.75E-05 -12214.5724    266.0523  1.0378E-05   3087.8167  -0.6313107  
90970.2511
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 302.400  8.67E-05 -10790.9363    260.3272  8.0090E-06   3076.2418     -1.4891  
92719.8511
 307.800  0.000124  -9409.7858    250.4508  5.9285E-06   3065.0123     -2.1688  
94469.4511
 313.200  0.000151  -8091.0614    237.3424  4.1261E-06   3054.2904     -2.6862  
96219.0511
 318.600  0.000169  -6849.9636    221.8342  2.5873E-06   3044.1996     -3.0576  
97968.6511
 324.000  0.000179  -5697.4312    204.6691  1.2951E-06   3034.8289     -3.2999  
99718.2511
 329.400  0.000183  -4640.6283    186.4995  2.3034E-07   3026.2365     -3.4296     
101468.
 334.800  0.000181  -3683.4306    167.8889 -6.2696E-07   3018.4540     -3.4632     
103217.
 340.200  0.000176  -2826.9003    149.3143 -1.2975E-06   3011.4899     -3.4163     
104967.
 345.600  0.000167  -2069.7434    131.1704 -1.8018E-06   3005.3339     -3.3037     
106717.
 351.000  0.000156  -1408.7425    113.0215 -2.1600E-06   2999.9596     -3.4181     
118100.
 356.400  0.000144   -847.2915     95.1729 -2.3924E-06   2995.3947     -3.1925     
119849.
 361.800  0.000130   -378.8601     78.6217 -2.5187E-06   2991.5861     -2.9376     
121599.
 367.200  0.000117      3.9447     63.4965 -2.5573E-06   2988.5378     -2.6644     
123348.
 372.600  0.000103    309.0566     49.8706 -2.5250E-06   2991.0185     -2.3823     
125098.
 378.000  8.94E-05    544.6742     37.7702 -2.4371E-06   2992.9342     -2.0993     
126848.
 383.400  7.65E-05    719.0277     27.1823 -2.3070E-06   2994.3518     -1.8221     
128597.
 388.800  6.45E-05    840.1859     18.0618 -2.1464E-06   2995.3369     -1.5558     
130347.
 394.200  5.33E-05    915.9027     10.3384 -1.9655E-06   2995.9525     -1.3046     
132096.
 399.600  4.32E-05    953.4969      3.9230 -1.7730E-06   2996.2582     -1.0715     
133846.
 405.000  3.42E-05    959.7645     -1.2876 -1.5759E-06   2996.3091  -0.8583772     
135596.
 410.400  2.62E-05    940.9185     -5.4050 -1.3802E-06   2996.1559  -0.6665818     
137345.
 415.800  1.93E-05    902.5533     -8.5455 -1.1903E-06   2995.8440  -0.4965760     
139095.
 421.200  1.34E-05    849.6297    -10.8266 -1.0099E-06   2995.4137  -0.3482640     
140844.
 426.600  8.37E-06    786.4770    -12.3638 -8.4136E-07   2994.9002  -0.2210672     
142594.
 432.000  4.27E-06    716.8097    -13.2685 -6.8654E-07   2994.3338  -0.1140264     
144344.
 437.400  9.57E-07    643.7552    -13.6463 -5.4641E-07   2993.7398  -0.0258955     
146093.
 442.800 -1.64E-06    569.8898    -13.5953 -4.2142E-07   2993.1393   0.0447752     
147843.
 448.200 -3.59E-06    497.2806    -13.2056 -3.1151E-07   2992.5489   0.0995658     
149592.
 453.600 -5.00E-06    427.5315    -12.5585 -2.1626E-07   2991.9818   0.1401236     
151342.
 459.000 -5.93E-06    361.8314    -11.7262 -1.3496E-07   2991.4476   0.1681104     
153092.
 464.400 -6.46E-06    301.0020    -10.7724 -6.6699E-08   2990.9531   0.1851595     
154841.
 469.800 -6.65E-06    245.5457     -9.7518 -1.0410E-08   2990.5022   0.1928417     
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156591.
 475.200 -6.57E-06    195.6914     -8.7110  3.5034E-08   2990.0968   0.1926404     
158340.
 480.600 -6.27E-06    151.4375     -7.6888  7.0785E-08   2989.7370   0.1859339     
160090.
 486.000 -5.81E-06    112.5923     -6.7171  9.7977E-08   2989.4212   0.1739860     
161840.
 491.400 -5.21E-06     78.8107     -5.8209  1.1769E-07   2989.1465   0.1579419     
163589.
 496.800 -4.53E-06     49.6279     -5.0196  1.3092E-07   2988.9092   0.1388304     
165339.
 502.200 -3.80E-06     24.4891     -4.3273  1.3855E-07   2988.7049   0.1175706     
167088.
 507.600 -3.04E-06      2.7765     -3.7534  1.4136E-07   2988.5283   0.0949831     
168838.
 513.000 -2.27E-06    -16.1666     -3.3031  1.3998E-07   2988.6372   0.0718044     
170588.
 518.400 -1.53E-06    -33.0145     -1.4046  1.3492E-07   2988.7742   0.6313342    
2233954.
 523.800 -8.16E-07    -31.4498      1.2114  1.2828E-07   2988.7615   0.3375357    
2233954.
 529.200 -1.41E-07    -20.0398      2.2799  1.2297E-07   2988.6687   0.0582090    
2233954.
 534.600  5.12E-07     -6.9308      1.8649  1.2020E-07   2988.5621  -0.2118964    
2233954.
 540.000  1.16E-06      0.0000      0.0000  1.1948E-07   2988.5057  -0.4788126    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00323948
Maximum bending moment           =   813250.56141 lbs-in
Maximum shear force              =    20552.28436 lbs
Depth of maximum bending moment  =    70.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
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lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  33261.4993  -0.0061521   2988.5057   -249.5596   
1347.6220
   5.400  0.466779     178565.  31800.2847  -0.0061337   4440.3321   -291.6310   
3373.7753
  10.800  0.433756     348610.  30139.0393  -0.0060794   5822.8907   -323.6451   
4029.1823
  16.200  0.401122     509188.  28323.5563  -0.0059910   7128.4717   -348.7559   
4695.0389
  21.600  0.369053     659551.  26383.0079  -0.0058707   8351.0082   -369.9657   
5413.3490
  27.000  0.337719     799070.  24318.4971  -0.0057204   9485.3657   -394.6679   
6310.5988
  32.400  0.307273     927010.  22157.0219  -0.0055427  10525.5891   -405.8785   
7132.8936
  37.800  0.277858    1043035.  19916.7666  -0.0053398  11468.9304   -423.8457   
8237.1846
  43.200  0.249603    1146609.  17551.4751  -0.0051143  12311.0480   -452.1882   
9782.7894
  48.600  0.222624    1236899.  15050.3171  -0.0048688  13045.1491   -474.1666  
11501.4555
  54.000  0.197021    1313254.  12423.1383  -0.0046061  13665.9594   -498.8626  
13672.9819
  59.400  0.172878    1374949.   9672.0109  -0.0043293  14167.5697   -520.0735  
16244.9885
  64.800  0.150264    1421359.   6822.4433  -0.0040413  14544.9079   -535.3219  
19237.6830
  70.200  0.129232    1452036.   3908.0467  -0.0037453  14794.3260   -544.0843  
22734.7441
  75.600  0.109815    1466721.    965.0584  -0.0034447  14913.7250   -545.9114  
26844.5286
  81.000  0.092029    1465360.  -1968.0435  -0.0031428  14902.6612   -540.4227  
31710.5632
  86.400  0.075873    1448113.  -4850.8777  -0.0028427  14762.4369   -527.2937  
37528.4443
  91.800  0.061327    1415365.  -7641.3955  -0.0025478  14496.1770   -506.2314  
44574.6199
  97.200  0.048357    1367733. -10295.9294  -0.0022612  14108.8982   -476.9293  
53258.9223
 102.600  0.036907    1306074. -12719.0364  -0.0019858  13607.5812   -420.5177  
61527.6000
 108.000  0.026910    1232040. -14717.6020  -0.0017244  13005.6440   -319.6917  
64152.0000
 113.400  0.018284    1148577. -16191.2263  -0.0014792  12327.0431   -226.0951  
66776.4000
 118.800  0.010935    1058421. -17181.1212  -0.0012519  11594.0280   -140.5327  
69400.8000
 124.200  0.004763     964075. -18021.4367  -0.0010436  10826.9479   -170.6953     
193522.
 129.600 -0.000336     864668. -18242.1994  -0.0008553  10018.7182     88.9313    
1428245.
 135.000 -0.004474     767780. -17547.7137  -0.0006871   9230.9630    168.2857     
203127.
 140.400 -0.007757     675732. -16572.1083  -0.0005385   8482.5644    193.0497     
134386.
 145.800 -0.010289     589255. -15491.5620  -0.0004082   7779.4586    207.1527     
108718.
 151.200 -0.012166     508767. -14349.0460  -0.0002951   7125.0502    216.0014  
95876.8348
 156.600 -0.013476     434534. -13167.5468  -0.0001979   6521.4939    221.5908  
88792.3946
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 162.000 -0.014304     366724. -11961.9903  -0.0001154   5970.1672    224.9116  
84910.6924
 167.400 -0.014723     305441. -10743.0733 -4.6199E-05   5471.9053    226.5392  
83089.1760
 172.800 -0.014802     250738.  -9518.9426  1.1082E-05   5027.1372    226.8425  
82752.9858
 178.200 -0.014603     202627.  -8296.0699  5.7774E-05   4635.9735    226.0733  
83597.8676
 183.600 -0.014179     161092.  -7301.2309  9.5234E-05   4298.2658    142.3856  
54228.6511
 189.000 -0.013575     123694.  -6536.8466   0.0001246   3994.2021    140.7197  
55978.2511
 194.400 -0.012833  90388.7028  -5786.4860   0.0001466   3723.4139    137.1917  
57727.8511
 199.800 -0.011991  61076.2589  -5059.4637   0.0001622   3485.0882    132.0758  
59477.4511
 205.200 -0.011081  35609.8472  -4363.6199   0.0001722   3278.0327    125.6441  
61227.0511
 210.600 -0.010132  13804.1282  -3705.3465   0.0001773   3100.7406    118.1608  
62976.6511
 216.000 -0.009167  -4557.2182  -3089.6410   0.0001782   3025.5584    109.8782  
64726.2511
 221.400 -0.008207 -19714.1197  -2520.1812   0.0001757   3148.7920    101.0328  
66475.8511
 226.800 -0.007269 -31923.1942  -1999.4180   0.0001704   3248.0583     91.8425  
68225.4511
 232.200 -0.006367 -41451.3728  -1528.6812   0.0001628   3325.5274     82.5045  
69975.0511
 237.600 -0.005511 -48570.1239  -1108.2947   0.0001536   3383.4066     73.1942  
71724.6511
 243.000 -0.004708 -53550.3182   -737.6972   0.0001430   3423.8983     64.0641  
73474.2511
 248.400 -0.003966 -56657.7567   -415.5654   0.0001317   3449.1634     55.2439  
75223.8511
 253.800 -0.003286 -58149.3665   -139.9366   0.0001199   3461.2910     46.8408  
76973.4511
 259.200 -0.002671 -58270.0534     91.6721   0.0001079   3462.2722     38.9402  
78723.0511
 264.600 -0.002121 -57250.1890    282.1493  9.5985E-05   3453.9802     31.6069  
80472.6511
 270.000 -0.001634 -55303.6994    434.6823  8.4393E-05   3438.1542     24.8868  
82222.2511
 275.400 -0.001209 -52626.7132    552.6581  7.3278E-05   3416.3889     18.8080  
83971.8511
 280.800 -0.000843 -49396.7213    639.5736  6.2770E-05   3390.1273     13.3830  
85721.4511
 286.200 -0.000532 -45772.1961    698.9561  5.2969E-05   3360.6580      8.6106  
87471.0511
 291.600 -0.000271 -41892.6161    734.2938  4.3940E-05   3329.1150      4.4775  
89220.6511
 297.000 -5.70E-05 -37878.8383    748.9764  3.5724E-05   3296.4808   0.9605363  
90970.2511
 302.400  0.000115 -33833.7649    746.2465  2.8339E-05   3263.5922     -1.9716  
92719.8511
 307.800  0.000249 -29843.2489    729.1598  2.1780E-05   3231.1472     -4.3568  
94469.4511
 313.200  0.000350 -25977.1875    700.5554  1.6032E-05   3199.7141     -6.2374  
96219.0511
 318.600  0.000422 -22290.7559    663.0341  1.1060E-05   3169.7414     -7.6593  
97968.6511
 324.000  0.000470 -18825.7365    618.9446  6.8258E-06   3141.5690     -8.6701  
99718.2511
 329.400  0.000496 -15611.9043    570.3764  3.2790E-06   3115.4388     -9.3181     
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101468.
 334.800  0.000505 -12668.4333    519.1592  3.6640E-07   3091.5068     -9.6513     
103217.
 340.200  0.000500 -10005.2938    466.8666 -1.9688E-06   3069.8541     -9.7164     
104967.
 345.600  0.000484  -7624.6153    414.8252 -3.7845E-06   3050.4979     -9.5582     
106717.
 351.000  0.000459  -5521.9936    361.9151 -5.1385E-06   3033.4025    -10.0381     
118100.
 356.400  0.000428  -3711.6037    309.1547 -6.0894E-06   3018.6831     -9.5028     
119849.
 361.800  0.000393  -2177.9936    259.5897 -6.6960E-06   3006.2140     -8.8546     
121599.
 367.200  0.000356   -902.3940    213.7358 -7.0133E-06   2995.8427     -8.1284     
123348.
 372.600  0.000317    136.2607    171.9315 -7.0922E-06   2989.6136     -7.3547     
125098.
 378.000  0.000279    960.4407    134.3626 -6.9792E-06   2996.3146     -6.5597     
126848.
 383.400  0.000242   1593.2564    101.0849 -6.7162E-06   3001.4598     -5.7654     
128597.
 388.800  0.000207   2057.8149     72.0459 -6.3402E-06   3005.2369     -4.9898     
130347.
 394.200  0.000174   2376.6926     47.1059 -5.8835E-06   3007.8295     -4.2472     
132096.
 399.600  0.000143   2571.5146     26.0566 -5.3739E-06   3009.4135     -3.5488     
133846.
 405.000  0.000116   2662.6312      8.6384 -4.8348E-06   3010.1544     -2.9024     
135596.
 410.400  9.10E-05   2668.8825     -5.4445 -4.2857E-06   3010.2052     -2.3135     
137345.
 415.800  6.93E-05   2607.4410    -16.5106 -3.7423E-06   3009.7056     -1.7851     
139095.
 421.200  5.05E-05   2493.7207    -24.8896 -3.2169E-06   3008.7810     -1.3183     
140844.
 426.600  3.46E-05   2341.3433    -30.9128 -2.7189E-06   3007.5421  -0.9125527     
142594.
 432.000  2.12E-05   2162.1528    -34.9052 -2.2551E-06   3006.0852  -0.5660934     
144344.
 437.400  1.02E-05   1966.2674    -37.1789 -1.8299E-06   3004.4925  -0.2760284     
146093.
 442.800  1.41E-06   1762.1624    -38.0287 -1.4459E-06   3002.8331  -0.0387298     
147843.
 448.200 -5.41E-06   1556.7752    -37.7284 -1.1041E-06   3001.1632   0.1499656     
149592.
 453.600 -1.05E-05   1355.6259    -36.5282 -8.0418E-07   2999.5277   0.2945553     
151342.
 459.000 -1.41E-05   1162.9482    -34.6537 -5.4479E-07   2997.9611   0.3996992     
153092.
 464.400 -1.64E-05    981.8249    -32.3053 -3.2390E-07   2996.4885   0.4700770     
154841.
 469.800 -1.76E-05    814.3238    -29.6584 -1.3891E-07   2995.1266   0.5102736     
156591.
 475.200 -1.79E-05    661.6317    -26.8640  1.3099E-08   2993.8852   0.5246903     
158340.
 480.600 -1.75E-05    524.1821    -24.0501  1.3523E-07   2992.7676   0.5174821     
160090.
 486.000 -1.64E-05    401.7768    -21.3231  2.3059E-07   2991.7724   0.4925154     
161840.
 491.400 -1.50E-05    293.6984    -18.7693  3.0222E-07   2990.8937   0.4533483     
163589.
 496.800 -1.32E-05    198.8142    -16.4565  3.5294E-07   2990.1222   0.4032271     
165339.
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 502.200 -1.12E-05    115.6708    -14.4360  3.8533E-07   2989.4462   0.3450999     
167088.
 507.600 -9.01E-06     42.5805    -12.7438  4.0163E-07   2988.8519   0.2816433     
168838.
 513.000 -6.82E-06    -22.3008    -11.4021  4.0372E-07   2988.6871   0.2153005     
170588.
 518.400 -4.65E-06    -80.9020     -5.6294  3.9309E-07   2989.1635      1.9227    
2233954.
 523.800 -2.57E-06    -83.4291      2.4327  3.7617E-07   2989.1841      1.0632    
2233954.
 529.200 -5.85E-07    -54.9459      5.9569  3.6191E-07   2988.9525   0.2420625    
2233954.
 534.600  1.34E-06    -19.3995      5.1152  3.5426E-07   2988.6635  -0.5537964    
2233954.
 540.000  3.24E-06      0.0000      0.0000  3.5226E-07   2988.5057     -1.3407    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00615205
Maximum bending moment           =       1466721. lbs-in
Maximum shear force              =    33261.49933 lbs
Depth of maximum bending moment  =    75.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  53572.6323  -0.0116932   2988.5057   -261.8849    
707.0893
   5.400  0.936857     290399.  52009.5407  -0.0116633   5349.6046   -317.0379   
1827.3919
  10.800  0.874037     571528.  50167.0217  -0.0115745   7635.3333   -365.3765   
2257.3804
  16.200  0.811852     841953.  48067.8571  -0.0114289   9834.0330   -412.0918   
2741.0106
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  21.600  0.750604    1100289.  45705.5182  -0.0112289  11934.4375   -462.8485   
3329.8260
  27.000  0.690580    1345032.  43026.5882  -0.0109770  13924.3309   -529.3478   
4139.2405
  32.400  0.632052    1574223.  39996.4335  -0.0106764  15787.7743   -592.9317   
5065.7694
  37.800  0.575275    1785987.  36576.9831  -0.0103303  17509.5314   -673.5314   
6322.3106
  43.200  0.520485    1977957.  32755.0222  -0.0099427  19070.3435   -742.0097   
7698.3069
  48.600  0.467895    2148117.  28648.5520  -0.0095177  20453.8401   -778.9052   
8989.3932
  54.000  0.417694    2295379.  24348.6822  -0.0090601  21651.1536   -813.6392  
10518.8407
  59.400  0.370046    2418715.  19877.4132  -0.0085746  22653.9453   -842.3864  
12292.7709
  64.800  0.325088    2517278.  15270.6133  -0.0080662  23455.3126   -863.8358  
14349.0734
  70.200  0.282931    2590433.  10566.8653  -0.0075402  24050.1006   -878.2931  
16763.0644
  75.600  0.243654    2637752.   5802.5487  -0.0070017  24434.8301   -886.2686  
19641.9700
  81.000  0.207312    2658999.   1018.8015  -0.0064562  24607.5767   -885.4896  
23064.9631
  86.400  0.173927    2654194.  -3729.6622  -0.0059090  24568.5103   -873.2006  
27110.6513
  91.800  0.143495    2623696.  -8379.1649  -0.0053654  24320.5477   -848.8374  
31943.4462
  97.200  0.115981    2568219. -12862.9901  -0.0048307  23869.4867   -811.8386  
37798.7353
 102.600  0.091323    2488845. -17111.1681  -0.0043099  23224.1382   -761.5607  
45031.5007
 108.000  0.069434    2387049. -21049.6068  -0.0038077  22396.4785   -697.1203  
54216.0593
 113.400  0.050200    2264717. -24597.9383  -0.0033286  21401.8574   -617.0765  
66378.4910
 118.800  0.033485    2124195. -27425.9952  -0.0028766  20259.3383   -430.3520  
69400.8000
 124.200  0.019133    1970939. -29240.9978  -0.0024548  19013.2903   -241.8713  
68264.6239
 129.600  0.006973    1810460. -30401.6616  -0.0020654  17708.5076   -188.0042     
145594.
 135.000 -0.003173    1644341. -30493.1891  -0.0017096  16357.8746    154.1051     
262248.
 140.400 -0.011490    1482574. -29502.5598  -0.0013875  15042.6179    212.7946     
100004.
 145.800 -0.018159    1326883. -28283.7371  -0.0010982  13776.7661    238.6212  
70961.2779
 151.200 -0.023351    1178035. -26953.3354  -0.0008402  12566.5521    254.1201  
58766.6310
 156.600 -0.027233    1036494. -25554.1716  -0.0006121  11415.7555    264.0887  
52366.3364
 162.000 -0.029962     902565. -24110.8493  -0.0004124  10326.8396    270.4751  
48747.6262
 167.400 -0.031687     776445. -22639.9813  -0.0002395   9301.4130    274.2908  
46743.9371
 172.800 -0.032548     658255. -21153.8204 -9.1739E-05   8340.4692    276.1392  
45813.3957
 178.200 -0.032678     548061. -19661.9234  3.2500E-05   7444.5300    276.4153  
45677.7340
 183.600 -0.032197     445879. -18042.5920   0.0001349   6613.7384    323.3371  
54228.6511
 189.000 -0.031221     353087. -16295.7300   0.0002172   5859.2910    323.6489  
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55978.2511
 194.400 -0.029852     269702. -14560.2284   0.0002813   5181.3273    319.1295  
57727.8511
 199.800 -0.028183     195600. -12860.4477   0.0003292   4578.8346    310.4189  
59477.4511
 205.200 -0.026297     130532. -11217.2849   0.0003628   4049.8000    298.1599  
61227.0511
 210.600 -0.024265  74147.3313  -9648.1930   0.0003839   3591.3629    282.9852  
62976.6511
 216.000 -0.022151  26008.1052  -8167.2684   0.0003942   3199.9655    265.5054  
64726.2511
 221.400 -0.020008 -14391.2401  -6785.3953   0.0003954   3105.5142    246.2994  
66475.8511
 226.800 -0.017880 -47607.2453  -5510.4380   0.0003890   3375.5779    225.9070  
68225.4511
 232.200 -0.015806 -74231.6731  -4347.4690   0.0003765   3592.0487    204.8223  
69975.0511
 237.600 -0.013815 -94877.0424  -3299.0251   0.0003590   3759.9065    183.4903  
71724.6511
 243.000 -0.011929    -110164.  -2365.3818   0.0003379   3884.1943    162.3036  
73474.2511
 248.400 -0.010165    -120708.  -1544.8378   0.0003142   3969.9245    141.6016  
75223.8511
 253.800 -0.008536    -127112.   -834.0024   0.0002886   4021.9978    121.6708  
76973.4511
 259.200 -0.007048    -129958.   -228.0790   0.0002622   4045.1349    102.7453  
78723.0511
 264.600 -0.005704    -129797.    278.8598   0.0002354   4043.8209     85.0098  
80472.6511
 270.000 -0.004505    -127145.    693.6123   0.0002089   4022.2606     68.6022  
82222.2511
 275.400 -0.003448    -122482.   1023.6033   0.0001832   3984.3460     53.6167  
83971.8511
 280.800 -0.002527    -116244.   1276.6619   0.0001586   3933.6332     40.1087  
85721.4511
 286.200 -0.001735    -108827.   1460.8200   0.0001355   3873.3292     28.0980  
87471.0511
 291.600 -0.001064    -100582.   1584.1349   0.0001139   3806.2868     17.5741  
89220.6511
 297.000 -0.000505 -91814.5556   1654.5356  9.4079E-05   3735.0068      8.5002  
90970.2511
 302.400 -4.76E-05 -82791.7733   1679.6934  7.6096E-05   3661.6468   0.8174850  
92719.8511
 307.800  0.000317 -73737.9702   1666.9148  5.9975E-05   3588.0346     -5.5503  
94469.4511
 313.200  0.000600 -64839.6164   1623.0576  4.5703E-05   3515.6863    -10.6931  
96219.0511
 318.600  0.000811 -56247.4477   1554.4673  3.3232E-05   3445.8274    -14.7107  
97968.6511
 324.000  0.000959 -48079.3639   1466.9324  2.2487E-05   3379.4165    -17.7096  
99718.2511
 329.400  0.001054 -40423.5205   1365.6577  1.3372E-05   3317.1704    -19.7996     
101468.
 334.800  0.001103 -33341.5259   1255.2517  5.7750E-06   3259.5901    -21.0915     
103217.
 340.200  0.001116 -26871.6671   1139.7287 -4.2637E-07   3206.9867    -21.6948     
104967.
 345.600  0.001099 -21032.0963   1022.5209 -5.3600E-06   3159.5079    -21.7155     
106717.
 351.000  0.001058 -15823.9258    901.4028 -9.1558E-06   3117.1627    -23.1430     
118100.
 356.400  0.001000 -11289.2327    778.9950 -1.1948E-05   3080.2932    -22.1932     
119849.
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 361.800  0.000929  -7400.7147    662.5813 -1.3873E-05   3048.6775    -20.9229     
121599.
 367.200  0.000850  -4121.6676    553.6588 -1.5060E-05   3022.0171    -19.4187     
123348.
 372.600  0.000767  -1408.5133    453.2840 -1.5629E-05   2999.9577    -17.7571     
125098.
 378.000  0.000681    786.9655    362.1275 -1.5693E-05   2994.9042    -16.0045     
126848.
 383.400  0.000597   2515.6842    280.5279 -1.5353E-05   3008.9596    -14.2176     
128597.
 388.800  0.000516   3829.6003    208.5430 -1.4700E-05   3019.6424    -12.4435     
130347.
 394.200  0.000438   4780.3311    145.9991 -1.3813E-05   3027.3724    -10.7209     
132096.
 399.600  0.000366   5418.0267     92.5369 -1.2763E-05   3032.5572     -9.0799     
133846.
 405.000  0.000300   5790.4811     47.6530 -1.1608E-05   3035.5854     -7.5437     
135596.
 410.400  0.000241   5942.4578     10.7376 -1.0400E-05   3036.8211     -6.1286     
137345.
 415.800  0.000188   5915.2078    -18.8919 -9.1787E-06   3036.5995     -4.8453     
139095.
 421.200  0.000142   5746.1569    -41.9621 -7.9777E-06   3035.2251     -3.6992     
140844.
 426.600  0.000102   5468.7374    -59.2185 -6.8226E-06   3032.9695     -2.6920     
142594.
 432.000  6.81E-05   5112.3443    -71.4051 -5.7329E-06   3030.0718     -1.8215     
144344.
 437.400  4.00E-05   4702.3916    -79.2474 -4.7221E-06   3026.7387     -1.0830     
146093.
 442.800  1.71E-05   4260.4505    -83.4390 -3.7990E-06   3023.1455  -0.4694494     
147843.
 448.200 -9.98E-07   3804.4507    -84.6318 -2.9684E-06   3019.4380   0.0276546     
149592.
 453.600 -1.49E-05   3348.9271    -83.4288 -2.2316E-06   3015.7343   0.4179181     
151342.
 459.000 -2.51E-05   2905.2996    -80.3791 -1.5875E-06   3012.1274   0.7115925     
153092.
 464.400 -3.21E-05   2482.1700    -75.9760 -1.0327E-06   3008.6871   0.9192062     
154841.
 469.800 -3.63E-05   2085.6291    -70.6557 -5.6222E-07   3005.4630      1.0513     
156591.
 475.200 -3.81E-05   1719.5621    -64.7986 -1.7032E-07   3002.4867      1.1180     
158340.
 480.600 -3.81E-05   1385.9475    -58.7309  1.4952E-07   2999.7742      1.1293     
160090.
 486.000 -3.65E-05   1085.1428    -52.7271  4.0402E-07   2997.3285      1.0943     
161840.
 491.400 -3.37E-05    816.1546    -47.0136  5.9984E-07   2995.1415      1.0218     
163589.
 496.800 -3.00E-05    576.8909    -41.7717  7.4331E-07   2993.1962   0.9196405     
165339.
 502.200 -2.57E-05    364.3939    -37.1415  8.4025E-07   2991.4685   0.7952466     
167088.
 507.600 -2.10E-05    175.0546    -33.2249  8.9581E-07   2989.9290   0.6553711     
168838.
 513.000 -1.60E-05      4.8108    -30.0884  9.1433E-07   2988.5449   0.5062730     
170588.
 518.400 -1.11E-05   -150.6705    -16.3385  8.9931E-07   2989.7308      4.5863    
2233954.
 523.800 -6.31E-06   -172.4028      3.0967  8.6604E-07   2989.9075      2.6119    
2233954.
 529.200 -1.73E-06   -117.9562     12.0845  8.3613E-07   2989.4648   0.7169075    
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2233954.
 534.600  2.72E-06    -42.5944     10.9858  8.1960E-07   2988.8521     -1.1238    
2233954.
 540.000  7.12E-06      0.0000      0.0000  8.1521E-07   2988.5057     -2.9450    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01169317
Maximum bending moment           =       2658999. lbs-in
Maximum shear force              =    53572.63227 lbs
Depth of maximum bending moment  =    81.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             12
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  79439.7973  -0.0216218   2988.5057   -261.8849    
353.5447
   5.400     1.883     434264.  77876.7058  -0.0215771   6519.3004   -317.0378    
909.0728
  10.800     1.767     859245.  76034.1873  -0.0214438   9974.6233   -365.3764   
1116.6207
  16.200     1.652    1273497.  73935.0237  -0.0212242  13342.7145   -412.0916   
1347.3170
  21.600     1.538    1675622.  71572.6864  -0.0209205  16612.2060   -462.8481   
1625.3524
  27.000     1.426    2064106.  68893.7590  -0.0205353  19770.7806   -529.3472   
2004.9513
  32.400     1.316    2436974.  65863.6082  -0.0200717  22802.3982   -592.9309   
2433.0632
  37.800     1.209    2792341.  62444.1637  -0.0195332  25691.7211   -673.5301   
3008.4892
  43.200     1.105    3127826.  58533.3298  -0.0189234  28419.3894   -774.9269   
3786.9490
  48.600     1.005    3440442.  54058.8332  -0.0182470  30961.1269   -882.2941   
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4742.7609
  54.000  0.907940    3727032.  48970.1266  -0.0175088  33291.2576  -1002.4121   
5961.8773
  59.400  0.815465    3984069.  43208.6073  -0.0167146  35381.1012  -1131.4839   
7492.6730
  64.800  0.727422    4207766.  36729.2351  -0.0158709  37199.8751  -1268.2836   
9415.0750
  70.200  0.644059    4394114.  29490.2790  -0.0149850  38714.9882  -1412.8113  
11845.4700
  75.600  0.565584    4538884.  21450.0074  -0.0140650  39892.0435  -1565.0671  
14942.7297
  81.000  0.492157    4637623.  12954.8065  -0.0131199  40694.8411  -1581.3036  
17350.2413
  86.400  0.423888    4689848.   4492.6084  -0.0121593  41119.4620  -1552.8439  
19781.9894
  91.800  0.360837    4696386.  -3784.9156  -0.0111926  41172.6167  -1512.9058  
22640.9707
  97.200  0.303009    4658400. -11820.7323  -0.0102291  40863.7694  -1463.3226  
26078.2821
 102.600  0.250362    4577339. -19568.1906  -0.0092779  40204.7023  -1406.1064  
30327.9818
 108.000  0.202807    4454879. -26976.2150  -0.0083477  39209.0378  -1337.6064  
35615.5368
 113.400  0.160207    4293028. -33961.4543  -0.0074468  37893.1027  -1249.5193  
42116.8361
 118.800  0.122382    4094368. -40414.6464  -0.0065829  36277.8955  -1140.5519  
50325.8969
 124.200  0.089111    3862095. -44453.3323  -0.0057635  34389.3909   -355.2577  
21528.0688
 129.600  0.060136    3619128. -46281.9258  -0.0049930  32413.9352   -321.9991  
28914.2626
 135.000  0.035187    3366457. -47911.7394  -0.0042735  30359.5851   -281.6355  
43221.5844
 140.400  0.013982    3105281. -49276.0016  -0.0036070  28236.0883   -223.6467  
86374.9547
 145.800 -0.003769    2837314. -49445.3543  -0.0029950  26057.3775    160.9235     
230567.
 151.200 -0.018364    2573794. -48364.7602  -0.0024377  23914.8180    239.2965  
70366.5055
 156.600 -0.030096    2317028. -46987.5622  -0.0019340  21827.1769    270.7769  
48584.3798
 162.000 -0.039251    2067958. -45475.1509  -0.0014824  19802.0988    289.3755  
39811.2657
 167.400 -0.046106    1827146. -43880.4271  -0.0010812  17844.1690    301.2630  
35284.6498
 172.800 -0.050928    1594960. -42233.1146  -0.0007288  15956.3756    308.8528  
32748.2979
 178.200 -0.053976    1371642. -40553.0951  -0.0004232  14140.6818    313.3767  
31351.4248
 183.600 -0.055499    1157343. -38202.1617  -0.0001628  12398.3179    557.3394  
54228.6511
 189.000 -0.055734     959196. -35137.3917  5.5208E-05  10787.2750    577.7606  
55978.2511
 194.400 -0.054903     777813. -31992.7310   0.0002341   9312.5347    586.9286  
57727.8511
 199.800 -0.053206     613477. -28825.7465   0.0003774   7976.3984    586.0286  
59477.4511
 205.200 -0.050827     466177. -25687.4805   0.0004886   6778.7687    576.2922  
61227.0511
 210.600 -0.047929     335640. -22622.2812   0.0005712   5717.4411    558.9668  
62976.6511
 216.000 -0.044658     221375. -19667.7906   0.0006285   4788.4002    535.2889  
64726.2511
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 221.400 -0.041141     122699. -16855.0678   0.0006640   3986.1127    506.4602  
66475.8511
 226.800 -0.037487  38780.7095 -14208.8294   0.0006806   3303.8135    473.6281  
68225.4511
 232.200 -0.033791 -31329.8236 -11747.7863   0.0006814   3243.2338    437.8694  
69975.0511
 237.600 -0.030129 -88669.3681  -9485.0585   0.0006690   3709.4348    400.1780  
71724.6511
 243.000 -0.026565    -134332.  -7428.6480   0.0006460   4080.6965    361.4556  
73474.2511
 248.400 -0.023151    -169443.  -5581.9529   0.0006148   4366.1672    322.5056  
75223.8511
 253.800 -0.019926    -195135.  -3944.3072   0.0005772   4575.0568    284.0299  
76973.4511
 259.200 -0.016917    -212528.  -2511.5302   0.0005352   4716.4692    246.6283  
78723.0511
 264.600 -0.014145    -222710.  -1276.4736   0.0004904   4799.2595    210.8001  
80472.6511
 270.000 -0.011621    -226727.   -229.5552   0.0004441   4831.9148    176.9475  
82222.2511
 275.400 -0.009349    -225564.    640.7310   0.0003975   4822.4584    145.3807  
83971.8511
 280.800 -0.007328    -220142.   1347.3351   0.0003516   4778.3752    116.3245  
85721.4511
 286.200 -0.005551    -211309.   1904.2082   0.0003072   4706.5576     89.9248  
87471.0511
 291.600 -0.004010    -199835.   2325.9004   0.0002648   4613.2711     66.2575  
89220.6511
 297.000 -0.002691    -186412.   2627.2026   0.0002251   4504.1349     45.3359  
90970.2511
 302.400 -0.001579    -171651.   2822.8332   0.0001882   4384.1187     27.1198  
92719.8511
 307.800 -0.000659    -156084.   2927.1702   0.0001544   4257.5516     11.5235  
94469.4511
 313.200  8.84E-05    -140168.   2954.0285   0.0001239   4128.1424     -1.5760  
96219.0511
 318.600  0.000680    -124285.   2916.4793  9.6689E-05   3999.0079    -12.3311  
97968.6511
 324.000  0.001133    -108751.   2826.7106  7.2688E-05   3872.7094    -20.9165  
99718.2511
 329.400  0.001465 -93817.6540   2695.9251  5.1825E-05   3751.2931    -27.5225     
101468.
 334.800  0.001692 -79678.6960   2534.2718  3.3957E-05   3636.3359    -32.3491     
103217.
 340.200  0.001831 -66476.1243   2350.8082  1.8904E-05   3528.9919    -35.6004     
104967.
 345.600  0.001897 -54305.8925   2153.4896  6.4649E-06   3430.0415    -37.4806     
106717.
 351.000  0.001901 -43223.8823   1940.0222 -3.5797E-06   3339.9389    -41.5814     
118100.
 356.400  0.001858 -33350.6367   1716.4181 -1.1466E-05   3259.6641    -41.2349     
119849.
 361.800  0.001777 -24676.9072   1497.0167 -1.7442E-05   3189.1421    -40.0249     
121599.
 367.200  0.001670 -17168.1632   1285.9827 -2.1752E-05   3128.0920    -38.1358     
123348.
 372.600  0.001543 -10769.9700   1086.5332 -2.4629E-05   3076.0713    -35.7344     
125098.
 378.000  0.001404  -5412.8573    901.0332 -2.6296E-05   3032.5152    -32.9693     
126848.
 383.400  0.001259  -1016.6592    731.0952 -2.6958E-05   2996.7717    -29.9707     
128597.
 388.800  0.001112   2505.6811    577.6769 -2.6805E-05   3008.8783    -26.8509     
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130347.
 394.200  0.000969   5244.8319    441.1772 -2.6007E-05   3031.1490    -23.7045     
132096.
 399.600  0.000832   7292.3031    321.5282 -2.4716E-05   3047.7960    -20.6099     
133846.
 405.000  0.000702   8738.1568    218.2809 -2.3065E-05   3059.5516    -17.6298     
135596.
 410.400  0.000582   9669.1664    130.6850 -2.1169E-05   3067.1212    -14.8131     
137345.
 415.800  0.000473  10167.3871     57.7608 -1.9126E-05   3071.1720    -12.1958     
139095.
 421.200  0.000376  10309.0947     -1.6360 -1.7017E-05   3072.3242     -9.8030     
140844.
 426.600  0.000290  10164.0530    -48.7581 -1.4908E-05   3071.1449     -7.6496     
142594.
 432.000  0.000215   9795.0662    -84.9173 -1.2853E-05   3068.1448     -5.7427     
144344.
 437.400  0.000151   9257.7735   -111.4437 -1.0891E-05   3063.7764     -4.0819     
146093.
 442.800  9.72E-05   8600.6481   -129.6516 -9.0513E-06   3058.4336     -2.6617     
147843.
 448.200  5.31E-05   7865.1611   -140.8118 -7.3554E-06   3052.4537     -1.4717     
149592.
 453.600  1.78E-05   7086.0765   -146.1309 -5.8156E-06   3046.1193  -0.4983293     
151342.
 459.000 -9.68E-06   6291.8460   -146.7353 -4.4378E-06   3039.6618   0.2745050     
153092.
 464.400 -3.01E-05   5505.0741   -143.6601 -3.2228E-06   3033.2649   0.8644610     
154841.
 469.800 -4.45E-05   4743.0322   -137.8427 -2.1674E-06   3027.0691      1.2901     
156591.
 475.200 -5.36E-05   4018.1986   -130.1194 -1.2651E-06   3021.1758      1.5704     
158340.
 480.600 -5.82E-05   3338.8082   -121.2247 -5.0735E-07   3015.6520      1.7240     
160090.
 486.000 -5.90E-05   2709.3996   -111.7928  1.1555E-07   3010.5346      1.7693     
161840.
 491.400 -5.69E-05   2131.3484   -102.3613  6.1411E-07   3005.8347      1.7239     
163589.
 496.800 -5.24E-05   1603.3802    -93.3748  9.9875E-07   3001.5421      1.6045     
165339.
 502.200 -4.61E-05   1122.0592    -85.1899  1.2794E-06   2997.6287      1.4270     
167088.
 507.600 -3.86E-05    682.2516    -78.0798  1.4653E-06   2994.0528      1.2064     
168838.
 513.000 -3.03E-05    277.5632    -72.2388  1.5641E-06   2990.7625   0.9569494     
170588.
 518.400 -2.17E-05    -99.2447    -45.4257  1.5825E-06   2989.3127      8.9738    
2233954.
 523.800 -1.32E-05   -214.3672     -6.4504  1.5502E-06   2990.2487      5.4615    
2233954.
 529.200 -4.95E-06   -170.2150     13.8244  1.5106E-06   2989.8897      2.0477    
2233954.
 534.600  3.11E-06    -66.3362     15.8766  1.4862E-06   2989.0451     -1.2877    
2233954.
 540.000  1.11E-05      0.0000      0.0000  1.4794E-06   2988.5057     -4.5925    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.02162179
Maximum bending moment           =       4696386. lbs-in
Maximum shear force              =    79439.79727 lbs
Depth of maximum bending moment  =    91.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  96672.8584  -0.0304216   2988.5057   -261.8849    
235.6964
   5.400     2.836     531029.  95109.7669  -0.0303669   7306.0514   -317.0378    
603.7276
  10.800     2.672    1052767.  93267.2484  -0.0302038  11548.0571   -365.3764    
738.4002
  16.200     2.510    1563759.  91168.0847  -0.0299343  15702.6944   -412.0916    
886.7404
  21.600     2.349    2062599.  88805.7474  -0.0295609  19758.5274   -462.8482   
1064.1337
  27.000     2.190    2547763.  86126.8199  -0.0290860  23703.1705   -529.3472   
1305.0819
  32.400     2.035    3017270.  83096.6692  -0.0285129  27520.5155   -592.9308   
1573.6752
  37.800     1.882    3469226.  79677.2248  -0.0278448  31195.1563   -673.5300   
1932.2173
  43.200     1.734    3901241.  75766.3913  -0.0270858  34707.6652   -774.9268   
2413.4160
  48.600     1.590    4310320.  71291.8954  -0.0262400  38033.6976   -882.2939   
2996.8476
  54.000     1.451    4693298.  66203.1903  -0.0253127  41147.5098  -1002.4117   
3731.8314
  59.400     1.316    5046638.  60441.6738  -0.0243096  44020.3532  -1131.4833   
4641.3767
  64.800     1.188    5366546.  53962.3063  -0.0232372  46621.3776  -1268.2825   
5765.1314
  70.200     1.065    5649006.  46723.3581  -0.0221027  48917.9241  -1412.8095   
7160.4455
  75.600  0.949248    5889778.  38683.0990  -0.0209143  50875.5280  -1565.0643   
8903.2056
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  81.000  0.839586    6084402.  29799.7985  -0.0196811  52457.9220  -1725.0470  
11095.0547
  86.400  0.736692    6228195.  20031.7256  -0.0184130  53627.0391  -1892.7577  
13874.0323
  91.800  0.640726    6316255.   9337.1490  -0.0171210  54343.0160  -2068.1966  
17430.6370
  97.200  0.551785    6343459.  -2325.6638  -0.0158172  54564.1963  -2251.3637  
22032.7823
 102.600  0.469900    6304463. -14242.0166  -0.0145146  54247.1345  -2162.1003  
24846.4211
 108.000  0.395028    6201872. -25639.3616  -0.0132265  53413.0212  -2059.1386  
28148.2627
 113.400  0.327054    6038700. -36456.3246  -0.0119659  52086.3396  -1947.1440  
32149.3888
 118.800  0.265796    5818224. -46652.2719  -0.0107447  50293.7572  -1829.1327  
37161.2074
 124.200  0.211011    5543906. -52780.7638  -0.0095745  48063.4083   -440.6791  
11277.4700
 129.600  0.162392    5256257. -55085.0261  -0.0084622  45724.6698   -412.7514  
13725.2088
 135.000  0.119619    4956117. -57231.8910  -0.0074104  43284.3659   -382.3838  
17262.1055
 140.400  0.082359    4644396. -59204.7949  -0.0064217  40749.9079   -348.3214  
22838.3102
 145.800  0.050265    4322115. -60976.5247  -0.0054982  38129.5916   -307.8749  
33075.3824
 151.200  0.022978    3990481. -62491.3330  -0.0046421  35433.2336   -253.1652  
59495.4223
 156.600  0.000130    3651119. -63276.6140  -0.0038551  32674.0387    -37.6796    
1563768.
 162.000 -0.018657    3310341. -62729.5949  -0.0031381  29903.3350    240.2793  
69546.3213
 167.400 -0.033762    2976283. -61328.3627  -0.0024907  27187.2631    278.6956  
44576.0764
 172.800 -0.045556    2650093. -59764.8674  -0.0019112  24535.1666    300.3767  
35605.4499
 178.200 -0.054402    2332432. -58106.0345  -0.0013980  21952.4159    314.0059  
31168.3477
 183.600 -0.060655    2023725. -55613.6108  -0.0009494  19442.4665    609.1140  
54228.6511
 189.000 -0.064656    1732605. -52159.3438  -0.0005625  17075.5021    670.2442  
55978.2511
 194.400 -0.066730    1460878. -48423.5989  -0.0002336  14866.2212    713.3650  
57727.8511
 199.800 -0.067179    1209827. -44499.6962  4.1430E-05  12825.0389    739.9323  
59477.4511
 205.200 -0.066282     980247. -40472.7407   0.0002670  10958.4309    751.5327  
61227.0511
 210.600 -0.064296     772496. -36419.0440   0.0004475   9269.3096    749.8364  
62976.6511
 216.000 -0.061449     586544. -32405.7914   0.0005875   7757.4193    736.5534  
64726.2511
 221.400 -0.057951     422019. -28490.9315   0.0006913   6419.7420    713.3947  
66475.8511
 226.800 -0.053983     278259. -24723.2626   0.0007635   5250.9031    682.0382  
68225.4511
 232.200 -0.049705     154364. -21142.6899   0.0008080   4243.5698    644.0998  
69975.0511
 237.600 -0.045256  49237.7538 -17780.6260   0.0008290   3388.8348    601.1090  
71724.6511
 243.000 -0.040752 -38364.7636 -14660.5086   0.0008301   3300.4316    554.4900  
73474.2511
 248.400 -0.036291    -109795. -11798.4089   0.0008149   3881.1976    505.5469  
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75223.8511
 253.800 -0.031952    -166474.  -9203.7072   0.0007864   4342.0278    455.4537  
76973.4511
 259.200 -0.027798    -209858.  -6879.8121   0.0007476   4694.7588    405.2482  
78723.0511
 264.600 -0.023877    -241406.  -4824.9023   0.0007012   4951.2630    355.8295  
80472.6511
 270.000 -0.020225    -262557.  -3032.6740   0.0006493   5123.2346    307.9588  
82222.2511
 275.400 -0.016865    -274706.  -1493.0755   0.0005939   5222.0082    262.2629  
83971.8511
 280.800 -0.013811    -279183.   -193.0171   0.0005369   5258.4091    219.2402  
85721.4511
 286.200 -0.011067    -277242.    882.9562   0.0004796   5242.6342    179.2684  
87471.0511
 291.600 -0.008632    -270051.   1752.0378   0.0004232   5184.1616    142.6137  
89220.6511
 297.000 -0.006496    -258677.   2432.5853   0.0003688   5091.6868    109.4409  
90970.2511
 302.400 -0.004649    -244089.   2943.6033   0.0003170   4973.0826     79.8250  
92719.8511
 307.800 -0.003073    -227153.   3304.2873   0.0002684   4835.3808     53.7617  
94469.4511
 313.200 -0.001750    -208629.   3533.6275   0.0002236   4684.7726     31.1791  
96219.0511
 318.600 -0.000659    -189178.   3650.0740   0.0001826   4526.6251     11.9492  
97968.6511
 324.000  0.000222    -169362.   3671.2613   0.0001457   4365.5112     -4.1021  
99718.2511
 329.400  0.000915    -149651.   3613.7879   0.0001128   4205.2503    -17.1843     
101468.
 334.800  0.001440    -130428.   3493.0495  8.3963E-05   4048.9581    -27.5336     
103217.
 340.200  0.001821    -111997.   3323.1192  5.8995E-05   3899.1016    -35.4036     
104967.
 345.600  0.002078 -94588.4306   3116.6714  3.7719E-05   3757.5599    -41.0585     
106717.
 351.000  0.002229 -78368.8223   2874.2095  1.9906E-05   3625.6859    -48.7422     
118100.
 356.400  0.002293 -63563.7364   2605.2226  5.2881E-06   3505.3127    -50.8826     
119849.
 361.800  0.002286 -50236.8734   2328.8639 -6.4323E-06   3396.9582    -51.4724     
121599.
 367.200  0.002223 -38406.5877   2052.7785 -1.5562E-05   3300.7717    -50.7814     
123348.
 372.600  0.002118 -28053.7561   1783.2063 -2.2406E-05   3216.5977    -49.0601     
125098.
 378.000  0.001981 -19129.0845   1525.0924 -2.7266E-05   3144.0354    -46.5376     
126848.
 383.400  0.001823 -11559.7892   1282.2075 -3.0427E-05   3082.4930    -43.4198     
128597.
 388.800  0.001653  -5255.6126   1057.2727 -3.2158E-05   3031.2367    -39.8894     
130347.
 394.200  0.001476   -114.1538    852.0872 -3.2711E-05   2989.4339    -36.1053     
132096.
 399.600  0.001299   3974.4853    667.6532 -3.2314E-05   3020.8204    -32.2036     
133846.
 405.000  0.001127   7123.7222    504.2976 -3.1171E-05   3046.4254    -28.2985     
135596.
 410.400  0.000963   9447.1578    361.7871 -2.9464E-05   3065.3162    -24.4832     
137345.
 415.800  0.000809  11055.8437    239.4358 -2.7353E-05   3078.3956    -20.8321     
139095.
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 421.200  0.000667  12056.1061    136.2035 -2.4972E-05   3086.5283    -17.4021     
140844.
 426.600  0.000539  12547.8785     50.7851 -2.2438E-05   3090.5267    -14.2344     
142594.
 432.000  0.000425  12623.4873    -18.3110 -1.9846E-05   3091.1414    -11.3568     
144344.
 437.400  0.000325  12366.8377    -72.6938 -1.7272E-05   3089.0547     -8.7850     
146093.
 442.800  0.000238  11852.9443   -114.0307 -1.4778E-05   3084.8765     -6.5250     
147843.
 448.200  0.000165  11147.7545   -143.9984 -1.2409E-05   3079.1429     -4.5742     
149592.
 453.600  0.000104  10308.2147   -164.2420 -1.0199E-05   3072.3170     -2.9235     
151342.
 459.000  5.50E-05   9382.5327   -176.3430 -8.1711E-06   3064.7907     -1.5584     
153092.
 464.400  1.61E-05   8410.5940   -181.7942 -6.3386E-06   3056.8883  -0.4606012     
154841.
 469.800 -1.35E-05   7424.4945   -181.9818 -4.7077E-06   3048.8708   0.3911152     
156591.
 475.200 -3.48E-05   6449.1558   -178.1723 -3.2788E-06   3040.9408      1.0198     
158340.
 480.600 -4.89E-05   5502.9959   -171.5046 -2.0479E-06   3033.2480      1.4497     
160090.
 486.000 -5.69E-05   4598.6310   -162.9864 -1.0075E-06   3025.8951      1.7052     
161840.
 491.400 -5.98E-05   3743.5916   -153.4926 -1.4835E-07   3018.9431      1.8110     
163589.
 496.800 -5.85E-05   2941.0361   -143.7668  5.4011E-07   3012.4179      1.7912     
165339.
 502.200 -5.39E-05   2190.4555   -134.4237  1.0686E-06   3006.3153      1.6692     
167088.
 507.600 -4.70E-05   1488.3601   -125.9525  1.4475E-06   3000.6069      1.4682     
168838.
 513.000 -3.83E-05    828.9487   -118.7204  1.6861E-06   2995.2455      1.2104     
170588.
 518.400 -2.87E-05    204.7594    -83.3415  1.7926E-06   2990.1706     11.8929    
2233954.
 523.800 -1.90E-05    -72.6500    -30.0594  1.8062E-06   2989.0964      7.8412    
2233954.
 529.200 -9.24E-06   -121.4036      1.4337  1.7862E-06   2989.4928      3.8229    
2233954.
 534.600  3.37E-07    -58.6704     11.3790  1.7677E-06   2988.9828  -0.1395024    
2233954.
 540.000  9.85E-06      0.0000      0.0000  1.7616E-06   2988.5057     -4.0749    
1116977.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.03042162
Maximum bending moment           =       6343459. lbs-in
Maximum shear force              =    96672.85839 lbs
Depth of maximum bending moment  =    97.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             12
Number of zero deflection points =              4
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------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000  78000.0000   0.2500000     813251.  20552.2844
  4  y=  0.500000 M=     0.000  78000.0000   0.5000000    1466721.  33261.4993
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000    2658999.  53572.6323
  4  y=     2.000 M=     0.000  78000.0000      2.0000    4696386.  79439.7973
  4  y=     3.000 M=     0.000  78000.0000      3.0000    6343459.  96672.8584

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =          78000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   540.000    0.25000000  813250.56141   20552.28436
   513.000    0.25000000  814786.17522   20555.52069
   486.000    0.25000000  815535.97047   20561.25589
   459.000    0.25000000  814447.30099   20560.91273
   432.000    0.25000000  814342.18620   20549.36125
   405.000    0.25000000  814567.08659   20557.16799
   378.000    0.25000000  814212.47540   20558.54539
   351.000    0.25000000  814340.09387   20559.48185
   324.000    0.25000000  813527.87880   20555.22924
   297.000    0.25000000  813201.68882   20552.81198

The analysis ended normally. 
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              SOIL AND MATERIAL PARAMETERS 
              FOR LATERAL PILE ANALYSIS

PROJECT No: 400486
PROJECT: Route 101/23 Interchange
PERFORMED BY: KR DATE: 3/17/2011
REVIEWED BY: DATE:

SOIL PARAMETERS 

Depth
(ft) (inch)     Soil Type Soil Model 

Eff. Unit 

(pcf)

Weight

(lbs/in3)

Friction 
Angle

(degree)

p-y 
Modulus

( k )
(lb/in3)

Undrained 
Cohesion 
( lbs/in2 )

Strain 
Factor 
E50

Boring R-11-002 
5 60 CLAY w/o WATER 115 0.0666 --- --- 10.4 0.007

21 252 CLAY w/o WATER 52.6 0.0304 --- --- 10.4 0.007
29 348 CLAY w/o WATER 57.6 0.0333 --- --- 14 0.007
41 492 CLAY w/o WATER 62.6 0.0362 --- --- 10 0.007
46 552 CLAY w/o WATER 62.6 0.0362 --- --- 20.8 0.005
50 600 SAND (Reese) 62.6 0.0362 42 ---- ----

PILE PROPERTIES
Type: HP 14x89

Modeled Pile Length : 40 ft Width (W) : 14.695 in
   (480 in) Length (L) : 13.83 in

No. of Increments : 100 Area: 26.1 in2

   (24 in) Elastic Modulus : 29,000,000 psi
 Pile Top to Ground Surface : 2 ft Equivalent Diameter (Axis X-X) : 14.7 in

Sloping Ground Angle : 0 Moment of Inertia (Axis X-X) : 904 in4

Loading Type : Static Equivalent Diameter (Axis Y-Y) : 13.8 in
M t f I ti (A i Y Y) 326 i 4

CL/CH
CL/CH

ML
CL
CL
GC

Moment of Inertia (Axis Y-Y) : 326 in4

P-mulitiplier
Row 1 Row 2 Row 3
0.75 0.55 0.4

Reference : 
AASHTO (2007 and 2008), AASHTO LRFD Bridge 
Design Specifications, 4th edition and 2008 Interim. 

Pile Head Fixity Condition : 
1 Displacement & 2 Moment for Pinned Head Condition 

Case 
1
2
3
4
5

 (inch) at Pile Top Moment at Pile Top Axial Loads (lb)
0.250 0 189000
0.500 0 189000

3.000 0 189000

1.000 0 189000
2.000 0 189000

W

L

Y

Y

X X 3D

3D

Row1

Row2

Row3

LOAD
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Bent14x89-Weak Case-Row1.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Bent14x89-Weak Case-Row1.lpd
Name of output file:         Bent14x89-Weak Case-Row1.lpo
Name of plot output file:    Bent14x89-Weak Case-Row1.lpp
Name of runtime file:        Bent14x89-Weak Case-Row1.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 18, 2011     Time:  15:31:37

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Bent - Weak Axis - Row 1                     

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile

Page 1

Bent14x89-Weak Case-Row1.lpo
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     420.00 in

Depth of ground surface below top of pile =     -60.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     420.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       60.000 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      252.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      252.000 in
Distance from top of pile to bottom of layer =      348.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      492.000 in

(Depth of lowest layer extends   72.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
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------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  8 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00        0.06600
  2            60.00        0.06600
  3            60.00        0.03000
  4           252.00        0.03000
  5           252.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03600
  8           492.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  8 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000       10.40000            0.00          0.00700       0.0
  2       60.000       10.40000            0.00          0.00700       0.0
  3       60.000       10.40000            0.00          0.00700       0.0
  4      252.000       10.40000            0.00          0.00700       0.0
  5      252.000       14.00000            0.00          0.00700       0.0
  6      348.000       14.00000            0.00          0.00700       0.0
  7      348.000       10.00000            0.00          0.00700       0.0
  8      492.000       10.00000            0.00          0.00700       0.0

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.7500         1.0000
  2          420.000         0.7500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------
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Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   

Page 4



Bent14x89-Weak Case-Row1.lpo
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  16987.3270  -0.0042650   7241.3793   -301.5495   
2533.0159
   4.200  0.232087  72072.6297  15712.4683  -0.0042489   8766.8429   -305.5260   
5528.9970
   8.400  0.214309     138730.  14422.2981  -0.0042021  10177.6968   -308.8408   
6052.6259
  12.600  0.196789     199891.  13119.6446  -0.0041269  11472.2058   -311.4704   
6647.5937
  16.800  0.179643     255487.  11807.4362  -0.0040258  12648.9316   -313.3908   
7326.9902
  21.000  0.162973     305465.  10488.7042  -0.0039011  13706.7422   -314.5768   
8107.0027
  25.200  0.146873     349786.   9166.5882  -0.0037556  14644.8218   -315.0022   
9007.8343
  29.400  0.131426     388427.   7844.3420  -0.0035916  15462.6807   -314.6388  
10054.9604
  33.600  0.116704     421380.   6525.3416  -0.0034117  16160.1662   -313.4566  
11280.8711
  37.800  0.102767     448656.   5213.0952  -0.0032185  16737.4737   -311.4226  
12727.5340
  42.000  0.089668     470280.   3911.2567  -0.0030144  17195.1590   -308.5005  
14449.9430
  46.200  0.077447     486296.   2623.6433  -0.0028019  17534.1518   -304.6488  
16521.3516
  50.400  0.066133     496767.   1354.2595  -0.0025835  17755.7705   -299.8197  
19041.1969
  54.600  0.055745     501774.    107.3300  -0.0023617  17861.7401   -293.9563  
22147.4728
  58.800  0.046294     501418.  -1112.6538  -0.0021389  17854.2123   -286.9884  
26036.7709
  63.000  0.037779     495823.  -2299.2104  -0.0019174  17735.7914   -278.0385  
30910.5577
  67.200  0.030188     485149.  -3446.1916  -0.0016995  17509.8605   -268.1430  
37305.7121
  71.400  0.023503     469573.  -4548.6268  -0.0014874  17180.1941   -256.8262  
45894.3528
  75.600  0.017694     449301.  -5600.0361  -0.0012833  16751.1336   -243.8449  
57879.8028
  79.800  0.012724     424570.  -6592.6017  -0.0010892  16227.6772   -228.8054  
75526.2873
  84.000  0.008545     395653.  -7514.4576  -0.0009070  15615.6244   -210.1736     
103298.
  88.200  0.005105     362888.  -8343.9823  -0.0007385  14922.1476   -184.8382     
152062.
  92.400  0.002342     326736.  -9051.9165  -0.0005853  14156.9507   -152.2733     
273050.
  96.600  0.000189     287782.  -9542.3109  -0.0004488  13332.4619    -81.2478    
1807021.
 100.800 -0.001428     247293.  -9431.8017  -0.0003299  12475.4902    133.8712     
393852.
 105.000 -0.002583     209078.  -8824.2009  -0.0002286  11666.6552    155.4625     
252824.
 109.200 -0.003347     173532.  -8149.2648  -0.0001436  10914.3033    165.9356     
208194.
 113.400 -0.003789     140852.  -7441.3459 -7.3738E-05  10222.6103    171.1687     
189755.
 117.600 -0.003967     111142.  -6718.2802 -1.7763E-05   9593.7737    173.1483     
183323.
 121.800 -0.003938  84447.0083  -5991.7467  2.5682E-05   9028.7546    172.8200     
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184326.
 126.000 -0.003751  60770.6676  -5270.3191  5.7939E-05   8527.6296    170.7170     
191143.
 130.200 -0.003451  40084.3433  -4560.7532  8.0342E-05   8089.7903    167.1716     
203447.
 134.400 -0.003076  22332.7900  -3868.6434  9.4207E-05   7714.0672    162.4045     
221727.
 138.600 -0.002660   7438.1765  -3198.8023   0.0001008   7398.8131    156.5674     
247231.
 142.800 -0.002229  -4697.2104  -2555.5036   0.0001014   7340.7988    149.7653     
282144.
 147.000 -0.001808 -14189.0817  -1942.6553  9.7233E-05   7541.7004    142.0673     
330061.
 151.200 -0.001413 -21169.8825  -1363.9401  8.9379E-05   7689.4535    133.5114     
396947.
 155.400 -0.001057 -25788.0771   -822.9542  7.8948E-05   7787.2006    124.1010     
493112.
 159.600 -0.000749 -28208.0366   -323.3821  6.6954E-05   7838.4206    113.7905     
637666.
 163.800 -0.000495 -28610.7836    130.7127  5.4333E-05   7846.9450    102.4451     
869948.
 168.000 -0.000293 -27196.3097    534.2595  4.1937E-05   7817.0067     89.7201    
1285722.
 172.200 -0.000142 -24189.5827    851.2601  3.0523E-05   7753.3674     61.2326    
1807021.
 176.400 -3.67E-05 -20094.1826   1013.0008  2.0686E-05   7666.6856     15.7868    
1807021.
 180.600  3.14E-05 -15713.2171   1017.7448  1.2732E-05   7573.9597    -13.5278    
1807021.
 184.800  7.03E-05 -11565.3401    925.8575  6.6729E-06   7486.1672    -30.2281    
1807021.
 189.000  8.75E-05  -7946.6076    783.3264  2.3388E-06   7409.5744    -37.6439    
1807021.
 193.200  8.99E-05  -4989.1117    623.0452 -5.3463E-07   7346.9771    -38.6804    
1807021.
 197.400  8.30E-05  -2712.1790    466.8217 -2.2453E-06   7298.7843    -35.7117    
1807021.
 201.600  7.10E-05  -1064.2450    327.6389 -3.0842E-06   7263.9047    -30.5658    
1807021.
 205.800  5.71E-05     44.8840    211.8632 -3.3106E-06   7242.3293    -24.5655    
1807021.
 210.000  4.32E-05    720.6622    121.2133 -3.1405E-06   7256.6326    -18.6012    
1807021.
 214.200  3.07E-05   1068.0614     54.3984 -2.7432E-06   7263.9855    -13.2154    
1807021.
 218.400  2.02E-05   1181.9637      8.4030 -2.2434E-06   7266.3963     -8.6871    
1807021.
 222.600  1.19E-05   1142.2085    -20.5659 -1.7272E-06   7265.5549     -5.1076    
1807021.
 226.800  5.68E-06   1011.9520    -36.4267 -1.2487E-06   7262.7979     -2.4451    
1807021.
 231.000  1.38E-06    838.2069    -42.8108 -8.3768E-07   7259.1205  -0.5949482    
1807021.
 235.200 -1.35E-06    653.6714    -42.8373 -5.0629E-07   7255.2147   0.5823105    
1807021.
 239.400 -2.87E-06    479.1773    -39.0214 -2.5466E-07   7251.5214      1.2348    
1807021.
 243.600 -3.49E-06    326.2963    -33.2727 -7.5737E-08   7248.2856      1.5026    
1807021.
 247.800 -3.51E-06    199.8069    -26.9492  4.1126E-08   7245.6084      1.5085    
1807021.
 252.000 -3.15E-06     99.8576    -20.4457  1.0769E-07   7243.4929      1.5884    
2119774.
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 256.200 -2.60E-06     27.8917    -13.9459  1.3607E-07   7241.9697      1.5068    
2432528.
 260.400 -2.00E-06    -17.5041     -8.3441  1.3837E-07   7241.7498      1.1607    
2432528.
 264.600 -1.44E-06    -42.4183     -4.1560  1.2506E-07   7242.2771   0.8336011    
2432528.
 268.800 -9.54E-07    -52.6127     -1.2456  1.0395E-07   7242.4929   0.5523012    
2432528.
 273.000 -5.66E-07    -53.0461   0.6027673  8.0484E-08   7242.5021   0.3278580    
2432528.
 277.200 -2.78E-07    -47.6773      1.6288  5.8111E-08   7242.3884   0.1607399    
2432528.
 281.400 -7.79E-08    -39.4562      2.0612  3.8756E-08   7242.2144   0.0451451    
2432528.
 285.600  4.80E-08    -30.4249      2.0976  2.3234E-08   7242.0233  -0.0278108    
2432528.
 289.800  1.17E-07    -21.8734      1.8966  1.1617E-08   7241.8423  -0.0678876    
2432528.
 294.000  1.46E-07    -14.5117      1.5770  3.5345E-09   7241.6865  -0.0843265    
2432528.
 298.200  1.47E-07     -8.6325      1.2212 -1.6065E-09   7241.5620  -0.0850830    
2432528.
 302.400  1.32E-07     -4.2510   0.8818602 -4.4683E-09   7241.4693  -0.0765108    
2432528.
 306.600  1.09E-07     -1.2178   0.5881639 -5.6831E-09   7241.4051  -0.0633446    
2432528.
 310.800  8.44E-08   0.6985533   0.3525294 -5.7984E-09   7241.3941  -0.0488624    
2432528.
 315.000  6.07E-08      1.7527   0.1761348 -5.2539E-09   7241.4164  -0.0351350    
2432528.
 319.200  4.02E-08      2.1864   0.0534175 -4.3789E-09   7241.4256  -0.0233018    
2432528.
 323.400  2.39E-08      2.2083  -0.0245622 -3.4027E-09   7241.4261  -0.0138314    
2432528.
 327.600  1.17E-08      1.9855  -0.0677776 -2.4711E-09   7241.4213  -0.0067474    
2432528.
 331.800  3.12E-09      1.6429  -0.0857463 -1.6652E-09   7241.4141  -0.0018091    
2432528.
 336.000 -2.34E-09      1.2679  -0.0867027 -1.0186E-09   7241.4061   0.0013537    
2432528.
 340.200 -5.43E-09   0.9162545  -0.0772527 -5.3343E-10   7241.3987   0.0031463    
2432528.
 344.400 -6.82E-09   0.6198059  -0.0623528 -1.9222E-10   7241.3924   0.0039488    
2432528.
 348.600 -7.05E-09   0.3927962  -0.0479379  3.2704E-11   7241.3876   0.0029154    
1737520.
 352.800 -6.54E-09   0.2170753  -0.0361311  1.6817E-10   7241.3839   0.0027070    
1737520.
 357.000 -5.63E-09   0.0890284  -0.0255514  2.3617E-10   7241.3812   0.0023310    
1737520.
 361.200 -4.56E-09   0.0020684  -0.0166952  2.5640E-10   7241.3794   0.0018863    
1737520.
 365.400 -3.48E-09  -0.0516187  -0.0097102  2.4540E-10   7241.3804   0.0014400    
1737520.
 369.600 -2.50E-09  -0.0798868  -0.0045159  2.1619E-10   7241.3810   0.0010335    
1737520.
 373.800 -1.66E-09  -0.0898958  -0.0008993  1.7847E-10   7241.3812   0.0006887    
1737520.
 378.000 -9.99E-10  -0.0877243   0.0014149  1.3902E-10   7241.3812   0.0004133    
1737520.
 382.200 -4.97E-10  -0.0782311   0.0027147  1.0215E-10   7241.3810   0.0002056    
1737520.
 386.400 -1.41E-10  -0.0650834   0.0032689  7.0320E-11   7241.3807  5.8315E-05    
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1737520.
 390.600  9.37E-11  -0.0508840   0.0033100  4.4560E-11   7241.3804 -3.8747E-05    
1737520.
 394.800  2.33E-10  -0.0373501   0.0030259  2.4961E-11   7241.3801 -9.6532E-05    
1737520.
 399.000  3.03E-10  -0.0255059   0.0025597  1.0999E-11   7241.3799  -0.0001255    
1737520.
 403.200  3.26E-10  -0.0158663   0.0020132  1.8086E-12   7241.3796  -0.0001348    
1737520.
 407.400  3.19E-10  -0.0085982   0.0014535 -3.6256E-12   7241.3795  -0.0001318    
1737520.
 411.600  2.95E-10  -0.0036514   0.0009202 -6.3466E-12   7241.3794  -0.0001222    
1737520.
 415.800  2.65E-10  -0.0008582   0.0004333 -7.3483E-12   7241.3793  -0.0001097    
1737520.
 420.000  2.34E-10      0.0000      0.0000 -7.5389E-12   7241.3793 -9.6618E-05     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00426496
Maximum bending moment           =   501773.56852 lbs-in
Maximum shear force              =    16987.32697 lbs
Depth of maximum bending moment  =    54.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  23132.3857  -0.0075547   7241.3793   -358.6048   
1506.1403
   4.200  0.468270  99990.0701  21614.6378  -0.0075325   9357.7336   -364.1323   
3265.9684
   8.400  0.436727     193522.  20075.0604  -0.0074673  11337.3883   -368.9999   
3548.6701
  12.600  0.405545     280476.  18516.4713  -0.0073620  13177.8281   -373.1854   
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3864.8734
  16.800  0.374886     360748.  16941.7834  -0.0072196  14876.8412   -376.6660   
4219.9451
  21.000  0.344900     434249.  15354.0062  -0.0070430  16432.5289   -379.4183   
4620.3454
  25.200  0.315724     500903.  13756.2496  -0.0068353  17843.3149   -381.4181   
5073.9058
  29.400  0.287484     560653.  12151.7272  -0.0065995  19107.9551   -382.6401   
5590.1926
  33.600  0.260289     613455.  10543.7616  -0.0063387  20225.5473   -383.0578   
6180.9902
  37.800  0.234239     659284.   8935.7906  -0.0060560  21195.5414   -382.6427   
6860.9486
  42.000  0.209419     698130.   7331.3752  -0.0057545  22017.7503   -381.3646   
7648.4661
  46.200  0.185901     730003.   5734.2097  -0.0054372  22692.3613   -379.1904   
8566.9111
  50.400  0.163746     754929.   4148.1349  -0.0051074  23219.9483   -376.0833   
9646.3434
  54.600  0.142999     772956.   2577.1555  -0.0047680  23601.4851   -372.0021  
10925.9893
  58.800  0.123695     784147.   1025.4628  -0.0044221  23838.3611   -366.8991  
12457.8853
  63.000  0.105854     788590.   -500.3921  -0.0040728  23932.3980   -359.6984  
14271.9216
  67.200  0.089484     786410.  -1994.5488  -0.0037229  23886.2511   -351.8047  
16512.2905
  71.400  0.074581     777746.  -3453.0841  -0.0033755  23702.8838   -342.7359  
19301.0193
  75.600  0.061130     762763.  -4870.8388  -0.0030333  23385.7469   -332.3854  
22836.9949
  79.800  0.049102     741647.  -6242.1259  -0.0026991  22938.8165   -320.6085  
27423.9017
  84.000  0.038457     714614.  -7557.9944  -0.0023756  22366.6475   -305.9956  
33418.4932
  88.200  0.029146     681931.  -8800.1581  -0.0020654  21674.8973   -285.5109  
41142.3860
  92.400  0.021108     643972.  -9952.8481  -0.0017709  20871.4583   -263.3891  
52409.0852
  96.600  0.014271     601139. -11007.5427  -0.0014943  19964.8732   -238.8464  
70294.7461
 100.800  0.008555     553881. -11950.5177  -0.0012378  18964.6249   -210.1893     
103186.
 105.000  0.003874     502720. -12754.1041  -0.0010031  17881.7657   -172.4709     
187008.
 109.200  0.000130     448339. -13233.4390  -0.0007918  16730.7601    -55.7838    
1807021.
 113.400 -0.002778     392816. -13017.7872  -0.0006050  15555.5806    158.4752     
239626.
 117.600 -0.004952     339950. -12300.3011  -0.0004422  14436.6376    183.1848     
155367.
 121.800 -0.006492     290195. -11503.9439  -0.0003022  13383.5514    196.0329     
126822.
 126.000 -0.007491     243797. -10665.6044  -0.0001836  12401.4905    203.1764     
113921.
 130.200 -0.008034     200896.  -9804.7259 -8.4825E-05  11493.4681    206.7657     
108088.
 134.400 -0.008203     161572.  -8934.0565 -4.3106E-06  10661.1448    207.8387     
106413.
 138.600 -0.008071     125857.  -8062.9247  5.9535E-05   9905.2145    206.9860     
107718.
 142.800 -0.007703  93748.4416  -7198.6390   0.0001083   9225.6255    204.5787     
111544.
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 147.000 -0.007161  65216.0306  -6347.2046   0.0001436   8621.7186    200.8663     
117815.
 151.200 -0.006497  40203.9021  -5513.7355   0.0001670   8092.3208    196.0237     
126728.
 155.400 -0.005758  18635.4546  -4702.7138   0.0001801   7635.8107    190.1771     
138731.
 159.600 -0.004984    415.1594  -3918.1645   0.0001843   7250.1664    183.4178     
154576.
 163.800 -0.004209 -14569.7922  -3163.7841   0.0001812   7549.7583    175.8109     
175434.
 168.000 -0.003462 -26448.3011  -2443.0425   0.0001721   7801.1746    167.3994     
203109.
 172.200 -0.002763 -35364.5581  -1759.2738   0.0001584   7989.8930    158.2048     
240444.
 176.400 -0.002131 -41477.6115  -1115.7719   0.0001413   8119.2797    148.2247     
292087.
 180.600 -0.001577 -44961.3537   -515.9099   0.0001221   8193.0153    137.4239     
366082.
 184.800 -0.001106 -46005.0834     36.6765   0.0001019   8215.1065    125.7125     
477471.
 189.000 -0.000721 -44815.0210    537.7488  8.1709E-05   8189.9181    112.8934     
657795.
 193.200 -0.000419 -41617.7152    981.6920  6.2510E-05   8122.2451     98.5081     
986371.
 197.400 -0.000196 -36668.0497   1365.4071  4.5121E-05   8017.4822     84.2134    
1807021.
 201.600 -4.04E-05 -30219.9294   1578.7894  3.0263E-05   7881.0036     17.3973    
1807021.
 205.800  5.85E-05 -23454.2642   1562.4901  1.8341E-05   7737.8039    -25.1588    
1807021.
 210.000  0.000114 -17124.1298   1406.9952  9.3270E-06   7603.8225    -48.8863    
1807021.
 214.200  0.000137 -11650.3117   1180.7134  2.9354E-06   7487.9657    -58.8669    
1807021.
 218.400  0.000138  -7210.7975    932.1537 -1.2542E-06   7394.0005    -59.4949    
1807021.
 222.600  0.000126  -3818.2296    693.1129 -3.7041E-06   7322.1946    -54.3341    
1807021.
 226.800  0.000107  -1382.7686    482.1842 -4.8594E-06   7270.6465    -46.1081    
1807021.
 231.000  8.55E-05    239.8324    308.1356 -5.1132E-06   7246.4555    -36.7721    
1807021.
 235.200  6.42E-05   1213.6886    172.8940 -4.7904E-06   7267.0678    -27.6286    
1807021.
 239.400  4.52E-05   1699.7475     74.0090 -4.1432E-06   7277.3556    -19.4595    
1807021.
 243.600  2.94E-05   1841.9416      6.5688 -3.3565E-06   7280.3652    -12.6549    
1807021.
 247.800  1.70E-05   1760.2546    -35.3970 -2.5564E-06   7278.6362     -7.3289    
1807021.
 252.000  7.94E-06   1548.6651    -59.2030 -1.8214E-06   7274.1578     -4.0073    
2119774.
 256.200  1.73E-06   1265.8411    -69.7283 -1.1962E-06   7268.1717     -1.0048    
2432528.
 260.400 -2.11E-06    964.8462    -69.2743 -7.0068E-07   7261.8009      1.2210    
2432528.
 264.600 -4.15E-06    685.0492    -61.6617 -3.3419E-07   7255.8788      2.4041    
2432528.
 268.800 -4.92E-06    447.4183    -50.6348 -8.2642E-08   7250.8492      2.8469    
2432528.
 273.000 -4.85E-06    259.8483    -38.7635  7.4462E-08   7246.8792      2.8061    
2432528.
 277.200 -4.29E-06    121.6867    -27.6530  1.5921E-07   7243.9549      2.4846    
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2432528.
 281.400 -3.51E-06     27.3104    -18.1691  1.9231E-07   7241.9574      2.0316    
2432528.
 285.600 -2.67E-06    -31.2388    -10.6499  1.9144E-07   7242.0405      1.5490    
2432528.
 289.800 -1.90E-06    -62.4526     -5.0865  1.7062E-07   7242.7012      1.1002    
2432528.
 294.000 -1.24E-06    -74.2367     -1.2664  1.4026E-07   7242.9506   0.7189079    
2432528.
 298.200 -7.21E-07    -73.3131      1.1207  1.0749E-07   7242.9310   0.4178303    
2432528.
 302.400 -3.38E-07    -64.9930      2.4098  7.6765E-08   7242.7549   0.1959797    
2432528.
 306.600 -7.66E-08    -53.1930      2.9145  5.0512E-08   7242.5052   0.0443649    
2432528.
 310.800  8.59E-08    -40.5916      2.9031  2.9680E-08   7242.2385  -0.0497660    
2432528.
 315.000  1.73E-07    -28.8538      2.5886  1.4254E-08   7241.9900  -0.1000310    
2432528.
 319.200  2.06E-07    -18.8704      2.1284  3.6535E-09   7241.7787  -0.1191145    
2432528.
 323.400  2.03E-07    -10.9815      1.6308 -2.9774E-09   7241.6117  -0.1178055    
2432528.
 327.600  1.81E-07     -5.1668      1.1637 -6.5644E-09   7241.4887  -0.1046291    
2432528.
 331.800  1.48E-07     -1.1959   0.7636616 -7.9777E-09   7241.4046  -0.0858693    
2432528.
 336.000  1.14E-07      1.2607   0.4451204 -7.9633E-09   7241.4060  -0.0658170    
2432528.
 340.200  8.14E-08      2.5558   0.2079377 -7.1156E-09   7241.4334  -0.0471271    
2432528.
 344.400  5.39E-08      3.0186   0.0434525 -5.8774E-09   7241.4432  -0.0311992    
2432528.
 348.600  3.20E-08      2.9301  -0.0498658 -4.5560E-09   7241.4413  -0.0132381    
1737520.
 352.800  1.56E-08      2.6070  -0.0912166 -3.3261E-09   7241.4345  -0.0064528    
1737520.
 357.000  4.06E-09      2.1691  -0.1082952 -2.2652E-09   7241.4252  -0.0016799    
1737520.
 361.200 -3.43E-09      1.7009  -0.1088437 -1.4055E-09   7241.4153   0.0014187    
1737520.
 365.400 -7.75E-09      1.2571  -0.0991355 -7.4845E-10   7241.4059   0.0032043    
1737520.
 369.600 -9.72E-09   0.8693590  -0.0839654 -2.7610E-10   7241.3977   0.0040196    
1737520.
 373.800 -1.01E-08   0.5522228  -0.0667804  3.9673E-11   7241.3910   0.0041638    
1737520.
 378.000 -9.38E-09   0.3083406  -0.0498849  2.3083E-10   7241.3858   0.0038817    
1737520.
 382.200 -8.13E-09   0.1328228  -0.0346740  3.2882E-10   7241.3821   0.0033616    
1737520.
 386.400 -6.62E-09   0.0165571  -0.0218626  3.6200E-10   7241.3797   0.0027390    
1737520.
 390.600 -5.08E-09  -0.0513981  -0.0116931  3.5427E-10   7241.3804   0.0021036    
1737520.
 394.800 -3.65E-09  -0.0822271  -0.0041088  3.2458E-10   7241.3811   0.0015079    
1737520.
 399.000 -2.36E-09  -0.0864270   0.0011069  2.8712E-10   7241.3811   0.0009757    
1737520.
 403.200 -1.23E-09  -0.0733853   0.0042272  2.5162E-10   7241.3809   0.0005102    
1737520.
 407.400 -2.45E-10  -0.0513181   0.0055113  2.2392E-10   7241.3804   0.0001013    
1737520.
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 411.600  6.48E-10  -0.0274460   0.0051613  2.0643E-10   7241.3799  -0.0002680    
1737520.
 415.800  1.49E-09  -0.0082910   0.0033049  1.9849E-10   7241.3795  -0.0006160    
1737520.
 420.000  2.32E-09      0.0000      0.0000  1.9665E-10   7241.3793  -0.0009577     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00755473
Maximum bending moment           =   788590.15936 lbs-in
Maximum shear force              =    23132.38567 lbs
Depth of maximum bending moment  =    63.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  31431.3051  -0.0133889   7241.3793   -426.4554    
895.5564
   4.200  0.943767     138878.  29624.6392  -0.0133580  10180.8269   -433.8617   
1930.7941
   8.400  0.887792     270054.  27788.2539  -0.0132672  12957.2503   -440.6075   
2084.4415
  12.600  0.832322     393363.  25924.9681  -0.0131198  15567.1521   -446.6715   
2253.9594
  16.800  0.777586     508653.  24037.6904  -0.0129195  18007.3475   -452.0322   
2441.5766
  21.000  0.723798     615790.  22129.4208  -0.0126697  20274.9748   -456.6676   
2649.9143
  25.200  0.671160     714655.  20203.2526  -0.0123742  22367.5034   -460.5553   
2882.0725
  29.400  0.619855     805143.  18262.3748  -0.0120366  24282.7439   -463.6722   
3141.7382
  33.600  0.570053     887168.  16310.0751  -0.0116607  26018.8572   -465.9943   
3433.3242
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  37.800  0.521906     960660.  14349.7438  -0.0112502  27574.3641   -467.4967   
3762.1478
  42.000  0.475551    1025567.  12384.8792  -0.0108090  28948.1550   -468.1531   
4134.6635
  46.200  0.431110    1081853.  10419.0927  -0.0103409  30139.5005   -467.9357   
4558.7687
  50.400  0.388687    1129504.   8456.1172  -0.0098497  31148.0615   -466.8145   
5044.2120
  54.600  0.348372    1168522.   6499.8165  -0.0093393  31973.9010   -464.7572   
5603.1447
  58.800  0.310238    1198930.   4554.1976  -0.0088134  32617.4959   -461.7280   
6250.8787
  63.000  0.274340    1220769.   2626.1440  -0.0082759  33079.7503   -456.3928   
6987.1334
  67.200  0.240720    1234128.    721.5517  -0.0077306  33362.4930   -450.5559   
7861.1414
  71.400  0.209403    1239104.  -1156.3086  -0.0071812  33467.8036   -443.6633   
8898.5629
  75.600  0.180398    1235816.  -3002.8764  -0.0066315  33398.2185   -435.6547  
10142.8541
  79.800  0.153699    1224407.  -4813.3097  -0.0060850  33156.7522   -426.4564  
11653.4270
  84.000  0.129284    1205045.  -6578.9930  -0.0055453  32746.9243   -414.3452  
13460.6651
  88.200  0.107118    1177948.  -8279.2849  -0.0050160  32173.4011   -395.3176  
15500.0520
  92.400  0.087150    1143462.  -9897.8984  -0.0045003  31443.4891   -375.4508  
18094.0735
  96.600  0.069315    1101950. -11430.9412  -0.0040016  30564.8631   -354.5696  
21484.4095
 100.800  0.053536    1053795. -12873.5897  -0.0035227  29545.6293   -332.4059  
26077.6497
 105.000  0.039724     999405. -14219.5402  -0.0030667  28394.4221   -308.5229  
32619.8908
 109.200  0.027777     939219. -15459.9430  -0.0026360  27120.5646   -282.1451  
42662.2189
 113.400  0.017581     873726. -16581.0040  -0.0022333  25734.3545   -251.6935  
60126.5680
 117.600  0.009017     803485. -17556.9961  -0.0018608  24247.6500   -213.0646  
99246.7928
 121.800  0.001951     729201. -18310.3352  -0.0015203  22675.3980   -145.6683     
313586.
 126.000 -0.003754     652092. -18257.6350  -0.0012135  21043.3162    170.7636     
191050.
 130.200 -0.008242     577764. -17462.1312  -0.0009403  19470.1238    208.0477     
106014.
 134.400 -0.011653     506902. -16548.7228  -0.0006994  17970.2959    226.9086  
81785.7528
 138.600 -0.014117     439865. -15572.2463  -0.0004891  16551.4036    238.0802  
70831.8763
 142.800 -0.015761     376872. -14558.3246  -0.0003076  15218.1182    244.7397  
65219.3534
 147.000 -0.016701     318063. -13522.9000  -0.0001533  13973.3963    248.3197  
62446.8667
 151.200 -0.017048     263523. -12477.2591 -2.4096E-05  12819.0134    249.6046  
61492.1885
 155.400 -0.016904     213293. -11430.0291  8.1819E-05  11755.8565    249.0764  
61887.1478
 159.600 -0.016361     167381. -10388.1543   0.0001664  10784.1031    247.0545  
63420.6608
 163.800 -0.015506     125768.  -9357.4387   0.0002315   9903.3412    243.7624  
66025.6986
 168.000 -0.014417  88410.8592  -8342.8770   0.0002791   9112.6521    239.3622  
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69734.0341
 172.200 -0.013162  55244.8366  -7348.8695   0.0003110   8410.6719    233.9747  
74661.7758
 176.400 -0.011804  26186.6451  -6379.3715   0.0003291   7795.6365    227.6911  
81013.1492
 180.600 -0.010398   1135.6891  -5438.0013   0.0003351   7265.4169    220.5805  
89099.6458
 184.800 -0.008989 -20024.6276  -4528.1238   0.0003309   7665.2135    212.6945  
99377.3105
 189.000 -0.007618 -37425.9515  -3652.9190   0.0003182   8033.5237    204.0697     
112511.
 193.200 -0.006316 -51214.2882  -2815.4426   0.0002985   8325.3627    194.7286     
129481.
 197.400 -0.005111 -61549.5512  -2018.6856   0.0002734   8544.1152    184.6795     
151775.
 201.600 -0.004020 -68605.3627  -1265.6410   0.0002445   8693.4560    173.9132     
181721.
 205.800 -0.003057 -72569.1515   -559.3887   0.0002132   8777.3521    162.3974     
223153.
 210.000 -0.002229 -73642.6589     96.7783   0.0001807   8800.0736    150.0631     
282771.
 214.200 -0.001539 -72043.0828    699.1410   0.0001483   8766.2176    136.7762     
373345.
 218.400 -0.000983 -68005.3681   1243.1311   0.0001172   8680.7567    122.2667     
522456.
 222.600 -0.000554 -61786.8864   1722.3271  8.8394E-05   8549.1386    105.9219     
803017.
 226.800 -0.000240 -53678.1537   2161.9586  6.2746E-05   8377.5120    103.4264    
1807021.
 231.000 -2.69E-05 -43726.0492   2403.4927  4.1109E-05   8166.8693     11.5898    
1807021.
 235.200  0.000105 -33554.0800   2333.0282  2.3943E-05   7951.5730    -45.1443    
1807021.
 239.400  0.000174 -24166.6242   2080.8470  1.1122E-05   7752.8815    -74.9420    
1807021.
 243.600  0.000198 -16092.6221   1744.2568  2.1791E-06   7581.9900    -85.3391    
1807021.
 247.800  0.000192  -9518.3262   1391.1284 -3.5098E-06   7442.8408    -82.8173    
1807021.
 252.000  0.000169  -4401.5717   1038.2304 -6.6018E-06   7334.5414    -85.2293    
2119774.
 256.200  0.000137   -786.7101    692.5786 -7.7543E-06   7258.0305    -79.3667    
2432528.
 260.400  0.000104   1428.3996    399.7422 -7.6117E-06   7271.6123    -60.0792    
2432528.
 264.600  7.31E-05   2583.2089    184.6720 -6.7206E-06   7296.0546    -42.3352    
2432528.
 268.800  4.73E-05   2990.3137     38.2639 -5.4826E-06   7304.6712    -27.3829    
2432528.
 273.000  2.70E-05   2913.3299    -52.1305 -4.1712E-06   7303.0418    -15.6621    
2432528.
 277.200  1.22E-05   2559.0399    -99.9089 -2.9557E-06   7295.5430     -7.0896    
2432528.
 281.400  2.21E-06   2078.7874   -117.4904 -1.9255E-06   7285.3782     -1.2826    
2432528.
 285.600 -3.93E-06   1575.1775   -115.4000 -1.1138E-06   7274.7190      2.2780    
2432528.
 289.800 -7.14E-06   1111.1958   -101.9300 -5.1711E-07   7264.8985      4.1363    
2432528.
 294.000 -8.28E-06    719.7864    -83.1769 -1.1040E-07   7256.6141      4.7938    
2432528.
 298.200 -8.07E-06    412.6851    -63.2959  1.4116E-07   7250.1141      4.6734    
2432528.
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 302.400 -7.09E-06    187.8767    -44.8570  2.7456E-07   7245.3558      4.1070    
2432528.
 306.600 -5.76E-06     35.4500    -29.2232  3.2416E-07   7242.1296      3.3376    
2432528.
 310.800 -4.37E-06    -58.1131    -16.9013  3.1913E-07   7242.6093      2.5299    
2432528.
 315.000 -3.08E-06   -107.0274     -7.8398  2.8245E-07   7243.6446      1.7851    
2432528.
 319.200 -2.00E-06   -124.4156     -1.6639  2.3104E-07   7244.0126      1.1558    
2432528.
 323.400 -1.14E-06   -121.3712      2.1515  1.7644E-07   7243.9482   0.6610426    
2432528.
 327.600 -5.14E-07   -106.6232      4.1643  1.2580E-07   7243.6361   0.2974235    
2432528.
 331.800 -8.47E-08    -86.5910      4.8918  8.2880E-08   7243.2121   0.0490284    
2432528.
 336.000  1.83E-07    -65.6635      4.7726  4.9060E-08   7242.7691  -0.1057907    
2432528.
 340.200  3.27E-07    -46.5789      4.1522  2.4127E-08   7242.3652  -0.1896494    
2432528.
 344.400  3.85E-07    -30.8233      3.2853  6.9342E-09   7242.0317  -0.2231719    
2432528.
 348.600  3.86E-07    -18.9937      2.4815 -4.1316E-09   7241.7813  -0.1595605    
1737520.
 352.800  3.51E-07     -9.9719      1.8418 -1.0566E-08   7241.5904  -0.1450512    
1737520.
 357.000  2.97E-07     -3.5054      1.2793 -1.3559E-08   7241.4535  -0.1228445    
1737520.
 361.200  2.37E-07   0.7954669   0.8156372 -1.4161E-08   7241.3961  -0.0979320    
1737520.
 365.400  1.78E-07      3.3685   0.4553496 -1.3236E-08   7241.4506  -0.0736335    
1737520.
 369.600  1.26E-07      4.6414   0.1916551 -1.1457E-08   7241.4775  -0.0519352    
1737520.
 373.800  8.18E-08      4.9966   0.0115698 -9.3162E-09   7241.4851  -0.0338197    
1737520.
 378.000  4.73E-08      4.7534  -0.1005296 -7.1505E-09   7241.4799  -0.0195610    
1737520.
 382.200  2.17E-08      4.1635  -0.1604477 -5.1698E-09   7241.4674  -0.0089714    
1737520.
 386.400  3.86E-09      3.4138  -0.1826388 -3.4867E-09   7241.4516  -0.0015957    
1737520.
 390.600 -7.60E-09      2.6348  -0.1793856 -2.1431E-09   7241.4351   0.0031448    
1737520.
 394.800 -1.41E-08      1.9104  -0.1604932 -1.1334E-09   7241.4197   0.0058515    
1737520.
 399.000 -1.71E-08      1.2885  -0.1333294 -4.2288E-10   7241.4066   0.0070836    
1737520.
 403.200 -1.77E-08   0.7911080  -0.1030796  3.9062E-11   7241.3961   0.0073211    
1737520.
 407.400 -1.68E-08   0.4225748  -0.0731149  3.0866E-10   7241.3883   0.0069479    
1737520.
 411.600 -1.51E-08   0.1764530  -0.0454026  4.4172E-10   7241.3830   0.0062485    
1737520.
 415.800 -1.31E-08   0.0404920  -0.0209137  4.8991E-10   7241.3802   0.0054129    
1737520.
 420.000 -1.10E-08      0.0000      0.0000  4.9890E-10   7241.3793   0.0045460     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01338889
Maximum bending moment           =       1239104. lbs-in
Maximum shear force              =    31431.30510 lbs
Depth of maximum bending moment  =    71.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             23
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  42550.2908  -0.0237331   7241.3793   -507.1438    
532.5010
   4.200     1.900     193078.  40399.9606  -0.0236902  11327.9895   -516.8230   
1142.2577
   8.400     1.801     376970.  38210.3716  -0.0235636  15220.1966   -525.8385   
1226.2735
  12.600     1.702     551454.  35984.3535  -0.0233573  18913.2618   -534.1701   
1317.8639
  16.800     1.605     716321.  33724.8213  -0.0230757  22402.7721   -541.7976   
1417.9640
  21.000     1.509     871378.  31434.7759  -0.0227231  25684.6491   -548.7002   
1527.6519
  25.200     1.414    1016448.  29117.3055  -0.0223037  28755.1583   -554.8571   
1648.1753
  29.400     1.321    1151372.  26775.5869  -0.0218222  31610.9181   -560.2470   
1780.9850
  33.600     1.231    1276008.  24412.8876  -0.0212830  34248.9091   -564.8479   
1927.7759
  37.800     1.142    1390230.  22032.5679  -0.0206907  36666.4831   -568.6376   
2090.5377
  42.000     1.057    1493930.  19638.0842  -0.0200501  38861.3727   -571.5927   
2271.6191
  46.200  0.974002    1587021.  17232.9922  -0.0193657  40831.7004   -573.6892   
2473.8083
  50.400  0.894147    1669432.  14820.9519  -0.0186424  42575.9888   -574.9014   
2700.4363
  54.600  0.817406    1741114.  12405.7330  -0.0178848  44093.1701   -575.2028   
2955.5096
  58.800  0.743914    1802034.   9991.2216  -0.0170978  45382.5968   -574.5645   
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3243.8828
  63.000  0.673785    1852184.   7584.8311  -0.0162861  46444.0523   -571.3357   
3561.3885
  67.200  0.607112    1891603.   5192.6855  -0.0154545  47278.3680   -567.7813   
3927.9131
  71.400  0.543968    1920338.   2817.5425  -0.0146077  47886.5767   -563.2392   
4348.7974
  75.600  0.484407    1938461.    463.6337  -0.0137506  48270.1598   -557.6697   
4835.2198
  79.800  0.428463    1946063.  -1864.6296  -0.0128877  48431.0613   -551.0271   
5401.4349
  84.000  0.376150    1943259.  -4158.1577  -0.0120238  48371.7047   -541.1291   
6042.1173
  88.200  0.327463    1930224.  -6392.1967  -0.0111634  48095.8065   -522.6990   
6704.0717
  92.400  0.282378    1907287.  -8547.6279  -0.0103109  47610.3449   -503.6968   
7491.8330
  96.600  0.240851    1874793. -10621.9174  -0.0094708  46922.5860   -484.0601   
8441.1178
 100.800  0.202823    1833099. -12612.2244  -0.0086472  46040.1039   -463.7051   
9602.2881
 105.000  0.168215    1782579. -14515.2893  -0.0078441  44970.8095   -442.5163  
11048.8006
 109.200  0.136932    1723624. -16327.2674  -0.0070652  43722.9911   -420.3304  
12892.3970
 113.400  0.108866    1656647. -18043.4654  -0.0063144  42305.3720   -396.9068  
15312.4141
 117.600  0.083892    1582084. -19657.9043  -0.0055950  40727.1976   -371.8737  
18617.7131
 121.800  0.061869    1500403. -21162.5309  -0.0049103  38998.3710   -344.6152  
23394.4542
 126.000  0.042645    1412114. -22545.6315  -0.0042633  37129.6791   -314.0041  
30925.2513
 130.200  0.026057    1317788. -23788.0388  -0.0036569  35133.2098   -277.6184  
44748.2714
 134.400  0.011927    1218100. -24850.5713  -0.0030936  33023.2523   -228.3495  
80410.6559
 138.600  7.03E-05    1113955. -25393.5904  -0.0025756  30818.9458    -30.2310    
1807021.
 142.800 -0.009708    1008883. -25001.5764  -0.0021041  28595.0376    216.9043  
93839.0402
 147.000 -0.017604     907282. -24017.5035  -0.0016784  26444.5828    251.7019  
60051.5706
 151.200 -0.023807     809801. -22918.9218  -0.0012970  24381.3318    271.4323  
47885.6664
 155.400 -0.028499     716822. -21752.6830  -0.0009579  22413.3790    283.9196  
41842.1398
 159.600 -0.031854     628599. -20543.3966  -0.0006591  20546.0804    291.9311  
38492.0436
 163.800 -0.034035     545304. -19307.0431  -0.0003983  18783.0860    296.8087  
36626.6092
 168.000 -0.035199     467052. -18055.1778  -0.0001734  17126.8384    299.3176  
35714.5985
 172.200 -0.035492     393916. -16796.7342  1.7804E-05  15578.8585    299.9412  
35493.8329
 176.400 -0.035050     325931. -15538.9451   0.0001777  14139.9250    299.0060  
35829.6487
 180.600 -0.033999     263106. -14287.8696   0.0003085  12810.1962    296.7442  
36657.2114
 184.800 -0.032458     205423. -13048.7205   0.0004126  11589.2966    293.3268  
37955.7640
 189.000 -0.030533     152842. -11826.0790   0.0004922  10476.3808    288.8834  
39737.0583
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 193.200 -0.028324     105303. -10624.0444   0.0005495   9470.1822    283.5140  
42041.1621
 197.400 -0.025917  62727.6748  -9446.3418   0.0005869   8569.0510    277.2967  
44936.9670
 201.600 -0.023394  25021.8830  -8296.4035   0.0006064   7770.9836    270.2929  
48526.5927
 205.800 -0.020824  -7924.7661  -7177.4329   0.0006102   7409.1121    262.5503  
52954.0108
 210.000 -0.018269 -36237.2337  -6092.4560   0.0006003   8008.3637    254.1054  
58419.2262
 214.200 -0.015781 -60054.5037  -5044.3672   0.0005790   8512.4716    244.9846  
65200.6981
 218.400 -0.013405 -79529.0674  -4035.9694   0.0005479   8924.6633    235.2048  
73690.8805
 222.600 -0.011178 -94826.5722  -3070.0158   0.0005092   9248.4448    224.7731  
84453.7877
 226.800 -0.009128    -106126.  -2149.2531   0.0004646   9487.5968    213.6853  
98321.3874
 231.000 -0.007276    -113618.  -1276.4743   0.0004158   9646.1747    201.9236     
116562.
 235.200 -0.005636    -117508.   -454.5879   0.0003644   9728.5140    189.4509     
141193.
 239.400 -0.004215    -118015.    313.2819   0.0003121   9739.2424    176.2014     
175594.
 243.600 -0.003014    -115372.   1023.6316   0.0002603   9683.3031    162.0604     
225850.
 247.800 -0.002028    -109830.   1672.2849   0.0002103   9565.9954    146.8221     
304035.
 252.000 -0.001248    -101659.   2301.0595   0.0001633   9393.0502    152.5944     
513688.
 256.200 -0.000657 -90760.0017   2934.9790   0.0001205   9162.3732    149.2721     
954642.
 260.400 -0.000235 -77196.1851   3534.4809  8.3224E-05   8875.2863    136.2050    
2432528.
 264.600  4.23E-05 -61202.4886   3769.0032  5.2482E-05   8536.7694    -24.5277    
2432528.
 268.800  0.000206 -45619.8777   3467.3410  2.8753E-05   8206.9534   -119.1210    
2432528.
 273.000  0.000284 -32122.4732   2963.9513  1.1485E-05   7921.2721   -120.5884    
1784117.
 277.200  0.000302 -20740.9196   2453.3536 -2.5786E-07   7680.3742   -122.5534    
1703569.
 281.400  0.000282 -11513.8940   1943.0107 -7.4226E-06   7485.0783   -120.4670    
1796025.
 285.600  0.000240  -4407.8457   1398.3757 -1.0959E-05   7334.6742   -138.8830    
2432528.
 289.800  0.000190    249.8607    876.0518 -1.1883E-05   7246.6678   -109.8427    
2432528.
 294.000  0.000140   2969.8543    475.1302 -1.1168E-05   7304.2382    -81.0724    
2432528.
 298.200  9.58E-05   4258.6840    188.3041 -9.5620E-06   7331.5171    -55.5115    
2432528.
 302.400  5.97E-05   4566.7896  -0.8307892 -7.6016E-06   7338.0384    -34.5528    
2432528.
 306.600  3.20E-05   4263.7737   -112.3031 -5.6401E-06   7331.6248    -18.5293    
2432528.
 310.800  1.23E-05   3632.3975   -166.1530 -3.8861E-06   7318.2613     -7.1135    
2432528.
 315.000 -6.51E-07   2874.2585   -180.2998 -2.4408E-06   7302.2148   0.3768897    
2432528.
 319.200 -8.22E-06   2121.7541   -169.5099 -1.3310E-06   7286.2876      4.7612    
2432528.
 323.400 -1.18E-05   1452.4883   -145.1212 -5.3711E-07   7272.1222      6.8525    
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2432528.
 327.600 -1.27E-05    903.5887   -115.2451 -1.3758E-08   7260.5043      7.3742    
2432528.
 331.800 -1.19E-05    484.4517    -85.2284  2.9457E-07   7251.6330      6.9194    
2432528.
 336.000 -1.03E-05    187.2029    -58.2211  4.4376E-07   7245.3416      5.9411    
2432528.
 340.200 -8.22E-06     -5.3101    -35.7476  4.8416E-07   7241.4917      4.7605    
2432528.
 344.400 -6.19E-06   -113.8454    -18.2205  4.5769E-07   7243.7889      3.5857    
2432528.
 348.600 -4.37E-06   -159.0893     -6.8899  3.9707E-07   7244.7465      1.8099    
1737520.
 352.800 -2.86E-06   -172.3510  -0.6083012  3.2345E-07   7245.0272      1.1814    
1737520.
 357.000 -1.66E-06   -164.7126      3.3129  2.4857E-07   7244.8656   0.6858898    
1737520.
 361.200 -7.68E-07   -144.9170      5.4202  1.7980E-07   7244.4466   0.3175579    
1737520.
 365.400 -1.48E-07   -119.4686      6.2153  1.2107E-07   7243.9079   0.0610881    
1737520.
 369.600  2.49E-07    -92.9004      6.1270  7.3896E-08   7243.3456  -0.1031634    
1737520.
 373.800  4.73E-07    -68.1194      5.4993  3.8129E-08   7242.8211  -0.1957046    
1737520.
 378.000  5.70E-07    -46.7665      4.5935  1.2610E-08   7242.3692  -0.2356642    
1737520.
 382.200  5.79E-07    -29.5542      3.5956 -4.3431E-09   7242.0048  -0.2395245    
1737520.
 386.400  5.33E-07    -16.5567      2.6294 -1.4586E-08   7241.7297  -0.2205719    
1737520.
 390.600  4.56E-07     -7.4443      1.7696 -1.9917E-08   7241.5369  -0.1888390    
1737520.
 394.800  3.66E-07     -1.6604      1.0552 -2.1939E-08   7241.4145  -0.1513599    
1737520.
 399.000  2.72E-07      1.4542   0.5008803 -2.1985E-08   7241.4101  -0.1125991    
1737520.
 403.200  1.81E-07      2.5819   0.1070046 -2.1089E-08   7241.4340  -0.0749608    
1737520.
 407.400  9.50E-08      2.3865  -0.1329754 -1.9985E-08   7241.4298  -0.0393155    
1737520.
 411.600  1.33E-08      1.4967  -0.2271137 -1.9122E-08   7241.4110  -0.0055123    
1737520.
 415.800 -6.56E-08   0.5090883  -0.1817048 -1.8677E-08   7241.3901   0.0271356    
1737520.
 420.000 -1.44E-07      0.0000      0.0000 -1.8564E-08   7241.3793   0.0593905     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.02373307
Maximum bending moment           =       1946063. lbs-in
Maximum shear force              =    42550.29084 lbs
Depth of maximum bending moment  =    79.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             16
Number of zero deflection points =              5
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------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  50696.6655  -0.0331867   7241.3793   -561.2469    
392.8728
   4.200     2.861     234319.  48315.8678  -0.0331346  12200.8996   -572.4663    
840.5037
   8.400     2.722     458458.  45889.3490  -0.0329807  16944.9338   -583.0188    
899.6975
  12.600     2.584     672150.  43419.9511  -0.0327296  21467.8690   -592.8849    
963.8248
  16.800     2.447     875147.  40910.5991  -0.0323859  25764.4265   -602.0447   
1033.4514
  21.000     2.312    1067215.  38364.3008  -0.0319544  29829.6713   -610.4783   
1109.2228
  25.200     2.178    1248138.  35784.1484  -0.0314401  33659.0209   -618.1657   
1191.8780
  29.400     2.047    1417716.  33173.3191  -0.0308480  37248.2547   -625.0864   
1282.2663
  33.600     1.919    1575768.  30535.0766  -0.0301830  40593.5231   -631.2195   
1381.3678
  37.800     1.794    1722129.  27872.7733  -0.0294505  43691.3565   -636.5440   
1490.3180
  42.000     1.672    1856655.  25189.8518  -0.0286555  46538.6745   -641.0377   
1610.4387
  46.200     1.553    1979218.  22489.8483  -0.0278035  49132.7952   -644.6783   
1743.2759
  50.400     1.438    2089710.  19776.3955  -0.0268996  51471.4445   -647.4421   
1890.6473
  54.600     1.327    2188045.  17053.2272  -0.0259494  53552.7658   -649.3047   
2054.7018
  58.800     1.220    2274155.  14324.1829  -0.0249583  55375.3296   -650.2402   
2237.9955
  63.000     1.118    2347992.  11597.0749  -0.0239315  56938.1441   -648.3827   
2436.6796
  67.200     1.019    2409564.   8878.2363  -0.0228748  58241.3515   -646.3024   
2663.1578
  71.400  0.925441    2458885.   6170.1549  -0.0217933  59285.2690   -643.2602   
2919.3558
  75.600  0.836203    2495992.   3476.9403  -0.0206927  60070.6643   -639.2230   
3210.6262
  79.800  0.751623    2520943.    802.8491  -0.0195783  60598.7677   -634.1538   
3543.5946
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  84.000  0.671746    2533819.  -1842.5284  -0.0184555  60871.2858   -625.5498   
3911.1672
  88.200  0.596596    2534766.  -4431.4489  -0.0173296  60891.3347   -607.2695   
4275.1383
  92.400  0.526177    2524107.  -6942.5604  -0.0162059  60665.7326   -588.4979   
4697.4554
  96.600  0.460467    2502177.  -9373.7193  -0.0150894  60201.5676   -569.1968   
5191.7479
 100.800  0.399425    2469324. -11722.5979  -0.0139851  59506.2097   -549.3168   
5776.1247
 105.000  0.342992    2425910. -13986.6299  -0.0128978  58587.3266   -528.7936   
6475.1829
 109.200  0.291084    2372313. -16162.9338  -0.0118319  57452.9049   -507.5416   
7323.2238
 113.400  0.243603    2308926. -18248.2055  -0.0107921  56111.2794   -485.4449   
8369.6260
 117.600  0.200431    2236161. -20238.5570  -0.0097825  54571.1731   -462.3416   
9688.3155
 121.800  0.161430    2154453. -22129.2697  -0.0088072  52841.7553   -437.9978  
11395.5787
 126.000  0.126450    2064258. -23914.3915  -0.0078701  50932.7246   -412.0602  
13686.4773
 130.200  0.095321    1966066. -25586.0346  -0.0069749  48854.4387   -383.9603  
16917.9067
 134.400  0.067861    1860408. -27133.0237  -0.0061249  46618.1216   -352.7011  
21829.1719
 138.600  0.043872    1747873. -28537.8861  -0.0053234  44236.2331   -316.2810  
30278.6916
 142.800  0.023144    1629142. -29768.2084  -0.0045733  41723.2111   -269.5868  
48922.4231
 147.000  0.005456    1505080. -30729.2094  -0.0038771  39097.3756   -188.0327     
144742.
 151.200 -0.009423    1377172. -30672.3143  -0.0032369  36390.1018    215.1257  
95880.6744
 155.400 -0.021733    1252572. -29663.5922  -0.0026527  33752.8684    265.2182  
51253.5482
 159.600 -0.031706    1132209. -28494.4653  -0.0021230  31205.3080    291.5089  
38614.9568
 163.800 -0.039567    1016589. -27235.2487  -0.0016457  28758.1352    308.1181  
32706.7901
 168.000 -0.045530     906045. -25918.0235  -0.0012186  26418.4139    319.1320  
29438.9056
 172.200 -0.049803     800812. -24562.4598  -0.0008395  24191.0817    326.3745  
27523.9477
 176.400 -0.052582     701053. -23182.3136  -0.0005059  22079.6279    330.8380  
26425.9691
 180.600 -0.054052     606884. -21787.9818  -0.0002153  20086.4638    333.1295  
25885.0637
 184.800 -0.054390     518376. -20387.7427  3.4618E-05  18213.1477    333.6510  
25764.3643
 189.000 -0.053761     435572. -18988.4412   0.0002465  16460.5350    332.6831  
25990.1931
 193.200 -0.052320     358482. -17595.9028   0.0004229  14828.8824    330.4304  
26525.5514
 197.400 -0.050209     287095. -16215.2011   0.0005663  13317.9241    327.0466  
27357.5324
 201.600 -0.047563     221375. -14850.8397   0.0006792  11926.9298    322.6493  
28491.3556
 205.800 -0.044503     161269. -13506.8819   0.0007642  10654.7480    317.3306  
29948.0170
 210.000 -0.041143     106704. -12187.0465   0.0008238   9499.8417    311.1625  
31764.2938
 214.200 -0.037584  57590.3038 -10894.7813   0.0008603   8460.3152    304.2019  
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33994.6769
 218.400 -0.033917  13822.2544  -9633.3217   0.0008761   7533.9362    296.4932  
36715.3101
 222.600 -0.030224 -24720.5303  -8405.7392   0.0008737   7764.6053    288.0700  
40030.4481
 226.800 -0.026578 -58173.0431  -7214.9834   0.0008553   8472.6492    278.9566  
44082.4787
 231.000 -0.023040 -86684.2465  -6063.9205   0.0008231   9076.1072    269.1686  
49067.3662
 235.200 -0.019664    -110417.  -4955.3702   0.0007793   9578.4209    258.7125  
55258.7566
 239.400 -0.016494    -129547.  -3892.1435   0.0007260   9983.3170    247.5859  
63046.5204
 243.600 -0.013565    -144263.  -2877.0849   0.0006652  10294.8070    235.7754  
73000.3772
 247.800 -0.010906    -154770.  -1913.1205   0.0005988  10517.1906    223.2553  
85979.1245
 252.000 -0.008535    -161284.   -926.9982   0.0005286  10655.0640    246.3268     
121211.
 256.200 -0.006466    -163396.    144.0715   0.0004565  10699.7645    263.7064     
171297.
 260.400 -0.004701    -160799.   1209.2099   0.0003844  10644.7875    243.5023     
217548.
 264.600 -0.003236    -153849.   2186.3356   0.0003146  10497.6957    221.7956     
287831.
 268.800 -0.002059    -142933.   3068.0502   0.0002486  10266.6455    198.0685     
404057.
 273.000 -0.001148    -128472.   3843.3788   0.0001883   9960.5773    171.1356     
626136.
 277.200 -0.000477    -110947.   4491.1786   0.0001352   9589.6546    137.3405    
1209884.
 281.400 -1.26E-05 -90960.9322   4794.9185  9.0310E-05   9166.6260      7.2975    
2432528.
 285.600  0.000282 -70813.5601   4557.0258  5.4376E-05   8740.1939   -120.5798    
1796870.
 289.800  0.000444 -52768.2427   4020.1973  2.6925E-05   8358.2532   -135.0528    
1277077.
 294.000  0.000508 -37086.6486   3443.3264  6.9655E-06   8026.3421   -139.6476    
1154542.
 298.200  0.000503 -23855.3594   2857.6020 -6.5715E-06   7746.2934   -139.2688    
1163653.
 302.400  0.000453 -13072.3593   2280.2263 -1.4774E-05   7518.0642   -135.6720    
1258412.
 306.600  0.000379  -4678.0030   1722.8909 -1.8717E-05   7340.3923   -129.7258    
1439253.
 310.800  0.000296   1429.6399   1194.3935 -1.9439E-05   7271.6386   -121.9397    
1732640.
 315.000  0.000215   5385.7628    676.4838 -1.7925E-05   7355.3724   -124.6840    
2432528.
 319.200  0.000145   7140.5610    238.2647 -1.5142E-05   7392.5139    -83.9918    
2432528.
 323.400  8.81E-05   7411.2262    -45.2519 -1.1910E-05   7398.2427    -51.0162    
2432528.
 327.600  4.50E-05   6779.3528   -207.0900 -8.7577E-06   7384.8687    -26.0496    
2432528.
 331.800  1.45E-05   5685.5741   -279.4535 -5.9889E-06   7361.7181     -8.4092    
2432528.
 336.000 -5.33E-06   4441.4517   -290.6303 -3.7394E-06   7335.3855      3.0869    
2432528.
 340.200 -1.69E-05   3250.2162   -263.6028 -2.0309E-06   7310.1722      9.7833    
2432528.
 344.400 -2.24E-05   2230.4128   -215.8263 -8.1350E-07   7288.5874     12.9674    
2432528.

Page 22



Bent14x89-Weak Case-Row1.lpo
 348.600 -2.37E-05   1438.5671   -167.9832  1.4858E-09   7271.8275      9.8150    
1737520.
 352.800 -2.24E-05    819.3514   -127.9314  5.0303E-07   7258.7214      9.2572    
1737520.
 357.000 -1.95E-05    363.1444    -91.5506  7.6570E-07   7249.0655      8.0670    
1737520.
 361.200 -1.59E-05     49.1109    -60.7575  8.5727E-07   7242.4188      6.5964    
1737520.
 365.400 -1.23E-05   -148.5793    -36.2204  8.3518E-07   7244.5241      5.0879    
1737520.
 369.600 -8.93E-06   -256.4661    -17.7781  7.4521E-07   7246.8076      3.6941    
1737520.
 373.800 -6.04E-06   -299.0980     -4.7739  6.2180E-07   7247.7099      2.4983    
1737520.
 378.000 -3.71E-06   -297.5544      3.6925  4.8927E-07   7247.6772      1.5334    
1737520.
 382.200 -1.93E-06   -268.8575      8.5886  3.6345E-07   7247.0699   0.7980860    
1737520.
 386.400 -6.54E-07   -225.9875     10.8323  2.5353E-07   7246.1625   0.2703509    
1737520.
 390.600  2.00E-07   -178.2689     11.2258  1.6373E-07   7245.1525  -0.0829435    
1737520.
 394.800  7.22E-07   -131.9505     10.4245  9.4826E-08   7244.1721  -0.2986314    
1737520.
 399.000  9.97E-07    -90.8534      8.9312  4.5335E-08   7243.3023  -0.4124662    
1737520.
 403.200  1.10E-06    -57.0002      7.1071  1.2492E-08   7242.5858  -0.4561708    
1737520.
 407.400  1.10E-06    -31.1737      5.1918 -7.0938E-09   7242.0391  -0.4558767    
1737520.
 411.600  1.04E-06    -13.3779      3.3283 -1.6990E-08   7241.6625  -0.4315195    
1737520.
 415.800  9.59E-07     -3.1894      1.5887 -2.0670E-08   7241.4468  -0.3968359    
1737520.
 420.000  8.69E-07      0.0000      0.0000 -2.1379E-08   7241.3793  -0.3596902     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.03318666
Maximum bending moment           =       2534766. lbs-in
Maximum shear force              =    50696.66551 lbs
Depth of maximum bending moment  =    88.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             26
Number of zero deflection points =              4

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:
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Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000     189000.   0.2500000     501774.  16987.3270
  4  y=  0.500000 M=     0.000     189000.   0.5000000     788590.  23132.3857
  4  y=  1.000000 M=     0.000     189000.   1.0000000    1239104.  31431.3051
  4  y=     2.000 M=     0.000     189000.      2.0000    1946063.  42550.2908
  4  y=     3.000 M=     0.000     189000.      3.0000    2534766.  50696.6655

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =         189000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   420.000    0.25000000  501773.56852   16987.32697
   399.000    0.25000000  502093.81913   16985.98647
   378.000    0.25000000  501189.32349   16972.04991
   357.000    0.25000000  502092.73180   16986.07783
   336.000    0.25000000  501525.82762   16978.16847
   315.000    0.25000000  501812.81979   16982.03559
   294.000    0.25000000  501939.60710   16984.18805
   273.000    0.25000000  501246.87558   16975.61615
   252.000    0.25000000  501468.21155   16978.84852
   231.000    0.25000000  501700.34945   16982.21479

The analysis ended normally. 
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Bent14x89-Weak Case-Row2.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Bent14x89-Weak Case-Row2.lpd
Name of output file:         Bent14x89-Weak Case-Row2.lpo
Name of plot output file:    Bent14x89-Weak Case-Row2.lpp
Name of runtime file:        Bent14x89-Weak Case-Row2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 21, 2011     Time:   9:51:38

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Bent - Weak Axis - Row 2                     

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     420.00 in

Depth of ground surface below top of pile =     -60.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     420.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       60.000 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      252.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      252.000 in
Distance from top of pile to bottom of layer =      348.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      492.000 in

(Depth of lowest layer extends   72.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
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------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  8 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00        0.06600
  2            60.00        0.06600
  3            60.00        0.03000
  4           252.00        0.03000
  5           252.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03600
  8           492.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  8 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000       10.40000            0.00          0.00700       0.0
  2       60.000       10.40000            0.00          0.00700       0.0
  3       60.000       10.40000            0.00          0.00700       0.0
  4      252.000       10.40000            0.00          0.00700       0.0
  5      252.000       14.00000            0.00          0.00700       0.0
  6      348.000       14.00000            0.00          0.00700       0.0
  7      348.000       10.00000            0.00          0.00700       0.0
  8      492.000       10.00000            0.00          0.00700       0.0

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.5500         1.0000
  2          420.000         0.5500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------
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Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
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    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  13502.3455  -0.0039629   7241.3793   -221.1363   
1857.5450
   4.200  0.233356  57905.1827  12566.8073  -0.0039500   8466.9798   -224.3581   
4038.0563
   8.400  0.216820     111832.  11618.6532  -0.0039123   9608.3813   -227.1439   
4399.9903
  12.600  0.200492     161713.  10659.7454  -0.0038516  10664.1412   -229.4789   
4807.2269
  16.800  0.184466     207489.   9692.0095  -0.0037696  11633.0154   -231.3478   
5267.4123
  21.000  0.168828     249111.   8717.4362  -0.0036681  12513.9644   -232.7348   
5789.8409
  25.200  0.153654     286539.   7738.0837  -0.0035492  13306.1598   -233.6236   
6385.8997
  29.400  0.139015     319745.   6756.0805  -0.0034145  14008.9902   -233.9970   
7069.6582
  33.600  0.124972     348711.   5773.6292  -0.0032660  14622.0684   -233.8369   
7858.6627
  37.800  0.111580     373429.   4793.0113  -0.0031056  15145.2380   -233.1240   
8775.0230
  42.000  0.098885     393903.   3816.5933  -0.0029352  15578.5807   -231.8370   
9846.9198
  46.200  0.086925     410148.   2846.8344  -0.0027565  15922.4242   -229.9529  
11110.7366
  50.400  0.075730     422192.   1886.2973  -0.0025717  16177.3506   -227.4457  
12614.1362
  54.600  0.065323     430076.    937.6615  -0.0023823  16344.2061   -224.2856  
14420.6050
  58.800  0.055719     433851.      3.7424  -0.0021904  16424.1119   -220.4378  
16616.3507
  63.000  0.046923     433585.   -911.2015  -0.0019978  16418.4762   -215.2498  
19266.4834
  67.200  0.038937     429368.  -1803.2912  -0.0018061  16329.2381   -209.5549  
22603.7854
  71.400  0.031752     421304.  -2669.7551  -0.0016171  16158.5554   -203.0470  
26857.7797
  75.600  0.025353     409510.  -3506.9920  -0.0014326  15908.9180   -195.6372  
32408.8155
  79.800  0.019719     394120.  -4310.9473  -0.0012541  15583.1805   -187.1986  
39872.4701
  84.000  0.014819     375289.  -5075.4338  -0.0010832  15184.6085   -176.8426  
50119.5841
  88.200  0.010620     353206.  -5788.5327  -0.0009213  14717.2089   -162.7283  
64354.6160
  92.400  0.007080     328128.  -6439.1125  -0.0007700  14186.4164   -147.0716  
87244.7180
  96.600  0.004152     300340.  -7018.3594  -0.0006304  13598.2638   -128.7602     
130241.
 100.800  0.001785     270174.  -7508.0131  -0.0005037  12959.7953   -104.4083     
245697.
 105.000 -7.86E-05     238072.  -7656.2843  -0.0003908  12280.3281     33.8029    
1807021.
 109.200 -0.001498     206482.  -7376.6382  -0.0002920  11611.7046     99.3619     
278640.
 113.400 -0.002532     176572.  -6929.7720  -0.0002069  10978.6379    113.4316     
188189.
 117.600 -0.003236     148600.  -6438.1929  -0.0001347  10386.6043    120.6537     
156598.
 121.800 -0.003663     122705.  -5923.4385 -7.4442E-05   9838.5090    124.4674     
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142711.
 126.000 -0.003861  98961.7846  -5397.2031 -2.5203E-05   9335.9692    126.1208     
137185.
 130.200 -0.003875  77408.4743  -4867.2729  1.3973E-05   8879.7795    126.2269     
136820.
 134.400 -0.003744  58054.5080  -4339.4075  4.4064E-05   8470.1404    125.1376     
140382.
 138.600 -0.003505  40887.4960  -3818.1603  6.6041E-05   8106.7895    123.0753     
147493.
 142.800 -0.003189  25877.1139  -3307.3044  8.0872E-05   7789.0851    120.1894     
158285.
 147.000 -0.002825  12977.7472  -2810.0804  8.9502E-05   7516.0617    116.5839     
173307.
 151.200 -0.002437   2130.3445  -2329.3555  9.2858E-05   7286.4694    112.3327     
193571.
 155.400 -0.002045  -6736.2607  -1867.7339  9.1835E-05   7383.9566    107.4871     
220719.
 159.600 -0.001666 -13704.4178  -1427.6423  8.7295E-05   7531.4421    102.0803     
257358.
 163.800 -0.001312 -18867.0450  -1011.4043  8.0060E-05   7640.7125     96.1282     
307713.
 168.000 -0.000993 -22327.3167   -621.3190  7.0909E-05   7713.9514     89.6267     
378927.
 172.200 -0.000716 -24198.7003   -259.7628  6.0575E-05   7753.5604     82.5429     
483903.
 176.400 -0.000485 -24605.4928     70.6444  4.9734E-05   7762.1704     74.7938     
648250.
 180.600 -0.000299 -23684.2450    366.7015  3.9007E-05   7742.6716     66.1857     
930754.
 184.800 -0.000157 -21587.1284    647.4764  2.8951E-05   7698.2848     67.5166    
1807021.
 189.000 -5.55E-05 -18291.4063    839.3797  2.0093E-05   7628.5287     23.8659    
1807021.
 193.200  1.19E-05 -14568.2385    878.7867  1.2794E-05   7549.7255     -5.1007    
1807021.
 197.400  5.20E-05 -10929.9102    821.0933  7.1302E-06   7472.7179    -22.3723    
1807021.
 201.600  7.17E-05  -7682.3747    709.2854  2.9959E-06   7403.9817    -30.8696    
1807021.
 205.800  7.72E-05  -4976.6691    574.7403  1.8395E-07   7346.7137    -33.1995    
1807021.
 210.000  7.33E-05  -2854.8484    438.7991 -1.5556E-06   7301.8040    -31.5344    
1807021.
 214.200  6.41E-05  -1288.2871    314.6644 -2.4760E-06   7268.6467    -27.5774    
1807021.
 218.400  5.25E-05   -207.7364    209.3210 -2.8083E-06   7245.7762    -22.5862    
1807021.
 222.600  4.05E-05    474.4678    125.2909 -2.7490E-06   7251.4217    -17.4282    
1807021.
 226.800  2.94E-05    849.0715     62.1244 -2.4550E-06   7259.3505    -12.6511    
1807021.
 231.000  1.99E-05   1000.2104     17.5903 -2.0442E-06   7262.5494     -8.5556    
1807021.
 235.200  1.22E-05   1000.0751    -11.4291 -1.5999E-06   7262.5465     -5.2631    
1807021.
 239.400  6.45E-06    906.7457    -28.3059 -1.1764E-06   7260.5712     -2.7734    
1807021.
 243.600  2.35E-06    764.1730    -36.2547 -8.0521E-07   7257.5535     -1.0117    
1807021.
 247.800 -3.18E-07    603.4845    -38.0924 -5.0141E-07   7254.1524   0.1366029    
1807021.
 252.000 -1.86E-06    444.9929    -35.8337 -2.6851E-07   7250.7979   0.9389667    
2119774.
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 256.200 -2.57E-06    302.9077    -30.7324 -1.0239E-07   7247.7905      1.4902    
2432528.
 260.400 -2.72E-06    187.0034    -24.2941  6.4381E-09   7245.3374      1.5756    
2432528.
 264.600 -2.52E-06     98.8268    -17.9216  6.9929E-08   7243.4710      1.4589    
2432528.
 268.800 -2.13E-06     36.3506    -12.2636  9.9956E-08   7242.1487      1.2354    
2432528.
 273.000 -1.68E-06     -4.3460     -7.6267  1.0706E-07   7241.4713   0.9726165    
2432528.
 277.200 -1.23E-06    -27.8841     -4.0837  9.9906E-08   7241.9695   0.7145266    
2432528.
 281.400 -8.40E-07    -38.8081     -1.5614  8.5091E-08   7242.2007   0.4865701    
2432528.
 285.600 -5.19E-07    -41.1353   0.0915131  6.7334E-08   7242.2500   0.3005522    
2432528.
 289.800 -2.75E-07    -38.1463      1.0565  4.9723E-08   7242.1867   0.1589878    
2432528.
 294.000 -1.01E-07    -32.3393      1.5136  3.4066E-08   7242.0638   0.0586468    
2432528.
 298.200  1.16E-08    -25.4863      1.6226  2.1222E-08   7241.9187  -0.0067462    
2432528.
 302.400  7.70E-08    -18.7433      1.5148  1.1397E-08   7241.7760  -0.0445971    
2432528.
 306.600  1.07E-07    -12.7805      1.2905  4.3946E-09   7241.6498  -0.0621927    
2432528.
 310.800  1.14E-07     -7.9102      1.0213 -2.0143E-10   7241.5467  -0.0659768    
2432528.
 315.000  1.06E-07     -4.2009   0.7542379 -2.8917E-09   7241.4682  -0.0612127    
2432528.
 319.200  8.96E-08     -1.5700   0.5166828 -4.1735E-09   7241.4125  -0.0519088    
2432528.
 323.400  7.06E-08   0.1458207   0.3217672 -4.4899E-09   7241.3824  -0.0409082    
2432528.
 327.600  5.19E-08      1.1400   0.1727232 -4.2043E-09   7241.4034  -0.0300652    
2432528.
 331.800  3.53E-08      1.6034   0.0666327 -3.5949E-09   7241.4132  -0.0204541    
2432528.
 336.000  2.17E-08      1.7054  -0.0027299 -2.8599E-09   7241.4154  -0.0125757    
2432528.
 340.200  1.13E-08      1.5850  -0.0428736 -2.1291E-09   7241.4129  -0.0065403    
2432528.
 344.400  3.83E-09      1.3486  -0.0612656 -1.4774E-09   7241.4079  -0.0022178    
2432528.
 348.600 -1.12E-09      1.0727  -0.0649518 -9.3957E-10   7241.4020   0.0004624    
1737520.
 352.800 -4.06E-09   0.8045315  -0.0604508 -5.2259E-10   7241.3963   0.0016809    
1737520.
 357.000 -5.51E-09   0.5657372  -0.0521361 -2.1821E-10   7241.3913   0.0022784    
1737520.
 361.200 -5.90E-09   0.3669350  -0.0422290 -1.1039E-11   7241.3871   0.0024392    
1737520.
 365.400 -5.60E-09   0.2110315  -0.0322413  1.1734E-10   7241.3838   0.0023168    
1737520.
 369.600 -4.91E-09   0.0959218  -0.0231099  1.8553E-10   7241.3813   0.0020315    
1737520.
 373.800 -4.04E-09   0.0166134  -0.0153325  2.1052E-10   7241.3797   0.0016721    
1737520.
 378.000 -3.14E-09  -0.0332053  -0.0090913  2.0684E-10   7241.3800   0.0012999    
1737520.
 382.200 -2.30E-09  -0.0600823  -0.0043596  1.8612E-10   7241.3806   0.0009533    
1737520.
 386.400 -1.58E-09  -0.0701216  -0.0009861  1.5719E-10   7241.3808   0.0006531    
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1737520.
 390.600 -9.84E-10  -0.0686150   0.0012403  1.2638E-10   7241.3808   0.0004071    
1737520.
 394.800 -5.17E-10  -0.0599037   0.0025444  9.7829E-11   7241.3806   0.0002140    
1737520.
 399.000 -1.62E-10  -0.0473971   0.0031347  7.3995E-11   7241.3803  6.7099E-05    
1737520.
 403.200  1.04E-10  -0.0336901   0.0031849  5.5983E-11   7241.3800 -4.3175E-05    
1737520.
 407.400  3.08E-10  -0.0207328   0.0028266  4.3894E-11   7241.3797  -0.0001274    
1737520.
 411.600  4.73E-10  -0.0100163   0.0021480  3.7064E-11   7241.3795  -0.0001957    
1737520.
 415.800  6.19E-10  -0.0027486   0.0011989  3.4229E-11   7241.3794  -0.0002562    
1737520.
 420.000  7.61E-10      0.0000      0.0000  3.3618E-11   7241.3793  -0.0003147     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00396290
Maximum bending moment           =   433850.84219 lbs-in
Maximum shear force              =    13502.34549 lbs
Depth of maximum bending moment  =    58.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             16
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  18370.6468  -0.0070263   7241.3793   -262.9769   
1104.5029
   4.200  0.470490  80414.7007  17256.9681  -0.0070084   8943.4083   -267.3463   
2386.5651
   8.400  0.441130     156085.  16125.8540  -0.0069559  10545.0200   -271.2795   
2582.8559
  12.600  0.412061     226915.  14979.1662  -0.0068708  12044.1813   -274.7623   
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2800.5635
  16.800  0.383415     292818.  13818.8272  -0.0067553  13439.0631   -277.7801   
3042.8557
  21.000  0.355316     353718.  12646.8212  -0.0066117  14728.0468   -280.3180   
3313.4916
  25.200  0.327876     409548.  11465.1957  -0.0064422  15909.7302   -282.3608   
3616.9583
  29.400  0.301201     460253.  10276.0630  -0.0062490  16982.9339   -283.8928   
3958.6463
  33.600  0.275385     505788.   9081.6033  -0.0060344  17946.7075   -284.8975   
4345.0774
  37.800  0.250513     546119.   7884.0672  -0.0058007  18800.3359   -285.3578   
4784.2018
  42.000  0.226659     581223.   6685.7798  -0.0055503  19543.3464   -285.2553   
5285.7916
  46.200  0.203890     611091.   5489.1455  -0.0052855  20175.5150   -284.5706   
5861.9688
  50.400  0.182261     635723.   4296.6543  -0.0050085  20696.8746   -283.2824   
6527.9227
  54.600  0.161818     655134.   3110.8893  -0.0047218  21107.7222   -281.3676   
7302.9020
  58.800  0.142598     669351.   1934.5372  -0.0044276  21408.6279   -278.8001   
8211.6112
  63.000  0.124627     678414.    772.0375  -0.0041282  21600.4442   -274.7712   
9259.9602
  67.200  0.107921     682390.   -372.7468  -0.0038259  21684.6076   -270.3642  
10521.8320
  71.400  0.092489     681357.  -1497.5066  -0.0035230  21662.7339   -265.2357  
12044.5645
  75.600  0.078328     675404.  -2599.1105  -0.0032216  21536.7456   -259.3376  
13905.8384
  79.800  0.065427     664639.  -3674.1978  -0.0029240  21308.8892   -252.6087  
16215.7845
  84.000  0.053767     649183.  -4717.0950  -0.0026321  20981.7574   -244.0090  
19060.7805
  88.200  0.043318     629194.  -5714.9888  -0.0023482  20558.6763   -231.1785  
22414.6932
  92.400  0.034042     604905.  -6657.5638  -0.0020740  20044.5857   -217.6667  
26854.8410
  96.600  0.025896     576563.  -7541.5597  -0.0018116  19444.7115   -203.2837  
32970.4146
 100.800  0.018825     544432.  -8362.6507  -0.0015626  18764.6354   -187.7120  
41880.1978
 105.000  0.012770     508798.  -9114.6109  -0.0013286  18010.4111   -170.3643  
56032.3910
 109.200  0.007664     469979.  -9787.3077  -0.0011112  17188.7815   -149.9675  
82181.0998
 113.400  0.003436     428349. -10360.0183  -0.0009117  16307.6518   -122.7518     
150061.
 117.600  6.22E-06     384402. -10623.4204  -0.0007311  15377.4940     -2.6778    
1807021.
 121.800 -0.002706     340273. -10386.5466  -0.0005702  14443.4673    115.4749     
179232.
 126.000 -0.004783     298060.  -9864.3434  -0.0004284  13550.0146    133.1933     
116952.
 130.200 -0.006304     258092.  -9284.9111  -0.0003048  12704.0665    142.7268  
95085.1200
 134.400 -0.007344     220551.  -8673.7880  -0.0001985  11909.4808    148.2842  
84803.6447
 138.600 -0.007972     185548.  -8044.5355  -0.0001083  11168.6125    151.3599  
79743.0957
 142.800 -0.008254     153149.  -7406.0504 -3.3086E-05  10482.8713    152.6806  
77692.2103
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 147.000 -0.008250     123389.  -6764.8319  2.8341E-05   9852.9921    152.6615  
77719.3827
 151.200 -0.008016  96279.1675  -6125.9570  7.7136E-05   9279.1899    151.5647  
79414.9159
 155.400 -0.007602  71808.7417  -5493.5807   0.0001145   8761.2576    149.5669  
82633.9064
 159.600 -0.007054  49951.3525  -4871.2246   0.0001415   8298.6319    146.7932  
87399.2244
 163.800 -0.006413  30665.7797  -4261.9562   0.0001594   7890.4403    143.3346  
93869.4944
 168.000 -0.005715  13897.8149  -3668.5103   0.0001693   7535.5355    139.2587     
102342.
 172.200 -0.004991   -418.5274  -3093.3739   0.0001723   7250.2377    134.6158     
113284.
 176.400 -0.004268 -12360.0999  -2538.8517   0.0001695   7502.9888    129.4424     
127394.
 180.600 -0.003567 -22013.9493  -2007.1188   0.0001618   7707.3187    123.7637     
145717.
 184.800 -0.002908 -29476.8436  -1500.2685   0.0001504   7865.2757    117.5936     
169838.
 189.000 -0.002304 -34854.9923  -1020.3607   0.0001361   7979.1077    110.9340     
202239.
 193.200 -0.001765 -38263.9741   -569.4790   0.0001199   8051.2610    103.7716     
246986.
 197.400 -0.001297 -39828.9313   -149.8107   0.0001025   8084.3843     96.0704     
311133.
 201.600 -0.000903 -39685.1603    236.2230  8.4867E-05   8081.3413     87.7551     
407986.
 205.800 -0.000584 -37979.3935    585.7165  6.7616E-05   8045.2376     78.6703     
565806.
 210.000 -0.000335 -34872.4885    894.6969  5.1433E-05   7979.4780     68.4632     
857271.
 214.200 -0.000152 -30545.5948   1175.7434  3.6902E-05   7887.8965     65.3685    
1807021.
 218.400 -2.54E-05 -25054.8295   1336.0045  2.4552E-05   7771.6809     10.9464    
1807021.
 222.600  5.43E-05 -19362.1350   1309.9312  1.4685E-05   7651.1914    -23.3622    
1807021.
 226.800  9.79E-05 -14074.7221   1172.4032  7.2581E-06   7539.2799    -42.1273    
1807021.
 231.000  0.000115  -9525.4710    979.7898  2.0159E-06   7442.9920    -49.5934    
1807021.
 235.200  0.000115  -5847.6883    771.8770 -1.3990E-06   7365.1494    -49.4127    
1807021.
 239.400  0.000104  -3039.4829    574.5816 -3.3730E-06   7305.7119    -44.5375    
1807021.
 243.600  8.65E-05  -1015.8476    402.8859 -4.2738E-06   7262.8804    -37.2223    
1807021.
 247.800  6.76E-05    351.5438    263.6265 -4.4214E-06   7248.8200    -29.0917    
1807021.
 252.000  4.94E-05   1205.6344    150.2022 -4.0755E-06   7266.8973    -24.9199    
2119774.
 256.200  3.34E-05   1619.7129     57.2686 -3.4479E-06   7275.6616    -19.3342    
2432528.
 260.400  2.04E-05   1692.1644     -8.1600 -2.7123E-06   7277.1951    -11.8222    
2432528.
 264.600  1.06E-05   1555.4748    -45.8784 -1.9909E-06   7274.3019     -6.1389    
2432528.
 268.800  3.69E-06   1309.9464    -63.2568 -1.3544E-06   7269.1052     -2.1365    
2432528.
 273.000 -7.77E-07   1026.2676    -66.7980 -8.3544E-07   7263.1009   0.4502377    
2432528.
 277.200 -3.33E-06    750.1691    -61.8039 -4.4085E-07   7257.2571      1.9280    
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2432528.
 281.400 -4.48E-06    507.8152    -52.3057 -1.6141E-07   7252.1275      2.5950    
2432528.
 285.600 -4.68E-06    311.0576    -41.1584  2.0482E-08   7247.9630      2.7132    
2432528.
 289.800 -4.31E-06    162.0518    -30.2204  1.2557E-07   7244.8092      2.4953    
2432528.
 294.000 -3.63E-06     57.0066    -20.5654  1.7423E-07   7242.5859      2.1023    
2432528.
 298.200 -2.84E-06    -10.9738    -12.6903  1.8446E-07   7241.6116      1.6477    
2432528.
 302.400 -2.08E-06    -49.8851     -6.6998  1.7094E-07   7242.4352      1.2049    
2432528.
 306.600 -1.41E-06    -67.5239     -2.4558  1.4486E-07   7242.8085   0.8160667    
2432528.
 310.800 -8.64E-07    -70.7435   0.3083527  1.1415E-07   7242.8766   0.5001798    
2432528.
 315.000 -4.50E-07    -65.1150      1.9063  8.3967E-08   7242.7575   0.2607429    
2432528.
 319.200 -1.58E-07    -54.8640      2.6464  5.7317E-08   7242.5405   0.0916736    
2432528.
 323.400  3.13E-08    -42.9765      2.8009  3.5584E-08   7242.2889  -0.0181061    
2432528.
 327.600  1.41E-07    -31.3933      2.5918  1.9064E-08   7242.0438  -0.0814425    
2432528.
 331.800  1.91E-07    -21.2356      2.1880  7.3736E-09   7241.8288  -0.1108534    
2432528.
 336.000  2.03E-07    -13.0259      1.7088 -2.3682E-10   7241.6550  -0.1173156    
2432528.
 340.200  1.89E-07     -6.8811      1.2321 -4.6587E-09   7241.5250  -0.1097012    
2432528.
 344.400  1.63E-07     -2.6689   0.8029542 -6.7800E-09   7241.4358  -0.0946507    
2432528.
 348.600  1.32E-07  -0.1254794   0.4891139 -7.4008E-09   7241.3820  -0.0547971    
1737520.
 352.800  1.01E-07      1.4514   0.2860716 -7.1062E-09   7241.4100  -0.0418897    
1737520.
 357.000  7.28E-08      2.2888   0.1348876 -6.2754E-09   7241.4278  -0.0301027    
1737520.
 361.200  4.85E-08      2.5944   0.0294991 -5.1907E-09   7241.4342  -0.0200823    
1737520.
 365.400  2.92E-08      2.5448  -0.0380096 -4.0492E-09   7241.4332  -0.0120646    
1737520.
 369.600  1.45E-08      2.2816  -0.0759691 -2.9771E-09   7241.4276  -0.0060113    
1737520.
 373.800  4.16E-09      1.9114  -0.0922032 -2.0457E-09   7241.4198  -0.0017192    
1737520.
 378.000 -2.65E-09      1.5103  -0.0935085 -1.2856E-09   7241.4113   0.0010976    
1737520.
 382.200 -6.64E-09      1.1280  -0.0854316 -6.9961E-10   7241.4032   0.0027485    
1737520.
 386.400 -8.53E-09   0.7937780  -0.0722493 -2.7273E-10   7241.3961   0.0035288    
1737520.
 390.600 -8.93E-09   0.5215313  -0.0570767  1.9435E-11   7241.3903   0.0036963    
1737520.
 394.800 -8.37E-09   0.3143030  -0.0420459  2.0510E-10   7241.3860   0.0034612    
1737520.
 399.000 -7.21E-09   0.1680200  -0.0285118  3.1223E-10   7241.3829   0.0029836    
1737520.
 403.200 -5.74E-09   0.0743078  -0.0172563  3.6606E-10   7241.3809   0.0023762    
1737520.
 407.400 -4.14E-09   0.0224857  -0.0086722  3.8756E-10   7241.3798   0.0017115    
1737520.
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 411.600 -2.49E-09   0.0008461  -0.0029163  3.9275E-10   7241.3793   0.0010294    
1737520.
 415.800 -8.38E-10  -0.0026351 -2.6571E-05  3.9235E-10   7241.3794   0.0003467    
1737520.
 420.000  8.07E-10      0.0000      0.0000  3.9176E-10   7241.3793  -0.0003340     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00702625
Maximum bending moment           =   682390.20627 lbs-in
Maximum shear force              =    18370.64676 lbs
Depth of maximum bending moment  =    67.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  24912.9120  -0.0124556   7241.3793   -312.7340    
656.7413
   4.200  0.947686     111763.  23587.3310  -0.0124308   9606.9190   -318.4951   
1411.5210
   8.400  0.895581     217869.  22238.4725  -0.0123576  11852.7104   -323.8185   
1518.6087
  12.600  0.843883     318185.  20868.2033  -0.0122385  13975.9742   -328.6906   
1635.8911
  16.800  0.792778     412591.  19478.4480  -0.0120762  15974.1425   -333.0976   
1764.6930
  21.000  0.742443     500976.  18071.1891  -0.0118732  17844.8651   -337.0256   
1906.5535
  25.200  0.693043     583239.  16648.4685  -0.0116324  19586.0159   -340.4604   
2063.2683
  29.400  0.644731     659291.  15212.3881  -0.0113564  21195.6984   -343.3874   
2236.9438
  33.600  0.597649     729053.  13765.1118  -0.0110480  22672.2520   -345.7918   
2430.0630
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  37.800  0.551928     792458.  12308.8673  -0.0107100  24014.2585   -347.6580   
2645.5701
  42.000  0.507685     849451.  10845.9481  -0.0103453  25220.5477   -348.9702   
2886.9766
  46.200  0.465027     899988.   9378.7170  -0.0099567  26290.2044   -349.7113   
3158.4989
  50.400  0.424049     944039.   7909.6093  -0.0095471  27222.5745   -349.8638   
3465.2353
  54.600  0.384831     981586.   6441.1375  -0.0091194  28017.2725   -349.4085   
3813.3996
  58.800  0.347446    1012623.   4975.8970  -0.0086764  28674.1880   -348.3251   
4210.6297
  63.000  0.311950    1037158.   3518.6308  -0.0082211  29193.4938   -345.6112   
4653.2104
  67.200  0.278389    1055231.   2073.3113  -0.0077563  29576.0202   -342.6362   
5169.2928
  71.400  0.246797    1066888.    641.8882  -0.0072849  29822.7429   -338.9939   
5769.0211
  75.600  0.217195    1072188.   -772.7720  -0.0068098  29934.9349   -334.6538   
6471.3511
  79.800  0.189594    1071208.  -2167.6638  -0.0063337  29914.1769   -329.5803   
7301.0479
  84.000  0.163992    1064035.  -3536.9530  -0.0058594  29762.3706   -322.4621   
8258.5644
  88.200  0.140376    1050799.  -4865.4788  -0.0053896  29482.2272   -310.1692   
9280.1787
  92.400  0.118720    1031722.  -6141.4734  -0.0049270  29078.4351   -297.4473  
10522.9378
  96.600  0.098989    1007033.  -7363.0101  -0.0044742  28555.8867   -284.2369  
12059.9239
 100.800  0.081137     976976.  -8527.8624  -0.0040335  27919.6984   -270.4547  
13999.9643
 105.000  0.065108     941803.  -9633.3759  -0.0036072  27175.2405   -255.9803  
16512.9400
 109.200  0.050836     901782. -10676.2613  -0.0031977  26328.1795   -240.6318  
19880.7413
 113.400  0.038247     857199. -11652.2355  -0.0028070  25384.5448   -224.1179  
24611.1766
 117.600  0.027257     808360. -12555.3421  -0.0024370  24350.8349   -205.9329  
31732.0524
 121.800  0.017775     755603. -13376.4733  -0.0020896  23234.2037   -185.0820  
43731.2261
 126.000  0.009704     699315. -14099.3320  -0.0017665  22042.8301   -159.1364  
68876.4752
 130.200  0.002937     639973. -14681.7524  -0.0014690  20786.8213   -118.2066     
169027.
 134.400 -0.002635     578320. -14689.4383  -0.0011984  19481.9018    114.5466     
182551.
 138.600 -0.007129     518484. -14139.9504  -0.0009547  18215.4330    147.1143  
86671.9989
 142.800 -0.010655     461060. -13489.3217  -0.0007371  17000.0211    162.7089  
64136.4063
 147.000 -0.013321     406344. -12786.2844  -0.0005445  15841.9172    172.0708  
54252.9333
 151.200 -0.015229     354520. -12051.2683  -0.0003755  14745.0249    177.9369  
49074.6389
 155.400 -0.016475     305710. -11296.4988  -0.0002288  13711.9213    181.4772  
46265.1782
 159.600 -0.017150     259993. -10530.4362  -0.0001031  12744.2926    183.3145  
44892.2457
 163.800 -0.017341     217418.  -9759.4442  2.9086E-06  11843.1659    183.8245  
44522.2996
 168.000 -0.017126     178009.  -8988.5800  9.0744E-05  11009.0495    183.2536  
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44941.3639
 172.200 -0.016579     141770.  -8222.0243   0.0001618  10242.0243    181.7729  
46049.5547
 176.400 -0.015767     108687.  -7463.3385   0.0002174   9541.8081    179.5061  
47816.4644
 180.600 -0.014753  78732.4032  -6715.6292   0.0002590   8907.8013    176.5459  
50261.9936
 184.800 -0.013591  51864.3866  -5981.6607   0.0002880   8339.1225    172.9629  
53449.8720
 189.000 -0.012333  28029.1461  -5263.9336   0.0003058   7834.6342    168.8119  
57489.1260
 193.200 -0.011022   7161.8625  -4564.7445   0.0003136   7392.9647    164.1353  
62542.2247
 197.400 -0.009699 -10812.6002  -3886.2315   0.0003128   7470.2350    158.9661  
68840.7226
 201.600 -0.008395 -25979.0869  -3230.4110   0.0003046   7791.2434    153.3294  
76711.1905
 205.800 -0.007140 -38431.6823  -2599.2097   0.0002903   8054.8106    147.2427  
86616.9989
 210.000 -0.005956 -48273.3639  -1994.4942   0.0002711   8263.1162    140.7171  
99226.3234
 214.200 -0.004863 -55615.7723  -1418.1000   0.0002480   8418.5230    133.7563     
115526.
 218.400 -0.003873 -60579.1063   -871.8648   0.0002222   8523.5751    126.3557     
137020.
 222.600 -0.002996 -63292.1628   -357.6692   0.0001947   8580.9987    118.4994     
166093.
 226.800 -0.002238 -63892.5707    122.5051   0.0001664   8593.7067    110.1551     
206728.
 231.000 -0.001599 -62527.3113    566.4834   0.0001383   8564.8101    101.2632     
266039.
 235.200 -0.001076 -59353.7194    971.7320   0.0001113   8497.6390     91.7124     
357979.
 239.400 -0.000664 -54541.3904   1335.0122  8.5955E-05   8395.7830     81.2783     
514016.
 243.600 -0.000354 -48276.0790   1651.5002  6.3117E-05   8263.1736     69.4303     
823765.
 247.800 -0.000134 -40768.9928   1918.3220  4.3337E-05   8104.2813     57.6277    
1807021.
 252.000  1.00E-05 -32230.9765   2028.7002  2.7122E-05   7923.5687     -5.0666    
2119774.
 256.200  9.39E-05 -23770.9693   1903.8767  1.4682E-05   7744.5072    -54.3732    
2432528.
 260.400  0.000133 -16261.7218   1627.4813  5.7898E-06   7585.5691    -77.2437    
2432528.
 264.600  0.000143 -10109.3182   1291.9341 -6.7983E-08   7455.3495    -82.5407    
2432528.
 268.800  0.000133  -5409.3676    957.0814 -3.5151E-06   7355.8721    -76.9129    
2432528.
 273.000  0.000113  -2064.2537    658.1414 -5.1752E-06   7285.0706    -65.4395    
2432528.
 277.200  8.93E-05    127.2363    412.0746 -5.6055E-06   7244.0723    -51.7352    
2432528.
 281.400  6.59E-05   1406.0725    223.2770 -5.2649E-06   7271.1397    -38.1684    
2432528.
 285.600  4.51E-05   2011.1217     88.2688 -4.5058E-06   7283.9460    -26.1212    
2432528.
 289.800  2.81E-05   2154.6841  -0.7048787 -3.5805E-06   7286.9846    -16.2473    
2432528.
 294.000  1.50E-05   2010.8851    -53.0980 -2.6552E-06   7283.9410     -8.7018    
2432528.
 298.200  5.75E-06   1712.8764    -78.3639 -1.8281E-06   7277.6334     -3.3295    
2432528.
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 302.400 -3.31E-07   1355.5310    -84.9532 -1.1465E-06   7270.0700   0.1917565    
2432528.
 306.600 -3.88E-06   1001.0901    -79.8293 -6.2301E-07   7262.5680      2.2482    
2432528.
 310.800 -5.56E-06    685.9536    -68.3405 -2.4827E-07   7255.8980      3.2227    
2432528.
 315.000 -5.97E-06    427.4239    -54.3153 -9.5251E-10   7250.4260      3.4560    
2432528.
 319.200 -5.57E-06    229.7069    -40.2803  1.4501E-07   7246.2412      3.2273    
2432528.
 323.400 -4.75E-06     88.8392    -27.7269  2.1577E-07   7243.2596      2.7505    
2432528.
 327.600 -3.76E-06     -3.5414    -17.3779  2.3472E-07   7241.4543      2.1776    
2432528.
 331.800 -2.78E-06    -57.5079     -9.4270  2.2116E-07   7242.5965      1.6085    
2432528.
 336.000 -1.90E-06    -83.0794     -3.7356  1.8993E-07   7243.1377      1.1016    
2432528.
 340.200 -1.18E-06    -89.1885   0.0153614  1.5167E-07   7243.2670   0.6845252    
2432528.
 344.400 -6.28E-07    -83.1911      2.2168  1.1337E-07   7243.1401   0.3637869    
2432528.
 348.600 -2.30E-07    -70.7472      3.1802  7.9181E-08   7242.8767   0.0949646    
1737520.
 352.800  3.70E-08    -56.6032      3.3475  5.0893E-08   7242.5774  -0.0153085    
1737520.
 357.000  1.98E-07    -42.7092      3.1434  2.8833E-08   7242.2833  -0.0818894    
1737520.
 361.200  2.79E-07    -30.2448      2.7288  1.2627E-08   7242.0195  -0.1155028    
1737520.
 365.400  3.04E-07    -19.8071      2.2222  1.5095E-09   7241.7985  -0.1257701    
1737520.
 369.600  2.92E-07    -11.5810      1.7045 -5.4627E-09   7241.6244  -0.1207483    
1737520.
 373.800  2.58E-07     -5.4808      1.2266 -9.2526E-09   7241.4953  -0.1067871    
1737520.
 378.000  2.14E-07     -1.2625   0.8163446 -1.0750E-08   7241.4060  -0.0885952    
1737520.
 382.200  1.68E-07      1.3935   0.4844945 -1.0721E-08   7241.4088  -0.0694287    
1737520.
 386.400  1.24E-07      2.8243   0.2308845 -9.7845E-09   7241.4391  -0.0513379    
1737520.
 390.600  8.56E-08      3.3485   0.0486777 -8.4133E-09   7241.4502  -0.0354272    
1737520.
 394.800  5.34E-08      3.2465  -0.0721321 -6.9484E-09   7241.4480  -0.0221012    
1737520.
 399.000  2.73E-08      2.7536  -0.1422353 -5.6156E-09   7241.4376  -0.0112813    
1737520.
 403.200  6.25E-09      2.0607  -0.1713583 -4.5462E-09   7241.4229  -0.0025868    
1737520.
 407.400 -1.09E-08      1.3214  -0.1673049 -3.7949E-09   7241.4073   0.0045170    
1737520.
 411.600 -2.56E-08   0.6613484  -0.1355575 -3.3545E-09   7241.3933   0.0106008    
1737520.
 415.800 -3.91E-08   0.1880518  -0.0793303 -3.1658E-09   7241.3833   0.0161741    
1737520.
 420.000 -5.22E-08      0.0000      0.0000 -3.1241E-09   7241.3793   0.0216022     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01245561
Maximum bending moment           =       1072188. lbs-in
Maximum shear force              =    24912.91205 lbs
Depth of maximum bending moment  =    75.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             23
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  33641.2174  -0.0220916   7241.3793   -371.9055    
390.5007
   4.200     1.907     155549.  32063.5877  -0.0220571  10533.6790   -379.3468    
835.3837
   8.400     1.815     304352.  30455.6305  -0.0219549  13683.1840   -386.3471    
894.1640
  12.600     1.723     446232.  28819.2252  -0.0217882  16686.1699   -392.8935    
957.8351
  16.800     1.632     581024.  27156.3060  -0.0215600  19539.1337   -398.9728   
1026.9571
  21.000     1.542     708574.  25468.8617  -0.0212735  22238.7993   -404.5721   
1102.1688
  25.200     1.453     828737.  23758.9369  -0.0209321  24782.1243   -409.6778   
1184.2012
  29.400     1.366     941381.  22028.6324  -0.0205389  27166.3054   -414.2767   
1273.8942
  33.600     1.280    1046385.  20280.1061  -0.0200973  29388.7848   -418.3549   
1372.2170
  37.800     1.197    1143640.  18515.5741  -0.0196109  31447.2561   -421.8984   
1480.2920
  42.000     1.116    1233050.  16737.3125  -0.0190829  33339.6704   -424.8928   
1599.4252
  46.200     1.037    1314529.  14947.6588  -0.0185170  35064.2423   -427.3232   
1731.1440
  50.400  0.960201    1388008.  13149.0145  -0.0179167  36619.4562   -429.1741   
1877.2431
  54.600  0.886246    1453426.  11343.8472  -0.0172856  38004.0726   -430.4293   
2039.8437
  58.800  0.815003    1510739.   9534.6947  -0.0166271  39217.1345   -431.0719   
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2221.4678
  63.000  0.746578    1559914.   7726.7278  -0.0159451  40257.9744   -429.8647   
2418.2766
  67.200  0.681064    1600957.   5924.1366  -0.0152430  41126.6758   -428.5120   
2642.5574
  71.400  0.618537    1633877.   4128.5612  -0.0145244  41823.4374   -426.5239   
2896.1888
  75.600  0.559059    1658696.   2342.7162  -0.0137930  42348.7558   -423.8785   
3184.4403
  79.800  0.502676    1675454.    569.4127  -0.0130524  42703.4335   -420.5517   
3513.8305
  84.000  0.449419    1684201.  -1185.0019  -0.0123061  42888.5875   -414.8838   
3877.2582
  88.200  0.399304    1685037.  -2902.1400  -0.0115577  42906.2686   -402.8010   
4236.7817
  92.400  0.352334    1678173.  -4567.8514  -0.0108107  42760.9818   -390.3949   
4653.7109
  96.600  0.308494    1663830.  -6180.7259  -0.0100683  42457.4105   -377.6406   
5141.3925
 100.800  0.267760    1642239.  -7739.2338  -0.0093340  42000.4236   -364.5060   
5717.5355
 105.000  0.230089    1613639.  -9241.6898  -0.0086107  41395.0861   -350.9492   
6406.1559
 109.200  0.195429    1578279. -10686.2044  -0.0079017  40646.6733   -336.9149   
7240.6805
 113.400  0.163715    1536420. -12070.6137  -0.0072099  39760.6889   -322.3277   
8269.1181
 117.600  0.134867    1488332. -13392.3761  -0.0065380  38742.8916   -307.0830   
9563.1367
 121.800  0.108796    1434303. -14648.4135  -0.0058888  37599.3322   -291.0301  
11235.0582
 126.000  0.085401    1374635. -15834.8542  -0.0052648  36336.4074   -273.9417  
13472.3847
 130.200  0.064571    1309649. -16946.5856  -0.0046686  34960.9429   -255.4543  
16615.8985
 134.400  0.046185    1239695. -17976.4018  -0.0041023  33480.3262   -234.9344  
21364.6233
 138.600  0.030112    1165160. -18913.1264  -0.0035681  31902.7407   -211.1249  
29447.6438
 142.800  0.016213    1086490. -19736.3465  -0.0030680  30237.6323   -180.8847  
46858.7755
 147.000  0.004341    1004245. -20389.7558  -0.0026035  28496.8789   -130.2626     
126028.
 151.200 -0.005657     919349. -20371.8193  -0.0021763  26699.9945    138.8038     
103056.
 155.400 -0.013939     836577. -19714.8724  -0.0017862  24948.0722    174.0281  
52435.2430
 159.600 -0.020661     756580. -18946.1091  -0.0014323  23254.8810    192.0497  
39040.0369
 163.800 -0.025971     679704. -18115.7374  -0.0011133  21627.7467    203.3654  
32888.0004
 168.000 -0.030013     606175. -17245.8611  -0.0008277  20071.4679    210.8614  
29508.1002
 172.200 -0.032923     536152. -16349.8665  -0.0005739  18589.3922    215.8027  
27529.7268
 176.400 -0.034834     469747. -15437.0533  -0.0003505  17183.8872    218.8703  
26389.8882
 180.600 -0.035867     407038. -14514.4205  -0.0001557  15856.5938    220.4786  
25817.6123
 184.800 -0.036142     348074. -13587.5245  1.2011E-05  14608.5805    220.9004  
25670.6974
 189.000 -0.035766     292883. -12660.9492   0.0001544  13440.4450    220.3259  
25872.5077
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 193.200 -0.034845     241476. -11738.5892   0.0002731  12352.3847    218.8932  
26384.1565
 197.400 -0.033473     193846. -10823.8312   0.0003698  11344.2484    216.7058  
27191.3298
 201.600 -0.031739     149969.  -9919.6783   0.0004462  10415.5749    213.8432  
28298.0132
 205.800 -0.029725     109812.  -9028.8363   0.0005039   9565.6230    210.3672  
29723.9482
 210.000 -0.027506  73327.0959  -8153.7794   0.0005445   8793.3945    206.3265  
31504.4776
 214.200 -0.025151  40455.8403  -7296.7989   0.0005698   8097.6532    201.7594  
33692.3110
 218.400 -0.022720  11129.3546  -6460.0423   0.0005813   7476.9393    196.6961  
36361.2478
 222.600 -0.020268 -14731.3373  -5645.5458   0.0005805   7553.1776    191.1594  
39612.3217
 226.800 -0.017844 -37214.7822  -4855.2616   0.0005689   8029.0541    185.1664  
43583.3319
 231.000 -0.015489 -56418.7681  -4091.0828   0.0005481   8435.5189    178.7283  
48463.4757
 235.200 -0.013240 -72450.0910  -3354.8667   0.0005195   8774.8322    171.8508  
54516.0567
 239.400 -0.011125 -85424.4156  -2648.4582   0.0004844   9049.4421    164.5342  
62114.4999
 243.600 -0.009170 -95466.2328  -1973.7147   0.0004443   9261.9836    156.7723  
71801.1664
 247.800 -0.007394    -102709.  -1332.5331   0.0004002   9415.2798    148.5523  
84386.8767
 252.000 -0.005808    -107295.   -676.0509   0.0003536   9512.3455    164.0583     
118629.
 256.200 -0.004423    -108949.     37.7900   0.0003056   9547.3573    175.8659     
166983.
 260.400 -0.003242    -107463.    748.8065   0.0002575   9515.8942    162.7134     
210812.
 264.600 -0.002261    -103068.   1402.7415   0.0002107   9422.8780    148.6843     
276248.
 268.800 -0.001472 -96014.0968   1995.4307   0.0001665   9273.5795    133.5487     
381128.
 273.000 -0.000862 -86570.6239   2521.2051   0.0001259   9073.7023    116.8201     
569203.
 277.200 -0.000414 -75035.9160   2970.6863  9.0042E-05   8829.5628     97.2186     
986747.
 281.400 -0.000106 -61759.8100   3303.3174  5.9656E-05   8548.5655     61.1771    
2432528.
 285.600  8.73E-05 -47382.7599   3325.5981  3.5413E-05   8244.2659    -50.5673    
2432528.
 289.800  0.000192 -33881.0067   2986.0828  1.7362E-05   7958.4926   -111.1067    
2432528.
 294.000  0.000233 -22327.2276   2469.1913  4.8761E-06   7713.9495   -135.0321    
2432528.
 298.200  0.000233 -13147.5407   1902.4827 -3.0038E-06   7519.6555   -134.8292    
2432528.
 302.400  0.000208  -6341.6043   1366.4631 -7.3329E-06   7375.6035   -120.4182    
2432528.
 306.600  0.000171  -1657.6085    905.3614 -9.1098E-06   7276.4637    -99.1540    
2432528.
 310.800  0.000131   1277.8944    537.3309 -9.1941E-06   7268.4268    -76.0986    
2432528.
 315.000  9.40E-05   2870.5678    263.2333 -8.2726E-06   7302.1367    -54.4241    
2432528.
 319.200  6.19E-05   3502.1881     73.6542 -6.8571E-06   7315.5054    -35.8517    
2432528.
 323.400  3.64E-05   3500.1492    -45.8689 -5.3017E-06   7315.4622    -21.0640    
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2432528.
 327.600  1.74E-05   3125.3063   -111.2270 -3.8300E-06   7307.5284    -10.0589    
2432528.
 331.800  4.20E-06   2571.9231   -137.4558 -2.5644E-06   7295.8157     -2.4311    
2432528.
 336.000 -4.17E-06   1974.7486   -137.4848 -1.5545E-06   7283.1761      2.4173    
2432528.
 340.200 -8.86E-06   1419.5187   -121.6321 -8.0053E-07   7271.4243      5.1316    
2432528.
 344.400 -1.09E-05    954.3101    -97.6006 -2.7324E-07   7261.5779      6.3119    
2432528.
 348.600 -1.12E-05    600.1075    -74.6541  7.2040E-08   7254.0810      4.6150    
1737520.
 352.800 -1.03E-05    327.1013    -56.0205  2.7800E-07   7248.3026      4.2582    
1737520.
 357.000 -8.82E-06    129.0941    -39.4156  3.7933E-07   7244.1117      3.6489    
1737520.
 361.200 -7.11E-06     -4.5919    -25.5789  4.0699E-07   7241.4765      2.9400    
1737520.
 365.400 -5.40E-06    -86.4148    -14.7123  3.8677E-07   7243.2083      2.2346    
1737520.
 369.600 -3.86E-06   -128.7889     -6.6681  3.3897E-07   7244.1052      1.5959    
1737520.
 373.800 -2.55E-06   -142.9652     -1.0977  2.7861E-07   7244.4053      1.0567    
1737520.
 378.000 -1.52E-06   -138.4514      2.4397  2.1610E-07   7244.3097   0.6277651    
1737520.
 382.200 -7.39E-07   -122.8151      4.4000  1.5806E-07   7243.9788   0.3057300    
1737520.
 386.400 -1.90E-07   -101.7423      5.2069  1.0818E-07   7243.5328   0.0784964    
1737520.
 390.600  1.70E-07    -79.2490      5.2243  6.7977E-08   7243.0567  -0.0702018    
1737520.
 394.800  3.81E-07    -57.9661      4.7456  3.7498E-08   7242.6062  -0.1577274    
1737520.
 399.000  4.85E-07    -39.4451      3.9934  1.5860E-08   7242.2142  -0.2005088    
1737520.
 403.200  5.14E-07    -24.4471      3.1253  1.6679E-09   7241.8967  -0.2128423    
1737520.
 407.400  4.99E-07    -13.1951      2.2451 -6.6935E-09   7241.6586  -0.2063049    
1737520.
 411.600  4.58E-07     -5.5776      1.4137 -1.0863E-08   7241.4974  -0.1895822    
1737520.
 415.800  4.07E-07     -1.3024   0.6616575 -1.2392E-08   7241.4069  -0.1685542    
1737520.
 420.000  3.54E-07      0.0000      0.0000 -1.2681E-08   7241.3793  -0.1465208     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.02209161
Maximum bending moment           =       1685037. lbs-in
Maximum shear force              =    33641.21743 lbs
Depth of maximum bending moment  =    88.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             25
Number of zero deflection points =              4
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------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  39995.8864  -0.0308883   7241.3793   -411.5811    
288.1067
   4.200     2.870     188872.  38249.2253  -0.0308463  11238.9702   -420.1624    
614.8141
   8.400     2.741     370265.  36467.4541  -0.0307221  15078.2786   -428.3001    
656.3050
  12.600     2.612     543973.  34652.4624  -0.0305190  18754.9124   -435.9817    
700.9879
  16.800     2.485     709798.  32806.1925  -0.0302405  22264.7070   -443.1945    
749.2025
  21.000     2.358     867555.  30930.6398  -0.0298902  25603.7316   -449.9259    
801.3325
  25.200     2.233    1017069.  29027.8531  -0.0294715  28768.2956   -456.1630    
857.8126
  29.400     2.111    1158178.  27099.9353  -0.0289884  31754.9541   -461.8931    
919.1370
  33.600     1.990    1290730.  25149.0437  -0.0284444  34560.5146   -467.1029    
985.8693
  37.800     1.872    1414588.  23177.3913  -0.0278435  37182.0425   -471.7792   
1058.6546
  42.000     1.756    1529625.  21187.2476  -0.0271895  39616.8674   -475.9083   
1138.2341
  46.200     1.643    1635727.  19180.9398  -0.0264863  41862.5890   -479.4764   
1225.4629
  50.400     1.534    1732794.  17160.8547  -0.0257381  43917.0832   -482.4689   
1321.3317
  54.600     1.427    1820740.  15129.4405  -0.0249488  45778.5081   -484.8712   
1426.9932
  58.800     1.324    1899490.  13089.2090  -0.0241224  47445.3104   -486.6676   
1543.7960
  63.000     1.224    1968986.  11045.6356  -0.0232631  48916.2316   -486.4626   
1668.5940
  67.200     1.129    2029206.   9003.0782  -0.0223750  50190.8295   -486.1838   
1809.2936
  71.400     1.037    2080134.   6962.9973  -0.0214622  51268.7588   -485.2833   
1966.3780
  75.600  0.948319    2121768.   4928.0426  -0.0205288  52149.9754   -483.7427   
2142.4424
  79.800  0.864078    2154121.   2900.9448  -0.0195790  52834.7438   -481.5419   
2340.6182
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  84.000  0.783856    2177220.    888.4624  -0.0186169  53323.6442   -476.7830   
2554.6657
  88.200  0.707696    2191141.  -1088.7669  -0.0176466  53618.2811   -464.7547   
2758.2051
  92.400  0.635624    2196090.  -3014.8796  -0.0166721  53723.0413   -452.4418   
2989.5893
  96.600  0.567650    2192284.  -4888.6469  -0.0156973  53642.4853   -439.8284   
3254.2550
 100.800  0.503767    2179946.  -6708.7659  -0.0147261  53381.3506   -426.8949   
3559.1019
 105.000  0.443951    2159310.  -8473.8401  -0.0137622  52944.5583   -413.6166   
3913.0174
 109.200  0.388165    2130615. -10182.3550  -0.0128093  52337.2201   -399.9620   
4327.6484
 113.400  0.336353    2094114. -11832.6456  -0.0118709  51564.6482   -385.8907   
4818.5658
 117.600  0.288449    2050067. -13422.8513  -0.0109503  50632.3687   -371.3501   
5407.0840
 121.800  0.244371    1998747. -14950.8536  -0.0100510  49546.1394   -356.2700   
6123.2137
 126.000  0.204021    1940437. -16414.1857  -0.0091760  48311.9736   -340.5547   
7010.6863
 130.200  0.167293    1875435. -17809.8969  -0.0083283  46936.1741   -324.0697   
8135.9977
 134.400  0.134063    1804056. -19134.3417  -0.0075110  45425.3808   -306.6183   
9605.8889
 138.600  0.104200    1726631. -20382.8270  -0.0067268  43786.6423   -287.8985  
11604.3511
 142.800  0.077558    1643519. -21548.9808  -0.0059782  42027.5258   -267.4128  
14481.1245
 147.000  0.053984    1555111. -22623.4837  -0.0052677  40156.3001   -244.2552  
19003.4332
 151.200  0.033310    1461845. -23591.0402  -0.0045975  38182.2713   -216.4859  
27296.1742
 155.400  0.015365    1364245. -24420.3346  -0.0039697  36116.5036   -178.4161  
48771.3464
 159.600 -3.57E-05    1263017. -24762.7832  -0.0033862  33973.9393     15.3453    
1807021.
 163.800 -0.013079    1161613. -24370.7284  -0.0028476  31827.6770    171.3475  
55023.1581
 168.000 -0.023955    1062823. -23592.2775  -0.0023535  29736.7191    199.3434  
34950.1595
 172.200 -0.032848     967175. -22720.6481  -0.0019025  27712.2553    215.7182  
27581.8037
 176.400 -0.039937     874990. -21791.9488  -0.0014934  25761.1135    226.5196  
23822.2366
 180.600 -0.045392     786493. -20825.0886  -0.0011243  23888.0145    233.8900  
21640.9834
 184.800 -0.049381     701845. -19832.2969  -0.0007937  22096.3706    238.8679  
20316.5244
 189.000 -0.052059     621162. -18822.3799  -0.0004998  20388.6724    242.0449  
19527.4494
 193.200 -0.053579     544530. -17802.1187  -0.0002409  18766.7080    243.7938  
19110.6729
 197.400 -0.054083     472007. -16776.9826 -1.5076E-05  17231.7026    244.3663  
18977.1552
 201.600 -0.053706     403627. -15751.5375   0.0001794  15784.4112    243.9409  
19077.1198
 205.800 -0.052576     339409. -14729.6982   0.0003445  14425.1853    242.6492  
19384.0069
 210.000 -0.050812     279351. -13714.8949   0.0004819  13154.0221    240.5905  
19886.5641
 214.200 -0.048528     223439. -12710.1878   0.0005936  11970.6010    237.8415  
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20584.9068
 218.400 -0.045826     171643. -11718.3496   0.0006814  10874.3132    234.4624  
21488.7582
 222.600 -0.042804     123923. -10741.9272   0.0007470   9864.2836    230.5006  
22617.0759
 226.800 -0.039551  80224.8126  -9783.2888   0.0007924   8939.3891    225.9938  
23998.7481
 231.000 -0.036148  40485.1412  -8844.6617   0.0008192   8098.2734    220.9715  
25674.3105
 235.200 -0.032670   4629.1301  -7928.1623   0.0008292   7339.3578    215.4568  
27698.8436
 239.400 -0.029183 -27427.8562  -7035.8224   0.0008241   7821.9076    209.4670  
30146.4161
 243.600 -0.025747 -55780.1726  -6169.6108   0.0008057   8422.0026    203.0148  
33116.7204
 247.800 -0.022415 -80531.6374  -5331.4517   0.0007754   8945.8833    196.1086  
36744.9563
 252.000 -0.019234    -101795.  -4454.6373   0.0007349   9395.9434    221.4221  
48350.3297
 256.200 -0.016243    -119117.  -3478.1159   0.0006858   9762.5731    243.5881  
62986.9959
 260.400 -0.013473    -132100.  -2478.3712   0.0006300  10037.3672    232.4808  
72470.5549
 264.600 -0.010951    -140936.  -1526.5765   0.0005693  10224.3758    220.7548  
84668.6354
 268.800 -0.008691    -145827.   -625.3922   0.0005057  10327.9110    208.3806     
100704.
 273.000 -0.006703    -146992.    222.3505   0.0004406  10352.5564    195.3064     
122374.
 277.200 -0.004990    -144659.   1013.5247   0.0003758  10303.1846    181.4433     
152727.
 281.400 -0.003546    -139075.   1744.4936   0.0003128  10184.9890    166.6371     
197360.
 285.600 -0.002362    -130502.   2410.6964   0.0002529  10003.5394    150.6023     
267774.
 289.800 -0.001422    -119227.   3005.7252   0.0001974   9764.8866    132.7447     
392164.
 294.000 -0.000704    -105567.   3518.7106   0.0001475   9475.7820    111.5340     
665754.
 298.200 -0.000183 -89903.5990   3974.9740   0.0001041   9144.2469    105.7343    
2432528.
 302.400  0.000171 -72342.9092   3989.3300  6.8054E-05   8772.5636    -98.8981    
2432528.
 306.600  0.000389 -56501.2696   3581.4942  3.9434E-05   8437.2651    -95.3094    
1028804.
 310.800  0.000502 -42320.9630   3167.7230  1.7483E-05   8137.1298   -101.7245     
851076.
 315.000  0.000536 -29920.1520   2736.8480  1.4360E-06   7874.6586   -103.4541     
810727.
 319.200  0.000514 -19333.7193   2304.5550 -9.5047E-06   7650.5899   -102.3998     
836623.
 323.400  0.000456 -10546.8003   1880.8054 -1.6142E-05   7464.6091    -99.3858     
915177.
 327.600  0.000378  -3509.3269   1472.9062 -1.9264E-05   7315.6565    -94.8520    
1052594.
 331.800  0.000294   1856.1953   1086.6844 -1.9631E-05   7280.6669    -89.0632    
1271081.
 336.000  0.000214   5649.9889    639.8960 -1.7964E-05   7360.9650   -123.6932    
2432528.
 340.200  0.000143   7259.8412    205.7395 -1.5096E-05   7395.0385    -83.0479    
2432528.
 344.400  8.68E-05   7402.1680    -74.1820 -1.1840E-05   7398.0510    -50.2481    
2432528.
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 348.600  4.39E-05   6655.5086   -217.8742 -8.7170E-06   7382.2474    -18.1768    
1737520.
 352.800  1.35E-05   5585.8638   -267.8043 -5.9979E-06   7359.6077     -5.5995    
1737520.
 357.000 -6.44E-06   4415.4744   -273.9645 -3.7763E-06   7334.8357      2.6661    
1737520.
 361.200 -1.82E-05   3290.5569   -252.5670 -2.0646E-06   7311.0261      7.5233    
1737520.
 365.400 -2.38E-05   2297.1895   -216.1031 -8.2336E-07   7290.0008      9.8405    
1737520.
 369.600 -2.51E-05   1476.5980   -173.6307  1.4901E-08   7272.6325     10.3845    
1737520.
 373.800 -2.37E-05    838.6680   -131.2670  5.2919E-07   7259.1303      9.7887    
1737520.
 378.000 -2.07E-05    373.1150    -92.7651  7.9836E-07   7249.2765      8.5455    
1737520.
 382.200 -1.70E-05     58.1737    -60.0893  8.9416E-07   7242.6106      7.0144    
1737520.
 386.400 -1.31E-05   -133.0546    -33.9387  8.7753E-07   7244.1955      5.4383    
1737520.
 390.600 -9.58E-06   -228.3043    -14.1919  7.9726E-07   7246.2115      3.9649    
1737520.
 394.800 -6.45E-06   -253.5322  -0.2631538  6.9023E-07   7246.7455      2.6678    
1737520.
 399.000 -3.79E-06   -231.6106      8.6286  5.8246E-07   7246.2815      1.5664    
1737520.
 403.200 -1.56E-06   -181.9768     13.2697  4.9060E-07   7245.2310   0.6437075    
1737520.
 407.400  3.35E-07   -120.9239     14.3307  4.2331E-07   7243.9387  -0.1384775    
1737520.
 411.600  2.00E-06    -62.2710     12.3025  3.8262E-07   7242.6973  -0.8273208    
1737520.
 415.800  3.55E-06    -18.1901      7.4822  3.6475E-07   7241.7643     -1.4681    
1737520.
 420.000  5.06E-06      0.0000      0.0000  3.6071E-07   7241.3793     -2.0948     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.03088827
Maximum bending moment           =       2196090. lbs-in
Maximum shear force              =    39995.88642 lbs
Depth of maximum bending moment  =    92.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              4

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:
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Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000     189000.   0.2500000     433851.  13502.3455
  4  y=  0.500000 M=     0.000     189000.   0.5000000     682390.  18370.6468
  4  y=  1.000000 M=     0.000     189000.   1.0000000    1072188.  24912.9120
  4  y=     2.000 M=     0.000     189000.      2.0000    1685037.  33641.2174
  4  y=     3.000 M=     0.000     189000.      3.0000    2196090.  39995.8864

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =         189000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   420.000    0.25000000  433850.84219   13502.34549
   399.000    0.25000000  434919.73723   13513.00268
   378.000    0.25000000  434084.40520   13500.49912
   357.000    0.25000000  434827.11486   13510.45418
   336.000    0.25000000  434433.14587   13505.28932
   315.000    0.25000000  434779.49999   13511.70591
   294.000    0.25000000  434338.63227   13506.65075
   273.000    0.25000000  434600.17434   13508.47367
   252.000    0.25000000  434425.78260   13506.02060
   231.000    0.25000000  434532.48413   13507.89189

The analysis ended normally. 
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Bent14x89-Weak Case-Row3.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Bent14x89-Weak Case-Row3.lpd
Name of output file:         Bent14x89-Weak Case-Row3.lpo
Name of plot output file:    Bent14x89-Weak Case-Row3.lpp
Name of runtime file:        Bent14x89-Weak Case-Row3.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 21, 2011     Time:   9:57:14

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Bent - Weak Axis - Row 3                     

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     420.00 in

Depth of ground surface below top of pile =     -60.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     420.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       60.000 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      252.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      252.000 in
Distance from top of pile to bottom of layer =      348.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      492.000 in

(Depth of lowest layer extends   72.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
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------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  8 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00        0.06600
  2            60.00        0.06600
  3            60.00        0.03000
  4           252.00        0.03000
  5           252.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03600
  8           492.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  8 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000       10.40000            0.00          0.00700       0.0
  2       60.000       10.40000            0.00          0.00700       0.0
  3       60.000       10.40000            0.00          0.00700       0.0
  4      252.000       10.40000            0.00          0.00700       0.0
  5      252.000       14.00000            0.00          0.00700       0.0
  6      348.000       14.00000            0.00          0.00700       0.0
  7      348.000       10.00000            0.00          0.00700       0.0
  8      492.000       10.00000            0.00          0.00700       0.0

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.4000         1.0000
  2          420.000         0.4000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------
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Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
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    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  10663.6717  -0.0036780   7241.3793   -160.8264   
1350.9418
   4.200  0.234552  46288.5152   9982.8420  -0.0036677   8221.1056   -163.3782   
2925.5221
   8.400  0.219191  89678.7154   9291.8927  -0.0036375   9139.4871   -165.6453   
3173.9858
  12.600  0.203997     130115.   8592.0396  -0.0035887   9995.3536   -167.6181   
3451.0046
  16.800  0.189046     167549.   7884.5383  -0.0035226  10787.6667   -169.2872   
3761.0145
  21.000  0.174408     201938.   7170.6856  -0.0034405  11515.5238   -170.6426   
4109.3245
  25.200  0.160146     233245.   6451.8202  -0.0033438  12178.1621   -171.6742   
4502.3299
  29.400  0.146320     261442.   5729.3242  -0.0032339  12774.9629   -172.3715   
4947.7891
  33.600  0.132981     286506.   5004.6250  -0.0031122  13305.4552   -172.7234   
5455.1882
  37.800  0.120177     308422.   4279.1975  -0.0029801  13769.3208   -172.7183   
6036.2224
  42.000  0.107949     327182.   3554.5667  -0.0028389  14166.3978   -172.3439   
6705.4460
  46.200  0.096331     342787.   2832.3120  -0.0026901  14496.6860   -171.5869   
7481.1571
  50.400  0.085352     355244.   2114.0710  -0.0025350  14760.3516   -170.4326   
8386.6252
  54.600  0.075037     364570.   1401.5461  -0.0023751  14957.7326   -168.8649   
9451.8240
  58.800  0.065401     370788.    696.5125  -0.0022118  15089.3446   -166.8654  
10715.9299
  63.000  0.056458     373932.      1.8042  -0.0020464  15155.8879   -163.9480  
12196.4267
  67.200  0.048212     374052.   -680.0764  -0.0018802  15158.4282   -160.7570  
14004.4374
  71.400  0.040664     371204.  -1347.5363  -0.0017147  15098.1559   -157.0810  
16224.2105
  75.600  0.033809     365455.  -1998.4602  -0.0015510  14976.4649   -152.8827  
18992.3940
  79.800  0.027635     356880.  -2630.5520  -0.0013906  14794.9655   -148.1134  
22510.2163
  84.000  0.022128     345566.  -3240.0990  -0.0012345  14555.5024   -142.1471  
26980.4413
  88.200  0.017265     331623.  -3819.1694  -0.0010841  14260.3876   -133.6007  
32500.4381
  92.400  0.013021     315206.  -4361.1984  -0.0009404  13912.9162   -124.5083  
40160.4110
  96.600  0.009365     296482.  -4863.4718  -0.0008046  13516.6054   -114.6695  
51424.8228
 100.800  0.006263     275630.  -5322.0644  -0.0006775  13075.2684   -103.7080  
69549.8703
 105.000  0.003674     252852.  -5730.5091  -0.0005601  12593.1534    -90.7894     
103775.
 109.200  0.001558     228383.  -6075.1529  -0.0004532  12075.2539    -73.3267     
197681.
 113.400 -0.000132     202540.  -6109.4569  -0.0003575  11528.2722     56.9915    
1807021.
 117.600 -0.001445     177631.  -5839.1576  -0.0002730  11001.0572     71.7225     
208476.
 121.800 -0.002426     153925.  -5516.9781  -0.0001994  10499.2949     81.6963     
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141438.
 126.000 -0.003120     131605.  -5162.6816  -0.0001360  10026.8859     87.0164     
117145.
 130.200 -0.003568     110774.  -4790.9605 -8.2125E-05   9585.9832     89.9937     
105932.
 134.400 -0.003810  91491.4057  -4409.8616 -3.7196E-05   9177.8538     91.4820     
100856.
 138.600 -0.003881  73790.2519  -4024.7511 -4.8213E-07   8803.1975     91.9040  
99470.6614
 142.800 -0.003814  57684.2622  -3639.5954  2.8722E-05   8462.3039     91.5035     
100772.
 147.000 -0.003639  43172.0511  -3257.5249  5.1125E-05   8155.1436     90.4349     
104370.
 151.200 -0.003384  30239.8865  -2881.1267  6.7432E-05   7881.4260     88.8024     
110208.
 155.400 -0.003073  18863.5317  -2512.6158  7.8339E-05   7640.6381     86.6790     
118475.
 159.600 -0.002726   9009.5421  -2153.9444  8.4531E-05   7432.0721     84.1169     
129591.
 163.800 -0.002363    636.1981  -1806.8764  8.6673E-05   7254.8449     81.1535     
144257.
 168.000 -0.001998  -6305.8217  -1473.0436  8.5414E-05   7374.8461     77.8144     
163563.
 172.200 -0.001645 -11872.9711  -1153.9916  8.1376E-05   7492.6784     74.1151     
189198.
 176.400 -0.001315 -16128.5431   -851.2219  7.5156E-05   7582.7503     70.0609     
223840.
 180.600 -0.001014 -19142.5524   -566.2384  6.7321E-05   7646.5438     65.6455     
271912.
 184.800 -0.000749 -20991.8243   -300.6063  5.8406E-05   7685.6848     60.8460     
341155.
 189.000 -0.000523 -21760.3707    -56.0435  4.8910E-05   7701.9516     55.6125     
446294.
 193.200 -0.000338 -21540.2388    165.4122  3.9291E-05   7697.2923     49.8426     
618906.
 197.400 -0.000193 -20433.2874    444.7411  2.9968E-05   7673.8630     83.1712    
1807021.
 201.600 -8.65E-05 -17851.9906    697.5631  2.1464E-05   7619.2282     37.2202    
1807021.
 205.800 -1.30E-05 -14607.8335    787.4866  1.4253E-05   7550.5635      5.6005    
1807021.
 210.000  3.32E-05 -11259.7319    769.2338  8.5075E-06   7479.6988    -14.2923    
1807021.
 214.200  5.84E-05  -8159.7762    686.4131  4.1939E-06   7414.0862    -25.1461    
1807021.
 218.400  6.84E-05  -5500.5198    571.7628  1.1596E-06   7357.8014    -29.4493    
1807021.
 222.600  6.82E-05  -3358.8093    448.3120 -8.0833E-07   7312.4707    -29.3368    
1807021.
 226.800  6.17E-05  -1733.4161    330.9959 -1.9395E-06   7278.0682    -26.5280    
1807021.
 231.000  5.19E-05   -575.3649    228.3993 -2.4523E-06   7253.5573    -22.3276    
1807021.
 235.200  4.11E-05    189.0312    144.4144 -2.5381E-06   7245.3803    -17.6652    
1807021.
 239.400  3.06E-05    641.7456     79.6925 -2.3536E-06   7254.9623    -13.1547    
1807021.
 243.600  2.13E-05    862.1851     32.8331 -2.0195E-06   7259.6280     -9.1593    
1807021.
 247.800  1.36E-05    920.7502      1.3008 -1.6235E-06   7260.8676     -5.8561    
1807021.
 252.000  7.65E-06    875.6893    -19.1067 -1.2244E-06   7259.9138     -3.8618    
2119774.
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 256.200  3.33E-06    762.1977    -31.2616 -8.6061E-07   7257.5117     -1.9263    
2432528.
 260.400  4.22E-07    614.4582    -35.8204 -5.5482E-07   7254.3847  -0.2446272    
2432528.
 264.600 -1.33E-06    462.1868    -34.7109 -3.1567E-07   7251.1618   0.7729724    
2432528.
 268.800 -2.23E-06    323.3877    -30.3764 -1.4117E-07   7248.2240      1.2911    
2432528.
 273.000 -2.52E-06    207.2496    -24.5995 -2.3298E-08   7245.7659      1.4598    
2432528.
 277.200 -2.42E-06    116.7885    -18.5847  4.8680E-08   7243.8512      1.4044    
2432528.
 281.400 -2.11E-06     51.0607    -13.0672  8.5964E-08   7242.4600      1.2229    
2432528.
 285.600 -1.70E-06      6.8873     -8.4280  9.8836E-08   7241.5251   0.9862249    
2432528.
 289.800 -1.28E-06    -19.8916     -4.7986  9.5948E-08   7241.8003   0.7420814    
2432528.
 294.000 -8.97E-07    -33.5731     -2.1494  8.4072E-08   7242.0899   0.5194340    
2432528.
 298.200 -5.75E-07    -38.0799  -0.3591387  6.8156E-08   7242.1853   0.3330680    
2432528.
 302.400 -3.24E-07    -36.6981   0.7347967  5.1545E-08   7242.1560   0.1878536    
2432528.
 306.600 -1.42E-07    -31.9895      1.3021  3.6288E-08   7242.0564   0.0822976    
2432528.
 310.800 -1.95E-08    -25.8179      1.4987  2.3447E-08   7241.9258   0.0113116    
2432528.
 315.000  5.49E-08    -19.4377      1.4557  1.3395E-08   7241.7907  -0.0317739    
2432528.
 319.200  9.30E-08    -13.6111      1.2759  6.0535E-09   7241.6674  -0.0538538    
2432528.
 323.400  1.06E-07     -8.7297      1.0342  1.0910E-09   7241.5641  -0.0612246    
2432528.
 327.600  1.02E-07     -4.9252   0.7814292 -1.9422E-09   7241.4836  -0.0591615    
2432528.
 331.800  8.94E-08     -2.1626   0.5484606 -3.5166E-09   7241.4251  -0.0517759    
2432528.
 336.000  7.26E-08  -0.3125655   0.3514194 -4.0664E-09   7241.3859  -0.0420533    
2432528.
 340.200  5.52E-08   0.7957691   0.1959226 -3.9590E-09   7241.3962  -0.0319928    
2432528.
 344.400  3.94E-08      1.3395   0.0808738 -3.4847E-09   7241.4077  -0.0227923    
2432528.
 348.600  2.60E-08      1.4806   0.0104508 -2.8583E-09   7241.4106  -0.0107424    
1737520.
 352.800  1.53E-08      1.4318  -0.0254380 -2.2114E-09   7241.4096  -0.0063475    
1737520.
 357.000  7.39E-09      1.2705  -0.0451892 -1.6111E-09   7241.4062  -0.0030578    
1737520.
 361.200  1.81E-09      1.0548  -0.0531830 -1.0946E-09   7241.4016  -0.0007488    
1737520.
 365.400 -1.80E-09   0.8254734  -0.0531887 -6.7697E-10   7241.3968   0.0007461    
1737520.
 369.600 -3.88E-09   0.6090529  -0.0482542 -3.5832E-10   7241.3922   0.0016037    
1737520.
 373.800 -4.81E-09   0.4207073  -0.0407047 -1.2958E-10   7241.3882   0.0019912    
1737520.
 378.000 -4.97E-09   0.2673388  -0.0322097  2.3251E-11   7241.3850   0.0020540    
1737520.
 382.200 -4.62E-09   0.1501092  -0.0238843  1.1598E-10   7241.3825   0.0019104    
1737520.
 386.400 -3.99E-09   0.0665269  -0.0164052  1.6410E-10   7241.3807   0.0016510    
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1737520.
 390.600 -3.24E-09   0.0120448  -0.0101237  1.8155E-10   7241.3796   0.0013402    
1737520.
 394.800 -2.47E-09  -0.0188005  -0.0051671  1.8005E-10   7241.3797   0.0010201    
1737520.
 399.000 -1.73E-09  -0.0316447  -0.0015244  1.6885E-10   7241.3800   0.0007145    
1737520.
 403.200 -1.05E-09  -0.0318736   0.0008861  1.5474E-10   7241.3800   0.0004334    
1737520.
 407.400 -4.27E-10  -0.0244471   0.0021674  1.4223E-10   7241.3798   0.0001768    
1737520.
 411.600  1.47E-10  -0.0138932   0.0024108  1.3371E-10   7241.3796 -6.0891E-05    
1737520.
 415.800  6.96E-10  -0.0044085   0.0016785  1.2964E-10   7241.3794  -0.0002879    
1737520.
 420.000  1.24E-09      0.0000      0.0000  1.2867E-10   7241.3793  -0.0005114     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00367798
Maximum bending moment           =   374051.87341 lbs-in
Maximum shear force              =    10663.67168 lbs
Depth of maximum bending moment  =    67.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             23
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  14490.0831  -0.0065286   7241.3793   -191.2559    
803.2748
   4.200  0.472580  64353.8385  13679.6821  -0.0065143   8603.4698   -194.6493   
1729.9228
   8.400  0.445280     125251.  12855.6295  -0.0064721   9892.4052   -197.7567   
1865.2936
  12.600  0.418214     182616.  12019.1451  -0.0064038  11106.5709   -200.5691   
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2014.2565
  16.800  0.391489     236379.  11171.4876  -0.0063107  12244.4887   -203.0773   
2178.6698
  21.000  0.365204     286476.  10313.9547  -0.0061945  13304.8208   -205.2717   
2360.7096
  25.200  0.339454     332850.   9447.8838  -0.0060570  14286.3740   -207.1430   
2562.9371
  29.400  0.314326     375454.   8574.6532  -0.0058996  15188.1034   -208.6811   
2788.3839
  33.600  0.289897     414244.   7695.6832  -0.0057242  16009.1168   -209.8760   
3040.6589
  37.800  0.266242     449185.   6812.4375  -0.0055324  16748.6786   -210.7171   
3324.0862
  42.000  0.243425     480252.   5926.4254  -0.0053260  17406.2138   -211.1934   
3643.8821
  46.200  0.221504     507423.   5039.2042  -0.0051066  17981.3128   -211.2930   
4006.3865
  50.400  0.200530     530688.   4152.3817  -0.0048760  18473.7356   -211.0035   
4419.3688
  54.600  0.180546     550044.   3267.6205  -0.0046359  18883.4167   -210.3114   
4892.4364
  58.800  0.161588     565496.   2386.6426  -0.0043881  19210.4699   -209.2019   
5437.5889
  63.000  0.143685     577058.   1512.4683  -0.0041343  19455.1941   -207.0716   
6052.8212
  67.200  0.126859     584765.    647.6645  -0.0038763  19618.2985   -204.7397   
6778.4318
  71.400  0.111124     588653.   -206.4008  -0.0036156  19700.5962   -201.9580   
7633.0955
  75.600  0.096488     588771.  -1047.7879  -0.0033541  19703.0966   -198.7026   
8649.2694
  79.800  0.082950     585176.  -1874.4471  -0.0030933  19627.0145   -194.9447   
9870.6012
  84.000  0.070504     577937.  -2682.6243  -0.0028350  19473.7796   -189.9017  
11312.6321
  88.200  0.059136     567143.  -3463.0644  -0.0025806  19245.3289   -181.7364  
12907.3188
  92.400  0.048827     552944.  -4208.5138  -0.0023318  18944.7915   -173.2395  
14901.7048
  96.600  0.039549     535494.  -4917.4526  -0.0020900  18575.4459   -164.3505  
17453.4534
 100.800  0.031271     514955.  -5588.0472  -0.0018567  18140.7411   -154.9803  
20815.5209
 105.000  0.023953     491502.  -6217.9857  -0.0016331  17644.3289   -144.9905  
25423.0578
 109.200  0.017552     465317.  -6804.1828  -0.0014206  17090.1141   -134.1510  
32100.0636
 113.400  0.012020     436602.  -7342.1841  -0.0012203  16482.3393   -122.0401  
42642.8237
 117.600  0.007302     405580.  -7824.7457  -0.0010332  15825.7406   -107.7511  
61974.3958
 121.800  0.003341     372514.  -8237.1649  -0.0008603  15125.8844    -88.6390     
111419.
 126.000  7.54E-05     337754.  -8491.4081  -0.0007026  14390.1533    -32.4292    
1807021.
 130.200 -0.002560     302302.  -8385.4976  -0.0005604  13639.7933     82.8627     
135929.
 134.400 -0.004632     268205.  -8009.6295  -0.0004337  12918.1148     96.1220  
87157.2637
 138.600 -0.006203     235709.  -7590.6094  -0.0003217  12230.3226    103.4114  
70016.4693
 142.800 -0.007335     204955.  -7146.9832  -0.0002239  11579.3810    107.8392  
61751.4767
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 147.000 -0.008084     176030.  -6688.4794  -0.0001392  10967.1726    110.4959  
57410.1994
 151.200 -0.008504     148993.  -6221.4301 -6.7034E-05  10394.9053    111.9085  
55268.8080
 155.400 -0.008647     123877.  -5750.4306 -6.4222E-06   9863.3083    112.3770  
54585.2448
 159.600 -0.008558     100699.  -5279.0490  4.3462E-05   9372.7440    112.0904  
55009.7028
 163.800 -0.008282  79463.6328  -4810.1885  8.3482E-05   8923.2783    111.1765  
56382.7239
 168.000 -0.007857  60161.1381  -4346.2946   0.0001145   8514.7286    109.7254  
58655.1951
 172.200 -0.007320  42772.9835  -3889.4841   0.0001374   8146.6971    107.8034  
61855.5661
 176.400 -0.006703  27271.3976  -3441.6303   0.0001529   7818.5960    105.4603  
66079.3774
 180.600 -0.006035  13620.5134  -3004.4233   0.0001620   7529.6663    102.7336  
71492.4108
 184.800 -0.005342   1777.0462  -2579.4134   0.0001654   7278.9916     99.6521  
78345.4698
 189.000 -0.004646  -8309.1847  -2168.0457   0.0001640   7417.2486     96.2373  
87002.8333
 193.200 -0.003965 -16694.8602  -1771.6884   0.0001584   7594.7368     92.5043  
97990.5553
 197.400 -0.003315 -23442.8716  -1391.6572   0.0001495   7737.5628     88.4629     
112077.
 201.600 -0.002709 -28622.1310  -1029.2408   0.0001379   7847.1851     84.1164     
130411.
 205.800 -0.002156 -32307.4834   -685.7268   0.0001244   7925.1880     79.4617     
154767.
 210.000 -0.001664 -34579.7382   -362.4355   0.0001095   7973.2817     74.4865     
188001.
 214.200 -0.001236 -35525.8562    -60.7669  9.3973E-05   7993.3069     69.1652     
234986.
 218.400 -0.000875 -35239.3716    217.7242  7.8254E-05   7987.2433     63.4496     
304672.
 222.600 -0.000579 -33821.2092    471.1894  6.2914E-05   7957.2270     57.2481     
415356.
 226.800 -0.000346 -31381.2630    697.1887  4.8431E-05   7905.5840     50.3706     
611088.
 231.000 -0.000172 -28041.7124    958.4297  3.5231E-05   7834.9002     74.0298    
1807021.
 235.200 -5.03E-05 -23386.3865   1159.2991  2.3807E-05   7736.3672     21.6223    
1807021.
 239.400  2.79E-05 -18341.3967   1179.4824  1.4539E-05   7629.5868    -12.0112    
1807021.
 243.600  7.19E-05 -13501.8161   1089.3258  7.4652E-06   7527.1539    -30.9205    
1807021.
 247.800  9.06E-05  -9202.9119    942.5119  2.4219E-06   7436.1649    -38.9908    
1807021.
 252.000  9.22E-05  -5588.5608    762.8976 -8.6373E-07   7359.6648    -46.5398    
2119774.
 256.200  8.34E-05  -2793.2008    563.7643 -2.7256E-06   7300.4992    -48.2856    
2432528.
 260.400  6.93E-05   -848.6134    378.0573 -3.5345E-06   7259.3408    -40.1463    
2432528.
 264.600  5.37E-05    388.0919    228.4610 -3.6368E-06   7249.5935    -31.0900    
2432528.
 268.800  3.88E-05   1076.2325    116.0204 -3.3115E-06   7264.1585    -22.4531    
2432528.
 273.000  2.59E-05   1367.9210     37.4126 -2.7686E-06   7270.3322    -14.9792    
2432528.
 277.200  1.55E-05   1394.8935    -12.9094 -2.1549E-06   7270.9031     -8.9836    
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2432528.
 281.400  7.76E-06   1262.9032    -41.2154 -1.5645E-06   7268.1095     -4.4954    
2432528.
 285.600  2.37E-06   1051.1681    -53.5370 -1.0505E-06   7263.6280     -1.3720    
2432528.
 289.800 -1.06E-06    814.8601    -55.1258 -6.3603E-07   7258.6264   0.6154428    
2432528.
 294.000 -2.97E-06    589.1212    -50.2165 -3.2416E-07   7253.8484      1.7223    
2432528.
 298.200 -3.79E-06    393.5560    -41.9954 -1.0588E-07   7249.7092      2.1925    
2432528.
 302.400 -3.86E-06    236.5280    -32.6925  3.4075E-08   7246.3856      2.2374    
2432528.
 306.600 -3.50E-06    118.8851    -23.7377  1.1302E-07   7243.8956      2.0267    
2432528.
 310.800 -2.91E-06     36.9521    -15.9376  1.4764E-07   7242.1614      1.6876    
2432528.
 315.000 -2.26E-06    -15.2251     -9.6459  1.5246E-07   7241.7016      1.3085    
2432528.
 319.200 -1.63E-06    -44.3153     -4.9118  1.3924E-07   7242.3173   0.9458329    
2432528.
 323.400 -1.09E-06    -56.7054     -1.6003  1.1680E-07   7242.5795   0.6310762    
2432528.
 327.600 -6.52E-07    -57.9433   0.5179111  9.1332E-08   7242.6057   0.3775992    
2432528.
 331.800 -3.22E-07    -52.5000      1.7030  6.6800E-08   7242.4905   0.1867396    
2432528.
 336.000 -9.08E-08    -43.7440      2.2057  4.5421E-08   7242.3052   0.0526149    
2432528.
 340.200  5.91E-08    -34.0445      2.2443  2.8142E-08   7242.0999  -0.0342371    
2432528.
 344.400  1.46E-07    -24.9369      1.9953  1.5041E-08   7241.9071  -0.0842984    
2432528.
 348.600  1.85E-07    -17.3075      1.6572  5.6571E-09   7241.7456  -0.0767224    
1737520.
 352.800  1.93E-07    -11.0254      1.3283 -6.3645E-10   7241.6127  -0.0798718    
1737520.
 357.000  1.80E-07     -6.1484      1.0041 -4.4513E-09   7241.5094  -0.0745107    
1737520.
 361.200  1.56E-07     -2.5836   0.7124216 -6.3909E-09   7241.4340  -0.0644035    
1737520.
 365.400  1.26E-07  -0.1539336   0.4673398 -6.9990E-09   7241.3826  -0.0523021    
1737520.
 369.600  9.69E-08      1.3532   0.2733334 -6.7326E-09   7241.4080  -0.0400819    
1737520.
 373.800  6.99E-08      2.1528   0.1284587 -5.9538E-09   7241.4249  -0.0289061    
1737520.
 378.000  4.69E-08      2.4417   0.0270323 -4.9333E-09   7241.4310  -0.0193921    
1737520.
 382.200  2.84E-08      2.3877  -0.0383932 -3.8605E-09   7241.4298  -0.0117629    
1737520.
 386.400  1.44E-08      2.1253  -0.0756461 -2.8581E-09   7241.4243  -0.0059766    
1737520.
 390.600  4.43E-09      1.7568  -0.0920421 -1.9958E-09   7241.4165  -0.0018310    
1737520.
 394.800 -2.32E-09      1.3553  -0.0938738 -1.3045E-09   7241.4080   0.0009587    
1737520.
 399.000 -6.53E-09   0.9703002  -0.0861861 -7.8789E-10   7241.3998   0.0027021    
1737520.
 403.200 -8.94E-09   0.6326057  -0.0727487 -4.3183E-10   7241.3927   0.0036966    
1737520.
 407.400 -1.02E-08   0.3598963  -0.0561600 -2.1137E-10   7241.3869   0.0042028    
1737520.
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 411.600 -1.07E-08   0.1611971  -0.0380288 -9.5623E-11   7241.3827   0.0044311    
1737520.
 415.800 -1.10E-08   0.0406064  -0.0191997 -5.0796E-11   7241.3802   0.0045351    
1737520.
 420.000 -1.11E-08      0.0000      0.0000 -4.1776E-11   7241.3793   0.0046077     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00652855
Maximum bending moment           =   588770.99259 lbs-in
Maximum shear force              =    14490.08307 lbs
Depth of maximum bending moment  =    75.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  19591.1597  -0.0115648   7241.3793   -227.4429    
477.6301
   4.200  0.951428  89456.9770  18626.6214  -0.0115449   9134.7939   -231.8611   
1023.5317
   8.400  0.903022     174792.  17644.1300  -0.0114862  10940.9726   -235.9920   
1097.6101
  12.600  0.854943     255903.  16644.9097  -0.0113906  12657.7362   -239.8272   
1178.1765
  16.800  0.807342     332693.  15630.2213  -0.0112598  14283.0474   -243.3578   
1266.0103
  21.000  0.760361     405073.  14601.3621  -0.0110960  15815.0148   -246.5752   
1362.0058
  25.200  0.714136     472961.  13559.6665  -0.0109009  17251.8969   -249.4704   
1467.1943
  29.400  0.668793     536281.  12506.5064  -0.0106767  18592.1061   -252.0344   
1582.7689
  33.600  0.624451     594966.  11443.2920  -0.0104255  19834.2123   -254.2581   
1710.1170
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  37.800  0.581219     648956.  10371.4727  -0.0101491  20976.9474   -256.1320   
1850.8588
  42.000  0.539198     698199.   9292.5382  -0.0098499  22019.2086   -257.6463   
2006.8962
  46.200  0.498480     742651.   8208.0199  -0.0095299  22960.0631   -258.7910   
2180.4736
  50.400  0.459147     782276.   7119.4924  -0.0091911  23798.7517   -259.5554   
2374.2552
  54.600  0.421274     817046.   6028.5759  -0.0088359  24534.6932   -259.9286   
2591.4231
  58.800  0.384926     846944.   4936.9385  -0.0084663  25167.4888   -259.8987   
2835.8040
  63.000  0.350158     871958.   3847.8400  -0.0080844  25696.9263   -258.7196   
3103.2355
  67.200  0.317017     892100.   2763.9529  -0.0076926  26123.2595   -257.4171   
3410.3940
  71.400  0.285540     907388.   1686.4200  -0.0072929  26446.8242   -255.6938   
3760.9909
  75.600  0.255757     917845.    617.0421  -0.0068874  26668.1497   -253.5338   
4163.4976
  79.800  0.227686     923505.   -442.3099  -0.0064784  26787.9645   -250.9195   
4628.5818
  84.000  0.201338     924414.  -1487.6449  -0.0060679  26807.2024   -246.8591   
5149.5930
  88.200  0.176715     920643.  -2507.8222  -0.0056581  26727.3726   -238.9396   
5678.8996
  92.400  0.153810     912331.  -3494.2560  -0.0052509  26551.4601   -230.7908   
6302.0768
  96.600  0.132607     899627.  -4445.9377  -0.0048485  26282.5693   -222.3910   
7043.6879
 100.800  0.113083     882683.  -5361.7536  -0.0044526  25923.9314   -213.7118   
7937.4608
 105.000  0.095205     861657.  -6240.4502  -0.0040651  25478.9132   -204.7151   
9031.0321
 109.200  0.078936     836717.  -7080.5833  -0.0036878  24951.0306   -195.3483  
10394.0340
 113.400  0.064228     808035.  -7880.4418  -0.0033225  24343.9671   -185.5367  
12132.6975
 117.600  0.051027     775796.  -8637.9272  -0.0029707  23661.6000   -175.1706  
14418.1812
 121.800  0.039274     740193.  -9350.3523  -0.0026339  22908.0403   -164.0795  
17546.8552
 126.000  0.028902     701435. -10014.0771  -0.0023137  22087.6947   -151.9799  
22085.5563
 130.200  0.019839     659748. -10623.7692  -0.0020114  21205.3699   -138.3497  
29289.5428
 134.400  0.012007     615388. -11170.6141  -0.0017281  20266.4663   -122.0527  
42694.9388
 138.600  0.005323     568658. -11636.2093  -0.0014651  19277.3996    -99.6593  
78638.9350
 142.800 -0.000300     519970. -11745.7527  -0.0012233  18246.8793     47.4958     
664469.
 147.000 -0.004953     471936. -11440.9732  -0.0010030  17230.2110     97.6373  
82795.3135
 151.200 -0.008725     425458. -10999.5841  -0.0008036  16246.4743    112.5480  
54177.7615
 155.400 -0.011703     380815. -10508.8283  -0.0006245  15301.5830    121.1453  
43475.9090
 159.600 -0.013971     338175.  -9988.4751  -0.0004648  14399.0803    126.6420  
38071.5317
 163.800 -0.015608     297650.  -9449.0953  -0.0003236  13541.3368    130.2056  
35038.0956
 168.000 -0.016689     259317.  -8897.6046  -0.0001999  12729.9853    132.4091  
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33322.4150
 172.200 -0.017286     223228.  -8339.0240 -9.2671E-05  11966.1349    133.5817  
32455.5770
 176.400 -0.017467     189416.  -7777.2454 -1.0117E-06  11250.4925    133.9320  
32203.5653
 180.600 -0.017295     157900.  -7215.4253  7.6137E-05  10583.4414    133.6015  
32444.4424
 184.800 -0.016828     128686.  -6656.2111   0.0001398   9965.0935    132.6910  
33117.7425
 189.000 -0.016121     101766.  -6101.8832   0.0001910   9395.3267    131.2747  
34201.6098
 193.200 -0.015224  77126.5971  -5554.4471   0.0002307   8873.8134    129.4091  
35702.3069
 197.400 -0.014183  54742.5607  -5015.6990   0.0002600   8400.0409    127.1376  
37650.1250
 201.600 -0.013039  34581.9258  -4487.2729   0.0002799   7973.3280    124.4940  
40099.2976
 205.800 -0.011832  16605.1689  -3970.6754   0.0002912   7592.8384    121.5049  
43131.1242
 210.000 -0.010593    765.9018  -3467.3143   0.0002951   7257.5901    118.1909  
46860.4440
 214.200 -0.009353 -12988.7479  -2978.5212   0.0002924   7516.2945    114.5677  
51446.3963
 218.400 -0.008137 -24717.8425  -2505.5711   0.0002840   7764.5484    110.6466  
57109.4039
 222.600 -0.006968 -34486.4147  -2049.7010   0.0002708   7971.3065    106.4345  
64157.9032
 226.800 -0.005862 -42365.3212  -1612.1268   0.0002538   8138.0686    101.9342  
73031.1751
 231.000 -0.004836 -48431.1685  -1194.0630   0.0002336   8266.4562     97.1438  
84370.0665
 235.200 -0.003900 -52766.3203   -796.7445   0.0002111   8358.2125     92.0555  
99138.4805
 239.400 -0.003062 -55459.0045   -421.4540   0.0001871   8415.2049     86.6542     
118843.
 243.600 -0.002328 -56603.5501    -69.5609   0.0001622   8439.4299     80.9139     
145953.
 247.800 -0.001700 -56300.8137    257.4201   0.0001371   8433.0223     74.7914     
184777.
 252.000 -0.001177 -54658.9026    582.5255   0.0001125   8398.2702     80.0207     
285628.
 256.200 -0.000755 -51586.1507    923.1607  8.8866E-05   8333.2334     82.1865     
457018.
 260.400 -0.000430 -47045.4370   1245.6668  6.6957E-05   8237.1263     71.3879     
696979.
 264.600 -0.000193 -41228.8510   1630.1410  4.7349E-05   8114.0145    111.6951    
2432528.
 268.800 -3.24E-05 -33427.4247   1904.1678  3.0766E-05   7948.8923     18.7939    
2432528.
 273.000  6.56E-05 -25282.6855   1863.8700  1.7725E-05   7776.5036    -37.9834    
2432528.
 277.200  0.000116 -17799.0567   1642.4841  8.1552E-06   7618.1078    -67.4385    
2432528.
 281.400  0.000134 -11498.7659   1337.7799  1.6473E-06   7484.7581    -77.6588    
2432528.
 285.600  0.000130  -6564.3206   1016.2458 -2.3650E-06   7380.3174    -75.4527    
2432528.
 289.800  0.000114  -2958.5467    718.8741 -4.4803E-06   7303.9989    -66.1529    
2432528.
 294.000  9.26E-05   -518.6657    467.2759 -5.2527E-06   7252.3572    -53.6558    
2432528.
 298.200  7.01E-05    974.9103    269.3426 -5.1514E-06   7262.0139    -40.5982    
2432528.
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 302.400  4.94E-05   1751.9904    124.0386 -4.5456E-06   7278.4613    -28.5942    
2432528.
 306.600  3.19E-05   2024.0515     25.1756 -3.7069E-06   7284.2197    -18.4835    
2432528.
 310.800  1.82E-05   1969.3507    -35.8157 -2.8198E-06   7283.0619    -10.5601    
2432528.
 315.000  8.23E-06   1727.6760    -67.9981 -1.9986E-06   7277.9467     -4.7649    
2432528.
 319.200  1.44E-06   1401.3394    -79.7616 -1.3036E-06   7271.0396  -0.8367471    
2432528.
 323.400 -2.72E-06   1059.7484    -78.2070 -7.5688E-07   7263.8096      1.5770    
2432528.
 327.600 -4.91E-06    745.6022    -68.9197 -3.5586E-07   7257.1605      2.8455    
2432528.
 331.800 -5.71E-06    481.3882    -55.9966 -8.3315E-08   7251.5682      3.3083    
2432528.
 336.000 -5.61E-06    275.3631    -42.2223  8.4781E-08   7247.2075      3.2509    
2432528.
 340.200 -5.00E-06    126.5861    -29.3142  1.7406E-07   7244.0586      2.8958    
2432528.
 344.400 -4.15E-06     28.8473    -18.1845  2.0859E-07   7241.9899      2.4040    
2432528.
 348.600 -3.25E-06    -26.4945    -10.3144  2.0911E-07   7241.9401      1.3436    
1737520.
 352.800 -2.39E-06    -58.1260     -5.4129  1.9032E-07   7242.6096   0.9904872    
1737520.
 357.000 -1.65E-06    -72.2647     -1.9001  1.6135E-07   7242.9088   0.6822414    
1737520.
 361.200 -1.04E-06    -74.3432   0.4351136  1.2879E-07   7242.9528   0.4297770    
1737520.
 365.400 -5.67E-07    -68.8142      1.8305  9.6989E-08   7242.8358   0.2346984    
1737520.
 369.600 -2.24E-07    -59.1209      2.5181  6.8571E-08   7242.6306   0.0927378    
1737520.
 373.800  8.67E-09    -47.7708      2.7053  4.4827E-08   7242.3904  -0.0035872    
1737520.
 378.000  1.52E-07    -36.4671      2.5654  2.6115E-08   7242.1512  -0.0630377    
1737520.
 382.200  2.28E-07    -26.2626      2.2349  1.2181E-08   7241.9352  -0.0943390    
1737520.
 386.400  2.55E-07    -17.7130      1.8156  2.4131E-09   7241.7542  -0.1053682    
1737520.
 390.600  2.48E-07    -11.0158      1.3786 -3.9684E-09   7241.6125  -0.1027246    
1737520.
 394.800  2.21E-07     -6.1267   0.9705257 -7.7762E-09   7241.5090  -0.0915780    
1737520.
 399.000  1.83E-07     -2.8510   0.6192378 -9.7704E-09   7241.4397  -0.0757020    
1737520.
 403.200  1.39E-07  -0.9096386   0.3392503 -1.0606E-08   7241.3986  -0.0576254    
1737520.
 407.400  9.39E-08   0.0155360   0.1366592 -1.0804E-08   7241.3796  -0.0388466    
1737520.
 411.600  4.85E-08   0.2554517   0.0129139 -1.0744E-08   7241.3847  -0.0200798    
1737520.
 415.800  3.65E-09   0.1410702  -0.0324249 -1.0656E-08   7241.3823  -0.0015101    
1737520.
 420.000 -4.10E-08      0.0000      0.0000 -1.0625E-08   7241.3793   0.0169506     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01156482
Maximum bending moment           =   924414.25147 lbs-in
Maximum shear force              =    19591.15974 lbs
Depth of maximum bending moment  =    84.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             22
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  26380.2252  -0.0205362   7241.3793   -270.4767    
284.0005
   4.200     1.914     124713.  25232.3627  -0.0205085   9881.0094   -276.1245    
605.9956
   8.400     1.828     244511.  24061.3895  -0.0204265  12416.6142   -281.4818    
646.8266
  12.600     1.742     359258.  22868.5428  -0.0202923  14845.2994   -286.5404    
690.7895
  16.800     1.657     468823.  21655.0944  -0.0201084  17164.3198   -291.2921    
738.2169
  21.000     1.573     573085.  20422.3509  -0.0198770  19371.0834   -295.7286    
789.4841
  25.200     1.490     671927.  19171.6539  -0.0196004  21463.1557   -299.8414    
845.0166
  29.400     1.409     765244.  17904.3806  -0.0192812  23438.2633   -303.6221    
905.2976
  33.600     1.328     852935.  16621.9438  -0.0189217  25294.2981   -307.0621    
970.8782
  37.800     1.250     934909.  15325.7927  -0.0185246  27029.3212   -310.1527   
1042.3890
  42.000     1.173    1011081.  14017.4137  -0.0180923  28641.5669   -312.8849   
1120.5543
  46.200     1.098    1081378.  12698.3311  -0.0176276  30129.4464   -315.2496   
1206.2097
  50.400     1.025    1145733.  11370.1085  -0.0171328  31491.5522   -317.2374   
1300.3224
  54.600  0.953778    1204087.  10034.3494  -0.0166109  32726.6619   -318.8384   
1404.0183
  58.800  0.885135    1256393.   8692.6998  -0.0160643  33833.7420   -320.0424   
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1518.6135
  63.000  0.818837    1302610.   7348.7541  -0.0154959  34811.9526   -319.9317   
1641.0020
  67.200  0.754969    1342724.   6005.3726  -0.0149083  35660.9901   -319.7738   
1778.9462
  71.400  0.693607    1376723.   4663.5098  -0.0143042  36380.6140   -319.2084   
1932.9031
  75.600  0.634814    1404607.   3324.9029  -0.0136864  36970.7817   -318.2234   
2105.4025
  79.800  0.578641    1426381.   1991.3422  -0.0130576  37431.6528   -316.8055   
2299.4962
  84.000  0.525130    1442064.    667.2683  -0.0124204  37763.5941   -313.7059   
2509.0261
  88.200  0.474309    1451705.   -633.7443  -0.0117776  37967.6459   -305.8239   
2708.0641
  92.400  0.426198    1455439.  -1901.2597  -0.0111319  38046.6790   -297.7548   
2934.2492
  96.600  0.380802    1453407.  -3134.4699  -0.0104857  38003.6783   -289.4882   
3192.8703
 100.800  0.338117    1445756.  -4332.5178  -0.0098418  37841.7454   -281.0108   
3490.6377
 105.000  0.298131    1432639.  -5494.4840  -0.0092024  37564.1024   -272.3064   
3836.1920
 109.200  0.260817    1414212.  -6619.3716  -0.0085700  37174.0973   -263.3543   
4240.8529
 113.400  0.226143    1390642.  -7706.0837  -0.0079470  36675.2099   -254.1277   
4719.7482
 117.600  0.194063    1362098.  -8753.3946  -0.0073355  36071.0611   -244.5918   
5293.5772
 121.800  0.164524    1328759.  -9759.9084  -0.0067378  35365.4241   -234.7005   
5991.4714
 126.000  0.137465    1290812. -10723.9998  -0.0061559  34562.2410   -224.3906   
6855.8567
 130.200  0.112814    1248451. -11643.7250  -0.0055919  33665.6442   -213.5738   
7951.2006
 134.400  0.090493    1201882. -12516.6834  -0.0050476  32679.9886   -202.1207   
9380.8963
 138.600  0.070415    1151324. -13339.7872  -0.0045249  31609.8978   -189.8334  
11322.9513
 142.800  0.052484    1097012. -14108.8481  -0.0040255  30460.3369   -176.3861  
14115.1541
 147.000  0.036601    1039201. -14817.7513  -0.0035510  29236.7319   -161.1869  
18496.5480
 151.200  0.022656     978180. -15456.4872  -0.0031028  27945.1892   -142.9731  
26504.4232
 155.400  0.010537     914292. -16004.6754  -0.0026825  26592.9646   -118.0689  
47062.7788
 159.600  0.000123     847999. -16364.0980  -0.0022910  25189.8332    -53.0847    
1807021.
 163.800 -0.008708     780471. -16239.1730  -0.0019293  23760.5524    112.5728  
54297.2182
 168.000 -0.016083     714653. -15727.1782  -0.0015972  22367.4766    131.2342  
34272.0749
 172.200 -0.022124     650898. -15153.1209  -0.0012938  21018.0644    142.1264  
26981.1474
 176.400 -0.026951     589421. -14541.0946  -0.0010183  19716.8584    149.3147  
23269.0539
 180.600 -0.030678     530370. -13903.6522  -0.0007696  18467.0013    154.2293  
21114.8920
 184.800 -0.033416     473852. -13248.8933  -0.0005465  17270.7689    157.5607  
19803.8125
 189.000 -0.035269     419947. -12582.6424  -0.0003480  16129.8268    159.7017  
19018.0968
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 193.200 -0.036339     368711. -11909.3797  -0.0001728  15045.3767    160.8996  
18596.6618
 197.400 -0.036721     320183. -11232.7166 -1.9789E-05  14018.2483    161.3210  
18451.4933
 201.600 -0.036505     274387. -10555.6657   0.0001123  13048.9611    161.0842  
18533.2209
 205.800 -0.035777     231337.  -9880.8092   0.0002246  12137.7686    160.2761  
18815.2460
 210.000 -0.034618     191032.  -9210.4085   0.0003184  11284.6904    158.9624  
19285.9103
 214.200 -0.033102     153464.  -8546.4803   0.0003950  10489.5368    157.1939  
19944.5720
 218.400 -0.031300     118614.  -7890.8510   0.0004554   9751.9280    155.0105  
20799.8167
 222.600 -0.029277  86457.5373  -7245.1980   0.0005009   9071.3088    152.4434  
21869.0132
 226.800 -0.027093  56959.3595  -6611.0798   0.0005328   8446.9608    149.5176  
23178.8878
 231.000 -0.024802  30078.5860  -5989.9617   0.0005521   7878.0120    146.2529  
24767.0548
 235.200 -0.022455   5767.1063  -5383.2351   0.0005601   7363.4438    142.6646  
26684.6310
 239.400 -0.020097 -16029.8044  -4792.2343   0.0005578   7580.6604    138.7644  
29000.2500
 243.600 -0.017769 -35373.2585  -4218.2508   0.0005464   7990.0771    134.5611  
31806.0380
 247.800 -0.015507 -52330.5809  -3662.5451   0.0005269   8348.9898    130.0607  
35226.4602
 252.000 -0.013343 -66975.1777  -3080.8264   0.0005004   8658.9521    146.9482  
46256.1760
 256.200 -0.011303 -79003.9895  -2432.4858   0.0004680   8913.5496    161.7854  
60114.4231
 260.400 -0.009412 -88151.0461  -1768.1796   0.0004309   9107.1530    154.5509  
68969.8904
 264.600 -0.007684 -94540.7388  -1135.0915   0.0003903   9242.3949    146.9197  
80303.1831
 268.800 -0.006133 -98305.4288   -534.9162   0.0003474   9322.0770    138.8781  
95103.8396
 273.000 -0.004766 -99585.6411     30.5718   0.0003035   9349.1736    130.4019     
114925.
 277.200 -0.003584 -98530.4459    559.4606   0.0002595   9326.8397    121.4500     
142330.
 281.400 -0.002586 -95298.1261   1049.6099   0.0002164   9258.4255    111.9544     
181832.
 285.600 -0.001766 -90057.3234   1498.4876   0.0001753   9147.5006    101.7969     
242117.
 289.800 -0.001114 -82989.0651   1902.8444   0.0001368   8997.8963     90.7540     
342218.
 294.000 -0.000617 -74290.6406   2257.9336   0.0001019   8813.7886     78.3362     
533584.
 298.200 -0.000258 -64184.1678   2736.2589  7.1121E-05   8599.8786    149.4378    
2432528.
 302.400 -1.92E-05 -51418.9781   3073.4188  4.5442E-05   8329.6951     11.1146    
2432528.
 306.600  0.000124 -38439.5941   2946.3115  2.5482E-05   8054.9781    -71.6419    
2432528.
 310.800  0.000195 -26710.4169   2558.8619  1.1011E-05   7806.7225   -112.8579    
2432528.
 315.000  0.000216 -16962.6344   2058.9214  1.3096E-06   7600.4044   -125.2090    
2432528.
 319.200  0.000206  -9417.5564   1545.6015 -4.5502E-06   7440.7080   -119.2291    
2432528.
 323.400  0.000178  -3972.3582   1078.7693 -7.5245E-06   7325.4568   -103.0719    
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2432528.
 327.600  0.000143   -343.9481    688.8120 -8.4833E-06   7248.6592    -82.6220    
2432528.
 331.800  0.000107   1827.1310    385.5250 -8.1538E-06   7280.0517    -61.8004    
2432528.
 336.000  7.42E-05   2907.4071    165.5424 -7.1021E-06   7302.9165    -42.9533    
2432528.
 340.200  4.70E-05   3228.9621     18.1195 -5.7391E-06   7309.7224    -27.2481    
2432528.
 344.400  2.60E-05   3068.7219    -70.6695 -4.3402E-06   7306.3308    -15.0324    
2432528.
 348.600  1.06E-05   2642.2285   -111.4368 -3.0716E-06   7297.3038     -4.3806    
1737520.
 352.800  1.53E-07   2137.5289   -120.7693 -2.0099E-06   7286.6215  -0.0634137    
1737520.
 357.000 -6.29E-06   1630.9569   -115.4344 -1.1728E-06   7275.8996      2.6038    
1737520.
 361.200 -9.70E-06   1169.7415   -101.5409 -5.5070E-07   7266.1376      4.0122    
1737520.
 365.400 -1.09E-05    778.8879    -83.6285 -1.1785E-07   7257.8650      4.5175    
1737520.
 369.600 -1.07E-05    467.4489    -64.8562  1.5900E-07   7251.2732      4.4217    
1737520.
 373.800 -9.58E-06    233.8437    -47.2441  3.1477E-07   7246.3288      3.9650    
1737520.
 378.000 -8.04E-06     70.0988    -31.9291  3.8229E-07   7242.8630      3.3278    
1737520.
 382.200 -6.37E-06    -34.9676    -19.4039  3.9009E-07   7242.1194      2.6366    
1737520.
 386.400 -4.77E-06    -93.5129     -9.7253  3.6155E-07   7243.3586      1.9723    
1737520.
 390.600 -3.34E-06   -117.2345     -2.6853  3.1474E-07   7243.8607      1.3802    
1737520.
 394.800 -2.12E-06   -116.5689      2.0580  2.6280E-07   7243.8466   0.8785342    
1737520.
 399.000 -1.13E-06   -100.3649      4.8834  2.1462E-07   7243.5036   0.4668974    
1737520.
 403.200 -3.21E-07    -75.8894      6.1426  1.7547E-07   7242.9856   0.1327327    
1737520.
 407.400  3.45E-07    -49.0457      6.1213  1.4771E-07   7242.4174  -0.1428527    
1737520.
 411.600  9.20E-07    -24.7046      5.0221  1.3133E-07   7241.9022  -0.3805795    
1737520.
 415.800  1.45E-06     -7.0683      2.9645  1.2427E-07   7241.5289  -0.5992367    
1737520.
 420.000  1.96E-06      0.0000      0.0000  1.2270E-07   7241.3793  -0.8124378     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.02053618
Maximum bending moment           =       1455439. lbs-in
Maximum shear force              =    26380.22520 lbs
Depth of maximum bending moment  =    92.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             18
Number of zero deflection points =              4
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------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  31274.6170  -0.0287022   7241.3793   -299.3317    
209.5322
   4.200     2.879     151497.  30003.8055  -0.0286685  10447.9125   -305.8167    
446.0677
   8.400     2.759     297546.  28706.3707  -0.0285688  13539.1346   -312.0094    
474.9372
  12.600     2.639     437986.  27383.5572  -0.0284054  16511.6434   -317.9018    
505.8539
  16.800     2.521     572664.  26036.6428  -0.0281809  19362.1905   -323.4860    
539.0195
  21.000     2.403     701434.  24666.9387  -0.0278979  22087.6859   -328.7540    
574.6602
  25.200     2.286     824157.  23275.7900  -0.0275590  24685.2015   -333.6978    
613.0295
  29.400     2.171     940704.  21864.5755  -0.0271670  27151.9754   -338.3092    
654.4127
  33.600     2.058    1050950.  20434.7080  -0.0267246  29485.4161   -342.5801    
699.1315
  37.800     1.947    1154783.  18987.6350  -0.0262346  31683.1060   -346.5023    
747.5504
  42.000     1.838    1252096.  17524.8391  -0.0257000  33742.8057   -350.0673    
800.0827
  46.200     1.731    1342793.  16047.8381  -0.0251236  35662.4579   -353.2665    
857.1997
  50.400     1.627    1426784.  14558.1866  -0.0245084  37440.1912   -356.0913    
919.4398
  54.600     1.525    1503991.  13057.4762  -0.0238574  39074.3238   -358.5327    
987.4208
  58.800     1.426    1574343.  11547.3371  -0.0231736  40563.3680   -360.5812   
1061.8546
  63.000     1.330    1637779.  10031.5896  -0.0224601  41906.0340   -361.2033   
1140.3312
  67.200     1.238    1694266.   8513.2218  -0.0217200  43101.6158   -361.8290   
1227.9682
  71.400     1.148    1743773.   6993.0645  -0.0209563  44149.4583   -362.0554   
1324.6913
  75.600     1.062    1786278.   5472.8169  -0.0201722  45049.1074   -361.8720   
1431.7724
  79.800  0.978469    1821770.   3954.2233  -0.0193707  45800.3144   -361.2678   
1550.7136
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  84.000  0.898811    1850247.   2442.0409  -0.0185550  46403.0399   -358.8191   
1676.7035
  88.200  0.822606    1871741.    951.5064  -0.0177283  46857.9855   -350.9593   
1791.9010
  92.400  0.749894    1886385.   -505.6671  -0.0168935  47167.9256   -342.9328   
1920.6961
  96.600  0.680701    1894314.  -1928.7657  -0.0160537  47335.7474   -334.7331   
2065.3405
 100.800  0.615043    1895670.  -3317.0449  -0.0152118  47364.4532   -326.3522   
2228.5919
 105.000  0.552921    1890601.  -4669.7226  -0.0143708  47257.1622   -317.7801   
2413.8624
 109.200  0.494328    1879259.  -5985.9711  -0.0135334  47017.1126   -309.0049   
2625.4242
 113.400  0.439241    1861804.  -7264.9058  -0.0127024  46647.6653   -300.0117   
2868.6970
 117.600  0.387628    1838400.  -8505.5720  -0.0118805  46152.3085   -290.7818   
3150.6611
 121.800  0.339445    1809219.  -9706.9265  -0.0110703  45534.6628   -281.2918   
3480.4647
 126.000  0.294638    1774437. -10867.8134  -0.0102742  44798.4893   -271.5115   
3870.3433
 130.200  0.253141    1734241. -11986.9319  -0.0094948  43947.6992   -261.4020   
4337.0581
 134.400  0.214881    1688821. -13062.7895  -0.0087345  42986.3671   -250.9112   
4904.2378
 138.600  0.179772    1638380. -14093.6363  -0.0079954  41918.7487   -239.9683   
5606.3742
 142.800  0.147719    1583128. -15077.3652  -0.0072798  40749.3063   -228.4741   
6496.0431
 147.000  0.118621    1523288. -16011.3562  -0.0065898  39482.7439   -216.2835   
7657.9267
 151.200  0.092365    1459095. -16892.2164  -0.0059273  38124.0594   -203.1738   
9238.6798
 155.400  0.068831    1390803. -17715.3133  -0.0052943  36678.6268   -188.7771  
11518.9410
 159.600  0.047893    1318691. -18473.8300  -0.0046924  35152.3309   -172.4213  
15120.6278
 163.800  0.029415    1243073. -19156.4869  -0.0041234  33551.8166   -152.6535  
21796.6569
 168.000  0.013256    1164323. -19739.7960  -0.0035887  31885.0290   -125.1128  
39639.7527
 172.200 -0.000730    1082956. -19876.5877  -0.0030895  30162.8383     59.9739     
345121.
 176.400 -0.012695    1002265. -19491.0215  -0.0026263  28454.9564    123.6290  
40900.3532
 180.600 -0.022791     923401. -18930.8074  -0.0021985  26785.7519    143.1396  
26378.6706
 184.800 -0.031163     846736. -18305.1360  -0.0018053  25163.0980    154.7991  
20863.0871
 189.000 -0.037955     772504. -17638.5382  -0.0014457  23591.9200    162.6284  
17995.8001
 193.200 -0.043307     700868. -16944.0416  -0.0011184  22075.6953    168.0843  
16301.3274
 197.400 -0.047350     631949. -16230.1161  -0.0008223  20616.9955    171.8802  
15246.0084
 201.600 -0.050214     565840. -15502.8763  -0.0005563  19217.7523    174.4245  
14589.1884
 205.800 -0.052023     502608. -14767.0361  -0.0003189  17879.4092    175.9756  
14207.2622
 210.000 -0.052893     442303. -14026.4001  -0.0001090  16603.0171    176.7083  
14031.5938
 214.200 -0.052938     384960. -13284.1444  7.4719E-05  15389.2997    176.7468  
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14022.6407
 218.400 -0.052265     330598. -12542.9919   0.0002337  14238.6995    176.1829  
14157.8799
 222.600 -0.050976     279228. -11805.3269   0.0003691  13151.4118    175.0861  
14425.7399
 226.800 -0.049165     230847. -11073.2747   0.0004824  12127.4103    173.5102  
14822.4416
 231.000 -0.046923     185446. -10348.7578   0.0005749  11166.4679    171.4978  
15350.3957
 235.200 -0.044336     143005.  -9633.5381   0.0006479  10268.1721    169.0830  
16017.5289
 239.400 -0.041481     103496.  -8929.2484   0.0007026   9431.9380    166.2931  
16837.2472
 243.600 -0.038434  66883.8415  -8237.4165   0.0007405   8657.0189    163.1506  
17828.9135
 247.800 -0.035261  33126.1136  -7559.4844   0.0007627   7942.5148    159.6742  
19018.8194
 252.000 -0.032027   2173.3567  -6840.1656   0.0007705   7287.3798    182.8586  
23979.6874
 256.200 -0.028789 -25554.5417  -6027.0923   0.0007653   7782.2576    204.3192  
29807.7521
 260.400 -0.025599 -49669.2375  -5181.3695   0.0007486   8292.6607    198.4059  
32552.6494
 264.600 -0.022501 -70266.5365  -4361.2877   0.0007220   8728.6158    192.1092  
35859.0057
 268.800 -0.019534 -87450.2498  -3568.4421   0.0006869   9092.3202    185.4363  
39870.2944
 273.000 -0.016731    -101332.  -2804.4060   0.0006450   9386.1369    178.3904  
44782.5531
 277.200 -0.014116    -112031.  -2070.7494   0.0005976   9612.5931    170.9699  
50868.9238
 281.400 -0.011711    -119675.  -1369.0615   0.0005461   9774.3795    163.1672  
58519.2124
 285.600 -0.009529    -124398.   -700.9790   0.0004919   9874.3522    154.9673  
68306.2611
 289.800 -0.007579    -126344.    -68.2253   0.0004362   9915.5374    146.3440  
81102.9204
 294.000 -0.005864    -125664.    527.3313   0.0003802   9901.1403    137.2544  
98301.2567
 298.200 -0.004385    -122518.   1083.5835   0.0003251   9834.5597    127.6277     
122257.
 302.400 -0.003133    -117078.   1598.0213   0.0002719   9719.4133    117.3427     
157291.
 306.600 -0.002101    -109527.   2067.4106   0.0002216   9559.5817    106.1760     
212295.
 310.800 -0.001272    -100064.   2487.0687   0.0001750   9359.2905     93.6612     
309214.
 315.000 -0.000631 -88913.1266   2848.7716   0.0001330   9123.2829     78.5783     
523433.
 319.200 -0.000155 -76345.1462   3201.9860  9.6321E-05   8857.2735     89.6190    
2432528.
 323.400  0.000179 -62169.3631   3172.9785  6.5553E-05   8557.2339   -103.4321    
2432528.
 327.600  0.000396 -49796.1986   2808.8258  4.0682E-05   8295.3479    -69.9739     
742321.
 331.800  0.000520 -38639.8134   2504.5593  2.1038E-05   8059.2159    -74.9149     
604715.
 336.000  0.000573 -28791.3001   2186.1108  6.0596E-06   7850.7657    -76.7273     
562766.
 340.200  0.000571 -20286.1030   1863.9604 -4.8419E-06   7670.7477    -76.6776     
563790.
 344.400  0.000532 -13126.3456   1544.7595 -1.2264E-05   7519.2069    -75.3228     
594705.
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 348.600  0.000468  -7290.6531   1277.1489 -1.6799E-05   7395.6907    -52.1108     
467461.
 352.800  0.000391  -2371.6248   1063.1163 -1.8945E-05   7291.5763    -49.8095     
535252.
 357.000  0.000309   1669.6010    859.8810 -1.9101E-05   7276.7175    -46.9692     
638290.
 361.200  0.000230   4881.7009    561.0885 -1.7646E-05   7344.7037    -95.3129    
1737520.
 365.400  0.000161   6410.7594    221.2038 -1.5138E-05   7377.0672    -66.5369    
1737520.
 369.600  0.000103   6763.8454     -8.2136 -1.2211E-05   7384.5405    -42.7095    
1737520.
 373.800  5.83E-05   6361.1515   -148.5197 -9.2956E-06   7376.0172    -24.1030    
1737520.
 378.000  2.52E-05   5531.0373   -220.9902 -6.6540E-06   7358.4473    -10.4068    
1737520.
 382.200  2.37E-06   4515.3975   -244.9023 -4.4224E-06   7336.9506  -0.9799394    
1737520.
 386.400 -1.20E-05   3480.8792   -236.5412 -2.6462E-06   7315.0544      4.9614    
1737520.
 390.600 -1.99E-05   2532.6528   -208.8689 -1.3105E-06   7294.9845      8.2159    
1737520.
 394.800 -2.30E-05   1728.4613   -171.6332 -3.6396E-07   7277.9633      9.5154    
1737520.
 399.000 -2.29E-05   1091.5113   -131.7416  2.6244E-07   7264.4819      9.4806    
1737520.
 403.200 -2.08E-05    621.4150    -93.7651  6.4293E-07   7254.5320      8.6034    
1737520.
 407.400 -1.75E-05    302.8634    -60.4805  8.4823E-07   7247.7896      7.2465    
1737520.
 411.600 -1.37E-05    112.0323    -33.3859  9.4039E-07   7243.7505      5.6557    
1737520.
 415.800 -9.62E-06     20.9291    -13.1539  9.6993E-07   7241.8223      3.9785    
1737520.
 420.000 -5.52E-06      0.0000      0.0000  9.7458E-07   7241.3793      2.2852     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.02870218
Maximum bending moment           =       1895670. lbs-in
Maximum shear force              =    31274.61704 lbs
Depth of maximum bending moment  =      100.80000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             25
Number of zero deflection points =              3

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:
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Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000     189000.   0.2500000     374052.  10663.6717
  4  y=  0.500000 M=     0.000     189000.   0.5000000     588771.  14490.0831
  4  y=  1.000000 M=     0.000     189000.   1.0000000     924414.  19591.1597
  4  y=     2.000 M=     0.000     189000.      2.0000    1455439.  26380.2252
  4  y=     3.000 M=     0.000     189000.      3.0000    1895670.  31274.6170

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =         189000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   420.000    0.25000000  374051.87341   10663.67168
   399.000    0.25000000  375081.62178   10675.21301
   378.000    0.25000000  374090.55375   10660.89891
   357.000    0.25000000  375431.76871   10677.97308
   336.000    0.25000000  375246.79436   10677.08349
   315.000    0.25000000  374785.61352   10670.41365
   294.000    0.25000000  375059.90826   10673.23443
   273.000    0.25000000  374846.10682   10669.79752
   252.000    0.25000000  374676.54895   10668.03312
   231.000    0.25000000  374380.37817   10664.67163

The analysis ended normally. 
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Bent14x89-Strong Case-Row1.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Bent14x89-Strong Case-Row1.lpd
Name of output file:         Bent14x89-Strong Case-Row1.lpo
Name of plot output file:    Bent14x89-Strong Case-Row1.lpp
Name of runtime file:        Bent14x89-Strong Case-Row1.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 21, 2011     Time:   9:22:20

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Bent - Strong Axis - Row 1                   

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     420.00 in

Depth of ground surface below top of pile =     -60.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     420.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       60.000 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      252.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      252.000 in
Distance from top of pile to bottom of layer =      348.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      492.000 in

(Depth of lowest layer extends   72.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
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------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  8 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00        0.06600
  2            60.00        0.06600
  3            60.00        0.03000
  4           252.00        0.03000
  5           252.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03600
  8           492.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  8 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000       10.40000            0.00          0.00700       0.0
  2       60.000       10.40000            0.00          0.00700       0.0
  3       60.000       10.40000            0.00          0.00700       0.0
  4      252.000       10.40000            0.00          0.00700       0.0
  5      252.000       14.00000            0.00          0.00700       0.0
  6      348.000       14.00000            0.00          0.00700       0.0
  7      348.000       10.00000            0.00          0.00700       0.0
  8      492.000       10.00000            0.00          0.00700       0.0

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.7500         1.0000
  2          420.000         0.7500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------
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Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
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    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  23206.1551  -0.0033531   7241.3793   -308.6060   
2592.2907
   4.200  0.235917  97405.6196  21899.3638  -0.0033453   8033.3387   -313.6755   
5584.3234
   8.400  0.221900     189266.  20572.2684  -0.0033223   8780.2093   -318.2747   
6024.1347
  12.600  0.208010     275487.  19226.8754  -0.0032851   9481.2363   -322.3887   
6509.4691
  16.800  0.194305     355987.  17865.2539  -0.0032345  10135.7407   -326.0025   
7046.7089
  21.000  0.180840     430690.  16489.5364  -0.0031715  10743.1210   -329.1010   
7643.3613
  25.200  0.167665     499534.  15101.9204  -0.0030970  11302.8553   -331.6685   
8308.3036
  29.400  0.154825     562463.  13704.6699  -0.0030119  11814.5044   -333.6889   
9052.0945
  33.600  0.142365     619435.  12300.1178  -0.0029172  12277.7135   -335.1455   
9887.3699
  37.800  0.130321     670416.  10890.6682  -0.0028139  12692.2146   -336.0210  
10829.3540
  42.000  0.118728     715384.   9478.8005  -0.0027029  13057.8295   -336.2970  
11896.5222
  46.200  0.107616     754329.   8067.0727  -0.0025852  13374.4722   -335.9543  
13111.4743
  50.400  0.097012     787251.   6658.1272  -0.0024617  13642.1514   -334.9721  
14502.0971
  54.600  0.086938     814165.   5254.6973  -0.0023334  13860.9741   -333.3279  
16103.1334
  58.800  0.077412     835095.   3859.6154  -0.0022013  14031.1483   -330.9969  
17958.3329
  63.000  0.068447     850081.   2477.7439  -0.0020663  14152.9865   -327.0371  
20067.3362
  67.200  0.060055     859189.   1113.3009  -0.0019294  14227.0413   -322.6977  
22568.1918
  71.400  0.052241     862495.   -231.3597  -0.0017915  14253.9255   -317.6169  
25535.5457
  75.600  0.045007     860090.  -1553.0384  -0.0016535  14234.3645   -311.7539  
29092.7932
  79.800  0.038351     852075.  -2848.3458  -0.0015163  14169.2017   -305.0591  
33408.2069
  84.000  0.032269     838571.  -4113.6572  -0.0013809  14059.4054   -297.4701  
38717.0255
  88.200  0.026752     819713.  -5345.0479  -0.0012481  13906.0782   -288.9064  
45358.1147
  92.400  0.021786     795654.  -6536.4412  -0.0011187  13710.4677   -278.4237  
53676.7212
  96.600  0.017355     766583.  -7673.5561  -0.0009935  13474.1023   -263.0596  
63662.2882
 100.800  0.013440     732773.  -8744.2643  -0.0008734  13199.2155   -246.8015  
77125.8305
 105.000  0.010018     694517.  -9744.2047  -0.0007591  12888.1742   -229.3606  
96157.6828
 109.200  0.007064     652127. -10667.3496  -0.0006512  12543.5193   -210.2321     
125005.
 113.400  0.004548     605946. -11504.5107  -0.0005504  12168.0380   -188.4160     
174007.
 117.600  0.002440     556363. -12239.2337  -0.0004573  11764.9071   -161.4521     
277936.
 121.800  0.000706     503862. -12828.5991  -0.0003724  11338.0451   -119.1981     
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709006.
 126.000 -0.000689     449194. -12834.7226  -0.0002961  10893.5664    116.2821     
709324.
 130.200 -0.001781     396520. -12279.0759  -0.0002283  10465.3007    148.3116     
349772.
 134.400 -0.002606     346412. -11624.6522  -0.0001688  10057.8962    163.3188     
263168.
 138.600 -0.003199     299141. -10920.5168  -0.0001171   9673.5571    171.9838     
225803.
 142.800 -0.003590     254866. -10187.5195 -7.2726E-05   9313.5751    177.0625     
207140.
 147.000 -0.003810     213682.  -9438.2368 -3.5193E-05   8978.7244    179.7388     
198146.
 151.200 -0.003886     175641.  -8681.4315 -4.0071E-06   8669.4312    180.6446     
195253.
 155.400 -0.003843     140764.  -7923.7382  2.1338E-05   8385.8650    180.1617     
196873.
 159.600 -0.003707     109047.  -7170.4642  4.1349E-05   8127.9925    178.5402     
202311.
 163.800 -0.003496  80466.4136  -6426.0273  5.6530E-05   7895.6140    175.9535     
211376.
 168.000 -0.003232  54979.0194  -5694.2195  6.7379E-05   7688.3879    172.5264     
224222.
 172.200 -0.002930  32527.9985  -4978.3773  7.4389E-05   7505.8492    168.3509     
241307.
 176.400 -0.002607  13042.5503  -4281.4993  7.8039E-05   7347.4222    163.4958     
263419.
 180.600 -0.002275  -3560.4910  -3606.3324  7.8799E-05   7270.3280    158.0122     
291760.
 184.800 -0.001945 -17375.7436  -2955.4393  7.7122E-05   7382.6533    151.9369     
328108.
 189.000 -0.001627 -28508.6201  -2331.2557  7.3446E-05   7473.1695    145.2934     
375107.
 193.200 -0.001328 -37074.8952  -1736.1453  6.8193E-05   7542.8179    138.0925     
436758.
 197.400 -0.001054 -43200.5036  -1172.4593  6.1763E-05   7592.6223    130.3294     
519337.
 201.600 -0.000809 -47021.6072   -642.6129  5.4535E-05   7623.6899    121.9784     
633157.
 205.800 -0.000596 -48685.0323   -149.1999  4.6869E-05   7637.2145    112.9802     
796295.
 210.000 -0.000415 -48349.2955    304.8080  3.9096E-05   7634.4848    103.2140    
1043480.
 214.200 -0.000267 -46186.7142    763.2451  3.1523E-05   7616.9018    115.0893    
1807021.
 218.400 -0.000151 -41988.0832   1141.0364  2.4460E-05   7582.7647     64.8113    
1807021.
 222.600 -6.20E-05 -36640.8415   1333.1864  1.8162E-05   7539.2888     26.6887    
1807021.
 226.800  1.92E-06 -30818.1515   1387.4971  1.2758E-05   7491.9472  -0.8264261    
1807021.
 231.000  4.51E-05 -25006.1204   1344.9802  8.2864E-06   7444.6923    -19.4197    
1807021.
 235.200  7.15E-05 -19533.4735   1239.5736  4.7186E-06   7400.1968    -30.7738    
1807021.
 239.400  8.48E-05 -14601.1931   1098.3552  1.9843E-06   7360.0948    -36.4730    
1807021.
 243.600  8.82E-05 -10310.4399    942.0770 -1.1213E-08   7325.2087    -37.9452    
1807021.
 247.800  8.47E-05  -6687.7286    785.8839 -1.3728E-06   7295.7541    -36.4325    
1807021.
 252.000  7.67E-05  -3706.8360    628.1215 -2.2055E-06   7271.5179    -38.6924    
2119774.
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 256.200  6.62E-05  -1408.0067    466.4080 -2.6152E-06   7252.8272    -38.3140    
2432528.
 260.400  5.47E-05    215.1428    319.4246 -2.7107E-06   7243.1285    -31.6781    
2432528.
 264.600  4.34E-05   1279.4632    200.1358 -2.5910E-06   7251.7820    -25.1261    
2432528.
 268.800  3.29E-05   1900.3971    107.3185 -2.3363E-06   7256.8305    -19.0726    
2432528.
 273.000  2.38E-05   2184.6479     38.3704 -2.0091E-06   7259.1417    -13.7598    
2432528.
 277.200  1.61E-05   2225.8976    -10.0519 -1.6558E-06   7259.4770     -9.2984    
2432528.
 281.400  9.85E-06   2102.8409    -41.5577 -1.3090E-06   7258.4765     -5.7044    
2432528.
 285.600  5.06E-06   1878.8914    -59.6897 -9.9007E-07   7256.6557     -2.9299    
2432528.
 289.800  1.53E-06   1603.0196    -67.7064 -7.1116E-07   7254.4127  -0.8876200    
2432528.
 294.000 -9.15E-07   1311.2864    -68.4576 -4.7771E-07   7252.0408   0.5299412    
2432528.
 298.200 -2.48E-06   1028.7346    -64.3281 -2.9027E-07   7249.7435      1.4365    
2432528.
 302.400 -3.35E-06    771.3915    -57.2330 -1.4607E-07   7247.6511      1.9421    
2432528.
 306.600 -3.71E-06    548.2091    -48.6456 -4.0367E-08   7245.8365      2.1471    
2432528.
 310.800 -3.69E-06    362.8325    -39.6458  3.2611E-08   7244.3293      2.1385    
2432528.
 315.000 -3.43E-06    215.1329    -30.9791  7.8908E-08   7243.1285      1.9885    
2432528.
 319.200 -3.03E-06    102.4827    -23.1186  1.0435E-07   7242.2125      1.7546    
2432528.
 323.400 -2.56E-06     20.7708    -16.3242  1.1422E-07   7241.5482      1.4808    
2432528.
 327.600 -2.07E-06    -34.8224    -10.6968  1.1310E-07   7241.6624      1.1989    
2432528.
 331.800 -1.61E-06    -69.2623     -6.2249  1.0476E-07   7241.9424   0.9305805    
2432528.
 336.000 -1.19E-06    -87.2780     -2.8233  9.2221E-08   7242.0889   0.6892447    
2432528.
 340.200 -8.32E-07    -93.1243  -0.3638364  7.7770E-08   7242.1365   0.4819218    
2432528.
 344.400 -5.37E-07    -90.4577      1.3011  6.3064E-08   7242.1148   0.3108904    
2432528.
 348.600 -3.02E-07    -82.2954      2.2166  4.9226E-08   7242.0484   0.1250794    
1737520.
 352.800 -1.23E-07    -71.9163      2.5864  3.6873E-08   7241.9640   0.0510023    
1737520.
 357.000  7.39E-09    -60.6284      2.6871  2.6256E-08   7241.8723  -0.0030559    
1737520.
 361.200  9.73E-08    -49.3867      2.5961  1.7443E-08   7241.7809  -0.0402373    
1737520.
 365.400  1.54E-07    -38.8485      2.3779  1.0375E-08   7241.6952  -0.0636713    
1737520.
 369.600  1.84E-07    -29.4284      2.0840  4.9059E-09   7241.6186  -0.0762913    
1737520.
 373.800  1.95E-07    -21.3505      1.7543  8.3831E-10   7241.5529  -0.0807195    
1737520.
 378.000  1.91E-07    -14.6937      1.4185 -2.0490E-09   7241.4988  -0.0792044    
1737520.
 382.200  1.78E-07     -9.4322      1.0976 -3.9815E-09   7241.4560  -0.0735992    
1737520.
 386.400  1.58E-07     -5.4678   0.8057373 -5.1751E-09   7241.4238  -0.0653684    
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1737520.
 390.600  1.34E-07     -2.6558   0.5516708 -5.8258E-09   7241.4009  -0.0556156    
1737520.
 394.800  1.09E-07  -0.8244908   0.3401186 -6.1046E-09   7241.3860  -0.0451235    
1737520.
 399.000  8.32E-08   0.2109162   0.1731152 -6.1537E-09   7241.3810  -0.0344019    
1737520.
 403.200  5.74E-08   0.6394464   0.0510192 -6.0856E-09   7241.3845  -0.0237390    
1737520.
 407.400  3.20E-08   0.6491388  -0.0266665 -5.9824E-09   7241.3846  -0.0132541    
1737520.
 411.600  7.13E-09   0.4249456  -0.0606951 -5.8964E-09   7241.3828  -0.0029500    
1737520.
 415.800 -1.75E-08   0.1486612  -0.0516945 -5.8504E-09   7241.3805   0.0072360    
1737520.
 420.000 -4.20E-08      0.0000      0.0000 -5.8385E-09   7241.3793   0.0173805     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00335308
Maximum bending moment           =   862495.47925 lbs-in
Maximum shear force              =    23206.15511 lbs
Depth of maximum bending moment  =    71.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  31775.9970  -0.0059376   7241.3793   -366.9965   
1541.3853
   4.200  0.475062     134936.  30220.6160  -0.0059268   8338.4769   -373.6612   
3303.5195
   8.400  0.450215     263263.  28638.2337  -0.0058949   9381.8436   -379.8542   
3543.6131
  12.600  0.425545     384855.  27030.8606  -0.0058430  10370.4584   -385.5616   
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3805.3758
  16.800  0.401134     499598.  25400.5662  -0.0057721  11303.3770   -390.7691   
4091.4762
  21.000  0.377059     607384.  23749.4802  -0.0056835  12179.7339   -395.4624   
4404.9906
  25.200  0.353393     708117.  22079.7930  -0.0055781  12998.7446   -399.6268   
4749.4797
  29.400  0.330203     801710.  20393.7566  -0.0054571  13759.7076   -403.2476   
5129.0832
  33.600  0.307553     888088.  18693.6867  -0.0053218  14462.0069   -406.3095   
5548.6366
  37.800  0.285500     967186.  16981.9634  -0.0051732  15105.1139   -408.7968   
6013.8162
  42.000  0.264098    1038949.  15261.0342  -0.0050125  15688.5902   -410.6933   
6531.3209
  46.200  0.243396    1103336.  13533.4160  -0.0048409  16212.0896   -411.9820   
7109.1020
  50.400  0.223435    1160316.  11801.6985  -0.0046595  16675.3606   -412.6453   
7756.6559
  54.600  0.204256    1209868.  10068.5480  -0.0044697  17078.2491   -412.6644   
8485.4007
  58.800  0.185890    1251987.   8336.7120  -0.0042725  17420.7014   -412.0193   
9309.1663
  63.000  0.168367    1286679.   6611.4306  -0.0040691  17702.7662   -409.5432  
10216.2701
  67.200  0.151710    1313984.   4897.1017  -0.0038608  17924.7629   -406.8038  
11262.1549
  71.400  0.135936    1333944.   3195.7380  -0.0036487  18087.0561   -403.3694  
12462.8336
  75.600  0.121061    1346620.   1510.3163  -0.0034340  18190.1177   -399.2124  
13850.0200
  79.800  0.107091    1352083.   -156.0632  -0.0032178  18234.5309   -394.3016  
15464.0983
  84.000  0.094031    1350418.  -1800.1580  -0.0030013  18220.9943   -388.6006  
17357.2269
  88.200  0.081880    1341726.  -3418.5580  -0.0027856  18150.3273   -382.0661  
19597.8760
  92.400  0.070632    1326125.  -5005.2960  -0.0025719  18023.4761   -373.5234  
22210.9148
  96.600  0.060276    1303765.  -6543.6219  -0.0023613  17841.6820   -359.0127  
25015.8742
 100.800  0.050797    1274907.  -8019.9210  -0.0021547  17607.0493   -343.9868  
28441.4591
 105.000  0.042176    1239819.  -9431.8638  -0.0019533  17321.7629   -328.3669  
32699.4633
 109.200  0.034390    1198780. -10776.7219  -0.0017579  16988.0994   -312.0418  
38109.6410
 113.400  0.027410    1152085. -12051.1935  -0.0015696  16608.4425   -294.8494  
45180.0864
 117.600  0.021205    1100042. -13251.1135  -0.0013892  16185.3063   -276.5411  
54774.1129
 121.800  0.015740    1042981. -14370.9422  -0.0012176  15721.3704   -256.7106  
68499.0353
 126.000  0.010977     981259. -15402.7570  -0.0010554  15219.5380   -234.6297  
89771.0784
 130.200  0.006875     915274. -16333.9333  -0.0009035  14683.0399   -208.7876     
127555.
 134.400  0.003388     845489. -17140.0554  -0.0007624  14115.6504   -175.0801     
217040.
 138.600  0.000470     772508. -17734.4222  -0.0006328  13522.2764   -107.9517     
964232.
 142.800 -0.001928     697524. -17643.2113  -0.0005151  12912.6208    151.3854     
329817.
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 147.000 -0.003856     625122. -16946.6802  -0.0004091  12323.9562    180.2960     
196357.
 151.200 -0.005364     555822. -16156.7020  -0.0003145  11760.5037    195.8841     
153363.
 155.400 -0.006499     489905. -15313.7045  -0.0002308  11224.5706    205.5433     
132843.
 159.600 -0.007303     427553. -14437.5963  -0.0001573  10717.6106    211.6510     
121723.
 163.800 -0.007820     368879. -13540.9705 -9.3477E-05  10240.5640    215.3137     
115647.
 168.000 -0.008088     313957. -12632.8011 -3.8780E-05   9794.0168    217.1480     
112760.
 172.200 -0.008145     262825. -11719.9618  7.4227E-06   9378.2890    217.5374     
112169.
 176.400 -0.008026     215498. -10807.9826  4.5738E-05   8993.4891    216.7384     
113422.
 180.600 -0.007761     171966.  -9901.4750  7.6775E-05   8639.5516    214.9318     
116311.
 184.800 -0.007381     132203.  -9004.3930   0.0001011   8316.2624    212.2501     
120778.
 189.000 -0.006912  96168.2123  -8120.2027   0.0001194   8023.2779    208.7929     
126878.
 193.200 -0.006378  63803.9926  -7252.0000   0.0001322   7760.1396    204.6370     
134764.
 197.400 -0.005801  35041.4548  -6402.5947   0.0001402   7526.2849    199.8418     
144695.
 201.600 -0.005200   9799.6694  -5574.5741   0.0001438   7321.0558    194.4538     
157052.
 205.800 -0.004593 -12013.1982  -4770.3529   0.0001436   7339.0530    188.5087     
172373.
 210.000 -0.003994 -30499.2440  -3992.2143   0.0001402   7489.3544    182.0335     
191415.
 214.200 -0.003416 -45770.3404  -3242.3461   0.0001341   7613.5165    175.0466     
215241.
 218.400 -0.002868 -57947.7945  -2522.8757   0.0001258   7712.5256    167.5584     
245378.
 222.600 -0.002359 -67162.1495  -1835.9056   0.0001157   7787.4432    159.5703     
284063.
 226.800 -0.001896 -73553.1439  -1183.5558   0.0001045   7839.4054    151.0725     
334685.
 231.000 -0.001482 -77269.8653   -568.0193  9.2383E-05   7869.6243    142.0401     
402591.
 235.200 -0.001120 -78471.1730      8.3560  7.9907E-05   7879.3916    132.4243     
496676.
 239.400 -0.000811 -77326.5360    542.9326  6.7427E-05   7870.0851    122.1360     
632829.
 243.600 -0.000553 -74017.5868   1032.5324  5.5304E-05   7843.1816    111.0068     
842448.
 247.800 -0.000346 -68741.0641   1472.8993  4.3868E-05   7800.2807     98.6917    
1197830.
 252.000 -0.000185 -61714.8786   1876.1523  3.3418E-05   7743.1540     93.3336    
2119774.
 256.200 -6.53E-05 -53034.4397   2151.6131  2.4227E-05   7672.5775     37.8382    
2432528.
 260.400  1.86E-05 -43679.7906   2208.4778  1.6479E-05   7596.5192    -10.7597    
2432528.
 264.600  7.31E-05 -34509.3886   2096.9783  1.0216E-05   7521.9590    -42.3353    
2432528.
 268.800  0.000104 -26081.3922   1881.1037  5.3627E-06   7453.4349    -60.4622    
2432528.
 273.000  0.000118 -18716.6315   1610.4408  1.7742E-06   7393.5555    -68.4249    
2432528.
 277.200  0.000119 -12556.5058   1321.6520 -7.3093E-07   7343.4704    -69.0936    
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2432528.
 281.400  0.000112  -7613.5942   1040.3308 -2.3466E-06   7303.2819    -64.8689    
2432528.
 285.600  9.96E-05  -3814.0018    782.9841 -3.2620E-06   7272.3892    -57.6771    
2432528.
 289.800  8.46E-05  -1031.3486    558.9643 -3.6502E-06   7249.7647    -48.9990    
2432528.
 294.000  6.89E-05    887.0937    372.2368 -3.6617E-06   7248.5919    -39.9189    
2432528.
 298.200  5.38E-05   2101.2535    222.9194 -3.4223E-06   7258.4636    -31.1846    
2432528.
 302.400  4.02E-05   2765.0502    108.5667 -3.0325E-06   7263.8606    -23.2691    
2432528.
 306.600  2.84E-05   3018.0285     25.1962 -2.5693E-06   7265.9175    -16.4312    
2432528.
 310.800  1.86E-05   2980.7769    -31.9251 -2.0887E-06   7265.6146    -10.7694    
2432528.
 315.000  1.08E-05   2753.1735    -67.7065 -1.6294E-06   7263.7641     -6.2693    
2432528.
 319.200  4.91E-06   2414.6293    -86.8405 -1.2155E-06   7261.0115     -2.8421    
2432528.
 323.400  6.15E-07   2025.6428    -93.5565 -8.5979E-07   7257.8489  -0.3559519    
2432528.
 327.600 -2.32E-06   1630.1198    -91.4883 -5.6695E-07   7254.6330      1.3408    
2432528.
 331.800 -4.15E-06   1258.0414    -83.6277 -3.3560E-07   7251.6079      2.4023    
2432528.
 336.000 -5.13E-06    928.1797    -72.3385 -1.6048E-07   7248.9259      2.9735    
2432528.
 340.200 -5.50E-06    650.6531    -59.4097 -3.4006E-08   7246.6695      3.1830    
2432528.
 344.400 -5.42E-06    429.1925    -46.1335  5.2494E-08   7244.8689      3.1390    
2432528.
 348.600 -5.05E-06    263.0488    -35.1501  1.0794E-07   7243.5180      2.0912    
1737520.
 352.800 -4.51E-06    133.7600    -26.8379  1.3973E-07   7242.4668      1.8670    
1737520.
 357.000 -3.88E-06     37.3883    -19.5454  1.5344E-07   7241.6833      1.6056    
1737520.
 361.200 -3.22E-06    -30.6653    -13.3727  1.5398E-07   7241.6286      1.3338    
1737520.
 365.400 -2.59E-06    -75.1867     -8.3236  1.4550E-07   7241.9906      1.0705    
1737520.
 369.600 -2.00E-06   -100.8144     -4.3363  1.3140E-07   7242.1990   0.8281824    
1737520.
 373.800 -1.48E-06   -111.8202     -1.3079  1.1437E-07   7242.2885   0.6139015    
1737520.
 378.000 -1.04E-06   -111.9825   0.8858376  9.6441E-08   7242.2898   0.4307472    
1737520.
 382.200 -6.74E-07   -104.5323      2.3758  7.9097E-08   7242.2292   0.2787648    
1737520.
 386.400 -3.77E-07    -92.1513      3.2886  6.3342E-08   7242.1285   0.1558804    
1737520.
 390.600 -1.42E-07    -77.0089      3.7391  4.9792E-08   7242.0054   0.0586476    
1737520.
 394.800  4.15E-08    -60.8221      3.8262  3.8751E-08   7241.8738  -0.0171488    
1737520.
 399.000  1.84E-07    -44.9301      3.6306  3.0280E-08   7241.7446  -0.0760145    
1737520.
 403.200  2.96E-07    -30.3733      3.2140  2.4248E-08   7241.6263  -0.1223732    
1737520.
 407.400  3.87E-07    -17.9713      2.6204  2.0375E-08   7241.5254  -0.1602772    
1737520.

Page 11

Bent14x89-Strong Case-Row1.lpo
 411.600  4.67E-07     -8.3943      1.8781  1.8263E-08   7241.4476  -0.1931786    
1737520.
 415.800  5.41E-07     -2.2239      1.0026  1.7413E-08   7241.3974  -0.2237433    
1737520.
 420.000  6.13E-07      0.0000      0.0000  1.7235E-08   7241.3793  -0.2536890     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00593760
Maximum bending moment           =       1352083. lbs-in
Maximum shear force              =    31775.99701 lbs
Depth of maximum bending moment  =    79.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             20
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  43439.8628  -0.0105044   7241.3793   -436.4348    
916.5132
   4.200  0.955882     186936.  41588.7823  -0.0104894   8761.2717   -445.0320   
1955.4037
   8.400  0.911889     365999.  39702.5886  -0.0104451  10217.1433   -453.1555   
2087.1538
  12.600  0.868143     537021.  37783.2993  -0.0103728  11607.6436   -460.7918   
2229.2709
  16.800  0.824758     699846.  35832.9880  -0.0102737  12931.5008   -467.9278   
2382.8771
  21.000  0.781844     854328.  33853.7845  -0.0101492  14187.5229   -474.5501   
2549.2431
  25.200  0.739505    1000331.  31847.8748  -0.0100006  15374.6004   -480.6450   
2729.8119
  29.400  0.697839    1137728.  29817.5026  -0.0098294  16491.7083   -486.1989   
2926.2284
  33.600  0.656938    1266403.  27764.9691  -0.0096368  17537.9079   -491.1980   
3140.3739
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  37.800  0.616890    1386253.  25692.6344  -0.0094243  18512.3492   -495.6280   
3374.4078
  42.000  0.577774    1497183.  23602.9188  -0.0091933  19414.2729   -499.4746   
3630.8188
  46.200  0.539666    1599112.  21498.3040  -0.0089453  20243.0126   -502.7229   
3912.4870
  50.400  0.502634    1691970.  19381.3352  -0.0086817  20997.9970   -505.3575   
4222.7597
  54.600  0.466740    1775699.  17254.6227  -0.0084039  21678.7523   -507.3627   
4565.5464
  58.800  0.432041    1850251.  15120.8454  -0.0081134  22284.9043   -508.7218   
4945.4357
  63.000  0.398587    1915595.  12985.7360  -0.0078118  22816.1810   -507.9969   
5352.8745
  67.200  0.366422    1971733.  10853.9655  -0.0075004  23272.6188   -507.1319   
5812.8414
  71.400  0.335584    2018676.   8727.2168  -0.0071807  23654.2837   -505.6055   
6327.9055
  75.600  0.306104    2056442.   6608.3091  -0.0068543  23961.3460   -503.3981   
6907.0396
  79.800  0.278008    2085067.   4500.1479  -0.0065226  24194.0834   -500.4882   
7561.1217
  84.000  0.251314    2104599.   2405.7338  -0.0061869  24352.8836   -496.8519   
8303.4528
  88.200  0.226037    2115098.    328.1731  -0.0058489  24438.2479   -492.4627   
9150.4504
  92.400  0.202183    2116641.  -1726.2438  -0.0055100  24450.7949   -485.8310  
10092.2739
  96.600  0.179754    2109345.  -3737.1833  -0.0051714  24391.4742   -471.7592  
11022.7982
 100.800  0.158743    2093459.  -5688.2653  -0.0048348  24262.3116   -457.3274  
12099.8819
 105.000  0.139142    2069239.  -7577.9184  -0.0045013  24065.3934   -442.5074  
13357.1266
 109.200  0.120932    2036951.  -9404.4364  -0.0041724  23802.8700   -427.2631  
14838.9445
 113.400  0.104093    1996866. -11165.9387  -0.0038493  23476.9613   -411.5475  
16605.2953
 117.600  0.088598    1949268. -12860.3168  -0.0035332  23089.9626   -395.2992  
18739.1917
 121.800  0.074415    1894449. -14485.1585  -0.0032253  22644.2536   -378.4349  
21359.0979
 126.000  0.061506    1832713. -16037.6358  -0.0029267  22142.3097   -360.8400  
24640.4694
 130.200  0.049830    1764379. -17514.3354  -0.0026386  21586.7182   -342.3503  
28855.5575
 134.400  0.039341    1689782. -18910.9858  -0.0023619  20980.2016   -322.7213  
34452.9427
 138.600  0.029990    1609277. -20221.9916  -0.0020976  20325.6523   -301.5671  
42233.4779
 142.800  0.021721    1523247. -21439.5618  -0.0018467  19626.1875   -278.2282  
53797.6661
 147.000  0.014478    1432116. -22551.8538  -0.0016100  18885.2435   -251.4346  
72941.6832
 151.200  0.008198    1336368. -23538.0650  -0.0013882  18106.7573   -218.1897     
111788.
 155.400  0.002817    1236600. -24347.6455  -0.0011821  17295.5959   -167.3248     
249495.
 159.600 -0.001732    1133724. -24389.8879  -0.0009922  16459.1578    147.2094     
356967.
 163.800 -0.005518    1033300. -23666.5949  -0.0008186  15642.6606    197.2159     
150111.
 168.000 -0.008609     936224. -22789.3687  -0.0006609  14853.3802    220.5109     
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107584.
 172.200 -0.011069     842919. -21833.0913  -0.0005184  14094.7580    234.8593  
89112.0115
 176.400 -0.012963     753649. -20826.7715  -0.0003905  13368.9484    244.3406  
79167.1229
 180.600 -0.014349     668594. -19787.3079  -0.0002765  12677.4034    250.6421  
73362.5048
 184.800 -0.015286     587875. -18726.2044  -0.0001759  12021.1149    254.6453  
69967.6497
 189.000 -0.015827     511573. -17652.0102 -8.7823E-05  11400.7404    256.8758  
68168.0259
 193.200 -0.016023     439738. -16571.4535 -1.1620E-05  10816.6787    257.6751  
67540.5289
 197.400 -0.015924     372391. -15490.0505  5.3435E-05  10269.1188    257.2787  
67856.4842
 201.600 -0.015575     309536. -14412.4667   0.0001081   9758.0734    255.8564  
68996.5839
 205.800 -0.015017     251155. -13342.7459   0.0001530   9283.4035    253.5344  
70910.9356
 210.000 -0.014290     197214. -12284.4648   0.0001889   8844.8365    250.4089  
73599.8827
 214.200 -0.013430     147666. -11240.8419   0.0002165   8441.9798    246.5543  
77105.7347
 218.400 -0.012471     102448. -10214.8172   0.0002366   8074.3320    242.0288  
81511.2365
 222.600 -0.011443  61485.6820  -9209.1133   0.0002497   7741.2906    236.8778  
86943.2050
 226.800 -0.010374  24694.5611  -8226.2829   0.0002566   7442.1592    231.1367  
93581.2069
 231.000 -0.009288  -8022.4497  -7268.7486   0.0002579   7306.6061    224.8321     
101672.
 235.200 -0.008207 -36772.4029  -6338.8362   0.0002543   7540.3585    217.9834     
111554.
 239.400 -0.007151 -61672.4530  -5438.8045   0.0002464   7742.8091    210.6032     
123690.
 243.600 -0.006137 -82849.6205  -4570.8728   0.0002349   7914.9907    202.6977     
138723.
 247.800 -0.005178    -100441.  -3737.2473   0.0002202   8058.0152    194.2669     
157565.
 252.000 -0.004287    -114592.  -2872.7964   0.0002030   8173.0737    217.3764     
212949.
 256.200 -0.003473    -124894.  -1919.3380   0.0001838   8256.8369    236.6514     
286154.
 260.400 -0.002744    -131006.   -953.8807   0.0001633   8306.5299    223.0902     
341517.
 264.600 -0.002102    -133166.    -47.1139   0.0001421   8324.0912    208.7035     
417036.
 268.800 -0.001550    -131628.    797.2648   0.0001209   8311.5821    193.3816     
524079.
 273.000 -0.001086    -126661.   1574.9077   0.0001002   8271.2016    176.9245     
684089.
 277.200 -0.000708    -118558.   2280.2300  8.0576E-05   8205.3151    158.9432     
942974.
 281.400 -0.000409    -107635.   2905.0076  6.2457E-05   8116.5100    138.5699    
1421577.
 285.600 -0.000183 -94254.6388   3418.9372  4.6285E-05   8007.7196    106.1585    
2432528.
 289.800 -2.06E-05 -78989.5327   3666.9338  3.2407E-05   7883.6062     11.9352    
2432528.
 294.000  8.89E-05 -63503.8450   3583.8367  2.0993E-05   7757.6993    -51.5052    
2432528.
 298.200  0.000156 -48918.6328   3286.2611  1.1988E-05   7639.1138    -90.1975    
2432528.

Page 14



Bent14x89-Strong Case-Row1.lpo
 302.400  0.000190 -35918.2832   2866.2123  5.1919E-06   7533.4140   -109.8258    
2432528.
 306.600  0.000199 -24850.6920   2393.1199  3.2407E-07   7443.4286   -115.4563    
2432528.
 310.800  0.000192 -15816.5903   1916.7166 -2.9335E-06   7369.9766   -111.4024    
2432528.
 315.000  0.000175  -8745.6149   1470.2842 -4.9011E-06   7312.4858   -101.1845    
2432528.
 319.200  0.000151  -3458.4224   1073.9239 -5.8786E-06   7269.4981    -87.5584    
2432528.
 323.400  0.000125    284.6788    737.6235 -6.1329E-06   7243.6939    -72.5846    
2432528.
 327.600  9.97E-05   2747.3517    463.9804 -5.8900E-06   7263.7167    -57.7217    
2432528.
 331.800  7.58E-05   4191.4651    250.5131 -5.3342E-06   7275.4581    -43.9294    
2432528.
 336.000  5.49E-05   4860.1305     91.5431 -4.6091E-06   7280.8948    -31.7706    
2432528.
 340.200  3.71E-05   4967.7443    -20.3375 -3.8219E-06   7281.7697    -21.5059    
2432528.
 344.400  2.28E-05   4695.3630    -93.1716 -3.0478E-06   7279.5551    -13.1771    
2432528.
 348.600  1.15E-05   4189.9412   -130.8606 -2.3361E-06   7275.4458     -4.7701    
1737520.
 352.800  3.13E-06   3599.8424   -143.5958 -1.7121E-06   7270.6479     -1.2943    
1737520.
 357.000 -2.85E-06   2986.4545   -143.8370 -1.1845E-06   7265.6608      1.1794    
1737520.
 361.200 -6.82E-06   2393.4919   -135.4344 -7.5353E-07   7260.8397      2.8218    
1737520.
 365.400 -9.18E-06   1850.0021   -121.5328 -4.1361E-07   7256.4208      3.7980    
1737520.
 369.600 -1.03E-05   1373.2733   -104.6129 -1.5541E-07   7252.5448      4.2591    
1737520.
 373.800 -1.05E-05    971.5009    -86.5588  3.2414E-08   7249.2781      4.3380    
1737520.
 378.000 -1.00E-05    646.1278    -68.7413  1.6199E-07   7246.6327      4.1465    
1737520.
 382.200 -9.13E-06    393.8168    -52.1059  2.4530E-07   7244.5813      3.7751    
1737520.
 386.400 -7.96E-06    208.0485    -37.2606  2.9351E-07   7243.0709      3.2941    
1737520.
 390.600 -6.66E-06     80.3615    -24.5572  3.1661E-07   7242.0327      2.7552    
1737520.
 394.800 -5.30E-06      1.2651    -14.1643  3.2315E-07   7241.3896      2.1939    
1737520.
 399.000 -3.95E-06    -39.1318     -6.1296  3.2012E-07   7241.6975      1.6322    
1737520.
 403.200 -2.61E-06    -50.7317  -0.4309457  3.1292E-07   7241.7918      1.0814    
1737520.
 407.400 -1.32E-06    -43.2485      2.9842  3.0539E-07   7241.7309   0.5448039    
1737520.
 411.600 -4.88E-08    -26.1495      4.1707  2.9983E-07   7241.5919   0.0202047    
1737520.
 415.800  1.20E-06     -8.6907      3.1692  2.9704E-07   7241.4500  -0.4971153    
1737520.
 420.000  2.45E-06      0.0000      0.0000  2.9634E-07   7241.3793     -1.0120     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.01050436
Maximum bending moment           =       2116641. lbs-in
Maximum shear force              =    43439.86277 lbs
Depth of maximum bending moment  =    92.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             21
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  59292.2951  -0.0185898   7241.3793   -519.0114    
544.9620
   4.200     1.922     259207.  57089.5037  -0.0185691   9348.8662   -529.9369   
1158.0771
   8.400     1.844     509032.  54841.8287  -0.0185075  11380.0802   -540.3845   
1230.7975
  12.600     1.766     749260.  52551.3031  -0.0184067  13333.2646   -550.3419   
1308.5134
  16.800     1.689     979686.  50220.0123  -0.0182682  15206.7427   -559.7965   
1391.7015
  21.000     1.613    1200111.  47850.0946  -0.0180936  16998.9204   -568.7357   
1480.8930
  25.200     1.537    1410352.  45443.7409  -0.0178845  18708.2877   -577.1470   
1576.6816
  29.400     1.463    1610232.  43003.1953  -0.0176425  20333.4208   -585.0176   
1679.7326
  33.600     1.389    1799588.  40530.7555  -0.0173694  21872.9843   -592.3347   
1790.7935
  37.800     1.317    1978266.  38028.7732  -0.0170668  23325.7328   -599.0855   
1910.7064
  42.000     1.246    2146125.  35499.6545  -0.0167364  24690.5135   -605.2568   
2040.4226
  46.200     1.176    2303034.  32945.8612  -0.0163800  25966.2676   -610.8353   
2181.0206
  50.400     1.108    2448875.  30369.9116  -0.0159994  27152.0329   -615.8074   
2333.7263
  54.600     1.042    2583542.  27774.3816  -0.0155963  28246.9454   -620.1593   
2499.9385
  58.800  0.977258    2706940.  25161.9062  -0.0151725  29250.2417   -623.8766   
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2681.2586
  63.000  0.914445    2818990.  22538.8528  -0.0147298  30161.2612   -625.1964   
2871.4974
  67.200  0.853528    2919652.  19910.2745  -0.0142701  30979.6985   -626.5075   
3082.8897
  71.400  0.794575    3008891.  17277.5338  -0.0137952  31705.2617   -627.1785   
3315.1664
  75.600  0.737648    3086684.  14643.3518  -0.0133070  32337.7622   -627.1939   
3571.1006
  79.800  0.682797    3153021.  12010.5164  -0.0128071  32877.1174   -626.5373   
3853.9369
  84.000  0.630068    3207905.   9381.8863  -0.0122976  33323.3528   -625.1913   
4167.4932
  88.200  0.579497    3251353.   6760.3965  -0.0117802  33676.6047   -623.1372   
4516.2878
  92.400  0.531114    3283395.   4152.9661  -0.0112567  33937.1229   -618.4963   
4891.0086
  96.600  0.484941    3304109.   1584.4792  -0.0107290  34105.5398   -604.5927   
5236.2881
 100.800  0.440990    3313738.   -925.0121  -0.0101989  34183.8280   -590.4032   
5623.0103
 105.000  0.399270    3312531.  -3374.2812  -0.0096681  34174.0128   -575.9155   
6058.1733
 109.200  0.359778    3300743.  -5762.0448  -0.0091384  34078.1732   -561.1148   
6550.3791
 113.400  0.322507    3278638.  -8086.9499  -0.0086114  33898.4442   -545.9828   
7110.3148
 117.600  0.287443    3246484. -10347.5580  -0.0080887  33637.0188   -530.4972   
7751.4211
 121.800  0.254562    3204560. -12542.3259  -0.0075719  33296.1514   -514.6303   
8490.8355
 126.000  0.223838    3153150. -14669.5791  -0.0070626  32878.1609   -498.3474   
9350.7579
 130.200  0.195236    3092548. -16727.4786  -0.0065623  32385.4359   -481.6047  
10360.4756
 134.400  0.168715    3023057. -18713.9746  -0.0060725  31820.4402   -464.3458  
11559.4611
 138.600  0.144228    2944991. -20626.7443  -0.0055944  31185.7211   -446.4969  
13002.2791
 142.800  0.121722    2858674. -22463.1027  -0.0051295  30483.9192   -427.9595  
14766.6890
 147.000  0.101140    2764445. -24219.8732  -0.0046791  29717.7824   -408.5979  
16967.7164
 151.200  0.082418    2662656. -25893.1907  -0.0042443  28890.1851   -388.2199  
19783.6403
 155.400  0.065487    2553680. -27478.1870  -0.0038265  28004.1551   -366.5402  
23507.8681
 159.600  0.050275    2437914. -28968.4553  -0.0034266  27062.9146   -343.1113  
28663.5225
 163.800  0.036704    2315785. -30355.0517  -0.0030459  26069.9434   -317.1727  
36294.1101
 168.000  0.024690    2187767. -31624.3801  -0.0026851  25029.0879   -287.2694  
48866.8865
 172.200  0.014149    2054403. -32752.6318  -0.0023453  23944.7695   -249.9933  
74209.2729
 176.400  0.004990    1916368. -33682.5419  -0.0020272  22822.4721   -192.8211     
162302.
 180.600 -0.002880    1774688. -33735.8479  -0.0017315  21670.5384    167.4373     
244198.
 184.800 -0.009555    1635736. -32908.8833  -0.0014584  20540.7840    226.3554  
99494.8624
 189.000 -0.015130    1500569. -31900.1713  -0.0012071  19441.8027    253.9836  
70504.5232
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 193.200 -0.019695    1369691. -30797.0335  -0.0009772  18377.6968    271.3201  
57859.4287
 197.400 -0.023339    1243425. -29632.7569  -0.0007679  17351.0881    283.0973  
50946.2127
 201.600 -0.026145    1121995. -28426.6063  -0.0005784  16363.7963    291.2601  
46788.2260
 205.800 -0.028197    1005560. -27191.6374  -0.0004080  15417.1176    296.8204  
44211.7791
 210.000 -0.029572     894233. -25937.5170  -0.0002558  14511.9700    300.3798  
42661.3000
 214.200 -0.030346     788091. -24671.8297  -0.0001210  13648.9789    302.3284  
41843.5540
 218.400 -0.030589     687182. -23400.7772 -2.8667E-06  12828.5337    302.9347  
41594.0812
 222.600 -0.030370     591529. -22129.5906  9.9563E-05  12050.8257    302.3922  
41819.2072
 226.800 -0.029753     501135. -20862.7921   0.0001871  11315.8759    300.8451  
42468.2816
 231.000 -0.028798     415985. -19604.3701   0.0002606  10623.5559    298.4035  
43519.5893
 235.200 -0.027564     336045. -18357.9002   0.0003208   9973.6036    295.1536  
44973.1316
 239.400 -0.026104     261269. -17126.6338   0.0003686   9365.6355    291.1637  
46847.2406
 243.600 -0.024468     191596. -15913.5625   0.0004049   8799.1567    286.4893  
49177.6138
 247.800 -0.022702     126952. -14721.4663   0.0004304   8273.5688    281.1756  
52018.1255
 252.000 -0.020852  67252.3421 -13452.9037   0.0004460   7788.1766    322.9019  
65039.1086
 256.200 -0.018956  13239.8371 -12014.9967   0.0004524   7349.0262    361.8157  
80165.5649
 260.400 -0.017051 -34391.9226 -10515.2264   0.0004507   7521.0039    352.3607  
86791.4164
 264.600 -0.015170 -75803.6666  -9056.6335   0.0004419   7857.7034    342.2074  
94745.2987
 268.800 -0.013339    -111169.  -7642.1048   0.0004269   8145.2442    331.3777     
104337.
 273.000 -0.011584    -140675.  -6274.4501   0.0004068   8385.1430    319.8864     
115986.
 277.200 -0.009922    -164520.  -4956.4336   0.0003823   8579.0175    307.7405     
130261.
 281.400 -0.008372    -182916.  -3690.8077   0.0003545   8728.5849    294.9385     
147961.
 285.600 -0.006945    -196086.  -2480.3532   0.0003241   8835.6623    281.4684     
170225.
 289.800 -0.005649    -204266.  -1327.9299   0.0002921   8902.1681    267.3045     
198726.
 294.000 -0.004491    -207704.   -236.5481   0.0002591   8930.1252    252.4011     
236023.
 298.200 -0.003473    -206664.    790.5265   0.0002259   8921.6674    236.6820     
286203.
 302.400 -0.002594    -201422.   1749.5996   0.0001932   8879.0505    220.0195     
356215.
 306.600 -0.001851    -192274.   2636.2433   0.0001616   8804.6695    202.1918     
458883.
 310.800 -0.001236    -179535.   3444.6911   0.0001319   8701.0909    182.7833     
620912.
 315.000 -0.000743    -163548.   4166.4428   0.0001044   8571.1113    160.9080     
909584.
 319.200 -0.000360    -144702.   4786.0988  7.9683E-05   8417.8848    134.1663    
1566841.
 323.400 -7.37E-05    -123471.   5157.4303  5.8201E-05   8245.2663     42.6582    
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2432528.
 327.600  0.000129    -101472.   5089.8080  4.0183E-05   8066.4019    -74.8594    
2432528.
 331.800  0.000264 -80780.6739   4611.6555  2.5583E-05   7898.1691   -152.8323    
2432528.
 336.000  0.000344 -62774.8735   4011.7342  1.4084E-05   7751.7724   -132.8445    
1621217.
 340.200  0.000382 -47104.4665   3446.4160  5.2824E-06   7624.3636   -136.3547    
1498455.
 344.400  0.000389 -33833.3654   2872.5698 -1.2011E-06   7516.4625   -136.9054    
1479963.
 348.600  0.000372 -22972.9736   2381.9284 -5.7515E-06   7428.1618    -96.7333    
1091863.
 352.800  0.000340 -13816.0355   1980.1575 -8.6984E-06   7353.7110    -94.5862    
1167687.
 357.000  0.000299  -6325.8410   1589.2085 -1.0312E-05   7292.8118    -91.5800    
1286272.
 361.200  0.000254   -450.3127   1176.5787 -1.0855E-05   7245.0406   -104.9104    
1737520.
 365.400  0.000208   3574.6531    775.6929 -1.0604E-05   7270.4431    -85.9876    
1737520.
 369.600  0.000165   6082.3430    452.1932 -9.8308E-06   7290.8320    -68.0599    
1737520.
 373.800  0.000125   7388.6834    200.4345 -8.7517E-06   7301.4532    -51.8252    
1737520.
 378.000  9.10E-05   7779.8874     12.5422 -7.5367E-06   7304.6339    -37.6473    
1737520.
 382.200  6.20E-05   7506.0034   -120.3507 -6.3122E-06   7302.4071    -25.6350    
1737520.
 386.400  3.80E-05   6778.9628   -207.1799 -5.1679E-06   7296.4959    -15.7122    
1737520.
 390.600  1.86E-05   5773.8972   -256.2957 -4.1624E-06   7288.3242     -7.6763    
1737520.
 394.800  3.02E-06   4632.6869   -275.0362 -3.3288E-06   7279.0455     -1.2477    
1737520.
 399.000 -9.41E-06   3468.8777   -269.4847 -2.6798E-06   7269.5831      3.8913    
1737520.
 403.200 -1.95E-05   2373.2701   -244.3770 -2.2118E-06   7260.6753      8.0647    
1737520.
 407.400 -2.80E-05   1419.6226   -203.1282 -1.9080E-06   7252.9216     11.5775    
1737520.
 411.600 -3.55E-05    670.0221   -147.9556 -1.7406E-06   7246.8269     14.6951    
1737520.
 415.800 -4.26E-05    179.5589    -80.0807 -1.6726E-06   7242.8392     17.6263    
1737520.
 420.000 -4.96E-05      0.0000      0.0000 -1.6582E-06   7241.3793     20.5074     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.01858982
Maximum bending moment           =       3313738. lbs-in
Maximum shear force              =    59292.29509 lbs
Depth of maximum bending moment  =      100.80000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             24
Number of zero deflection points =              3
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------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  71025.1009  -0.0259498   7241.3793   -574.3806    
402.0664
   4.200     2.891     313838.  68586.4446  -0.0259247   9793.0518   -586.8844    
852.6133
   8.400     2.782     617284.  66096.2816  -0.0258501  12260.2274   -598.9076    
904.0983
  12.600     2.674     910087.  63556.6558  -0.0257278  14640.8678   -610.4381    
958.8499
  16.800     2.566    1192005.  60969.6618  -0.0255594  16933.0166   -621.4638   
1017.1577
  21.000     2.459    1462810.  58337.4448  -0.0253467  19134.8010   -631.9728   
1079.3417
  25.200     2.353    1722280.  55662.2005  -0.0250916  21244.4337   -641.9530   
1145.7565
  29.400     2.248    1970208.  52946.1759  -0.0247958  23260.2150   -651.3921   
1216.7961
  33.600     2.145    2206394.  50191.6685  -0.0244612  25180.5348   -660.2781   
1292.8988
  37.800     2.043    2430652.  47401.0276  -0.0240898  27003.8745   -668.5986   
1374.5538
  42.000     1.943    2642808.  44576.6540  -0.0236834  28728.8089   -676.3412   
1462.3079
  46.200     1.844    2842696.  41721.0010  -0.0232440  30354.0080   -683.4935   
1556.7747
  50.400     1.747    3030166.  38836.5749  -0.0227735  31878.2394   -690.0427   
1658.6436
  54.600     1.653    3205079.  35925.9356  -0.0222741  33300.3700   -695.9760   
1768.6920
  58.800     1.560    3367306.  32991.6981  -0.0217476  34619.3679   -701.2800   
1887.7990
  63.000     1.470    3516735.  30040.6673  -0.0211962  35834.3048   -703.9728   
2011.3372
  67.200     1.382    3653299.  27078.1671  -0.0206218  36944.6398   -706.7416   
2147.5769
  71.400     1.297    3776931.  24105.3616  -0.0200266  37949.8347   -708.8801   
2295.9028
  75.600     1.214    3887578.  21124.9270  -0.0194127  38849.4548   -710.3745   
2457.7483
  79.800     1.134    3985200.  18139.5982  -0.0187820  39643.1716   -711.2106   
2634.7630
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  84.000     1.056    4069769.  15152.1717  -0.0181368  40330.7641   -711.3734   
2828.8529
  88.200  0.981371    4141272.  12165.5085  -0.0174791  40912.1215   -710.8472   
3042.2306
  92.400  0.909353    4199709.   9187.0020  -0.0168109  41387.2454   -707.4893   
3267.6597
  96.600  0.840160    4245132.   6244.6533  -0.0161344  41756.5570   -693.6292   
3467.4865
 100.800  0.773823    4277779.   3361.0557  -0.0154517  42021.9971   -679.5125   
3688.1194
 105.000  0.710365    4297896.    537.3030  -0.0147648  42185.5566   -665.1316   
3932.5585
 109.200  0.649799    4305733.  -2225.4756  -0.0140756  42249.2773   -650.4772   
4204.3832
 113.400  0.592130    4301549.  -4926.1084  -0.0133861  42215.2528   -635.5384   
4507.8962
 117.600  0.537356    4285606.  -7563.3732  -0.0126983  42085.6300   -620.3020   
4848.3130
 121.800  0.485465    4258176. -10135.9867  -0.0120139  41862.6108   -604.7521   
5232.0146
 126.000  0.436439    4219537. -12642.5921  -0.0113348  41548.4535   -588.8696   
5666.8897
 130.200  0.390253    4169973. -15081.7435  -0.0106627  41145.4761   -572.6311   
6162.8047
 134.400  0.346872    4109778. -17451.8859  -0.0099995  40656.0589   -556.0081   
6732.2646
 138.600  0.306257    4039253. -19751.3297  -0.0093467  40082.6480   -538.9651   
7391.3584
 142.800  0.268359    3958706. -21978.2172  -0.0087061  39427.7610   -521.4575   
8161.1505
 147.000  0.233126    3868457. -24130.4779  -0.0080791  38693.9919   -503.4286   
9069.7829
 151.200  0.200495    3768836. -26205.7679  -0.0074673  37884.0198   -484.8048  
10155.7620
 155.400  0.170400    3660184. -28201.3851  -0.0068722  37000.6190   -465.4891  
11473.3000
 159.600  0.142768    3542855. -30114.1463  -0.0062952  36046.6719   -445.3496  
13101.4146
 163.800  0.117520    3417220. -31940.2051  -0.0057377  35025.1884   -424.2022  
15160.3377
 168.000  0.094572    3283666. -33674.7651  -0.0052009  33939.3314   -401.7788  
17843.2892
 172.200  0.073833    3142608. -35311.6062  -0.0046862  32792.4550   -377.6693  
21483.8980
 176.400  0.055208    2994489. -36842.2325  -0.0041946  31588.1628   -351.2003  
26717.9178
 180.600  0.038598    2839793. -38254.1633  -0.0037272  30330.4044   -321.1477  
34945.1151
 184.800  0.023899    2679071. -39526.8417  -0.0032851  29023.6499   -284.8897  
50065.6459
 189.000  0.011003    2512983. -40617.9808  -0.0028692  27673.2656   -234.7003  
89587.2724
 193.200 -0.000202    2342435. -40928.1953  -0.0024803  26286.6217     86.9791    
1807021.
 197.400 -0.009831    2173124. -40266.5902  -0.0021186  24910.0304    228.0709  
97433.4053
 201.600 -0.017998    2007559. -39230.4626  -0.0017837  23563.9028    265.3232  
61914.8680
 205.800 -0.024814    1846420. -38069.5039  -0.0014750  22253.7526    287.5143  
48663.8790
 210.000 -0.030388    1690117. -36830.5595  -0.0011917  20982.9294    302.4592  
41803.6508
 214.200 -0.034824    1538935. -35538.2138  -0.0009330  19753.7381    312.9436  
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37742.5568
 218.400 -0.038225    1393077. -34208.3592  -0.0006982  18567.8387    320.3205  
35195.1157
 222.600 -0.040689    1252693. -32852.4260  -0.0004862  17426.4401    325.3619  
33584.5516
 226.800 -0.042310    1117889. -31479.2016  -0.0002963  16330.4104    328.5545  
32615.0092
 231.000 -0.043178     988738. -30095.7599  -0.0001276  15280.3470    330.2273  
32121.7082
 235.200 -0.043381     865287. -28707.9925  2.0935E-05  14276.6234    330.6143  
32008.7308
 239.400 -0.043002     747558. -27320.9360   0.0001501  13319.4225    329.8888  
32220.0006
 243.600 -0.042120     635553. -25938.9860   0.0002609  12408.7623    328.1827  
32724.6045
 247.800 -0.040811     529256. -24566.0431   0.0003542  11544.5136    325.5997  
33508.9819
 252.000 -0.039145     428636. -23088.4991   0.0004310  10726.4161    377.9927  
40556.4322
 256.200 -0.037190     334629. -21395.4076   0.0004921   9962.0881    428.2414  
48362.2300
 260.400 -0.035011     248133. -19610.2747   0.0005388   9258.8335    421.8219  
50602.6233
 264.600 -0.032665     169047. -17853.8592   0.0005722   8615.8211    414.5665  
53304.5935
 268.800 -0.030205  97252.3001 -16129.5635   0.0005935   8032.0921    406.5267  
56528.2041
 273.000 -0.027679  32616.3716 -14440.5932   0.0006039   7506.5677    397.7449  
60353.4980
 277.200 -0.025132 -25007.4855 -12789.9933   0.0006045   7444.7034    388.2551  
64885.3554
 281.400 -0.022601 -75779.3429 -11180.6806   0.0005965   7857.5056    378.0843  
70260.6148
 285.600 -0.020121    -119872.  -9615.4724   0.0005808   8216.0036    367.2529  
76658.3999
 289.800 -0.017722    -157471.  -8097.1148   0.0005586   8521.7053    355.7745  
84315.1871
 294.000 -0.015429    -188775.  -6628.3108   0.0005308   8776.2180    343.6559  
93547.1372
 298.200 -0.013263    -213992.  -5211.7513   0.0004986   8981.2476    330.8962     
104784.
 302.400 -0.011241    -233345.  -3850.1508   0.0004627   9138.5979    317.4850     
118622.
 306.600 -0.009376    -247068.  -2546.2924   0.0004243   9250.1724    303.4000     
135908.
 310.800 -0.007677    -255407.  -1303.0877   0.0003840   9317.9771    288.6023     
157886.
 315.000 -0.006150    -258623.   -123.6630   0.0003428   9344.1256    273.0285     
186448.
 319.200 -0.004797    -256990.    988.5079   0.0003015   9330.8482    256.5767     
224625.
 323.400 -0.003617    -250799.   2029.3856   0.0002609   9280.5062    239.0794     
277582.
 327.600 -0.002606    -240358.   2993.9739   0.0002215   9195.6155    220.2483     
354940.
 331.800 -0.001757    -226001.   3875.5376   0.0001842   9078.8877    199.5439     
477081.
 336.000 -0.001059    -208096.   4663.7725   0.0001494   8933.3072    175.8061     
697079.
 340.200 -0.000502    -187063.   5339.1219   0.0001177   8762.2969    145.7889    
1220133.
 344.400 -7.03E-05    -163434.   5730.7770  8.9657E-05   8570.1837     40.7136    
2432528.
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 348.600  0.000251    -139066.   5597.9741  6.5426E-05   8372.0624   -103.9531    
1737520.
 352.800  0.000479    -116515.   5163.1582  4.4953E-05   8188.7065   -103.1021     
903497.
 357.000  0.000629 -95767.1652   4714.9728  2.7948E-05   8020.0172   -110.3195     
736769.
 361.200  0.000714 -76953.3931   4244.1900  1.4113E-05   7867.0513   -113.8628     
669738.
 365.400  0.000747 -60138.3748   3763.2418  3.1311E-06   7730.3362   -115.1601     
647114.
 369.600  0.000740 -45347.1327   3280.1624 -5.3187E-06   7610.0756   -114.8777     
651702.
 373.800  0.000703 -32576.5665   2800.8144 -1.1561E-05   7506.2441   -113.3833     
677635.
 378.000  0.000643 -21801.9380   2329.8287 -1.5917E-05   7418.6406   -110.8956     
724089.
 382.200  0.000569 -12980.7359   1871.1069 -1.8703E-05   7346.9196   -107.5433     
793742.
 386.400  0.000486  -6054.9473   1428.1576 -2.0228E-05   7290.6092   -103.3849     
893202.
 390.600  0.000399   -952.0985   1004.3974 -2.0789E-05   7249.1204    -98.4057    
1035482.
 394.800  0.000312   2414.9952    603.5274 -2.0672E-05   7261.0145    -92.4848    
1246954.
 399.000  0.000225   4150.3500    213.4047 -2.0146E-05   7275.1239    -93.2879    
1737520.
 403.200  0.000142   4239.5783   -106.1097 -1.9474E-05   7275.8493    -58.8618    
1737520.
 407.400  6.19E-05   3289.9453   -283.5127 -1.8871E-05   7268.1283    -25.6158    
1737520.
 411.600 -1.62E-05   1888.0306   -323.2058 -1.8456E-05   7256.7300      6.7143    
1737520.
 415.800 -9.31E-05    604.3167   -228.2160 -1.8256E-05   7246.2927     38.5189    
1737520.
 420.000 -0.000170      0.0000      0.0000 -1.8208E-05   7241.3793     70.1553     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.02594983
Maximum bending moment           =       4305733. lbs-in
Maximum shear force              =    71025.10094 lbs
Depth of maximum bending moment  =      109.20000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             23
Number of zero deflection points =              3

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:
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Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000     189000.   0.2500000     862495.  23206.1551
  4  y=  0.500000 M=     0.000     189000.   0.5000000    1352083.  31775.9970
  4  y=  1.000000 M=     0.000     189000.   1.0000000    2116641.  43439.8628
  4  y=     2.000 M=     0.000     189000.      2.0000    3313738.  59292.2951
  4  y=     3.000 M=     0.000     189000.      3.0000    4305733.  71025.1009

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =         189000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   420.000    0.25000000  862495.47925   23206.15511
   399.000    0.25000000  862686.07502   23209.05685
   378.000    0.25000000  861281.02971   23189.60248
   357.000    0.25000000  861396.91209   23192.00378
   336.000    0.25000000  861420.65773   23194.71205
   315.000    0.25000000  863002.14155   23214.58502
   294.000    0.25000000  862247.15208   23206.58915
   273.000    0.25000000  862149.50742   23202.42753
   252.000    0.25000000  861719.02578   23199.32635
   231.000    0.25000000  860709.94701   23181.86317

The analysis ended normally. 
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================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Bent14x89-Strong Case-Row2.lpd
Name of output file:         Bent14x89-Strong Case-Row2.lpo
Name of plot output file:    Bent14x89-Strong Case-Row2.lpp
Name of runtime file:        Bent14x89-Strong Case-Row2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 21, 2011     Time:   9:39:31

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Bent - Strong Axis - Row 2                   

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile

Page 1

Bent14x89-Strong Case-Row2.lpo
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     420.00 in

Depth of ground surface below top of pile =     -60.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     420.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       60.000 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      252.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      252.000 in
Distance from top of pile to bottom of layer =      348.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      492.000 in

(Depth of lowest layer extends   72.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
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------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  8 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00        0.06600
  2            60.00        0.06600
  3            60.00        0.03000
  4           252.00        0.03000
  5           252.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03600
  8           492.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  8 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000       10.40000            0.00          0.00700       0.0
  2       60.000       10.40000            0.00          0.00700       0.0
  3       60.000       10.40000            0.00          0.00700       0.0
  4      252.000       10.40000            0.00          0.00700       0.0
  5      252.000       14.00000            0.00          0.00700       0.0
  6      348.000       14.00000            0.00          0.00700       0.0
  7      348.000       10.00000            0.00          0.00700       0.0
  8      492.000       10.00000            0.00          0.00700       0.0

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.5500         1.0000
  2          420.000         0.5500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------
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Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
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    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  18509.4546  -0.0031165   7241.3793   -226.3111   
1901.0132
   4.200  0.236911  78217.5308  17550.6333  -0.0031102   7877.3294   -230.2705   
4082.2820
   8.400  0.223874     152363.  16575.8358  -0.0030918   8480.1726   -233.9188   
4388.4465
  12.600  0.210940     222363.  15586.3889  -0.0030618   9049.3090   -237.2464   
4723.7895
  16.800  0.198155     288150.  14583.6591  -0.0030209   9584.1890   -240.2439   
5092.0923
  21.000  0.185565     349662.  13569.0534  -0.0029698  10084.3147   -242.9016   
5497.7467
  25.200  0.173209     406845.  12544.0200  -0.0029092  10549.2412   -245.2096   
5945.8771
  29.400  0.161127     459650.  11510.0487  -0.0028398  10978.5785   -247.1577   
6442.4921
  33.600  0.149355     508037.  10468.6724  -0.0027622  11371.9925   -248.7357   
6994.6731
  37.800  0.137925     551972.   9421.4682  -0.0026773  11729.2070   -249.9329   
7610.8132
  42.000  0.126865     591428.   8370.0590  -0.0025857  12050.0046   -250.7381   
8300.9196
  46.200  0.116204     626386.   7316.1156  -0.0024882  12334.2293   -251.1397   
9077.0008
  50.400  0.105965     656834.   6261.3590  -0.0023854  12581.7871   -251.1253   
9953.5692
  54.600  0.096167     682768.   5207.5637  -0.0022781  12792.6488   -250.6819  
10948.2978
  58.800  0.086829     704194.   4156.5612  -0.0021670  12966.8510   -249.7954  
12082.8906
  63.000  0.077964     721124.   3111.6998  -0.0020528  13104.4989   -247.7576  
13346.9272
  67.200  0.069585     733591.   2075.8235  -0.0019363  13205.8670   -245.5168  
14818.8804
  71.400  0.061699     741635.   1050.3411  -0.0018181  13271.2640   -242.8081  
16528.4597
  75.600  0.054313     745301.     37.2606  -0.0016990  13301.0700   -239.6112  
18529.1314
  79.800  0.047428     744645.   -961.3170  -0.0015797  13295.7397   -235.9020  
20890.5561
  84.000  0.041044     739734.  -1943.1808  -0.0014608  13255.8058   -231.6522  
23705.0736
  88.200  0.035157     730642.  -2905.9878  -0.0013430  13181.8828   -226.8273  
27097.5774
  92.400  0.029762     717455.  -3845.8387  -0.0012270  13074.6723   -220.7208  
31147.4899
  96.600  0.024851     700284.  -4752.4492  -0.0011134  12935.0636   -210.9985  
35660.9074
 100.800  0.020410     679302.  -5617.3881  -0.0010029  12764.4688   -200.8772  
41337.1452
 105.000  0.016426     654691.  -6438.8145  -0.0008960  12564.3613   -190.2782  
48652.1229
 109.200  0.012883     626639.  -7214.4758  -0.0007934  12336.2867   -179.0843  
58383.1915
 113.400  0.009762     595349.  -7941.4839  -0.0006955  12081.8795   -167.1101  
71900.5114
 117.600  0.007041     561035.  -8615.9015  -0.0006029  11802.8893   -154.0411  
91890.5435
 121.800  0.004697     523932.  -9231.8769  -0.0005160  11501.2260   -139.2805     
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124535.
 126.000  0.002706     484306.  -9779.4453  -0.0004352  11179.0450   -121.4663     
188496.
 130.200  0.001041     442476. -10236.1714  -0.0003610  10838.9423    -96.0223     
387225.
 134.400 -0.000326     398895. -10290.7002  -0.0002936  10484.6103     70.0562     
903282.
 138.600 -0.001425     356500.  -9927.7364  -0.0002331  10139.9134    102.7837     
303032.
 142.800 -0.002284     315872.  -9468.6192  -0.0001792   9809.5895    115.8435     
213066.
 147.000 -0.002930     277248.  -8966.2730  -0.0001317   9495.5535    123.3690     
176847.
 151.200 -0.003390     240765.  -8438.4201 -9.0204E-05   9198.9248    127.9895     
158580.
 155.400 -0.003688     206509.  -7895.0935 -5.4376E-05   8920.4037    130.7375     
148901.
 159.600 -0.003847     174532.  -7343.0519 -2.3853E-05   8660.4197    132.1394     
144281.
 163.800 -0.003888     144865.  -6787.3001  1.7317E-06   8419.2071    132.5043     
143137.
 168.000 -0.003832     117516.  -6231.7758  2.2749E-05   8196.8488    132.0311     
144710.
 172.200 -0.003697  92481.7719  -5679.7135  3.9571E-05   7993.3052    130.8557     
148662.
 176.400 -0.003500  69743.8306  -5133.8577  5.2566E-05   7808.4337    129.0756     
154908.
 180.600 -0.003255  49273.9136  -4596.5977  6.2100E-05   7642.0024    126.7625     
163546.
 184.800 -0.002978  31033.8204  -4070.0588  6.8533E-05   7493.7007    123.9704     
174842.
 189.000 -0.002680  14976.6176  -3556.1665  7.2218E-05   7363.1472    120.7402     
189241.
 193.200 -0.002371   1047.3678  -3056.6956  7.3502E-05   7249.8950    117.1031     
207407.
 197.400 -0.002062 -10816.3169  -2573.3076  7.2719E-05   7329.3217    113.0817     
230299.
 201.600 -0.001761 -20683.8653  -2107.5838  7.0196E-05   7409.5501    108.6916     
259303.
 205.800 -0.001473 -28631.4643  -1661.0549  6.6246E-05   7474.1683    103.9413     
296442.
 210.000 -0.001204 -34741.8981  -1235.2315  6.1169E-05   7523.8494     98.8318     
344750.
 214.200 -0.000959 -39104.5210   -831.6394  5.5254E-05   7559.3198     93.3549     
408930.
 218.400 -0.000740 -41815.3901   -451.8657  4.8772E-05   7581.3606     87.4897     
496623.
 222.600 -0.000549 -42977.6233    -97.6272  4.1980E-05   7590.8102     81.1953     
621012.
 226.800 -0.000387 -42702.1054    229.1146  3.5116E-05   7588.5701     74.3960     
806811.
 231.000 -0.000254 -41108.8115    614.9821  2.8403E-05   7575.6158    109.3505    
1807021.
 235.200 -0.000149 -37581.3477    978.9689  2.2099E-05   7546.9356     63.9766    
1807021.
 239.400 -6.85E-05 -32920.5576   1175.2329  1.6452E-05   7509.0409     29.4824    
1807021.
 243.600 -1.05E-05 -27735.5108   1246.6353  1.1593E-05   7466.8837      4.5187    
1807021.
 247.800  2.89E-05 -22467.2260   1230.0520  7.5717E-06   7424.0498    -12.4156    
1807021.
 252.000  5.31E-05 -17415.0946   1147.6999  4.3770E-06   7382.9733    -26.7997    
2119774.
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 256.200  6.56E-05 -12833.4953   1011.6049  1.9539E-06   7345.7224    -38.0074    
2432528.
 260.400  6.95E-05  -8920.7153    847.2437  2.1135E-07   7313.9095    -40.2598    
2432528.
 264.600  6.74E-05  -5716.9835    680.7233 -9.6119E-07   7287.8614    -39.0357    
2432528.
 268.800  6.14E-05  -3201.1137    524.0229 -1.6756E-06   7267.4061    -35.5836    
2432528.
 273.000  5.33E-05  -1312.5307    384.4412 -2.0371E-06   7252.0509    -30.8840    
2432528.
 277.200  4.43E-05     31.4261    265.6719 -2.1397E-06   7241.6348    -25.6729    
2432528.
 281.400  3.54E-05    922.5099    168.7635 -2.0633E-06   7248.8798    -20.4740    
2432528.
 285.600  2.70E-05   1452.3151     92.9354 -1.8731E-06   7253.1874    -15.6346    
2432528.
 289.800  1.96E-05   1706.1406     36.2439 -1.6201E-06   7255.2511    -11.3613    
2432528.
 294.000  1.34E-05   1759.3363     -3.8956 -1.3425E-06   7255.6836     -7.7528    
2432528.
 298.200  8.34E-06   1675.5487    -30.3194 -1.0673E-06   7255.0024     -4.8300    
2432528.
 302.400  4.42E-06   1506.3475    -45.8386 -8.1247E-07   7253.6267     -2.5601    
2432528.
 306.600  1.51E-06   1291.7945    -53.0571 -5.8832E-07   7251.8823  -0.8772749    
2432528.
 310.800 -5.22E-07   1061.6021    -54.2649 -3.9981E-07   7250.0107   0.3021266    
2432528.
 315.000 -1.84E-06    836.6043    -51.3880 -2.4775E-07   7248.1813      1.0678    
2432528.
 319.200 -2.60E-06    630.3362    -45.9799 -1.3025E-07   7246.5043      1.5075    
2432528.
 323.400 -2.94E-06    450.5797    -39.2412 -4.3661E-08   7245.0428      1.7015    
2432528.
 327.600 -2.97E-06    300.7798    -32.0563  1.6525E-08   7243.8248      1.7199    
2432528.
 331.800 -2.80E-06    181.2803    -25.0403  5.5140E-08   7242.8532      1.6211    
2432528.
 336.000 -2.51E-06     90.3535    -18.5877  7.6899E-08   7242.1139      1.4516    
2432528.
 340.200 -2.15E-06     25.0218    -12.9207  8.6141E-08   7241.5828      1.2470    
2432528.
 344.400 -1.78E-06    -18.3168     -8.1337  8.6678E-08   7241.5282      1.0325    
2432528.
 348.600 -1.42E-06    -43.4391     -4.7275  8.1731E-08   7241.7325   0.5894724    
1737520.
 352.800 -1.10E-06    -58.1576     -2.5372  7.3593E-08   7241.8522   0.4535087    
1737520.
 357.000 -8.07E-07    -64.8688  -0.8840301  6.3738E-08   7241.9067   0.3337339    
1737520.
 361.200 -5.61E-07    -65.6846   0.3040453  5.3280E-08   7241.9134   0.2320163    
1737520.
 365.400 -3.59E-07    -62.3994      1.1033  4.3020E-08   7241.8867   0.1485828    
1737520.
 369.600 -1.99E-07    -56.4852      1.5886  3.3497E-08   7241.8386   0.0825191    
1737520.
 373.800 -7.78E-08    -49.1082      1.8295  2.5039E-08   7241.7786   0.0321788    
1737520.
 378.000  1.09E-08    -41.1573      1.8876  1.7808E-08   7241.7139  -0.0044915    
1737520.
 382.200  7.18E-08    -33.2804      1.8158  1.1845E-08   7241.6499  -0.0297052    
1737520.
 386.400  1.10E-07    -25.9232      1.6576  7.1030E-09   7241.5901  -0.0456548    
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1737520.
 390.600  1.31E-07    -19.3682      1.4475  3.4750E-09   7241.5368  -0.0543884    
1737520.
 394.800  1.40E-07    -13.7700      1.2120  8.2048E-10   7241.4913  -0.0577305    
1737520.
 399.000  1.38E-07     -9.1885   0.9705796 -1.0186E-09   7241.4540  -0.0572396    
1737520.
 403.200  1.31E-07     -5.6155   0.7365756 -2.2044E-09   7241.4250  -0.0541909    
1737520.
 407.400  1.20E-07     -2.9978   0.5186587 -2.8944E-09   7241.4037  -0.0495790    
1737520.
 411.600  1.07E-07     -1.2542   0.3218640 -3.2350E-09   7241.3895  -0.0441327    
1737520.
 415.800  9.27E-08  -0.2889936   0.1486771 -3.3586E-09   7241.3817  -0.0383373    
1737520.
 420.000  7.85E-08      0.0000      0.0000 -3.3818E-09   7241.3793  -0.0324614     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00311651
Maximum bending moment           =   745300.73025 lbs-in
Maximum shear force              =    18509.45464 lbs
Depth of maximum bending moment  =    75.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  25321.4113  -0.0055161   7241.3793   -269.1308   
1130.3492
   4.200  0.476832     108355.  24180.2630  -0.0055074   8122.3619   -274.2731   
2415.8323
   8.400  0.453738     211858.  23018.1728  -0.0054818   8963.8955   -279.1032   
2583.5037
  12.600  0.430786     310410.  21836.4714  -0.0054399   9765.1803   -283.6118   

Page 8



Bent14x89-Strong Case-Row2.lpo
2765.1095
  16.800  0.408042     403921.  20636.5274  -0.0053827  10525.4678   -287.7901   
2962.2369
  21.000  0.385571     492303.  19419.7474  -0.0053109  11244.0621   -291.6290   
3176.6953
  25.200  0.363431     575478.  18187.5762  -0.0052254  11920.3212   -295.1192   
3410.5544
  29.400  0.341678     653374.  16941.4978  -0.0051269  12553.6585   -298.2515   
3666.1909
  33.600  0.320365     725926.  15683.0353  -0.0050165  13143.5442   -301.0164   
3946.3444
  37.800  0.299540     793076.  14413.7522  -0.0048948  13689.5068   -303.4042   
4254.1862
  42.000  0.279248     854773.  13135.2531  -0.0047628  14191.1344   -305.4049   
4593.4035
  46.200  0.259532     910973.  11849.1851  -0.0046213  14648.0762   -307.0084   
4968.3029
  50.400  0.240429     961643.  10557.2392  -0.0044713  15060.0441   -308.2040   
5383.9408
  54.600  0.221973    1006753.   9261.1516  -0.0043137  15426.8143   -308.9806   
5846.2850
  58.800  0.204195    1046285.   7962.7066  -0.0041492  15748.2287   -309.3266   
6362.4208
  63.000  0.187120    1080227.   6665.5496  -0.0039789  16024.1969   -308.3673   
6921.4577
  67.200  0.170772    1108592.   5372.6837  -0.0038035  16254.8214   -307.2832   
7557.3771
  71.400  0.155170    1131396.   4085.3028  -0.0036241  16440.2282   -305.7553   
8275.8890
  75.600  0.140330    1148662.   2805.3017  -0.0034415  16580.6130   -303.7690   
9091.6565
  79.800  0.126262    1160424.   1534.6391  -0.0032565  16676.2427   -301.3084  
10022.7626
  84.000  0.112975    1166723.    275.3453  -0.0030701  16727.4582   -298.3553  
11091.7374
  88.200  0.100474    1167611.   -970.4682  -0.0028831  16734.6764   -294.8892  
12326.9770
  92.400  0.088757    1163148.  -2198.7671  -0.0026964  16698.3936   -290.0150  
13723.5105
  96.600  0.077824    1153422.  -3397.1475  -0.0025108  16619.3134   -280.6423  
15145.6969
 100.800  0.067667    1138599.  -4555.6038  -0.0023272  16498.7901   -271.0036  
16820.9366
 105.000  0.058275    1118850.  -5672.9631  -0.0021464  16338.2215   -261.0723  
18815.9162
 109.200  0.049637    1094353.  -6747.9235  -0.0019691  16139.0524   -250.8136  
21222.4417
 113.400  0.041735    1065293.  -7779.0107  -0.0017961  15902.7794   -240.1804  
24170.5979
 117.600  0.034550    1031861.  -8764.5163  -0.0016281  15630.9577   -229.1080  
27851.3118
 121.800  0.028059     994256.  -9702.4031  -0.0014658  15325.2097   -217.5047  
32557.3859
 126.000  0.022237     952688. -10590.1555  -0.0013099  14987.2386   -205.2346  
38763.8258
 130.200  0.017056     907378. -11424.5287  -0.0011609  14618.8472   -192.0860  
47300.8181
 134.400  0.012486     858565. -12201.0888  -0.0010194  14221.9681   -177.7045  
59777.3871
 138.600  0.008493     806508. -12913.2693  -0.0008860  13798.7145   -161.4290  
79830.4675
 142.800  0.005043     751500. -13550.0287  -0.0007612  13351.4743   -141.7898     
118086.
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 147.000  0.002099     693896. -14087.4268  -0.0006454  12883.1213   -114.1141     
228360.
 151.200 -0.000379     634190. -14174.3242  -0.0005391  12397.6843     72.7344     
806903.
 155.400 -0.002429     575687. -13774.6011  -0.0004421  11922.0232    117.6099     
203340.
 159.600 -0.004093     519186. -13245.8987  -0.0003544  11462.6349    134.1531     
137676.
 163.800 -0.005406     464985. -12662.0139  -0.0002756  11021.9503    143.8873     
111778.
 168.000 -0.006408     413262. -12044.5077  -0.0002052  10601.4216    150.1633  
98428.7025
 172.200 -0.007131     364136. -11405.2372  -0.0001430  10202.0023    154.2512  
90856.4782
 176.400 -0.007609     317685. -10752.0570 -8.8357E-05   9824.3297    156.7869  
86548.4542
 180.600 -0.007873     273959. -10090.7113 -4.0964E-05   9468.8154    158.1396  
84365.4618
 184.800 -0.007953     232988.  -9425.6729 -3.5516E-07   9135.6986    158.5453  
83732.3416
 189.000 -0.007876     194784.  -8760.5817  3.3911E-05   8825.0799    158.1648  
84346.9096
 193.200 -0.007668     159346.  -8098.4988  6.2278E-05   8536.9442    157.1128  
86058.2699
 197.400 -0.007353     126658.  -7442.0662  8.5188E-05   8271.1772    155.4742  
88811.2722
 201.600 -0.006952  96697.0648  -6793.6123   0.0001031   8027.5778    153.3134  
92620.8321
 205.800 -0.006487  69428.1435  -6155.2267   0.0001164   7805.8670    150.6798  
97561.8671
 210.000 -0.005975  44808.3846  -5528.8138   0.0001255   7605.6953    147.6121     
103769.
 214.200 -0.005432  22786.8042  -4916.1341   0.0001310   7426.6481    144.1402     
111445.
 218.400 -0.004875   3304.9583  -4318.8370   0.0001330   7268.2504    140.2870     
120875.
 222.600 -0.004315 -13702.6444  -3738.4875   0.0001322   7352.7891    136.0698     
132455.
 226.800 -0.003764 -28308.2330  -3176.5905   0.0001288   7471.5403    131.5002     
146734.
 231.000 -0.003232 -40590.5581  -2634.6123   0.0001233   7571.4021    126.5847     
164480.
 235.200 -0.002728 -50634.7671  -2114.0030   0.0001160   7653.0669    121.3245     
186788.
 239.400 -0.002258 -58532.3730  -1616.2210   0.0001073   7717.2786    115.7146     
215255.
 243.600 -0.001827 -64381.3299  -1142.7610  9.7427E-05   7764.8337    109.7425     
252291.
 247.800 -0.001439 -68286.2409   -695.1912  8.6800E-05   7796.5827    103.3860     
301668.
 252.000 -0.001098 -70358.7396   -240.0906  7.5694E-05   7813.4332    113.3286     
433571.
 256.200 -0.000804 -70423.1739    250.4831  6.4417E-05   7813.9571    120.2779     
628653.
 260.400 -0.000557 -68356.9503    733.4727  5.3300E-05   7797.1576    109.7172     
827738.
 264.600 -0.000356 -64346.6229   1169.8500  4.2670E-05   7764.5515     98.0816    
1157631.
 268.800 -0.000198 -58597.9537   1616.9868  3.2822E-05   7717.8118    114.8408    
2432528.
 273.000 -8.01E-05 -50816.0415   1955.6323  2.4057E-05   7654.5407     46.4190    
2432528.
 277.200  3.80E-06 -42208.8356   2048.4938  1.6606E-05   7584.5596     -2.1993    
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2432528.
 281.400  5.93E-05 -33635.0567   1971.7018  1.0530E-05   7514.8502    -34.3683    
2432528.
 285.600  9.23E-05 -25663.2580   1787.3263  5.7802E-06   7450.0352    -53.4295    
2432528.
 289.800  0.000108 -18630.6927   1543.8962  2.2321E-06   7392.8567    -62.4895    
2432528.
 294.000  0.000111 -12698.0734   1277.6614 -2.7742E-07   7344.6214    -64.2890    
2432528.
 298.200  0.000106  -7897.8967   1014.2609 -1.9272E-06   7305.5934    -61.1399    
2432528.
 302.400  9.48E-05  -4175.2226    770.5502 -2.8943E-06   7275.3261    -54.9128    
2432528.
 306.600  8.13E-05  -1420.6801    556.4099 -3.3426E-06   7252.9302    -47.0587    
2432528.
 310.800  6.67E-05    503.9272    376.4196 -3.4160E-06   7245.4765    -38.6509    
2432528.
 315.000  5.26E-05   1746.6678    231.3295 -3.2357E-06   7255.5806    -30.4396    
2432528.
 319.200  3.96E-05   2452.2325    119.2979 -2.8994E-06   7261.3173    -22.9089    
2432528.
 323.400  2.82E-05   2753.3732     36.8883 -2.4824E-06   7263.7657    -16.3338    
2432528.
 327.600  1.87E-05   2766.0353    -20.1594 -2.0403E-06   7263.8686    -10.8318    
2432528.
 331.800  1.11E-05   2587.2731    -56.3624 -1.6115E-06   7262.4152     -6.4077    
2432528.
 336.000  5.17E-06   2295.1499    -76.1016 -1.2204E-06   7260.0401     -2.9919    
2432528.
 340.200  8.12E-07   1949.9574    -83.3727 -8.8032E-07   7257.2335  -0.4705590    
2432528.
 344.400 -2.23E-06   1596.2164    -81.6501 -5.9625E-07   7254.3574      1.2909    
2432528.
 348.600 -4.20E-06   1265.0434    -75.2939 -3.6706E-07   7251.6648      1.7359    
1737520.
 352.800 -5.31E-06    964.3307    -67.0335 -1.8848E-07   7249.2198      2.1976    
1737520.
 357.000 -5.78E-06    702.2609    -57.3978 -5.4975E-08   7247.0891      2.3909    
1737520.
 361.200 -5.77E-06    482.2765    -47.3609  3.9910E-08   7245.3005      2.3886    
1737520.
 365.400 -5.44E-06    304.3663    -37.6152  1.0292E-07   7243.8540      2.2522    
1737520.
 369.600 -4.91E-06    166.1456    -28.6206  1.4061E-07   7242.7302      2.0310    
1737520.
 373.800 -4.26E-06     63.7301    -20.6521  1.5903E-07   7241.8975      1.7635    
1737520.
 378.000 -3.57E-06     -7.5849    -13.8442  1.6352E-07   7241.4410      1.4783    
1737520.
 382.200 -2.89E-06    -52.8209     -8.2296  1.5869E-07   7241.8088      1.1953    
1737520.
 386.400 -2.24E-06    -76.9655     -3.7730  1.4829E-07   7242.0051   0.9269060    
1737520.
 390.600 -1.64E-06    -84.7498  -0.3986071  1.3534E-07   7242.0684   0.6799623    
1737520.
 394.800 -1.10E-06    -80.5287      1.9882  1.2210E-07   7242.0341   0.4566098    
1737520.
 399.000 -6.18E-07    -68.2428      3.4840  1.1018E-07   7241.9342   0.2556736    
1737520.
 403.200 -1.78E-07    -51.4381      4.1757  1.0059E-07   7241.7975   0.0737337    
1737520.
 407.400  2.27E-07    -33.3262      4.1334  9.3802E-08   7241.6503  -0.0938876    
1737520.
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 411.600  6.10E-07    -16.8663      3.4066  8.9781E-08   7241.5164  -0.2522322    
1737520.
 415.800  9.81E-07     -4.8536      2.0245  8.8042E-08   7241.4188  -0.4058818    
1737520.
 420.000  1.35E-06      0.0000      0.0000  8.7653E-08   7241.3793  -0.5581804     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00551609
Maximum bending moment           =       1167611. lbs-in
Maximum shear force              =    25321.41126 lbs
Depth of maximum bending moment  =    88.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  34599.7031  -0.0097671   7241.3793   -320.0522    
672.1097
   4.200  0.958978     150249.  33241.6899  -0.0097551   8462.9837   -326.6208   
1430.4885
   8.400  0.918057     294717.  31856.7499  -0.0097194   9637.5879   -332.8745   
1522.8600
  12.600  0.877335     433276.  30446.2234  -0.0096611  10764.1457   -338.8048   
1621.9352
  16.800  0.836904     565804.  29011.4862  -0.0095811  11841.6632   -344.4033   
1728.3872
  21.000  0.796854     692184.  27553.9501  -0.0094803  12869.2005   -349.6615   
1842.9710
  25.200  0.757269     812308.  26075.0625  -0.0093598  13845.8728   -354.5707   
1966.5355
  29.400  0.718231     926074.  24576.3074  -0.0092206  14770.8517   -359.1222   
2100.0384
  33.600  0.679817    1033387.  23059.2051  -0.0090636  15643.3668   -363.3074   
2244.5630
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  37.800  0.642097    1134161.  21525.3131  -0.0088900  16462.7069   -367.1174   
2401.3390
  42.000  0.605141    1228314.  19976.2263  -0.0087007  17228.2214   -370.5430   
2571.7660
  46.200  0.569011    1315774.  18413.5780  -0.0084969  17939.3216   -373.5752   
2757.4435
  50.400  0.533767    1396477.  16839.0405  -0.0082797  18595.4823   -376.2045   
2960.2055
  54.600  0.499462    1470367.  15254.3265  -0.0080500  19196.2427   -378.4212   
3182.1631
  58.800  0.466146    1537394.  13661.1899  -0.0078091  19741.2087   -380.2153   
3425.7566
  63.000  0.433865    1597519.  12063.6619  -0.0075580  20230.0536   -380.5123   
3683.5188
  67.200  0.402659    1650728.  10464.9753  -0.0072978  20662.6727   -380.7670   
3971.6478
  71.400  0.372564    1697010.   8866.1192  -0.0070296  21038.9743   -380.5930   
4290.5115
  75.600  0.343611    1736363.   7268.9177  -0.0067546  21358.9357   -379.9791   
4644.5352
  79.800  0.315826    1768793.   5675.2442  -0.0064738  21622.6041   -378.9131   
5038.9668
  84.000  0.289231    1794313.   4087.0243  -0.0061884  21830.0989   -377.3821   
5480.0703
  88.200  0.263843    1812949.   2506.2410  -0.0058994  21981.6133   -375.3719   
5975.3753
  92.400  0.239675    1824732.    937.2851  -0.0056080  22077.4164   -371.7500   
6514.4330
  96.600  0.216736    1829725.   -604.6762  -0.0053153  22118.0153   -362.5173   
7025.0229
 100.800  0.195027    1828091.  -2107.4270  -0.0050223  22104.7293   -353.0783   
7603.7152
 105.000  0.174548    1819996.  -3570.0772  -0.0047301  22038.9136   -343.4218   
8263.4535
 109.200  0.155294    1805612.  -4991.6835  -0.0044397  21921.9616   -333.5336   
9020.5595
 113.400  0.137255    1785114.  -6371.2362  -0.0041520  21755.3064   -323.3963   
9895.9057
 117.600  0.120417    1758685.  -7707.6429  -0.0038682  21540.4232   -312.9879  
10916.6164
 121.800  0.104763    1726511.  -8999.7065  -0.0035890  21278.8319   -302.2805  
12118.6040
 126.000  0.090270    1688785. -10246.0950  -0.0033154  20972.1016   -291.2379  
13550.4651
 130.200  0.076913    1645708. -11445.3011  -0.0030483  20621.8551   -279.8126  
15279.6897
 134.400  0.064664    1597484. -12595.5832  -0.0027885  20229.7755   -267.9408  
17402.9839
 138.600  0.053490    1544332. -13694.8801  -0.0025368  19797.6154   -255.5340  
20064.3485
 142.800  0.043355    1486475. -14740.6794  -0.0022940  19327.2091   -242.4657  
23488.8179
 147.000  0.034220    1424152. -15729.8058  -0.0020609  18820.4908   -228.5468  
28050.7260
 151.200  0.026043    1357616. -16658.0557  -0.0018381  18279.5211   -213.4769  
34427.2497
 155.400  0.018780    1287142. -17519.5049  -0.0016262  17706.5304   -196.7370  
43998.0248
 159.600  0.012383    1213034. -18305.0025  -0.0014259  17103.9921   -177.3095  
60137.6841
 163.800  0.006802    1135644. -18998.0225  -0.0012378  16474.7695   -152.7001  
94281.1755
 168.000  0.001986    1055416. -19554.8371  -0.0010623  15822.4720   -112.4498     
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237840.
 172.200 -0.002121     973070. -19552.1290  -0.0008998  15152.9554    113.7393     
225249.
 176.400 -0.005573     892607. -19008.7141  -0.0007503  14498.7454    145.0297     
109308.
 180.600 -0.008424     814588. -18366.3385  -0.0006136  13864.4130    160.8634  
80205.2582
 184.800 -0.010727     739304. -17669.6223  -0.0004891  13252.3098    170.9062  
66917.2752
 189.000 -0.012532     666940. -16937.5548  -0.0003765  12663.9540    177.6974  
59552.1741
 193.200 -0.013889     597626. -16181.4936  -0.0002752  12100.3944    182.3317  
55135.9250
 197.400 -0.014844     531452. -15409.2718  -0.0001847  11562.3673    185.3929  
52455.9565
 201.600 -0.015441     468481. -14626.7556  -0.0001046  11050.3803    187.2338  
50928.2068
 205.800 -0.015723     408754. -13838.5854 -3.4371E-05  10564.7624    188.0853  
50242.6407
 210.000 -0.015730     352292. -13048.5800  2.6592E-05  10105.6975    188.1078  
50226.7909
 214.200 -0.015499     299103. -12259.9779  7.8771E-05   9673.2473    187.4171  
50785.6319
 218.400 -0.015068     249183. -11475.5925   0.0001227   9267.3677    186.0998  
51872.6907
 222.600 -0.014469     202513. -10697.9166   0.0001589   8887.9213    184.2221  
53475.6132
 226.800 -0.013733     159068.  -9929.1958   0.0001878   8534.6871    181.8354  
55609.2319
 231.000 -0.012891     118810.  -9171.4829   0.0002101   8207.3677    178.9802  
58313.0670
 235.200 -0.011969  81694.0532  -8426.6784   0.0002262   7905.5953    175.6886  
61651.9259
 239.400 -0.010991  47666.8582  -7696.5620   0.0002365   7628.9362    171.9859  
65719.1597
 243.600 -0.009982  16667.4334  -6982.8170   0.0002417   7376.8944    167.8926  
70642.6999
 247.800 -0.008961 -11372.4854  -6287.0506   0.0002421   7333.8437    163.4247  
76594.4653
 252.000 -0.007948 -36528.1456  -5553.1652   0.0002383   7538.3725    186.0445  
98308.8060
 256.200 -0.006960 -58397.3360  -4728.7792   0.0002307   7716.1807    206.5203     
124626.
 260.400 -0.006011 -76616.0811  -3877.0067   0.0002198   7864.3087    199.0856     
139110.
 264.600 -0.005113 -91313.2125  -3057.4189   0.0002064   7983.8042    191.1943     
157047.
 268.800 -0.004277    -102626.  -2271.9378   0.0001909   8075.7837    182.8444     
179549.
 273.000 -0.003510    -110700.  -1522.5102   0.0001738   8141.4331    174.0259     
208234.
 277.200 -0.002817    -115691.   -811.1484   0.0001556   8182.0087    164.7178     
245546.
 281.400 -0.002203    -117761.   -139.9862   0.0001369   8198.8405    154.8832     
295320.
 285.600 -0.001667    -117084.    488.6351   0.0001181   8193.3368    144.4603     
363915.
 289.800 -0.001211    -113844.   1072.0241  9.9621E-05   8166.9932    133.3440     
462644.
 294.000 -0.000830    -108237.   1606.8741  8.1831E-05   8121.4073    121.3465     
613730.
 298.200 -0.000523    -100476.   2088.7069  6.5113E-05   8058.3056    108.0976     
867845.
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 302.400 -0.000283 -90795.6885   2660.4956  4.9791E-05   7979.5965    164.1827    
2432528.
 306.600 -0.000105 -78207.2664   3132.8685  3.6253E-05   7877.2459     60.7568    
2432528.
 310.800  2.10E-05 -64537.1486   3234.8567  2.4819E-05   7766.1006    -12.1910    
2432528.
 315.000  0.000104 -51073.8726   3083.2806  1.5558E-05   7656.6370    -59.9881    
2432528.
 319.200  0.000152 -38662.2912   2772.7551  8.3697E-06   7555.7243    -87.8812    
2432528.
 323.400  0.000174 -27796.0172   2376.7194  3.0462E-06   7467.3757   -100.7073    
2432528.
 327.600  0.000177 -18702.6844   1949.5621 -6.7856E-07   7393.4421   -102.7010    
2432528.
 331.800  0.000168 -11418.6181   1529.3374 -3.0914E-06   7334.2187    -97.4061    
2432528.
 336.000  0.000151  -5851.3424   1140.6962 -4.4748E-06   7288.9538    -87.6612    
2432528.
 340.200  0.000131  -1829.6661    797.7720 -5.0901E-06   7256.2555    -75.6360    
2432528.
 344.400  0.000109    858.0233    506.8509 -5.1679E-06   7248.3555    -62.8978    
2432528.
 348.600  8.72E-05   2436.0860    299.0245 -4.9040E-06   7261.1860    -36.0671    
1737520.
 352.800  6.74E-05   3377.6146    164.7242 -4.4383E-06   7268.8411    -27.8854    
1737520.
 357.000  4.99E-05   3826.8156     62.8129 -3.8612E-06   7272.4934    -20.6438    
1737520.
 361.200  3.50E-05   3911.3729    -10.9209 -3.2414E-06   7273.1808    -14.4675    
1737520.
 365.400  2.27E-05   3740.2259    -61.0007 -2.6284E-06   7271.7893     -9.3800    
1737520.
 369.600  1.29E-05   3403.1402    -91.8992 -2.0562E-06   7269.0486     -5.3336    
1737520.
 373.800  5.40E-06   2971.5369   -107.7923 -1.5456E-06   7265.5395     -2.2345    
1737520.
 378.000 -9.03E-08   2500.1385   -112.4064 -1.1073E-06   7261.7068   0.0373630    
1737520.
 382.200 -3.90E-06   2029.0811   -108.9400 -7.4448E-07   7257.8768      1.6133    
1737520.
 386.400 -6.34E-06   1586.2247   -100.0407 -4.5488E-07   7254.2762      2.6244    
1737520.
 390.600 -7.72E-06   1189.4617    -87.8219 -2.3253E-07   7251.0503      3.1940    
1737520.
 394.800 -8.30E-06    848.8902    -73.9061 -6.9254E-08   7248.2812      3.4325    
1737520.
 399.000 -8.30E-06    568.7603    -59.4850  4.4305E-08   7246.0036      3.4347    
1737520.
 403.200 -7.93E-06    349.1461    -45.3872  1.1783E-07   7244.2181      3.2786    
1737520.
 407.400 -7.31E-06    187.3210    -32.1492  1.6081E-07   7242.9023      3.0252    
1737520.
 411.600 -6.57E-06     78.8371    -20.0848  1.8213E-07   7242.0203      2.7197    
1737520.
 415.800 -5.78E-06     18.3194     -9.3495  1.8991E-07   7241.5283      2.3923    
1737520.
 420.000 -4.98E-06      0.0000      0.0000  1.9138E-07   7241.3793      2.0598     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.00976711
Maximum bending moment           =       1829725. lbs-in
Maximum shear force              =    34599.70313 lbs
Depth of maximum bending moment  =    96.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             22
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  47143.1739  -0.0172787   7241.3793   -380.6084    
399.6388
   4.200     1.927     208360.  45527.2097  -0.0172620   8935.4583   -388.8984    
847.4361
   8.400     1.855     409834.  43877.0950  -0.0172125  10573.5451   -396.8705    
898.5751
  12.600     1.783     604254.  42194.1822  -0.0171313  12154.2879   -404.5166    
952.9545
  16.800     1.711     791462.  40479.8568  -0.0170195  13676.3891   -411.8288   
1010.8611
  21.000     1.640     971305.  38735.5381  -0.0168782  15138.6064   -418.7991   
1072.6120
  25.200     1.569    1143637.  36962.6789  -0.0167088  16539.7542   -425.4196   
1138.5587
  29.400     1.500    1308319.  35162.7655  -0.0165124  17878.7047   -431.6821   
1209.0911
  33.600     1.431    1465219.  33337.3179  -0.0162903  19154.3895   -437.5786   
1284.6435
  37.800     1.363    1614215.  31487.8905  -0.0160436  20365.8006   -443.1011   
1365.7003
  42.000     1.296    1755188.  29616.0715  -0.0157737  21511.9919   -448.2413   
1452.8031
  46.200     1.230    1888032.  27723.4840  -0.0154818  22592.0805   -452.9909   
1546.5591
  50.400     1.166    2012645.  25811.7861  -0.0151694  23605.2478   -457.3415   
1647.6511
  54.600     1.103    2128934.  23882.6716  -0.0148376  24550.7410   -461.2845   
1756.8484
  58.800     1.041    2236815.  21937.8706  -0.0144879  25427.8742   -464.8113   
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1875.0212
  63.000  0.981069    2336213.  19981.8902  -0.0141216  26236.0303   -466.6080   
1997.5699
  67.200  0.922544    2427082.  18018.2562  -0.0137400  26974.8486   -468.4558   
2132.7051
  71.400  0.865652    2509380.  16047.7372  -0.0133446  27643.9702   -469.8866   
2279.8105
  75.600  0.810449    2583069.  14072.1040  -0.0129367  28243.1049   -470.8912   
2440.3041
  79.800  0.756984    2648124.  12093.1662  -0.0125176  28772.0322   -471.4602   
2615.8173
  84.000  0.705301    2704525.  10112.7743  -0.0120889  29230.6035   -471.5836   
2808.2347
  88.200  0.655438    2752263.   8132.8217  -0.0116518  29618.7425   -471.2510   
3019.7441
  92.400  0.607426    2791339.   6158.2063  -0.0112077  29936.4478   -469.0420   
3243.1531
  96.600  0.561293    2821786.   4207.4894  -0.0107581  30183.9956   -459.8708   
3441.0861
 100.800  0.517058    2843761.   2295.6480  -0.0103042  30362.6700   -450.5298   
3659.5963
 105.000  0.474737    2857428.    423.4066  -0.0098476  30473.7877   -441.0138   
3901.6472
 109.200  0.434339    2862952.  -1408.4871  -0.0093893  30518.6997   -431.3166   
4170.7738
 113.400  0.395867    2860503.  -3199.2570  -0.0089309  30498.7908   -421.4310   
4471.2245
 117.600  0.359320    2850257.  -4948.0934  -0.0084734  30415.4816   -411.3482   
4808.1482
 121.800  0.324690    2832392.  -6654.1462  -0.0080182  30270.2286   -401.0578   
5187.8435
 126.000  0.291967    2807092.  -8316.5162  -0.0075665  30064.5262   -390.5470   
5618.0950
 130.200  0.261132    2774546.  -9934.2455  -0.0071194  29799.9081   -379.8003   
6108.6376
 134.400  0.232164    2734947. -11506.3036  -0.0066780  29477.9492   -368.7988   
6671.8058
 138.600  0.205037    2688495. -13031.5707  -0.0062436  29100.2684   -357.5189   
7323.4658
 142.800  0.179718    2635394. -14508.8157  -0.0058171  28668.5314   -345.9311   
8084.3840
 147.000  0.156173    2575856. -15936.6665  -0.0053997  28184.4552   -333.9979   
8982.2950
 151.200  0.134361    2510098. -17313.5702  -0.0049923  27649.8127   -321.6705  
10055.1327
 155.400  0.114238    2438348. -18637.7365  -0.0045959  27066.4401   -308.8848  
11356.2793
 159.600  0.095755    2360838. -19907.0573  -0.0042115  26436.2451   -295.5536  
12963.4988
 163.800  0.078862    2277814. -21118.9860  -0.0038399  25761.2201   -281.5553  
14995.0324
 168.000  0.063500    2189535. -22270.3489  -0.0034820  25043.4584   -266.7128  
17640.7291
 172.200  0.049613    2096272. -23357.0334  -0.0031387  24285.1802   -250.7560  
21227.9971
 176.400  0.037135    1998319. -24373.4278  -0.0028107  23488.7704   -233.2414  
26379.6585
 180.600  0.026002    1895997. -25311.3007  -0.0024988  22656.8423   -213.3648  
34463.3733
 184.800  0.016145    1789671. -26157.1273  -0.0022035  21792.3525   -189.4099  
49272.1425
 189.000  0.007493    1679776. -26883.2354  -0.0019256  20898.8465   -156.3559  
87644.6891
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 193.200 -2.98E-05    1566909. -27184.6583  -0.0016656  19981.1787     12.8212    
1807021.
 197.400 -0.006498    1454069. -26841.0673  -0.0014236  19063.7296    150.7936  
97466.3564
 201.600 -0.011988    1343704. -26155.2911  -0.0011995  18166.4042    175.7665  
61581.2530
 205.800 -0.016573    1236268. -25385.9200  -0.0009928  17292.8984    190.6007  
48301.8022
 210.000 -0.020327    1132038. -24564.4289  -0.0008031  16445.4506    200.5856  
41445.0850
 214.200 -0.023319    1031202. -23707.2531  -0.0006298  15625.6009    207.5934  
37389.4829
 218.400 -0.025617     933897. -22824.9932  -0.0004724  14834.4585    212.5304  
34844.6133
 222.600 -0.027287     840222. -21925.2632  -0.0003303  14072.8322    215.9125  
33232.9185
 226.800 -0.028392     750249. -21013.9111  -0.0002029  13341.3038    218.0647  
32258.5423
 231.000 -0.028991     664027. -20095.6411 -8.9574E-05  12640.2750    219.2067  
31756.7843
 235.200 -0.029144     581588. -19174.3690  1.0204E-05  11969.9988    219.4943  
31631.7235
 239.400 -0.028906     502947. -18253.4408  9.7079E-05  11330.6018    219.0429  
31827.1582
 243.600 -0.028329     428105. -17335.7755   0.0001717  10722.1003    217.9406  
32311.9178
 247.800 -0.027464     357054. -16423.9622   0.0002346  10144.4139    216.2562  
33072.0424
 252.000 -0.026358     289771. -15442.5313   0.0002864   9597.3742    251.0918  
40009.5975
 256.200 -0.025058     226882. -14317.7571   0.0003278   9086.0472    284.5150  
47687.7262
 260.400 -0.023605     168982. -13131.6544   0.0003595   8615.2915    280.2958  
49872.1930
 264.600 -0.022039     116005. -11964.4361   0.0003823   8184.5617    275.5225  
52507.6379
 268.800 -0.020394  67873.6584 -10818.3576   0.0003970   7793.2282    270.2292  
55651.9692
 273.000 -0.018704  24500.5070  -9695.5433   0.0004044   7440.5814    264.4442  
59382.4241
 277.200 -0.016997 -14210.9637  -8598.0107   0.0004052   7356.9220    258.1903  
63800.2023
 281.400 -0.015300 -48366.1496  -7527.6913   0.0004002   7634.6218    251.4856  
69037.2617
 285.600 -0.013635 -78078.9794  -6486.4501   0.0003901   7876.2029    244.3436  
75266.1653
 289.800 -0.012023    -103472.  -5476.1039   0.0003756   8082.6588    236.7737  
82714.4236
 294.000 -0.010480    -124674.  -4498.4396   0.0003573   8255.0491    228.7808  
91685.7022
 298.200 -0.009021    -141826.  -3555.2343   0.0003359   8394.4982    220.3646     
102592.
 302.400 -0.007658    -155072.  -2648.2783   0.0003122   8502.1953    211.5192     
116003.
 306.600 -0.006399    -164567.  -1779.4036   0.0002866   8579.3955    202.2307     
132727.
 310.800 -0.005251    -170474.   -950.5218   0.0002597   8627.4211    192.4749     
153944.
 315.000 -0.004218    -172964.   -163.6782   0.0002322   8647.6652    182.2125     
181444.
 319.200 -0.003301    -172217.    578.8667   0.0002046   8641.5970    171.3803     
218071.
 323.400 -0.002500    -168426.   1274.5033   0.0001773   8610.7710    159.8752     
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268637.
 327.600 -0.001812    -161793.   1920.0367   0.0001508   8556.8411    147.5216     
341991.
 331.800 -0.001233    -152537.   2511.2237   0.0001256   8481.5860    133.9960     
456533.
 336.000 -0.000756    -140898.   3041.7174   0.0001021   8386.9551    118.6201     
658662.
 340.200 -0.000375    -127149.   3499.9631  8.0657E-05   8275.1657     99.5922    
1115880.
 344.400 -7.89E-05    -111626.   3805.0276  6.1531E-05   8148.9611     45.6767    
2432528.
 348.600  0.000142 -95284.1528   3777.5773  4.4956E-05   8016.0901    -58.7482    
1737520.
 352.800  0.000299 -79966.1152   3513.5369  3.0918E-05   7891.5463    -66.9853     
941660.
 357.000  0.000402 -65819.5286   3221.3321  1.9240E-05   7776.5270    -72.1598     
754432.
 361.200  0.000460 -52937.4713   2912.9911  9.7273E-06   7671.7891    -74.6692     
681191.
 365.400  0.000483 -41365.8463   2597.4534  2.1733E-06   7577.7056    -75.5869     
656691.
 369.600  0.000479 -31122.3131   2280.3903 -3.6333E-06   7494.4202    -75.3956     
661584.
 373.800  0.000453 -22204.8000   1965.9122 -7.9050E-06   7421.9161    -74.3559     
689528.
 378.000  0.000412 -14596.1008   1657.2607 -1.0853E-05   7360.0534    -72.6210     
739881.
 382.200  0.000362  -8266.5796   1357.1675 -1.2684E-05   7308.5910    -70.2806     
815981.
 386.400  0.000306  -3175.7566   1068.0861 -1.3601E-05   7267.1999    -67.3772     
925719.
 390.600  0.000247    726.9359    711.5761 -1.3797E-05   7247.2897   -102.3894    
1737520.
 394.800  0.000190   2823.3870    331.6706 -1.3513E-05   7264.3349    -78.5180    
1737520.
 399.000  0.000134   3534.4218     50.3746 -1.3003E-05   7270.1160    -55.4325    
1737520.
 403.200  8.06E-05   3267.1776   -136.0285 -1.2459E-05   7267.9432    -33.3309    
1737520.
 407.400  2.93E-05   2411.5611   -231.5147 -1.2004E-05   7260.9866    -12.1387    
1737520.
 411.600 -2.03E-05   1341.5109   -239.4035 -1.1703E-05   7252.2865      8.3821    
1737520.
 415.800 -6.90E-05    419.1511   -161.8889 -1.1562E-05   7244.7872     28.5296    
1737520.
 420.000 -0.000117      0.0000      0.0000 -1.1528E-05   7241.3793     48.5604     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.01727870
Maximum bending moment           =       2862952. lbs-in
Maximum shear force              =    47143.17389 lbs
Depth of maximum bending moment  =      109.20000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              3
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------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  56388.2357  -0.0241164   7241.3793   -421.2124    
294.8487
   4.200     2.899     252259.  54599.2865  -0.0240962   9292.3799   -430.6682    
624.0037
   8.400     2.798     496889.  52771.2954  -0.0240362  11281.3521   -439.8038    
660.2736
  12.600     2.697     733698.  50905.6231  -0.0239376  13206.7327   -448.6116    
698.6665
  16.800     2.597     962500.  49003.6627  -0.0238018  15067.0137   -457.0838    
739.3571
  21.000     2.497    1183116.  47066.8394  -0.0236299  16860.7434   -465.2130    
782.5369
  25.200     2.398    1395376.  45096.6106  -0.0234233  18586.5277   -472.9913    
828.4166
  29.400     2.300    1599115.  43094.4658  -0.0231835  20243.0316   -480.4110    
877.2282
  33.600     2.203    1794176.  41061.9268  -0.0229117  21828.9802   -487.4647    
929.2276
  37.800     2.108    1980410.  39000.5479  -0.0226093  23343.1603   -494.1443    
984.6979
  42.000     2.013    2157675.  36911.9158  -0.0222778  24784.4212   -500.4424   
1043.9527
  46.200     1.921    2325838.  34797.6502  -0.0219187  26151.6764   -506.3508   
1107.3402
  50.400     1.829    2484773.  32659.4034  -0.0215333  27443.9045   -511.8619   
1175.2479
  54.600     1.740    2634363.  30498.8617  -0.0211233  28660.1510   -516.9675   
1248.1079
  58.800     1.652    2774499.  28317.7448  -0.0206900  29799.5287   -521.6596   
1326.4036
  63.000     1.566    2905080.  26120.8869  -0.0202350  30861.2199   -524.4632   
1406.7428
  67.200     1.482    3026040.  23912.0192  -0.0197599  31844.6874   -527.3785   
1494.7581
  71.400     1.400    3137312.  21691.7723  -0.0192662  32749.3881   -529.8819   
1589.7995
  75.600     1.320    3238837.  19461.8935  -0.0187555  33574.8478   -531.9652   
1692.6140
  79.800     1.242    3330568.  17224.1648  -0.0182292  34320.6628   -533.6200   
1804.0492
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  84.000     1.167    3412461.  14980.4041  -0.0176891  34986.5010   -534.8375   
1925.0693
  88.200     1.094    3484486.  12732.4670  -0.0171366  35572.1029   -535.6087   
2056.7751
  92.400     1.023    3546620.  10485.6192  -0.0165734  36077.2836   -534.3188   
2193.8374
  96.600  0.954513    3598877.   8260.7310  -0.0160010  36502.1637   -525.1518   
2310.7455
 100.800  0.888520    3641413.   6074.6698  -0.0154211  36848.0041   -515.8297   
2438.3079
 105.000  0.824976    3674387.   3928.0936  -0.0148350  37116.0977   -506.3494   
2577.8521
 109.200  0.763906    3697962.   1821.6757  -0.0142445  37307.7701   -496.7068   
2730.9249
 113.400  0.705323    3712304.   -243.8933  -0.0136509  37424.3799   -486.8975   
2899.3383
 117.600  0.649238    3717585.  -2267.9017  -0.0130557  37467.3192   -476.9160   
3085.2282
 121.800  0.595655    3713981.  -4249.6133  -0.0124604  37438.0141   -466.7561   
3291.1280
 126.000  0.544570    3701670.  -6188.2627  -0.0118664  37337.9254   -456.4103   
3520.0652
 130.200  0.495977    3680838.  -8083.0503  -0.0112750  37168.5497   -445.8696   
3775.6851
 134.400  0.449860    3651673.  -9933.1357  -0.0106877  36931.4203   -435.1234   
4062.4164
 138.600  0.406200    3614368. -11737.6293  -0.0101056  36628.1086   -424.1593   
4385.6915
 142.800  0.364973    3569121. -13495.5835  -0.0095302  36260.2258   -412.9618   
4752.2467
 147.000  0.326146    3516135. -15205.9792  -0.0089627  35829.4245   -401.5124   
5170.5380
 151.200  0.289686    3455620. -16867.7110  -0.0084042  35337.4016   -389.7884   
5651.3292
 155.400  0.255551    3387789. -18479.5663  -0.0078560  34785.9013   -377.7617   
6208.5412
 159.600  0.223696    3312863. -20040.1988  -0.0073193  34176.7184   -365.3966   
6860.5128
 163.800  0.194069    3231071. -21548.0926  -0.0067951  33511.7041   -352.6480   
7631.9289
 168.000  0.166617    3142647. -23001.5130  -0.0062845  32792.7711   -339.4569   
8556.8735
 172.200  0.141279    3047836. -24398.4371  -0.0057886  32021.9029   -325.7450   
9683.8718
 176.400  0.117992    2946891. -25736.4525  -0.0053084  31201.1642   -311.4052  
11084.6427
 180.600  0.096688    2840077. -27012.6046  -0.0048449  30332.7159   -296.2863  
12870.2568
 184.800  0.077295    2727676. -28223.1525  -0.0043989  29418.8368   -280.1651  
15223.3660
 189.000  0.059738    2609987. -29363.1553  -0.0039713  28461.9554   -262.6934  
18469.3106
 193.200  0.043936    2487331. -30425.7042  -0.0035630  27464.6991   -243.2823  
23256.1461
 197.400  0.029808    2360067. -31400.3005  -0.0031747  26429.9789   -220.8112  
31112.3145
 201.600  0.017269    2228608. -32268.6183  -0.0028071  25361.1490   -192.6735  
46861.2920
 205.800  0.006228    2093467. -32987.0083  -0.0024609  24262.3811   -149.4170     
100757.
 210.000 -0.003403    1955425. -33031.8289  -0.0021366  23140.0188    128.0738     
158061.
 214.200 -0.011719    1819392. -32395.9841  -0.0018342  22034.0033    174.7094  
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62614.5479
 218.400 -0.018811    1686210. -31616.0398  -0.0015534  20951.1639    196.6927  
43917.2322
 222.600 -0.024768    1556284. -30760.4830  -0.0012937  19894.7911    210.7154  
35732.3649
 226.800 -0.029677    1429876. -29854.9912  -0.0010545  18867.0305    220.4712  
31201.4820
 231.000 -0.033625    1307176. -28914.3152  -0.0008352  17869.4120    227.4697  
28412.4905
 235.200 -0.036693    1188322. -27948.3906  -0.0006353  16903.0661    232.4944  
26611.8873
 239.400 -0.038962    1073418. -26964.5304  -0.0004541  15968.8366    236.0105  
25441.4447
 243.600 -0.040508     962541. -25968.4358  -0.0002911  15067.3463    238.3203  
24709.7814
 247.800 -0.041407     855745. -24964.7344  -0.0001454  14199.0413    239.6328  
24306.6569
 252.000 -0.041729     753068. -23870.0294 -1.6534E-05  13364.2202    281.6553  
28348.1307
 256.200 -0.041546     655263. -22600.5569  9.6279E-05  12569.0162    322.8554  
32638.7025
 260.400 -0.040921     563070. -21247.1262   0.0001939  11819.4394    321.6354  
33011.8449
 264.600 -0.039917     476479. -19900.4371   0.0002771  11115.4102    319.6452  
33632.5084
 268.800 -0.038593     395467. -18563.5652   0.0003470  10456.7326    316.9605  
34494.4425
 273.000 -0.037002     319995. -17239.2972   0.0004043   9843.1054    313.6433  
35600.5303
 277.200 -0.035197     250015. -15930.1828   0.0004500   9274.1309    309.7445  
36961.7345
 281.400 -0.033223     185467. -14638.5752   0.0004848   8749.3222    305.3068  
38596.8256
 285.600 -0.031124     126281. -13366.6627   0.0005098   8268.1096    300.3658  
40532.7334
 289.800 -0.028940  72377.3679 -12116.4955   0.0005257   7829.8457    294.9519  
42805.4768
 294.000 -0.026708  23667.6364 -10890.0061   0.0005334   7433.8098    289.0906  
45461.7099
 298.200 -0.024459 -19945.5468  -9689.0289   0.0005337   7403.5472    282.8033  
48561.0031
 302.400 -0.022224 -58567.5427  -8515.3150   0.0005274   7717.5645    276.1081  
52179.0749
 306.600 -0.020029 -92311.5443  -7370.5473   0.0005153   7991.9212    269.0194  
56412.3148
 310.800 -0.017896    -121298.  -6256.3539   0.0004982   8227.5989    261.5489  
61384.1336
 315.000 -0.015844    -145656.  -5174.3216   0.0004769   8425.6392    253.7046  
67253.9856
 319.200 -0.013890    -165520.  -4126.0104   0.0004519   8587.1420    245.4912  
74230.4103
 323.400 -0.012048    -181032.  -3112.9697   0.0004242   8713.2646    236.9091  
82590.3262
 327.600 -0.010327    -192342.  -2136.7585   0.0003943   8805.2219    227.9534  
92708.3915
 331.800 -0.008736    -199607.  -1198.9716   0.0003629   8864.2867    218.6118     
105103.
 336.000 -0.007279    -202989.   -301.2765   0.0003306   8891.7913    208.8620     
120513.
 340.200 -0.005959    -202662.    554.5320   0.0002981   8889.1304    198.6659     
140029.
 344.400 -0.004775    -198805.   1366.4471   0.0002660   8857.7668    187.9604     
165332.
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 348.600 -0.003725    -191606.   2026.1243   0.0002347   8799.2399    126.1717     
142272.
 352.800 -0.002804    -182158.   2537.8710   0.0002047   8722.4190    117.5172     
176055.
 357.000 -0.002005    -170613.   3011.5916   0.0001765   8628.5551    108.0640     
226384.
 361.200 -0.001321    -157141.   3442.9735   0.0001502   8519.0160     97.3560     
309528.
 365.400 -0.000743    -141931.   3824.4489   0.0001263   8395.3514     84.2990     
476572.
 369.600 -0.000260    -125216.   4227.6316   0.0001049   8259.4496    107.6928    
1737520.
 373.800  0.000138    -106585.   4333.8719  8.6307E-05   8107.9728    -57.1022    
1737520.
 378.000  0.000465 -88948.2222   4056.4500  7.0644E-05   7964.5756    -75.0034     
677946.
 382.200  0.000731 -72623.0837   3722.5432  5.7702E-05   7831.8435    -83.9998     
482335.
 386.400  0.000949 -57770.4663   3357.8750  4.7257E-05   7711.0839    -89.6517     
396624.
 390.600  0.001128 -44491.9579   2973.0382  3.9065E-05   7603.1226    -93.6040     
348403.
 394.800  0.001278 -32858.9651   2573.7157  3.2869E-05   7508.5401    -96.5496     
317423.
 399.000  0.001404 -22924.9286   2163.3540  2.8400E-05   7427.7712    -98.8608     
295633.
 403.200  0.001516 -14731.8804   1744.1405  2.5384E-05   7361.1573   -100.7647     
279152.
 407.400  0.001618  -8314.4480   1317.4742  2.3538E-05   7308.9802   -102.4097     
265881.
 411.600  0.001714  -3702.4659    884.2357  2.2575E-05   7271.4823   -103.8943     
254616.
 415.800  0.001807   -922.7085    444.9665  2.2205E-05   7248.8814   -105.2815     
244657.
 420.000  0.001900      0.0000      0.0000  2.2131E-05   7241.3793   -106.6073     
117810.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.02411643
Maximum bending moment           =       3717585. lbs-in
Maximum shear force              =    56388.23572 lbs
Depth of maximum bending moment  =      117.60000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             24
Number of zero deflection points =              2

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:
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Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000     189000.   0.2500000     745301.  18509.4546
  4  y=  0.500000 M=     0.000     189000.   0.5000000    1167611.  25321.4113
  4  y=  1.000000 M=     0.000     189000.   1.0000000    1829725.  34599.7031
  4  y=     2.000 M=     0.000     189000.      2.0000    2862952.  47143.1739
  4  y=     3.000 M=     0.000     189000.      3.0000    3717585.  56388.2357

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =         189000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   420.000    0.25000000  745300.73025   18509.45464
   399.000    0.25000000  746650.44844   18524.59534
   378.000    0.25000000  745310.54686   18507.09991
   357.000    0.25000000  745626.12249   18510.88777
   336.000    0.25000000  745203.03112   18503.97685
   315.000    0.25000000  746065.83155   18519.53223
   294.000    0.25000000  746028.54224   18515.82088
   273.000    0.25000000  744990.13842   18502.64092
   252.000    0.25000000  744037.08174   18491.88328
   231.000    0.25000000  743915.35286   18488.02126

The analysis ended normally. 
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Bent14x89-Strong Case-Row3.lpo
================================================================================

                 LPILE Plus for Windows, Version 5.0 (5.0.46)

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                         (c) 1985-2010 by Ensoft, Inc.          
                              All Rights Reserved               

================================================================================

This program is licensed to: 

Karthik R
CH2M HILL

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:      
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\FRs\Hampshire Rd 
UC\Analysis\Lpile\
Name of input data file:     Bent14x89-Strong Case-Row3.lpd
Name of output file:         Bent14x89-Strong Case-Row3.lpo
Name of plot output file:    Bent14x89-Strong Case-Row3.lpp
Name of runtime file:        Bent14x89-Strong Case-Row3.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  March 21, 2011     Time:   9:45:45

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101/23 - Hampshire Road UC - Bent - Strong Axis - Row 3                   

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
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- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     420.00 in

Depth of ground surface below top of pile =     -60.00 in

Slope angle of ground surface             =       0.00 deg.

Structural properties of pile defined using  2 points

Point    Point         Pile      Moment of       Pile      Modulus of
 No.     Depth       Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     420.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       60.000 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =      252.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      252.000 in
Distance from top of pile to bottom of layer =      348.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      492.000 in

(Depth of lowest layer extends   72.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
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------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  8 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00        0.06600
  2            60.00        0.06600
  3            60.00        0.03000
  4           252.00        0.03000
  5           252.00        0.03300
  6           348.00        0.03300
  7           348.00        0.03600
  8           492.00        0.03600

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  8 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000       10.40000            0.00          0.00700       0.0
  2       60.000       10.40000            0.00          0.00700       0.0
  3       60.000       10.40000            0.00          0.00700       0.0
  4      252.000       10.40000            0.00          0.00700       0.0
  5      252.000       14.00000            0.00          0.00700       0.0
  6      348.000       14.00000            0.00          0.00700       0.0
  7      348.000       10.00000            0.00          0.00700       0.0
  8      492.000       10.00000            0.00          0.00700       0.0

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1            0.000         0.4000         1.0000
  2          420.000         0.4000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------
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Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.250 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           0.500 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =           0.000 in-lbs
Axial load at pile head     =      189000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.250000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
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    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.250000      0.0000  14676.8612  -0.0028940   7241.3793   -164.5899   
1382.5550
   4.200  0.237845  62488.3713  13979.1900  -0.0028890   7749.4429   -167.6345   
2960.1796
   8.400  0.225733     122012.  13269.1602  -0.0028742   8233.3994   -170.4750   
3171.8707
  12.600  0.213702     178512.  12547.6417  -0.0028501   8692.7798   -173.1053   
3402.1295
  16.800  0.201792     231937.  11815.5297  -0.0028172   9127.1483   -175.5195   
3653.1818
  21.000  0.190037     282235.  11073.7452  -0.0027761   9536.1036   -177.7113   
3927.5836
  25.200  0.178473     329363.  10323.2348  -0.0027271   9919.2793   -179.6746   
4228.2811
  29.400  0.167130     373280.   9564.9716  -0.0026708  10276.3450   -181.4031   
4558.6847
  33.600  0.156038     413949.   8799.9554  -0.0026077  10607.0074   -182.8903   
4922.7595
  37.800  0.145225     451340.   8029.2138  -0.0025384  10911.0112   -184.1296   
5325.1372
  42.000  0.134716     485425.   7253.8022  -0.0024634  11188.1401   -185.1140   
5771.2550
  46.200  0.124533     516183.   6474.8057  -0.0023831  11438.2174   -185.8367   
6267.5302
  50.400  0.114697     543597.   5693.3398  -0.0022982  11661.1079   -186.2900   
6821.5808
  54.600  0.105228     567655.   4910.5517  -0.0022092  11856.7181   -186.4662   
7442.5064
  58.800  0.096140     588353.   4127.6229  -0.0021166  12024.9979   -186.3570   
8141.2505
  63.000  0.087448     605688.   3346.8594  -0.0020210  12165.9416   -185.4351   
8906.1665
  67.200  0.079164     619675.   2570.1844  -0.0019228  12279.6634   -184.4102   
9783.8027
  71.400  0.071296     630330.   1798.4377  -0.0018227  12366.2959   -183.0883  
10785.5452
  75.600  0.063853     637675.   1032.8899  -0.0017211  12426.0177   -181.4583  
11935.5833
  79.800  0.056839     641739.    274.8607  -0.0016186  12459.0549   -179.5080  
13264.3645
  84.000  0.050257     642554.   -474.2743  -0.0015158  12465.6830   -177.2230  
14810.7011
  88.200  0.044107     640161.  -1213.0746  -0.0014130  12446.2290   -174.5867  
16624.7880
  92.400  0.038387     634607.  -1938.9438  -0.0013109  12401.0735   -171.0653  
18716.3980
  96.600  0.033095     625955.  -2644.3501  -0.0012099  12330.7271   -164.8424  
20919.6030
 100.800  0.028224     614316.  -3323.1925  -0.0011106  12236.0913   -158.4159  
23573.6848
 105.000  0.023766     599803.  -3974.5598  -0.0010133  12118.1000   -151.7590  
26818.8139
 109.200  0.019712     582538.  -4597.4066  -0.0009186  11977.7228   -144.8348  
30859.1597
 113.400  0.016050     562644.  -5190.5013  -0.0008269  11815.9707   -137.5913  
36004.7526
 117.600  0.012767     540251.  -5752.3429  -0.0007385  11633.9032   -129.9523  
42751.9946
 121.800  0.009847     515496.  -6281.0239  -0.0006540  11432.6389   -121.8005  
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51953.0575
 126.000  0.007273     488528.  -6773.9845  -0.0005735  11213.3727   -112.9426  
65217.7654
 130.200  0.005029     459505.  -7227.5219  -0.0004976  10977.4028   -103.0276  
86043.8890
 134.400  0.003094     428607.  -7635.6348  -0.0004264  10726.1814    -91.3119     
123963.
 138.600  0.001447     396043.  -7986.3129  -0.0003604  10461.4205    -75.6777     
219675.
 142.800  6.65E-05     362094.  -8205.3361  -0.0002997  10185.3963    -28.6190    
1807021.
 147.000 -0.001070     327594.  -8119.4710  -0.0002444   9904.8931     69.5071     
272777.
 151.200 -0.001987     294279.  -7802.6978  -0.0001946   9634.0200     81.3373     
171967.
 155.400 -0.002705     262360.  -7447.2333  -0.0001500   9374.5083     87.9315     
136539.
 159.600 -0.003247     231960.  -7069.2262  -0.0001104   9127.3366     92.0719     
119111.
 163.800 -0.003632     203154.  -6676.9813 -7.5555E-05   8893.1303     94.7114     
109516.
 168.000 -0.003881     175993.  -6275.8456 -4.5184E-05   8672.2977     96.3056     
104215.
 172.200 -0.004012     150509.  -5869.6681 -1.9030E-05   8465.0955     97.1122     
101668.
 176.400 -0.004041     126718.  -5461.4182  3.1774E-06   8271.6658     97.2925     
101119.
 180.600 -0.003985     104628.  -5053.4978  2.1709E-05   8092.0590     96.9553     
102184.
 184.800 -0.003859  84234.3823  -4647.9197  3.6838E-05   7926.2496     96.1771     
104683.
 189.000 -0.003676  65526.8042  -4246.4178  4.8834E-05   7774.1470     95.0142     
108568.
 193.200 -0.003449  48486.9434  -3850.5200  5.7967E-05   7635.6039     93.5086     
113886.
 197.400 -0.003189  33090.4075  -3461.5983  6.4502E-05   7510.4219     91.6923     
120771.
 201.600 -0.002907  19307.1149  -3080.9059  6.8699E-05   7398.3564     89.5898     
129452.
 205.800 -0.002612   7101.7313  -2709.6058  7.0814E-05   7299.1202     87.2198     
140264.
 210.000 -0.002312  -3565.9984  -2348.7929  7.1098E-05   7270.3728     84.5958     
153687.
 214.200 -0.002014 -12741.0038  -1999.5144  6.9791E-05   7344.9704     81.7273     
170396.
 218.400 -0.001726 -20472.7196  -1662.7866  6.7131E-05   7407.8334     78.6193     
191353.
 222.600 -0.001451 -26814.9879  -1339.6136  6.3343E-05   7459.3994     75.2726     
217948.
 226.800 -0.001194 -31826.0366  -1031.0061  5.8645E-05   7500.1419     71.6833     
252251.
 231.000 -0.000958 -35568.5450   -738.0053  5.3247E-05   7530.5705     67.8409     
297445.
 235.200 -0.000746 -38109.8163   -461.7133  4.7345E-05   7551.2324     63.7267     
358658.
 239.400 -0.000560 -39522.1020   -203.3386  4.1126E-05   7562.7150     59.3089     
444632.
 243.600 -0.000401 -39883.1524     35.7321  3.4766E-05   7565.6505     54.5343     
571469.
 247.800 -0.000268 -39277.1465    392.5760  2.8425E-05   7560.7234    115.3914    
1807021.
 252.000 -0.000162 -36630.6409    806.6327  2.2344E-05   7539.2059     81.7784    
2119774.
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 256.200 -8.05E-05 -32536.9052   1076.2882  1.6804E-05   7505.9216     46.6289    
2432528.
 260.400 -2.09E-05 -27616.4972   1199.6057  1.1985E-05   7465.9161     12.0937    
2432528.
 264.600  2.02E-05 -22479.2446   1200.4762  7.9722E-06   7424.1475    -11.6792    
2432528.
 268.800  4.61E-05 -17545.1535   1119.8976  4.7661E-06   7384.0307    -26.6916    
2432528.
 273.000  6.02E-05 -13079.6717    990.6253  2.3130E-06   7347.7240    -34.8666    
2432528.
 277.200  6.55E-05  -9227.5733    837.7224  5.2606E-07   7316.4044    -37.9443    
2432528.
 281.400  6.46E-05  -6043.6390    679.4449 -6.9722E-07   7290.5173    -37.4259    
2432528.
 285.600  5.97E-05  -3519.1295    528.2906 -1.4632E-06   7269.9917    -34.5523    
2432528.
 289.800  5.23E-05  -1603.6750    392.0856 -1.8736E-06   7254.4180    -30.3072    
2432528.
 294.000  4.39E-05   -222.6361    275.0223 -2.0199E-06   7243.1895    -25.4372    
2432528.
 298.200  3.54E-05    709.7190    178.5954 -1.9809E-06   7247.1497    -20.4804    
2432528.
 302.400  2.73E-05   1280.7098    102.4062 -1.8214E-06   7251.7922    -15.8002    
2432528.
 306.600  2.01E-05   1572.8227     44.8258 -1.5928E-06   7254.1672    -11.6191    
2432528.
 310.800  1.39E-05   1659.7753      3.5189 -1.3339E-06   7254.8742     -8.0509    
2432528.
 315.000  8.86E-06   1604.4991    -24.1601 -1.0724E-06   7254.4247     -5.1296    
2432528.
 319.200  4.89E-06   1458.5334    -40.8825 -8.2706E-07   7253.2380     -2.8335    
2432528.
 323.400  1.91E-06   1262.3993    -49.1551 -6.0910E-07   7251.6433     -1.1059    
2432528.
 327.600 -2.24E-07   1046.5973    -51.2048 -4.2414E-07   7249.8887   0.1298209    
2432528.
 331.800 -1.65E-06    832.9522    -48.9212 -2.7359E-07   7248.1517   0.9576304    
2432528.
 336.000 -2.52E-06    636.0938    -43.8424 -1.5591E-07   7246.5511      1.4608    
2432528.
 340.200 -2.96E-06    464.9236    -37.1708 -6.7714E-08   7245.1594      1.7161    
2432528.
 344.400 -3.09E-06    323.9669    -29.8073 -4.5209E-09   7244.0133      1.7903    
2432528.
 348.600 -3.00E-06    214.5493    -23.4406  3.8616E-08   7243.1237      1.2415    
1737520.
 352.800 -2.77E-06    127.0049    -18.4298  6.5976E-08   7242.4119      1.1446    
1737520.
 357.000 -2.45E-06     59.6345    -13.9004  8.0927E-08   7241.8642      1.0123    
1737520.
 361.200 -2.09E-06     10.1127     -9.9617  8.6514E-08   7241.4615   0.8633432    
1737520.
 365.400 -1.72E-06    -24.1811     -6.6543  8.5387E-08   7241.5759   0.7116166    
1737520.
 369.600 -1.37E-06    -45.9188     -3.9700  7.9771E-08   7241.7527   0.5666212    
1737520.
 373.800 -1.05E-06    -57.6555     -1.8678  7.1475E-08   7241.8481   0.4344079    
1737520.
 378.000 -7.69E-07    -61.7220  -0.2872489  6.1912E-08   7241.8811   0.3182438    
1737520.
 382.200 -5.30E-07    -60.1667   0.8415110  5.2148E-08   7241.8685   0.2192609    
1737520.
 386.400 -3.31E-07    -54.7361      1.5897  4.2944E-08   7241.8243   0.1370262    
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1737520.
 390.600 -1.69E-07    -46.8813      2.0245  3.4804E-08   7241.7605   0.0700281    
1737520.
 394.800 -3.89E-08    -37.7853      2.2054  2.8022E-08   7241.6865   0.0160800    
1737520.
 399.000  6.61E-08    -28.4008      2.1817  2.2720E-08   7241.6102  -0.0273500    
1737520.
 403.200  1.52E-07    -19.4952      1.9922  1.8884E-08   7241.5378  -0.0628743    
1737520.
 407.400  2.25E-07    -11.6962      1.6649  1.6385E-08   7241.4744  -0.0929718    
1737520.
 411.600  2.90E-07     -5.5357      1.2181  1.5005E-08   7241.4243  -0.1198135    
1737520.
 415.800  3.51E-07     -1.4880   0.6617420  1.4442E-08   7241.3914  -0.1451143    
1737520.
 420.000  4.11E-07      0.0000      0.0000  1.4323E-08   7241.3793  -0.1700009     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =     0.25000000 in
Computed slope at pile head      =    -0.00289397
Maximum bending moment           =   642553.82017 lbs-in
Maximum shear force              =    14676.86121 lbs
Depth of maximum bending moment  =    84.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        0.500000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  0.500000      0.0000  20057.1183  -0.0051200   7241.3793   -195.7315    
822.0721
   4.200  0.478496  86577.7735  19226.8275  -0.0051130   7945.3026   -199.6451   
1752.3851
   8.400  0.457051     169623.  18380.5302  -0.0050925   8620.5027   -203.3536   
1868.6881
  12.600  0.435719     249059.  17519.1005  -0.0050590   9266.3620   -206.8511   
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1993.8868
  16.800  0.414555     324815.  16643.4360  -0.0050130   9882.2966   -210.1320   
2128.9189
  21.000  0.393610     396823.  15754.4585  -0.0049552  10467.7577   -213.1906   
2274.8426
  25.200  0.372932     465019.  14853.1138  -0.0048862  11022.2321   -216.0211   
2432.8558
  29.400  0.352566     529346.  13940.3722  -0.0048065  11545.2434   -218.6177   
2604.3182
  33.600  0.332557     589749.  13017.2284  -0.0047169  12036.3527   -220.9745   
2790.7794
  37.800  0.312945     646179.  12084.7023  -0.0046179  12495.1595   -223.0855   
2994.0103
  42.000  0.293767     698592.  11143.8391  -0.0045101  12921.3026   -224.9446   
3216.0432
  46.200  0.275059     746948.  10195.7102  -0.0043943  13314.4612   -226.5454   
3459.2189
  50.400  0.256854     791212.   9241.4136  -0.0042711  13674.3558   -227.8816   
3726.2450
  54.600  0.239182     831356.   8282.0747  -0.0041412  14000.7489   -228.9464   
4020.2668
  58.800  0.222069     867356.   7318.8479  -0.0040051  14293.4464   -229.7330   
4344.9557
  63.000  0.205539     899193.   6354.2650  -0.0038636  14552.2981   -229.5921   
4691.4994
  67.200  0.189615     926866.   5390.3774  -0.0037173  14777.2914   -229.4020   
5081.2962
  71.400  0.174314     950374.   4427.8844  -0.0035669  14968.4248   -228.9280   
5515.8991
  75.600  0.159652     969723.   3467.9953  -0.0034131  15125.7422   -228.1621   
6002.2911
  79.800  0.145644     984924.   2511.9545  -0.0032565  15249.3333   -227.0955   
6548.8691
  84.000  0.132297     995994.   1561.0449  -0.0030979  15339.3354   -225.7187   
7165.8083
  88.200  0.119622    1002955.    616.5916  -0.0029377  15395.9346   -224.0210   
7865.5444
  92.400  0.107620    1005837.   -318.6367  -0.0027768  15419.3670   -221.3258   
8637.4711
  96.600  0.096296    1004687.  -1235.4676  -0.0026158  15410.0163   -215.2604   
9388.6815
 100.800  0.085648     999612.  -2126.5144  -0.0024552  15368.7535   -209.0476  
10251.2795
 105.000  0.075672     990722.  -2991.1367  -0.0022958  15296.4751   -202.6773  
11249.1113
 109.200  0.066363     978131.  -3828.6460  -0.0021381  15194.1037   -196.1367  
12413.1261
 113.400  0.057712     961956.  -4638.2925  -0.0019827  15062.5906   -189.4093  
13784.2308
 117.600  0.049709     942317.  -5419.2475  -0.0018301  14902.9172   -182.4741  
15417.6606
 121.800  0.042339     919340.  -6170.5795  -0.0016810  14716.0986   -175.3031  
17389.9080
 126.000  0.035588     893153.  -6891.2199  -0.0015358  14503.1870   -167.8590  
19810.1825
 130.200  0.029438     863892.  -7579.9126  -0.0013951  14265.2772   -160.0900  
22840.3407
 134.400  0.023869     831697.  -8235.1383  -0.0012593  14003.5135   -151.9223  
26731.7724
 138.600  0.018860     796716.  -8854.9916  -0.0011288  13719.1009   -143.2460  
31899.2374
 142.800  0.014387     759107.  -9436.9718  -0.0010042  13413.3197   -133.8875  
39084.5994
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 147.000  0.010425     719039.  -9977.5917  -0.0008858  13087.5512   -123.5505  
49774.5382
 151.200  0.006947     676701. -10471.5416  -0.0007740  12743.3192   -111.6637  
67510.5551
 155.400  0.003924     632307. -10909.4757  -0.0006691  12382.3725    -96.8763     
103694.
 159.600  0.001326     586124. -11268.5572  -0.0005715  12006.8777    -74.1149     
234707.
 163.800 -0.000877     538559. -11285.6109  -0.0004814  11620.1471     65.9940     
316074.
 168.000 -0.002718     492089. -10962.1966  -0.0003989  11242.3247     88.0128     
136015.
 172.200 -0.004227     447109. -10570.7757  -0.0003236  10876.6165     98.3781  
97739.5173
 176.400 -0.005436     403808. -10144.1013  -0.0002555  10524.5557    104.8002  
80967.1688
 180.600 -0.006373     362305.  -9694.9689  -0.0001941  10187.1080    109.0723  
71877.0987
 184.800 -0.007067     322679.  -9230.8468  -0.0001392   9864.9291    111.9382  
66528.1953
 189.000 -0.007543     284987.  -8756.8235 -9.0561E-05   9558.4711    113.7872  
63357.4021
 193.200 -0.007827     249265.  -8276.6825 -4.7765E-05   9268.0381    114.8514  
61625.8211
 197.400 -0.007944     215538.  -7793.4031 -1.0533E-05   8993.8195    115.2817  
60947.6334
 201.600 -0.007916     183817.  -7309.4293  2.1457E-05   8735.9122    115.1820  
61112.4987
 205.800 -0.007764     154105.  -6826.8295  4.8526E-05   8494.3344    114.6274  
62008.5883
 210.000 -0.007508     126395.  -6347.3982  7.0995E-05   8269.0375    113.6733  
63586.2499
 214.200 -0.007168     100674.  -5872.7241  8.9184E-05   8059.9132    112.3620  
65840.3713
 218.400 -0.006759  76922.4953  -5404.2390   0.0001034   7866.8000    110.7262  
68802.5189
 222.600 -0.006299  55114.3179  -4943.2525   0.0001140   7689.4880    108.7912  
72539.0413
 226.800 -0.005802  35218.2085  -4490.9795   0.0001212   7527.7220    106.5769  
77153.6410
 231.000 -0.005281  17197.6361  -4048.5616   0.0001254   7381.2052    104.0983  
82794.1916
 235.200 -0.004748   1011.1714  -3617.0842   0.0001269   7249.6007    101.3671  
89664.5208
 239.400 -0.004215 -13387.3064  -3197.5916   0.0001259   7350.2252     98.3913  
98042.8807
 243.600 -0.003691 -26048.4594  -2791.0999   0.0001227   7453.1671     95.1762     
108310.
 247.800 -0.003184 -37027.3920  -2398.6089   0.0001177   7542.4317     91.7243     
120993.
 252.000 -0.002702 -46383.5987  -1989.1149   0.0001110   7618.5026    103.2728     
160516.
 256.200 -0.002252 -53912.1744  -1534.4736   0.0001030   7679.7139    113.2231     
211197.
 260.400 -0.001837 -59436.6393  -1070.7303  9.3882E-05   7724.6307    107.6071     
245983.
 264.600 -0.001463 -63055.3567   -631.3005  8.4070E-05   7754.0528    101.6452     
291801.
 268.800 -0.001131 -64873.0336   -217.6988  7.3823E-05   7768.8315     95.3080     
353887.
 273.000 -0.000843 -65001.2271    168.3932  6.3419E-05   7769.8738     88.5453     
441201.
 277.200 -0.000598 -63559.2148    525.0061  5.3121E-05   7758.1495     81.2703     
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570401.
 281.400 -0.000397 -60675.5112    849.6511  4.3169E-05   7734.7034     73.3225     
776315.
 285.600 -0.000236 -56490.6816   1290.4113  3.3784E-05   7700.6785    136.5633    
2432528.
 289.800 -0.000113 -49889.6914   1714.5141  2.5262E-05   7647.0090     65.3904    
2432528.
 294.000 -2.36E-05 -42128.8697   1880.5200  1.7891E-05   7583.9094     13.6600    
2432528.
 298.200  3.74E-05 -34121.7275   1863.7361  1.1783E-05   7518.8071    -21.6524    
2432528.
 302.400  7.54E-05 -26492.1940   1726.5649  6.9281E-06   7456.7749    -43.6672    
2432528.
 306.600  9.56E-05 -19629.5810   1518.6124  3.2335E-06   7400.9782    -55.3578    
2432528.
 310.800  0.000103 -13740.9834   1277.6240  5.6043E-07   7353.1008    -59.3986    
2432528.
 315.000  0.000100  -8898.4291   1030.9099 -1.2531E-06   7313.7283    -58.0843    
2432528.
 319.200  9.20E-05  -5079.3508    796.9980 -2.3727E-06   7282.6771    -53.3023    
2432528.
 323.400  8.04E-05  -2199.8793    587.3274 -2.9558E-06   7259.2655    -46.5408    
2432528.
 327.600  6.72E-05   -141.1079    407.8555 -3.1434E-06   7242.5266    -38.9220    
2432528.
 331.800  5.40E-05   1231.0974    260.4981 -3.0560E-06   7251.3888    -31.2482    
2432528.
 336.000  4.15E-05   2051.9279    144.3631 -2.7931E-06   7258.0626    -24.0542    
2432528.
 340.200  3.05E-05   2448.1820     56.7638 -2.4326E-06   7261.2843    -17.6598    
2432528.
 344.400  2.11E-05   2532.6061     -5.9826 -2.0336E-06   7261.9707    -12.2195    
2432528.
 348.600  1.34E-05   2401.1564    -43.2928 -1.6384E-06   7260.9020     -5.5473    
1737520.
 352.800  7.34E-06   2171.5476    -61.3150 -1.2721E-06   7259.0351     -3.0347    
1737520.
 357.000  2.72E-06   1888.1302    -70.0539 -9.4691E-07   7256.7308     -1.1267    
1737520.
 361.200 -6.18E-07   1584.5985    -71.8826 -6.6873E-07   7254.2629   0.2558283    
1737520.
 365.400 -2.89E-06   1285.3781    -68.8312 -4.3883E-07   7251.8301      1.1972    
1737520.
 369.600 -4.30E-06   1007.1131    -62.5774 -2.5520E-07   7249.5677      1.7808    
1737520.
 373.800 -5.04E-06    760.1333    -54.4612 -1.1363E-07   7247.5596      2.0840    
1737520.
 378.000 -5.26E-06    549.8192    -45.5158 -8.7021E-09   7245.8496      2.1757    
1737520.
 382.200 -5.11E-06    377.8140    -36.5069  6.5605E-08   7244.4511      2.1143    
1737520.
 386.400 -4.71E-06    243.0567    -27.9768  1.1534E-07   7243.3555      1.9477    
1737520.
 390.600 -4.14E-06    142.6258    -20.2884  1.4623E-07   7242.5389      1.7135    
1737520.
 394.800 -3.48E-06     72.4024    -13.6671  1.6346E-07   7241.9680      1.4395    
1737520.
 399.000 -2.77E-06     27.5630     -8.2386  1.7147E-07   7241.6034      1.1454    
1737520.
 403.200 -2.04E-06      2.9258     -4.0614  1.7391E-07   7241.4031   0.8436816    
1737520.
 407.400 -1.31E-06     -6.8292     -1.1534  1.7360E-07   7241.4348   0.5411058    
1737520.
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 411.600 -5.81E-07     -7.0383   0.4878330  1.7248E-07   7241.4365   0.2404311    
1737520.
 415.800  1.41E-07     -3.0053   0.8703408  1.7168E-07   7241.4037  -0.0582845    
1737520.
 420.000  8.61E-07      0.0000      0.0000  1.7144E-07   7241.3793  -0.3561635     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =     0.50000000 in
Computed slope at pile head      =    -0.00511996
Maximum bending moment           =       1005837. lbs-in
Maximum shear force              =    20057.11831 lbs
Depth of maximum bending moment  =    92.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             20
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000  1.000000      0.0000  27358.6697  -0.0090583   7241.3793   -232.7652    
488.8070
   4.200  0.961955     120044.  26370.6370  -0.0090487   8217.4001   -237.7265   
1037.9397
   8.400  0.923991     235879.  25362.2018  -0.0090202   9159.2015   -242.4807   
1102.1961
  12.600  0.886185     347407.  24334.2447  -0.0089735  10065.9818   -247.0226   
1170.7426
  16.800  0.848614     454533.  23287.6691  -0.0089092  10936.9742   -251.3467   
1243.9776
  21.000  0.811348     557168.  22223.4005  -0.0088282  11771.4479   -255.4478   
1322.3441
  25.200  0.774457     655225.  21142.3870  -0.0087311  12568.7084   -259.3205   
1406.3356
  29.400  0.738007     748625.  20045.5993  -0.0086186  13328.0991   -262.9593   
1496.5030
  33.600  0.702060     837291.  18934.0310  -0.0084916  14049.0014   -266.3589   
1593.4635
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  37.800  0.666677     921152.  17808.6984  -0.0083507  14730.8361   -269.5138   
1697.9096
  42.000  0.631914    1000142.  16670.6409  -0.0081968  15373.0640   -272.4183   
1810.6210
  46.200  0.597824    1074199.  15520.9217  -0.0080307  15975.1868   -275.0670   
1932.4776
  50.400  0.564457    1143267.  14360.6275  -0.0078530  16536.7481   -277.4540   
2064.4759
  54.600  0.531858    1207296.  13190.8695  -0.0076647  17057.3341   -279.5736   
2207.7474
  58.800  0.500073    1266239.  12012.7836  -0.0074666  17536.5746   -281.4197   
2363.5820
  63.000  0.469139    1320057.  10829.1884  -0.0072594  17974.1439   -282.1971   
2526.3895
  67.200  0.439093    1368729.   9642.3090  -0.0070441  18369.8749   -282.9836   
2706.7843
  71.400  0.409969    1412236.   8452.7040  -0.0068213  18723.6044   -283.4950   
2904.3158
  75.600  0.381795    1450561.   7261.5421  -0.0065920  19035.2140   -283.7249   
3121.1672
  79.800  0.354596    1483698.   6070.0199  -0.0063569  19304.6313   -283.6666   
3359.8769
  84.000  0.328396    1511642.   4879.3624  -0.0061170  19531.8303   -283.3131   
3623.4106
  88.200  0.303214    1534396.   3690.8260  -0.0058730  19716.8328   -282.6566   
3915.2527
  92.400  0.279063    1551969.   2507.4718  -0.0056258  19859.7093   -280.8454   
4226.8211
  96.600  0.255957    1564390.   1340.5265  -0.0053761  19960.7017   -274.8428   
4509.8931
 100.800  0.233904    1571764.    199.0408  -0.0051249  20020.6578   -268.7218   
4825.1948
 105.000  0.212908    1574198.   -916.4786  -0.0048729  20040.4479   -262.4779   
5177.8568
 109.200  0.192971    1571802.  -2005.5043  -0.0046209  20020.9651   -256.1058   
5574.1114
 113.400  0.174092    1564688.  -3067.4842  -0.0043697  19963.1258   -249.5989   
6021.6012
 117.600  0.156266    1552973.  -4101.8357  -0.0041199  19867.8704   -242.9494   
6529.7976
 121.800  0.139485    1536774.  -5107.9396  -0.0038724  19736.1649   -236.1477   
7110.5783
 126.000  0.123738    1516214.  -6085.1314  -0.0036279  19569.0015   -229.1817   
7779.0405
 130.200  0.109011    1491418.  -7032.6902  -0.0033869  19367.4005   -222.0368   
8554.6711
 134.400  0.095288    1462516.  -7949.8249  -0.0031503  19132.4124   -214.6941   
9463.0738
 138.600  0.082548    1429641.  -8835.6549  -0.0029186  18865.1200   -207.1297  
10538.5943
 142.800  0.070771    1392930.  -9689.1836  -0.0026925  18566.6424   -199.3125  
11828.4466
 147.000  0.059931    1352527. -10509.2623  -0.0024726  18238.1386   -191.2011  
13399.4695
 151.200  0.050001    1308578. -11294.5363  -0.0022595  17880.8137   -182.7389  
15349.7327
 155.400  0.040952    1261240. -12043.3652  -0.0020536  17495.9269   -173.8463  
17829.6894
 159.600  0.032751    1210674. -12753.6962  -0.0018556  17084.8025   -164.4065  
21083.6914
 163.800  0.025365    1157054. -13422.8512  -0.0016659  16648.8467   -154.2387  
25539.6555
 168.000  0.018757    1100567. -14047.1399  -0.0014851  16189.5732   -143.0416  
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32029.4854
 172.200  0.012890    1041416. -14621.0633  -0.0013135  15708.6464   -130.2552  
42442.1769
 176.400  0.007723     979835. -15135.3325  -0.0011516  15207.9612   -114.6349  
62338.3012
 180.600  0.003216     916108. -15569.6541  -0.0009997  14689.8216    -92.1849     
120377.
 184.800 -0.000674     850637. -15633.5858  -0.0008582  14157.5135     61.7413     
384584.
 189.000 -0.003993     786148. -15300.2468  -0.0007271  13633.1808     96.9916     
102031.
 193.200 -0.006782     723270. -14863.8970  -0.0006062  13121.9461    110.7941  
68614.8309
 197.400 -0.009084     662254. -14380.8670  -0.0004952  12625.8539    119.2202  
55118.7106
 201.600 -0.010941     603257. -13868.1963  -0.0003938  12146.1758    124.9087  
47947.4223
 205.800 -0.012393     546386. -13335.2662  -0.0003017  11683.7887    128.8675  
43674.7265
 210.000 -0.013476     491719. -12788.2800  -0.0002186  11239.3191    131.6021  
41015.5941
 214.200 -0.014229     439312. -12231.7625  -0.0001440  10813.2158    133.4062  
39378.7138
 218.400 -0.014686     389201. -11669.2273 -7.7632E-05  10405.7918    134.4677  
38456.8686
 222.600 -0.014881     341413. -11103.5254 -1.9107E-05  10017.2510    134.9142  
38078.6603
 226.800 -0.014846     295962. -10537.0476  3.1949E-05   9647.7069    134.8372  
38145.6532
 231.000 -0.014612     252851.  -9971.8506  7.5911E-05   9297.1955    134.3043  
38602.7161
 235.200 -0.014208     212078.  -9409.7408   0.0001132   8965.6849    133.3671  
39423.0289
 239.400 -0.013662     173630.  -8852.3314   0.0001441   8653.0829    132.0659  
40600.2806
 243.600 -0.012998     137490.  -8301.0844   0.0001690   8359.2426    130.4327  
42144.7588
 247.800 -0.012243     103633.  -7757.3396   0.0001883   8083.9672    128.4934  
44081.7772
 252.000 -0.011417  72029.0064  -7176.4432   0.0002024   7827.0134    148.1239  
54491.4119
 256.200 -0.010543  43029.1860  -6515.4679   0.0002116   7591.2294    166.6262  
66380.4402
 260.400 -0.009640  16963.1800  -5823.3864   0.0002164   7379.2990    162.9364  
70991.6385
 264.600 -0.008725  -6230.7859  -5147.4770   0.0002172   7292.0389    158.9253  
76501.6729
 268.800 -0.007815 -26620.5174  -4489.0614   0.0002146   7457.8183    154.6060  
83091.6396
 273.000 -0.006922 -44279.6146  -3849.4139   0.0002089   7601.3961    149.9881  
91001.6102
 277.200 -0.006060 -59287.2908  -3229.7747   0.0002006   7723.4165    145.0782     
100553.
 281.400 -0.005237 -71728.2478  -2631.3633   0.0001901   7824.5681    139.8796     
112180.
 285.600 -0.004463 -81692.6069  -2055.3932   0.0001778   7905.5836    134.3919     
126483.
 289.800 -0.003743 -89275.9032  -1503.0876   0.0001642   7967.2398    128.6107     
144307.
 294.000 -0.003084 -94579.1533   -975.7005   0.0001494   8010.3580    122.5260     
166878.
 298.200 -0.002488 -97709.0163   -474.5423   0.0001340   8035.8055    116.1207     
196026.
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 302.400 -0.001958 -98778.0838     -1.0182   0.0001183   8044.4976    109.3670     
234603.
 306.600 -0.001494 -97905.3564    443.3147   0.0001025   8037.4018    102.2201     
287291.
 310.800 -0.001097 -95217.0150    856.6519  8.7059E-05   8015.5442     94.6071     
362312.
 315.000 -0.000763 -90847.6956   1236.7690  7.2154E-05   7980.0193     86.4011     
475544.
 319.200 -0.000491 -84942.7078   1580.6681  5.8073E-05   7932.0086     77.3604     
662267.
 323.400 -0.000275 -77662.2799   2077.9374  4.5048E-05   7872.8149    159.4345    
2432528.
 327.600 -0.000112 -67559.5511   2549.2235  3.3415E-05   7790.6743     64.9874    
2432528.
 331.800  5.41E-06 -56301.8521   2679.1219  2.3493E-05   7699.1433     -3.1310    
2432528.
 336.000  8.51E-05 -45092.2245   2568.9996  1.5371E-05   7608.0030    -49.3082    
2432528.
 340.200  0.000135 -34746.6583   2301.8364  8.9757E-06   7523.8881    -77.9124    
2432528.
 344.400  0.000161 -25771.0483   1942.9716  4.1280E-06   7450.9116    -92.9756    
2432528.
 348.600  0.000169 -18432.2504   1600.7295  5.8719E-07   7391.2433    -69.9968    
1737520.
 352.800  0.000165 -12325.8524   1309.9878 -1.8767E-06   7341.5950    -68.4516    
1737520.
 357.000  0.000153  -7425.3737   1032.9411 -3.4588E-06   7301.7515    -63.4754    
1737520.
 361.200  0.000136  -3643.6563    781.1352 -4.3455E-06   7271.0042    -56.4322    
1737520.
 365.400  0.000117   -856.9389    561.0408 -4.7060E-06   7248.3467    -48.3747    
1737520.
 369.600  9.69E-05   1076.5580    375.2888 -4.6884E-06   7250.1323    -40.0787    
1737520.
 373.800  7.76E-05   2302.9301    223.7506 -4.4177E-06   7260.1034    -32.0823    
1737520.
 378.000  5.98E-05   2963.0769    104.4509 -3.9959E-06   7265.4707    -24.7270    
1737520.
 382.200  4.40E-05   3186.6617     14.3113 -3.5032E-06   7267.2886    -18.1966    
1737520.
 386.400  3.03E-05   3088.8538    -50.2631 -3.0005E-06   7266.4933    -12.5532    
1737520.
 390.600  1.88E-05   2769.2154    -92.9408 -2.5313E-06   7263.8945     -7.7696    
1737520.
 394.800  9.08E-06   2312.1700   -117.1461 -2.1243E-06   7260.1785     -3.7568    
1737520.
 399.000  9.37E-07   1788.5606   -125.8495 -1.7958E-06   7255.9213  -0.3876771    
1737520.
 403.200 -6.00E-06   1257.8851   -121.4481 -1.5517E-06   7251.6066      2.4836    
1737520.
 407.400 -1.21E-05    770.8599   -105.7228 -1.3892E-06   7247.6468      5.0047    
1737520.
 411.600 -1.77E-05    372.0193    -79.8594 -1.2977E-06   7244.4040      7.3112    
1737520.
 415.800 -2.30E-05    102.1011    -44.5261 -1.2597E-06   7242.2094      9.5142    
1737520.
 420.000 -2.83E-05      0.0000      0.0000 -1.2515E-06   7241.3793     11.6887     
868760.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =    -0.00905833
Maximum bending moment           =       1574198. lbs-in
Maximum shear force              =    27358.66968 lbs
Depth of maximum bending moment  =      105.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             23
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     2.000      0.0000  37187.7381  -0.0160206   7241.3793   -276.8061    
290.6464
   4.200     1.933     166464.  36012.0846  -0.0160072   8594.8217   -283.0289    
615.0530
   8.400     1.866     327915.  34810.7353  -0.0159676   9907.4992   -289.0422    
650.7381
  12.600     1.799     484225.  33584.5801  -0.0159026  11178.3825   -294.8412    
688.5039
  16.800     1.732     635272.  32334.5302  -0.0158129  12406.4782   -300.4207    
728.5207
  21.000     1.666     780939.  31061.5176  -0.0156995  13590.8300   -305.7758    
770.9758
  25.200     1.600     921113.  29766.4955  -0.0155631  14730.5191   -310.9014    
816.0744
  29.400     1.535    1055686.  28450.4380  -0.0154048  15824.6655   -315.7926    
864.0430
  33.600     1.471    1184554.  27114.3401  -0.0152253  16872.4286   -320.4444    
915.1311
  37.800     1.407    1307618.  25759.2181  -0.0150257  17873.0080   -324.8517    
969.6144
  42.000     1.344    1424786.  24386.1094  -0.0148068  18825.6442   -329.0095   
1027.7984
  46.200     1.283    1535969.  22996.0729  -0.0145696  19729.6198   -332.9126   
1090.0221
  50.400     1.222    1641084.  21590.1888  -0.0143152  20584.2600   -336.5560   
1156.6624
  54.600     1.163    1740053.  20169.5593  -0.0140443  21388.9337   -339.9343   
1228.1398
  58.800     1.104    1832805.  18735.3083  -0.0137581  22143.0540   -343.0423   
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1304.9239
  63.000     1.047    1919272.  17290.6080  -0.0134576  22846.0791   -344.9102   
1383.6715
  67.200  0.991065    1999411.  15837.9050  -0.0131437  23497.6519   -346.8532   
1469.9168
  71.400  0.936535    2073177.  14377.6066  -0.0128174  24097.4107   -348.5270   
1563.0107
  75.600  0.883399    2140532.  12910.8543  -0.0124799  24645.0393   -349.9265   
1663.6779
  79.800  0.831703    2201441.  11438.8121  -0.0121321  25140.2672   -351.0460   
1772.7392
  84.000  0.781489    2255879.   9962.6675  -0.0117750  25582.8710   -351.8800   
1891.1277
  88.200  0.732793    2303822.   8483.6321  -0.0114098  25972.6747   -352.4226   
2019.9083
  92.400  0.685647    2345255.   7005.1613  -0.0110374  26309.5509   -351.6111   
2153.8294
  96.600  0.640079    2380188.   5540.9803  -0.0106589  26593.5732   -345.6179   
2267.8372
 100.800  0.596113    2408722.   4102.1827  -0.0102752  26825.5651   -339.5238   
2392.1654
 105.000  0.553767    2430960.   2689.1961  -0.0098876  27006.3710   -333.3269   
2528.0902
 109.200  0.513057    2447008.   1302.4579  -0.0094968  27136.8567   -327.0246   
2677.0967
 113.400  0.473994    2456977.    -57.5836  -0.0091040  27217.9095   -320.6142   
2840.9227
 117.600  0.436584    2460978.  -1390.4667  -0.0087101  27250.4386   -314.0921   
3021.6134
 121.800  0.400829    2459125.  -2695.7142  -0.0083159  27235.3752   -307.4543   
3221.5915
 126.000  0.366730    2451537.  -3972.8304  -0.0079226  27173.6732   -300.6963   
3443.7468
 130.200  0.334280    2438332.  -5221.2981  -0.0075309  27066.3097   -293.8122   
3691.5528
 134.400  0.303470    2419634.  -6440.5743  -0.0071417  26914.2857   -286.7955   
3969.2211
 138.600  0.274289    2395569.  -7630.0850  -0.0067560  26718.6270   -279.6382   
4281.9057
 142.800  0.246720    2366267.  -8789.2196  -0.0063746  26480.3848   -272.3307   
4635.9820
 147.000  0.220743    2331860.  -9917.3228  -0.0059982  26200.6376   -264.8613   
5039.4299
 151.200  0.196335    2292484. -11013.6850  -0.0056278  25880.4922   -257.2159   
5502.3745
 155.400  0.173469    2248280. -12077.5298  -0.0052641  25521.0858   -249.3768   
6037.8619
 159.600  0.152116    2199390. -13107.9974  -0.0049078  25123.5885   -241.3220   
6663.0044
 163.800  0.132244    2145964. -14104.1225  -0.0045597  24689.2060   -233.0233   
7400.7200
 168.000  0.113815    2088154. -15064.8048  -0.0042206  24219.1839   -224.4444   
8282.4632
 172.200  0.096791    2026120. -15988.7660  -0.0038910  23714.8123   -215.5371   
9352.6922
 176.400  0.081130    1960026. -16874.4900  -0.0035717  23177.4327   -206.2362  
10676.5309
 180.600  0.066789    1890045. -17720.1310  -0.0032633  22608.4477   -196.4500  
12353.7096
 184.800  0.053719    1816358. -18523.3702  -0.0029664  22009.3330   -186.0448  
14545.8564
 189.000  0.041871    1739158. -19281.1758  -0.0026816  21381.6572   -174.8150  
17535.2441
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 193.200  0.031194    1658653. -19989.3679  -0.0024094  20727.1107   -162.4194  
21868.4979
 197.400  0.021632    1575072. -20641.7297  -0.0021504  20047.5546   -148.2291  
28779.1656
 201.600  0.013131    1488677. -21227.8162  -0.0019049  19345.1105   -130.8598  
41856.6362
 205.800  0.005631    1399783. -21725.1336  -0.0016736  18622.3589   -105.9581  
79032.4977
 210.000 -0.000927    1308842. -21806.9283  -0.0014566  17882.9632     67.0082     
303555.
 214.200 -0.006604    1218917. -21435.0881  -0.0012541  17151.8246    110.0586  
69989.8593
 218.400 -0.011462    1130779. -20938.5913  -0.0010659  16435.2106    126.3684  
46306.4088
 222.600 -0.015558    1044725. -20386.7382  -0.0008916  15735.5515    136.4188  
36827.4181
 226.800 -0.018951     960946. -19799.2734  -0.0007310  15054.3776    143.3264  
31764.1362
 231.000 -0.021698     879572. -19186.9304  -0.0005835  14392.7664    148.2655  
28699.1747
 235.200 -0.023853     800702. -18556.7480  -0.0004489  13751.5104    151.8214  
26732.5703
 239.400 -0.025469     724408. -17913.8232  -0.0003268  13131.2011    154.3333  
25450.4909
 243.600 -0.026598     650744. -17262.0858  -0.0002166  12532.2776    156.0178  
24636.4823
 247.800 -0.027289     579750. -16604.6999  -0.0001180  11955.0577    157.0231  
24167.5034
 252.000 -0.027589     511452. -15887.0662 -3.0634E-05  11399.7591    184.7073  
28118.5158
 256.200 -0.027546     446348. -15054.2384  4.6089E-05  10870.4228    211.8774  
32305.5251
 260.400 -0.027202     384924. -14165.7453   0.0001127  10371.0130    211.2146  
32611.4254
 264.600 -0.026599     327177. -13281.1193   0.0001697   9901.4981    210.0359  
33164.2839
 268.800 -0.025777     273093. -12402.4183   0.0002178   9461.7688    208.3932  
33955.3718
 273.000 -0.024770     222650. -11531.5018   0.0002575   9051.6454    206.3289  
34985.3076
 277.200 -0.023613     175819. -10670.0671   0.0002894   8670.8840    203.8781  
36262.7836
 281.400 -0.022339     132562.  -9819.6770   0.0003141   8319.1816    201.0696  
37804.1159
 285.600 -0.020975  92835.3489  -8981.7819   0.0003322   7996.1800    197.9281  
39633.4258
 289.800 -0.019548  56587.9949  -8157.7372   0.0003442   7701.4698    194.4741  
41783.3826
 294.000 -0.018084  23763.9682  -7348.8184   0.0003506   7434.5930    190.7253  
44296.5227
 298.200 -0.016603  -5698.6868  -6556.2331   0.0003520   7287.7127    186.6963  
47227.2357
 302.400 -0.015127 -31867.2945  -5781.1317   0.0003490   7500.4773    182.3996  
50644.5947
 306.600 -0.013671 -54814.3200  -5024.6167   0.0003421   7687.0488    177.8456  
54636.3173
 310.800 -0.012253 -74617.1782  -4287.7520   0.0003317   7848.0566    173.0424  
59314.3057
 315.000 -0.010885 -91358.0797  -3571.5710   0.0003184   7984.1690    167.9962  
64822.4731
 319.200 -0.009578    -105124.  -2877.0864   0.0003027   8096.0925    162.7108  
71347.9725
 323.400 -0.008342    -116006.  -2205.2994   0.0002850   8184.5709    157.1877  
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79137.6628
 327.600 -0.007184    -124101.  -1557.2126   0.0002657   8250.3851    151.4250  
88522.9032
 331.800 -0.006110    -129509.   -933.8456   0.0002454   8294.3532    145.4164  
99958.1304
 336.000 -0.005123    -132335.   -336.2566   0.0002245   8317.3315    139.1498     
114083.
 340.200 -0.004225    -132690.    234.4257   0.0002032   8320.2156    132.6037     
131830.
 344.400 -0.003416    -130688.    776.9530   0.0001821   8303.9442    125.7426     
154613.
 348.600 -0.002695    -126452.   1218.7733   0.0001615   8269.5034     84.6480     
131929.
 352.800 -0.002059    -120707.   1562.7284   0.0001417   8222.7913     79.1401     
161438.
 357.000 -0.001504    -113550.   1882.5736   0.0001230   8164.6040     73.1671     
204286.
 361.200 -0.001026    -105089.   2175.8558   0.0001055   8095.8054     66.4911     
272178.
 365.400 -0.000618 -95440.5783   2438.5115  8.9387E-05   8017.3619     58.5830     
397818.
 369.600 -0.000275 -84747.0143   2800.6005  7.4953E-05   7930.4175    113.8403    
1737520.
 373.800  1.11E-05 -72034.5297   3030.0108  6.2395E-05   7827.0583     -4.5973    
1737520.
 378.000  0.000249 -59393.9811   2804.0918  5.1867E-05   7724.2839   -102.9831    
1737520.
 382.200  0.000447 -48562.5019   2474.2984  4.3219E-05   7636.2182    -54.0613     
508195.
 386.400  0.000612 -38678.4885   2237.9569  3.6231E-05   7555.8560    -58.4823     
401366.
 390.600  0.000751 -29821.1833   1985.8748  3.0743E-05   7483.8414    -61.5568     
344200.
 394.800  0.000870 -22045.9484   1722.4862  2.6589E-05   7420.6246    -63.8663     
308243.
 399.000  0.000974 -15394.5118   1450.3925  2.3590E-05   7366.5449    -65.7021     
283177.
 403.200  0.001068  -9900.1021   1171.2263  2.1563E-05   7321.8724    -67.2342     
264312.
 407.400  0.001156  -5590.4450    886.0370  2.0323E-05   7286.8326    -68.5702     
249215.
 411.600  0.001239  -2489.6555    595.5020  1.9675E-05   7261.6215    -69.7798     
236526.
 415.800  0.001321   -619.4651    300.0591  1.9426E-05   7246.4159    -70.9073     
225464.
 420.000  0.001402      0.0000      0.0000  1.9377E-05   7241.3793    -71.9780     
107793.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =    -0.01602058
Maximum bending moment           =       2460978. lbs-in
Maximum shear force              =    37187.73807 lbs
Depth of maximum bending moment  =      117.60000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             22
Number of zero deflection points =              2
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------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (Pile-head Condition Type 
4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =           0.000 in-lbs
Specified axial load at pile head   =      189000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000     3.000      0.0000  44368.8858  -0.0223583   7241.3793   -306.3363    
214.4354
   4.200     2.906     201395.  43067.4133  -0.0223422   8878.8316   -313.4125    
452.9558
   8.400     2.812     397237.  41736.6642  -0.0222943  10471.1252   -320.2776    
478.3109
  12.600     2.719     587378.  40377.5349  -0.0222154  12017.0730   -326.9268    
505.0320
  16.800     2.626     771677.  38990.9425  -0.0221065  13515.5249   -333.3553    
533.2230
  21.000     2.533     949998.  37577.8240  -0.0219686  14965.3681   -339.5583    
562.9974
  25.200     2.441    1122208.  36139.1367  -0.0218026  16365.5288   -345.5309    
594.4789
  29.400     2.350    1288181.  34675.8581  -0.0216095  17714.9721   -351.2684    
627.8026
  33.600     2.260    1447793.  33188.9856  -0.0213904  19012.7037   -356.7661    
663.1165
  37.800     2.170    1600928.  31679.5370  -0.0211462  20257.7701   -362.0190    
700.5827
  42.000     2.082    1747473.  30148.5504  -0.0208779  21449.2593   -367.0223    
740.3795
  46.200     1.995    1887321.  28597.0838  -0.0205868  22586.3025   -371.7713    
782.7029
  50.400     1.909    2020372.  27026.2162  -0.0202738  23668.0738   -376.2609    
827.7689
  54.600     1.825    2146528.  25437.0467  -0.0199400  24693.7918   -380.4864    
875.8162
  58.800     1.742    2265700.  23830.6955  -0.0195865  25662.7199   -384.4427    
927.1090
  63.000     1.660    2377801.  22210.5765  -0.0192146  26574.1676   -387.0425    
979.2018
  67.200     1.580    2482773.  20579.2905  -0.0188252  27427.6461   -389.7603   
1035.9377
  71.400     1.502    2580554.  18937.1500  -0.0184196  28222.6570   -392.2114   
1096.7487
  75.600     1.425    2671089.  17285.2854  -0.0179990  28958.7477   -394.3908   
1162.0240
  79.800     1.351    2754326.  15624.8480  -0.0175644  29635.5120   -396.2936   
1232.1993
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  84.000     1.278    2830222.  13957.0104  -0.0171170  30252.5909   -397.9148   
1307.7637
  88.200     1.207    2898740.  12282.9667  -0.0166581  30809.6735   -399.2489   
1389.2676
  92.400     1.138    2959846.  10606.4520  -0.0161888  31306.4975   -399.0915   
1472.9072
  96.600     1.071    3013535.   8942.8848  -0.0157103  31743.0224   -393.0834   
1541.4842
 100.800     1.006    3059908.   7304.7481  -0.0152238  32120.0543   -386.9817   
1615.5586
 105.000  0.943133    3099065.   5692.4386  -0.0147305  32438.4204   -380.7848   
1695.7264
 109.200  0.882308    3131110.   4106.3591  -0.0142314  32698.9690   -374.4911   
1782.6686
 113.400  0.823590    3156152.   2546.9203  -0.0137278  32902.5696   -368.0988   
1877.1668
 117.600  0.766995    3174299.   1014.5413  -0.0132207  33050.1131   -361.6055   
1980.1218
 121.800  0.712536    3185663.   -490.3482  -0.0127112  33142.5121   -355.0086   
2092.5768
 126.000  0.660220    3190360.  -1967.3065  -0.0122005  33180.7009   -348.3049   
2215.7459
 130.200  0.610052    3188507.  -3415.8782  -0.0116895  33165.6362   -341.4911   
2351.0503
 134.400  0.562029    3180225.  -4835.5912  -0.0111793  33098.2971   -334.5628   
2500.1638
 138.600  0.516145    3165637.  -6225.9547  -0.0106710  32979.6858   -327.5151   
2665.0702
 142.800  0.472392    3144868.  -7586.4553  -0.0101655  32810.8283   -320.3423   
2848.1383
 147.000  0.430755    3118049.  -8916.5535  -0.0096638  32592.7747   -313.0377   
3052.2196
 151.200  0.391216    3085312. -10215.6785  -0.0091669  32326.6004   -305.5932   
3280.7765
 155.400  0.353753    3046791. -11483.2225  -0.0086757  32013.4070   -297.9992   
3538.0555
 159.600  0.318340    3002626. -12718.5334  -0.0081911  31654.3235   -290.2441   
3829.3227
 163.800  0.284947    2952959. -13920.9054  -0.0077141  31250.5078   -282.3140   
4161.1904
 168.000  0.253541    2897937. -15089.5676  -0.0072454  30803.1485   -274.1918   
4542.0806
 172.200  0.224086    2837710. -16223.6681  -0.0067860  30313.4676   -265.8561   
4982.8958
 176.400  0.196539    2772432. -17322.2544  -0.0063366  29782.7227   -257.2803   
5498.0191
 180.600  0.170859    2702263. -18384.2466  -0.0058980  29212.2114   -248.4303   
6106.8477
 184.800  0.146996    2627368. -19408.3998  -0.0054711  28603.2756   -239.2617   
6836.2340
 189.000  0.124901    2547918. -20393.2521  -0.0050565  27957.3075   -229.7156   
7724.5377
 193.200  0.104521    2464092. -21337.0479  -0.0046551  27275.7585   -219.7110   
8828.7055
 197.400  0.085799    2376077. -22237.6220  -0.0042673  26560.1502   -209.1338  
10237.4458
 201.600  0.068676    2284071. -23092.2132  -0.0038940  25812.0906   -197.8144  
12097.7731
 205.800  0.053089    2188285. -23897.1467  -0.0035358  25033.2982   -185.4872  
14674.3551
 210.000  0.038975    2088949. -24647.2375  -0.0031932  24225.6401   -171.6989  
18502.5707
 214.200  0.026266    1986318. -25334.5097  -0.0028667  23391.1966   -155.5736  
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24876.2709
 218.400  0.014894    1880690. -25944.7413  -0.0025570  22532.3866   -135.0129  
38071.6348
 222.600  0.004788    1772441. -26441.8357  -0.0022643  21652.2680   -101.6987  
89211.4520
 226.800 -0.004126    1662173. -26449.8731  -0.0019892  20755.7308     97.8714  
99627.0048
 231.000 -0.011921    1553420. -25976.2694  -0.0017316  19871.5120    127.6541  
44973.3764
 235.200 -0.018672    1446722. -25408.2775  -0.0014913  19003.9955    142.8182  
32125.5365
 239.400 -0.024448    1342358. -24787.5217  -0.0012679  18155.4664    152.7798  
26246.1195
 243.600 -0.029322    1240519. -24130.9236  -0.0010610  17327.4614    159.8860  
22901.6997
 247.800 -0.033361    1141343. -23448.3892  -0.0008702  16521.1050    165.1305  
20789.3805
 252.000 -0.036632    1044935. -22685.1943  -0.0006951  15737.2519    198.2957  
22735.6717
 256.200 -0.039199     951891. -21782.7468  -0.0005351  14980.7584    231.4413  
24797.7771
 260.400 -0.041126     862809. -20804.8231  -0.0003897  14256.4746    234.2367  
23921.2169
 264.600 -0.042473     777749. -19817.0475  -0.0002583  13564.8935    236.1326  
23350.2538
 268.800 -0.043296     696756. -18822.9014  -0.0001402  12906.3749    237.2702  
23016.5785
 273.000 -0.043651     619859. -17825.3466 -3.4752E-05  12281.1659    237.7559  
22876.3827
 277.200 -0.043588     547078. -16826.9479  5.8725E-05  11689.4154    237.6721  
22901.1520
 281.400 -0.043158     478420. -15829.9598   0.0001409  11131.1869    237.0842  
23072.4900
 285.600 -0.042405     413883. -14836.3879   0.0002123  10606.4669    236.0452  
23379.0829
 289.800 -0.041374     353457. -13848.0358   0.0002738  10115.1731    234.5986  
23814.8751
 294.000 -0.040105     297125. -12866.5400   0.0003259   9657.1606    232.7804  
24377.9708
 298.200 -0.038636     244861. -11893.3978   0.0003693   9232.2269    230.6207  
25070.0017
 302.400 -0.037002     196634. -10929.9896   0.0004047   8840.1162    228.1451  
25895.8179
 306.600 -0.035237     152406.  -9977.5978   0.0004327   8480.5233    225.3748  
26863.4271
 310.800 -0.033368     112135.  -9037.4223   0.0004539   8153.0967    222.3278  
27984.1516
 315.000 -0.031424  75771.3857  -8110.5945   0.0004689   7857.4409    219.0187  
29273.0055
 319.200 -0.029429  43261.5941  -7198.1911   0.0004784   7593.1190    215.4591  
30749.3243
 323.400 -0.027405  14546.9993  -6301.2463   0.0004831   7359.6541    211.6575  
32437.7184
 327.600 -0.025371 -10435.8072  -5420.7654   0.0004834   7326.2280    207.6191  
34369.4686
 331.800 -0.023345 -31754.8856  -4557.7399   0.0004800   7499.5634    203.3454  
36584.5628
 336.000 -0.021339 -49482.9122  -3713.1640   0.0004735   7643.7017    198.8335  
39134.7005
 340.200 -0.019367 -63697.2223  -2888.0561   0.0004645   7759.2715    194.0750  
42087.8094
 344.400 -0.017438 -74479.9490  -2083.4848   0.0004534   7846.9408    189.0542  
45535.0185
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 348.600 -0.015559 -81918.2876  -1410.8519   0.0004409   7907.4185    131.2472  
35429.8420
 352.800 -0.013735 -87031.0086   -868.0651   0.0004273   7948.9876    127.2228  
38904.5104
 357.000 -0.011969 -89888.4516   -342.7526   0.0004132   7972.2202    122.9260  
43135.2725
 361.200 -0.010264 -90566.0492    163.8194   0.0003987   7977.7294    118.2988  
48407.1723
 365.400 -0.008620 -89145.3382    650.0818   0.0003843   7966.1782    113.2547  
55181.9593
 369.600 -0.007036 -85715.4770   1114.0006   0.0003703   7938.2917    107.6590  
64265.2840
 373.800 -0.005510 -80375.6106   1552.7899   0.0003570   7894.8757    101.2883  
77213.1824
 378.000 -0.004037 -73238.7971   1962.3395   0.0003447   7836.8496     93.7353  
97513.9683
 382.200 -0.002614 -64439.1784   2335.8466   0.0003337   7765.3040     84.1252     
135155.
 386.400 -0.001235 -54147.3967   2659.1833   0.0003242   7681.6264     69.8447     
237615.
 390.600  0.000109 -42616.6682   2711.4330   0.0003164   7587.8755    -44.9639    
1737520.
 394.800  0.001423 -31873.6832   2465.8524   0.0003104   7500.5293    -71.9792     
212410.
 399.000  0.002716 -22396.3586   2136.8187   0.0003061   7423.4736    -84.7035     
130967.
 403.200  0.003994 -14410.3552   1762.9813   0.0003031   7358.5431    -93.3143  
98117.1677
 407.400  0.005263  -8068.5840   1357.0306   0.0003013   7306.9812    -99.9955  
79802.4954
 411.600  0.006526  -3489.7082    925.4200   0.0003004   7269.7525   -105.5333  
67922.4220
 415.800  0.007786   -771.9961    472.1555   0.0003001   7247.6560   -110.3069  
59500.9273
 420.000  0.009046      0.0000      0.0000   0.0003000   7241.3793   -114.5290  
26586.6584

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =    -0.02235835
Maximum bending moment           =       3190360. lbs-in
Maximum shear force              =    44368.88579 lbs
Depth of maximum bending moment  =      126.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             22
Number of zero deflection points =              2

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:
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Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=  0.250000 M=     0.000     189000.   0.2500000     642554.  14676.8612
  4  y=  0.500000 M=     0.000     189000.   0.5000000    1005837.  20057.1183
  4  y=  1.000000 M=     0.000     189000.   1.0000000    1574198.  27358.6697
  4  y=     2.000 M=     0.000     189000.      2.0000    2460978.  37187.7381
  4  y=     3.000 M=     0.000     189000.      3.0000    3190360.  44368.8858

--------------------------------------------------------------------------------
                      Pile-head Deflection vs. Pile Length
--------------------------------------------------------------------------------

Boundary Condition Type 4, Deflection and Moment

Deflection =         0.25000  in
Moment     =              0. in-lbs
Axial Load =         189000. lbs

   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   420.000    0.25000000  642553.82017   14676.86121
   399.000    0.25000000  642178.92326   14673.96301
   378.000    0.25000000  641684.17033   14664.29969
   357.000    0.25000000  642122.08366   14670.09310
   336.000    0.25000000  641363.95026   14663.06502
   315.000    0.25000000  643177.97922   14684.85562
   294.000    0.25000000  641896.22831   14670.08845
   273.000    0.25000000  641218.48778   14660.01645
   252.000    0.25000000  641065.50164   14656.99135
   231.000    0.25000000  640040.34150   14644.94020

The analysis ended normally. 
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1.8251.825

W

250.00 lbs/ft2 250.00 lbs/ft21.8251.825

Material Name Color
Unit Weight
(lbs/ft3)

Cohesion
(lb/ft2)

Phi

Existing Fill‐1 115 200 30

Existing Fill‐1A 115 400 26

CH‐2 115 200 30

CL/SC‐3 120 400 28

CL/ML‐4 120 400 26

CL/ML‐5 120 200 28

GC/SM‐6 125 0 40

Existing Fill-1

Existing Fill-1A

CH-2

CL/SC-3

CL/ML-4

CL/ML-5
GC/SM-6

Hampshire Road UC - Abutment Stability Analysis
Hampshire_Abut_Static.slim
bishop simplified

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

97
5

95
0

92
5

90
0

87
5

85
0

-120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120

Analysis Description Hampshire Road UC - Abutment Stability Analysis
Company CH2M HILLScale 1:290Drawn By KR
File Name Hampshire_Abut_Static.slimDate 3/31/2011, 5:21:18 PM

Project

Route 101/23 Interchange Improvements

SLIDEINTERPRET 6.009



Slide Analysis Information

Route 101/23 Interchange Improvements

Project Summary

File Name: Hampshire_Abut_Static.slim
Slide Modeler Version: 6.008
Project Title: Route 101/23 Interchange Improvements
Analysis: Hampshire Road UC ‐ Abutment Stability Analysis
Author: KR
Company: CH2M HILL
Date Created: 3/31/2011, 5:21:18 PM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Left to Right
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified
Janbu corrected

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers
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Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

2 Distributed Loads present

Distributed Load 1

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Distributed Load 2

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Material Properties

GC/SM‐6CL/ML‐5CL/ML‐4CL/SC‐3CH‐2Existing Fill‐1AExisting Fill‐1Property

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125120120120115115115
Unit Weight 
[lbs/ft3]

0200400400200400200Cohesion [psf]

40282628302630
Friction Angle 
[deg]

Water TableWater TableWater TableWater TableWater TableNoneNoneWater Surface

11111Hu Value

00Ru Value

Global Minimums

Method: bishop simplified
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FS: 1.824680
Center: ‐46.375, 940.750
Radius: 44.560
Left Slip Surface Endpoint: ‐86.669, 921.725
Right Slip Surface Endpoint: ‐37.842, 897.015
Resisting Moment=2.00334e+006 lb‐ft
Driving Moment=1.09791e+006 lb‐ft

Method: janbu corrected

FS: 1.759700
Center: ‐46.375, 935.125
Radius: 38.938
Left Slip Surface Endpoint: ‐82.906, 921.648
Right Slip Surface Endpoint: ‐38.427, 897.007
Resisting Horizontal Force=35077.2 lb
Driving Horizontal Force=19933.7 lb

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 18481
Number of Invalid Surfaces: 10

Error Codes:

Error Code ‐107 reported for 10 surfaces

Method: janbu corrected

Number of Valid Surfaces: 18470
Number of Invalid Surfaces: 21

Error Codes:

Error Code ‐107 reported for 10 surfaces
Error Code ‐108 reported for 11 surfaces

Error Codes

The following errors were encountered during the computation:

‐107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if 
high external or anchor loads are applied against the failure direction.
‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.82468
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Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

162.6660162.666293.915161.07830200Existing Fill‐1432.1582.011261

462.8380462.838467.219256.05530200Existing Fill‐11215.72.011262

733.9310733.931623.736341.83330200Existing Fill‐11864.012.011263

980.9370980.937766.344419.98830200Existing Fill‐12417.262.011264

1166.701166.7969.038531.07326400
Existing 
Fill‐1A

2853.671.98275

1253.6101253.611011.43554.30326400
Existing 
Fill‐1A

3219.961.98276

1246.8501246.851008.13552.49726400
Existing 
Fill‐1A

3320.491.98277

1299.1301299.131033.63566.47126400
Existing 
Fill‐1A

3350.441.98278

1333.2201333.221050.25575.58326400
Existing 
Fill‐1A

3344.091.98279

1350.5601350.561058.71580.21726400
Existing 
Fill‐1A

3305.051.982710

1352.2701352.271059.55580.67526400
Existing 
Fill‐1A

3236.151.982711

1339.2301339.231053.19577.1926400
Existing 
Fill‐1A

3139.631.982712

1312.1201312.121039.96569.94326400
Existing 
Fill‐1A

3017.271.982713

1271.4501271.451020.13559.07226400
Existing 
Fill‐1A

2870.521.982714

1217.601217.6993.864544.67926400
Existing 
Fill‐1A

2700.521.982715

1150.8401150.84961.301526.83326400
Existing 
Fill‐1A

2508.21.982716

1082.7101082.71825.103452.19130200CH‐22189.861.8878317

993.7320993.732773.732424.03730200CH‐21977.781.8878318

892.8930892.893715.512392.1330200CH‐21747.881.8878319

779.9920779.992650.329356.40730200CH‐21500.421.8878320

654.7420654.742578.015316.77630200CH‐21235.531.8878321

516.7510516.751498.347273.11530200CH‐2953.251.8878322

365.5220365.522411.034225.26430200CH‐2653.5431.8878323

200.4220200.422315.714173.02430200CH‐2336.2581.8878324

50.0488050.0488228.896125.44430200CH‐253.58651.8878325

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.7597

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

106.4350106.435261.45148.57730200Existing Fill‐1378.8821.695991

399.9350399.935430.903244.87330200Existing Fill‐11051.441.695992

660.8310660.831581.53330.47130200Existing Fill‐11587.761.695993
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896.7580896.758717.743407.87830200Existing Fill‐12037.421.695994

886.9230886.923832.581473.13826400
Existing 
Fill‐1A

2536.151.819485

963.8870963.887870.118494.4726400
Existing 
Fill‐1A

2681.171.819486

1052.6301052.63913.4519.06626400
Existing 
Fill‐1A

2772.681.819487

1120.0901120.09946.305537.76526400
Existing 
Fill‐1A

2823.61.819488

1168.6701168.67969.997551.22926400
Existing 
Fill‐1A

2839.451.819489

1200.1301200.13985.342559.94926400
Existing 
Fill‐1A

2824.291.8194810

1215.8201215.82992.994564.29726400
Existing 
Fill‐1A

2781.211.8194811

1216.7601216.76993.453564.55826400
Existing 
Fill‐1A

2712.611.8194812

1203.7401203.74987.103560.9526400
Existing 
Fill‐1A

2620.361.8194813

1177.3501177.35974.233553.63626400
Existing 
Fill‐1A

2505.951.8194814

1138.0301138.03955.055542.73726400
Existing 
Fill‐1A

2370.581.8194815

1086.0801086.08929.716528.33826400
Existing 
Fill‐1A

2215.171.8194816

1034.2201034.22797.106452.97830200CH‐21979.341.7623517

957.9820957.982753.092427.96630200CH‐21798.421.7623518

869.790869.79702.174399.03130200CH‐21600.861.7623519

769.4150769.415644.221366.09730200CH‐21386.911.7623520

656.5110656.511579.038329.05530200CH‐21156.721.7623521

530.6330530.633506.361287.75430200CH‐2910.3511.7623522

391.1770391.177425.846241.99930200CH‐2647.7411.7623523

237.390237.39337.057191.54230200CH‐2368.741.7623524

76.1073076.1073243.94138.62630200CH‐285.92611.7623525

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.82468

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000921.725‐86.66941

00291917.947‐84.65812

001202.09914.867‐82.64693

002430.1912.258‐80.63564

003801.31910‐78.62445

005028.58908.047‐76.64176

006098.48906.317‐74.6597
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006921.01904.78‐72.67638

007577.72903.411‐70.69369

008062.71902.192‐68.710910

008375.42901.11‐66.728211

008519.38900.153‐64.745512

008501.34899.313‐62.762813

008330.78898.583‐60.780114

008019.57897.957‐58.797415

007581.78897.43‐56.814716

007033.62897‐54.83217

006530.64896.677‐52.944218

005969.83896.437‐51.056319

005372.3896.278‐49.168520

004761.41896.199‐47.280721

004163.01896.201‐45.392822

003605.78896.283‐43.50523

003121.71896.445‐41.617224

002746.61896.688‐39.729425

000897.015‐37.841526

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.7597

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000921.648‐82.90561

00147.946917.727‐81.20962

00922.492914.681‐79.51373

001990.83912.158‐77.81774

003186.64910‐76.12175

004047.61907.992‐74.30226

004777.71906.237‐72.48277

005395.46904.691‐70.66328

005880.93903.324‐68.84379

006223.71902.114‐67.024310

006419.79901.043‐65.204811

006469.78900.1‐63.385312

006377.82899.273‐61.565813

006150.84898.555‐59.746314

005798.2897.941‐57.926915

005331.37897.423‐56.107416

004763.88897‐54.287917

004245.48896.676‐52.525618

003670.1896.436‐50.763219

003057.22896.276‐49.000920

002428.54896.197‐47.238521

001808.26896.198‐45.476222

001223.49896.279‐43.713823
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00704.713896.44‐41.951524

00286.41896.682‐40.189125

000897.007‐38.426826

List Of Coordinates

Water Table

YX

887‐100

887100

Line Load

YX

922‐100

921.5‐75.75

Line Load

YX

92275

922.5100

External Boundary

YX

850‐100

8500

850100

863100

872100

886100

898100

910100

922.5100

92275

91057

89839

897‐39

910‐58.5

921.5‐75.75

922‐100

910‐100

897‐100

886‐100
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872‐100

863‐100

855‐100

Material Boundary

YX

897‐100

897‐39

Material Boundary

YX

89839

898100

Material Boundary

YX

886‐100

886100

Material Boundary

YX

872‐100

872100

Material Boundary

YX

855‐100

8500

Material Boundary

YX

910‐100

910‐58.5

Material Boundary

YX

91057

910100
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Material Boundary

YX

863‐100

863100
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1.3961.396

W

250.00 lbs/ft2 250.00 lbs/ft2

1.3961.396
Material Name Color

Unit Weight
(lbs/ft3)

Cohesion
(lb/ft2)

Phi

Existing Fill‐1 115 200 30

Existing Fill‐1A 115 400 26

CH‐2 115 200 30

CL/SC‐3 120 400 28

CL/ML‐4 120 400 26

CL/ML‐5 120 200 28

GC/SM‐6 125 0 40

Existing Fill-1

Existing Fill-1A

CH-2

CL/SC-3

CL/ML-4

CL/ML-5
GC/SM-6

Hampshire Road UC - Abutment Stability Analysis
Hampshire_Abut_Pseudostatic.slim
bishop simplified

  0.16

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

97
5

95
0

92
5

90
0

87
5

85
0

-120 -100 -80 -60 -40 -20 0 20 40 60 80 100

Analysis Description Hampshire Road UC - Abutment Stability Analysis
Company CH2M HILLScale 1:290Drawn By KR
File Name Hampshire_Abut_Pseudostatic.slimDate 3/31/2011, 5:21:18 PM

Project

Route 101/23 Interchange Improvements

SLIDEINTERPRET 6.009



Slide Analysis Information

Route 101/23 Interchange Improvements

Project Summary

File Name: Hampshire_Abut_Pseudostatic.slim
Slide Modeler Version: 6.008
Project Title: Route 101/23 Interchange Improvements
Analysis: Hampshire Road UC ‐ Abutment Stability Analysis
Author: KR
Company: CH2M HILL
Date Created: 3/31/2011, 5:21:18 PM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Left to Right
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified
Janbu corrected

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers
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Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

Seismic Load Coefficient (Horizontal): 0.16
2 Distributed Loads present

Distributed Load 1

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Distributed Load 2

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Material Properties

GC/SM‐6CL/ML‐5CL/ML‐4CL/SC‐3CH‐2Existing Fill‐1AExisting Fill‐1Property

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125120120120115115115
Unit Weight 
[lbs/ft3]

0200400400200400200Cohesion [psf]

40282628302630
Friction Angle 
[deg]

Water TableWater TableWater TableWater TableWater TableNoneNoneWater Surface

11111Hu Value

00Ru Value

Global Minimums
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Method: bishop simplified

FS: 1.396000
Center: ‐46.375, 946.375
Radius: 49.920
Left Slip Surface Endpoint: ‐89.822, 921.790
Right Slip Surface Endpoint: ‐39.003, 897.002
Resisting Moment=2.3099e+006 lb‐ft
Driving Moment=1.65466e+006 lb‐ft

Method: janbu corrected

FS: 1.326610
Center: ‐47.500, 938.500
Radius: 42.423
Left Slip Surface Endpoint: ‐86.464, 921.721
Right Slip Surface Endpoint: ‐38.677, 897.004
Resisting Horizontal Force=38877.1 lb
Driving Horizontal Force=29305.6 lb

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 18488
Number of Invalid Surfaces: 3

Error Codes:

Error Code ‐112 reported for 3 surfaces

Method: janbu corrected

Number of Valid Surfaces: 18471
Number of Invalid Surfaces: 20

Error Codes:

Error Code ‐108 reported for 11 surfaces
Error Code ‐112 reported for 9 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).
‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor 
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep 
seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data
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Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.396

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

112.7310112.731265.085189.88930200Existing Fill‐1317.1531.851521

341.1840341.184396.983284.37230200Existing Fill‐1907.5921.851522

556.4050556.405521.241373.38230200Existing Fill‐11420.861.851523

759.310759.31638.389457.29930200Existing Fill‐11874.161.851524

950.830950.83748.962536.50630200Existing Fill‐12278.631.851525

1094.0101094.01933.586668.75826400
Existing 
Fill‐1A

2965.732.063866

1295.0601295.061031.64738.99926400
Existing 
Fill‐1A

3368.52.063867

1321.901321.91044.74748.37826400
Existing 
Fill‐1A

3658.22.063868

1307.7101307.711037.81743.4226400
Existing 
Fill‐1A

3681.582.063869

1337.301337.31052.24753.75626400
Existing 
Fill‐1A

3653.312.0638610

1351.8101351.811059.32758.82726400
Existing 
Fill‐1A

3593.822.0638611

1351.9901351.991059.41758.8926400
Existing 
Fill‐1A

3505.442.0638612

1338.4201338.421052.79754.14726400
Existing 
Fill‐1A

3390.042.0638613

1311.5301311.531039.68744.75326400
Existing 
Fill‐1A

3249.182.0638614

1271.6501271.651020.23730.8226400
Existing 
Fill‐1A

3084.12.0638615

121901219994.547712.42626400
Existing 
Fill‐1A

2895.822.0638616

1153.7101153.71962.702689.61526400
Existing 
Fill‐1A

2685.192.0638617

1075.8101075.81924.71662.426400
Existing 
Fill‐1A

2452.872.0638618

993.9290993.929773.846554.33130200CH‐22239.892.1044519

885.7110885.711711.365509.57430200CH‐21954.312.1044520

763.3710763.371640.733458.97830200CH‐21647.012.1044521

626.4140626.414561.662402.33730200CH‐21318.152.1044522

474.2140474.214473.787339.38930200CH‐2967.8052.1044523

305.9720305.972376.653269.80930200CH‐2595.9042.1044524

120.7140120.714269.694193.19130200CH‐2202.2752.1044525

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.32661

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

72.818072.818242.041182.45130200Existing Fill‐1411.2661.884931
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340.9330340.933396.838299.13730200Existing Fill‐11151.621.884932

587.8480587.848539.395406.59730200Existing Fill‐11756.621.884933

816.680816.68671.511506.18630200Existing Fill‐12269.771.884934

966.1630966.163871.229656.73326400
Existing 
Fill‐1A

2714.321.885095

1117.2801117.28944.933712.29126400
Existing 
Fill‐1A

3090.651.885096

1103.4401103.44938.184707.20426400
Existing 
Fill‐1A

3232.311.885097

1172.5601172.56971.894732.61526400
Existing 
Fill‐1A

3273.141.885098

1224.5301224.53997.243751.72326400
Existing 
Fill‐1A

3279.671.885099

1260.6801260.681014.87765.01226400
Existing 
Fill‐1A

3255.531.8850910

1282.0101282.011025.28772.85526400
Existing 
Fill‐1A

3203.521.8850911

1289.2901289.291028.83775.53426400
Existing 
Fill‐1A

3125.831.8850912

1283.1201283.121025.82773.26426400
Existing 
Fill‐1A

3024.231.8850913

1263.9301263.931016.46766.20626400
Existing 
Fill‐1A

2900.131.8850914

1232012321000.89754.4726400
Existing 
Fill‐1A

2754.661.8850915

1187.5401187.54979.204738.12526400
Existing 
Fill‐1A

2588.731.8850916

114301143859.912648.20330200CH‐22492.51.9584917

1067.7801067.78816.485615.46730200CH‐22270.631.9584918

978.5160978.516764.947576.61830200CH‐22027.761.9584919

874.7640874.764705.046531.46430200CH‐21764.241.9584920

755.9340755.934636.44479.74930200CH‐21480.261.9584921

621.2570621.257558.685421.13730200CH‐21175.91.9584922

469.7530469.753471.212355.230200CH‐2851.0741.9584923

300.1730300.173373.305281.39830200CH‐2505.5931.9584924

113.230113.23265.373200.03930200CH‐2143.191.9584925

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.396

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000921.79‐89.82191

0040.2256918.773‐87.97042

00549.154916.168‐86.11883

001362.48913.875‐84.26734

002368.31911.834‐82.41585
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003485.62910‐80.56436

004591.11908.165‐78.50047

005738.14906.521‐76.43658

006734.11905.045‐74.37279

007526.06903.72‐72.308810

008148.21902.531‐70.24511

008597.15901.469‐68.181112

008873.35900.524‐66.117213

008980.49899.69‐64.053414

008925.04898.959‐61.989515

008716.03898.329‐59.925716

008364.82897.794‐57.861817

007885.07897.352‐55.797918

007292.75897‐53.734119

006754.12896.732‐51.629620

006154.79896.554‐49.525221

005522.57896.466‐47.420722

004888.86896.466‐45.316323

004289.13896.555‐43.211824

003763.6896.733‐41.107425

000897.002‐39.002926

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.32661

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000921.721‐86.46431

00‐21.5507917.888‐84.57932

00610.258914.812‐82.69443

001593.92912.228‐80.80954

002759.66910‐78.92455

003758.18908.05‐77.03946

004745.41906.329‐75.15447

005528.9904.8‐73.26938

006176.99903.439‐71.38429

006676.35902.226‐69.499110

007019.73901.148‐67.61411

007204.46900.193‐65.728912

007231.46899.351‐63.843813

007104.65898.616‐61.958714

006830.52897.983‐60.073615

006417.91897.445‐58.188616

005877.86897‐56.303517

005343.97896.632‐54.34518

004714.76896.359‐52.386519

004013.04896.178‐50.42820

003264.89896.088‐48.469521
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002500.1896.088‐46.51122

001752.76896.179‐44.552523

001062.04896.361‐42.59424

00473.252896.636‐40.635525

000897.004‐38.67726

List Of Coordinates

Water Table

YX

887‐100

887100

Line Load

YX

922‐100

921.5‐75.75

Line Load

YX

92275

922.5100

External Boundary

YX

850‐100

8500

850100

863100

872100

886100

898100

910100

922.5100

92275

91057

89839

897‐39

910‐58.5

921.5‐75.75

922‐100

910‐100
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897‐100

886‐100

872‐100

863‐100

855‐100

Material Boundary

YX

897‐100

897‐39

Material Boundary

YX

89839

898100

Material Boundary

YX

886‐100

886100

Material Boundary

YX

872‐100

872100

Material Boundary

YX

855‐100

8500

Material Boundary

YX

910‐100

910‐58.5

Material Boundary

YX

91057

910100

Page 8 of 9
SLIDEINTERPRET 6.009

Hampshire_Abut_Pseudostatic.slim CH2M HILL   3/31/2011, 5:21:18 PM



Material Boundary

YX

863‐100

863100
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1.8351.835

W

250.00 lbs/ft2 250.00 lbs/ft2
1.8351.835

Material Name Color
Unit Weight
(lbs/ft3)

Cohesion
(lb/ft2)

Phi

Existing Fill‐1 115 200 30

Existing Fill‐1A 115 400 26

CH‐2 115 200 30

CL/SC‐3 120 400 28

CL/ML‐4 120 400 26

CL/ML‐5 120 200 28

GC/SM‐6 125 0 40

Existing Fill-1

Existing Fill-1A

CH-2

CL/SC-3

CL/ML-4

CL/ML-5
GC/SM-6

Hampshire Road UC - Abutment Stability Analysis
Hampshire_Abut4_Static.slim
bishop simplified

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

97
5

95
0

92
5

90
0

87
5

85
0

-120 -100 -80 -60 -40 -20 0 20 40 60 80 100

Analysis Description Hampshire Road UC - Abutment Stability Analysis
Company CH2M HILLScale 1:290Drawn By KR
File Name Hampshire_Abut4_Static.slimDate 3/31/2011, 5:21:18 PM

Project

Route 101/23 Interchange Improvements

SLIDEINTERPRET 6.009



Slide Analysis Information

Route 101/23 Interchange Improvements

Project Summary

File Name: Hampshire_Abut4_Static.slim
Slide Modeler Version: 6.008
Project Title: Route 101/23 Interchange Improvements
Analysis: Hampshire Road UC ‐ Abutment Stability Analysis
Author: KR
Company: CH2M HILL
Date Created: 3/31/2011, 5:21:18 PM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Right to Left
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified
Janbu corrected

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers
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Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

2 Distributed Loads present

Distributed Load 1

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Distributed Load 2

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Material Properties

GC/SM‐6CL/ML‐5CL/ML‐4CL/SC‐3CH‐2Existing Fill‐1AExisting Fill‐1Property

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125120120120115115115
Unit Weight 
[lbs/ft3]

0200400400200400200Cohesion [psf]

40282628302630
Friction Angle 
[deg]

Water TableWater TableWater TableWater TableWater TableNoneNoneWater Surface

11111Hu Value

00Ru Value

Global Minimums

Method: bishop simplified
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FS: 1.835330
Center: 45.750, 943.000
Radius: 45.846
Left Slip Surface Endpoint: 37.108, 897.976
Right Slip Surface Endpoint: 86.623, 922.232
Resisting Moment=2.04356e+006 lb‐ft
Driving Moment=1.11346e+006 lb‐ft

Method: janbu corrected

FS: 1.762100
Center: 46.875, 935.125
Radius: 38.036
Left Slip Surface Endpoint: 38.624, 897.995
Right Slip Surface Endpoint: 82.630, 922.153
Resisting Horizontal Force=35146.4 lb
Driving Horizontal Force=19945.8 lb

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 18491
Number of Invalid Surfaces: 0

Method: janbu corrected

Number of Valid Surfaces: 18488
Number of Invalid Surfaces: 3

Error Codes:

Error Code ‐108 reported for 3 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.83533

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

41.0265041.0265223.687121.87830200CH‐239.36361.934291

151.7870151.787287.634156.72130200CH‐2255.3771.934292
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321.1050321.105385.39209.98430200CH‐2587.3061.934293

476.3020476.302474.993258.80530200CH‐2900.8711.934294

618.0130618.013556.809303.38430200CH‐21196.221.934295

746.7360746.736631.13343.87830200CH‐21473.391.934296

862.8770862.877698.182380.41230200CH‐21732.331.934297

966.7190966.719758.135413.07830200CH‐21972.91.934298

1058.4601058.46811.104441.93930200CH‐22194.841.934299

1130.0801130.08951.174518.25826400
Existing 
Fill‐1A

2606.82.0962210

1201.0201201.02985.777537.11226400
Existing 
Fill‐1A

2820.292.0962211

1257.9301257.931013.54552.23626400
Existing 
Fill‐1A

3008.072.0962212

1300.5201300.521034.31563.55326400
Existing 
Fill‐1A

3169.042.0962213

1328.3401328.341047.88570.94626400
Existing 
Fill‐1A

3301.782.0962214

1340.801340.81053.95574.25926400
Existing 
Fill‐1A

3404.542.0962215

1337.1301337.131052.16573.28326400
Existing 
Fill‐1A

3475.142.0962216

1316.3101316.311042.01567.7526400
Existing 
Fill‐1A

3510.812.0962217

1277.0301277.031022.85557.31126400
Existing 
Fill‐1A

3508.032.0962218

1261.3501261.351015.2553.14426400
Existing 
Fill‐1A

3453.682.0962219

1245.701245.71007.57548.98526400
Existing 
Fill‐1A

3129.22.0962220

1075.8701075.87821.153447.41430200Existing Fill‐12319.41.8094321

871.6130871.613703.226383.16130200Existing Fill‐11918.931.8094322

651.3730651.373576.071313.87930200Existing Fill‐11465.291.8094323

412.9040412.904438.39238.86230200Existing Fill‐1944.2841.8094324

153.340153.34288.531157.20930200Existing Fill‐1332.3921.8094325

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.7621

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

96.2175096.2175255.551145.02730200CH‐2120.6941.836031

271.40271.4356.693202.42530200CH‐2440.2321.836032

432.5760432.576449.747255.23430200CH‐2745.7461.836033

577.7830577.783533.583302.81130200CH‐21032.251.836034

707.920707.92608.719345.45130200CH‐21299.961.836035

823.6870823.687675.557383.38230200CH‐21548.921.836036

925.6080925.608734.401416.77630200CH‐21779.071.836037

1014.0601014.06785.466445.75630200CH‐21990.221.836038

1089.2701089.27828.892470.430200CH‐22182.011.836039
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1135.8101135.81953.971541.38326400
Existing 
Fill‐1A

2161.491.6902510

1180.0501180.05975.55553.62926400
Existing 
Fill‐1A

2291.241.6902511

1213.0701213.07991.655562.76926400
Existing 
Fill‐1A

2404.41.6902512

1234.5801234.581002.15568.72426400
Existing 
Fill‐1A

2500.191.6902513

1244.201244.21006.84571.38426400
Existing 
Fill‐1A

2577.651.6902514

1241.3901241.391005.46570.60626400
Existing 
Fill‐1A

2635.591.6902515

1225.4701225.47997.699566.19926400
Existing 
Fill‐1A

2672.531.6902516

1195.5601195.56983.113557.92126400
Existing 
Fill‐1A

2686.591.6902517

1150.5301150.53961.151545.45826400
Existing 
Fill‐1A

2675.411.6902518

1088.901088.9931.093528.426400
Existing 
Fill‐1A

2635.871.6902519

1008.7201008.72891.985506.20626400
Existing 
Fill‐1A

2563.881.6902520

952.6880952.688864.658490.69726400
Existing 
Fill‐1A

2446.881.6902521

949.4670949.467748.176424.59330200Existing Fill‐12260.811.7997822

702.4730702.473605.572343.66530200Existing Fill‐11770.571.7997823

427.2310427.231446.662253.48330200Existing Fill‐11179.971.7997824

114.0620114.062265.854150.87330200Existing Fill‐1427.4681.7997825

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.83533

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000897.97637.10841

00248.966897.64739.04272

00588.837897.40340.9773

001046.31897.24242.91134

001584.02897.16344.84565

002168.57897.16646.77996

002770.01897.2548.71417

003361.35897.41650.64848

003918.21897.66652.58279

004418.5489854.51710

004984.39898.4656.613211

005431.49899.02458.709512

005741.43899.69760.805713
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005898.35900.48362.901914

005889.06901.3964.998115

005703.28902.42667.094416

005334.08903.59969.190617

004778.59904.92571.286818

004039.08906.41873.38319

003075.55908.175.479320

001857.8591077.575521

00680.171911.84679.384922

00‐436.06913.92181.194323

00‐1404.29916.27983.003824

00‐2096.74919.00184.813225

000922.23286.622626

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.7621

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000897.99538.62371

00319.455897.63440.45972

00789.685897.36642.29583

001367.62897.18844.13184

002013.11897.145.96785

002690.97897.10147.80396

003370.13897.1949.63997

004023.02897.36951.47598

004625.05897.63853.31199

005154.3189855.14810

005658.64898.41756.838211

006067.96898.91958.528512

006371.53899.50760.218713

006560.17900.18761.90914

006626.37900.96363.599215

006564.48901.84465.289516

006371.01902.83766.979717

006045.18903.95368.6718

005589.67905.20670.360219

005011.95906.61472.050420

004326.32908.273.740721

003498.6291075.430922

002220.36912.20777.230723

001053.74914.80979.030524

00184.371917.98680.830325

000922.15382.630126

List Of Coordinates

Page 6 of 8
SLIDEINTERPRET 6.009

Hampshire_Abut4_Static.slim CH2M HILL   3/31/2011, 5:21:18 PM



Water Table

YX

887‐100

887100

Line Load

YX

922‐100

921.5‐75.75

Line Load

YX

92275

922.5100

External Boundary

YX

850‐100

8500

850100

863100

872100

886100

898100

910100

922.5100

92275

91057

89839

897‐39

910‐58.5

921.5‐75.75

922‐100

910‐100

897‐100

886‐100

872‐100

863‐100

855‐100

Material Boundary
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YX

897‐100

897‐39

Material Boundary

YX

89839

898100

Material Boundary

YX

886‐100

886100

Material Boundary

YX

872‐100

872100

Material Boundary

YX

855‐100

8500

Material Boundary

YX

910‐100

910‐58.5

Material Boundary

YX

91057

910100

Material Boundary

YX

863‐100

863100
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1.4041.404

W

250.00 lbs/ft2 250.00 lbs/ft2

1.4041.404
Material Name Color

Unit Weight
(lbs/ft3)

Cohesion
(lb/ft2)

Phi

Existing Fill‐1 115 200 30

Existing Fill‐1A 115 400 26

CH‐2 115 200 30

CL/SC‐3 120 400 28

CL/ML‐4 120 400 26

CL/ML‐5 120 200 28

GC/SM‐6 125 0 40

Existing Fill-1

Existing Fill-1A

CH-2

CL/SC-3

CL/ML-4

CL/ML-5
GC/SM-6

Hampshire Road UC - Abutment Stability Analysis
Hampshire_Abut4_Pseudostatic.slim
bishop simplified

  0.16

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

97
5

95
0

92
5

90
0

87
5

85
0

-120 -100 -80 -60 -40 -20 0 20 40 60 80 100

Analysis Description Hampshire Road UC - Abutment Stability Analysis
Company CH2M HILLScale 1:274Drawn By KR
File Name Hampshire_Abut4_Pseudostatic.slimDate 3/31/2011, 5:21:18 PM

Project

Route 101/23 Interchange Improvements

SLIDEINTERPRET 6.009



Slide Analysis Information

Route 101/23 Interchange Improvements

Project Summary

File Name: Hampshire_Abut4_Pseudostatic.slim
Slide Modeler Version: 6.008
Project Title: Route 101/23 Interchange Improvements
Analysis: Hampshire Road UC ‐ Abutment Stability Analysis
Author: KR
Company: CH2M HILL
Date Created: 3/31/2011, 5:21:18 PM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Right to Left
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified
Janbu corrected

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers

Page 1 of 8
SLIDEINTERPRET 6.009

Hampshire_Abut4_Pseudostatic.slim CH2M HILL   3/31/2011, 5:21:18 PM

Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

Seismic Load Coefficient (Horizontal): 0.16
2 Distributed Loads present

Distributed Load 1

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Distributed Load 2

Distribution: Constant
Magnitude [lbs/ft2]: 250
Orientation: Vertical

Material Properties

GC/SM‐6CL/ML‐5CL/ML‐4CL/SC‐3CH‐2Existing Fill‐1AExisting Fill‐1Property

_____________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125120120120115115115
Unit Weight 
[lbs/ft3]

0200400400200400200Cohesion [psf]

40282628302630
Friction Angle 
[deg]

Water TableWater TableWater TableWater TableWater TableNoneNoneWater Surface

11111Hu Value

00Ru Value

Global Minimums
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Method: bishop simplified

FS: 1.404480
Center: 45.750, 943.000
Radius: 45.846
Left Slip Surface Endpoint: 37.108, 897.976
Right Slip Surface Endpoint: 86.623, 922.232
Resisting Moment=1.96717e+006 lb‐ft
Driving Moment=1.40064e+006 lb‐ft

Method: janbu corrected

FS: 1.332060
Center: 48.000, 938.500
Radius: 41.556
Left Slip Surface Endpoint: 38.708, 897.996
Right Slip Surface Endpoint: 86.236, 922.225
Resisting Horizontal Force=39121.5 lb
Driving Horizontal Force=29369.1 lb

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 18491
Number of Invalid Surfaces: 0

Method: janbu corrected

Number of Valid Surfaces: 18487
Number of Invalid Surfaces: 4

Error Codes:

Error Code ‐108 reported for 4 surfaces

Error Codes

The following errors were encountered during the computation:

‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.40448

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

47.7926047.7926227.593162.04830200CH‐239.36361.934291
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158.1320158.132291.297207.40630200CH‐2255.3771.934292

326.6140326.614388.571276.66530200CH‐2587.3061.934293

479.5730479.573476.881339.54330200CH‐2900.8711.934294

617.8840617.884556.736396.430200CH‐21196.221.934295

742.2580742.258628.543447.52730200CH‐21473.391.934296

853.2550853.255692.628493.15630200CH‐21732.331.934297

951.3210951.321749.247533.46930200CH‐21972.91.934298

1036.7901036.79798.589568.60130200CH‐22194.841.934299

1097.9601097.96935.51666.0926400
Existing 
Fill‐1A

2606.82.0962210

1160.8101160.81966.163687.91526400
Existing 
Fill‐1A

2820.292.0962211

1209.4201209.42989.873704.79726400
Existing 
Fill‐1A

3008.072.0962212

1243.601243.61006.54716.66526400
Existing 
Fill‐1A

3169.042.0962213

1263012631016.01723.40426400
Existing 
Fill‐1A

3301.782.0962214

1267.1401267.141018.03724.84226400
Existing 
Fill‐1A

3404.542.0962215

1255.3601255.361012.28720.74926400
Existing 
Fill‐1A

3475.142.0962216

1226.7601226.76998.331710.81926400
Existing 
Fill‐1A

3510.812.0962217

1180.201180.2975.623694.65126400
Existing 
Fill‐1A

3508.032.0962218

1155.7101155.71963.678686.14626400
Existing 
Fill‐1A

3453.682.0962219

1130.501130.5951.383677.39226400
Existing 
Fill‐1A

3129.22.0962220

977.9720977.972764.632544.42430200Existing Fill‐12319.41.8094321

780.7060780.706650.74463.33230200Existing Fill‐11918.931.8094322

570.3030570.303529.264376.8430200Existing Fill‐11465.291.8094323

345.2970345.297399.357284.34530200Existing Fill‐1944.2841.8094324

104.0460104.046260.071185.17330200Existing Fill‐1332.3921.8094325

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.33206

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

117.0860117.086267.599200.89130200CH‐2135.9031.859931

300.220300.22373.332280.26730200CH‐2470.3131.859932

466.6810466.681469.439352.41630200CH‐2789.4111.859933

616.0770616.077555.693417.16830200CH‐21090.341.859934

749.6110749.611632.79475.04630200CH‐21373.321.859935

868.2450868.245701.281526.46430200CH‐21638.461.859936

972.730972.73761.605571.7530200CH‐21885.761.859937

1063.6601063.66814.104611.16230200CH‐22115.11.859938
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1141.4901141.49859.039644.89530200CH‐22326.281.859939

1206.5401206.54896.597673.09130200CH‐22518.941.8599310

1243.3401243.341006.42755.53626400
Existing 
Fill‐1A

2757.091.9031911

1281.8901281.891025.22769.6526400
Existing 
Fill‐1A

2917.941.9031912

1307.3101307.311037.62778.95826400
Existing 
Fill‐1A

3056.931.9031913

1319.3501319.351043.49783.36326400
Existing 
Fill‐1A

3172.961.9031914

1317.5901317.591042.63782.7226400
Existing 
Fill‐1A

3264.681.9031915

1301.4801301.481034.78776.82426400
Existing 
Fill‐1A

3330.381.9031916

1270.2801270.281019.56765.40126400
Existing 
Fill‐1A

3367.921.9031917

1223.0101223.01996.501748.0926400
Existing 
Fill‐1A

3374.581.9031918

1158.3601158.36964.968724.41826400
Existing 
Fill‐1A

3346.841.9031919

1179.6101179.61975.334732.226400
Existing 
Fill‐1A

3213.321.9031920

1026.8301026.83900.821676.26226400
Existing 
Fill‐1A

2843.611.9031921

867.7670867.767701.005526.25630200Existing Fill‐12514.951.9982922

627.3030627.303562.174422.03430200Existing Fill‐11955.221.9982923

366.1890366.189411.42308.8630200Existing Fill‐11288.971.9982924

80.3075080.3075246.366184.95130200Existing Fill‐1462.4241.9982925

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.40448

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000897.97637.10841

00321.953897.64739.04272

00719.737897.40340.9773

001212.03897.24242.91134

001760.69897.16344.84565

002332.22897.16646.77996

002897.04897.2548.71417

003428.96897.41650.64848

003904.8897.66652.58279

004303.9989854.51710

004774.6898.4656.613211

005106.37899.02458.709512

005284.5899.69760.805713
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005297.11900.48362.901914

005135.36901.3964.998115

004793.76902.42667.094416

004270.65903.59969.190617

003569.04904.92571.286818

002697.82906.41873.38319

001635.36908.175.479320

00402.26991077.575521

00‐792.17911.84679.384922

00‐1883.35913.92181.194323

00‐2782.31916.27983.003824

00‐3360.47919.00184.813225

000922.23286.622626

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.33206

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000897.99638.70851

00421.444897.61440.56842

00990.544897.31942.42833

001660.8897.1144.28834

002390.64896.98546.14825

003144.05896.94448.00816

003889.6896.98649.86817

004599.74897.11251.7288

005250.28897.32253.58799

005819.88897.61755.447910

006289.8189857.307811

006779898.48559.21112

007127.15899.06861.114213

007323.65899.75363.017414

007360.29900.54564.920615

007231.41901.45266.823816

006934.32902.48268.72717

006469.81903.64770.630218

005843.05904.95972.533419

005064.94906.43874.436520

004067.83908.10776.339721

003041.3691078.242922

001780.22912.28280.241223

00692.17914.95182.239524

00‐30.9836918.1684.237825

000922.22586.236126

List Of Coordinates

Page 6 of 8
SLIDEINTERPRET 6.009

Hampshire_Abut4_Pseudostatic.slim CH2M HILL   3/31/2011, 5:21:18 PM



Water Table

YX

887‐100

887100

Line Load

YX

922‐100

921.5‐75.75

Line Load

YX

92275

922.5100

External Boundary

YX

850‐100

8500

850100

863100

872100

886100

898100

910100

922.5100

92275

91057

89839

897‐39

910‐58.5

921.5‐75.75

922‐100

910‐100

897‐100

886‐100

872‐100

863‐100

855‐100

Material Boundary
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YX

897‐100

897‐39

Material Boundary

YX

89839

898100

Material Boundary

YX

886‐100

886100

Material Boundary

YX

872‐100

872100

Material Boundary

YX

855‐100

8500

Material Boundary

YX

910‐100

910‐58.5

Material Boundary

YX

91057

910100

Material Boundary

YX

863‐100

863100
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20
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00
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-100 0 100 200

Consolidation Settlement 
(in)

 0.00
 0.65
 1.30
 1.95
 2.60
 3.25
 3.90
 4.55
 5.20
 5.85
 6.50

max (stage): 6.23 in
max (all):   6.24 in

Data Type:  Consolidation SettlementStage 5 = 18180 d

Analysis Description Hampshire Rd. UC - Abutment Approach Fill Settlement
Company CH2M HILLDrawn By KR
File Name ApproachFill-Abutment-Settlement-2.s3zDate 3/22/2011, 2:39:26 PM

Project

101/23 Interchange Improvements

SETTLE3D 2.010



0
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40
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Consolidation Settlement (in)

Consolidation Settlement vs. Depth

Reference Stage: None

Query Point 1 (Before Existing  = 0 d)
Query Point 1 (Existing Fill (Reference Stage) = 18000 d)
Query Point 1 (New Fill (After 60 days) = 18060 d)
Query Point 1 (New Fill (After 120 days) = 18120 d)
Query Point 1 (New Fill (Total) = 22000 d)

Data Type:  

Analysis Description Hampshire Rd. UC - Abutment Approach Fill Settlement
Company CH2M HILLDrawn By KR
File Name ApproachFill-Abutment-Settlement-2.s3zDate 3/22/2011, 2:39:26 PM

Project

101/23 Interchange Improvements

SETTLE3D 2.010



Settle3D Analysis Information

101/23 Interchange Improvements

Project Settings

Document Name: ApproachFill-Abutment-Settlement-2.s3z
Project Title: 101/23 Interchange Improvements
Analysis: Hampshire Rd. UC - Abutment Approach Fill Settlement
Author: KR
Company: CH2M HILL
Date Created: 3/22/2011, 2:39:26 PM
Stress Computation Method: Boussinesq
Time-dependent Consolidation Analysis
Time Units: days
Permeability Units: feet/day
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 10 [ft]

Stage Settings

Time [days]NameStage #
0Before Existing1

18000Existing Fill (Reference Stage)2
18060New Fill (After 60 days)3
18120New Fill (After 120 days)4
22000New Fill (Total)5

Results

Time taken to compute: 0.120167 seconds

Stage: Before Existing = 0 d

MaximumMinimumData Type
0.4745230Total Settlement [in]

00Consolidation Settlement [in]
0.4745230Immediate Settlement [in]

00Secondary Settlement [in]
1.592271.43038Loading Stress [ksf]

3.4491.15Effective Stress [ksf]
7.375381.59227Total Stress [ksf]

0.001592270Total Strain
3.926380Pore Water Pressure [ksf]
1.589010Excess Pore Water Pressure [ksf]

00Degree of Consolidation [%]
3.448371.15526Pre-consolidation Stress [ksf]
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1.998871Over-consolidation Ratio
1.10Void Ratio

0.00147250Permeability [ft/d]
1.370Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

Stage: Existing Fill (Reference Stage) = 18000 d

MaximumMinimumData Type
4.0270Total Settlement [in]

3.37560Consolidation Settlement [in]
0.6514030Immediate Settlement [in]

00Secondary Settlement [in]
2.229171.75282Loading Stress [ksf]
4.879382.22917Effective Stress [ksf]
7.697822.22917Total Stress [ksf]

0.01640160.00205545Total Strain
2.818440Pore Water Pressure [ksf]

0.6160490Excess Pore Water Pressure [ksf]
84.42240Degree of Consolidation [%]
4.87852.24067Pre-consolidation Stress [ksf]

11Over-consolidation Ratio
1.083930Void Ratio

0.00147250Permeability [ft/d]
1.370Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]
74.87780Average Degree of Consolidation [%]

Stage: New Fill (After 60 days) = 18060 d

MaximumMinimumData Type
4.504450Total Settlement [in]
3.853050Consolidation Settlement [in]

0.6514030Immediate Settlement [in]
00Secondary Settlement [in]

2.229171.75282Loading Stress [ksf]
4.86072.22917Effective Stress [ksf]

7.697822.22917Total Stress [ksf]
0.01891260.00205545Total Strain

2.837110Pore Water Pressure [ksf]
0.3411150Excess Pore Water Pressure [ksf]
90.19730Degree of Consolidation [%]
4.87852.24067Pre-consolidation Stress [ksf]

1.003821Over-consolidation Ratio
1.077870Void Ratio

0.00147250Permeability [ft/d]
1.370Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]
94.60350Average Degree of Consolidation [%]
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Stage: New Fill (After 120 days) = 18120 d

MaximumMinimumData Type
4.640350Total Settlement [in]
3.988950Consolidation Settlement [in]

0.6514030Immediate Settlement [in]
00Secondary Settlement [in]

2.229171.75282Loading Stress [ksf]
4.947942.22917Effective Stress [ksf]
7.697822.22917Total Stress [ksf]

0.01935880.00205545Total Strain
2.749880Pore Water Pressure [ksf]

0.2538810Excess Pore Water Pressure [ksf]
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Wingwall Bearing Capacity and Settlement Analyses 
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Project: Route 101/23 Interchange Improvements
Hampshire Rd. WingWall
Project No.: 400486

Performed By: KR
Date: 4/15/2011

Page 1 of 1

BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 1500psf

Retaining walls

Width of Footing B 8.25ft

Load Eccentricity, e
B

6
 Equivalent width of footing, B' B 2 e B' 5.5 ft

Footing Embedment Depth, Df 4ft Slope Height in Front of the Wall, Hs 18ft

Groundwater Depth, Dw 25ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 1.44

Df

B
0.485

For a 2H: 1V Slope, Ncq 5.2 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B' Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 8.1 ksf Where: qult= Ultimate Gross Bearing Capacity
               qall= Allowable Gross Bearing Capacity (qall = qult/Factor of Safety)
               qpg= Permissible Gross Contact StressNet Allowable Bearing Capacity, qall

qult

2


qall 4.1 ksf
qpg (Settle 3D Analysis)Net Allowable Bearing Stress to cause 1 inch Settlement = 6.5 ksf = 
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BEARING CAPACITY CALCULATIONS

References
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Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 1500psf

Retaining walls

Width of Footing B 7.75ft

Load Eccentricity, e
B

6
 Equivalent width of footing, B' B 2 e B' 5.167 ft

Footing Embedment Depth, Df 4ft Slope Height in Front of the Wall, Hs 16ft

Groundwater Depth, Dw 25ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 1.28

Df

B
0.516

For a 2H: 1V Slope, Ncq 5.2 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B' Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 8.1 ksf Where: qult= Ultimate Gross Bearing Capacity
               qall= Allowable Gross Bearing Capacity (qall = qult/Factor of Safety)
               qpg= Permissible Gross Contact StressNet Allowable Bearing Capacity, qall

qult

2


qall 4.1 ksf
qpg (Settle 3D Analysis)Net Allowable Bearing Stress to cause 1 inch Settlement = 6 ksf = 
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Settle3D Analysis Information

101/23 Interchange Improvements

Project Settings

Document Name: Wingwall-Settlement.s3z
Project Title: 101/23 Interchange Improvements
Analysis: Hampshire Rd. UC - Wingwall Settlement
Author: KR
Company: CH2M HILL
Date Created: 3/22/2011, 2:39:26 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 25 [ft]

Stage Settings

NameStage #
Stage11

Results

Time taken to compute: 1.25004 seconds

Stage: Stage1

MaximumMinimumData Type
0.9499970Total Settlement [in]

0.03423430Consolidation Settlement [in]
0.9157630Immediate Settlement [in]

6.50Loading Stress [ksf]
7.023810Effective Stress [ksf]
8.083110Total Stress [ksf]

0.0081250Total Strain
2.68320Pore Water Pressure [ksf]

1000Degree of Consolidation [%]
7.009450.00207Pre-consolidation Stress [ksf]
1.868811Over-consolidation Ratio
1.099920Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Page 1 of 3
SETTLE3D 2.010

Wingwall-Settlement.s3z CH2M HILL   3/22/2011, 2:39:26 PM

Length: 11 ft
Width: 8.25 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 90.75 ft2
Load: 6.5 ksf
Depth: 4 ft
Installation Stage: Stage1

Coordinates

Y [ft]X [ft]
-4.125-5.5
-4.1255.5
4.1255.5
4.125-5.5

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
018Fill-CL/SC-11

1811CH-22
2914CL/SC-33
438CL/ML/CH-44
5117CL/ML-55

Soil Properties

Fill-CL/SC-1CL/ML-5CL/ML/CH-4CL/SC-3CH-2Property

_______________Color

0.1150.120.120.120.115Unit Weight [kips/ft3]
0.1150.120.120.120.115Saturated Unit Weight [kips/ft3]

EnabledDisabledDisabledEnabledEnabledImmediate Settlement
80010001000Es [ksf]

1000Es bottom [ksf]
80010001000Esur [ksf]

1000Esur bottom [ksf]
DisabledEnabledEnabledDisabledDisabledPrimary Consolidation

Non-LinearNon-LinearMaterial Type
0.070.08Cce
0.070.08Cce bottom

0.0070.01Cre
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0.0070.01Cre bottom
11.11.521OCR

111.5OCR bottom

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 870, 01

Field Point Grid

Number of points: 304
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
9.62511

-9.62511
-9.625-11
9.625-11
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Project
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Settle3D Analysis Information

101/23 Interchange Improvements

Project Settings

Document Name: Wingwall-Settlement-6'.s3z
Project Title: 101/23 Interchange Improvements
Analysis: Hampshire Rd. UC - Wingwall Settlement
Author: KR
Company: CH2M HILL
Date Created: 3/22/2011, 2:39:26 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 25 [ft]

Stage Settings

NameStage #
Stage11

Results

Time taken to compute: 1.28901 seconds

Stage: Stage1

MaximumMinimumData Type
0.9762370Total Settlement [in]

0.05441890Consolidation Settlement [in]
0.9218180Immediate Settlement [in]

60Loading Stress [ksf]
6.527060Effective Stress [ksf]
7.881370Total Stress [ksf]

0.007496610Total Strain
2.55840Pore Water Pressure [ksf]

1000Degree of Consolidation [%]
6.513210.00184Pre-consolidation Stress [ksf]
1.893411Over-consolidation Ratio
1.099890Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Page 1 of 3
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Wingwall-Settlement-6'.s3z CH2M HILL   3/22/2011, 2:39:26 PM

Length: 17 ft
Width: 7.75 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 131.75 ft2
Load: 6 ksf
Depth: 4 ft
Installation Stage: Stage1

Coordinates

Y [ft]X [ft]
-3.875-8.5
-3.8758.5
3.8758.5
3.875-8.5

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
016Fill-CL/SC-11

1611CH-22
2714CL/SC-33
418CL/ML/CH-44
4917CL/ML-55

Soil Properties

Fill-CL/SC-1CL/ML-5CL/ML/CH-4CL/SC-3CH-2Property

_______________Color

0.1150.120.120.120.115Unit Weight [kips/ft3]
0.1150.120.120.120.115Saturated Unit Weight [kips/ft3]

EnabledDisabledDisabledEnabledEnabledImmediate Settlement
80010001000Es [ksf]

1000Es bottom [ksf]
80010001000Esur [ksf]

1000Esur bottom [ksf]
DisabledEnabledEnabledDisabledDisabledPrimary Consolidation

Non-LinearNon-LinearMaterial Type
0.070.08Cce
0.070.08Cce bottom

0.0070.01Cre
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SETTLE3D 2.010

Wingwall-Settlement-6'.s3z CH2M HILL   3/22/2011, 2:39:26 PM



0.0070.01Cre bottom
11.11.521OCR

111.5OCR bottom

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 790, 01

Field Point Grid

Number of points: 300
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
12.37517

-12.37517
-12.375-17
12.375-17

Page 3 of 3
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1.6401.640

W

2750.00 lbs/ft21125.00 lbs/ft2
1.6401.640

Material Name Color
Unit Weight
(lbs/ft3)

Cohesion
(lb/ft2)

Phi

Existing Fill‐1A 115 400 26

CH‐2 115 200 30

CL/SC‐3 120 400 28

CL/ML‐4 120 400 26

CL/ML‐5 120 200 28

GC/SM‐6 125 0 40

Existing Fill-1A

CH-2

CL/SC-3

CL/ML-4

CL/ML-5
GC/SM-6

Hampshire Road UC - Abutment Stability Analys
Hampshire_Wingwall_Static.slim
bishop simplified
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Company CH2M HILLScale 1:277Drawn By KR
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Project

Route 101/23 Interchange Improvements

SLIDEINTERPRET 6.009



Slide Analysis Information

Route 101/23 Interchange Improvements

Project Summary

File Name: Hampshire_Wingwall_Static.slim
Slide Modeler Version: 6.009
Project Title: Route 101/23 Interchange Improvements
Analysis: Hampshire Road UC ‐ Abutment Stability Analysis
Author: KR
Company: CH2M HILL
Date Created: 3/31/2011, 5:21:18 PM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Left to Right
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified
Janbu corrected

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers

Page 1 of 9
SLIDEINTERPRET 6.009

Hampshire_Wingwall_Static.slim CH2M HILL   3/31/2011, 5:21:18 PM

Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

2 Distributed Loads present

Distributed Load 1

Distribution: Constant
Magnitude [lbs/ft2]: 2750
Orientation: Vertical

Distributed Load 2

Distribution: Constant
Magnitude [lbs/ft2]: 1125
Orientation: Vertical

Material Properties

GC/SM‐6CL/ML‐5CL/ML‐4CL/SC‐3CH‐2Existing Fill‐1AProperty

__________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125120120120115115Unit Weight [lbs/ft3]

0200400400200400Cohesion [psf]

402826283026Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableNoneWater Surface

11111Hu Value

0Ru Value

Global Minimums

Method: bishop simplified

FS: 1.639860
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Center: 22.875, 927.875
Radius: 28.358
Left Slip Surface Endpoint: ‐1.268, 913.000
Right Slip Surface Endpoint: 32.557, 901.221
Resisting Moment=1.08938e+006 lb‐ft
Driving Moment=664316 lb‐ft

Method: janbu corrected

FS: 1.506640
Center: 20.625, 923.375
Radius: 24.118
Left Slip Surface Endpoint: ‐1.147, 913.000
Right Slip Surface Endpoint: 31.402, 901.799
Resisting Horizontal Force=33705.4 lb
Driving Horizontal Force=22371.2 lb

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 17679
Number of Invalid Surfaces: 812

Error Codes:

Error Code ‐103 reported for 200 surfaces
Error Code ‐108 reported for 612 surfaces

Method: janbu corrected

Number of Valid Surfaces: 17625
Number of Invalid Surfaces: 866

Error Codes:

Error Code ‐103 reported for 200 surfaces
Error Code ‐108 reported for 666 surfaces

Error Codes

The following errors were encountered during the computation:

‐103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between 
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched 
slope model with two sets of Slope Limits.
‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).

Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.63986
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Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

1725.0401725.041241.36756.9926400
Existing 
Fill‐1A

155.5971.353011

2022.6102022.611386.49845.49426400
Existing 
Fill‐1A

442.561.353012

2269.6102269.611506.96918.95626400
Existing 
Fill‐1A

687.2011.353013

2490.2202490.221614.56984.57226400
Existing 
Fill‐1A

899.3791.353014

2690.0202690.021712.01104426400
Existing 
Fill‐1A

1085.261.353015

2872.6802872.681801.11098.3326400
Existing 
Fill‐1A

12491.353016

988.6610988.661882.201537.97326400
Existing 
Fill‐1A

1393.551.353017

837.8840837.884808.664493.1326400
Existing 
Fill‐1A

1512.221.353018

883.9310883.931831.123506.82626400
Existing 
Fill‐1A

1537.431.353019

908.0410908.041842.882513.99626400
Existing 
Fill‐1A

1530.321.3530110

922.3220922.322849.845518.24226400
Existing 
Fill‐1A

1510.161.3530111

927.190927.19852.22519.69126400
Existing 
Fill‐1A

1477.731.3530112

922.9650922.965850.159518.43426400
Existing 
Fill‐1A

1433.681.3530113

909.8620909.862843.769514.53726400
Existing 
Fill‐1A

1378.491.3530114

888.0230888.023833.117508.04226400
Existing 
Fill‐1A

1312.561.3530115

857.5070857.507818.233498.96526400
Existing 
Fill‐1A

1236.161.3530116

818.3010818.301799.112487.30526400
Existing 
Fill‐1A

1149.521.3530117

770.3220770.322775.71473.03426400
Existing 
Fill‐1A

1052.751.3530118

713.4030713.403747.95456.10626400
Existing 
Fill‐1A

945.9211.3530119

647.3030647.303715.711436.44626400
Existing 
Fill‐1A

829.0181.3530120

571.6810571.681678.827413.95426400
Existing 
Fill‐1A

701.9611.3530121

486.0890486.089637.082388.49826400
Existing 
Fill‐1A

564.5961.3530122

389.9490389.949590.191359.90326400
Existing 
Fill‐1A

416.6921.3530123

Existing 
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Fill‐1A

162.8470162.847479.426292.35826400
Existing 
Fill‐1A

87.89561.3530125

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.50664

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

1446.9701446.971105.74733.90826400
Existing 
Fill‐1A

178.0331.301991

1808.9101808.911282.27851.07726400
Existing 
Fill‐1A

497.1271.301992

2107.5602107.561427.92947.75126400
Existing 
Fill‐1A

755.2491.301993

2365.6902365.691553.821031.3126400
Existing 
Fill‐1A

971.8051.301994

2594.8102594.811665.571105.4926400
Existing 
Fill‐1A

1156.991.301995

2801.6802801.681766.471172.4626400
Existing 
Fill‐1A

1316.971.301996

1331.4101331.411049.37696.49926400
Existing 
Fill‐1A

1455.811.301997

871.2970871.297824.961547.5526400
Existing 
Fill‐1A

1574.281.301998

935.4230935.423856.238568.3126400
Existing 
Fill‐1A

1611.821.301999

968.4740968.474872.356579.00826400
Existing 
Fill‐1A

1603.951.3019910

990.8160990.816883.254586.24126400
Existing 
Fill‐1A

1582.551.3019911

1002.9901002.99889.19590.18126400
Existing 
Fill‐1A

1548.511.3019912

1005.3601005.36890.347590.94926400
Existing 
Fill‐1A

1502.521.3019913

998.1870998.187886.847588.62626400
Existing 
Fill‐1A

1445.11.3019914

981.5910981.591878.756583.25526400
Existing 
Fill‐1A

1376.641.3019915

955.620955.62866.087574.84726400
Existing 
Fill‐1A

1297.41.3019916

920.1850920.185848.806563.37726400
Existing 
Fill‐1A

1207.541.3019917

875.1160875.116826.824548.78726400
Existing 
Fill‐1A

1107.141.3019918

820.1170820.117799.998530.98226400
Existing 
Fill‐1A

996.1741.3019919

754.7510754.751768.116509.82126400
Existing 
Fill‐1A

874.5121.3019920

678.4290678.429730.892485.11426400
Existing 
Fill‐1A

741.9391.3019921
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590.3620590.362687.939456.60526400
Existing 
Fill‐1A

598.1231.3019922

489.4940489.494638.742423.95126400
Existing 
Fill‐1A

442.6071.3019923

374.4160374.416582.615386.69826400
Existing 
Fill‐1A

274.7831.3019924

243.2180243.218518.625344.22626400
Existing 
Fill‐1A

93.85341.3019925

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.63986

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000913‐1.268071

002426.579110.08493712

004698.61909.3111.437943

006760.68907.8552.790954

008595.17906.5844.143955

0010191905.4665.496966

0011540.3904.4796.849967

0011674.4903.6088.202978

0011651.3902.849.555989

0011561.9902.16610.90910

0011400.3901.57812.26211

0011166.6901.07213.61512

0010862.5900.64214.96813

0010490.9900.28516.32114

0010056.1899.99817.67415

009563.39899.7819.02716

009019.34899.62720.3817

008431.61899.5421.73318

007809.12899.51823.08619

007162.17899.56124.43920

006502.61899.66825.79221

005844.04899.84127.14522

005202.2900.0828.498123

004595.32900.38929.851124

004044.72900.76831.204125

000901.22132.557126

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.50664

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000913‐1.147481
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002414.66910.6220.1545122

004632.89908.7381.45653

006602.93907.1742.75854

008304.74905.8454.060495

009728.73904.75.362486

0010869.4903.7086.664477

0011043.3902.8467.966478

0010929.3902.0989.268469

0010738.2901.45310.570410

0010462.6900.90111.872411

0010103.1900.43713.174412

009661.66900.05414.476413

009141.82899.74915.778414

008548.33899.51917.080415

007887.19899.36118.382416

007165.62899.27519.684417

006392.16899.2620.986418

005576.83899.31422.288419

004731.31899.4423.590420

003869.27899.63724.892421

003006.79899.90926.194422

002162.99900.25627.496323

001360.81900.68428.798324

00628.292901.19630.100325

000901.79931.402326

List Of Coordinates

Water Table

YX

887‐100

887100

Line Load

YX

9137

913‐1.25

Line Load

YX

913‐1.25

913‐100
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External Boundary

YX

850‐100

8500

850100

863100

872100

886100

898100

89839

9139

913‐100

897‐100

886‐100

872‐100

863‐100

855‐100

Material Boundary

YX

897‐100

89839

Material Boundary

YX

886‐100

886100

Material Boundary

YX

872‐100

872100

Material Boundary

YX

855‐100

8500

Material Boundary

YX
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863‐100

863100
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1.3831.383

W

2750.00 lbs/ft21125.00 lbs/ft2
1.3831.383

Material Name Color
Unit Weight
(lbs/ft3)

Cohesion
(lb/ft2)

Phi

Existing Fill‐1A 115 400 26

CH‐2 115 200 30

CL/SC‐3 120 400 28

CL/ML‐4 120 400 26

CL/ML‐5 120 200 28

GC/SM‐6 125 0 40

Existing Fill-1A

CH-2

CL/SC-3

CL/ML-4

CL/ML-5
GC/SM-6

Hampshire Road UC - Abutment Stability Analysis
Hampshire_Wingwall_PseudoStatic.slim
bishop simplified

  0.16

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

97
5

95
0

92
5

90
0

87
5

85
0

-120 -100 -80 -60 -40 -20 0 20 40 60 80 100

Analysis Description Hampshire Road UC - Abutment Stability Analysis
Company CH2M HILLScale 1:277Drawn By KR
File Name Hampshire_Wingwall_PseudoStatic.slimDate 3/31/2011, 5:21:18 PM

Project

Route 101/23 Interchange Improvements

SLIDEINTERPRET 6.009



Slide Analysis Information

Route 101/23 Interchange Improvements

Project Summary

File Name: Hampshire_Wingwall_PseudoStatic.slim
Slide Modeler Version: 6.009
Project Title: Route 101/23 Interchange Improvements
Analysis: Hampshire Road UC ‐ Abutment Stability Analysis
Author: KR
Company: CH2M HILL
Date Created: 3/31/2011, 5:21:18 PM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Left to Right
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified
Janbu corrected

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers
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Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

Seismic Load Coefficient (Horizontal): 0.16
2 Distributed Loads present

Distributed Load 1

Distribution: Constant
Magnitude [lbs/ft2]: 2750
Orientation: Vertical

Distributed Load 2

Distribution: Constant
Magnitude [lbs/ft2]: 1125
Orientation: Vertical

Material Properties

GC/SM‐6CL/ML‐5CL/ML‐4CL/SC‐3CH‐2Existing Fill‐1AProperty

__________________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

125120120120115115Unit Weight [lbs/ft3]

0200400400200400Cohesion [psf]

402826283026Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableNoneWater Surface

11111Hu Value

0Ru Value

Global Minimums

Method: bishop simplified
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FS: 1.382530
Center: 30.750, 933.500
Radius: 39.507
Left Slip Surface Endpoint: ‐3.022, 913.000
Right Slip Surface Endpoint: 48.086, 898.000
Resisting Moment=2.03563e+006 lb‐ft
Driving Moment=1.47239e+006 lb‐ft

Method: janbu corrected

FS: 1.265760
Center: 28.500, 923.375
Radius: 31.310
Left Slip Surface Endpoint: ‐1.041, 913.000
Right Slip Surface Endpoint: 46.842, 898.000
Resisting Horizontal Force=46803.4 lb
Driving Horizontal Force=36976.4 lb

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 18288
Number of Invalid Surfaces: 203

Error Codes:

Error Code ‐103 reported for 200 surfaces
Error Code ‐108 reported for 1 surface
Error Code ‐112 reported for 2 surfaces

Method: janbu corrected

Number of Valid Surfaces: 18156
Number of Invalid Surfaces: 335

Error Codes:

Error Code ‐103 reported for 200 surfaces
Error Code ‐108 reported for 15 surfaces
Error Code ‐112 reported for 120 surfaces

Error Codes

The following errors were encountered during the computation:

‐103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between 
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched 
slope model with two sets of Slope Limits.
‐108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
driving force is very small (0.1 is an arbitrary number).
‐112 = The coefficient M‐Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor 
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep 
seated slip surfaces with many high negative base angle slices in the passive zone.
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Slice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.38253

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

742.9480742.948762.36551.42426400
Existing 
Fill‐1A

376.6992.101561

2025.4102025.411387.861003.8526400
Existing 
Fill‐1A

1065.572.101562

2361.502361.51551.781122.4226400
Existing 
Fill‐1A

1643.032.101563

2662.7702662.771698.721228.726400
Existing 
Fill‐1A

2136.952.101564

2437.4602437.461588.831149.2226400
Existing 
Fill‐1A

2564.062.101565

964.4620964.462870.4629.5726400
Existing 
Fill‐1A

2925.412.101566

1063.7101063.71918.807664.58426400
Existing 
Fill‐1A

3060.442.101567

1118.9701118.97945.759684.07826400
Existing 
Fill‐1A

3086.932.101568

1182.2801182.28882.591638.38830200CH‐22952.592.017349

1199.5901199.59892.583645.61630200CH‐22910.132.0173410

1202.6701202.67894.363646.90330200CH‐22838.422.0173411

1191.7601191.76888.065642.34830200CH‐22739.052.0173412

1166.9501166.95873.739631.98630200CH‐22613.292.0173413

1128.1701128.17851.352615.79330200CH‐22462.072.0173414

1075.2301075.23820.788593.68530200CH‐22286.12.0173415

1007.7801007.78781.845565.51830200CH‐22085.842.0173416

925.310925.31734.228531.07630200CH‐21861.572.0173417

827.1030827.103677.528490.06430200CH‐21613.362.0173418

712.2360712.236611.211442.09630200CH‐21341.12.0173419

579.5080579.508534.578386.66630200CH‐21044.482.0173420

443.5060443.506456.058329.87230200CH‐2752.692.0173421

384.9030384.903422.224305.430200CH‐2610.792.0173422

325.2080325.208387.759280.47130200CH‐2471.0932.0173423

246.510246.51342.323247.60630200CH‐2303.4772.0173424

145.8270145.827284.193205.5630200CH‐2106.2522.0173425

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.26576

Effective 
Normal 
Stress 
[psf]

Pore 
Pressure 
[psf]

Base 
Normal 
Stress 
[psf]

Shear 
Strength 
[psf]

Shear 
Stress 
[psf]

Base 
Friction 
Angle 

[degrees]

Base 
Cohesion 
[psf]

Base 
Material

Weight 
[lbs]

Width 
[ft]

Slice 
Number

Existing 
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Fill‐1A

1712.0801712.081235.04975.72726400
Existing 
Fill‐1A

1304.451.914442

2154.6702154.671450.91146.2726400
Existing 
Fill‐1A

1922.311.914443

2528.9402528.941633.451290.4926400
Existing 
Fill‐1A

2420.611.914444

1256.5201256.521012.85800.1926400
Existing 
Fill‐1A

2835.511.914445

1041.8401041.84908.138717.46526400
Existing 
Fill‐1A

3126.331.914446

1189.9301189.93887.007700.7730200CH‐23222.661.915627

1265.7401265.74930.776735.3530200CH‐23266.391.915628

1323.6601323.66964.217761.76930200CH‐23271.231.915629

1364.7801364.78987.956780.52430200CH‐23241.111.9156210

1389.8101389.811002.41791.94330200CH‐23178.941.9156211

1399.1901399.191007.82796.2230200CH‐23086.881.9156212

1393.0801393.081004.3793.43230200CH‐22966.51.9156213

1371.4201371.42991.79783.55330200CH‐22818.931.9156214

1333.9101333.91970.131766.44230200CH‐22644.931.9156215

1279.9801279.98938.995741.84330200CH‐22444.921.9156216

1208.7701208.77897.882709.36230200CH‐22219.031.9156217

1119.0501119.05846.085668.4430200CH‐21967.11.9156218

1009.1301009.13782.618618.29930200CH‐21688.631.9156219

876.6290876.629706.122557.86430200CH‐21382.841.9156220

718.8650718.865615.038485.90430200CH‐21049.451.9156221

610.8740610.874552.687436.64430200CH‐2809.3191.9156222

533.0130533.013507.735401.13130200CH‐2623.3951.9156223

425.4990425.499445.662352.0930200CH‐2402.0031.9156224

278.8550278.855360.997285.20230200CH‐2141.0021.9156225

Interslice Data

Global Minimum Query (bishop simplified) ‐ Safety Factor: 1.38253

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000913‐3.021651

001219.67909.883‐0.9200942

004516.84907.2991.181463

007609.91905.1043.283024

0010412.5903.2125.384575

0012415.9901.5697.486136

0012942.5900.1399.587687

0013361.2898.89611.68928

0013625.4897.81913.79089

0013865.4896.92815.808110
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0013943.6896.16717.825511

0013863.1895.52919.842812

0013630.4895.00721.860213

0013255.5894.59623.877514

0012751.2894.29325.894915

0012133.9894.09527.912216

0011423.2894.00229.929517

0010642.8894.01131.946918

009820.92894.12433.964219

008990.82894.34135.981620

008192.32894.66437.998921

007457.25895.09540.016322

006730.84895.63942.033623

006026.61896.344.050924

005383.29897.08446.068325

00089848.085626

Global Minimum Query (janbu corrected) ‐ Safety Factor: 1.26576

Interslice 
Force Angle 
[degrees]

Interslice 
Shear Force 

[lbs]

Interslice 
Normal Force 

[lbs]

Y 
coordinate ‐ Bottom 

[ft]

X 
coordinate 

[ft]

Slice 
Number

000913‐1.041281

003504.49908.6410.8731582

007064.33905.5092.78763

0010353.1903.0284.702044

0013254.5900.9826.616485

0014223.2899.2598.530936

0014770.2897.79510.44547

0015327.3896.54512.3618

0015678.2895.48214.27669

0015816.9894.58516.192210

0015742.7893.8418.107911

0015459.3893.23420.023512

0014974892.7621.939113

0014297.4892.41123.854714

0013443.7892.18425.770415

0012430.6892.07527.68616

0011280.1892.08429.601617

0010019892.21131.517218

008680.19892.45633.432919

007304.31892.82335.348520

005942.11893.31637.264121

004657.51893.94339.179722

003417.39894.7141.095423

002198.95895.6343.01124

001073.34896.7244.926625

00089846.842226
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T E C H N I C A L  M E M O R A N D U M    

 

Response to Caltrans Review Comments on Foundation Report for 
Route 101/23 Interchange Improvements, Hampshire Road 
Undercrossing (Widen), Bridge No. 52-0273, Ventura County, 
California 
07-VEN-101; EA-1952U1; SR-101 PM 1.62 

PREPARED FOR: Sharid Amiri/Caltrans  

PREPARED BY: 

 

Ping Tian/CH2M HILL 

CC: Richard Hartzell/Caltrans 
Khan Hossain/Caltrans  
Juan Carlos Velasquez /CH2M HILL 

DATE: August 24, 2011 

 
CH2M HILL received Caltrans review comments, dated June 8, 2011, on the Foundation 
Report, Route 101/23 Interchange Improvements, Hampshire Road Undercrossing (Widen), Bridge 
No. 52-0273, Ventura County, California.  A meeting between Sharid Amiri of Caltrans and Ping 

Tian of CH2M HILL was conducted on August 16, 2011 to resolve the review comments. This 
technical memorandum summarizes CH2M HILL’s responses to the comments based on the 
agreement and resolution achieved from the meeting. The original review comments are 
reproduced in italic with the responses followed for each comment.  For reference, the 
original Caltrans review comments are also attached at the end of the memorandum. 

 

1. Provide two separate and stand alone documentation: Volume I should correspond to the 

Foundation Report and the Appendices and Volume II to the Calculation Volume. 

 

Response: Based on the discussion with Caltrans reviewer, one volume is appropriate considering the 

size of the report. Separate volumes for the report and the calculations are not necessary. 

 

2. Revise the Introduction Section of the subject report to only include subsections starting with 

Purpose and scope of work followed by project description, existing bridge information and 

limitations. 

 

Response: Comply – We will revise accordingly. 

 

3. The project description section of the subject report should start with and include a general 

description and aspects of the project. This includes the 101/23 improvements. Revise accordingly. 

 

Response: Comply – We will revise accordingly.  

 

4. Rename Table 1-1 to As-Built Foundation Data. 

 

Response: Comply – We will revise accordingly.  
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5. Revise “Location” to “Support” in Table 1-1. 
 

Response: Comply – We will revise accordingly. 

6. Revise Tables 2.1 and 2.2 to include, bottom of the boring elevation, date performed (Month, day 

and year) and exploration method. 

 

Response: Comply – For Table 2-1, bottom of the boring elevation can be obtained from Ground 

Surface Elevation subtracting Depth of Boring. We will add the actual date of the boring performed. 

Exploration method is already included. For Table 2-2, bottom of the boring elevation can be 

obtained from Ground Surface Elevation subtracting Exploration Depth. We will add the exploration 

method. The actual date of the boring performed is already included.  

 

7. Why there are no Cone Penetrometer (CPT) soundings for the current investigation? Explain by 

providing engineering justification. 

 

Response: Based on the Caltrans as-built LOTB, the site primarily consists of compact to very dense 

sandy and clayey gravel, and silty and clayey sand with shale fragments within the upper 60 feet of 

the site. CPT soundings may encounter shallow refusal and not be able to penetrate to the desired 

depths for structural foundation design. Therefore, CPT sounding was not included in the field 

exploration program.    

 

8. Section 3.0: Revise “Site Characterization” to “Geology”. 

 

Response: Comply - We will revise accordingly. 

 

9. Geology Section should start with Physiography, followed by Geologic Structure, Stratigraphy and 

Geologic Hazards. 

 

Response: Comply - We will revise accordingly. 

 

10. In the subsection corresponding to Geologic Hazards, include a narrative about the susceptibility 

to tsunamis or lack of with a given reference. 

 

Response: Comply - We will include the information. 

 

11. Include a Section (i.e. Section 4) in the subject report for “Subsurface Conditions”. Revise 

accordingly. 

 

Response: Comply - We will revise accordingly. 

 

12. The newly created Section 4 should start with Subsurface Conditions, followed by Groundwater 

Conditions and Idealized Soil Profile. 

 

Response: Comply – We will revise accordingly. 

 

13. Insert a titled table in the Subsurface conditions section of the subject report, idealized soil profile 

subsection to include approximate elevation, predominant soil type, total unit weight, cohesion and 

friction angle categorized for each corresponding bridge support location. (i.e. abutment, bent). 
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Response: Comply – We will include the Idealized Soil Profile Table. 

 

14. Insert a figure in the subsurface conditions of the subject report, to include the corresponding 

quadrangle for historically highest ground water contours from California Department of 

Conservation. Show the bridge location on the quadrangle. 

 

Response: Comply – This figure is included in Appendix C. We will move it out from Appendix C 

and insert it under the Section of Subsurface Conditions. The bridge location will be added on the 

figure.  

 

15. Insert a figure in the subsurface conditions of the subject report, to include the idealized soil 

profile with field groundwater table elevation, assumed designed groundwater table elevation and 

liquefaction layers if any. This figure should include the proposed structure alignment, support 

numbers and location, vertical and horizontal axis for elevation and stationing respectively. It should 

include the boring profile with the idealized strength, friction angle and field SPT numbers. 

 

Response: Comply – We will include the figure accordingly. 

 

16. Include a separate Section (i.e. Section 5) in the subject report for “Seismicity and Geo-Seismic 

Hazards” to include subsections for seismic study, ground rupture, Caltrans ARS curve, development 

of Vs30, development of Caltrans ARS curve, liquefaction, lateral spread and seismic settlement.  

 

Response: Comply – The information and discussion have been included in Section 4 of the report. 

We will include a separate Section (Section 5) to only discuss the Seismicity and Geo-Seismic 

Hazards as requested.  

 

17. Sections 6 and 7 of the subject report should correspond to Soil Corrosion and Scour 

respectively. Revise accordingly. 

 

Response: Consider the size of each section, we will add two subsections after the subsection of 

Idealized Soil Profile under Section 4 Subsurface Conditions to discuss Soil Corrosion and Scour, 

respectively. Separate Sections 6 and 7 correspond to Soil Corrosion and Scour are not necessary. 

 

18. Sections 8 and 9 should correspond to Foundation Recommendations and Construction 

Considerations respectively. 

 

Response: Sections 6 and 7 will correspond to Foundation Recommendations and Construction 

Considerations, respectively, based on the changes made for Comment No. 17. 

 

19. LOTB are already included in Appendix B, remove the boring record information in Appendix C.  

 

Response: The boring record information will still be included in Appendix C based on the discussion 

with Caltrans. No change is necessary. 

 

20. Appendix D: tabulate exclusively the unconsolidated undrained strength test results with Boring 

number, sample number, sample depth, predominant soil type, strength at 5% strain and at failure. 

 

Response: Comply – We will include the table accordingly.   

 

21. Appendix D: tabulate exclusively the corrosion test results with boring number, sample number, 

depth, predominant soil type, pH, sulfate content, chloride content and minimum resistivity. 
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Response: Table 4-2 Summary of Corrosion Test Results was already included in Section 4.2 of the 

report. A similar summary table in Appendix D is not necessary. However, we will add the sample 

number in Table 4-2 to include all of the information requested. 

   

22. Can the onsite material be used for the low expansion material specified at the abutments? Justify 

your response. 

 

Response: Based on the borings, the materials from the proposed excavation at the bents primarily 

consist of clayey sand, silty sand with gravel, silty clay, and fat clay within the top 10 feet from 

ground surface. The native granular soils generally have low potential for expansion. The fat clay has 

PI of 28 and Clay Friction (CF) of 31% based on the lab data. Activity (A=PI/CF) of this clay soil is 

about 0.903. Based on Seed et al., 1962, the clay soil with A value of 0.903 has medium potential for 

expansion. Therefore, the on-site excavated material generally has low to medium potential for 

expansion. Considering material variance and the assurance to have uniform granular structural 

backfill, we recommend import, low expansive, granular materials be used as structural backfill for 

the abutments. We will add this requirement in the Section of Construction Considerations.   

 

23. Provide the engineering calculations, including all input files and spread sheets in a CD for our 

review. 

 

Response: Comply – We will provide a CD that contains the engineering calculations, including all 

input files and spread sheets.  

 

24. Sheet No. 27 of the subject project plan: Revise Plan view to include abutment and bent 

designations. 

 

Response: Comply – We will coordinate with the structural designer to revise accordingly.  

 

25. Explain why there is no geotechnical investigation performed for each support of the subject 

bridge structure. Refer to the Caltrans review memorandum for the Preliminary Foundation Report 

for the subject bridge structure, dated January 20, 2011. 

 

Response: The current field investigation includes two borings drilled on top of the embankment for 

each of the abutments and one boring drilled for Bent 2. Review of the Caltrans as-built borings, 

within a total of eight borings drilled for the existing structure, two rotary borings B-1 and B-2 were 

located near Bent 3 of the NB structure. Those two as-built borings contain good quality of data and 

can be used for Bent 3 foundation design. All of the existing borings and the new borings show 

consistent soil conditions for the site. Liquefaction potential is low at the site. It is our opinion that the 

new borings combined with the Caltrans as-built borings provide good coverage for foundation 

design of the proposed structure widening.  

   

26. Provide documentation for the hammer efficiency and calibration. 

 

Response: Comply – Site specific calibration on the automatic hammer used for the field exploration 

was not conducted for this project. A document of CME Automatic Hammer Operations Bulletin was 

obtained from the manufacturer. Based on the document, hammer efficiency from 85 to 95% was 

recommended based on various research and testing data for the CME automatic hammer. A hammer 

efficiency of 75% was conservatively used this time for this project. We will ensure in the future 

projects that an annual calibration on the hammer efficiency is obtained prior to starting the field 



RESPONSE TO CALTRANS REVIEW COMMENTS ON FOUNDATION REPORT FOR ROUTE 101/23 INTERCHANGE IMPROVEMENTS, HAMPSHIRE ROAD 
UNDERCROSSING (WIDEN), BRIDGE NO. 52-0273, VENTURA COUNTY, CALIFORNIA 

  PAGE 5 

exploration. We will include the referenced document of CME Automatic Hammer Operations 

Bulletin in Appendix C.  

 

27. Include a figure in the subject report’s Section 2 (Geotechnical Investigation) for Boring Location 

Map. The latter must contain bridge support alignment lines, location and designation, bridge name 

and number, the scale and north arrow. 

 

Response: Comply – We will include the figure of Boring Location Map in Section 2. 

 

28. Expand on the subject of expansive soil by referring to the related laboratory testing results.  

 

Response: Comply – We will expand the subject per our response to Comment No. 22.  

 

29. Show a sample hand engineering calculation for the pile settlement and pile axial capacity for the 

proposed piles. 

 

Response: Per discussion with Caltrans, commercial software currently available to Caltrans, 

including Apile, Lpile, and Slide, will not need to be hand checked. Commercial software used in this 

project, however, are not available to Caltrans, including Settle 3D, will need to be hand checked only 

once for the project. Calculations performed by Mathcad will not need to be hand checked because 

Mathcad is similar as hand calculation.  For this foundation report, pile settlement and axial capacity 

for single pile were calculated using Apile. Pile group settlement was calculated using Settle 3D and 

Mathcad. Please refer to the sample hand calculations included in the Foundation Report for the 

Moorpark Road UC (Widen) for verifying the software of Settle 3D used for this project. 

 

30. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. Include the 

reference. 

 

Response: The latest Caltrans SDC (Version 1.6, dated November 2010) recommends using an 

ultimate passive resistance of the soil equal to 5 ksf for a 5.5 feet high backwall. For a wall height 

exceeding 5.5 feet, Caltrans SDC recommends to multiply it by a wall height factor of H/5.5. 

However, Caltrans SDC does not provide the upper limit for the ultimate passive resistance when 

wall height exceeds 5.5 feet. We think that it is reasonable to have an upper limit for the ultimate 

passive resistance for walls exceeding 5.5 feet high, and we recommend 7.7 ksf be used as the upper 

limit based on our past experience with Caltrans.   

 

31. Explain why the soil type is designated as type D. Provide reference and justification. 

 

Response: Comply- A shear wave velocity Vs30 value of 308 m/s was obtained for the site based on 

the boring data. Per Caltrans SDC, Version 1.6, dated November 2010, Soil Profile Type D is defined 

as Stiff soil with 180 m/s < Vs30 < 360 m/s or with either Standard Penetration Resistance 

15 ≤ N ≤ 50 or undrained shear strength 1,000 < Su < 2,000 psf. Based on the boring and laboratory 

data, the site should be classified as Soil Profile Type D. We will provide the reference and the 

justification in the report.  

 

32. Provide supporting documentation for the Caltrans ARS curve development per Caltrans 

Guidelines. This must include ARS online Fault Map, Basin Maps, Fault and Site data input sheet, 

Deterministic Fault Information and Seismic Procedure QC/QA Checklist, ARS on line output, 

estimation of Vs30, deterministic spread sheet calculation and comparison to ARS online, 

Probabilistic Spread Sheet Calculation and Comparison to ARS on-line and USGS 2008 Interactive 

Deaggregation (Beta) website.  
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Response: Except for the Basin Maps, the Deterministic Fault Information and Seismic Procedure 

QC/QA Checklist, and the USGS 2008 Interactive Deaggregation (Beta) website, all of the other 

requested supporting documentations for the ARS curve development per Caltrans Guidelines are 

explained in Section 4.1 and included in Appendix E-1. We will include the missing Basin Maps, the 

Deterministic Fault Information and Seismic Procedure QC/QA Checklist, and the USGS 2008 

Interactive Deaggregation (Beta) website in Appendix E-1.  

  

33. Pile Data Table (PDT) shows different values compared to the PDT on the project plans. Explain 

and reconcile. 

 

Response: Comply – The PDT in the foundation report is correct. We will coordinate with the 

structural designer to correct the PDT on the project plans. 

 

34. Explain how the values for nominal driving resistance were calculated.  

 

Response: Comply – Because of the over-sized pre-drilling through fills at abutments, the nominal 

driving resistance values were developed as follows: For Abutments 1 and 4, it equals to the total pile 

capacity required to meet the ultimate load demand and the settlement criteria by ignoring the skin 

friction from the over-size predrilled length. For Bents 2 and 3, it equals to the nominal resistance in 

compression at Strength Limit State (in control) and the settlement criteria. The explanation will be 

provided in the Section of Axial Capacity. Details on how the normal driving resistance values were 

developed are shown on the Apile output diagrams in Appendix E-2.   

 

35. Revise and update the Reference Section of the subject report to include the Preliminary 

Foundation Report and other relevant information.  

 

Response: Comply – We will update the References Section to include the Preliminary Foundation 

Report. We will check the References Section to make sure that all of the references used in the report 

are included. 
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ATTACHMENT 

Caltrans Review Comments 

 



DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES 

 
 

TO: MR. LAM NGUYEN     DATE:  June 8, 2011  
Office of Special Funded Projects (OSFP)   
Attention:  Mr. RICHARD HARTZELL    FILE:        07      VEN        101          1.62           
Fax:  (916) 227-8683        District  County    Route   Post mile 
 
FDN REPORT BY: CH2MHILL DATED: April 22, 2011         Hampshire Road UC    

     Structure Name 
 
GENERAL PLAN DATED: April 22, 2011   FDN PLAN DATED: April 22, 2011     07-1952U1      52-0273 

                     EA Number   Bridge Number 
 

Submittal (Check One): x 1st  2nd  3rd  4th  Other: 

 
 
The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittal titled “Foundation 
Report, Route 101/23 Interchange Improvements, Hampshire Road Undercrossing (Widen), Bridge No. 
52-0273, Ventura County, California”, prepared by CH2MHILL dated April 22, 2011 and received by 
our office on April 27, 2011. 
 
We have the following comments: 
 

1. Provide two separate and stand alone documentation: Volume I should correspond to the 
Foundation Report and the Appendices and Volume II to the Calculation Volume. 
 

2. Revise the Introduction Section of the subject report to only include subsections starting 
with Purpose and scope of work followed by project description, existing bridge 
information and limitations. 

 
3. The project description section of the subject report should start with and include a 

general description and aspects of the project. This includes the 101/23 improvements. 
Revise accordingly. 
 

4.   Rename Table 1-1 to As-Built Foundation Data. 
 

5. Revise “Location” to “Support” in Table 1-1. 
 

6. Revise Tables 2.1 and 2.2 to include, bottom of the boring elevation, date performed 
(Month, day and year) and exploration method. 
 

7. Why there are no Cone Penetrometer (CPT) soundings for the current investigation? 
Explain by providing engineering justification. 
 

8. Section 3.0: Revise “Site Characterization” to “Geology”. 
 

9. Geology Section should start with Physiography, followed by Geologic Structure, 
Stratigraphy and Geologic Hazards. 
 



10. In the subsection corresponding to Geologic Hazards, include a narrative about the 
susceptibility to tsunamis or lack of with a given reference. 
 

11. Include a Section (i.e. Section 4) in the subject report for “Subsurface Conditions”. 
Revise accordingly. 
 

12. The newly created Section 4 should start with Subsurface Conditions, followed by 
Groundwater Conditions and Idealized Soil Profile. 
 

13. Insert a titled table in the Subsurface conditions section of the subject report, idealized 
soil profile subsection to include approximate elevation, predominant soil type, total unit 

 weight, cohesion and friction angle categorized for each corresponding bridge support 
 location. (i.e. abutment, bent). 
  

14. Insert a figure in the subsurface conditions of the subject report, to include the  
 corresponding quadrangle for historically highest ground water contours from California 
 Department of Conservation. Show the bridge location on the quadrangle. 
 

15. Insert a figure in the subsurface conditions of the subject report, to include the idealized 
  soil profile with field groundwater table elevation, assumed designed groundwater table 
 elevation and liquefaction layers if any. This figure should include the proposed structure 
 alignment, support numbers and location, vertical and horizontal axis for elevation and 
 stationing respectively. It should include the boring profile with the idealized strength,  
 friction angle and field SPT numbers. 
 

16. Include a separate Section (i.e. Section 5) in the subject report for “Seismicity and Geo-
Seismic Hazards” to include subsections for seismic study, ground rupture, Caltrans ARS 
curve, development of Vs30, development of Caltrans ARS curve, liquefaction, lateral 
spread  and seismic settlement. 

 
17. Sections 6 and 7 of the subject report should correspond to Soil Corrosion and Scour 

 respectively. Revise accordingly. 
 

18. Sections 8 and 9 should correspond to Foundation Recommendations and Construction 
Considerations respectively. 

 
19. LOTB are already included in Appendix B, remove the boring record information in 

Appendix C. 
 

20. Appendix D: tabulate exclusively the unconsolidated undrained strength test results with 
Boring number, sample number, sample depth, predominant soil type, strength at 5% 
strain and at failure.  
 

21. Appendix D: tabulate exclusively the corrosion test results with boring number, sample 
number, depth, predominant soil type, pH, sulfate content, chloride content and minimum 
resistivity. 
 

22. Can the onsite material be used for the low expansion material specified at the 
abutments? Justify your response. 



 
23. Provide the engineering calculations, including all input files and spread sheets in a CD 

for our review. 
 

24. Sheet No. 27 of the subject project plan: Revise Plan view to include abutment and bent 
designations. 
 

25. Explain why there is no geotechnical investigation performed for each support of the 
subject bridge structure. Refer to the Caltrans review memorandum for the Preliminary 
Foundation Report for the subject bridge structure, dated January 20, 2011. 
 

26. Provide documentation for the hammer efficiency and calibration. 
 

27. Include a figure in the subject report’s Section 2 (Geotechnical Investigation) for Boring 
Location Map. The latter must contain bridge support alignment lines, location and 
designation, bridge name and number, the scale and north arrow. 
 

28. Expand on the subject of expansive soil by referring to the related laboratory testing 
results. 
 

29. Show a sample hand engineering calculation for the pile settlement and pile axial 
capacity for the proposed piles. 
 

30. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. 
Include the reference. 
 

31. Explain why the soil type is designated as type D. Provide reference and justification.  
 

 
32. Provide supporting documentation for the Caltrans ARS curve development per Caltrans 

Guidelines. This must include ARS online Fault Map, Basin Maps, Fault and Site data 
input sheet, Deterministic Fault Information and Seismic Procedure QC/QA Checklist, 
ARS on line output, estimation of Vs30, deterministic spread sheet calculation and 
comparison to ARS online, Probabilistic Spread Sheet Calculation and Comparison to 
ARS on-line and USGS 2008 Interactive Deaggregation (Beta) website. 

 
33. Pile Data Table (PDT) shows different values compared to the PDT on the project plans. 

Explain and reconcile.  
 
34. Explain how the values for nominal driving resistance were calculated. 
 
35. Revise and update the Reference Section of the subject report to include the Preliminary 

Foundation Report and other relevant information.  
 

 
 
Please call Sharid Amiri at (949)724-2599, if you have any questions. 
 

Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                   
                    Geotechnical Design South-1 



(C3)  Not Approved 
Office of Special Funded projects      
               
   
   
Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates (All Reviews) OSC R.E Pending File 
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Lee, John/SCO

From: Sharid Amiri [sharid_amiri@dot.ca.gov]
Sent: Wednesday, September 07, 2011 1:43 PM
To: Tian, Ping/SCO
Cc: Chandran, C. Yoga/SCO; Velasquez, Juan Carlos/LAC; khan_a_hossain@dot.ca.gov; Desai, 

Milind/SCO; richard_hartzell@dot.ca.gov; xinghua_mo@dot.ca.gov
Subject: RE: CH2M HILL's Responses to Caltrans Review Comments on the 65% Foundation Report , 

Bridge 52-0273, Hampshire Road UC (Widen) for 101/23 Interchange Improvements (EA 
1952U1)

I am in receipt of your email and I concur. 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 

Geotechnical Services, District 12 Oversight 
3347 Michelson Dr., Suite 100 

Irvine, Ca.92612-1699 
Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-

8041" 
****************************************************************************** 
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                                       <JuanCarlos.Velasquez@CH2M.com>      

                                                                   Subject  
                                       RE: CH2M HILL's Responses to         

                                       Caltrans Review Comments on the 65%  
                                       Foundation Report , Bridge 52-0273,  

                                       Hampshire Road UC (Widen) for        
                                       101/23 Interchange Improvements (EA  

                                       1952U1)                              
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Sharid, 

 
Followings are CH2M HILL's responses to your comments on our responses to your 65% review 

comments for Hampshire Road UC (Widen) (Bridge No. 
52-0273). 

 
22. Comply. We will add the ESEZ diagram to the Plan and FR. 
 

30. We will delete the 7.7 ksf as the upper limit for the ultimate passive resistance. We 
will refer to Caltrans SDC (Version 1.6, Dated November 2010), Section 7.8.1 (Eq. 7.44), for 

calculating the passive pressure force resisting the movement at the abutments. The bridge 
structure engineer will assess the resulting flexural and shear demand based on the soil 

pressure equations shown in SDC 1.6 and make sure the demand/capacity ratio is acceptable. 
 

Please let me know if you have any questions. 
 

Thanks, 
Ping Tian 
CH2M HILL 

 
-----Original Message----- 

From: Sharid Amiri [mailto:sharid_amiri@dot.ca.gov] 
Sent: Friday, September 02, 2011 2:08 PM 

To: Richard Hartzell 
Cc: Chandran, C. Yoga/SCO; Xinghua Mo; Richard Hartzell; Tian, Ping/SCO; Khan A Hossain 

Subject: CH2M HILL's Responses to Caltrans Review Comments on the 65% Foundation Report , 
Bridge 52-0273, Hampshire Road UC (Widen) for 101/23 Interchange Improvements (EA 1952U1) 

 
 
Richard 

 
I have the following comments (in blue) with regards to the responses to Caltrans Review 

comment No.22 and 30 by the consultant as shown below: 
 

 
22. Can the on site material be used for the low expansion material specified at the 

abutments? Justify your response. 
Response: Based on the borings, the materials from the proposed excavation at the bents 

primarily consist of clayey sand, silty sand with gravel, silty clay, and fat clay within the 
top 10 feet from ground surface. The native granular soils generally have low potential for 
expansion. The fat clay has PI of 28 and Clay Friction (CF) of 31% based on the lab data. 

Activity 
(A=PI/CF) of this clay soil is 

about 0.903. Based on Seed et al., 1962, the clay soil with A value of 
0.903 has medium potential for 

expansion. Therefore, the on-site excavated material generally has low to medium potential 
for expansion. Considering material variance and the assurance to have uniform granular 

structural backfill, we recommend import, low expansive, granular materials be used as 
structural backfill for the abutments. We will add this requirement in the Section of 
Construction Considerations. 
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Caltrans Geotech Comment: Also add/Include the ESEZ (Expansive Soil Exclusion Zone) diagram 
to the Plan and FR. 

 
30. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. 

Include the reference. 
Response: The latest Caltrans SDC (Version 1.6, dated November 2010) recommends using an 

ultimate passive resistance of the soil equal to 5 ksf for a 5.5 feet high backwall. For a 
wall height exceeding 5.5 feet, Caltrans SDC recommends to multiply it by a wall height 

factor of H/5.5. 
However, Caltrans SDC does not provide the upper limit for the ultimate passive resistance 

when wall height exceeds 5.5 feet. We think that it is reasonable to have an upper limit for 
the ultimate passive resistance for walls exceeding 5.5 feet high, and we recommend 7.7 ksf 
be used as the upper limit based on our past experience with Caltrans 

 
Caltrans Geotech Comment: the bridge structure engineer will assess the resulting flexural 

and shear demand based on the soil pressure equations shown in SDC 1.6.and make sure the 
demand/capacity ratio is acceptable. We do not concur with the response. 

 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

----- Forwarded by Sharid Amiri/D12/Caltrans/CAGov on 09/02/2011 01:43 PM 
----- 

 
             Sharid 

             Amiri/D12/Caltran 
             s/CAGov                                                    To 

                                       <Ping.Tian@CH2M.com> 
             08/26/2011 04:05                                           cc 
             PM                        CYoga.Chandran@CH2M.com, 

                                       JuanCarlos.Velasquez@CH2M.com, 
                                       Milind.Desai@CH2M.com, 

                                       Susan.Chau@CH2M.com, Xinghua 
                                       Mo/D07/Caltrans/CAGov@DOT, Khan A 

                                       Hossain/D07/Caltrans/CAGov@DOT, 
                                       Richard 

                                       Hartzell/HQ/Caltrans/CAGov@DOT 
                                                                   Subject 
                                       Re: CH2M HILL's Responses to 

                                       Caltrans Review Comments on the 65% 
                                       Foundation Reports and the GDR for 
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                                       101/23 Interchange Improvements (EA 
                                       1952U1)(Document link: Sharid 

                                       Amiri) 
 

 
 

 
 

 
 

 
 
Ping 

 
I am in receipt of the responses to our 1st review . We will review the responses and get 

back to you by next Friday. 
 

thanks 
 

 
 

 
 
 

 
Sharid Khan Amiri,Ph.D.,P.E. 

 
Senior Transportation Engineer 

California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 
*************************************************************** 

 
" For individuals with sensory disabilities, this document will be made available, upon 

request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 
these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 

write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

 
 
 

             <Ping.Tian@CH2M.c 
             om> 

                                                                        To 
             08/24/2011 11:33          <sharid_amiri@dot.ca.gov> 

             AM                                                         cc 
                                       <JuanCarlos.Velasquez@CH2M.com>, 

                                       <CYoga.Chandran@CH2M.com>, 
                                       <Milind.Desai@CH2M.com>, 
                                       <richard_hartzell@dot.ca.gov>, 

                                       <khan_a_hossain@dot.ca.gov>, 
                                       <xinghua_mo@dot.ca.gov>, 
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                                       <Susan.Chau@CH2M.com> 
                                                                   Subject 

                                       CH2M HILL's Responses to Caltrans 
                                       Review Comments on the 65% 

                                       Foundation Reports and the GDR for 
                                       101/23 Interchange Improvements (EA 

                                       1952U1) 
 

 
 

 
 
 

 
 

 
 

Sharid, 
 

Please see the attached CH2M Hill’s responses to your review comments on the 65% Draft 
Foundation Reports (3 Bridges) and the GDR for the 101/23 Interchange Improvements (EA 

1952U1) Project. 
 
CH2M HILL’s responses were based on the discussion, agreement, and resolution achieved from 

our comment resolution meeting conducted on August 16, 2011. We will incorporate all of the 
review comments based on the responses summarized in those memorandums in our final 

foundation reports and the GDR, which is scheduled for final submittal at late of this 
September. 

 
Please let me know if you have any questions, and thank you very much for your review and 

support on this project! 
 

Regards, 
 
Ping Tian 

Geotechnical Task Lead 
CH2M HILL 

 
 [attachment "Responses to Caltrans 06_01_2011 GDR Comments - Ver 1.pdf" 

deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR 
Comments_Moorpark - Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment 

"Responses to Caltrans 06_08_2011 FR Comments_Conejo - Ver 1.pdf" deleted by Sharid 
Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR Comments_Hampshire 

- Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] 
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1.0 Introduction 

1.1 Purpose and Scope of Work 

The City of Thousand Oaks has retained CH2M HILL to provide engineering services for 
the project plans, specifications, and estimate (PS&E) phase of the Route 101/State Route 
(SR) 23 Interchange Improvements project.  

This Final Foundation Report is prepared as part of the PS&E phase of the project. It 
includes the geotechnical exploration findings, conclusions, and recommendations to aid in 
the foundation design of the proposed widening at the Conejo School Road Undercrossing 
(UC) (Bridge No. 52-0274). Separate foundation reports are prepared to address the other 
bridges within the project improvements. 

The California Department of Transportation (Caltrans) reviewed the Foundation Report 
dated April 22, 2011, and provided review comments on June 8, 2011. CH2M HILL 
responded to the review comments in a technical memorandum dated August 24, 2011, after 
a meeting with Caltrans was conducted to resolve the review comments. Caltrans 
subsequently concurred with CH2M HILL’s responses to the review comments on 
September 7, 2011. The Caltrans review comments and CH2M HILL’s responses are 
included in Appendix F.  

The scope of work included the following tasks: 

• Reviewing pertinent reports and investigations as applicable 

• Drilling and sampling one mud-rotary soil boring and two hollow-stem auger (HSA) 
borings  

• Performing laboratory testing of selected soil samples to characterize subsurface soils 

• Performing foundation engineering analyses based on the existing data, field 
investigation, and laboratory testing to produce recommendations for site work, seismic 
considerations, foundation design, and construction considerations  

• Preparing this Final Foundation Report 

This Final Foundation Report supersedes the Foundation Report, Route 101/23 Interchange 
Improvements, Conejo School Road Undercrossing (Widen) Bridge No. 52-0274 
(CH2M HILL, 2011a). 

1.2 Project Description 

The Route 101/SR 23 Interchange Improvements project is located from Post Mile (PM) 0.1 
to PM 4.5 along the Ventura (Route 101) Freeway corridor between Lakeview Canyon Road 
and Moorpark Road in Ventura County, California. The project improvements include 
widening the northbound (NB) 101 freeway and bridge UCs, including the Hampshire Road 
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UC (Bridge No. 52-0273), Conejo School Road UC (Bridge No. 52-0274), and Moorpark Road 
UC (Bridge No. 52-0237); constructing associated retaining walls and sound walls for the 
widening and improving the on- and off-ramps; drainage modifications, primarily 
including adding pipes to connect to the existing drainage system, although no new culverts 
or major drainage structures are proposed; pavement construction, mainly consisting of 
replacing the existing hot-mixed asphalt (HMA) pavement with jointed plain concrete 
pavement (JPCP) at median, constructing new JPCP for the NB 101 widening on the existing 
or new roadway embankment, and constructing HMA for the outside shoulder and the on-
and off-ramps; roadway striping and re-striping; landscaping for the new grading areas; 
and installing Caltrans standard overhead signs and lights are also included within the 
project limits.  

This Final Foundation Report is prepared for design and construction of the proposed 
widening at Conejo School Road UC (Bridge No. 52-0274). Foundation design and 
construction for widening the other structures are presented in separate foundation reports. 
Foundation design and construction for retaining walls, soundwalls, and roadway 
embankment are included in the Geotechnical Design Report (CH2M HILL, 2011b). 
Materials and pavement structural section design are included in the Materials Report 
prepared for this project. 

1.3 Existing Bridge Information 

The Conejo School Road UC was originally built in 1966 and widened with a 9-foot addition 
on both sides in 1971. The bridge is located at the intersection of Route 101 at PM 2.25 and 
Conejo School Road. The site coordinates are 34°10’18.13” N, 118° 50’46.78” W. The general 
site location is shown on Figure 1-1.  

The existing structure is a three-span “T” girder bridge with continuous reinforced concrete 
(RC) deck. The bridge is approximately 123 feet long and 178 feet wide. The range of deck 
elevation is approximately 896 to 900 feet. The deck and girders are placed on open-end 
diaphragm abutments and RC column bents. Based on the as-built plans, the existing 
abutments and bents are supported on spread footings. The existing bridge foundation 
information collected from as-built documents is summarized in Table 1-1. The approach 
slopes are approximately 25 and 22 feet high at Abutments 1 and 4, respectively.  

The NB bridge will be widened to the outside by 12 feet 8 inches to accommodate additional 
lanes. The proposed bridge widening will be a three-span, cast-in-place RC box girder 
structure to match the existing structure. The General Plan for the proposed bridge widening 
is provided in Appendix A.  
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TABLE 1-1 

As-Built Foundation Data 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support Foundation Type 
Size of Footing 

(feet) 

Bottom of 
Footing 

Elevation
a 

(feet) 

Allowable 
Footing 

Pressure (tsf) 

Abutment 1 (Original) Spread Footing 3.0 (wide) 890.0 2.0 

Abutment 1 (Widening) Spread Footing 3.0 (wide) 890.0 2.0 

Bent 2 (Original) Spread Footing 6.0 x 6.0 to 7.5 x 7.5 869.0 to 871.0 4.0 

Bent 2 (Widening) Spread Footing 9.0 x 8.0 868.5 4.0 

Bent 3 (Original) Spread Footing 6.0 x 6.0 to 7.5 x 7.5 869.0 to 871.0 4.0 

Bent 3 (Widening) Spread Footing 9.0 x 8.0 868.5 4.0 

Abutment 4 (Original) Spread Footing 3.0 (wide) 886.5 2.0 

Abutment 4 (Widening) Spread Footing 3.0 (wide) 886.5 2.0 

Notes: 

tsf = tons per square foot 
a Elevation data based on National Geodetic Vertical Datum of 1929 (NGVD 29). To convert to North American 
Vertical Datum of 1988 (NAVD 88), 2.38 feet should be added. 

1.4 Pertinent Reports and Investigations 

As part of the study, CH2M HILL reviewed pertinent reports and geotechnical 
investigations performed at the project site, as available.  

The most pertinent documents reviewed included the following: 

• California Department of Transportation (Caltrans). 1971. As-Built Plans, Conejo School 
Road Undercrossing (Widen), Bridge No. 52-0274, Ventura County. November 29. 

• California Department of Transportation (Caltrans). 1964. As-Built Plans, Conejo School 
Road Undercrossing, Bridge No. 52-0274, Ventura County. August 10. 

• California Geological Survey (CGS). 2000. Seismic Hazard Report for the Thousand Oaks 7.5-
Minute Quadrangle, Ventura and Los Angeles Counties, California. Seismic Hazard Zone 
Report 042. 

• CH2M HILL. 2010a. Preliminary Foundation Report, Route 101/23 Interchange Improvements, 
Conejo School Road Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California. 
November 17. 

• CH2M HILL. 2010b. Technical Memorandum, Geotechnical Field Investigation Plan for Route 
101/23 Interchange Improvements, City of Thousand Oaks, Ventura County, California. 
December 17. 
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• CH2M HILL. 2011a. Foundation Report, Route 101/23 Interchange Improvements, Conejo 
School Road Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California. 
April 22. 

• CH2M HILL. 2011b. Geotechnical Design Report, Route 101/23 Interchange Improvements, 
U.S. Route 101 from North of Lakeview Canyon Road to 0.3 Mile North of Moorpark Road 
Undercrossing, Ventura County, California. April 22. 

• Yerkes R.F. and P.K. Showalter. 1991. Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California. United States Geological Survey Open File 
Report 91-288. 

• Yerkes, R.F., and Campbell, R.H. 2005. Preliminary Geologic Map of the Los Angeles 30’ x 
60’ Quadrangle, Southern California. Version 1.0. United States Geological Survey Open 
File Report 2005-1019. 

1.5 Limitations 

This Foundation Report has been prepared for the exclusive use of City of Thousand Oaks, 
Caltrans, and CH2M HILL design team members for the design and construction of Conejo 
School Road UC (Widen). It has been prepared in accordance with Caltrans’ Guidelines for 
Structures Foundation Reports, Version 2.0 (Caltrans, 2009a) and Foundation Report Preparation 
for Bridge Foundations (Caltrans, 2009b). No other warranty, express or implied, is made. 

The analyses and recommendations contained in this report are based on data obtained 
from published information and boring data from the current exploration and as-built 
plans. The borings indicate subsurface conditions only at specific locations at the time of 
explorations and only within the depths penetrated. They do not necessarily reflect 
subsurface variations that could exist between such locations or between samples or 
changes that could take place with time. If variations in subsurface conditions from those 
described in this report are noted during final design or construction, the recommendations 
in this report should be reevaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
widening occurs, the conclusions and recommendations of this report should not be 
considered valid unless such changes are reviewed and the conclusions of this report are 
verified in writing by CH2M HILL. CH2M HILL is not responsible for any claims, damages, 
or liability associated with the reinterpretation or reuse of the subsurface data in this report 
by others. 
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2.0 Geotechnical Investigation 

2.1 Field Investigation 

2.1.1 Review of Existing Information 

According to the as-built Log of Test Boring (LOTB), the subsurface investigation for the 
design of the original bridge was performed in September 1962, which included two rotary 
borings and three penetration borings. In addition, a subsurface investigation was 
performed in April 1967 for the bridge widening. At that time, the subsurface information 
was obtained from two penetration borings. The details of the investigations (per the as-
built LOTB) are presented in Table 2-1. Based on the as-built LOTB, groundwater was not 
encountered at any of the borings. The as-built LOTBs are presented in Appendix B.  

TABLE 2-1 

Summary of As-Built Log of Test Boring 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Boring 
No. 

 Date 
Performed 

Exploration 
Method 

Station 
(C/L) 

Route 101
a
 

Offset 
(feet) 

 

Ground 
Surface 

Elevation
b
 

(feet) 

Depth 
of 

Boring 
(feet) 

Groundwater 
Level 

Elevation
a
 

(feet) 

Caltrans As-Built Plan – November 29, 1971 

B-1 4-24-67 2
1
/4-inch Cone 

Penetrometer 
129+90 88 LT 880.8 5 NE 

B-2 4-24-67 2
1
/4-inch Cone 

Penetrometer 
128+79 98 RT 894.8 10 NE 

Caltrans As-Built Plan – August 10, 1964 

B-1 9-14-62 Rotary Boring 130+07 80 RT 894.2 50 NE 

B-2 9-14-62 Rotary Boring 128+87 62 LT 896.5 35 NE 

B-3 9-23-62 2
1
/4-inch Cone 

Penetrometer 
130+16 73 LT 893.9 18 NE 

B-4 9-21-62 2
1
/4-inch Cone 

Penetrometer 
128+89 72 RT 896.0 29 NE 

B-5 9-26-62 2
1
/4-inch Cone 

Penetrometer 
130+12 1 RT 895.6 33 NE 

Notes:  

LT = left  
NE = not encountered 
RT = right 
a Station data based on LOTB stationing 
b Elevation data based on NGVD 29. To convert to NAVD 88, 2.38 feet should be added.  



2.0  GEOTECHNICAL INVESTIGATION 

TBG041811192826SCO\FINAL_FR_CONEJO_SCHOOL_UC_MH.DOCX/ 111120002 2-2 

2.1.2 Current Investigation 

In January 2011, one rotary wash soil boring and two HSA borings were conducted at the 
proposed bridge widening location. The borings were drilled by WDC Exploration & Wells 
under subcontract to CH2M HILL. The explorations were continuously observed and 
logged under the supervision of CH2M HILL geotechnical specialists. The boring locations 
are illustrated on the Boring Location Map in Figure 2-1. Soil boring information, including 
soil boring number, station, offset, ground surface elevation, depth, and groundwater table 
elevation are summarized in Table 2-2. LOTB sheets are presented in Appendix B, and 
detailed boring logs are presented in Appendix C. 

TABLE 2-2 

Summary of Field Explorations 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Boring 
No. 

  
Date 

Perfor
med 

Exploration 
Method 

Station
 a

 
(feet)  

Offset  
(feet) 

Ground 
Surface 

Elevation 
b
  

(feet) 

Exploration 
Depth  
(feet) 

Depth of 
Groundwater 

(feet) 

A-11-004 1-29-11 
Hollow-stem 

Auger 128+60.7 83.8 RT 900.7 
70.5 65 

R-11-005 1-19-11 Mud Rotary 129+44.0 128.9 RT 873.5 51.5 NE 

A-11-006 1-29-11 
Hollow-stem 

Auger 130+19.8 83.8 RT 896.2 
70.2 NE 

Notes:  

RT = right 
NE = not encountered 
a 

Station data based on A-Line Stations  
b 

Elevation data based on NAVD 88 datum 

Sampling procedures generally followed standard penetration test (SPT) and split-barrel 
sampling of soils per ASTM International (ASTM) D1586 (ASTM, 2006). Relatively intact soil 
samples were collected from the borings using a California (ring) sampler. In addition, 
representative bulk samples were collected from the borings. Each soil sample collected was 
examined and classified in accordance with the Soil and Rock Logging Classification and 
Presentation Manual (Caltrans, 2010a).  

Soil samples were collected at 5-foot intervals using SPT and California ring samplers, 
alternately. The SPT and ring samplers were driven using an above-hole, 140-pound auto 
trip hammer, free falling from a height of 30 inches for a total penetration of 18 inches into 
the ground, or refusal depth. Blow counts were noted on the field boring logs for every 
6 inches of penetration. The blow counts reported on the boring logs are those for the last 
12 inches of penetration and represent the field N-value. The drive samplers were used to 
provide blow counts that could be used to estimate soil strength through correlations and to 
collect soil samples from discreet intervals for characterization and index testing. All 
samples were retained and transported to the laboratory for testing. 

Site-specific calibration on the automatic hammer used for the current field exploration was 
not conducted for this project. Review of the document of CME Automatic Hammer 
Operations Bulletin published by U.S. Department of the Interior (USDOI) indicates that a 
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hammer efficiency from 85 to 95 percent was recommended based on various research and 
testing data for the CME automatic hammer (USDOI, 1999). Therefore, a hammer efficiency 
of 75 percent was conservatively used for this project. The CME Automatic Hammer 
Operations Bulletin is included in Appendix C. 

2.2 Laboratory Testing 

Laboratory testing was performed on selected soil samples collected during the field 
exploration. Leighton Consulting, Inc., of Irvine, California, under subcontract to 
CH2M HILL, conducted the laboratory tests. Testing was completed in accordance with 
applicable ASTM standards (ASTM, 2006) or Caltrans Test Methods (Caltrans, 2003).  

CH2M HILL engineers reviewed the laboratory test results for completeness and 
reasonableness. The laboratory tests performed on the samples are summarized in Table 2-3, 
and the results of the tests are presented in Appendix D. 

TABLE 2-3 

Summary of Laboratory Test Methods 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Laboratory Test Test Method 

Moisture Content ASTM D2216 

In-place Density ASTM D2937 

Particle-size Analysis ASTM D422 

Atterberg Limits ASTM D4318 

One-dimensional Consolidation ASTM D2435 

Expansion Index ASTM D4829 

Direct Shear (Consolidated Drained) ASTM D3080 

Unconsolidated Undrained (UU) Triaxial ASTM D2850 

Corrosion Suite CTM 417, 422, and 532/643 

Note: 

CTM = California Test Method 
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FIGURE 2-1 
Boring Location Map
Conejo School Road Undercrossing
Route 101/23 Interchange Improvements
Ventura County, California
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3.0 Geology 

3.1 Physiography 

The area of the proposed bridge widening at the Conejo School Road UC is located near the 
boundary between rolling topography (associated with the foothills of the Santa Monica 
Mountains) and a gently sloping alluvial valley (associated with Arroyo Conejo—a major, 
gently sloping drainage that generally drains from southeast to northwest). The effects of 
the rolling topography near the bridge site have been essentially eliminated via the 
construction of cut slopes and embankment fills associated with the alignment. Based on 
our recent field investigation for this bridge site, alluvial soils were encountered to depths of 
approximately 50 feet below the existing ground surface (bgs), the total depth investigated 
at this site. Based on the presence of thick alluvial soils, and the topography present at the 
site, the physiography of this bridge site should be classified as a gently sloping alluvial 
valley. The ground surface elevation at the Conejo School Road UC is approximately 880 
feet, and the area drains to the north, into Arroyo Conejo. Surficial weathering processes 
and human activities, including the construction of the Conejo School Road UC, have 
yielded the current onsite physiographic conditions. 

3.2 Geologic Structure 

The site is located at the northern edge of the Santa Monica Mountains, within the 
Transverse Ranges Geomorphic Province of Southern California. The Santa Monica, 
San Gabriel, and San Bernardino Mountains are located within the Transverse Ranges 
Geomorphic Province, which is a generally east-west trending series of mountain ranges 
and valleys that extend from offshore (the province includes the northern Channel Islands), 
to north of the Salton Sea in the east. Within the province, the San Gabriel and San 
Bernardino Mountains are separated by the San Andreas Fault Zone, which has offset the 
two mountain ranges in a right-lateral direction. The Transverse Ranges are being 
compressed in a north-south direction resulting in a continuous, relatively rapid uplift of 
the province. It is believed that this compression is a result of the San Andreas Fault’s “Big 
Bend.” The Transverse Ranges Province is bounded on the south by a series of low-angle 
thrust faults, which on the south side of the Santa Monica Mountains includes the Malibu 
Coast and Santa Monica Faults. In the vicinity of the site, the Santa Monica Mountains are 
generally composed of middle Miocene-aged volcanic rocks, and volcanic-derived rocks, 
overlain locally by late Miocene-aged sedimentary rocks. These sedimentary rocks have 
been locally eroded from the Santa Monica Mountains, exposing the underlying volcanically 
derived units at the surface. Roughly 15 million years ago, this area and a good portion of 
the Los Angeles region were submerged by the Pacific Ocean. Tectonic evolution of western 
North America resulted in the extrusion of volcanic rocks and the uplift and formation of 
the Los Angeles Basin and the Santa Monica Mountains. 
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3.3 Stratigraphy  

Based on the results of the geologic mapping shown in Figure 3-1, the project site and 
nearby vicinity are underlain by younger to older alluvial deposits and volcanically derived 
cobbles in a volcanically derived matrix of clay, silt, and sand of the Calabasas Formation. 
Generalized descriptions of these units are presented on the Geology Map (Figure 3-1), 
summarized from Yerkes and Campbell (2005). The artificial fill soils were placed during 
previous construction and are expected to be similar in composition to the underlying 
alluvial soils. The alluvial sediments that underlie the site generally consist of a combination 
of gravel, sand, and shale fragments. Relatively thick sections of alluvial soils are expected 
below portions of the Conejo School Road UC site. 

No Alquist-Priolo Earthquake Fault Zones have been mapped transecting the alignment. A 
splay of the northeast trending Sycamore Canyon Fault has been mapped in the vicinity of 
Moorpark Road and Route 101. The fault in this area has been mapped as being concealed 
by alluvial soils and is labeled as an “undifferentiated Quaternary fault” (CGS, 1999). The 
Sycamore Canyon Fault is not considered active, as currently defined by the State and the 
Alquist-Priolo Earthquake Fault Zoning Act. The northwest trending Boney Mountain Fault 
has been mapped roughly .5 mile southwest of Route 101, trending toward Conejo School 
Road. This fault is also considered inactive by the State. 

3.4 Geologic Hazards 

3.4.1 Liquefaction 

According to the Seismic Hazard Zones Map for Thousand Oaks Quadrangle prepared by the 
State of California (2000), the proposed project site is mapped in an area not susceptible to 
liquefaction. Detailed site-specific liquefaction potential study for this site is presented in 
Section 5 of this report.  

3.4.2 Landslide  

According to the Seismic Hazard Zones Map for Thousand Oaks Quadrangle prepared by the 
State of California (2000), the proposed project site is not within the vicinity of potential 
landslide areas. Therefore, the potential for landsliding is considered low. 

3.4.3 Expansive Soil 

Based on the borings, the materials from the proposed excavation at the bents primarily 
consist of clayey sand with gravel, silty sand with gravel, and sandy lean clay with gravel 
within the top 10 feet from ground surface. The native granular soils generally have low 
potential for expansion. The sandy lean clay with gravel has a plasticity index (PI) of 14 and 
clay fraction (CF) of 17 percent based on the lab data. Activity (A=PI/CF) of this clay soil is 
about 0.823. Generally, soils with a PI less than 15 will not exhibit expansive behavior. Based 
on Seed et al., 1962, the clay soil with an activity value of 0.823 has low potential for 
expansion. Therefore, the onsite excavated material generally has low potential for 
expansion. An Expansion Index (EI) test conducted on the existing fill material of sandy lean 
clay with gravel at depths of 11.5 to 15 feet in Boring A-11-004 indicated an EI value of 50, 
which meets Caltrans requirement as low expansive structural fills. However, considering 
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material variance and the necessity of having a uniform granular structural backfill, we 
recommend import, low expansive, granular materials be used as structural backfill for the 
abutments. The expansive soil exclusion zone (ESEZ) diagram (low expansion material 
backfill limits) is depicted on the structural plan in Appendix A.  

3.4.4 Tsunamis 

Based on the Tsunami Inundation Map for Emergency Planning for Ventura County, California, 
(California Emergency Management Agency, 2009), the susceptibility to tsunamis at the 
project site is very low. 

  



Source: Yerkes, R.F. and Campbell, R.H., 2005, Preliminary Geologic Map of Los Angeles 30' x 60' Quadrangle, Southern California, Version 1.0, USGS, OFR 2005-1019.
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4.0 Subsurface Conditions 

4.1 Subsurface Conditions 

Subsurface conditions for the bridge foundation were determined based on review of the 
as-built LOTB sheet (Caltrans, 1971 and 1964) and the CH2M HILL field exploration. The 
subsurface profile generally consists of artificial fill and older alluvial deposits. Bedrock was 
not encountered during the investigation to the maximum boring depth of 70.5 feet 
(elevation of 822 feet).  

Below the existing ground surface, approximately 18.5 to 20 feet of artificial fill was 
encountered at the abutment locations, but no artificial fill was encountered at the bent 
locations. The fill generally consists of stiff silty clay and medium dense to dense clayey 
sand and silty sand. Generally, the sandy soils consist of varying amounts of gravel.  

Below the fill, the older alluvial deposits were encountered to the bottom of the exploration. 
The older alluvium deposits generally consist of dense to very dense clayey sand, silty sand, 
and hard sandy lean clay with varying amounts of gravel to approximate elevations of 835.5 
to 837 feet. Within this layer, an approximately 3.5-foot-thick very dense clayey gravel 
interlayer was encountered at the bent areas. Below this zone, a very stiff to hard sandy clay 
deposit was encountered to approximate elevations of 827.7 to 831.7 feet. Lastly, a very 
dense clayey sand with gravel layer was encountered to the bottom of the exploration.  

4.2 Groundwater Conditions 

Because the Conjo School Road UC is located on a hillside, relatively deep groundwater is 
anticipated. Based on the Seismic Hazard Report for the Thousand Oaks 7.5-Minute Quadrangle 
(CGS, 2000), the site is mapped outside of a 10-foot historically high groundwater contour. 
This map also indicates possible deep groundwater conditions at the site. The CGS 
historically high groundwater map is presented in Figure 4-1. During the field exploration, 
groundwater was encountered at an approximate elevation of 836 feet in Boring A-11-004. 
However, no groundwater was observed in the other borings of the current and previous 
borings. For the purpose of foundation design, the groundwater elevation of 843.5 feet is 
considered the design groundwater elevation at Conejo School Road UC site. It should be 
noted that the groundwater table may fluctuate because of seasonal variation, nearby 
construction, irrigation, and numerous other human-made and natural influences.  

4.3 Idealized Soil Profile 

Field investigation and laboratory test results were used to develop the engineering 
properties of the subsurface materials. In addition to laboratory tests, SPT blow counts from 
various test borings were used to estimate equivalent friction angles for granular soils based 
on established correlations in literature (Federal Highway Administration [FHWA] Manual, 
1996). The generalized (idealized) subsurface soil profiles and the material properties used 
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for engineering analyses are developed at each support location and are presented in 
Table 4-1. The idealized soil profile along the proposed widening, including the field 
groundwater table elevation, design groundwater table elevation, idealized soil strength, 
friction angle, and SPT blow counts are presented in Figure 4-2.  

TABLE 4-1 

Summary of Idealized Soil Profiles 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support Soil Type 
Elevation of 
Layer (feet) 

Total Unit Weight 
(pcf) 

Friction 
Angle 

 (degree) 
Cohesion 

 (psf) 

Abutment 1 Sandy clay with gravel 900.7 – 880.7 120 32 200 

 Clayey sand/sandy clay 880.7 – 831.7 120 35 0 

 Clayey sand with gravel <831.7 125 42 0 

Bents 2 and 3 Clayey sand with gravel 873.5 – 823.5 120 35 0 

 Gravelly lean clay <823.5 125 42 0 

Abutment 4  Silty sand with gravel 896.2 – 877.7 120 32 200 

 Sandy clay with gravel 877.7 – 842.7 120 35 0 

 Clayey sand with gravel <842.7 125 42 0 

Notes:  

pcf = pound(s) per cubic foot 
psf = pound(s) per square foot 

4.4 Soil Corrosion 

Soil laboratory tests for the corrosivity assessment were conducted on two samples collected 
in the borings drilled at the project site. The soil samples were tested for pH, minimum 
resistivity, soluble chloride content, and soluble sulfate content using the procedures 
described in CTMs 417, 422, 532, and 643 (Caltrans, 2003). The corrosion test results are 
summarized in Table 4-2. 

Caltrans currently considers a site to be corrosive to foundation elements if one or more of 
the following conditions exist: chloride concentration is greater than or equal to 500 parts 
per million (ppm), sulfate concentration is greater than or equal to 2,000 ppm, or the pH is 
5.5 or less (Caltrans, 2003). Comparison between the laboratory test results and the Caltrans 
corrosion criteria indicates that the subsurface soils are considered noncorrosive toward 
common construction materials. Therefore, corrosion mitigation is not recommended. 
Additionally, the bridge site is not within 1,000 feet of salt or brackish water. Adequate 
concrete cover over reinforcing steel should be provided in accordance with good 
construction practices and design standards. A corrosion engineer should review the data 
and provide corrosion design recommendations for construction materials proposed at the 
project site.  
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TABLE 4-2 

Summary of Corrosion Test Results 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Boring 
No. 

Sample 
No.  

Depth 
(feet) 

Soil 
Type 

Minimum 
Resistivity 
(ohm-cm) pH 

Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

A-11-004 B03 11.5 to 15 CL 885 6.21 71 116 

R-11-005 B01 0 to 5  SM 3,055 7.28 32 80 

Notes:  

ohm-cm = ohm-centimeter  
ppm = parts per million  

4.5 Scour 

There is no channel, creek, or river crossing the site. Therefore, scour is not a concern at the 
project site.  

 

 



Conejo School

Road UC

FIGURE 4-1
Historically HighGroundwater Map
Conejo School Rd. Undercrossing
Route 101/23 Interchange Improvements
Ventura County, California

CH2MCH2MCH2MCH2MHILL



CH2MCH2MCH2MCH2MHILL



 

TBG041511162302SCO\FINAL_FR_CONEJO_SCHOOL_UC_MH.DOCX/111120001 5-1 

5.0 Seismicity and Geo-Seismic Hazards  

5.1 Seismicity 

The seismic design methodology adopted for the current study is based on the following 
current Caltrans standards: 

• Geotechnical Services Design Manual (Caltrans, 2009c) 

• Seismic Design Criteria (Caltrans, 2010b) 

• Caltrans Deterministic Peak Ground Acceleration (PGA) Map (Caltrans, 2007) 

5.1.1 Site Soil Profile 

The site soil profile type is classified based on the average shear wave velocity (Vs30) in the 
upper 100 feet. The shear wave velocity was estimated using established correlations with 
SPT blow counts in accordance with Geotechnical Services Design Manual (Caltrans, 2009c). 
The soil explorations were carried out to a maximum depth of 70.5 feet bgs. As a result, the 
SPT data values were limited to the estimate of the average shear wave velocity in the upper 
70.5 feet. The estimated shear wave velocity was extrapolated to the average Vs30 of 
389 meters per second (m/sec) in the upper 100 feet (Boore, 2004). Based on Seismic Design 
Criteria (Caltrans, 2010b), Soil Profile Type C is defined as stiff soil with 360 m/sec < Vs30 
< 760 m/sec or with either Standard Penetration Resistance N > 50 or undrained shear 
strength Su > 2,000 psf. Therefore, this Vs30 of 389 m/sec is recommended to determine the 
design ground motion at the ground surface for soil profile Type C.  

5.1.2 Earthquake Sources 

The project site is located within a seismically active area in southern California. Based on 
the Caltrans Deterministic PGA Map (Caltrans, 2007), several active faults have been mapped 
within the general vicinity of the project site. The significant faults close to the project site 
include, but are not limited to, the Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa 
Section, Simi-Santa Rosa Section, and Springville Section), Chatsworth Fault, and Malibu 
Coast Fault. The location of the proposed bridge site relative to the nearby fault and the 
more-distant faults is shown in Figure 5-1.  

5.1.3 Controlling Fault Parameters 

The Simi-Santa Rosa (Camarillo-Santa Rosa Section) Fault is considered the controlling fault 
at the bridge site. This fault is a reverse fault. The maximum moment magnitude (MMax) 
and distance from the site to this seismic source and other significant sources near the site 
are summarized in Table 5-1. 
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TABLE 5-1 

Summary of Nearby Faults 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Fault Name MMax 

Distance in Kilometers 

RRup
a
 RJB

b
 Rx

c
 

Simi-Santa Rosa Fault Zone (Camarillo-Santa 
Rosa Section) 

7.0 8.73 8.67 8.58 

Simi-Santa Rosa Fault Zone (Simi-Santa Rosa 
Section) 

7.0 9.81 9.76 9.76 

Simi-Santa Rosa Fault Zone (Springville Section) 7.0 19.11 19.09 14.11 

Chatsworth Fault  6.6 12.70 12.70 12.59 

Malibu Coast Fault  6.7 14.09 11.09 14.59 

Notes: 

a RRup = Closest distance to the fault rupture plane 
b RJB = Joyner-Boore distance measured as the shortest horizontal distance to the surface projection of the rupture 
area 

c Rx = Horizontal distance to the fault trace or surface projection 

5.1.4 Seismic Ground Motion 

Both deterministic and probabilistic response spectrums at 5 percent damping were 
evaluated to determine the design spectrum at the site. In the deterministic analysis, the 
response spectrum is calculated for each of the controlling faults using the arithmetic 
average of the median spectral values predicted from the ground motion prediction 
equations (GMPE) developed by Chiou and Young (2008) and Campbell and Bozorgnia 
(2008). The parameters for the site-source distance, Vs30, and the depth to the rock used in 
the GMPEs for the deterministic analysis are those discussed in Sections 5.1.1 and 5.1.3.  

In the probabilistic analysis, the United States Geological Survey (USGS) model (Petersen et 
al., 2008) was used to calculate the response spectrum for the 975-year return period ground 
motion using Vs30 of 389 m/sec in Atkinson and Boore (2008), Chiou and Young (2008), and 
Campbell and Bozorgnia (2008) GMPEs. The response spectrum was adjusted for the site 
shear wave velocity in the upper 100 feet using the soil amplification factors derived from 
the average of the three attenuation relationships. The response spectrums obtained from 
the deterministic and the probabilistic analyses were further modified to include the 
near-fault rupture directivity effect (Caltrans, 2009c).  

Finally, the recommended design spectrum was developed as the maximum spectral value 
from both the deterministic and probabilistic analyses across the period spectrum. All the 
spectral acceleration values calculated from the magnitudes and distances of the controlling 
faults were found to be greater than the spectral values of the minimum spectrum for a 
scenario MMax of 6.5 occurring at a distance of 12 kilometers. The recommended PGA at 
the site is 0.49 g (with g being gravitational acceleration), and the recommended design 
spectrum is presented in Figure 5-2. The spectral value in the design spectrum for all 
periods is controlled by the ground motion from the probabilistic spectrum. The detailed 
ground motion analyses and the supporting documentation for the Caltrans acceleration 
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response spectrum (ARS) curve development, including ARS online fault map, basin maps, 
fault and site data input sheet, deterministic fault information and seismic procedure quality 
control/quality assurance (QC/QA) checklist, ARS on line output, estimation of Vs30, 
deterministic spread sheet calculation and comparison to ARS online, probabilistic spread 
sheet calculation and comparison to ARS on-line, and U.S. Geological Survey (USGS) 2008 
interactive deaggregation (beta) Web site, are presented in Appendix E-1. 

5.2 Geologic-Seismic Hazards 

5.2.1 Liquefaction 

Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when the following three general conditions exist: (1) shallow groundwater, (2) low-density 
sandy soils, and (3) high-intensity ground motion. Studies indicate that saturated, loose and 
medium-dense, near-surface, cohesionless soils exhibit the highest liquefaction potential; 
whereas, dry, dense, cohesionless soils and cohesive soils exhibit low to negligible 
liquefaction potential. Effects of liquefaction on level ground include sand boils, settlement, 
and failures of bearing capacity below structural foundations.  

Based on the deep groundwater condition and the hard and dense soil conditions at the site, 
potential for liquefaction is considered low.  

5.2.2 Seismically Induced Settlement 

Seismically induced settlement at the site is expected to be negligible because of the low 
potential of liquefaction at the site. Therefore, hazards associated with seismically induced 
settlement are considered low.  

5.2.3 Lateral Spreading 

Lateral spreading is defined as the finite lateral displacement of gently sloping ground as a 
result of pore water pressure build-up or liquefaction in a shallow underlying deposit 
during an earthquake. Because of the low liquefaction potential at the site, the lateral 
spreading is considered low. 

5.2.4 Ground Rupture 

According to the official maps of earthquake fault zones in the Los Angeles County area 
(CGS, 1999), the Conejo School Road UC site is not located within a State of California-
designated Alquist-Priolo Earthquake Fault Zone. Therefore, ground surface rupture 
associated with known active faults does not pose a significant hazard. 

  



Source: Caltrans Deterministic PGA Map, 2007

                            

Fault ID Mmax Fault Name
1 6.4 Bailey Fault
15 7.3 Northridge Blind Thrust Fault
126 7.2 Mission Ridge Arroyo Parida Fault
144 7.5 Newport Inglewood – Rose Canyon Fault Zone (N. LA  Basin Section)
160 6.9 Ventura-Pitas Point Fault
161 7.0 Oak Ridge Fault
162 6.5 Holser Fault
165 6.6 Chatsworth Fault
247 6.7 Sierra Madre Fault Zone (San Fernando Section)
270 6.8 Mesa-Rincon Creek Fault
274 6.7 Sierra Madre Fault Zone (Santa Susana Section)
279 6.7 Malibu Coast Fault

Fault ID Mmax Fault Name
280 6.1 Santa Monica Fault
282 6.6 Hollywood Fault
363 6.4 Lion Canyon Fault Zone
370 6.2 Mission Hills Fault
371 6.7 Northridge Hills Fault
372 7.0 Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa Section)
373 7.0 Simi-Santa Rosa Fault Zone (Simi-Santa Rosa Section)
376 7.0 Simi-Santa Rosa Fault Zone (Springville Section)
383 6.6 Oak Ridge Mid Channel Structure
403 7.0 San Cayetano Fault
418 6.9 Verdugo Fault
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6.0 Foundation Recommendations 

6.1 Foundation Types 

According to the as-built and current boring logs, the subsurface material generally consists 
of dense to very dense clayey sand and silty sand and very stiff to hard sandy lean clay. The 
existing subsurface materials are expected to provide sufficient bearing resistance for 
shallow foundations at the abutments and bents, while not exceeding tolerable settlements. 
Additionally, the existing bridge abutments and bents are supported on spread-footing 
foundations. Supporting the abutment and pier widening on spread footings would provide 
continuity of foundation type throughout the support locations. As such, spread footings 
are considered a feasible foundation system for the support of the proposed bridge 
widening at this site.  

6.1.1 Design Criteria 

According to California Amendments to American Association of State Highway and 
Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) Bridge Design 
Specifications (Caltrans, 2008a), foundation for abutment support should be designed in 
accordance with the working stress design (WSD) method, while foundation for bent 
support should be designed in accordance with the LRFD method as specified in the LRFD 
Bridge Design Specifications (AASHTO, 2007), and Caltrans Amendments (Caltrans, 2008a).  

The structural information and the demands on the foundations for the proposed NB 
widening were provided by the structural designer per Memo to Designers (MTD) 4-1 
(Caltrans, 2008b) and are summarized in Tables 6-1, 6-2, and 6-3. Procedures used to 
develop the geotechnical recommendations for the bearing capacity of the recommended 
spread footings are described in the subsequent sections. 

TABLE 6-1 

General Foundation Information 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support 
Design 
Method 

Finished Grade 
Elevation  

(feet) 

BOF 
Elevation 

(feet) 

Minimum Footing Size  
(feet) Permissible Settlement 

under Service Load  
(inch) B L 

Abut 1 WSD 896.0 891.38 3.0 12.9 1 

Bent 2 LRFD 874.4 868.75 13 14 1 

Bent 3 LRFD 874.2 868.75 13 14 1 

Abut 4 WSD 894.0 887.88 3.0 12.9 1 

Notes:  

WSD = working stress design  
LRFD = load and resistance factor design  
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TABLE 6-2 

LRFD Service - I Limit State Loads 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support 

Total Load
1 

Permanent Load
1 

Vertical 
Load  
(kips) 

Effective 
Dimensions

2
 

(feet) 
Horizontal Load in 

Long. Direction 
(kips) 

Vertical Load  
(kips) 

Effective Dimensions
2
 

(feet) 

B’ L’ B’ L’ 

Abut 1 168.8 3.0 12.9 N/A 85.6 3.0 12.9 

Bent 2 508.4 13 14 N/A 412.6 13 14 

Bent 3 504.5 13 14 N/A 405.6 13 14 

Abut 4 159.8 3.0 12.9 N/A 78.4 3.0 12.9 

Notes:  

kip = kilo pound 
N/A = not applicable 

1 Total and permanent loads are net for bent and gross for abutments. 
2 The effective footing dimensions are the same as the physical footing dimension because there is no load eccentricity 
on the footings. 

 

TABLE 6-3 

LRFD Strength and Extreme Event Limit States 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support 

Strength Limit State  
(Controlling Group) 

Extreme Event Limit State  
(Controlling Group) 

Vertical 
Load 
(kips) 

Effective Dimensions 
(feet) 

Vertical Load 
(kips) 

Effective Dimensions
1
  

(feet) 

B’ L’ B’ L’ 

Bent 2 695.2 13 14 412.6 1.7 (13) 14 (1.6) 

Bent 3 689.9 13 14 405.6 1.7 (13) 14 (1.6) 

Notes: 

kip = kilo pound 
1 Effective dimensions at extreme event limit state are different in longitudinal and transverse directions. The effective 
dimensions in transverse direction are presented in the parentheses.  

6.1.2 Shallow Foundations 

For Abutments 1 and 4 foundations, the ultimate gross bearing capacity under WSD was 
determined using the bearing capacity equation developed by Munfakh (Munfakh et al., 
2001). A factor of safety of 3 against failure was used to calculate allowable gross bearing 
capacity.  

For the Bents 2 and 3 foundations, the gross nominal bearing resistances under LRFD for the 
strength limit state and extreme event limit state at the piers were determined using the 
bearing capacity equation developed by Munfakh (Munfakh et al., 2001). The factored gross 
nominal bearing resistances for the strength limit state and extreme event limit state were 
calculated by applying resistance factors of 0.45 and 1.0 to the gross nominal bearing 
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resistance, respectively, per Section 10.5 of AASHTO LRFD Bridge Design Specifications 
(AASHTO, 2008).  

The permissible gross contact stress under WSD for the abutments and the permissible net 
contact stress under LRFD for the bents were determined using the settlement calculation 
program, SETTLE 3D Version 2.0 (Rocscience, 2010).  

The bearing resistance calculations are presented in Appendix E-2. Table 6-4 summarizes 
the results of bearing capacity and permissible contact stress calculations at the abutment 
and bent support locations, per MTD 4-1 (Caltrans, 2008b).  

TABLE 6-4 

Foundation Recommendation for Spread Footings  

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support 
Location 

Footing 
Size 
(feet) 

Bottom 
of 

Footing 
Elevation  

(feet) 

Minimum 
Footing 

Embedment 
Depth  
(feet) 

WSD  
(LRFD Service-I Limit 

State Load Combination) 

LRFD 

Service 

Strength 

(φφφφ=0.45) 

Extreme 

(φφφφ=1.0) 

B L 

Permissible 
Gross 

Contact 
Stress  
(ksf) 

Allowable 
Gross 

Bearing 
Capacity 

(ksf) 

Permissible 
Net  

Contact 
Stress 
 (ksf) 

Factored 
Gross 

Nominal 
Bearing 

Resistance 
(ksf) 

Factored 
Gross 

Nominal 
Bearing 

Resistance 
(ksf) 

Abut 1 3.0 12.9 891.38 3.0 13 4.4 N/A N/A N/A 

Bent 2 13 14 868.75 3.5 N/A N/A 14 18.5 16.7 

Bent 3 13 14 868.75 3.5 N/A N/A 14 18.5 16.7 

Abut 4 3.0 12.9 887.88 3.0 13 4.4 N/A N/A N/A 

Notes:  

ksf = kilo pound per square foot  
WSD = working stress design 
LRFD = load and resistance factor design 
N/A = not applicable 
Recommendations are based on the foundation geometry and the loads provided by Structure Design in the Foundation 
Design Data Sheet. The footing contact area is taken as equal to the effective footing area, where applicable.  
See MTD 4-1 for definitions and applications of the recommended design parameters.  

6.1.3 Lateral Resistance 

The lateral resistance of the spread footings is generated from passive resistance against the 
side of the foundation and sliding resistance between soil and the foundation.  

Based on the subsurface condition, a passive earth pressure coefficient of 3.27 was 
estimated. Assuming unit weight of backfill of 125 pcf, nominal passive earth pressure 
resistance of 409 pcf is estimated. Considering the resistance factor of 0.5 for a passive earth 
pressure component of sliding resistance (AASHTO, 2007), the factored passive resistance of 
204-psf-per-foot thickness of the footing is recommended. The passive resistance should be 
applied in a triangular load distribution (zero at the top of footing, maximum at the bottom 
of footing) on the side of the footing.  
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Nominal sliding resistance between cohesionless soil and the foundation should be taken as 
total vertical force multiplied by the coefficient of friction. For the proposed footings, a 
coefficient of friction of 0.6 is recommended based on the condition of the foundation soil. A 
resistance factor of 0.8 for the shear resistance between the soil and the foundation should 
be applied. 

6.1.4 Spread Footing Data Table 

For the proposed Conejo School Road UC widening, the foundation information for the 
contract plans is summarized in Table 6-5, Spread Footing Data Table per MTD 4-1 
(Caltrans, 2008b).  

TABLE 6-5 

Spread Footing Data Table 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Support Location 

Working Stress Design (WSD) Load and Resistance Factor Design (LRFD) 

Permissible 
Gross Contact 

Stress  
(Settlement) 

(ksf) 

Allowable Gross 
Bearing Capacity 

(ksf) 

Service  
Permissible Net  
Contact Stress  

(Settlement) 
 (ksf) 

Strength 
Factored Gross 

Nominal Bearing 
Resistance  
φb=0.45 

 (ksf) 

Extreme 
Factored Gross 

Nominal Bearing 
Resistance 
φb=1.0 
 (ksf) 

Abut 1 13 4.4 N/A N/A N/A 

Bent 2 N/A N/A 14 18.5 16.7 

Bent 3 N/A N/A 14 18.5 16.7 

Abut 4 13 4.4 N/A N/A N/A 

Notes:  

WSD = working stress design 
LRFD = load resistance factor design 
N/A = not applicable 
ksf = kilo pound per square foot 

6.2 Passive Pressure on Abutment Diaphragm  

For the longitudinal resistance of the bridge abutments, the contribution from the passive 
resistance of the backfill material behind the back wall may be mobilized. Refer to Section 
7.8.1 of Caltrans Seismic Design Criteria for calculating the passive pressure force resisting 
the movement at the abutments (Caltrans, 2010b). The initial secant stiffness of the effective 
spring may be obtained by assuming the maximum passive resistance will be mobilized at a 

horizontal displacement (∆) of 0.02H plus the width of the expansion gap between the 

bridge superstructure and the abutments. If the back wall displacement is less than the ∆ 
described previously, linear interpolation may be used to estimate the mobilized passive 
resistance. 
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6.3 Approach Fill 

As a part of the NB Route 101 traveled way widening, minor cut-and-fill grading is 
proposed on the existing slopes. The minor grading will be constructed at the same slope 
ratio of the existing slopes. Any new fill should be placed and compacted according to 
Caltrans Standard Specifications Section 19-3 for the structural backfill of the bridge abutment 
and Section 19-6 for the embankment fill (Caltrans 2006).  

6.3.1 Approach Fill Slope Stability 

During the site reconnaissance and field exploration, no evidence of excessive erosion or 
slope instability was observed in the existing slopes. The engineered fill embankments have 
been in place for more than 30 years and appear to have performed well over their lifetime. 
Similar favorable performance is expected for the minor grading on the existing slopes.  

6.3.2 Approach Fill Settlement 

Because the proposed grading consists of minor cut-and-fill on the dense to very stiff 
subgrade soils, less than 1 inch of settlement is anticipated as a result of the proposed 
grading.  

6.4 Wing Walls 

The existing wing walls at Abutments 1 and 4 will be removed as part of the proposed 
bridge demolition. The proposed wing walls at Abutments 1 and 4 will consist of 
Type 1SWB soundwalls on retaining walls on spread footings. The wing walls will be 
designed per Caltrans Standard Drawing xs14-220x for Retaining Wall Type 1SWB 
(Caltrans, 2011).  

The proposed wing wall foundations consist of one-step spread footings. The height of the 
retaining walls is 8 feet 9 inches. The wing wall spread footings will be founded at the same 
elevations of the Abutments 1 and 4 foundations. The abutment and wing wall will be 
separated by a wall expansion joint to allow for differential movement. The wing wall 
structural layout sheets are presented in Appendix E-3.  

The footing design of the proposed wing walls was checked such that it met the WSD 
design requirement for settlement and bearing capacity, per MTD 4-1 (Caltrans, 2008b). The 
analyses indicate that the proposed wing walls will not exceed the allowable gross bearing 
capacity of the subgrade soils, and will not exceed the permissible gross contact stress (gross 
bearing stress that will result in an estimated settlement of 1 inch). The wing wall settlement 
and bearing calculations are also presented in Appendix E-3.  

6.5 Structure Approach Slab 

Section 670 of the Highway Design Manual (Caltrans, 2009d) provides requirements for 
structure approach pavement systems. Seismic approach slabs are required for asphalt 
concrete pavement if the site peak bedrock acceleration is 0.6g (with g being the acceleration 
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due to gravity) or more and the embankment height is 10 feet or more, or if the site geology 
indicates a need for an approach slab. Approach slabs are used for all JPCP. 

The existing Conejo School Road UC was built without an approach slab. However, 
approach slabs will be placed for the widening sections. In accordance with Caltrans MTD 
5-3 (Caltrans, 1996), Type R (30D) seismic approach slabs will be used at the portion of 
existing structure, and Type N(30D) seismic approach slabs will be used at the new widened 
structure. 
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7.0 Construction Considerations 

7.1 Site Preparation 

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2006). 

Prior to construction, surficial vegetation, organic topsoil, and deleterious material should 
be stripped and completely removed from the site. Loose, soft, or wet material should also 
be removed and replaced with competent backfill. Existing utilities, drainage structures, and 
other existing structures may also need to be removed or protected prior to construction of 
the abutments. 

7.2 Temporary Cuts  

Excavation of the temporary cut slopes greater than 5 feet high should be no steeper than a 
gradient of 1:1 (horizontal:vertical [H:V]) or as the field conditions dictate to provide safe 
and stable slopes. All temporary excavations should be performed in accordance with the 
safety requirements of the California Occupational Safety and Health Administration 
(Cal-OSHA). Shoring, if required, may be designed in accordance with methods presented 
in the Caltrans Trenching and Shoring Manual (Caltrans, 2000). It is the responsibility of the 
contractor to provide stable excavation for the temporary cuts at the bridge site. 

7.3 Structural Backfill  

Specifications for the structural backfill material should conform to Section 19-3 of Caltrans 
Standard Specifications (Caltrans, 2006). The ESEZ diagram (low expansion material backfill 
limits) is shown on the structural plan in Appendix A. 

7.4 Earthwork 

Earthwork should be performed in accordance with Caltrans Standard Specifications, Section 
19 (Caltrans, 2006). Any temporary sloping, sheeting, or shoring should be designed per the 
Caltrans Trenching and Shoring Manual (Caltrans, 2000). Appropriate measures should be 
taken to prevent damage to adjacent structures and utilities. Likewise, measures to control 
the impact of groundwater and surface water on the stability of temporary excavations shall 
be employed and shall remain the sole responsibility of the contractor. 

Backfill soil surrounding and above pile caps, behind diaphragm walls, and underneath 
infill walls shall be placed and compacted in accordance with Section 19-3 of the Caltrans 
Standard Specifications (Caltrans, 2006). 
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7.4.1 Fill Placement and Compaction 

Native onsite granular material can be used for placement as compacted embankment fill. 
However, it should be free of organic material, debris, and oversized material. All 
embankment fill should be placed in thin, loose lifts; moisture-conditioned, as necessary, 
to near-optimum moisture content; and compacted to a minimum 95 percent relative 
compaction as determined by ASTM D1557. Considering material variance and the 
necessity of having uniform granular structural backfill, we recommend that import low-
expansive material (material with an EI less than or equal to 50) be used as structural 
backfill for the abutments. The geotechnical engineer should approve all imported material 
prior to placement. 

7.4.2 Over-excavation 

No over-excavation is anticipated for the project site. However, if soft soils are encountered 
beneath footings, they should be over-excavated and backfilled with suitable material. 
Native granular material or imported granular material may be used as backfill as long as it 
is free of organics, debris, and oversized material, and has an EI less than 50 in accordance 
with ASTM D4829. The over-excavation backfill should be placed in thin, loose lifts; 
moisture-conditioned, as necessary, to near-optimum moisture content; and compacted to a 
minimum 95 percent relative compaction as determined by ASTM D1557. 

7.5 Dewatering 

As discussed in Section 4.2, the groundwater was encountered at the elevation of 836 feet 
during the field exploration. Considering this design groundwater table, dewatering is not 
anticipated for the construction of the abutment and bent widening because the bottom of 
the footing elevations are expected to be above the design groundwater level.  

7.6 Settlement Monitoring 

As discussed in Section 6.3, settlement of the abutments with the placement of the “sliver 
fills” is anticipated to be less than 1 inch. Most of this settlement is expected to be completed 
within 1 month after placement. Therefore, no settlement monitoring is recommended. 

7.7 Geotechnical Observation 

Preparations for footing subgrade and grading operations should be observed by a 
geotechnical specialist or a technician under the supervision of a geotechnical specialist. 
Variations in soil and geologic conditions are possible and may be encountered during 
construction. To permit correlation between the exploration data and the actual conditions 
encountered during construction, a qualified geotechnical specialist should perform onsite 
reviews during construction. 
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7.8 Review of Construction Plans and Specifications 

The geotechnical recommendations in this report are based on the as-built plans, the 
geotechnical investigation, structural bridge plans, and roadway plans available at the time 
of preparing this report. The geotechnical designer should review construction plans and 
specifications to verify that the geotechnical recommendations have been incorporated into 
the bridge design. If the nature, design, or location of the proposed improvement at the 
bridge site varies from those used to develop the recommendations provided in this report, 
the recommendations should be re-evaluated. 
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SHEET OF
UNIT:

PROJECT NUMBER & PHASE:
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CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 33

75674

6/30/12

HANS DEAN

LARSEN

ACTION

PROTECT IN PLACE

PROTECT IN PLACE

PROTECT IN PLACE

Elevation = 872.48

BENCHMARK
BM 1C20

Pk nail and brass Caltrans washer flush in 

E’ly AC shoulder Conejo School Road,

2.7 Ft W\O face of AC berm, 69 Ft N\O 

N’ly edge of deck Br No. 52-274. per SR 98-258

3" DIA WATER SUPPLY LINE

2-2" ELECTRICAL LINES INSIDE BARRIER

SEE NOTE 2

1.   Utility locations shown are approximate.

    For new & existing utility locations and details
    see "ROAD PLANS".

 

2.   Protect in place. Replace 1-4" COS with a new conduit.

TIME WARNER CABLE

TIME WARNER CABLE 3-2" CONDUIT

TO BE RELOCATED

TO BE RELOCATED

TO BE RELOCATED

TO BE RELOCATED

TO BE RELOCATED

TO BE RELOCATED
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A multiplication factor 0.65 was used 

to convert from California Modified Ring 

Sampler blow count to equivalent Standard 

Penetration Test Sampler blow count.

1.   This LOTB sheet was prepared in 

    accordance with the Caltrans Soil 

    and Rock Logging, Classification,

    and Presentation Manual (June 2010).

 

2.   Groundwater was not encountered in 

    boring R-11-005.
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NOTES:

CORRECTION FACTOR:

A multiplication factor 0.65 was used 

to convert from California Modified Ring 

Sampler blow count to equivalent Standard 

Penetration Test Sampler blow count.

J. Lee

1.   This LOTB sheet was prepared in 

    accordance with the Caltrans Soil 

    and Rock Logging, Classification,

    and Presentation Manual (June 2010).

 

2.   Groundwater was not encountered in 

    boring R-11-005.

BENCHMARKS AND DATUM

FOR PLAN VIEW, SEE "LOG OF TEST BORINGS 1 OF 7" SHEET.

GE2660

PING TIAN

12/31/11

The horizontal coordinates are based 

on the North American Datum of 1983 

(NAD83) California Coordinate System 

Zone 5 epoch 1991.35, locally determined 

by points 5434,5433,5435, and 5441 from 

Caltrans Survey Request 94-156.

 

Vertical control is based on the North 

American Vertical Datum of 1988 (NAVD88) 

locally determined by the following  benchmarks  

published by the National Geodetic Survey.

 

AA3344    Elev  830.93  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3346    Elev  922.40  (Adj 1995)

 

Survey Disk  at the intersection of 

Freeway 101 and Hampshire Rd on top of 

and  2 ft northeast of the southwest end 

of the bridge deck.

I
N

I
T

I
A

L
 P

S
&

E
 S

U
B

M
I
T

T
A

L
 -

 N
O

T
 F

O
R

 C
O

N
S

T
R

U
C

T
I
O

N

52-0274

2.25

CONEJO SCHOOL ROAD UC (WIDEN)
PROJECT ENGINEER

BRIDGE NO.

POST MILES

GENERAL PLAN

Milind Desai

52-0274-FILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES
                                        10/12/11                 

SHEET OF
UNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 104/22/11 33

A-11-004

01-29-11

Hammer Efficiency Ratio (ERi) = 75%

8

22

20

68

27

50/6

41

50/5

40

55

53

92/10

29

50/3

GWS

01-29-11

M

CR

PA

PA

M

PA

M

M

PA

UW

PI

UW

UW

UW

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

8"Elev 900.70

 Elev 835.70

Terminated at Elev 830.20

ASPHALT Pavement 8"; Base (Gravel) 16".

Medium stiff.

Very stiff.

Medium dense.

Very dense.

Very dense.

Dense.

Trace fine GRAVEL.

Few large embedded gravel.

SANDY SILTY CLAY (CL-ML); olive brown to olive gray; moist; few 

GRAVEL; some fine SAND; low plasticity fines [FILL].

SANDY lean CLAY with GRAVEL (CL); stiff; dark brown; moist;

trace fine GRAVEL; some fine SAND.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

little GRAVEL; coarse to fine SAND; some medium plasticity fines 

[OLDER ALLUVIUM].

SILTY SAND with GRAVEL (SM); dense; light brown; moist; some GRAVEL; 

coarse to fine SAND; little low plasticity fines.

SANDY lean CLAY (CL); hard; olive brown; moist; few GRAVEL; 

some fine SAND; mostly low plasticity fines; micaceous.

SANDY lean CLAY (CL); very stiff; olive brown; wet; trace GRAVEL; 

fine SAND; medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense; grayish brown; wet; 

some GRAVEL; coarse to fine SAND; some medium plasticity fines.

S
t
a
 
1
2
8
+

6
0
.
7
0

8
3

.8
0

’
 R

t
 "

A
"
 L

I
N

E

EI

R-11-005

01-19-11

Hammer Efficiency Ratio (ERi) = 75%

37

57

38

48

58

95

79

65

43

83

PA

M

PA

M

M

M

UW

PI

UW

UW

UW

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

DS

PI

6"Elev 873.50

Terminated at Elev 822.00

ASPHALT Pavement 9"; Base 12".

Dense.

Lean CLAY (CL); hard; brown; moist; medium plasticity fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); brown; moist; some angular GRAVEL; 

coarse to fine SAND; little fines [OLDER ALLUVIUM].

CLAYEY GRAVEL (GC); very dense; reddish brown; moist; coarse to fine, 

angular GRAVEL; some CLAY.

CLAYEY SAND with GRAVEL (SC); very dense; reddish brown; moist; little 

GRAVEL; coarse to fine SAND; some CLAY.

CLAYEY SAND with GRAVEL (SC); very dense; reddish brown; moist; little 

GRAVEL; coarse to fine SAND; some CLAY.

GRAVELLY lean CLAY (CL); hard; grayish brown; moist; some subrounded 

GRAVEL; medium plasticity fines; PP>4.5 tsf.

S
t
a
 
1
2
9
+

4
4
.
0
0

1
2
8
.9

0
’
 R

t
 "

A
"
 L

I
N

E

R-11-005

NB ROUTE 101

O

O
L
 

8" 8"

6"R-11-005

A-11-004 A-11-006

7 8 9 130 1 2

1
3
0

1
2

3



28

LOG OF TEST BORINGS 2 OF 7
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SILTY SAND with GRAVEL (SM); dense; brown; moist; few GRAVEL; 

coarse to fine SAND; some low plasticity fines [FILL].

SANDY lean CLAY with GRAVEL (CL); hard; dark brown; moist; little 

GRAVEL; some SAND; medium plasticity fines [OLDER ALLUVIUM].
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medium plasticity fines.

Lean CLAY (CL); very stiff; grayish brown; moist; medium 

plasticity fines.
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SHEET OF
UNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 104/22/11 33

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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BRIDGE NO.

POST MILES

GENERAL PLAN

Milind Desai

52-0274-FILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES
                                        10/12/11                 

SHEET OF
UNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 104/22/11 33

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5
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50

0

5
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30

-
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-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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Field Exploration and Testing 



ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILTY CLAY (CL-ML); olive brown; moist; few
GRAVEL; some fine SAND; low plasticity fines [FILL].

Medium stiff.

SANDY lean CLAY with GRAVEL (CL); stiff; dark brown;
moist; trace fine GRAVEL; some fine SAND.

Very stiff.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some medium plasticity fines [OLDER
ALLUVIUM].

90

80

90

90

S01

S02

B03

S04

S05

12

EI
CR

PA, PI

PA

9
4
4

8
10
12

9
9
11

16
28
40

98

AFTER DRILLING (DATE)DURING DRILLING
65.0 ft 65.0 ft on 1-29-11

SURFACE ELEVATION
900.7 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-28-11

COMPLETION DATE
1-29-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1885963.0 ft / 6305787.0 ft

HOLE ID

A-11-004
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
83.80' Rt  Sta 128+60.7
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Medium dense.
CLAYEY SAND with GRAVEL (SC) (continued).

Very dense.

SILTY SAND with GRAVEL (SM); dense; light brown;
moist; some GRAVEL; coarse to fine SAND; little low
plasticity fines.

Very dense.

Dense.

SANDY lean CLAY (CL); hard; olive brown; moist; few
GRAVEL; some fine SAND; mostly low plasticity fines;
micaceous.
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Trace fine GRAVEL.
SANDY lean CLAY (CL) (continued).

Few large embedded gravel.

SANDY lean CLAY (CL); very stiff; olive brown; wet; trace
GRAVEL; fine SAND; medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense; grayish
brown; moist; some GRAVEL; coarse to fine SAND; some
medium plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 70.5 ft bgs
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ASPHALT Pavement 9"; Base 12".

CLAYEY SAND with GRAVEL (SC); brown; moist; some
angular GRAVEL; coarse to fine SAND; little fines
[OLDER ALLUVIUM].
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
873.5 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
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SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
128.90' Rt  Sta 129+44.0
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CLAYEY GRAVEL (GC); very dense; reddish brown;
moist; coarse to fine, angular GRAVEL; some CLAY.

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
CLAY.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
CLAY.

GRAVELLY lean CLAY (CL); hard; grayish brown; moist;
some subrounded GRAVEL; medium plasticity fines;
PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs

35

70

50

100

S06

S07

S08

S09

S10

S11

11

24

20

PI

15
26
32

20
41
54

15
34
45

14
27
38

22
22
21

40
41
42

121

100

101

PP =
>4.5

PP =
>4.5

M
at

er
ia

l
G

ra
ph

ic
s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-18-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER
52-0274

HOLE ID
R-11-005

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
2  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

847.50

845.50

843.50

841.50

839.50

837.50

835.50

833.50

831.50

829.50

827.50

825.50

823.50

821.50

819.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

58

95

79

65

43

83

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



ASPHALT Pavement 5" (Shoulder).
SILTY SAND with GRAVEL (SM); dense; brown; moist;
few GRAVEL; coarse to fine SAND; some low plasticity
fines [FILL].

SANDY lean CLAY with GRAVEL (CL); hard; dark brown;
moist; little GRAVEL; some SAND; medium plasticity
fines [OLDER ALLUVIUM].

PP>4.5 tsf.
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DRILLING METHOD
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WDC Exploration & Wells
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.2 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
83.80' Rt  Sta 130+19.8
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UU=5.2 tsf.
SANDY lean CLAY with GRAVEL (CL) (continued).

Yellowish brown.

PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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CLAYEY SAND with GRAVEL (SC) (continued).

SANDY lean CLAY (CL); hard; brown; moist; medium to
fine SAND; medium plasticity fines.
PP>4.5 tsf.

Lean CLAY (CL); very stiff; grayish brown; moist; medium
plasticity fines.
PP=3.0 - 3.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.

Borehole terminated at planned depth.
Bottom of borehole at 70.2 ft bgs
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1  Numbers in brackets refer to entries in the bibliography.

1

Purpose

This bulletin provides an update on the proper use of the Central Mine Equipment (CME)
automatic Standard Penetration Test (SPT) hammer based on recent drop height and drill rod
energy measurement studies.  Recent observations of the testing by government crews and
contract drilling has shown these hammers are not always operated correctly.  The CME hammer
system, when operated according to manufacturer’s instructions, can result in N values up to a
factor of 1.5 times lower than the SPT N values obtained by conventional rope and cat-head
safety hammer systems.  The hammer is rate dependent and can deliver drill rod energy ratios
varying from 60 to 90 percent.  This guide will show engineers how to evaluate the hammer
performance and how the operation can be adjusted.  The information in this bulletin can  be
used to estimate SPT drill rod energy for this hammer system based on hammer rate and drop
height observations.

Background

The Central Mine Equipment Company has been selling an automatic hammer for over 15 years. 
Figure 1 shows the exterior of the hammer system.  This hammer uses a cylindrical hammer of
lead encased in steel enclosed in a guide tube.  The hammer is lifted by a chain cam mechanism. 
On the chain is a finger cam which picks up the hammer.  The cam carries the hammer upward
and, at the end of its travel, the hammer is “flung” farther into the air.  The distance the hammer
is flung, in excess of the top of the chain travel, is a function of the speed of the chain.  There-
fore, the drop height of the hammer is a function of the speed of the chain.

In an important paper on the influence of SPT procedures in liquefaction analysis, Seed et al. [1]1

recommended 30 to 40 blows per minute (bpm).  In addition, the recently released American
Society for Testing and Materials (ASTM) Practice D 6066-97 for determining normalized
penetration resistance in sands recommends 20 to 40 bpm [2].  Consequently, there have been
numerous occurrences where a slower hammer rate has been used.  However, the rate required to
develop a 30-inch drop using the CME hammer equipped with a standard anvil is 50 to 55 bpm.

It should be stated clearly here that a blow count rate of 50 to 55 bpm is acceptable for most
geotechnical explorations, and the reduced rate is considered to be an issue only with
liquefaction investigations of sands.  There have been numerous occurrences where the hammer
has not been operated according to instructions, and the rate has been slower.  Because of these
slower rates, there have been questions regarding the energy transfer and effect on SPT blow
counts.  

Recently, the Los Angeles District Army Corps of Engineers evaluated the effect of blow count
rate on the efficiency of the CME  hammer used in their investigations of Whittier Narrows Dam. 
This report will summarize the results of this rate study and make recommendations on energy
delivered under these variable rate conditions. 
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Figure 1.—CME automatic hammer system.

There have been numerous SPT energy transfer measurements on the CME automatic hammer. 
A compilation of energy measurement data from our files is shown in table 1 [3-10].  Energy
measurements performed prior to 1990 were performed in accordance with ASTM standard 
D 4633 [11].  This method consists of measuring the force-time history of the first compression
pulse in the rods and integration of the square of the force.  This method will be denoted as EF2. 
The EF2 measurement provides the drill rod energy ratio (ERi) by using a force transducer
housed in the drill rods below the impact anvil.  Early work by Schmertmann and continued
measurements have shown that the penetration resistance “N” is inversely proportional to ERi.
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The energy transfer of SPT hammers is especially important in liquefaction evaluation of soils. 
In 1997, the ASTM developed a practice for determination of normalized penetration resistance
of sands [2].  In this practice, the effects of hammer systems are discussed.  Automatic hammers
are very desirable from the standpoint of energy transfer reproducibility.  The practice states that
for hammers used in these investigations, energy can be measured during the investigation, or an
assumed value can be used if there is reliable data from others and the hammer is operated
correctly.  

Proper Hammer Operation

The CME factory operating instructions and instructions for adjusting the hammer speed are
given in the appendix.  CME has designed the automatic hammer with a viewing slot so that the
drop height of the hammer can be easily checked.  The CME automatic hammer is designed to
operate at a speed of 50 to 55 bpm.  The chain-cam motor is hydraulic, and there are flow control
settings to adjust the blow count rate.  All drills are adjusted at the factory to provide the
recommended rate.  However, with time, these settings may change and should be checked.

The rate of the hammer depends on the engine revolutions per minute (rpm).  This is because 
the chain cam system is driven by a hydraulic motor.  The power of the motor depends on the
hydraulic fluid pressure in the drill system, and the hydraulic supply pressure varies with engine
rpm.  The hammer will not operate correctly at idle speed.  Typically, the hammer is adjusted to
operate at a set throttle detent speed of 1,500 to 2,000 rpm, or full throttle.

The flow control setting is accomplished according to the instructions in the appendix.  The
viewing slot allows for observation of the drop height.  The hammer is equipped with an anvil
that projects into the guide tube 11.75 inches.  The viewing slot is about 39 to 43 inches above
the base of the guide tube (refer to figure 1 in the appendix).  When the hammer is operated 
at about 50 to 55 bpm, the base of the hammer will be visible at a height of 41½ inches above the
base of the guide tube.  If hammer rates are set too high, the falling hammer will impact the
returning cam prior to anvil impact and may damage the equipment.  This occurs when the rate is
set near or above 60 bpm. 

Therefore, the easy way to check for proper operation is to look at the viewing slot and count the
blow count rate during testing.  The base of the hammer should be about 41½ inches above the
base of the guide tube.  

It is important that the drill operator understand what throttle speed is to be used during testing.
Field observations have shown that when the hammer is operated at idle speed or at a speed
slower than that for proper flow control, the drop height is significantly reduced.  Therefore,
during testing, if the operator fails to engage throttle detent speed, the SPT test will be invalid
unless the rate is recorded.
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Operation at slower speeds.—ASTM procedures for testing of liquefaction state that the
rate of blows should range from 20-40 bpm [2].  If it is desired to operate the hammer at 40 bpm,
the energy will be reduced.  Another approach is to add a spacer ring  to the anvil.  Based on the
properties of this hammer system, the spacer ring will allow for a 30-inch hammer drop.  Based
on theoretical calculations, the height of the spacer ring should be about 3 inches at 40 bpm.  Our
study, to follow, shows that at 40 bpm, the ring may need to be only 2 inches.  When a spacer
ring is to be used, the viewing slot must be cut and lowered 3 inches so that the hammer can be
observed, assuring proper operation.

The effect of blow count rate on SPT liquefaction data in sands is not known.  In a clean sand of
high permeability, there could be almost no difference between the N value for a hammer of 
30-inch drop performed at 50 and 20 bpm.  The rate effect is more likely a problem for dirty
sands.  In our data to follow, the rate effect on the drop height is significant when a spacer ring
is not used to maintain the 30-inch drop height. 

Maintenance.—As with any hammer system, the hammer should be maintained to ensure that
it operates correctly.  The guide sleeve and chain should be cleaned and lubricated periodically 
to ensure that the hammer is dropping freely.  You can measure the hammer efficiency by
measuring the velocity at impact with radar or a displacement transducer.  Our measurements
indicate that the hammer drops at 95 to 97 percent efficiency in a clean guide tube.  In some
cases, where we have measured low drill rod energy, the hammer velocity is slower than normal,
pointing to a situation such as a rusted or dirty guide tube interior.

Other Operation Considerations

The hammer assembly weighs about 230 lbs.  This assembly weight is significantly greater than
rope and cathead operated hammers which weigh from 75 to 100 lbs [10].  When testing very
soft soils, the hammer assembly may sink under the weight of the assembly.  The SPT data in
soft, fine-grained soils may differ significantly between the automatic and rope-cathead
hammers, so it is important to report the assembly mass on the drill log [12].  The hydraulic
cylinder that controls vertical movement of the assembly is a one-way piston, made only to lift
the assembly.  If the assembly sinks quickly, the A valve may be used to catch the hammer (see
appendix). 

In hard driving conditions, the assembly may cause secondary impacts to the anvil shoulder.  In
these conditions, valve C (hammer restricted fall) should be used.

Summary of Energy Measurements  

In the mid 1980s, after collection of EF2 drill rod energy data in the U.S. and other countries, 
H. Bolton Seed et al. recommended that SPT N values be corrected to N60 for liquefaction
analysis [1].  The correction takes the form of:

N60 = Nm * (ERi / 60) EQN (1)
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Where:

Nm = measured N value
ERi = drill rod energy ratio, expressed as a percent, of maximum theoretical energy for

the system used

The EF2 data form the basis of the 60 percent recommendation.  Seed assumed that safety
hammers deliver ERi of 60 percent.  Table 1 shows the EF2 data that were collected prior to
1992.  In this table, EF2 ERi, ranges from 83 percent to over 100 percent, and the data that are
considered reliable generally average around 85 to 95 percent.

In the 1990s, accelerometers began to find use in SPT energy measurement, and a new method
called the EFV method was developed.  Table 1 summarizes EF2 and EFV data that have been
collected since 1992.  The first EFV data were collected by Goble in 1989.  Virtually all the new
EFV data for the CME automatic hammer have been collected using equipment provided by
Goble, Rausche, Likins and Associates, Inc. (GRL).  This company has adapted their pile driving
analysis equipment for SPT energy measurements.

Review of the new GRL data in table 1 indicates the new EFV data for the CME hammer range
from 74 to 86 percent.  EFV data, where the hammer is operated at a correct rate, generally range
from 80 to 85 percent.  There is also an appreciable difference between EF2 and EFV data.  In
some cases, EFV data are higher than EF2 data, while in other cases, EFV is lower than EF2. 
There is a very wide variability in the reported EF2 data.  The reasons for the variability are not
well explained [9, 13].  Due to limited funding, GRL measurements have not been well
documented.  That is, they have been on a project to project basis.  GRL does not adjust EF2 data
for short rod lengths, and this could explain some of the lower EF2 data.   GRL believes that, due
to reflections in the stress waves near the transducers, EF2 data are not always reliable.  Also,
they believe that older, pre-1990 EF2 data could be biased toward the high side (90-95 percent)
because of errors with piezoelectric load cells.  It is well accepted that EFV measurements, if
collected correctly, are more fundamentally correct than EF2 measurements because true, one-
dimensional wave equation conditions are not met in SPT drill rod.

Measuring ERi is more difficult with the CME automatic hammer than with most hammers.  This
is because the hammer anvil aspect ratio is such that a very fast rise and fall time and a very
large, sharp peak in force and velocity can develop in the drill rods [8].  This rapidly peaking
large force results in very severe loading conditions for both accelerometers and strain
transducers.  Additional studies are planned to try to explain the lower energy levels being
measured with GRL equipment.  

An engineer who must decide on how to apply this energy data has some difficult decisions to
make.  EF2 data were originally reported as high as 90 percent.  According to equation (1) above,
CME automatic hammer N values would be lower than rope and cathead safety hammer data by a
factor of 90/60 = 1.5 using EF2 data.  Using new EFV data, a correction of 80/60 = 1.3 would be
applied.

Reclamation had the opportunity to test the difference in hammer systems at Jackson Lake Dam. 
Dynamic compaction ground improvement was performed in two phases.  SPT drilling of the
first phase was with a rope and cathead safety hammer, while in the second phase, CME
automatic hammers were used.  Over 4,000 SPT N values were analyzed [14].  The results
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indicate that N values from the CME automatic hammers differed by a factor of approximately
1.8.  The factor was surprisingly constant through a wide range of soil types, from gravel to clay. 
This larger factor could also be attributed to other effects, such as drilling method and systematic
disturbance, amount of gravels, prestress effects, etc.  But the data show there is a significant
difference in SPT N values between the automatic hammer and safety hammer.  Physical
comparison data published in many sources also show much larger differences in N values
collected with automatic and safety hammers than those predicted by EFV energy measurements
[12].  The differences are much larger than could be explained by a 20 percent energy difference
(i.e., a factor of 80/60 = 1.3) implied by the GRL data.

Even with the larger differences shown in some of the field data, the engineer who is using the
new EFV data will likely err toward conservatism and would likely apply the factor of 1.3.  This
low correction factor gives little incentive to using automatic hammers on a project if low con-
servative N values requiring costly ground modifications would result.

Even though GRL data appear to be erratic and possibly lower than the older EF2 data, GRL is
the only active SPT energy measurement contractor in the U.S.  The Army Corps of Engineers
had questions regarding past drilling at Whittier Narrows Dam.  We decided we would use the
GRL equipment to study the rate effects of the CME automatic hammer. 

Rate Effect Study

The Los Angeles District of the Army Corps of Engineers had questions regarding CME hammer
operations during their liquefaction investigation at Whittier Narrows Dam.  The CME automatic
hammer was used exclusively, and in most of the investigation, the same hammer and operator
were used.  Drop height and rate effect studies where performed to evaluate the CME hammer.

In a series of field studies on a CME 75HT drill, the rate of the hammer was varied, and the drop
height was measured through the viewing window.  Drop height was also monitored on the
second hammer in a second round of drilling.  The results of this study are summarized in 
figure 2.  When the hammer rate was slowed to about 40 bpm, the drop height was reduced to 
28 inches.  This reduction in drop height equates to a theoretical reduction in input energy of 
7 percent.

Next, a field study and energy measurements were performed by GRL [15]. Measurements were
performed in three drill holes.  The results of this study are shown in table 2 and figure 3.  Test
depths ranged from 4.5 to 35.5 feet.  GRL reports EF2 data without correction for short rod
length.  In order to compare EFV data, which are equivalent to a nominal hammer energy, it is
necessary to correct the EF2 data by the K2 factor described in the old ASTM D 4633 standard. 
This is because the hammer input energy is prematurely terminated by the reflected tensile wave
in short drill rods.  This effect can easily be seen in table 2 in the column "Average EF2."  The
shorter the rod length, the lower the value of EF2.  Once rod length is about 40 feet, the full
energy content can be delivered.
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Figure 2.—Summary of CME hammer drop height and rate measurements
(Whittier Narrows Dam investigation).
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To correct for short rod length, we first estimated the rod length during the test (table 2).  Then,
we calculated the estimated wave travel time:

wave travel time, t  = 2l’/c

Where:

l’ = length of rods, distance from transducer to bottom of rods
  c = stress wave velocity in steel, 16,800 ft/sec

For our new standard in ASTM, the short rod factor is now called the K1 factor, and we have
developed tables of K1 for different rod sizes/lengths.  The K1 factor for AW rods used in this
study is shown in table 2.  We took the average EF2 energy and multiplied it by the K1 factor to
get a nominal energy.

Table 2 and figure 3 summarize the results of the rate study.  Rates from 30 to 58 bpm were
measured.  When the rate of the hammer is slowed to around 30 bpm, drill rod energy drops 
10 to 15 percent.  These data agree fairly well with the drop height data summarized in figure 1. 
The drop height study indicates that a reduction to 40 bpm resulted in a drop height of 28 inches,
equivalent to about 7 percent energy.  Assuming a linear relationship, further reduction to 
30 bpm results in an energy loss of 14 percent, which would equate to a drop height reduction to
26 inches.  A drop height of 26 inches may well be the minimum with this hammer system and
may reflect the distance between the chain cam sprockets.

Using figure 3 and the drop height data, one could estimate the energy delivery of the CME
hammer if the blow count rate is recorded.

For the nominal energy of the Los Angeles study, which is summarized in the last row of table 1,
we averaged seven series of data at rates ranging from 50-57 bpm.  EFV ERi averaged 81 percent
while K2 corrected EF2 ERi averaged 75 percent.  The difference in EF2 and EFV data again has
not been explained.  It is not known why, in this case, the EF2 data are lower than EFV data. 
Additional controlled research is needed to explain these differences.

The assumed drill rod energy for the CME hammer, when operated at 50 to 55 bpm, should be on
the order of ERi =  85 to 95 percent based on most of the measurements made to date.  The value
used in design depends on the analysis being performed.  For the Whittier study, EF2 data were
even lower, at 75 percent.

Conclusions

In this report, energy measurements for the CME automatic hammer are reviewed.  Operational
guidelines of the CME automatic hammer are given to avoid operation at incorrect speeds. 
Finally, the effects of slowing the blow rate are measured.  The following conclusions can be
drawn from this study:
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Figure 3.—Summary of drill rod energy and rate data
(Whittier Narrows Dam investigation).
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• The CME automatic hammer delivers more energy than typical rope-cathead safety
hammer systems.  The hammer is much more consistent in energy delivery than manually
operated hammers.  The use of this automatic hammer is highly desirable, but it must be
checked to assure it is operating correctly.

• The hammer is designed to operate at 50-55 bpm.  The speed is controlled by the
hydraulics of the drill and, therefore, the flow control valves must be adjusted correctly
and the drop height should be checked to assure proper operation.  The operator should
be sure that proper engine speed is reached during testing.  The hammer is simple to
check—simply count the rate and check the position of the hammer in the viewing slot. 
The hammer speed and drop height should be reported on the drill logs.

• Numerous investigators have measured drill rod energy on the CME automatic hammer. 
Prior to the 1990s, the measurements were made according to ASTM D 4633 using the
force squared (EF2) method.  These measurements indicated that the hammer, when
operated at the correct speed, would deliver 90 to 95 percent ERi.  In the 1990s,
accelerometers came into use, and the product of force and velocity (EFV) was
measured.  The recent EFV ERi data range from 80 to 85 percent.  Reported EF2 data are
more variable, and there are differences of as high has 10 percent ERi between EF2 and
EFV data.  The reason for these differences have not been explained.  The new EFV data
appear about 10 percent lower than the older EF2 data.  Limited field comparisons
between CME automatic and safety hammers indicate larger differences in actual blow
counts than would be expected using the EFV or even older EF2 data.

• Given the new EFV data and any uncertainties with the older EF2 data, the recom-
mended drill rod energy for the CME automatic hammer operated at the correct speed of
50 to 55 bpm is 85 to 95 percent.  This assumed energy could be used for liquefaction
investigations in accordance with ASTM D 6066, method B, and thus alleviate the need
for project-specific energy measurements.  If there is uncertainty, smaller energy
corrections could be used. 

• Studying the rate of the CME automatic hammer and measuring the energy indicates that
when the hammer is operated at 30 bpm, drill rod energy loss was almost 15 percent. 
Using the information in this report, an observer could estimate energy delivery of the
CME automatic hammer from information on the speed and drop height.

• Additional studies are needed.  There needs to be a systematic study of the various
energy measurement equipment available.  This study should be performed under the
most extreme loading conditions.  The CME hammer provides a good test for response
under extreme loading.  It would also be helpful to look at additional field studies,
comparing safety hammer data and CME automatic hammer data.  Some data exist in the
literature but were not reviewed for this report.
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Appendix
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 ASTM D 4829 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-004 S01 5.0

S02 10.0 12.4 97.7 (CL-ML)g*

B03 11.5-15 50 6.21 71 116 885 @ 32.7 s(CL)g*

S04 15.0 42,22,20 17:28:55 s(CL)g

S05 20.0 21:36:43 (SC)g

S06 25.0

S07 30.0 8.6 101.7 s(ML)g*

S08 35.0 36:47:17 (SM)g

S09 40.0 13.6 102.7 SM*

S10 45.0

S11 50.0

S12 55.0

S13 60.0 25.7 96.3 CL*

S14 65.0 1:32:67 s(CL)

S15 70.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Particle - 
Size    

Distribution

Expansion 
Index

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-005 B01 0-5 7.28 32 80 3055 @ 24.5 (SM)g*

S02 5.0 33:40:27 (SC)g

S03 10.0

S04 15.0

S05 20.0 40,25,15 16:42:42 (SC)g

S06 25.0

S07 30.0 11.1 120.5 (SC)g*

S08 35.0

S09 40.0 24.3 99.9 40,21,19 (CL)s

S10 45.0

S11 50.0 20.3 101.2 (CL)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 

2216

ASTM D 

2937
ASTM D 4318 ASTM D 422

DOT CA 

Test 301
Soil pH

Chloride 

Content

Sulfate Content 

(gravimetric)

ASTM D 2487 / 

ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-006 S01 5.0 17.3 104.7 SC*

S02 10.0

S03 15.0 11.5 101.7 (SM)g*

S04 20.0

S05 25.0 19:28:53 72.60 @ 13.9 s(CL)g

S06 30.0

S07 35.0 37,23,14 s(CL)g

S08 40.0

S09 45.0 19.8 102.6 (SC-SM)g*

S10 50.0

S11 55.0 16.4 105.7 (SC)g*

S12 60.0

S13 65.0 21.0 101.9 (CL)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index

² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 

No.

Sample 

No.

Depth

Moisture 

Content

Dry 

Density

Atterberg 

Limits

Particle - 

Size    

Distribution

Unconsol.-

Undrained 

Triax. 

Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 

Identification
Min. Resistivity 

@ Moist. Cont. 

DOT CA Test 

532/643DOT CA 

Test 

532/643



Project Name: 101/23 Interchange Improvements

Project No.: 400486.01.04.02.09.SC

Depth

(ft) At 5% Strain At Failure

A-11-006 S05 25 CL 72 72.6

Table 2

Summary of Unconsolidated Undrained (UU) Triaxial Test Results

Boring No. Sample No. Soil Type
Deviator Stress (psi)



A-11-004 A-11-004 A-11-004 A-11-004

S02 S07 S09 S13

10.0 30.0 40.0 60.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 >4.50

1059.28 532.12 924.09 950.85

266.40 133.20 222.00 222.00

6.00 3.00 5.00 5.00

2.416 2.416 2.416 2.416

254.87 234.49 213.29 210.59

230.87 218.95 192.40 174.81

38.06 38.27 38.88 35.80

Container No.

109.8 110.5 116.7 121.1

12.4 8.6 13.6 25.7

97.7 101.7 102.7 96.3

46.3 35.4 57.3 92.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

Brown sandy 
silt with gravel 

s(ML)g

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
sand (SM)

M&D A-11-004, S02, S07, S09, S13



A-11-006 A-11-006 A-11-006 A-11-006 A-11-006

S01 S03 S09 S11 S13

5.0 15.0 45.0 55.0 65.0

Drive Drive Drive Drive Drive

4.25 >4.50 >4.50 >4.50 3.50

1152.77 904.27 1153.89 1155.34 1156.23

266.40 222.00 266.40 266.40 266.40

6.00 5.00 6.00 6.00 6.00

2.416 2.416 2.416 2.416 2.416

283.25 234.58 250.02 243.68 262.90

247.15 214.43 215.11 214.76 223.92

38.06 38.87 39.02 38.91 38.26

Container No.

122.8 113.4 122.9 123.1 123.2

17.3 11.5 19.8 16.4 21.0

104.7 101.7 102.6 105.7 101.9

76.4 47.2 83.2 74.7 86.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand (SC)

Brown silty 
sand with 

gravel (SM)g

Brown lean 
clay with 

gravel (CL)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty, 
clayey sand 
with gravel 
(SC-SM)g

M&D A-11-006, S01, S03, S09, S11, S13



R-11-005 R-11-005 R-11-005

S07 S09 S11

30.0 40.0 50.0

Drive Drive Drive

3.00 >4.50 >4.50

1027.64 775.47 954.21

222.00 177.60 222.00

5.00 4.00 5.00

2.416 2.416 2.416

240.86 280.56 322.62

220.55 233.26 274.88

38.11 38.84 39.18

Container No.

133.9 124.2 121.7

11.1 24.3 20.3

120.5 99.9 101.2

75.3 95.6 82.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown lean 

clay with sand 
(CL)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown lean 
clay with 

gravel (CL)g

M&D R-11-005, S07 @ 30, S09 @ 40, S11 @ 50



Project Name: Tested By: G. Bathala Date: 02/26/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 24 19

24.37 25.38 25.07 25.01 25.11 25.68

22.44 23.27 21.70 21.62 21.66 22.00

13.53 13.50 13.48 13.53 13.57 13.49

21.66 21.60 41.00 41.90 42.65 43.24

42
22
20
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S04 15.0

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 10

P
la

st
ic

ity
 In

de
x 

(P
I)

Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

40

41

42

43

44

10 100

M
oi

st
ur

e 
C

on
te

nt
 (%

)

Number of Blows

20            25          30                 40             50          60       70     80     90     



Project Name: Tested By: A. Santos Date: 02/25/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 27 21

9.71 9.63 23.99 24.71 23.42

8.09 8.04 17.92 18.36 17.30

1.07 1.07 1.04 1.05 1.03

23.08 22.81 35.96 36.68 37.62

37
23
14
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-006

S07 35.0

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 10

P
la

st
ic

ity
 In
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x 

(P
I)

Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

35

36

37

38

10 100

M
oi

st
ur

e 
C
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 (%

)

Number of Blows

20            25          30                 40             50          60       70     80     90     



Project Name: Tested By: V. Juliano Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

8.60 8.34 14.29 12.61 14.05

7.08 6.89 10.62 9.33 10.24

1.07 1.12 1.04 1.05 1.12

25.29 25.13 38.31 39.61 41.78

40
25
15
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S05 20.0

0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 01/31/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 27 18

7.62 7.68 12.46 13.58 13.81

6.46 6.51 9.29 10.03 10.05

1.04 1.04 1.06 1.12 1.12

21.40 21.39 38.52 39.84 42.11

40
21
19
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC
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7
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38

39

40

41

42

43

10 100

Number of Blows

M
oi

st
ur

e 
C

on
te

nt
 (%

)

       20            25          30                 40             50          60       70     80     90 



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 17 Soil Type

% Sand 28

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 95.44

751.43 1.00 1.00 77.42

110.50 0.00 0.00

640.93 18.02

3" 0.00 100.0 0.00 100.0 76.7

1½" 0.00 100.0 2.30 96.3 73.8

3/4" 28.04 95.6 5.37 91.3 70.0

3/8" 78.10 87.8 8.67 86.0 65.9

No. 4 110.12 82.8 12.87 79.2 60.7

No. 10 149.65 76.7 17.56 71.6 54.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.92             Wt. of Dry Soil (g) 61.92

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:58 0

11:00 2 19.8 43.0 43.6 0.0292

11:03 5 19.9 39.0 38.7 0.0192

11:13 15 20.0 35.0 33.8 0.0113

11:28 30 20.2 32.0 30.1 0.0082

11:58 60 20.3 30.0 27.6 0.0059

12:58 120 20.6 28.0 25.2 0.0042

15:08 250 21.4 26.0 22.7 0.0029

01-Mar-11 10:59 1441 20.5 24.0 20.3 0.0012

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S04

Brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-004, S04 @ 15
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280 226
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0.4
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1.7 38

71

##

17 : 28 : 55

S04

Mar-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-004 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA & Hyd A-11-004, S04 @ 15



Project Name: Tested By: A. Santos Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/01/11

Exploration No.: A-11-004 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

935 0.00

786.80 0.00

108.90 1.00

677.90 0.00

935

499.90

108.90

391.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 21 %
SAND: 36 %
FINES: 43 %
GROUP SYMBOL: (SC)g

Remarks:

72.1188.80

0.00

300.30

61.9258.20

42.8

346.90 48.8

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

387.90

55.7

PAN

Cc = (D30)²/(D60*D10) =

76.60

140.90

100.0

223.40

88.7

79.2

67.0

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-004 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 20.0 Soil Type :

Project Name:

21 : 36 : 43

S05

Mar-11
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SA A-11-004, S05 @ 20



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-004 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown silty sand with gravel (SM)g

ZK 0.00

804.93 0.00

249.97 1.00

554.96 0.00

ZK

713.30

249.97

463.33

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 36 %
SAND: 47 %
FINES: 17 %
GROUP SYMBOL: (SM)g

Remarks:

52.7262.30

41.80

100.0

PAN

400.50

36.0355.40

16.8

436.90 21.3

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

461.50

27.8

Cc = (D30)²/(D60*D10) =

0.00

112.20

202.20

92.5

310.30

79.8

63.6

44.1

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-004 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 35.0 Soil Type :

Project Name:

36 : 47 : 17

S08

Feb-11
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SA A-11-004, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     65.0

% Gravel 1 Soil Type

% Sand 32

% Fines 67

2.70 0.00 0.00

0.99 0.00 0.00 96.96

724.68 1.00 1.00 75.77

108.98 0.00 0.00

615.70 21.19

3" 0.00 100.0 0.00 100.0 98.0

1½" 0.00 100.0 0.41 99.3 97.4

3/4" 0.00 100.0 1.19 98.1 96.1

3/8" 0.00 100.0 4.00 93.5 91.6

No. 4 4.42 99.3 11.14 81.8 80.2

No. 10 12.24 98.0 19.26 68.5 67.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.24             Wt. of Dry Soil (g) 61.24

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:02 0

10:04 2 19.4 39.0 50.0 0.0303

10:07 5 19.4 34.0 42.1 0.0199

10:17 15 19.5 30.0 35.7 0.0119

10:32 30 19.6 27.0 31.0 0.0086

11:02 60 19.9 24.5 27.0 0.0062

12:02 120 20.3 22.0 23.0 0.0044

14:12 250 21.2 19.0 18.3 0.0031

01-Mar-11 10:23 1461 20.2 15.0 11.9 0.0013

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S14

Olive yellow sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-004, S14 @ 65



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

1 : 32 : 67

S14

Mar-11

s(CL)Depth (feet) :  65.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-004 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 19 Soil Type

% Sand 28

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 106.91

673.80 1.00 1.00 75.91

109.00 0.00 0.00

564.80 31.00

3" 0.00 100.0 0.00 100.0 75.7

1½" 0.00 100.0 2.41 97.6 73.8

3/4" 30.80 94.5 7.34 92.7 70.1

3/8" 77.70 86.2 13.78 86.2 65.2

No. 4 105.80 81.3 21.82 78.2 59.2

No. 10 137.50 75.7 30.44 69.6 52.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.10             Wt. of Dry Soil (g) 100.10

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:48 0

9:50 2 20.5 58.5 38.6 0.0246

9:53 5 20.5 53.0 34.5 0.0166

10:03 15 20.6 47.0 30.0 0.0102

10:18 30 20.7 43.0 27.0 0.0074

10:48 60 20.9 39.0 24.0 0.0055

11:48 120 21.3 35.0 21.0 0.0039

13:58 250 21.7 31.0 18.0 0.0028

25-Feb-11 9:48 1440 20.7 24.5 13.1 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-006

S05

Olive brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-006, S05 @ 25



S08 35

111
278 76
39

0

4.6
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10 19
21 27
47 34

62

##

19 : 28 : 53

S05

Mar-11

s(CL)gDepth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-006 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-006, S05 @ 25



Project Name: Tested By: S. Felter Date: 01/21/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-005 Depth (feet): 5.0

Sample No.: S02

Soil Identification: Brown clayey sand with gravel (SC)g

G 0.00

517.18 0.00

142.25 1.00

374.93 0.00

G

418.70

142.25

276.45

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 40 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

80.0

67.3

53.4

59.8150.60

24.10

100.0

46.9199.10

174.80

26.6

249.90 33.3

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

275.20

39.9

PAN

225.30

93.6

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

74.90

122.60

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-005 Sample No.:

400486.01.04.02.09.SC

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements
Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

33 : 40 : 27

S02

Feb-11

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA R-11-005, S02 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/28/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 16 Soil Type

% Sand 42

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 102.60

419.17 1.00 1.00 74.98

38.69 0.00 0.00

380.48 27.62

3" 0.00 100.0 0.00 100.0 75.6

1½" 0.00 100.0 2.68 95.6 72.3

3/4" 0.00 100.0 7.13 88.4 66.8

3/8" 24.61 93.5 12.51 79.6 60.2

No. 4 59.92 84.3 19.74 67.8 51.3

No. 10 92.82 75.6 27.13 55.7 42.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.28             Wt. of Dry Soil (g) 61.28

Deflocculant  125 cc of 4% Solution

27-Jan-11 10:02 0

10:04 2 21.7 33.0 33.0 0.0310

10:07 5 21.6 30.0 29.4 0.0201

10:17 15 21.7 26.0 24.5 0.0119

10:32 30 21.7 24.0 22.0 0.0085

11:02 60 21.8 22.0 19.6 0.0061

12:02 120 21.8 20.0 17.1 0.0044

14:12 250 21.7 18.0 14.7 0.0031

28-Jan-11 9:41 1419 20.5 14.0 9.8 0.0013

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S05

Yellowish brown clayey sand with gravel (SC)g

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd R-11-005, S05 @ 20



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-005 Sample No.:

101/23 Interchange Improvements

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

(SC)g

GR:SA:FI : (%)

Depth (feet) :  20.0 Soil Type :

Project Name:

16 : 42 : 42

S05

Feb-11
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/02/11
Boring No.: A-11-006 Sample Type: Drive
Sample No.: S05 Depth(ft): 25.0
Sample Description:

1 2.412
2 2.413
3 2.415

Average 2.413
1 4.590
2 4.589
3 4.593

Average 4.591

676.90
0.00

785.70
673.80
109.20
2.70
13.9
0.045

19.82 72.60
102.5 13.90
0.644 86.50
83.1 6.53

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown sandy lean clay with gravel s(CL)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

0.0
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Project Name: 101/23 Interchange Improvements Tested By: G. Bathala Date: 01/24/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 10.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
183.90 184.99 188.83
42.36 44.10 41.97

Before Shearing
253.32 253.32 253.32
216.40 216.40 216.40
38.17 38.17 38.17
0.0000 0.0000 0.0000
-0.0036 -0.0071 -0.0141

After Shearing
179.50 177.41 184.80
152.46 144.72 159.31
35.50 36.29 37.04
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S03
R-11-005

Yellowish brown lean clay with sand (CL)s
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS R-11-005, S03 @ 10



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s 76.8

0.9964
23.1

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

84.0
0.9859
20.8

1.000
1.506
0.560
0.0017

1.000
2.415

1.000
2.415

2.000
1.716
1.437
0.0017

4.000
4.398
2.745
0.0017

75.9
0.9929
30.1

Soil Identification: 20.71
97.1

20.71
97.5 101.2

1.000
2.415
20.71

Boring No.
Sample No.
Depth (ft)

R-11-005
S03
10

0.00

1.00

2.00

3.00

4.00

5.00

0 0.1 0.2 0.3

Horizontal Deformation (in.)
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Project Name: Tested By: G. Bathala Date: 02/04/11
Project No.: Checked By: J. Ward Date: 03/02/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
191.96
42.66
0.9725

365.61
319.06
39.34
16.6
106.4

77
0.3764

232.36
206.65
39.11
20.59
106.7

96
0.3468
2.70
62.43

0.10 0.3762 0.9998 0.00 0.02 0.584 0.02 2/8/11 7:45:00 0.0 0.0 0.3684
0.25 0.3738 0.9974 0.04 0.26 0.581 0.22 2/8/11 7:45:06 0.1 0.3 0.3664
0.50 0.3707 0.9943 0.07 0.57 0.577 0.50 2/8/11 7:45:15 0.2 0.5 0.3662
1.00 0.3679 0.9915 0.09 0.86 0.573 0.77 2/8/11 7:45:30 0.5 0.7 0.3661
1.00 0.3684 0.9920 0.09 0.81 0.573 0.72 2/8/11 7:46:00 1.0 1.0 0.3660
2.00 0.3640 0.9876 0.15 1.25 0.567 1.10 2/8/11 7:47:00 2.0 1.4 0.3659
4.00 0.3576 0.9812 0.28 1.88 0.559 1.60 2/8/11 7:49:00 4.0 2.0 0.3658
8.00 0.3466 0.9702 0.52 2.98 0.546 2.46 2/8/11 7:53:00 8.0 2.8 0.3657
16.00 0.3273 0.9509 0.71 4.91 0.518 4.20 2/8/11 8:00:00 15.0 3.9 0.3655
4.00 0.3322 0.9558 0.42 4.42 0.521 4.00 2/8/11 8:30:00 45.0 6.7 0.3653
1.00 0.3385 0.9621 0.28 3.79 0.529 3.51 2/8/11 8:45:00 60.0 7.7 0.3652
0.25 0.3468 0.9704 0.21 2.97 0.541 2.76 2/8/11 9:45:00 120.0 11.0 0.3650

2/8/11 11:45:00 240.0 15.5 0.3648
2/8/11 15:45:00 480.0 21.9 0.3646
2/9/11 7:45:00 1440.0 37.9 0.3642
2/10/11 7:25:00 2860.0 53.5 0.3640
2/10/11 8:35:00 2930.0 54.1 0.3640

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown sandy lean clay with gravel s(CL)g

35.0
S07
A-11-006

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

0.510

0.520

0.530

0.540

0.550

0.560

0.570

0.580

0.590

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

20.6 106.7A-11-006 S07 16.6

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.541 77 96106.4

Degree of 
Saturation (%)Dry Density (pcf)  

0.585

Void Ratio

35.0
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0.3690

0.1 1.0 10.0 100.0 1000.0 10000.0

D
ef

or
m

at
io

n 
D

ia
l R

ea
di

ng
 (i

n.
)

Log of Time (min.)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50
0.10 1.00 10.00 100.00

D
ef

or
m

at
io

n 
(%

)

Pressure, p (ksf)

0.3630

0.3640

0.3650

0.3660

0.3670

0.3680

0.3690

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Square Root of Time (min.1/2)

Inundate with  
Tap water



Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/01/11

Boring No. A-11-004

Sample No. B03

Sample Depth (ft) 11.5-15.0

189.20

172.90

64.10

14.98

100.60

9

18

830

7:40/8:25

45

19.7388

19.7364

0.0024

98.76

116

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 71

6.21

20.5

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Dark brown 
s(CL)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     11.5-15.0 Revised:

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)14.98 3900

14.98

189.20

920

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

23.83

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3900

1010

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 885

92041.52

32.67

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

172.90

64.10

885 32.7 116 71 6.21 20.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1010

885

Dark brown s(CL)g

B03

101/23 Interchange Improvements 02/17/11

03/01/11400486.01.04.02.09

A-11-004 06/27/11
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 04/08/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 04/12/11

Boring No. R-11-005

Sample No. B01

Sample Depth (ft) 0.0-5.0

194.10

185.14

68.55

7.69

100.27

14

4

840

7:25/8:10

45

19.3113

19.3095

0.0018

74.07

80

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 32

7.28

19.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Yellowish 
brown (SM)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.97 3737

7.69

194.10

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

24.25

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

550

450

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 52032.54

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

185.14

68.55

3055 24.5 80 32 7.28 19.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

3058

3533

Yellowish brown (SM)g

B01

101/23 Interchange Improvements 04/11/11

04/12/11

0.0-5.0

400486.01.04.02.09
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Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

4240

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 50

1.0

0.3980
04/18/11 7:50 1.0 4310 0.3980
04/18/11 6:40 1.0

Add Distilled Water to the Specimen
04/15/11 12:15 1.0 255 0.3950

10
04/15/11 7:50 1.0 0 0.3510

0.348004/15/11 8:00

Degree of Saturation (%) [ S meas] 50.4 88.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.420 0.446
Pore Volume                  (cc)  86.9 96.6

Dry Density                    (pcf) 97.8 93.4
Void Ratio   0.724 0.805

Moisture Content            (%) 13.51 26.41
Wet Density                   (pcf) 111.0 118.1

Dry Wt. of Soil + Cont.    (g) 646.20 514.53
Wt. of Container             (g) 0.00 190.30

Container No. O O
Wet Wt. of Soil + Cont.   (g) 733.50 600.17

Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0470
Wt. Comp. Soil + Mold    (g) 558.30 409.87

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

11.5-15.0
Sample No. : B03
Soil Identification: Dark brown clayey sand with gravel (SC)g

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-004

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements



Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.) 11.5-15.0 Revised: 06/27/11

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-004

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

Sample No. : B03
Soil Identification: Dark brown sandy lean clay with gravel s(CL)g

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0470
Wt. Comp. Soil + Mold    (g) 558.30 409.87
Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 733.50 600.17
Dry Wt. of Soil + Cont.    (g) 646.20 514.53
Wt. of Container             (g) 0.00 190.30
Moisture Content            (%) 13.51 26.41
Wet Density                   (pcf) 111.0 118.1
Dry Density                    (pcf) 97.8 93.4
Void Ratio   0.724 0.805
Total Porosity 0.420 0.446
Pore Volume                  (cc)  86.9 96.6
Degree of Saturation (%) [ S meas] 50.4 88.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/15/11 7:50 1.0 0 0.3510

0.348004/15/11 8:00
Add Distilled Water to the Specimen

04/15/11 12:15 1.0 255 0.3950

1.0

0.3980
04/18/11 7:50 1.0 4310 0.3980
04/18/11 6:40 1.0 4240

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 50
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Appendix E 
Analyses and Calculations  
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Appendix E-1 
Seismic Evaluation Documents and Worksheets 
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Figure B.7 Contours of depth (meters) to shear wave velocity 1 km/s (Z1.0) in the Ventura Basin.
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APPENDIX B – DESIGN SPECTRUM DEVELOPMENT  
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Figure B.8  Contours of depth (meters) to shear wave velocity 2.5 km/s (Z2.5) in the Ventura Basin. 
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Analysis of CY-CB Attenuation Prediction Equation vs ARS Online Results

Comparison of ARS Curves
(unlock sheet with "shmi")

Model Inputs  

Fault

Magnitude 7.0 (5 to 8.5)

F RV 1 (input 1 = Rev)

F NM 0 (input 1 = Normal)

Dip (degree) 60 ( 0 to 90)

Z TOR (km) 1

Distance

R RUP (km) 8.8

R JB (km) 8.7

R x  (km) 8.6

Hanging Wall? FALSE

Near-Field Factor? TRUE

Site

V S30 (m/sec) 389 (270 to 1500 m/s)

Z 1.0  (m) 320 (0 - No Basin)

Z 2.5  (km) 2 (0 - No Basin)

No. Cal. Basin? FALSE

So. Cal. Basin? FALSE

Analysis

ARS Online vs CY-CB Spreadsheet Results

MAX. % Diff. = 1%

Min. Spectrum for CA Min Sprectrum for ECSZ

T (sec) CB-CY   S(a) T (sec) Base S(a)

Basin 

Factor

Near 

Fault 

Factor

Final 

Adj. S(a)

Diff. 

(%) T (sec) S (a) T (sec) S (a)

0.010 0.37645 0.01 0.377 1 1 0.377 0% 0.010 0.19711

0.020 0.38253 0.02 0.383 1 1 0.383 0% 0.020 0.20075

0.022 0.38695 0.022 0.388 1 1 0.388 0% 0.022 0.20383

For Comparsion Plots of Min. Sprectra, Paste 

Special into CellsPlace ARS Online Deterministic Data Here      

"Paste"CY-CB Spreadsheet Results

(Check only for 

sites located within 

a Basin)
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Deterministic ARS (5% Damping)
Comparison of Spreadsheet vs ARS Online

CY-CB Spreadsheet

ARS Online

Min. Spectrum for CA

Min Sprectrum for ECSZ

      Yes?

      Yes?

      Yes ?

      Yes ?
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0.022 0.38695 0.022 0.388 1 1 0.388 0% 0.022 0.20383

0.025 0.39350 0.025 0.394 1 1 0.394 0% 0.025 0.20840

0.029 0.40169 0.029 0.402 1 1 0.402 0% 0.029 0.21440

0.030 0.40399 0.03 0.405 1 1 0.405 0% 0.030 0.21606

0.032 0.41025 0.032 0.411 1 1 0.411 0% 0.032 0.22097

0.035 0.41959 0.035 0.42 1 1 0.42 0% 0.035 0.22840

0.036 0.42281 0.036 0.424 1 1 0.424 0% 0.036 0.23097

0.040 0.43527 0.04 0.436 1 1 0.436 0% 0.040 0.24099

0.042 0.44178 0.042 0.443 1 1 0.443 0% 0.042 0.24619

0.044 0.44817 0.044 0.449 1 1 0.449 0% 0.044 0.25137

0.045 0.45152 0.045 0.452 1 1 0.452 0% 0.045 0.25401

0.046 0.45481 0.046 0.456 1 1 0.456 0% 0.046 0.25665

0.048 0.46129 0.048 0.462 1 1 0.462 0% 0.048 0.26184

0.050 0.46787 0.05 0.469 1 1 0.469 0% 0.050 0.26709

0.055 0.48882 0.055 0.49 1 1 0.49 0% 0.055 0.28392

0.060 0.50983 0.06 0.511 1 1 0.511 0% 0.060 0.30070

0.065 0.53029 0.065 0.531 1 1 0.531 0% 0.065 0.31700

0.067 0.53850 0.067 0.539 1 1 0.539 0% 0.067 0.32347

0.070 0.55044 0.07 0.551 1 1 0.551 0% 0.070 0.33290

0.075 0.57029 0.075 0.571 1 1 0.571 0% 0.075 0.34836

0.080 0.59049 0.08 0.591 1 1 0.591 0% 0.080 0.36248

0.085 0.61050 0.085 0.611 1 1 0.611 0% 0.085 0.37623

0.090 0.62987 0.09 0.631 1 1 0.631 0% 0.090 0.38927

0.095 0.64890 0.095 0.65 1 1 0.65 0% 0.095 0.40185

0.100 0.66738 0.1 0.668 1 1 0.668 0% 0.100 0.41386

0.110 0.69845 0.11 0.699 1 1 0.699 0% 0.110 0.43086

0.120 0.72669 0.12 0.728 1 1 0.728 0% 0.120 0.44564

0.130 0.75163 0.13 0.753 1 1 0.753 0% 0.130 0.45803

0.133 0.75821 0.133 0.759 1 1 0.759 0% 0.133 0.46110

0.140 0.77294 0.14 0.774 1 1 0.774 0% 0.140 0.46785

0.150 0.79200 0.15 0.793 1 1 0.793 0% 0.150 0.47602

0.160 0.80474 0.16 0.806 1 1 0.806 0% 0.160 0.47584

0.170 0.81523 0.17 0.816 1 1 0.816 0% 0.170 0.47434

0.180 0.82443 0.18 0.826 1 1 0.826 0% 0.180 0.47222

      Yes?

      Yes?

      Yes ?

      Yes ?
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Analysis of CY-CB Attenuation Prediction Equation vs ARS Online Results

0.190 0.83212 0.19 0.833 1 1 0.833 0% 0.190 0.46938

0.200 0.83860 0.2 0.84 1 1 0.84 0% 0.200 0.46617

0.220 0.83578 0.22 0.837 1 1 0.837 0% 0.220 0.44358

0.240 0.83107 0.24 0.832 1 1 0.832 0% 0.240 0.42278

0.250 0.82780 0.25 0.829 1 1 0.829 0% 0.250 0.41288

0.260 0.82313 0.26 0.824 1 1 0.824 0% 0.260 0.40311

0.280 0.81420 0.28 0.815 1 1 0.815 0% 0.280 0.38524

0.290 0.80877 0.29 0.81 1 1 0.81 0% 0.290 0.37659

0.300 0.80344 0.3 0.805 1 1 0.805 0% 0.300 0.36834

0.320 0.79142 0.32 0.793 1 1 0.793 0% 0.320 0.35346

0.340 0.77887 0.34 0.78 1 1 0.78 0% 0.340 0.33955

0.350 0.77233 0.35 0.774 1 1 0.774 0% 0.350 0.33290

0.360 0.76599 0.36 0.767 1 1 0.767 0% 0.360 0.32657

0.380 0.75298 0.38 0.754 1 1 0.754 0% 0.380 0.31440

0.400 0.74012 0.4 0.741 1 1 0.741 0% 0.400 0.30307

0.420 0.72549 0.42 0.727 1 1 0.727 0% 0.420 0.29019

0.440 0.71099 0.44 0.712 1 1 0.712 0% 0.440 0.27816

0.450 0.70412 0.45 0.705 1 1 0.705 0% 0.450 0.27254

0.460 0.69727 0.46 0.699 1 1 0.699 0% 0.460 0.26709

0.480 0.68380 0.48 0.685 1 1 0.685 0% 0.480 0.25676

0.500 0.67111 0.5 0.672 1 1 0.672 0% 0.500 0.24721

0.550 0.64045 0.55 0.629 1 1.02 0.642 0% 0.550 0.22261

0.600 0.61397 0.6 0.591 1 1.04 0.615 0% 0.600 0.20230

0.650 0.59067 0.65 0.558 1 1.06 0.592 0% 0.650 0.18525

0.660 0.58411 0.667 0.548 1 1.067 0.584 0% 0.660 0.18130

0.700 0.56999 0.7 0.529 1 1.08 0.571 0% 0.700 0.17076

0.750 0.55141 0.75 0.502 1 1.1 0.552 0% 0.750 0.15826

0.800 0.53046 0.8 0.475 1 1.12 0.532 0% 0.800 0.14753

0.850 0.51150 0.85 0.45 1 1.14 0.513 0% 0.850 0.13807

0.900 0.49391 0.9 0.427 1 1.16 0.495 0% 0.900 0.12964

0.950 0.47779 0.95 0.406 1 1.18 0.479 0% 0.950 0.12211

1.000 0.46263 1 0.386 1 1.2 0.464 0% 1.000 0.11529

1.100 0.41493 1.1 0.347 1 1.2 0.416 0% 1.100 0.10277

1.200 0.37438 1.2 0.313 1 1.2 0.376 0% 1.200 0.09241

1.300 0.33919 1.3 0.284 1 1.2 0.34 0% 1.300 0.08362

1.400 0.30856 1.4 0.258 1 1.2 0.31 0% 1.400 0.07608

1.500 0.28170 1.5 0.236 1 1.2 0.283 0% 1.500 0.06952

1.600 0.25725 1.6 0.215 1 1.2 0.258 0% 1.600 0.06381

1.700 0.23598 1.7 0.197 1 1.2 0.237 0% 1.700 0.05880

1.800 0.21741 1.8 0.182 1 1.2 0.218 0% 1.800 0.05437

1.900 0.20117 1.9 0.168 1 1.2 0.202 0% 1.900 0.05045

2.000 0.18703 2 0.156 1 1.2 0.188 1% 2.000 0.04700

2.200 0.16318 2.2 0.137 1 1.2 0.164 1% 2.200 0.04125

2.400 0.14432 2.4 0.121 1 1.2 0.145 0% 2.400 0.03662

2.500 0.13626 2.5 0.114 1 1.2 0.137 1% 2.500 0.03463

2.600 0.12897 2.6 0.108 1 1.2 0.129 0% 2.600 0.03283

2.800 0.11620 2.8 0.097 1 1.2 0.117 1% 2.800 0.02966
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2.600 0.12897 2.6 0.108 1 1.2 0.129 0% 2.600 0.03283

2.800 0.11620 2.8 0.097 1 1.2 0.117 1% 2.800 0.02966

3.000 0.10545 3 0.088 1 1.2 0.106 1% 3.000 0.02699

3.200 0.09724 3.2 0.081 1 1.2 0.098 1% 3.200 0.02479

3.400 0.09007 3.4 0.075 1 1.2 0.09 0% 3.400 0.02287

3.500 0.08682 3.5 0.073 1 1.2 0.087 0% 3.500 0.02201

3.600 0.08377 3.6 0.07 1 1.2 0.084 0% 3.600 0.02120

3.800 0.07818 3.8 0.065 1 1.2 0.079 1% 3.800 0.01971

4.000 0.07321 4 0.061 1 1.2 0.074 1% 4.000 0.01840

4.200 0.06901 4.2 0.058 1 1.2 0.069 0% 4.200 0.01728

4.400 0.06520 4.4 0.055 1 1.2 0.065 0% 4.400 0.01629

4.600 0.06174 4.6 0.052 1 1.2 0.062 0% 4.600 0.01538

4.800 0.05857 4.8 0.049 1 1.2 0.059 1% 4.800 0.01455

5.000 0.05567 5 0.047 1 1.2 0.056 1% 5.000 0.01380

Deterministic_Response_Spectrum_Conejo.xls     3/11/2011     9:51 AM



Comparison spreadsheet of the 2008 USGS Probabilistic Seismic Hazard Data and ARS Online Probabilistic Data (unlock spreadsheet "shmi")

Spectral Accelerations Points from USGS Website at http://earthquake.usgs.gov/research/hazmaps/products_data/2008/data/

Latitude Longitude

34.1717 -118.8463

VS30 (m/s) = 389

Z 1.0 (m) = 200

Z 2.5 (km) = 2

Analysis of ARS Online Results vs USGS Deaggregation Hazard (Adj. By CT)

T (sec)

Base 

Spectrum 

S(a)

Basin 

Factor

Near 

Fault 

Factor

Final Adj. 

Spectrum 

S(a)

Period 

(sec)

USGS 

Interpolated 

Spectral 

Accel.

Adj. for 

Near Fault 

Effect

Adj. for Soil 

Amplification

Adj. For 

Basin 

Effect

Final Adj. 

USGS      

Spec Accel

ARS Online 

Final Adj. 

Spect. Accel.

% Difference 

(bet. USGS & 

ARS Online)

0.01 0.491 1 1 0.491 0 0.458 1.000 1.072 1.000 0.491 0.491 0.0%

0.02 0.589 1 1 0.589 0.2 1.146 1.000 0.964 1.000 1.105 1.101 0.4%

0.022 0.603 1 1 0.603 0.3 0.962 1.000 1.167 1.000 1.122 1.086 3.2%

0.025 0.624 1 1 0.624 1 0.348 1.150 1.592 1.000 0.638 0.665 -4.3%

Place ARS Online Probabilistic Data Here               "Paste"

* Note:  This spreadsheet uses the given latitude and longitude data provided by the user to estimate spectral acceleration values with a probability of exceedence 5% in 50 yrs (or 

975 yr return period).  The four spectral acceleration data points plotted on the graph are from the USGS website and are based on a 0.05 degree grid. Basic interpolation is used to 

estimate intermediate values inside each grid.  Raw Data points are provided in the tabs of this spreadsheet.  Corner grid spectral acceleration data are shown in the "calculation" 

tab.

17.5

Near Fault Factor,  

Derived from USGS 

Deagg. Dist (km) =

Input Site Information
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Probabilistic ARS (5% Damping)
Comparison of USGS Data & ARS Online

2008 USGS Deag. Hazard (Rock Adj. by CT)

ARS Online

2008 USGS Deag. Hazard (Beta)
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0.025 0.624 1 1 0.624 1 0.348 1.150 1.592 1.000 0.638 0.665 -4.3%

0.029 0.649 1 1 0.649

0.03 0.655 1 1 0.655 Max % Difference = 4.3%

0.032 0.666 1 1 0.666

0.035 0.681 1 1 0.681

0.036 0.687 1 1 0.687

0.04 0.706 1 1 0.706 USGS Deaggregation Hazard (Beta) with Near Field and Basin Factors

0.042 0.715 1 1 0.715

0.044 0.724 1 1 0.724

0.045 0.728 1 1 0.728

0.046 0.732 1 1 0.732

0.048 0.74 1 1 0.74 0 1.000 1.000 0.491 0.0%

0.05 0.748 1 1 0.748 0.1 1.000 1.000 0.897 0.0%

0.055 0.767 1 1 0.767 0.2 1.000 1.000 1.101 0.0%

0.06 0.785 1 1 0.785 0.3 1.000 1.000 1.086 0.0%

0.065 0.801 1 1 0.801 0.5 1.000 1.000 0.916 0.0%

0.067 0.808 1 1 0.808 1 1.150 1.000 0.665 0.0%

0.07 0.817 1 1 0.817 2 1.150 1.000 0.315 0.0%

0.075 0.832 1 1 0.832 3 1.150 1.000 0.193 0.0%

0.08 0.846 1 1 0.846 4 1.150 1.000 0.136 0.0%

0.085 0.86 1 1 0.86 5 1.150 1.000 0.113 0.0%

0.09 0.873 1 1 0.873

0.095 0.885 1 1 0.885 Max % Difference = 0.0%

0.1 0.897 1 1 0.897

0.11 0.923 1 1 0.923

0.12 0.947 1 1 0.947

0.13 0.969 1 1 0.969

0.133 0.976 1 1 0.976

0.14 0.991 1 1 0.991

0.15 1.011 1 1 1.011

0.16 1.031 1 1 1.031

0.17 1.049 1 1 1.049

0.18 1.067 1 1 1.067

0.19 1.084 1 1 1.084

0.2 1.101 1 1 1.101

0.22 1.097 1 1 1.097

0.24 1.094 1 1 1.094

0.25 1.093 1 1 1.093

0.26 1.091 1 1 1.091

0.28 1.089 1 1 1.089

% Difference 

(bet. USGS & 

ARS Online)

Final Adj. 

USGS 

Deagg     

Spec Accel

Period 

(sec)

INPUT   

USGS 

Deagg. Spec 

Accel

Adj. for 

Near Fault 

Effect

Adj. For Basin 

Effect

ARS Online 

Final Adj. 

Spect. Accel.
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0.29 1.088 1 1 1.088

0.3 1.086 1 1 1.086

0.32 1.063 1 1 1.063

0.34 1.042 1 1 1.042

0.35 1.032 1 1 1.032

0.36 1.022 1 1 1.022

0.38 1.004 1 1 1.004

0.4 0.987 1 1 0.987

0.42 0.971 1 1 0.971

0.44 0.956 1 1 0.956

0.45 0.948 1 1 0.948

0.46 0.942 1 1 0.942

0.48 0.928 1 1 0.928

0.5 0.916 1 1 0.916

0.55 0.864 1 1.02 0.881

0.6 0.819 1 1.04 0.852

0.65 0.78 1 1.06 0.827

0.667 0.768 1 1.067 0.819

0.7 0.745 1 1.08 0.805

0.75 0.714 1 1.1 0.786

0.8 0.675 1 1.12 0.756

0.85 0.64 1 1.14 0.729

0.9 0.608 1 1.16 0.705

0.95 0.58 1 1.18 0.684

1 0.554 1 1.2 0.665

1.1 0.5 1 1.2 0.6

1.2 0.455 1 1.2 0.546

1.3 0.418 1 1.2 0.501

1.4 0.386 1 1.2 0.463

1.5 0.358 1 1.2 0.43

1.6 0.334 1 1.2 0.401

1.7 0.313 1 1.2 0.376

1.8 0.294 1 1.2 0.353

1.9 0.278 1 1.2 0.333

2 0.263 1 1.2 0.315

2.2 0.234 1 1.2 0.281

2.4 0.211 1 1.2 0.253

2.5 0.2 1 1.2 0.24

2.6 0.191 1 1.2 0.229

2.8 0.175 1 1.2 0.21

3 0.161 1 1.2 0.193

3.2 0.148 1 1.2 0.178

3.4 0.138 1 1.2 0.165

3.5 0.133 1 1.2 0.16

3.6 0.129 1 1.2 0.154

3.8 0.12 1 1.2 0.145
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3.8 0.12 1 1.2 0.145

4 0.113 1 1.2 0.136

4.2 0.109 1 1.2 0.131

4.4 0.105 1 1.2 0.126

4.6 0.101 1 1.2 0.121

4.8 0.098 1 1.2 0.117

5 0.094 1 1.2 0.113
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Map data ©2011 Google -

SELECT SITE LOCATION

CALCULATED SPECTRA

3/11/2011 Printer Friendly View

dap3.dot.ca.gov/…/print_view.php?x=106… 1/9



Simi-Santa Rosa fault zone (Camarillo-Santa Rosa section)

Fault ID: 372

Maximum Magnitude (MMax): 7

Fault Type: R

Fault Dip: 60 Deg

Dip Direction: N

Bottom of Rupture Plane: 12.00 km

Top of Rupture Plane(Ztor): 1.00 km

Rrup 8.73 km

Rjb: 8.67 km

Rx: 8.58 km

Fnorm: 0

Frev: 1

Period
SA(Base

Spectrum)

Basin

Factor

Near Fault

Factor(Applied)

SA(Final

Spectrum)

0.01 0.377 1.000 1.000 0.377

0.02 0.383 1.000 1.000 0.383

0.022 0.388 1.000 1.000 0.388

0.025 0.394 1.000 1.000 0.394

0.029 0.402 1.000 1.000 0.402

0.03 0.405 1.000 1.000 0.405

0.032 0.411 1.000 1.000 0.411

0.035 0.420 1.000 1.000 0.420

0.036 0.424 1.000 1.000 0.424

0.04 0.436 1.000 1.000 0.436

0.042 0.443 1.000 1.000 0.443

0.044 0.449 1.000 1.000 0.449

0.045 0.452 1.000 1.000 0.452

0.046 0.456 1.000 1.000 0.456

SITE DATA

Shear Wave Velocity, Vs30: 389 m/s

Latitude: 34.171703

Longitude: -118.846328

Depth to Vs = 1.0 km/s: 230 m

Depth to Vs = 2.5 km/s: 2.00 km

DETERMINISTIC

3/11/2011 Printer Friendly View
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0.048 0.462 1.000 1.000 0.462
0.05 0.469 1.000 1.000 0.469

0.055 0.490 1.000 1.000 0.490

0.06 0.511 1.000 1.000 0.511

0.065 0.531 1.000 1.000 0.531

0.067 0.539 1.000 1.000 0.539

0.07 0.551 1.000 1.000 0.551

0.075 0.571 1.000 1.000 0.571

0.08 0.591 1.000 1.000 0.591

0.085 0.611 1.000 1.000 0.611

0.09 0.631 1.000 1.000 0.631

0.095 0.650 1.000 1.000 0.650

0.1 0.668 1.000 1.000 0.668

0.11 0.699 1.000 1.000 0.699

0.12 0.728 1.000 1.000 0.728

0.13 0.753 1.000 1.000 0.753

0.133 0.759 1.000 1.000 0.759

0.14 0.774 1.000 1.000 0.774

0.15 0.793 1.000 1.000 0.793

0.16 0.806 1.000 1.000 0.806

0.17 0.816 1.000 1.000 0.816

0.18 0.826 1.000 1.000 0.826

0.19 0.833 1.000 1.000 0.833

0.2 0.840 1.000 1.000 0.840

0.22 0.837 1.000 1.000 0.837

0.24 0.832 1.000 1.000 0.832

0.25 0.829 1.000 1.000 0.829

0.26 0.824 1.000 1.000 0.824

0.28 0.815 1.000 1.000 0.815

0.29 0.810 1.000 1.000 0.810

0.3 0.805 1.000 1.000 0.805

0.32 0.793 1.000 1.000 0.793

0.34 0.780 1.000 1.000 0.780

0.35 0.774 1.000 1.000 0.774

0.36 0.767 1.000 1.000 0.767

0.38 0.754 1.000 1.000 0.754

0.4 0.741 1.000 1.000 0.741

0.42 0.727 1.000 1.000 0.727

0.44 0.712 1.000 1.000 0.712

0.45 0.705 1.000 1.000 0.705

0.46 0.699 1.000 1.000 0.699

0.48 0.685 1.000 1.000 0.685

0.5 0.672 1.000 1.000 0.672

0.55 0.629 1.000 1.020 0.642

3/11/2011 Printer Friendly View
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0.6 0.591 1.000 1.040 0.615

0.65 0.558 1.000 1.060 0.592

0.667 0.548 1.000 1.067 0.584

0.7 0.529 1.000 1.080 0.571

0.75 0.502 1.000 1.100 0.552

0.8 0.475 1.000 1.120 0.532

0.85 0.450 1.000 1.140 0.513

0.9 0.427 1.000 1.160 0.495

0.95 0.406 1.000 1.180 0.479

1 0.386 1.000 1.200 0.464

1.1 0.347 1.000 1.200 0.416

1.2 0.313 1.000 1.200 0.376

1.3 0.284 1.000 1.200 0.340

1.4 0.258 1.000 1.200 0.310

1.5 0.236 1.000 1.200 0.283

1.6 0.215 1.000 1.200 0.258

1.7 0.197 1.000 1.200 0.237

1.8 0.182 1.000 1.200 0.218

1.9 0.168 1.000 1.200 0.202

2 0.156 1.000 1.200 0.188

2.2 0.137 1.000 1.200 0.164

2.4 0.121 1.000 1.200 0.145

2.5 0.114 1.000 1.200 0.137

2.6 0.108 1.000 1.200 0.129

2.8 0.097 1.000 1.200 0.117

3 0.088 1.000 1.200 0.106

3.2 0.081 1.000 1.200 0.098

3.4 0.075 1.000 1.200 0.090

3.5 0.073 1.000 1.200 0.087

3.6 0.070 1.000 1.200 0.084

3.8 0.065 1.000 1.200 0.079

4 0.061 1.000 1.200 0.074

4.2 0.058 1.000 1.200 0.069

4.4 0.055 1.000 1.200 0.065

4.6 0.052 1.000 1.200 0.062

4.8 0.049 1.000 1.200 0.059

5 0.047 1.000 1.200 0.056

PROBABILISTIC

Probabilistic Model 

USGS Seismic Hazard Map(2008) 975 Year Return Period

3/11/2011 Printer Friendly View
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Period SA(Base

Spectrum)

Basin

Factor

Near Fault

Factor(Applied)

SA(Final

Spectrum)

0.01 0.491 1.000 1.000 0.491

0.02 0.589 1.000 1.000 0.589

0.022 0.603 1.000 1.000 0.603

0.025 0.624 1.000 1.000 0.624

0.029 0.649 1.000 1.000 0.649

0.03 0.655 1.000 1.000 0.655

0.032 0.666 1.000 1.000 0.666

0.035 0.681 1.000 1.000 0.681

0.036 0.687 1.000 1.000 0.687

0.04 0.706 1.000 1.000 0.706

0.042 0.715 1.000 1.000 0.715

0.044 0.724 1.000 1.000 0.724

0.045 0.728 1.000 1.000 0.728

0.046 0.732 1.000 1.000 0.732

0.048 0.740 1.000 1.000 0.740

0.05 0.748 1.000 1.000 0.748

0.055 0.767 1.000 1.000 0.767

0.06 0.785 1.000 1.000 0.785

0.065 0.801 1.000 1.000 0.801

0.067 0.808 1.000 1.000 0.808

0.07 0.817 1.000 1.000 0.817

0.075 0.832 1.000 1.000 0.832

0.08 0.846 1.000 1.000 0.846

0.085 0.860 1.000 1.000 0.860

0.09 0.873 1.000 1.000 0.873

0.095 0.885 1.000 1.000 0.885

0.1 0.897 1.000 1.000 0.897

0.11 0.923 1.000 1.000 0.923

0.12 0.947 1.000 1.000 0.947

0.13 0.969 1.000 1.000 0.969

0.133 0.976 1.000 1.000 0.976

0.14 0.991 1.000 1.000 0.991

0.15 1.011 1.000 1.000 1.011

0.16 1.031 1.000 1.000 1.031

0.17 1.049 1.000 1.000 1.049

0.18 1.067 1.000 1.000 1.067

0.19 1.084 1.000 1.000 1.084

0.2 1.101 1.000 1.000 1.101

0.22 1.097 1.000 1.000 1.097

0.24 1.094 1.000 1.000 1.094

0.25 1.093 1.000 1.000 1.093

0.26 1.091 1.000 1.000 1.091
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0.28 1.089 1.000 1.000 1.089

0.29 1.088 1.000 1.000 1.088

0.3 1.086 1.000 1.000 1.086

0.32 1.063 1.000 1.000 1.063

0.34 1.042 1.000 1.000 1.042

0.35 1.032 1.000 1.000 1.032

0.36 1.022 1.000 1.000 1.022

0.38 1.004 1.000 1.000 1.004

0.4 0.987 1.000 1.000 0.987

0.42 0.971 1.000 1.000 0.971

0.44 0.956 1.000 1.000 0.956

0.45 0.948 1.000 1.000 0.948

0.46 0.942 1.000 1.000 0.942

0.48 0.928 1.000 1.000 0.928

0.5 0.916 1.000 1.000 0.916

0.55 0.864 1.000 1.020 0.881

0.6 0.819 1.000 1.040 0.852

0.65 0.780 1.000 1.060 0.827

0.667 0.768 1.000 1.067 0.819

0.7 0.745 1.000 1.080 0.805

0.75 0.714 1.000 1.100 0.786

0.8 0.675 1.000 1.120 0.756

0.85 0.640 1.000 1.140 0.729

0.9 0.608 1.000 1.160 0.705

0.95 0.580 1.000 1.180 0.684

1 0.554 1.000 1.200 0.665

1.1 0.500 1.000 1.200 0.600

1.2 0.455 1.000 1.200 0.546

1.3 0.418 1.000 1.200 0.501

1.4 0.386 1.000 1.200 0.463

1.5 0.358 1.000 1.200 0.430

1.6 0.334 1.000 1.200 0.401

1.7 0.313 1.000 1.200 0.376

1.8 0.294 1.000 1.200 0.353

1.9 0.278 1.000 1.200 0.333

2 0.263 1.000 1.200 0.315

2.2 0.234 1.000 1.200 0.281

2.4 0.211 1.000 1.200 0.253

2.5 0.200 1.000 1.200 0.240

2.6 0.191 1.000 1.200 0.229

2.8 0.175 1.000 1.200 0.210

3 0.161 1.000 1.200 0.193

3.2 0.148 1.000 1.200 0.178
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Period SA

0.01 0.491

0.02 0.589

0.022 0.603

0.025 0.624

0.029 0.649

0.03 0.655

0.032 0.666

0.035 0.681

0.036 0.687

0.04 0.706

0.042 0.715

0.044 0.724

0.045 0.728

0.046 0.732

0.048 0.740

0.05 0.748

0.055 0.767

0.06 0.785

0.065 0.801

0.067 0.808

0.07 0.817

0.075 0.832

0.08 0.846

0.085 0.860

0.09 0.873

3.4 0.138 1.000 1.200 0.165

3.5 0.133 1.000 1.200 0.160

3.6 0.129 1.000 1.200 0.154

3.8 0.120 1.000 1.200 0.145

4 0.113 1.000 1.200 0.136

4.2 0.109 1.000 1.200 0.131

4.4 0.105 1.000 1.200 0.126

4.6 0.101 1.000 1.200 0.121

4.8 0.098 1.000 1.200 0.117

5 0.094 1.000 1.200 0.113

Envelope Data
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0.1 0.897

0.11 0.923

0.12 0.947

0.13 0.969
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0.19 1.084

0.2 1.101

0.22 1.097

0.24 1.094
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0.26 1.091

0.28 1.089

0.29 1.088

0.3 1.086

0.32 1.063

0.34 1.042

0.35 1.032

0.36 1.022

0.38 1.004

0.4 0.987

0.42 0.971

0.44 0.956

0.45 0.948

0.46 0.942

0.48 0.928

0.5 0.916

0.55 0.881

0.6 0.852

0.65 0.827

0.667 0.819

0.7 0.805

0.75 0.786

0.8 0.756

0.85 0.729

0.9 0.705

0.95 0.684

1 0.665
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1.1 0.600
1.2 0.546

1.3 0.501

1.4 0.463

1.5 0.430
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1.8 0.353

1.9 0.333

2 0.315

2.2 0.281

2.4 0.253

2.5 0.240

2.6 0.229

2.8 0.210

3 0.193

3.2 0.178

3.4 0.165

3.5 0.160

3.6 0.154

3.8 0.145

4 0.136

4.2 0.131

4.4 0.126
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
Peak Horiz. Ground Accel.>=0.5107  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   years
Mean (R,M,ε0)  18.2 km, 6.76,  1.20
Modal (R,M,ε0) =  22.7 km, 7.01,  1.37 (from peak R,M bin)
Modal (R,M,ε*) = 22.4 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR 10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:01:26 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 0.10 sec. Accel.>=0.9847  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  17.5 km,6.69,  1.25
Modal (R,M,ε0) = 23.0 km, 7.01, 1.51 (from peak R,M bin)
Modal (R,M,ε*) = 17.0 km, 7.03, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:04:02 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 0.20 sec. Accel.>=1.2257  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  18.0 km,6.75,  1.25
Modal (R,M,ε0) = 22.9 km, 7.01, 1.42 (from peak R,M bin)
Modal (R,M,ε*) = 22.5 km, 7.01, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:05:57 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 0.30 sec. Accel.>=1.1496  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  18.8 km,6.81,  1.26
Modal (R,M,ε0) = 22.8 km, 7.02, 1.39 (from peak R,M bin)
Modal (R,M,ε*) = 22.5 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:06:55 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted



0

10

20

30

40

50

60

70

80

Closest Distance, Rcd (km)
0

10

20

30

40

50

60

70

80

Closest Distance, Rcd (km)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

MAGNITUDE (Mw)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

MAGNITUDE (Mw)

4
8

12
%

 C
on

tri
bu

tio
n 

to
 H

az
ar

d

PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 0.50 sec. Accel.>=0.9052  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  19.6 km,6.88,  1.25
Modal (R,M,ε0) = 22.7 km, 7.02, 1.37 (from peak R,M bin)
Modal (R,M,ε*) = 22.3 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:07:52 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 1.00 sec. Accel.>=0.5243  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  22.9 km,7.00,  1.32
Modal (R,M,ε0) = 22.8 km, 7.01, 1.38 (from peak R,M bin)
Modal (R,M,ε*) = 22.4 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:08:49 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 2.00 sec. Accel.>=0.2431  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  34.8 km,7.20,  1.43
Modal (R,M,ε0) = 23.1 km, 7.03, 1.49 (from peak R,M bin)
Modal (R,M,ε*) = 22.7 km, 7.04, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:09:46 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP C  soil
Conejo_School_R 118.846o W, 34.172 N.
SA period 3.00 sec. Accel.>=0.14819  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  40.8 km,7.33,  1.43
Modal (R,M,ε0) = 65.6 km, 7.80, 1.53 (from peak R,M bin)
Modal (R,M,ε*) = 65.6 km, 7.99, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2010 Nov  1 17:10:46 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 413. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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Appendix E-2 
Bearing Capacity Calculations 
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BEARING CAPACITYCALCULATIONS
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Foundation Soil 

Friction angle ϕ 32deg:= Total Unit Weight γ 120pcf:=

Cohesion c 200psf:=

Abutments 1 & 4 

Width of Footing B 3.0ft:=

Considering a maximum load eccentricity of B/6, equivalent width of footing, B' B
2 B⋅

6
−:= B' 2 ft⋅=

Footing Embedment Depth , Df 3ft:= (Minimum Required Embedment per CALTRANS)

Groundwater Depth, Dw 65ft:=

Height of Slope, Hs 18ft:=

Bearing Capacity (after Munfakh et al. 2001)

Bearing Capacity Factors Nc 35.5:= Nq 23.2:= Nγ 30.2:= (AASHTO LRFD, 2007, Table

10.6.3.1.2a-1)

Footing is on Slope

Stability Factor, Ns 0 B Hs<if

γ Hs⋅

c
otherwise

:=

Ns 0= Df

B
1=

Bench in front of the footing, b 4ft:=
b

B
1.333=

Inclination of Slope, i 33.7deg:=

Modified Bearing Capacity Factors

(AASHTO LRFD, 2007, Figures 10.6.3.1.2c-1,

10.6.3.1.2c-2)
Ncq 6.4:= Nqq 0:= Nγq 100:=

Shape Factors Sc 1:= Sq 1:= Sγ 1:=
(Strip Footings, B/L ratio is very small)

Inclination Factors ic 1:= iq 1:= iγ 1:= (Footing is embedded, Load inclination is ignored)
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Depth Correction Factor , Dq 1:= (AASHTO LRFD, 2007, Table 10.6.3.1.2a-4)

Ncm Ncq Sc⋅ ic⋅:= Nqm Nqq Sq⋅ iq⋅ Dq⋅:= Nγm Nγq Sγ⋅ iγ⋅:=

Cwq 1:= Cwγ 1:= (AASHTO LRFD, 2007, Table 10.6.3.1.2a-2)

Ultimate Gross Bearing Capacity  

qult c Ncm⋅ γ Df⋅ Nqm⋅ Cwq⋅+ 0.5 γ⋅ B'( )⋅ Nγm⋅ Cwγ⋅+:= qult 13.3 ksf⋅=

Allowable Gross Bearing Capacity  Factor of Safety FS 3:=

qall

qult

FS
:=

qall 4.4 ksf⋅=

Gross Nominal Bearing Resistnace

qn qult:= qn 13.3 ksf⋅=

Factored Nominal Bearing Resistnace

Resistance Factor ϕb 0.45:= (AASHTO, 2007, LRFD, Table 10.5.5.2.2-1)

qR qn ϕb⋅:= qR 6 ksf⋅=

Permissible Net Contact Stress (based on Settlement Calculatoin) qpn 13ksf:=
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Settle3D Analysis Information

101/23 Improvements -Conejo School Rd UC

Project Settings

Document Name: Conejo_Abutments.s3z

Project Title: 101/23 Improvements -Conejo School Rd UC

Analysis: Settlement Analysis - Abutment

Author: J. Lee

Company: CH2M HILL

Date Created: 3/18/11

Stress Computation Method: Boussinesq

Use average properties to calculate layered stresses

Stage Settings

NameStage #

Load=5 ksf1

Load=13 ksf2

Load=15 ksf3

Results

Time taken to compute: 1.64525 seconds

Stage: Load=5 ksf

MaximumMinimumData Type

0.3800350Total Settlement [in]

00Consolidation Settlement [in]

0.3800350Immediate Settlement [in]

50Loading Stress [ksf]

5.018880Total Stress [ksf]

0.006250Total Strain

00Degree of Consolidation [%]

5.016630.00225Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

Stage: Load=13 ksf

MaximumMinimumData Type

0.988090Total Settlement [in]

00Consolidation Settlement [in]
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0.988090Immediate Settlement [in]

130Loading Stress [ksf]

13.01310Total Stress [ksf]

0.016250Total Strain

00Degree of Consolidation [%]

13.010.00225Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

Stage: Load=15 ksf

MaximumMinimumData Type

1.14010Total Settlement [in]

00Consolidation Settlement [in]

1.14010Immediate Settlement [in]

150Loading Stress [ksf]

15.01170Total Stress [ksf]

0.018750Total Strain

00Degree of Consolidation [%]

15.00970.00225Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Length: 13.2 ft

Width: 3 ft

Rotation angle: 0 degrees

Load Type: Flexible

Area of Load: 39.6 ft2

Load: 10 ksf

Advanced Staging

Depth [ft]Load FactorStage

00.5Load=5 ksf

01.3Load=13 ksf

01.5Load=15 ksf

Coordinates

Y [ft]X [ft]

8.53.4

8.516.6

11.516.6

11.53.4
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Soil Layers

Depth [ft]Thickness [ft]TypeLayer #

018Fill1

Soil Properties

FillProperty

___Color

0.125Unit Weight [kips/ft3]

EnabledImmediate Settlement

800Es [ksf]

800Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #

Auto: 3110, 101

Field Point Grid

Number of points: 308

Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

18.123.2

1.923.2

1.9-3.2

18.1-3.2
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Foundation Soil 

Friction angle ϕ 35deg:= Total Unit Weight γ 120pcf:=

Cohesion c 0psf:=

Bents 2 & 3 

Width of Footing B 13ft:= Length of the footing, L 14ft:=

Considering a maximum load eccentricity of B/6, equivalent width of footing, B' B
2 B⋅

6
−:= B' 8.667 ft⋅=

Footing Embedment Depth, Df 3ft:=

Groundwater Depth, Dw 30ft:=

Bearing Capacity (after Munfakh et al. 2001)

Bearing Capacity Factors Nc 46.1:= Nq 33.3:= Nγ 48:= (AASHTO LRFD, 2007, Table

10.6.3.1.2a-1)

Shape Factors Sc 1
B

L









Nq

Nc









⋅+:= Sq 1 0.4
B

L
⋅








−:= Sγ 1
B

L
tan ϕ( )⋅








+:=

Inclination Factors ic 1:= iq 1:= iγ 1:= (Footing is embedded, Load inclination is ignored)

Depth Correction Factor, Dq 1:= (AASHTO LRFD, 2007, Table 10.6.3.1.2a-4)

Ncm Nc Sc⋅ ic⋅:= Nqm Nq Sq⋅ iq⋅ Dq⋅:= Nγm Nγ Sγ⋅ iγ⋅:=

Cwq 1:= Cwγ 1:= (AASHTO LRFD, 2007, Table 10.6.3.1.2a-2)
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Ultimate Gross Bearing Capacity 

qult c Ncm⋅ 0.5 γ⋅ B'( )⋅ Nγm⋅ Cwγ⋅+:= qult 41.2 ksf⋅=

Allowable Gross Bearing Capacity Factor of Safety FS 3:=

qall

qult

FS
:=

qall 13.7 ksf⋅=

Gross Nominal Bearing Resistnace

qn qult:= qn 41.2 ksf⋅=

Factored Nominal Bearing Resistnace

Resistance Factor ϕb 0.45:= (AASHTO, 2007, LRFD, Table 10.5.5.2.2-1)

qR qn ϕb⋅:= qR 18.5 ksf⋅=

Permissible Net Contact Stress (based on Settlement Calculatoin) qpn 14ksf:=
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Settle3D Analysis Information

101/23 Improvements -Conejo School Rd UC

Project Settings

Document Name: Conejo_Bents.s3z

Project Title: 101/23 Improvements -Conejo School Rd UC

Analysis: Settlement Analysis - Bents

Author: J. Lee

Company: CH2M HILL

Date Created: 10/6/11

Stress Computation Method: Boussinesq

Use average properties to calculate layered stresses

Stage Settings

NameStage #

Load=10 ksf1

Load= 14 ksf2

Load= 20 ksf3

Results

Time taken to compute: 0.675724 seconds

Stage: Load=10 ksf

MaximumMinimumData Type

0.8276410Total Settlement [in]

00Consolidation Settlement [in]

0.8276410Immediate Settlement [in]

100Loading Stress [ksf]

10.10110Total Stress [ksf]

0.006250Total Strain

00Degree of Consolidation [%]

10.0810.00250001Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

Stage: Load= 14 ksf

MaximumMinimumData Type

1.15870Total Settlement [in]

00Consolidation Settlement [in]
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1.15870Immediate Settlement [in]

140Loading Stress [ksf]

14.09150Total Stress [ksf]

0.008750Total Strain

00Degree of Consolidation [%]

14.05840.00250002Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

Stage: Load= 20 ksf

MaximumMinimumData Type

1.655280Total Settlement [in]

00Consolidation Settlement [in]

1.655280Immediate Settlement [in]

200Loading Stress [ksf]

20.07710Total Stress [ksf]

0.01250Total Strain

00Degree of Consolidation [%]

20.0490.00250003Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Length: 14 ft

Width: 13 ft

Rotation angle: 0 degrees

Load Type: Flexible

Area of Load: 182 ft2

Load: 10 ksf

Advanced Staging

Depth [ft]Load FactorStage

01Load=10 ksf

01.4Load= 14 ksf

02Load= 20 ksf

Coordinates

Y [ft]X [ft]

3.53

3.517

16.517

16.53
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Soil Layers

Depth [ft]Thickness [ft]TypeLayer #

020Gravel with Shale1

Soil Properties

Gravel with ShaleProperty

___Color

0.125Unit Weight [kips/ft3]

EnabledImmediate Settlement

1600Es [ksf]

1600Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #

Auto: 3110, 101

Field Point Grid

Number of points: 288

Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

23.525

-3.525

-3.5-5

23.5-5
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Foundation Soil 

Friction angle ϕ 35deg:= Total Unit Weight γ 120pcf:=

Cohesion c 0psf:=

Bents 2 & 3 (Extreme Event)

Width of Footing B 1.7ft:= Length of the footing, L 13ft:=

Considering eccentricity, equivalent width of footing, B' 1.7ft:=

Footing Embedment Depth, Df 3ft:=

Groundwater Depth, Dw 30ft:=

Bearing Capacity (after Munfakh et al. 2001)

Bearing Capacity Factors Nc 46.1:= Nq 33.3:= Nγ 48:= (AASHTO LRFD, 2007, Table

10.6.3.1.2a-1)

Shape Factors Sc 1
B

L









Nq

Nc









⋅+:= Sq 1 0.4
B

L
⋅








−:= Sγ 1
B

L
tan ϕ( )⋅








+:=

Inclination Factors ic 1:= iq 1:= iγ 1:= (Footing is embedded, Load inclination is ignored)

Depth Correction Factor, Dq 1:= (AASHTO LRFD, 2007, Table 10.6.3.1.2a-4)

Ncm Nc Sc⋅ ic⋅:= Nqm Nq Sq⋅ iq⋅ Dq⋅:= Nγm Nγ Sγ⋅ iγ⋅:=

Cwq 1:= Cwγ 1:= (AASHTO LRFD, 2007, Table 10.6.3.1.2a-2)
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Ultimate Gross Bearing Capacity 

qult c Ncm⋅ γ Df⋅ Nqm⋅ Cwq⋅+ 0.5 γ⋅ B'( )⋅ Nγm⋅ Cwγ⋅+:= qult 16.7 ksf⋅=

Gross Nominal Bearing Resistnace

qn qult:= qn 16.7 ksf⋅=

Factored Nominal Bearing Resistnace

Resistance Factor ϕb 1.0:= (AASHTO, 2007, LRFD, Table 10.5.5.2.2-1)

qR qn ϕb⋅:= qR 16.7 ksf⋅=
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Appendix E-3 
Wing Wall Plan and Bearing Calculations 
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Project: Route 101/23 Interchange Improvements
Conejo School Rd UC. WingWall
Project No.: 400486

Performed By: J.Lee
Date: 4/18/2011

Page 1 of 2

BEARING CAPACITY CALCULATIONS

References

California Department of Transportation (Caltrans),2004, Bridge Design Specifications, November.•
 

Foundation Soil 

Friction angle ϕ 32deg:= Total Unit Weight γ 125pcf:=

Cohesion c 200psf:=

Retaining walls

Width of Footing B 8.25ft:=

Load Eccentricity, e
B

6
:= Equivalent width of footing, B' B 2 e⋅−:= B' 5.5 ft⋅=

Footing Embedment Depth , Df 4ft:= Slope Height in Front of the Wall, Hs 25ft:=

Groundwater Depth, Dw 25.5ft:=

Bearing Capacity 

Bearing Capacity Factors Nc 35.5:= Nq 23.2:= Nγ 30.2:= (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1:= Sγ 1:=
(Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1:= iγ 1:= (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1:= bγ 1:= (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs⋅

c
:= Ns 15.625=

Df

B
0.485=

For a 2H: 1V Slope, Ncq 22:= Nγq 14:= (Figure 4.4.7.1.1.4A, Caltrans 2004)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq⋅ Sc⋅ bc⋅ ic⋅ 0.5 γ⋅ B'⋅ Nγq⋅ Sγ⋅ bγ⋅ iγ⋅+:= (Caltrans, 2004, 4.4.7.1.1.4-1)

qult 9.2 ksf⋅= Where: qult= Ultimate Gross Bearing Capacity
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Conejo School Rd UC. WingWall
Project No.: 400486

Performed By: J.Lee
Date: 4/18/2011
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Net Allowable Bearing Stress to cause 1 inch Settlement  

βz 1.41:= (Caltrans, 2004, Table 4.4.7.2.2B)
Shape Factor 

Poisson's Ratio v 0.35:= (Caltrans, 2004, Table 4.4.7.2.2A)

Young's Modulus Es 600ksf:=
(Caltrans, 2004, Table 4.4.7.2.2A)

Area of Footing A 82.5ft
2

:=

Allowable Bearing Stress qpg 9.0ksf:=

Settlement Se

qpg 1 v
2

−( )⋅ A
0.5

⋅





Es βz⋅
:= Se 1.017 in⋅= (Caltrans, 2004, 4.4.7.2.2-1)
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T E C H N I C A L  M E M O R A N D U M    

 

Response to Caltrans Review Comments on Foundation Report for 
Route 101/23 Interchange Improvements, Conejo School Road 
Undercrossing (Widen), Bridge No. 52-0274, Ventura County, 
California 
07-VEN-101; EA-1952U1; SR-101 PM 2.25 

PREPARED FOR: Sharid Amiri/Caltrans  

PREPARED BY: 

 

Ping Tian/CH2M HILL 

CC: Richard Hartzell/Caltrans 
Khan Hossain/Caltrans  
Juan Carlos Velasquez /CH2M HILL 

DATE: August 24, 2011 

 
CH2M HILL received Caltrans review comments, dated June 8, 2011, on the Foundation 
Report, Route 101/23 Interchange Improvements, Conejo School Road Undercrossing (Widen), 
Bridge No. 52-0274, Ventura County, California. A meeting between Sharid Amiri of Caltrans and 

Ping Tian of CH2M HILL was conducted on August 16, 2011 to resolve the review comments. This 
technical memorandum summarizes CH2M HILL’s responses to the comments based on the 
agreement and resolution achieved from the meeting. The original review comments are 
reproduced in italic with the responses followed for each comment. For reference, the 
original Caltrans review comments are also attached at the end of the memorandum. 

 

1. Provide two separate and stand alone documentation: Volume I should correspond to the 

Foundation Report and the Appendices and Volume II to the Calculation Volume. 

 

Response: Based on the discussion with Caltrans reviewer, one volume is appropriate considering the 

size of the report. Separate volumes for the report and the calculations are not necessary. 

 

2. Revise the Introduction Section of the subject report to only include subsections starting with 

Purpose and scope of work followed by project description, existing bridge information and 

limitations. 

 

Response: Comply – We will revise accordingly. 

 

3. The project description section of the subject report should start with and include a general 

description and aspects of the project. This includes the 101/23 improvements. Revise accordingly. 

 

Response: Comply – We will revise accordingly.  

 

4. Rename Table 1-1 to As-Built Foundation Data. 

 

Response: Comply – We will revise accordingly.  
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5. Revise “Location” to “Support” in Table 1-1. 
 

Response: Comply – We will revise accordingly. 

6. Revise Tables 2.1 and 2.2 to include Groundwater elevation, bottom of the boring elevation, date 

performed (Month, day and year) and exploration method. 

 

Response: Comply – For Table 2-1, bottom of the boring elevation can be obtained from Ground 

Surface Elevation subtracting Depth of Boring. We will add the actual date of the boring performed. 

Groundwater elevation and exploration method are already included.  For Table 2-2, bottom of the 

boring elevation can be obtained from Ground Surface Elevation subtracting Exploration Depth. We 

will add the actual date of the boring performed and the exploration method. We will revise Depth of 

Groundwater to Groundwater Elevation.  

 

7. Why there are no Cone Penetrometer (CPT) soundings for the current investigation? Explain by 

providing engineering justification. 

 

Response: Based on the Caltrans as-built LOTB, the site consists of dense to very dense sandy shale 

fragment gravel to shale cobble gravel within the upper 50 feet of the site. The current borings 

confirmed the dense to very dense soil conditions. CPT soundings may encounter shallow refusal and 

not be able to penetrate to the desired depths for structural foundation design. Therefore, CPT 

sounding was not included in the field exploration program. 

 

8. Section 3.0: Revise “Site Characterization” to “Geology”. 

 

Response: Comply - We will revise accordingly. 

 

9. Geology Section should start with Physiography, followed by Geologic Structure, Stratigraphy and 

Geologic Hazards. 

 

Response: Comply - We will revise accordingly. 

 

10. In the subsection corresponding to Geologic Hazards, include a narrative about the susceptibility 

to tsunamis or lack of with a given reference. 

 

Response: Comply - We will include the information. 

 

11. Include a Section (i.e. Section 4) in the subject report for “Subsurface Conditions”. Revise 

accordingly. 

 

Response: Comply - We will revise accordingly. 

 

12. The newly created Section 4 should start with Subsurface Conditions, followed by Groundwater 

Conditions and Idealized Soil Profile. 

 

Response: Comply – We will revise accordingly. 

 

13. Insert a titled table in the Subsurface conditions section of the subject report, idealized soil profile 

subsection to include approximate elevation, predominant soil type, total unit weight, cohesion and 

friction angle categorized for each corresponding bridge support location. (i.e. abutment, bent). 



RESPONSE TO CALTRANS REVIEW COMMENTS ON FOUNDATION REPORT FOR ROUTE 101/23 INTERCHANGE IMPROVEMENTS, CONEJO SCHOOL ROAD 
UNDERCROSSING (WIDEN), BRIDGE NO. 52-0274, VENTURA COUNTY, CALIFORNIA 

  PAGE 3 

 

Response: Comply – We will include the Idealized Soil Profile Table. 

 

14. Insert a figure in the subsurface conditions of the subject report, to include the corresponding 

quadrangle for historically highest ground water contours from California Department of 

Conservation. Show the bridge location on the quadrangle. 

 

Response: Comply – This figure is included in Appendix C. We will move it out from Appendix C 

and insert it under the Section of Subsurface Conditions. 

 

15. Insert a figure in the subsurface conditions of the subject report, to include the idealized soil 

profile with field groundwater table elevation, assumed designed groundwater table elevation and 

liquefaction layers if any. This figure should include the proposed structure alignment, support 

numbers and location, vertical and horizontal axis for elevation and stationing respectively. It should 

include the boring profile with the idealized strength, friction angle and field SPT numbers. 

 

Response: Comply – We will include the figure accordingly. 

 

16. Include a separate Section (i.e. Section 5) in the subject report for “Seismicity and Geo-Seismic 

Hazards” to include subsections for seismic study, ground rupture, Caltrans ARS curve, development 

of Vs30, development of Caltrans ARS curve, liquefaction, lateral spread and seismic settlement.  

 

Response: Comply – The information and discussion have been included in Section 4 of the report. 

We will include a separate Section (Section 5) to only discuss the Seismicity and Geo-Seismic 

Hazards as requested. 

 

17. Sections 6 and 7 of the subject report should correspond to Soil Corrosion and Scour 

respectively. Revise accordingly. 

 

Response: Consider the size of each section, we will add two subsections after the subsection of 

Idealized Soil Profile under Section 4 Subsurface Conditions to discuss Soil Corrosion and Scour, 

respectively. Separate Sections 6 and 7 correspond to Soil Corrosion and Scour are not necessary. 

 

18. Sections 8 and 9 should correspond to Foundation Recommendations and Construction 

Considerations respectively. 

 

Response: Sections 6 and 7 will correspond to Foundation Recommendations and Construction 

Considerations, respectively, based on the changes made for Comment No. 17. 

 

19. LOTB are already included in Appendix B, remove the boring record information in Appendix C.  

 

Response: The boring record information will still be included in Appendix C based on the discussion 

with Caltrans. No change is necessary. 

 

20. Appendix D: tabulate exclusively the unconsolidated undrained strength test results with Boring 

number, sample number, sample depth, predominant soil type, strength at 5% strain and at failure. 

 

Response: Comply – We will include the table accordingly.   

 

21. Appendix D: tabulate exclusively the corrosion test results with boring number, sample number, 

depth, predominant soil type, pH, sulfate content, chloride content and minimum resistivity. 
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Response: Table 4-2 Summary of Corrosion Test Results was already included in Section 4.2 of the 

report. A similar summary table in Appendix D is not necessary. However, we will add the 

Predominant Soil Type in Table 4-2 to include all of the information requested. 

   

22. Appendix D: The Expansion Index (EI) is shown for the SC material. The LOTB for A-11-004 

where the EI is referenced shows the material to be CL. Explain. 

 

Response: The soil classification Clayey Sand with Gravel (SC)g as shown on the EI test was based 

on Visual-Manual Procedure.  Lab data from the soil sample right below the EI testing sample within 

the same soil layer indicated that the soil is Sandy Lean Clay with Gravel s(CL)g with 55% passing 

No.200 sieve. Based on the lab data and the field observation, we will revise the (SC)g as shown on 

the EI test to s(CL)g to be consistent with the LOTB.        

 

23. Can the onsite material be used for the low expansion material specified at the abutments? Justify 

your response. 

 

Response: Based on the borings, the materials from the proposed excavation at the bents primarily 

consist of clayey sand with gravel, silty sand with gravel, and sandy lean clay with gravel within the 

top 10 feet from ground surface. The native granular soils generally have low potential for expansion. 

The sandy lean clay with gravel has PI of 14 and Clay Friction (CF) of 17% based on the lab data. 

Activity (A=PI/CF) of this clay soil is about 0.823. Generally, soils with a PI less than 15 will not 

exhibit expansive behavior.  Based on Seed et al., 1962, the clay soil with A value of 0.823 has low 

potential for expansion. Therefore, the on-site excavated material generally has low potential for 

expansion. An EI test conducted on the existing fill material of Sandy Lean Clay with Gravel (at 

depth of 11.5 to 15 feet in boring A-11-004) indicated EI value of 50, which meets Caltrans 

requirement as low expansive structural fills.  Considering material variance and the assurance to 

have uniform granular structural backfill, we recommend import, low expansive, granular materials 

be used as structural backfill for the abutments. We will add this requirement in the Section of 

Construction Considerations.   

 

24. Provide the engineering calculations, including all input files and spread sheets in a CD for our 

review. 

 

Response: Comply – We will provide a CD that contains the engineering calculations, including all 

input files and spread sheets. 

 

25. Provide a sample hand calculation for bearing capacity and settlement. 

 

Response: Bearing capacity was calculated using Mathcad, which is similar as hand calculation. 

Footing settlement was calculated using commercial software Settle 3D.  Please refer to the sample 

hand calculations included in the Foundation Report for the Moorpark Road UC (Widen) for 

verifying the software of Settle 3D used for this project. 

 

26. Sheet No. 25 of the subject project plan: Revise Plan view to include abutment and bent 

designations. 

 

Response: Comply – We will coordinate with the structural designer to revise accordingly.  
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27. Explain why there is no geotechnical investigation performed for each support of the subject 

bridge structure. Refer to the Caltrans review memorandum for the Preliminary Foundation Report 

for the subject bridge structure, dated January 20, 2011. 

 

Response: The Conejo School Road UC is a very short three span structure. The span is about 35.6 

feet between Abutment 1 and Bent 2, 54.8 feet between Bents 2 and 3, and 32.7 feet between Bent 3 

and Abutment 4. Two borings were drilled on top of the embankment for each of the abutments. 

There are numerous underground utilities located and spread over between Bents 2 and 3, plus 

existing fill slopes, property fence, and side walk surrounding the bents, making drilling near Bents 2 

and 3 very difficult and becoming impossible. A new boring, relatively closer to Bent 2, was drilled 

between Bents 2 and 3. Review of the Caltrans as-built borings, within a total of seven borings drilled 

for the existing structure, one rotary boring B-1 was drilled between Bent 3 and Abutment 4 of the 

NB structure. All of the existing borings and the new borings show consistent soil conditions for the 

site. Groundwater was only encountered in one boring at 65 feet bgs. Liquefaction potential is very 

low at the site, and there are no other geotechnical concerns such as settlement and bearing capacity 

issues at the site. It is our opinion that the new borings combined with the Caltrans as-built borings 

provide good coverage for foundation design of the proposed structure widening.  

   

28. Provide documentation for the hammer efficiency and calibration. 

 

Response: Comply – Site specific calibration on the automatic hammer used for the field exploration 

was not conducted for this project. A document of CME Automatic Hammer Operations Bulletin was 

obtained from the manufacturer. Based on the document, hammer efficiency from 85 to 95% was 

recommended based on various research and testing data for the CME automatic hammer. A hammer 

efficiency of 75% was conservatively used this time for this project. We will ensure in the future 

projects that an annual calibration on the hammer efficiency is obtained prior to starting the field 

exploration. We will include the referenced document of CME Automatic Hammer Operations 

Bulletin in Appendix C. 

 

29. Table 2-3, Summary of Laboratory Test Results of the subject report is incomplete, revise 

accordingly. 

 

Response: Comply – Unconsolidated Undrain (UU) Triaxial Test was missed. We will add it in the 

table accordingly. 

 

30. Revise Figure 2-1: Boring Location Map to include bridge support alignment lines, location and 

designation, bridge name and number and the scale. 

 

Response: Comply – We will revise Figure 2-1 to include all of the information requested. 

 

31. Expand on the subject of expansive soil by referring to the related laboratory testing results.  

 

Response: Comply – We will expand the subject per our response to Comment No. 23.  

 

32. Section 4.3.2, Design Criteria: Explain why there is reference to pile foundations. There is no 

proposed pile foundation for the subject project. Revise accordingly. 

 

Response: Comply – It is a typo. We will replace the pile foundations as shallow spread footing 

foundations accordingly. 
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33. Show by hand calculation the permissible gross contact stress and the permissible net contact 

stress for the abutments and the bents spread footing respectively. 

 

Response: Per discussion with Caltrans, calculations performed by Mathcad will not need to be hand 

checked because Mathcad is similar as hand calculation. The permissible gross contact stress and the 

permissible net contact stress for the abutments and the bents spread footing, respectively, were 

calculated using Mathcad and commercial software Settle 3D.  Please refer to the sample hand 

calculation included in the Foundation Report for the Moorpark Road UC (Widen) for verifying the 

software of Settle 3D used for this project. 

 

34. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. Include the 

reference. 

 

Response: The latest Caltrans SDC (Version 1.6, dated November 2010) recommends using an 

ultimate passive resistance of the soil equal to 5 ksf for a 5.5 feet high backwall. For a wall height 

exceeding 5.5 feet, Caltrans SDC recommends to multiply it by a wall height factor of H/5.5. 

However, Caltrans SDC does not provide the upper limit for the ultimate passive resistance when 

wall height exceeds 5.5 feet. We think that it is reasonable to have an upper limit for the ultimate 

passive resistance for walls exceeding 5.5 feet high, and we recommend 7.7 ksf be used as the upper 

limit based on our past experience with Caltrans.  

 

35. Explain why the soil type is designated as type C. Provide reference and justification. 

 

Response: Comply- A shear wave velocity Vs30 value of 389 m/s was obtained for the site based on 

the boring data. Per Caltrans SDC, Version 1.6, dated November 2010, Soil Profile Type C is defined 

as very dense soil and soft rock with 360 m/s < Vs30 < 760 m/s or with either Standard Penetration 

Resistance N>50 or undrained shear strength Su ≥  2,000 psf.  Based on the boring and laboratory 

data, the site should be classified as Soil Profile Type C. We will provide the reference and the 

justification in the report.  

 

36. Provide supporting documentation for the Caltrans ARS curve development per Caltrans 

Guidelines. This must include ARS online Fault Map, Basin Maps, Fault and Site data input sheet, 

Deterministic Fault Information and Seismic Procedure QC/QA Checklist, ARS on line output, 

estimation of Vs30, deterministic spread sheet calculation and comparison to ARS online, 

Probabilistic Spread Sheet Calculation and Comparison to ARS on-line and USGS 2008 Interactive 

Deaggregation (Beta) website.  

 

Response: Except for the Basin Maps, the Deterministic Fault Information and Seismic Procedure 

QC/QA Checklist, and the USGS 2008 Interactive Deaggregation (Beta) website, all of the other 

requested supporting documentations for the ARS curve development per Caltrans Guidelines are 

explained in Section 4.1 and included in Appendix E-1. We will include the missing Basin Maps, the 

Deterministic Fault Information and Seismic Procedure QC/QA Checklist, and the USGS 2008 

Interactive Deaggregation (Beta) website in Appendix E-1. 

 

37. Revise and update the Reference Section of the subject report to include the Preliminary 

Foundation Report and other relevant information.  

 

Response: Comply – We will update the References Section to include the Preliminary Foundation 

Report. We will check the References Section to make sure that all of the references used in the report 

are included. 
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ATTACHMENT 

Caltrans Review Comments 

 



DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES 

 
 

TO: MR. LAM NGUYEN     DATE:  June 8, 2011  
Office of Special Funded Projects (OSFP)   
Attention:  Mr. RICHARD HARTZELL    FILE:        07      VEN        101          2.25           
Fax:  (916) 227-8683        District  County    Route   Post mile 
 
FDN REPORT BY: CH2MHILL DATED: April 22, 2011        Canejo School Road UC    

     Structure Name 
 
GENERAL PLAN DATED: April 22, 2011   FDN PLAN DATED: April 22, 2011     07-1952U1      52-0274  

                     EA Number   Bridge Number 
 

Submittal (Check One): x 1st  2nd  3rd  4th  Other: 

 
 
The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittal titled “Foundation 
Report, Route 101/23 Interchange Improvements, Conejo School Road Undercrossing (Widen), Bridge 
No. 52-0274, Ventura County, California”, prepared by CH2MHILL dated April 22, 2011 and received 
by our office on April 27, 2011. 
 
We have the following comments: 
 

1. Provide two separate and stand alone documentation: Volume I should correspond to the 
Foundation Report and the Appendices and Volume II to the Calculation Volume. 
 

2. Revise the Introduction Section of the subject report to only include subsections starting 
with Purpose and scope of work followed by project description, existing bridge 
information and limitations. 

 
3. The project description section of the subject report should start with and include a 

general description and aspects of the project. This includes the 101/23 improvements. 
Revise accordingly. 
 

4.   Rename Table 1-1 to As-Built Foundation Data. 
 

5. Revise “Location” to “Support” in Table 1-1. 
 

6. Revise Tables 2.1 and 2.2 to include Ground water elevation, bottom of the boring 
elevation, date performed (Month, day and year) and exploration method. 
 

7. Why there are no Cone Penetrometer (CPT) soundings for the current investigation? 
Explain by providing engineering justification. 
 

8. Section 3.0: Revise “Site Characterization” to “Geology”. 
 

9. Geology Section should start with Physiography, followed by Geologic Structure, 
Stratigraphy and Geologic Hazards. 
 



10. In the subsection corresponding to Geologic Hazards, include a narrative about the 
susceptibility to tsunamis or lack of with a given reference. 
 

11. Include a Section (i.e. Section 4) in the subject report for “Subsurface Conditions”. 
Revise accordingly. 
 

12. The newly created Section 4 should start with Subsurface Conditions, followed by 
Groundwater Conditions and Idealized Soil Profile. 
 

13. Insert a titled table in the Subsurface conditions section of the subject report, idealized 
soil profile subsection to include approximate elevation, predominant soil type, total unit 

 weight, cohesion and friction angle categorized for each corresponding bridge support 
 location. (i.e. abutment, bent). 
  

14. Insert a figure in the subsurface conditions of the subject report, to include the  
 corresponding quadrangle for historically highest ground water contours from California 
 Department of Conservation. Show the bridge location on the quadrangle. 
 

15. Insert a figure in the subsurface conditions of the subject report, to include the idealized 
  soil profile with field groundwater table elevation, assumed designed groundwater table 
 elevation and liquefaction layers if any. This figure should include the proposed structure 
 alignment, support numbers and location, vertical and horizontal axis for elevation and 
 stationing respectively. It should include the boring profile with the idealized strength,  
 friction angle and field SPT numbers. 
 

16. Include a separate Section (i.e. Section 5) in the subject report for “Seismicity and Geo-
Seismic Hazards” to include subsections for seismic study, ground rupture, Caltrans ARS 
curve, development of Vs30, development of Caltrans ARS curve, liquefaction, lateral 
spread  and seismic settlement. 

 
17. Sections 6 and 7 of the subject report should correspond to Soil Corrosion and Scour 

 respectively. Revise accordingly. 
 

18. Sections 8 and 9 should correspond to Foundation Recommendations and Construction 
Considerations respectively. 

 
19. LOTB are already included in Appendix B, remove the boring record information in 

Appendix C. 
 

20. Appendix D: tabulate exclusively the unconsolidated undrained strength test results with 
Boring number, sample number, sample depth, predominant soil type, strength at 5% 
strain and at failure.  
 

21. Appendix D: tabulate exclusively the corrosion test results with boring number, sample 
number, depth, predominant soil type, pH, sulfate content, chloride content and minimum 
resistivity. 
 

22. Appendix D: The Expansion Index (EI) is shown for the SC material. The LOTB for A-
11-004 where the EI is referenced shows the material to be CL.  Explain. 



 
23. Can the onsite material be used for the low expansion material specified at the 

abutments? Justify your response. 
 

24. Provide the engineering calculations, including all input files and spread sheets in a CD 
for our review. 
 

25. Provide a sample hand calculation for bearing capacity and settlement. 
 

26. Sheet No. 25 of the subject project plan: Revise Plan view to include abutment and bent 
designations. 
 

27. Explain why there is no geotechnical investigation performed for each support of the 
subject bridge structure. Refer to the Caltrans review memorandum for the Preliminary 
Foundation Report for the subject bridge structure, dated January 20, 2011. 
 

28. Provide documentation for the hammer efficiency and calibration. 
 

29. Table 2-3, Summary of Laboratory Test Results of the subject report is incomplete, revise 
accordingly. 
 

30. Revise Figure 2-1: Boring Location Map to include bridge support alignment lines, 
location and designation, bridge name and number and the scale. 
 

31. Expand on the subject of expansive soil by referring to the related laboratory testing 
results. 
 

32. Section 4.3.2, Design Criteria: Explain why there is reference to pile foundations. There 
is no proposed pile foundation for the subject project. Revise accordingly. 
 

33. Show by hand calculation the permissible gross contact stress and the permissible net 
contact stress for the abutments and the bents spread footing respectively. 
 

34. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. 
Include the reference. 
 

35. Explain why the soil type is designated as type C. Provide reference and justification.  
 

36. Provide supporting documentation for the Caltrans ARS curve development per Caltrans 
Guidelines. This must include ARS online Fault Map, Basin Maps, Fault and Site data 
input sheet, Deterministic Fault Information and Seismic Procedure QC/QA Checklist, 
ARS on line output, estimation of Vs30, deterministic spread sheet calculation and 
comparison to ARS online, Probabilistic Spread Sheet Calculation and Comparison to 
ARS on-line and USGS 2008 Interactive Deaggregation (Beta) website. 
 

37. Revise and update the Reference Section of the subject report to include the Preliminary 
Foundation Report and other relevant information.  

 
 
 



Please call Sharid Amiri at (949)724-2599, if you have any questions. 
 

Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                   
                    Geotechnical Design South-1 
(C3)  Not Approved 
Office of Special Funded projects      
               
   
   
Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates (All Reviews) OSC R.E Pending File 
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Lee, John/SCO

From: Sharid Amiri [sharid_amiri@dot.ca.gov]
Sent: Wednesday, September 07, 2011 1:43 PM
To: Tian, Ping/SCO
Cc: Chandran, C. Yoga/SCO; Velasquez, Juan Carlos/LAC; khan_a_hossain@dot.ca.gov; Desai, 

Milind/SCO; richard_hartzell@dot.ca.gov; xinghua_mo@dot.ca.gov
Subject: RE: CH2M HILL's Responses to Caltrans Review Comments on the 65% Foundation Report, 

Bridge No.52-0274, Conejo School Road UC (Widen) for 101/23 Interchange Improvements 
(EA 1952U1)

I am in receipt of your email and I concur. 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 

Geotechnical Services, District 12 Oversight 
3347 Michelson Dr., Suite 100 

Irvine, Ca.92612-1699 
Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-

8041" 
****************************************************************************** 

 
 
                                                                            

             <Ping.Tian@CH2M.c                                              
             om>                                                            

                                                                        To  
             09/07/2011 01:35          <sharid_amiri@dot.ca.gov>,           

             PM                        <richard_hartzell@dot.ca.gov>        
                                                                        cc  

                                       <CYoga.Chandran@CH2M.com>,           
                                       <xinghua_mo@dot.ca.gov>,             

                                       <khan_a_hossain@dot.ca.gov>,         
                                       <JuanCarlos.Velasquez@CH2M.com>,     
                                       <Milind.Desai@CH2M.com>              

                                                                   Subject  
                                       RE: CH2M HILL's Responses to         

                                       Caltrans Review Comments on the 65%  
                                       Foundation Report, Bridge            

                                       No.52-0274, Conejo School Road UC    
                                       (Widen) for 101/23 Interchange       

                                       Improvements (EA 1952U1)             
                                                                            

                                                                            
                                                                            
                                                                            

                                                                            



2

                                                                            
 

 
 

 
Sharid, 

 
Followings are CH2M HILL's responses to your comments on our responses to your 65% review 

comments for Conejo School Road UC (Widen) (Bridge No. 
52-0274). 

 
23. Comply. We will add the ESEZ diagram to the Plan and FR. 
 

34. We will delete the 7.7 ksf as the upper limit for the ultimate passive resistance. We 
will refer to Caltrans SDC (Version 1.6, Dated November 2010), Section 7.8.1 (Eq. 7.44), for 

calculating the passive pressure force resisting the movement at the abutments. The bridge 
structure engineer will assess the resulting flexural and shear demand based on the soil 

pressure equations shown in SDC 1.6 and make sure the demand/capacity ratio is acceptable. 
 

Please let me know if you have any questions. 
 

Thanks, 
Ping Tian 
CH2M HILL 

 
-----Original Message----- 

From: Sharid Amiri [mailto:sharid_amiri@dot.ca.gov] 
Sent: Friday, September 02, 2011 2:32 PM 

To: Richard Hartzell 
Cc: Chandran, C. Yoga/SCO; Xinghua Mo; Khan A Hossain; Tian, Ping/SCO 

Subject: CH2M HILL's Responses to Caltrans Review Comments on the 65% Foundation Report, 
Bridge No.52-0274, Conejo School Road UC (Widen) for 

101/23 Interchange Improvements (EA 1952U1) 
 
 

Richard 
 

I have the following comments (in blue) with regards to the responses to Caltrans Review 
comments No. 23 and 34  by the consultant as shown below: 

 
23. Can the onsite material be used for the low expansion material specified at the 

abutments? Justify your response. 
Response: Based on the borings, the materials from the proposed excavation at the bents 

primarily consist of clayey sand with gravel, silty sand with gravel, and sandy lean clay 
with gravel within the top 10 feet from ground surface. The native granular soils generally 
have low potential for expansion. 

The sandy lean clay with gravel has PI of 14 and Clay Friction (CF) of 17% based on the lab 
data. 

Activity (A=PI/CF) of this clay soil is about 0.823. Generally, soils with a PI less than 15 
will not exhibit expansive behavior. Based on Seed et al., 1962, the clay soil with A value 

of 0.823 has low potential for expansion. Therefore, the on-site excavated material generally 
has low potential for expansion. An EI test conducted on the existing fill material of Sandy 

Lean Clay with Gravel (at depth of 11.5 to 15 feet in boring A-11-004) indicated EI value of 
50, which meets Caltrans requirement as low expansive structural fills. Considering material 
variance and the assurance to have uniform granular structural backfill, we recommend import, 

low expansive, granular materials be used as structural backfill for the abutments. We will 
add this requirement in the Section of Construction Considerations. 
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Caltrans Geotech Comment: Also add/Include the ESEZ (Expansive Soil Exclusion Zone) diagram 

to the Plan and FR. 
 

34. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. 
Include the reference. 

Response: The latest Caltrans SDC (Version 1.6, dated November 2010) recommends using an 
ultimate passive resistance of the soil equal to 5 ksf for a 5.5 feet high backwall. For a 

wall height exceeding 5.5 feet, Caltrans SDC recommends to multiply it by a wall height 
factor of H/5.5. 

However, Caltrans SDC does not provide the upper limit for the ultimate passive resistance 
when wall height exceeds 5.5 feet. We think that it is reasonable to have an upper limit for 
the ultimate passive resistance for walls exceeding 5.5 feet high, and we recommend 7.7 ksf 

be used as the upper limit based on our past experience with Caltrans. 
 

Caltrans Geotech Comment: the bridge structure engineer will assess the resulting flexural 
and shear demand based on the soil pressure equations shown in SDC 1.6.and make sure the 

demand/capacity ratio is acceptable. We do not concur with the response. 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

----- Forwarded by Sharid Amiri/D12/Caltrans/CAGov on 09/02/2011 02:21 PM 
----- 

 
             Sharid 

             Amiri/D12/Caltran 
             s/CAGov                                                    To 

                                       <Ping.Tian@CH2M.com> 
             08/26/2011 04:05                                           cc 
             PM                        CYoga.Chandran@CH2M.com, 

                                       JuanCarlos.Velasquez@CH2M.com, 
                                       Milind.Desai@CH2M.com, 

                                       Susan.Chau@CH2M.com, Xinghua 
                                       Mo/D07/Caltrans/CAGov@DOT, Khan A 

                                       Hossain/D07/Caltrans/CAGov@DOT, 
                                       Richard 

                                       Hartzell/HQ/Caltrans/CAGov@DOT 
                                                                   Subject 
                                       Re: CH2M HILL's Responses to 

                                       Caltrans Review Comments on the 65% 
                                       Foundation Reports and the GDR for 
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                                       101/23 Interchange Improvements (EA 
                                       1952U1)(Document link: Sharid 

                                       Amiri) 
 

 
 

 
 

 
 

 
 
Ping 

 
I am in receipt of the responses to our 1st review . We will review the responses and get 

back to you by next Friday. 
 

thanks 
 

 
 

 
 
 

 
Sharid Khan Amiri,Ph.D.,P.E. 

 
Senior Transportation Engineer 

California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 
*************************************************************** 

 
" For individuals with sensory disabilities, this document will be made available, upon 

request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 
these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 

write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

 
 
 

             <Ping.Tian@CH2M.c 
             om> 

                                                                        To 
             08/24/2011 11:33          <sharid_amiri@dot.ca.gov> 

             AM                                                         cc 
                                       <JuanCarlos.Velasquez@CH2M.com>, 

                                       <CYoga.Chandran@CH2M.com>, 
                                       <Milind.Desai@CH2M.com>, 
                                       <richard_hartzell@dot.ca.gov>, 

                                       <khan_a_hossain@dot.ca.gov>, 
                                       <xinghua_mo@dot.ca.gov>, 
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                                       <Susan.Chau@CH2M.com> 
                                                                   Subject 

                                       CH2M HILL's Responses to Caltrans 
                                       Review Comments on the 65% 

                                       Foundation Reports and the GDR for 
                                       101/23 Interchange Improvements (EA 

                                       1952U1) 
 

 
 

 
 
 

 
 

 
 

Sharid, 
 

Please see the attached CH2M Hill’s responses to your review comments on the 65% Draft 
Foundation Reports (3 Bridges) and the GDR for the 101/23 Interchange Improvements (EA 

1952U1) Project. 
 
CH2M HILL’s responses were based on the discussion, agreement, and resolution achieved from 

our comment resolution meeting conducted on August 16, 2011. We will incorporate all of the 
review comments based on the responses summarized in those memorandums in our final 

foundation reports and the GDR, which is scheduled for final submittal at late of this 
September. 

 
Please let me know if you have any questions, and thank you very much for your review and 

support on this project! 
 

Regards, 
 
Ping Tian 

Geotechnical Task Lead 
CH2M HILL 

 
 [attachment "Responses to Caltrans 06_01_2011 GDR Comments - Ver 1.pdf" 

deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR 
Comments_Moorpark - Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment 

"Responses to Caltrans 06_08_2011 FR Comments_Conejo - Ver 1.pdf" deleted by Sharid 
Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR Comments_Hampshire 

- Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] 
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May 4, 2012 

Mr. Richard Hartzell 
Caltrans Office of Special Funded Projects (OSFP) 

Subject: Route 101/23 Interchange Improvements 
Conejo School Road Undercrossing (Widen), Bridge No. 52-0274 
Ventura County, California 
07-VEN-101; EA-1952U1, SR-101 PM 2.25 
Addendum to the Final Foundation Report, Dated October 12, 2011 

 

Dear Mr. Hartzell: 

This addendum is being submitted in response to the Caltrans review comment, dated 
April 27, 2012, for the Final Foundation Report, Route 101/23 Interchange Improvements, 
Conejo School Road Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California, 
dated October 12, 2011. For reference, the Caltrans review comment is attached at the 
end of the addendum. 

CHANGE TO THE FINAL FOUNDATION REPORT, DATED OCTOBER 12, 2011 

1. Replace Table 2-2 with the following Table. 

Table 2-2 
Summary of Field Explorations 
Conejo School Road Undercrossing (Bridge No. 52-0274) 

Boring 
No. 

  
Date 

Performed 
Exploration 

Method 
Stationa 

(feet)  
Offset  
(feet) 

Ground 
Surface 

Elevationb 
(feet) 

Exploration 
Depth  
(feet) 

Groundwater 
Elevationb 

(feet) 

 
A-11-004 

 
1-29-11 

Hollow-stem 
Auger 128+60.7 83.8 RT 900.7 

 
70.5 

 
835.7 

R-11-005 1-19-11 Mud Rotary 129+44.0 128.9 RT 873.5 51.5 NE 

 
A-11-006 

 
1-29-11 

Hollow-stem 
Auger 130+19.8 83.8 RT 896.2 

 
70.2 

 
NE 

Notes:  

RT = right 
NE = not encountered 
a Station data based on A-Line Stations  
b Elevation data based on NAVD 88 datum 
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ATTACHMENT 

Caltrans Review Comments, Dated April 27, 2012 

 



DIVISION OF ENGINEERING SERVICES 

GEOTECHNICAL SERVICES 

 
 

TO: MR. JOHN FUJIMOTO     DATE:  April 27, 2012  

Office of Special Funded Projects (OSFP)   

Attention:  Mr. RICHARD HARTZELL    FILE:        07      VEN        101          2.25           

Fax:  (916) 227-8683        District  County    Route   Post mile 

 

FDN REPORT BY: CH2MHILL DATED: October 12, 2011        Canejo School Road UC    

     Structure Name 

 

GENERAL PLAN DATED: October 12, 2011   FDN PLAN DATED: October 12, 2011             07-1952U1               52-0274  

                     EA Number   Bridge Number 

 

Submittal (Check One):  1st  2
nd

 X 3
rd
  4th  Other: 

 

 

The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittal titled “Final 

Foundation Report, Route 101/23 Interchange Improvements, Canejo School Road 

Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California, 07- VEN-101; EA 

1952U1, SR 101, PM 2.25”, prepared by CH2MHILL dated October 12, 2011 and received by 

our office on March 1, 2012.  

 

 

During our review, we made reference to the following: 

 

• Caltrans OGDS1 review comments dated February 27, 2012. 

 

• Engineering calculations contained in a CD submitted on December 8, 2011. 

 

• Response to Caltrans Review Comments On Foundation Report For Route 101/23 

Interchange Improvements, Canejo School Road Undercrossing (Widen), Bridge  

No. 52-0274, Ventura County, California, 07- VEN-101; EA 1952U1, SR 101,  

PM 2.25”, prepared by CH2MHILL dated August 24, 2011. 

 

• Over the shoulder review meeting with the geotechnical consultant on August 16, 2011 

 

• Caltrans OGDS1 review comments dated June 8, 2011. 

 

• Foundation Report, Route 101/23 Interchange Improvements, Canejo School Road 

Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California”, prepared by 

CH2MHILL dated April 22, 2011. 

 

We have the following comment: 

 

1. Table 2-2, Groundwater elevation is missing, revise accordingly. 

 

 

 



 

 

Please call Sharid Amiri at (949)724-2599, if you have any questions. 

 
Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                   

                    Geotechnical Design South-1 

(C3)  Not Approved 

Office of Special Funded projects      

               

   

   

Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates (All Reviews) OSC R.E Pending File 
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1.0 Introduction 

1.1 Purpose and Scope of Work 

The City of Thousand Oaks has retained CH2M HILL to provide engineering services for 
the project plans, specifications, and estimate (PS&E) phase of the Route 101/State Route 
(SR) 23 Interchange Improvements project.  

This revised final foundation report is prepared as part of the PS&E phase of the project. It 
includes the geotechnical exploration findings, conclusions, and recommendations to aid in 
the foundation design of the proposed widening at the Moorpark Road undercrossing (UC) 
(Bridge No. 52-0237).  

California Department of Transportation (Caltrans) reviewed the Final Foundation Report 
dated October 12, 2011, and provided review comments on April 27, 2012. CH2M HILL 
responded to the review comments in a technical memorandum dated May 3, 2012, after a 
conference call with the Caltrans reviewer was conducted to resolve the review comments. 
Caltrans subsequently concurred with CH2M HILL’s responses to the review comments on 
May 3, 2012. The Caltrans review comments and CH2M HILL’s responses are included in 
Appendix F.  

The scope of work for the foundation design of the Moorpark Road UC widening included 
the following tasks: 

• Reviewing pertinent reports and investigations as applicable 

• Drilling and sampling four mud-rotary soil borings and performing six cone penetration 
test (CPT) soundings  

• Performing laboratory testing of selected soil samples to characterize subsurface soils 

• Performing foundation engineering analyses based on the existing data, field 
investigation, and laboratory testing to produce recommendations for site work, seismic 
considerations, foundation design, and construction considerations  

• Incorporating the Caltrans review comments on the Final Foundation Report and 
preparing this Revised Final Foundation Report 

This Revised Final Foundation Report supersedes the Final Foundation Report prepared by 
CH2M HILL for the Moorpark Road UC (Widen) (Bridge No. 52-0237) dated October 12, 
2011.  

1.2 Project Description 

The Route 101/23 Interchange Improvements project is located from Post Miles (PMs) 0.1 to 
4.5 along the Ventura (Route 101) Freeway corridor approximately between Lakeview 
Canyon Road and Moorpark Road in Ventura County, California. The project 
improvements include widening the northbound (NB) 101 freeway and bridge UCs, 
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including the Hampshire Road UC (Bridge No. 52-0273), Conejo School Road UC (Bridge 
No. 52-0274), and Moorpark Road UC (Bridge No. 52-0237); constructing associated 
retaining walls and sound walls for the widening and improving the on- and off-ramps; 
drainage modifications, primarily including adding pipes to connect to the existing drainage 
system, although no new culverts or major drainage structures are proposed; pavement 
construction, mainly consisting of replacing the existing hot-mixed asphalt (HMA) 
pavement with jointed plain concrete pavement (JPCP) at median, constructing new JPCP 
for the NB 101 widening on the existing or new roadway embankment, and constructing 
HMA for the outside shoulder and the on-and off-ramps; roadway striping and re-striping; 
landscaping for the new grading areas; and installing Caltrans standard overhead signs and 
lights are also included within the project limits.  

This Revised Final Foundation Report is prepared for design and construction of the 
proposed widening at the Moorpark Road UC (Bridge No. 52-0237). Foundation design and 
construction for widening the other structures are presented in separate foundation reports. 
Foundation design and construction for retaining walls, soundwalls, and roadway 
embankment are included in the Geotechnical Design Report. Materials and pavement 
structural section design are included in the Materials Report prepared for this project.  

1.3 Existing Bridge Information 

Moorpark Road UC was originally built in 1962 and is located at intersection of Route 101 at 
PM 4.06 and Moorpark Road. The site coordinates are 34°10’38.19” N, 118° 52’35.6” W. The 
general site location is shown in Figure 1-1. The existing structure is a four-span “T” girder 
bridge with continuous reinforced-concrete (RC) deck. The bridge is approximately 172 feet 
long and 113 feet wide. The range of deck elevation is approximately 757.7 to 748.0 feet. The 
deck and girders are placed on open-end diaphragm abutments and RC column bents. 
Based on the as-built plans for this structure, the existing structure is supported on Class II 
concrete-driven piles. The existing bridge foundation information, collected from the as-
built documents, is summarized in Table 1-1. The approach fills are approximately 25 and 
22 feet high at Abutments 1 and 5, respectively. The NB bridge of Moorpark Road UC will 
be widened to the outside by 14 feet 2 inches to accommodate an additional lane. The 
proposed bridge widening will be a four-span, cast-in-place RC box girder structure to 
match the existing structure. The General Plan for the proposed bridge widening is 
provided in Appendix A.  
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TABLE 1-1 

As-Built Foundation Data 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support Foundation Type 
Estimated Pile Cut-Off 

Elevation (feet)
a
 

Specified Tip 
Elevation (feet)

a
 

Pile Load 
(tons) 

Abutment 1 Class II Concrete-
Driven Piles 

740.0 682.0 45 

Bent 2 Class II Concrete-
Driven Piles 

715.5 to 716.5 682.0 45 

Bent 3 Class II Concrete-
Driven Piles 

715.5 to 716.5 682.0 45 

Bent 4 Class II Concrete-
Driven Piles 

715.5 to 716.5 682.0 45 

Abutment 5 Class II Concrete-
Driven Piles 

736.4 682.0 45 

Notes: 
a 

Elevation data based on National Geodetic Vertical Datum of 1929 (NGVD 29). To convert to North 
American Vertical Datum of 1988 (NAVD 88), 2.29 feet should be added. 

1.4 Pertinent Reports and Investigations 

As part of the study, CH2M HILL reviewed pertinent documents, reports and geotechnical 
investigations performed at the project site, as available. The most pertinent documents 
reviewed included the following: 

• California Department of Transportation (Caltrans). 1961. As-Built Plans, Route 2/155 
Separation, Bridge No. 52-0237, Ventura County, June 1. 

• California Department of Transportation (Caltrans). 1975. As-Built Plans, Moorpark Road 
Undercrossing (Widen), Bridge No. 52-0237, Ventura County, April 10. 

• California Geological Survey, (CGS), 2002, Seismic Hazard Report for the Newbury Park 7.5-
Minute Quadrangle, Ventura and Los Angeles Counties, California, Seismic Hazard Zone 
Report 042. 

• CH2M HILL. 2010a. Preliminary Foundation Report, Route 101/23 Interchange Improvements, 
Moorpark Road Undercrossing (Widen), Bridge No. 52-0237, Ventura County, California, 
November 17. 

• CH2M HILL. 2010b. Technical Memorandum, Geotechnical Field Investigation Plan for Route 
101/23 Interchange Improvements, City of Thousand Oaks, Ventura County, California, 
December 17. 

• CH2M HILL. 2011a. Technical Memorandum, Liquefaction Evaluation for Moorpark Road 
Undercrossing, Bridge No. 52-0237, Route 101/23 Interchange Improvements, Ventura County, 
California, March 22. 
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• CH2M HILL. 2011b. Final Foundation Report, Route 101/23 Interchange Improvements, 
Moorpark Road Undercrossing (Widen), Bridge No. 52-0237, Ventura County, California, 
October 12. 

• CH2M HILL. 2012. Revised Final Geotechnical Design Report, Route 101/23 Interchange 
Improvements, U.S. Route 101 from North of Lakeview Canyon Road to 0.4 Mile North of 
Moorpark Road Undercrossing, Ventura County, California. May 11. 

• Yerkes R.F., and Showalter, P.K., 1991, Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California, United States Geological Survey Open File 
Report 91-288. 

• Yerkes, R.F., and Campbell, R.H., 2005, Preliminary Geologic Map of the Los Angeles 30’ 
× 60’ Quadrangle, Southern California, Version 1.0, United States Geological Survey Open 
File Report 2005-1019. 

 

1.5 Limitations 

This Revised Final Foundation Report has been prepared for the exclusive use of City of 
Thousand Oaks, Caltrans, and CH2M HILL design team members for the design and 
construction of Moorpark Road UC (Widen). It has been prepared in accordance with 
Caltrans’ Guidelines for Structures Foundation Reports, Version 2.0 (Caltrans, 2009a) and 
Foundation Report Preparation for Bridge Foundations (Caltrans, 2009b). No other warranty, 
express or implied, is made. 

The analyses and recommendations contained in this report are based on data obtained 
from published information, boring data from our field explorations, and Caltrans as-built 
plans. The borings indicate subsurface conditions only at specific locations at the time of 
explorations and only within the depths penetrated. They do not necessarily reflect 
subsurface variations that could exist between such locations or between samples or 
changes that could take place with time. If variations in subsurface conditions from those 
described in this report are noted during construction, the recommendations in this report 
should be reevaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
widening occurs, the conclusions and recommendations of this report should not be 
considered valid unless such changes are reviewed and the conclusions of this report are 
verified in writing by CH2M HILL. CH2M HILL is not responsible for any claims, damages, 
or liability associated with the reinterpretation or reuse of the subsurface data in this report 
by others. 
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2.0 Geotechnical Investigation 

2.1 Field Investigation 

2.1.1 Review of Existing Information 

According to the as-built Log of Test Boring (LOTB), the subsurface investigation for the 
design of the original bridge was performed in August 1960, which included two rotary 
borings and four penetration borings. In addition, a subsurface investigation was performed 
in November 1974 for the previously planned widening of the original bridge. At that time, 
the subsurface information was obtained from one rotary boring and four penetration 
borings. The details of the investigations (per the as-built LOTBs) are presented in Table 2-1. 
Based on the as-built LOTBs, groundwater was observed between approximate elevations of 
697 and 701 feet (between 23 and 30 feet below existing ground surface [bgs]).  

2.1.2 CH2M HILL’s Investigation 

In January and February 2011, four rotary-wash soil borings and three CPT soundings were 
conducted at the proposed bridge widening location and three CPT soundings were 
conducted along the edge of the southbound (SB) existing structure. The borings were 
drilled by WDC Exploration & Wells and CPT soundings were performed by Kehoe Testing 
& Engineering under the supervision of CH2M HILL geotechnical specialists. The 
explorations were continuously observed and logged by CH2M HILL engineers. The boring 
locations are illustrated on the Boring Location Map in Figure 2-1. Soil boring information, 
including soil boring number, station, offset, ground surface elevation, depth, and 
groundwater table elevation, are summarized in Table 2-2. LOTB sheets are presented in 
Appendix B and detailed boring and CPT logs are presented in Appendix C. 

Sampling procedures generally followed standard penetration test (SPT) and split-barrel 
sampling of soils per ASTM International (ASTM) D1586 (ASTM, 2009). Relatively intact soil 
samples were collected from the borings using a California (ring) sampler. In addition, 
representative bulk samples were collected from the borings. Each soil sample collected was 
examined and classified in accordance with Soil and Rock Logging Classification and 
Presentation Manual (Caltrans, 2010a).  
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TABLE 2-1 

Summary of As-Built Log of Test Borings 

Moorpark Road Undercrossing (Bridge No. 52-0237) 

Boring 
No. 

Date 
Performed 

Exploration 
Method 

Station 
(C/L) 

Route 
101

a
 

Offset  
(feet) 

Ground 
Surface 

Elevation
b
 

(feet) 

Exploration 
Depth 
(feet) 

Groundwater 
Elevation

 b 

(feet) 

Caltrans As-Built Plan – April 10, 1975 

B-1 11-25-74 Rotary Boring 226+06 90LT 723.8 60 701.3 

B-2 11-25-74 2
1
/4-inch Cone 

Penetrometer 
224+84 60LT 745.2 63 NM 

B-3 11-26-74 2
1
/4-inch Cone 

Penetrometer 
225+04 69LT 723.3 41 NM 

B-4 11-26-74 2
1
/4-inch Cone 

Penetrometer 
225+54 79LT 724.0 42 701.0 

B-5 11-27-74 2
1
/4-inch Cone 

Penetrometer 
226+28 89LT 725.2 43 NM 

Caltrans As-Built Plan – June 1, 1961 

B-1 8-30-60 Rotary Boring 226+11 64RT 726.7 50 696.7 

B-2 8-30-60 2
1
/4-inch Cone 

Penetrometer 
224+97 70RT 724.8 52 NM 

B-3 8-30-60 2
1
/4-inch Cone 

Penetrometer 
226+40 4RT 724.2 46 NM 

B-4 8-31-60 2
1
/4-inch Cone 

Penetrometer 
225+97 66LT 723.8 44 NM 

B-5 8-31-60 Rotary Boring 225+18 48LT 727.3 52 NM 

B-6 8-31-60 2
1
/4-inch Cone 

Penetrometer 
224+67 4LT 730.2 50 NM 

Notes: 
a 

Station data based on as-built LOTB stationing 
b 

Elevation data based on NGVD 29. To convert to NAVD 88, 2.29 feet should be added. 

RT = right 
LT = left 
NM = not measured 

Soil samples were collected at 5-foot intervals using SPT and ring California samplers, 
alternately. The SPT and ring samplers were driven using an above-hole, 140-pound auto 
trip hammer, free falling from a height of 30 inches for a total penetration of 18 inches into 
the ground, or refusal depth. Blow counts were noted on the field boring logs for every 
6 inches of penetration. The blow counts reported on the boring logs are those for the last 
12 inches of penetration and represent the field N-value. The drive samplers were used to 
provide blow counts that could be used to estimate soil strength through correlations and to 
collect soil samples from discreet intervals for characterization and index testing. All 
samples were retained and transported to the laboratory for testing. 
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TABLE 2-2 

Summary of Field Explorations 

Moorpark Road Undercrossing (Bridge No. 52-0237) 

Boring No. 
Date 

Performed 
Exploration 

Method 
Station

 a
 

(feet) 
Offset  
(feet) 

Ground 
Surface 

Elevation 
b
  

(feet) 

Exploration 
Depth  
(feet) 

Groundwater 
Elevation 

b
 

(feet) 

R-11-007 02-04-11 Mud Rotary 224+49.5 46.7 RT 748.1 91.4 NM 

R-11-008 01-15-11 Mud Rotary 225+11.7 60.5 RT 722.9 80.3 713.4 
(5-03-11) 

R-11-009 01-15-11 Mud Rotary 225+59.3 60.5 RT 723.5 80.3 713.3 
(5-03-11) 

R-11-010 02-04-11 Mud Rotary 226+46.4 49.6 RT 743.8 96.5 NM 

CPT-11-045 01-11-11 CPT 225+10.5 73.9 RT 722.8 42.0 708.8 

CPT-11-046 01-12-11 CPT 225+59.6 80.9 RT 723.3 41.0 711.3 

CPT-11-047 01-12-11 CPT 225+95.3 58.9 RT 722.5 40.0 708.5 

CPT-11-048 01-11-11 CPT 225+09.9 65.5 LT 724.5 43.0 709.5 

CPT-11-049 01-12-11 CPT 225+56.5 63.9 LT 725.7 44.0 NM 

CPT-11-050 01-12-11 CPT 225+94.1 65.5 LT 724.6 43.0 707.6 

Notes:  

CPT = Cone Penetration Test 
LT = left 
NM = not measured  
RT = right 
a 

Station data based on “A”-Line Stations 
b 

Elevation data based on NAVD 88 datum 

Site-specific calibration on the automatic hammer used for the CH2M Hill’s field exploration 
was not conducted for this project. Review of the document of CME Automatic Hammer 
Operations Bulletin published by U.S. Department of the Interior (USDOI) indicates that a 
hammer efficiency from 85 to 95 percent was recommended based on various research and 
testing data for the CME automatic hammer (USDOI, 1999). Therefore, a hammer efficiency 
of 75 percent was conservatively used for this project. The CME Automatic Hammer 
Operations Bulletin is included in Appendix C. 

2.2 Laboratory Testing 

Laboratory testing was performed on selected soil samples collected during the field 
exploration. Tests included natural moisture content, in-place density, Atterberg Limits, 
gradation analysis, direct shear, consolidation test, unconsolidated undrained triaxial and 
corrosion suite (pH, sulfate content, chloride content, and minimum resistivity). Leighton 
Consulting, Inc., of Irvine, California, under subcontract to CH2M HILL, conducted the 
laboratory tests. Testing was completed in accordance with applicable ASTM standards 
(ASTM, 2009) or Caltrans Test Methods (Caltrans, 2003).  
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CH2M HILL engineers reviewed the laboratory test results for completeness and 
reasonableness. The laboratory tests performed on the samples are summarized in Table 2-3, 
and the results of the tests are presented in Appendix D. 

TABLE 2-3 

Summary of Laboratory Test Methods 

Laboratory Test Test Method 

Moisture Content ASTM D2216 

In-place Density ASTM D2937 

Particle-size Analysis ASTM D422 

Atterberg Limits ASTM D4318 

Direct Shear (Consolidated Drained) ASTM D3080 

One-dimensional Consolidation ASTM D2435 

Unconsolidated Undrained (UU) Triaxial ASTM D2850 

Corrosion Suite California Test Methods (CTMs) 417, 422, and 
532/643 
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3.0 Geology 

3.1 Physiography 

The physiography in the immediate vicinity of the proposed bridge widening at Moorpark 
Road UC is dominated by Arroyo Conejo—a major, gently sloping drainage that generally 
drains from southeast to northwest. The ground surface elevation at Moorpark Road is 
approximately 725 feet, and gently drains toward the north-northwest. Surficial weathering 
processes and human activities, including the construction of the Moorpark Road UC, have 
yielded the physiographic conditions present onsite today. 

3.2 Geologic Structure 

The site is located at the northern edge of the Santa Monica Mountains, within the 
Transverse Ranges Geomorphic Province of Southern California. The Santa Monica, 
San Gabriel, and San Bernardino Mountains are located within the Transverse Ranges 
Geomorphic Provence, which is a generally east-west trending series of mountain ranges 
and valleys that extend from offshore (the province includes the northern Channel Islands) 
to north of the Salton Sea in the east. Within the province, the San Gabriel and San 
Bernardino Mountains are separated by the San Andreas Fault Zone, which has offset the 
two mountain ranges in a right-lateral direction. The Transverse Ranges are being 
compressed in a north-south direction, resulting in a continuous, relatively rapid uplift of 
the province. It is believed that this compression is a result of the San Andreas Fault’s “Big 
Bend.” The Transverse Ranges Province is bounded on the south by a series of low-angle 
thrust faults, which on the south side of the Santa Monica Mountains includes the Malibu 
Coast and Santa Monica Faults. In the vicinity of the site, the Santa Monica Mountains are 
generally composed of middle Miocene-aged volcanic rocks and volcanic-derived rocks, 
overlain locally by late Miocene aged sedimentary rocks. These sedimentary rocks have 
been locally eroded from the Santa Monica Mountains exposing the underlying volcanically 
derived units at the surface. Roughly 15 million years ago, this area and a good portion of 
the Los Angeles region were submerged by the Pacific Ocean. Tectonic evolution of western 
North America resulted in the extrusion of volcanic rocks and the uplift and formation of 
the Los Angeles Basin and the Santa Monica Mountains. 

3.3 Stratigraphy 

Based on the results of the geologic mapping shown in Figure 3-1, the project site and 
nearby vicinity are underlain by artificial fills and younger to older alluvial deposits. 
Generalized descriptions of these units are presented on the Geology Map (Figure 3-1), 
summarized from Yerkes and Campbell (2005). The artificial fill soils were placed during 
previous construction and are expected to be similar in composition to the underlying 
alluvial soils. The alluvial sediments that underlie the site generally consist of a combination 
of gravel, sand, silt, and clay. Relatively thick sections of alluvial soils are below the 
Moorpark Road UC site.  
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No Alquist-Priolo earthquake fault zones have been mapped transecting the project 

alignment. A splay of the northeast trending Sycamore Canyon Fault has been mapped in 
the vicinity of Moorpark Road and Route 101; the fault in this area has been mapped as 
being concealed by alluvial soils and is labeled as an “undifferentiated Quaternary fault” 
(CGS, 1999). The Sycamore Canyon Fault is not considered active, as currently defined by 
the State and the Alquist-Priolo Earthquake Fault Zoning Act. The northwest trending 
Boney Mountain Fault has been mapped roughly ½ mile southwest of Route 101, trending 
towards Conejo School Road; this fault is also considered inactive by the State. 

3.4 Geologic Hazards 

3.4.1 Liquefaction 

According to the Seismic Hazard Zones Map for Newbury Park Quadrangle prepared by State of 
California (2002), the proposed widening site is mapped near an area susceptible to 
potential liquefaction. Detailed site-specific liquefaction potential study for this site is 
presented in Section 5 of this report.  

3.4.2 Landslide 

According to the Seismic Hazard Zones Map for Newbury Park Quadrangle prepared by State of 
California (2002), the Moorpark Road UC site is not within the vicinity of potential landslide 
areas. Therefore, the potential for landsliding is considered low. 

3.4.3 Expansive Soil 

The results of the field investigation indicate that the subsurface conditions at the Moorpark 
Road UC site predominantly consist of low to medium plastic clayey and sandy material. 
Therefore, the onsite soils are considered to have low potential for expansion.  

Based on the borings near the bents, the materials from the bent excavations will primarily 
consist of clayey sand, poorly graded sand with silt, and sandy lean clay within the top 
10 feet from ground surface. The granular native soils generally have low potential for 
expansion. The sandy lean clay has a plastic index (PI) of 20 and clay fraction (CF) of 
32 percent based on the lab data. Activity (A=PI/CF) of this clay soil is about 0.625. 
Therefore, this clay soil has low potential for expansion (Seed et al., 1962). However, 
considering material variance and the assurance to have uniform granular structural 
backfill, we recommend that import, low-expansive, granular materials be used as structural 
backfill for the abutments. The expansive soil exclusion zone (ESEZ) diagram (low-
expansion material backfill limits) is depicted on the structural plan attached in 
Appendix A.  

3.4.4 Tsunamis 

Based on the Tsunami Inundation Map for Emergency Planning for Ventura County, 
California, published by California Emergency Management Agency (2009), the 
susceptibility to tsunamis at the project site is very low. 



Source: Yerkes, R.F. and Campbell, R.H., 2005, Preliminary Geologic Map of Los Angeles 30' x 60' Quadrangle, Southern California, Version 1.0, USGS, OFR 2005-1019.
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4.0 Subsurface Conditions 

4.1 Subsurface Conditions 

According to the as-built plans, the approach embankments for the Ventura Freeway 
alignment in the vicinity of the Moorpark Road UC site were constructed by raising the 
grade by approximately 25 and 22 feet at Abutments 1 and 5, respectively. The existing 
slopes of the abutments are paved and sloped at 1.5:1 (horizontal:vertical [H:V]) 
longitudinal to Route 101. The sides of the approach embankment are sloped at 2:1 (H:V) 
and are covered by light vegetation at various surface locations. 

Subsurface conditions for the bridge foundation were determined based on review of the as-
built LOTB sheet (Caltrans, 1961) and the CH2M HILL field exploration.  

The subsurface profile generally consists of fill, younger alluvial deposits, and older alluvial 
deposits. Bedrock was not encountered during the investigation to the maximum boring 
depth of 96.5 feet (elevation of 647.3 feet).  

Below the existing ground surface, approximately 24 to 25 feet of artificial fill was 
encountered at the abutment locations, and approximately 3.5 to 4 feet of artificial fill was 
encountered at the bent locations. The fill generally consists of stiff silty clay and medium 
dense to dense silty sand, clayey sand, and poorly graded sand with silt. Generally, the 
sandy soils consist of varying amount of gravel.  

Below the fill, the younger alluvial deposits were encountered to approximate elevations of 
672.8 to 684.1 feet (the depths of 64 to 71 feet at the abutment locations and the depths of 
43 to 46 feet at the bent locations). The younger alluvium deposits generally consist of soft to 
stiff sandy lean clay and lean clay to approximate elevations of 702 to 703 feet. Within this 
clay deposit, a 0.8- to 2.5-foot-thick medium dense silty sand and clayey sand interlayer was 
encountered beneath Abutment 1 and extending to Bent 3. A localized 5-foot-thick medium 
dense silty sand layer was also encountered beneath Abutment 5. Below this zone, loose to 
medium dense silty sand to clayey sand deposits were encountered to approximate 
elevations of 691.3 to 698.1 feet. The next zone consists of soft to stiff sandy lean clay and 
sandy silt to approximate elevations of 690.1 to 687.8 feet. Below this zone, dense to very 
dense sandy and gravelly layers were encountered to the bottom of younger alluvium 
deposits.  

Below the younger alluvial deposits, older alluvium deposits were encountered to the 
bottom of the exploration of 647.3 feet (the depth of 96.5 feet). The older alluvial deposits 
generally consist of very dense clayey sand with gravel.  

4.2 Groundwater Conditions 

According to as-built LOTB, groundwater was encountered between elevations of 697 and 
701 feet (between 23 and 30 feet bgs) in two of the rotary borings and one penetration boring 
drilled. Groundwater was not encountered in the other as-built borings, which were 
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advanced to a maximum depth of 63 feet below the original ground surface at the project 
site. During the CH2M HILL’s field exploration, groundwater was encountered at 
approximate elevations between 707.6 and 711.3 feet from the CPT soundings, and at 
elevations of 713.3 and 713.4 feet from the borings at Bents 2 and 3, respectively. Based on 
Seismic Hazard Report for the Newbury Park 7.5-Minute Quadrangle by CGS (2002), the 
historically high groundwater level is approximately at 10 feet bgs in the vicinity of 
Moorpark Road, which corresponds to an approximate elevation of 713 feet. The historically 
high groundwater map is presented in Figure 4-1.  

The groundwater data from the previous and current investigations was supplemented by 
data collected from groundwater monitoring wells located in the vicinity of the project 
alignment. According to the California Department of Water Resources (CDWR) Water Data 
Library Interface (2010) reviewed online, the closest monitoring well to the bridge site, 
located approximately 0.85 mile to the north, had a peak water level at a depth of 40.2 feet 
from the ground surface as recorded in November 1980.  

Considering the groundwater table data measured recently at the Moorpark Road UC site is 
close to the CGS historically high groundwater level and the potential fluctuation of 
groundwater table in the future, therefore, we recommend that a groundwater table at 2 feet 
higher than the CGS historically high groundwater level, corresponding to the elevation of 
715 feet, be used as the design groundwater elevation at the Moorpark Road UC site. It 
should be noted that the groundwater table may fluctuate due to seasonal variation, nearby 
construction, irrigation, and numerous other human-made and natural influences. 

4.3 Idealized Soil Profile 

Field investigation and laboratory test results were mainly used to develop the engineering 
properties of the subsurface materials. In addition to laboratory tests, SPT blow counts from 
various test borings were used to estimate equivalent friction angles for granular soils based 
on established correlations in literature (Federal Highway Administration [FHWA] Manual, 
1996). The generalized (idealized) subsurface soil profiles and the material properties used 
for engineering analyses are developed at each support location and are presented in 
Table 4-1. The idealized soil profile along the proposed widening including the field 
groundwater table elevation, design groundwater table elevation, potential liquefiable layer, 
idealized soil strength, friction angle, and corrected SPT blow counts are presented in 
Figure 4-2.  

4.4 Soil Corrosion 

Soil laboratory tests for corrosivity assessment were conducted on two samples collected in 
the borings drilled at the project site. Soil samples were tested for pH, minimum resistivity, 
soluble chloride content, and soluble sulfate content using the procedures described in 
CTMs 417, 422, 532, and 643 (Caltrans, 2003). The corrosion test results are summarized in 
Table 4-2. 
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TABLE 4-1 

Summary of Idealized Soil Profile 

Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support Soil Type 
Elevation of Layer

a
 

(feet) 

Total Unit 
Weight 

(pcf) 

Friction 
Angle 

 (degree) 

Undrained 
Cohesion

 b
 

 (psf) 

Abutment 1 Af(SC) 748.1 - 722.9 125 
25

c
 

32
d
 

--- 

200
d
 

 CL 722.9 - 711.7 120 --- 2,000 

 SC 711.7 - 710.9 120 30 --- 

 CL 710.9 - 703.1 120 --- 750 

 SC 703.1 - 698.1 125 32 --- 

 CL 698.1 - 690.1 120 --- 500 to 900 

 GC 690.1 - 684.1 130 43 --- 

 SC <684.1 130 43 --- 

Bent 2 SC 722.9 – 713.0 125 32 --- 

 
SM 

(Liquefiable) 
713.0 – 710.0 125 30 (350) 

 CL 710.0 – 703.0 125 --- 970 

 SC 703.0 – 698.0 120 28 --- 

 
SM 

(Liquefiable) 
698.0 – 696.5 120 30 (550) 

 ML 696.5 – 688.5 120 --- 2,200 

 SM 688.5 – 686.5 130 33 --- 

 GC 686.5 – 680.0 130 43 --- 

 SC < 680.0 130 43  

Bent 3 CL 723.5 - 713.5 125 --- 2,900 

 
SM 

(Liquefiable) 
713.5 – 711.0 125 30 (350) 

 CL 711.0 – 702.5 125 --- 1,000 

 SC 702.5 – 698.5 120 30 --- 

 
SM 

(Liquefiable) 
698.5 – 695.5 120 30 (550) 

 CL 695.5 – 689.5 120 --- 2,450 

 SP-SM 689.5 – 683.5 130 36 --- 

 GC 683.5 – 677.5 130 43 --- 

 SC  < 677.5 130 43  

Bent 4 CL 722.5 – 713.0 125 --- 4,000 

 CL 713.0 – 709.0 125 --- 3,000 

 CL 709.0 – 704.0 125 --- 970 

 CL 704.0 – 699.5 120 --- 3,000 

 CL 699.5 – 696.0 120 --- 4,000 
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TABLE 4-1 

Summary of Idealized Soil Profile 

Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support Soil Type 
Elevation of Layer

a
 

(feet) 

Total Unit 
Weight 

(pcf) 

Friction 
Angle 

 (degree) 

Undrained 
Cohesion

 b
 

 (psf) 

 SM 686.0 – 694.0 120 30 --- 

 CL 694.0 – 688.0 120 --- 1,800 

 SW 688.0 – 682.0 130 32 to 35 --- 

 SC < 682.0 130 43  

Abutment 5 Af(SC) 743.8 - 720.0 125 
25

c
 

32
d
 

--- 

200
 d
 

 CL 720.0 - 711.5 125 --- 2,500 

 CL 711.5 - 706.5 120 --- 100 

 SM (Liquefiable) 706.5 - 702.0 125 28 (800) 

 SC 702.0 - 692.0 120 28 to 32 --- 

 CL 692.0 - 688.0 120 --- 1,500 

 SM 688.0 - 679.0 130 36 --- 

 GP 679.0 - 673.0 130 43 --- 

 SC <673.0 130 43 --- 

Notes:  
a 

Elevation data based on NAVD 88 datum  
b 

Residual shear strength during post liquefaction is presented in parentheses 
c 
Strength parameters for pile capacity calculations 

d 
Strength parameters for slope stability calculations 

Caltrans currently considers a site to be corrosive to foundation elements if one or more of 
the following conditions exist: chloride concentration is greater than or equal to 500 parts 
per million (ppm), sulfate concentration is greater than or equal to 2,000 ppm, or the pH is 
5.5 or less (Caltrans, 2003). Comparison between the laboratory test results and the Caltrans 
corrosion criteria indicates that the subsurface soils are considered noncorrosive toward 
common construction materials. Adequate concrete cover over reinforcing steel should be 
provided in accordance with good construction practices and design standards. 
Additionally, the bridge site is not located within 1,000 feet of salt or brackish water. A 
corrosion engineer should review the data and provide corrosion design recommendations 
for construction materials proposed at the project site.  
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TABLE 4-2 

Summary of Corrosion Test Results 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Boring No. 
Sample 

No. 
Depth 
(feet) Soil Type pH 

Minimum 
Resistivity 
(ohm-cm) 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

R-11-007 B01 2 to 5 SM 7.81 3,000 111 22 

R-11-008 B01 0 to 5 CL 6.72 1,025 137 37 

Notes: 

ohm-cm = ohm-centimeter  
ppm = parts per million  

4.5 Scour 

There is no channel, creek, or river crossing the site. Therefore, scour is not a concern at the 
project site.  
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5.0 Seismicity and Geo-Seismic Hazards 

5.1 Seismicity 

The seismic design methodology adopted for the study is based on the following current 
Caltrans standards: 

• Geotechnical Services Design Manual (Caltrans, 2009c) 

• Seismic Design Criteria (Caltrans, 2010b) 

• Caltrans Deterministic Peak Ground Acceleration (PGA) Map (Caltrans, 2007) 

5.1.1 Site Soil Profile 

The site soil profile type is classified based on the average shear wave velocity (Vs30) in the 
upper 100 feet. The shear wave velocity was estimated using established correlations with 
SPT blow counts and CPT tip resistance in accordance with Geotechnical Services Design 
Manual (Caltrans, 2009c). In-situ shear wave velocity was also measured using a seismic 
CPT cone during two of the CPT soundings. The soil explorations were carried out to a 
maximum depth of 96.5 feet bgs. As a result, the SPT and CPT data values were limited to 
the estimate of the average shear wave velocity in the upper 96.5 feet. The estimated average 
shear wave velocity was extrapolated to the average Vs30 of 269 meters per second (m/sec) 
in the upper 100 feet (Boore, 2004). Based on Seismic Design Criteria (Caltrans, 2010b), Soil 
Profile Type D is defined as stiff soil with 180 m/s < Vs30 < 360 m/s or with either Standard 
Penetration Resistance 15 ≤ N ≤  50 or undrained shear strength 1,000 < Su < 2,000 psf. 
Therefore, the Vs30 of 269 m/s is recommended to determine the design ground motion at 
the ground surface for soil profile Type D. The Vs30 data from the CPT sounding and SPT 
blow counts are presented in Appendix E-1.  

5.1.2 Earthquake Sources 

The project site is located within a seismically active area in Southern California. Based on 
the Caltrans Deterministic PGA Map (Caltrans, 2007), several active faults have been 
mapped within the general vicinity of the project site. The significant faults close to the 
project site include, but are not limited to, the Simi-Santa Rosa Fault Zone (Camarillo-Santa 
Rosa Section, Simi-Santa Rosa Section, and Springville Section), Chatsworth Fault, and 
Malibu Coast Fault. The location of the proposed bridge site relative to the nearby fault and 
the more-distant faults is shown in Figure 5-1.  

5.1.3 Controlling Fault Parameters 

The Simi-Santa Rosa (Camarillo-Santa Rosa Section) Fault is considered the controlling fault 
at the bridge site. This fault is a reverse fault. The maximum moment magnitude (MMax) 
and distance from the site to this seismic source and other significant sources near the site 
are summarized in Table 5-1. 
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TABLE 5-1 

Summary of Nearby Faults 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Fault Name MMax 

Distance in Kilometers 

RRup
a
 RJB

b
 Rx

c
 

Simi-Santa Rosa Fault Zone 
(Camarillo-Santa Rosa Section) 

7.0 7.18 7.11 7.09 

Simi-Santa Rosa Fault Zone 
(Simi-Santa Rosa Section) 

7.0 8.41 8.35 8.35 

Simi-Santa Rosa Fault Zone 
(Springville Section) 

7.0 15.9 15.87 12.3 

Chatsworth Fault  6.6 14.11 14.11 14.0 

Malibu Coast Fault  6.7 14.62 11.66 15.14 

Notes: 
a 

RRup = Closest distance to the fault rupture plane 
b 

RJB = Joyner-Boore distance measured as the shortest horizontal distance to the surface projection of 
the rupture area 

c 
Rx = Horizontal distance to the fault trace or surface projection 

5.1.4 Ground Motion 

Both deterministic and probabilistic response spectrums at 5 percent damping were 
evaluated to determine the design spectrum at the site. In the deterministic analysis, the 
response spectrum is calculated for each of the controlling faults using the arithmetic 
average of the median spectral values predicted from the ground motion prediction 
equations (GMPE) developed by Chiou and Young (2008) and Campbell and Bozorgnia 
(2008). The parameters for the site-source distance, Vs30, and the depth to the rock used in 
the GMPEs for the deterministic analysis are those discussed in Sections 5.1.1 and 5.1.3.  

In the probabilistic analysis, the United States Geological Survey (USGS) model (Petersen et 
al., 2008) was used to calculate the response spectrum for the 975-year return period ground 
motion using Vs30 of 269 m/sec in Atkinson and Boore (2008), Chiou and Young (2008), and 
Campbell and Bozorgnia (2008) GMPEs. The response spectrum was adjusted for the site 
shear wave velocity in the upper 100 feet using the soil amplification factors derived from 
the average of the three attenuation relationships. The response spectrums obtained from 
the deterministic and the probabilistic analyses were further modified to include the near-
fault rupture directivity effect (Caltrans, 2009c).  

Finally, the recommended design spectrum was developed as the maximum spectral value 
from both the deterministic and probabilistic analyses across the period spectrum. All the 
spectral acceleration values calculated from the magnitudes and distances of the controlling 
faults were found to be greater than the spectral values of the minimum spectrum for a 
scenario MMax of 6.5 occurring at a distance of 12 kilometers. The recommended PGA at 
the site is 0.52g (with g being gravitational acceleration), and the recommended design 
spectrum is presented in Figure 5-2. The spectral value in the design spectrum for all 
periods is controlled by the ground motion from the probabilistic spectrum. The detailed 
ground motion analyses and the supporting documentations for the Caltrans acceleration 



5.0  SEISMICITY AND GEO-SEISMIC HAZARDS 

TBG041511162302SCO\REVISED FINAL_FR_MOORPARKRDUC.DOCX/121350002 5-3 

response spectral (ARS) curve development, including ARS online fault map, basin maps, 
fault and site data input sheet, deterministic fault information and seismic procedure quality 
control/quality assurance (QC/QA) checklist, ARS online output, estimation of Vs30, 
deterministic spread sheet calculation and comparison to ARS online, probabilistic spread 
sheet calculation and comparison to ARS online, and United States Geological Survey 
(USGS) 2008 interactive deaggregation (beta) Web site, are presented in Appendix E-1.  

5.2 Geo-Seismic Hazards 

5.2.1 Liquefaction Evaluation 

Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when the following three general conditions exist: (1) shallow groundwater, (2) low-density 
sandy soils, and (3) high-intensity ground motion. Studies indicate that saturated, loose and 
medium-dense, near-surface, cohesionless soils exhibit the highest liquefaction potential; 
whereas, dry, dense, cohesionless soils and cohesive soils exhibit low to negligible 
liquefaction potential. Effects of liquefaction on level ground include sand boils, settlement, 
and failures of bearing capacity below structural foundations.  

For the project site, the PGA value of 0.52g and the maximum moment magnitude of 7.0 
were used in the liquefaction analyses as discussed in Section 5.1. The design groundwater 
elevation at 715 feet, which is 2 feet higher than the historically high groundwater level, was 
used in the liquefaction analyses.  

The borings and CPT soundings completed at the project site were examined for 
liquefaction potential using the computer program Liquefy Pro Version 5.3 (CivilTech, 
2006). The methodology used for liquefaction analysis is based on the reference of 
Liquefaction Resistance of Soils: Summary Report from the 1996 National Center for 
Earthquake Engineering Research (NCEER) and 1998 NCEER/National Science Foundation 
(NSF) Workshops on Evaluation of Liquefaction Resistance of Soils (Youd, et.al, 2001).  

Based on the soil boring and CPT data associated with the liquefaction analyses, isolated 
layers of loose to medium dense sandy soil at various elevations indicate a potential for 
liquefaction. The liquefaction potential and seismic settlement analyses are presented in 
Appendix E-2. Based on the liquefaction potential analyses, the NB structure and the 
proposed widening area are generally considered to have a low to moderate potential for 
liquefaction, and the SB structure area is considered to have a low potential for liquefaction. 
The potentially liquefiable soils were found to be isolated and considered not to have 
continuous layers based on our evaluation and interpretation. Subsurface soil profiles are 
included in Appendix E-2 for the NB and SB structures to present the isolated liquefiable 
layers based on the boring and CPT data.  

5.2.2 Seismic Settlement 

The seismically induced settlement was estimated using the method described by 
Tokimatsu and Seed (1987). The liquefaction induced settlement of the potentially 
liquefiable layers was estimated to be a maximum of 1.50 and 0.25 inches at the NB and SB 
areas, respectively. 
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Seismically induced settlement refers to the settlement of unsaturated granular materials as 
a result of densification and particle rearrangement (i.e., volumetric strain) due to 
earthquake shaking. Because of the shallow groundwater conditions at the site, the 
unsaturated soil zone is limited to about 8 feet bgs at the bents based on the design 
groundwater elevation. The material in this zone is a combination of coarse-grained and 
fine-grained soils, including sandy lean clay, silty-clay, clayey sand, and silty sand. Based on 
the limited thickness of unsaturated coarse-grained soil, seismically induced settlement of 
those unsaturated granular layers is expected to be negligible.  

5.2.3 Ground Rupture 

According to the official maps of earthquake fault zones in the Los Angeles County area 
(CGS, 1999), the Moorpark Road UC site is not located within a State of California-
designated Alquist-Priolo Earthquake Fault Zone. Therefore, ground surface rupture 
associated with known active faults does not pose a significant hazard. 

5.2.4 Lateral Spreading 

Because the potentially liquefiable soils are isolated and not in continuous layers crossing 
the site, lateral spreading of the bridge abutment due to liquefaction is not deemed to be a 
concern. Detailed site-specific embankment slope stability analysis is presented in Section 6 
of this report. 

  



Source: Caltrans Deterministic PGA Map, 2007
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Fault ID Mmax Fault Name

1 6.4 Bailey Fault

15 7.3 Northridge Blind Thrust Fault

126 7.2 Mission Ridge Arroyo Parida Fault

144 7.5 Newport Inglewood – Rose Canyon Fault Zone (N. LA  Basin Section)

160 6.9 Ventura-Pitas Point Fault

161 7.0 Oak Ridge Fault

162 6.5 Holser Fault

165 6.6 Chatsworth Fault

247 6.7 Sierra Madre Fault Zone (San Fernando Section)

270 6.8 Mesa-Rincon Creek Fault

274 6.7 Sierra Madre Fault Zone (Santa Susana Section)

279 6.7 Malibu Coast Fault

Fault ID Mmax Fault Name

280 6.1 Santa Monica Fault

282 6.6 Hollywood Fault

363 6.4 Lion Canyon Fault Zone

370 6.2 Mission Hills Fault

371 6.7 Northridge Hills Fault

372 7.0 Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa Section)

373 7.0 Simi-Santa Rosa Fault Zone (Simi-Santa Rosa Section)

376 7.0 Simi-Santa Rosa Fault Zone (Springville Section)

383 6.6 Oak Ridge Mid Channel Structure

403 7.0 San Cayetano Fault

418 6.9 Verdugo Fault
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6.0 Foundation Recommendations 

6.1 Foundation Types 

Various standard foundation types were considered for use at abutment and bent locations 
for the Moorpark Road UC widening. The following recommendations are based on various 
factors, such as axial and lateral loads, subsurface soil and groundwater conditions, and 
construction considerations.  

Shallow spread footing foundations are not recommended due to the soft to stiff younger 
alluvial soils at the upper deposits of the subsurface. Cast-in-drilled-hole (CIDH) piles are 
not recommended due to the anticipated shallow groundwater table and occasional sandy 
materials at the site. Based on the boring data, hard driving conditions are anticipated below 
an elevation of 688 feet. Therefore, driven concrete piles are also not recommended. Driven 
steel H-piles (HP)—HP 14x89—are recommended to support the abutments and bents of the 
proposed bridge widening, based on their ability to penetrate dense soil and gravel layers.  

6.1.1 Design Criteria 

According to California Amendments to American Association of State Highway and 
Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) Bridge Design 
Specifications (Caltrans, 2008a), foundation for abutment support should be designed in 
accordance with the working stress design (WSD) method, while foundation for bent 
support should be designed in accordance with the LRFD method as specified in the LRFD 
Bridge Design Specifications (AASHTO, 2007), and Caltrans Amendments (Caltrans, 2008a).  

The structural information and the demands on the pile foundations for the proposed NB 
widening were provided by the structural designer per Memo to Designers (MTD) 3-1 
(Caltrans, 2008b) and are summarized in Tables 6-1 and 6-2. Procedures used to develop the 
geotechnical recommendations for the axial and lateral capacity of the recommended piles 
are described in the subsequent sections. 
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TABLE 6-1 

General Foundation Information 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support  
Design 
Method Pile Type 

Finished 
Grade 

Elevation 
(feet) 

Cut-off 
Elevation 

(feet) 

Pile Cap Size 
(feet) 

Permissible 
Settlement 

under 
Service Load 

(inches) 

Number of 
Piles per 
Support B L 

Abut 1 WSD HP 14x89 747.4 741.65 14.0 2.5 1 2 

Bent 2 LRFD HP 14x89 722.4 718.0 12.0 10.0 1 8 

Bent 3 LRFD HP 14x89 723.4 718.0 12.0 10.0 1 8 

Bent 4 LRFD HP 14x89 722.2 718.0 12.0 10.0 1 8 

Abut 5 WSD HP 14x89 744.0 737.5 14.0 2.5 1 2 

Notes:  

B = Pile Cap Width 
L = Pile Cap Length  
WSD = Working Stress Design  
LRFD = Load Resistance Factor Design  
 

 

TABLE 6-2 

Foundation Design Loads 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support  

Service-I Limit State  
(kips) 

Strength Limit State  
(Controlling Group, kips) 

Extreme Event Limit State  
(Controlling Group, kips) 

Total Load 
Permanent 

Loads Compression Tension Compression Tension 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
Pile 

Per 
Support 

Max. 
Per 
pile 

Per 
Support 

Max. 
Per 
pile 

Abut 1 143 72 78 N/A N/A N/A N/A N/A N/A N/A N/A 

Bent 2 435 78 320 622 104 N/A N/A 330 163 N/A 81 

Bent 3 459 59 328 648 84 N/A N/A 330 163 N/A 81 

Bent 4 418 74 307 590 96 N/A N/A 330 163 N/A 81 

Abut 5 131 66 67 N/A N/A N/A N/A N/A N/A N/A N/A 

Notes: 

N/A = not applicable 
kip = kilopound 
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6.1.2 Axial Capacity 

Soil strength data for each support location were used to calculate the axial compressive pile 
capacity. Axial pile capacity computation was based on the procedures outlined in LRFD 
Bridge Design Specifications (AASHTO, 2007) and Caltrans Amendments (Caltrans, 2008a). 
The axial capacity of driven piles was evaluated using a computer program, APILE version 
5.0 (EnSoft, 2007). Calculations were performed to establish pile-tip elevations based on 
requirements for axial compressive capacity, tension capacity, and settlement criteria. Both 
skin friction and end-bearing capacities were considered in the pile design. Axial pile 
capacity calculations are included in Appendix E-3. Tables 6-3 and 6-4 summarize the 
results of axial pile capacity analyses at the abutment and bent support locations, 
respectively, per MTD 3-1 (Caltrans, 2008b).  

To protect the existing embankment and foundation and avoid drivability issues, the piles at 
the proposed abutment foundations are recommended to be driven through oversize 
predrilled holes through the embankment fill to the elevations of 723 and 720 feet at 
Abutments 1 and 5, respectively. The oversize predrilled holes should be prepared in 
accordance with Section 49-1.05 of Caltrans Standard Specifications (Caltrans, 2010c). The 
oversize predrilled hole should have a diameter of not less than the greatest dimension of 
the pile cross section plus 6 inches. After the pile driving, the space between the pile and the 
predrilled hole should be filled to ground surface with dry sand or pea gravel. Because of 
the predrilled hole, the calculated axial geotechnical capacity of the piles within the 
embankment fill was ignored in the design.  

Per AASHTO LRFD Bridge Design Specifications (AASHTO, 2007), liquefaction-induced 
downdrag load should be considered in axial pile capacity design if the seismically induced 
settlement is greater than 0.4 inch. Along the proposed structure widening area, isolated 
liquefiable soils were identified at Abutment 5, Bent 2, and Bent 3 locations. For the piles at 
Abutment 5, half of the liquefaction-induced downdrag load was considered as a part of 
permanent load per WSD methodology. For piles at Bents 2 and 3, a load factor of 1.4 was 
applied to the liquefaction-induced downdrag load in accordance with Section 10.7.3.7 of 
AASHTO LRFD Bridge Design Specifications (AASHTO, 2007), and this factored downdrag 
load was included in the axial pile capacity design at the extreme event limit state. At the 
Abutment 5 and Bents 2 and 3 locations, the calculated axial geotechnical capacity of the 
piles above the potentially liquefiable layer was ignored in the design.  

When driving the piles, the contractor should anticipate higher driving resistances than 
what would be indicated by the nominal resistances as shown in Tables 6-3 and 6-4. The 
nominal driving resistance is the total resistance the pile will experience when driving to the 
specified pile tip elevations. Because of the oversized pre-drilling through fills at abutments 
and the isolated liquefaction downdrag load impacts at Bent 2, Bent 3, and Abutment 5, the 
specified pile tip elevations were developed as follows: for Abutment 1, it corresponds to 
the total pile capacity required to meet the ultimate load demand and the settlement criteria 
by ignoring the skin friction from the oversized predrilled length. For Abutment 5, it 
corresponds to the total pile capacity required to meet the ultimate load demand including 
the liquefaction downdrag load and the settlement criteria by ignoring the skin friction from 
the oversized predrilled length. For Bents 2 and 3, it corresponds to the nominal resistance 
in compression at Extreme Event Limit State (in control) including the liquefaction 
downdrag load and the settlement criteria by ignoring the skin friction above the 



6.0  FOUNDATION RECOMMENDATIONS 

TBG041511162302SCO\REVISED FINAL_FR_MOORPARKRDUC.DOCX/121350002 6-4 

liquefaction zone. For Bent 4, it corresponds to the nominal resistance in compression at 
Extreme Event Limit State (in control) and the settlement criteria.  

Details on how the normal driving resistance values were developed are shown on the Apile 
output diagrams in Appendix E-3.  

6.1.3 Pile Settlement 

Settlements of individual and group piles under the service limit state condition were 
computed based on the procedures in accordance with AASHTO LRFD Bridge Design 
Specifications (AASHTO, 2007) and Caltrans Amendments (Caltrans, 2008a). Calculations 
were performed to establish pile-tip elevations based on requirements for permissible 
settlement criteria. The pile settlement calculations are included in Appendix E-3. Tables 6-3 
and 6-4 include the pile-tip elevations controlled by the permissible settlement criteria.  

TABLE 6-3 

Abutment Foundation Design Recommendations 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support Pile 

Cut-off 
Elevation 

(feet) 

LRFD Service-I 
Limit State Load 

(kips)  
per Support 

LRFD Service-I 
Limit State 
Total Load 

(kips)  
per Pile 

(compression) 

Nominal 
Resistance 

(kips) 

Design 
Tip 

Elevation 
(feet) 

Specified 
Tip 

Elevation 
(feet) 

Nominal 
Driving 

Resistance 
Required 

(kips) Total Permanent 

Abut 1 HP 
14X89 

741.65 143 78 72 160 699.5 (a) 
693.5 (c) 
716.5 (d) 

693.5 171 

Abut 5 HP 
14X89 

737.50 131 67 66 235 680.0 (a) 
676.5 (c)  
712.5 (d) 

676.5 414 

Notes: 

Design tip elevations are controlled by (a) compression, (c) settlement, and (d) lateral load, respectively. 
The specified tip elevation shall not be raised. 
kip = kilopound 
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TABLE 6-4 

Bent Foundation Design Recommendations 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support  
Pile 
Type 

Cut-off 
Elevation 

(feet) 

Service-I 
Limit State 
Load (kips) 

Per 
Support 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal 
Resistance (kips) 

Design Tip 
Elevation 

(feet) 

Specified 
Tip 

Elevation 
(feet) 

Nominal 
Driving 

Resistance 
Required 

(kips) 

Strength Limit Extreme Limit 

Comp. 

(φφφφ=0.7) 

Tension  

(φφφφ =0.7) 

Comp. 

(φφφφ =1) 

Tension  

(φφφφ =1) 

Bent 2 
HP 

14X89 
718.0 435 1 104 N/A 233 81 

687.5 (a-I)  
679.0 (a-II)  
692.0 (b-II) 
696.0 (c) 
693.0 (d) 

679.0 288 

Bent 3 
HP 

14X89 
718.0 459 1 84 N/A 293 81 

687.0 (a-I)  
672.0 (a-II)  
700.0 (b-II) 
697.0 (c) 
693.0 (d) 

672.0 387 

Bent 4 
HP 

14X89 
718.0 418 1 96 N/A 163 81 

689.0 (a-I)  
688.0 (a-II)  
701.0 (b-II) 
690.0 (c) 
693.0 (d) 

688.0 164 

Notes: 

Design tip elevations are controlled by (a-I) Compression (Strength Limit), (a-II) Compression (Extreme Event), (b-II) Tension (Extreme 
Event), (c) Settlement, (d) Lateral Load, respectively.  
Required factored nominal resistance for compression under extreme limit includes structural load and downdrag load induced by seismic 
settlement (if applicable).  
The specified tip elevation shall not be raised. 
kip = kilopound 

6.1.4 Lateral Capacity 

The lateral load deformation responses of a single HP pile were analyzed using the LPILE 
Plus 5.0 program (EnSoft, 2005). The lateral pile capacity analyses were performed based on 
the P-Y method. To account for effects of group interaction, the values of lateral load “P” 
were multiplied by P-multiplier values as provided in Table 10.7.2.4-1 of the Caltrans 
Amendments (Caltrans, 2008a). A resistance factor of 1.0 was applied to all of the required 
shear resistance per Table 10.5.5.2.3-1 of the Caltrans Amendments (Caltrans, 2008a). Lateral 
capacity input, output, and P-Y curves are included in Appendix E-4. Table 6-5 summarizes 
the results of the lateral pile capacity analyses for the piles at the Moorpark Road UC 
widening.  
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TABLE 6-5 

Summary of Lateral Pile Capacity Analyses 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support  
Pile 
Type 

Lateral 
Displacement 

at Head 
(inches) 

Strong Axis Weak Axis 

Shear 
Force at 

Head 
(Φ=1.0) 
(kips) 

Max. 
Bending 
Moment 
(kip-in) 

Depth to 
Max. 

Moment 
(inches) 

Shear 
Force at 

Head 
(Φ=1.0) 
(kips) 

Max. 
Bending 
Moment 
(kip-in) 

Depth to 
Max. 

Moment 
(inches) 

Abutments  
1 and 5 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

20 
32 
52 
77 
96 

797 
1,449 
2,627 
4,678 
6,426 

73 
81 
88 
95 

102 

13 
22 
34 
50 
61 

430 
777 

1,405 
2,490 
3,412 

59 
66 
66 
73 
81 

Bents  
2, 3, and 4 

(Row 1) 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

15 
23 
33 
41 
47 

538 
914 

1,526 
2,407 
3,232 

95 
103 
108 
126 
140 

11 
17 
25 
30 
34 

326 
546 
908 

1,346 
1,744 

54 
59 
59 
99 

108 

Bents  
2, 3, and 4 

(Row 2) 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

12 
18 
26 
33 
38 

479 
807 

1,327 
2,141 
2,916 

104 
108 
117 
140 
153 

9 
13 
20 
24 
27 

276 
459 
763 

1,175 
1,531 

59 
59 
77 

108 
117 

Bents  
2, 3, and 4 

(Row 3) 

HP 
14x89 

0.25 
0.50 
1.00 
2.00 
3.00 

9 
14 
21 
26 
31 

425 
704 

1,158 
1,914 
2,647 

108 
117 
126 
149 
167 

7 
11 
15 
19 
21 

232 
390 
657 

1,022 
1,350 

68 
81 
99 

117 
126 

Notes: 

Pinned-head condition is assumed at both abutment and bent locations. 
Group shear resistance should be calculated as the sum of each resistance. 

6.1.5 Pile Data Table 

For the proposed Moorpark Road UC widening, the foundation information for the contract 
plans is summarized in Table 6-6, Pile Data Table per MTD 3-1 (Caltrans, 2008b).  



6.0  FOUNDATION RECOMMENDATIONS 

TBG041511162302SCO\REVISED FINAL_FR_MOORPARKRDUC.DOCX/121350002 6-7 

TABLE 6-6 

Pile Data Table 
Moorpark Road Undercrossing (Bridge No. 52-0237) 

Support Pile Type 

Nominal Resistance (kips) 
Design Tip 

Elevations
1, 2 

(feet) 

Specified Tip 
Elevation

3
 

(ft) 

Nominal 
Driving 

Resistance 
(kips) Compression Tension 

Abut 1 HP 14x89 160 N/A 
699.5 (a)  
693.5 (c)  
716.5 (d) 

693.5 171 

Bent 2 HP 14x89 239 84 

679.0 (a)  
692.0 (b) 
696.0 (c) 
693.0 (d) 

679.0 288 

Bent 3 HP 14x89 293 87 

672.0 (a)  
700.0 (b) 
697.0 (c) 
693.0 (d) 

672.0 387 

Bent 4 HP 14x89 164 87 

688.0 (a)  
701.0 (b) 
690.0 (c) 
693.0 (d) 

688.0 164 

Abut 5 HP 14x89 235 N/A 
680.0 (a)  
676.5 (c)  
712.5 (d) 

676.5 414 

Notes: 
1
 Design tip elevations for Abutments are controlled by: (a) Compression, (c) Settlement, (d) Lateral Load 

2
 Design tip elevations for Bents are controlled by: (a) Compression, (b) Tension, (c) Settlement, (d) Lateral Load 

3
 The specified tip elevation shall not be raised. 

N/A = not applicable 

6.2 Passive Pressure on Abutment Diaphragm  

For the longitudinal resistance of the bridge abutments, the contribution from the passive 
resistance of the backfill material behind the backwall may be mobilized. Refer to Section 
7.8.1 of Caltrans Seismic Design Criteria for calculating the passive pressure force resisting 
the movement at the abutments (Caltrans, 2010b). The initial secant stiffness of the effective 
spring may be obtained by assuming the maximum passive resistance will be mobilized at a 

horizontal displacement (∆) of 0.02H plus the width of the expansion gap between the 

bridge superstructure and the abutments. If the backwall displacement is less than the ∆ 
described previously, linear interpolation may be used to estimate the mobilized passive 
resistance. 

6.3 Approach Fill 

To provide widening of the NB Route 101 traveled way, a maximum 3.5-foot-high 
additional “sliver fill” will be placed on the existing slopes along Abutment 5. Minor 
grading is proposed along Abutment 1. The proposed embankment sliver fill slopes at 
Abutment 5 will be constructed at the same slope ratio of the existing slope. Any new fill 
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should be placed and compacted according to Caltrans Standard Specifications Section 19-3 
for the structural backfill of the bridge abutment and Section 19-6 for the embankment fill 
(Caltrans, 2010c).  

6.3.1 Approach Fill Slope Stability 

Based on the subsurface soil conditions, it is expected that the approach embankments to 
remain stable under static and seismic conditions, and the lateral spreading is not deemed to 
be a concern due to the low to moderate liquefaction potential in the isolated layers.  

Two-dimensional slope stability analyses were performed on selected cross sections of the 
abutments using the computer program Slide, Version 6.0 (Slide 6.0) produced by 
Rocscience (2011). Static and pseudo static slope stability analyses were performed. For 
pseudo static analysis, according to Caltrans Guidelines for Structures Foundation Reports 
(Caltrans, 2009a), a seismic coefficient of 0.17g, which is one third of PGA, was used. Factors 
of safety greater than the minimum required values of 1.5 for the static case and 1.1 for the 
pseudo static case were achieved for the fill embankment at Abutments 1 and 5. The 
stability analyses are included in Appendix E-5. 

6.3.2 Approach Fill Settlement 

Because the younger alluvium deposits primarily consist of medium dense sandy materials 
and soft to stiff clayey materials, short-term elastic settlement and consolidation settlement 
are anticipated at the site due to construction of the proposed sliver fill.  

The potential settlements due to the additional sliver fill were estimated using a computer 
program Settle 3D (Rocscience, 2010), and the analyses are presented in Appendix E-6. 
Based on the analyses, the settlements due to the additional fill are expected to be less than 
1 inch at Abutment 5, and 90 percent of the settlement is estimated to be completed in 
30 days after the fill is placed.  

6.4 Wing Walls 

The existing wing walls at Abutments 1 and 5 will be removed as part of the proposed 
bridge demolition. The proposed wing wall at Abutment 1 is a cast in place cantilever wing 
wall supported by the abutment diaphragm and does not have a separate footing. At 
Abutment 5, Retaining Wall No. 226 will begin at the back of the abutment diaphragm.  
Retaining Wall No. 226 is a Caltrans Standard Type 1 retaining wall supported on spread 
footings. Abutment 5 and Retaining Wall No. 226 will be separated by a wall expansion joint 
to allow for differential movement. The wing wall structural layout sheets at Abutment 1 
are presented in Appendix E-7. The recommendations for Retaining Wall No. 226 are 
presented in the Revised Final Geotechnical Design Report, Route 101/23 Interchange 
Improvements (CH2M HILL, 2012).   

6.5 Structure Approach Slab 

Section 670 of the Highway Design Manual (Caltrans, 2009d) provides requirements for 
structure approach pavement systems. Seismic approach slabs are required for asphalt 
concrete pavement if the site peak bedrock acceleration is 0.6g or more and the embankment 
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height is 10 feet or more, or if the site geology indicates a need for an approach slab. 
Approach slabs are used for all jointed plain concrete pavement. 

The existing Moorpark Road UC was built with an approach slab between the existing 
pavement and bridge deck. A portion of the existing approach slabs adjacent to the 
widening will need to be replaced after they are demolished and new approach slabs will be 
required for the widening. Therefore, in accordance with Caltrans MTD 5-3 (Caltrans, 1996), 
Type R (30D) seismic approach slabs will be used to replace the existing demolished 
approach slabs, and Type N (30D) seismic approach slabs will be used at the new widened 
shoulders. 
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7.0 Construction Considerations 

7.1 Site Preparation 

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2010c). 

Prior to construction, surficial vegetation, organic topsoil, and deleterious material should 
be stripped and completely removed from the site. Loose, soft, or wet material should also 
be removed and replaced with competent backfill. Existing utilities, drainage structures, and 
other existing structures may also need to be removed or protected prior to construction of 
the abutments. 

7.2 Temporary Cuts  

Excavation of the temporary cut slopes greater than 5 feet in height should be no steeper 
than a gradient of 1:1 (H:V) or as the field conditions dictate to provide safe and stable 
slopes. All temporary excavations should be performed in accordance with the safety 
requirements of California Occupational Safety and Health Administration (Cal-OSHA). 
Shoring, if required, may be designed in accordance with methods presented in the Caltrans 
Trenching and Shoring Manual (Caltrans, 2000). It is the responsibility of the contractor to 
provide stable excavation for the temporary cuts at the bridge site. 

7.3 Structural Backfill  

Specifications for the structural backfill material should conform to Section 19-3 of Caltrans 
Standard Specifications (Caltrans, 2010c). The expansive soil exclusion zone (ESEZ) diagram 
(low-expansion material backfill limits) is shown on the structural plan attached in 
Appendix A. 

7.4 Earthwork 

Earthwork should be performed in accordance with Caltrans Standard Specifications, 
Section 19 (Caltrans, 2010c). Any temporary sloping, sheeting, or shoring should be 
designed per the Caltrans Trenching and Shoring Manual (Caltrans, 2000). Appropriate 
measures should be taken to prevent damage to adjacent structures and utilities. Likewise, 
measures to control the impact of both groundwater and surface water on the stability of 
temporary excavations shall be employed and shall remain the sole responsibility of the 
contractor. 

Backfill soil surrounding and above pile caps, behind diaphragm walls, and underneath 
infill walls shall be placed and compacted in accordance with Section 19-3 of the Caltrans 
Standard Specifications (Caltrans, 2010c). 
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7.4.1 Fill Placement and Compaction 

Native onsite granular material can be used for placement as compacted embankment fill. 
However, it should be free of organic material, debris, and oversized material. All 
embankment fill should be placed in thin, loose lifts; moisture-conditioned, as necessary, 
to near-optimum moisture content; and compacted to a minimum 95 percent relative 
compaction as determined by ASTM D1557. Considering material variance and the 
assurance to have uniform granular structural backfill, we recommend import low-
expansion material (material with an expansion index [EI] less than or equal to 50) be used 
as structural backfill for the abutments. The geotechnical engineer should approve all 
import materials prior to placement. 

7.4.2 Over-excavation 

No over-excavation is anticipated for the project site. However, if soft soils are encountered 
beneath footings, they should be over-excavated and backfilled with suitable material. 
Either native granular material or imported granular material may be used as backfill such 
that it is free of organics, debris, and oversized material, and has an EI less than 50 as 
determined in accordance with ASTM D4829. The over-excavation backfill should be placed 
in thin, loose lifts; moisture-conditioned, as necessary, to near-optimum moisture content; 
and compacted to a minimum 95 percent relative compaction as determined by 
ASTM D1557. 

7.5 Pile Driving 

Hard driving is anticipated at some locations based on the borings drilled at the site. 
Construction of pile foundations shall generally be in accordance with Section 49 of the 
Caltrans Standard Specifications (Caltrans, 2010c). Considering the driving conditions at the 
site, it is recommended that the contractor perform a drivability analysis to determine the 
refusal criteria at each location. The drivability analysis should be based on the type of 
hammer selected to drive the piles.  

According to Section 49 of Caltrans Standard Specifications (Caltrans, 2010c), piles to be 
driven through embankment constructed by the contractor should be driven in holes 
predrilled through the embankment when the depth of new embankment at the pile 
location is in excess of 5 feet. For piles driving through the existing fills at the abutments, 
oversized predrilled holes are also recommended. The holes should have a diameter of not 
less than the greatest dimension of the pile cross-section plus 6 inches. After driving the 
piles, the space around the piles shall be filled to ground surface with dry sand or pea 
gravel.  

7.6 Dewatering 

As discussed in Section 4.2, the groundwater table elevation was encountered as high as at 
elevation of 713.4 feet in the borings. Considering the historically high groundwater table, 
dewatering is not anticipated for the construction of the abutment and bent foundations, as 
the pile cut-off elevations are above the historically high level and the actual groundwater 
table encountered from the field.  
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7.7 Settlement Monitoring 

As discussed in Section 6.3.2, settlement of the abutments with the placement of the “sliver 
fills” is anticipated to be less than 1 inch. Most of this settlement is expected to be completed 
within 1 month after placement. Therefore, no settlement monitoring is recommended. 

7.8 Geotechnical Observation 

Pile driving, preparations for subgrade, and backfill should be observed by a geotechnical 
specialist or a technician under the supervision of a geotechnical specialist. Variations in soil 
and geologic conditions are possible and may be encountered during construction. To 
permit correlation between the exploration data and the actual conditions encountered 
during construction, a qualified geotechnical specialist should perform onsite reviews 
during construction. 

7.9 Review of Construction Plans and Specifications 

The geotechnical recommendations in this report are based on the as-built plans, the 
geotechnical field investigation, structural bridge plans, and roadway plans available at the 
time of preparing this report. The geotechnical designer should review construction plans 
and specifications to verify that the geotechnical recommendations have been incorporated 
into the bridge design. If the nature, design, or location of the proposed improvement at the 
bridge site varies from those used to develop the recommendations provided in this report, 
the recommendations should be re-evaluated. 
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UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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Appendix C 
Field Exploration and Testing 



ASPHALT Pavement 8".
SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; coarse to fine SAND; some fines [FILL].

Dense.

Medium dense.

CLAYEY SAND with GRAVEL (SC); dense; dark gray;
moist; little GRAVEL; coarse to fine SAND; some fines.

Medium dense.

80

60

80

30

B01

S02

S03

S04

S05

12

13

CR

PA

17
22
19

6
7
7

16
28
29

6
5
4

121

118

AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
748.1 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
2-2-11

COMPLETION DATE
2-4-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888117.0 ft / 6296655.0 ft

HOLE ID

R-11-007
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
91.4 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
46.70' Rt  Sta 224+49.5
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SANDY lean CLAY (CL); very stiff; dark brown; moist; few
fine SAND [RECENT ALLUVIUM].
PP=2.25 - 2.5 tsf; UU=2.6 tsf.

PP=2.0 tsf.

CLAYEY SAND (SC); medium dense; brown; moist; few
GRAVEL; coarse to fine SAND; some fines; PP=1.0 tsf.
Lean CLAY (CL); medium stiff; dark brown; moist.

SANDY lean CLAY (CL); soft; dark brown; wet; trace
GRAVEL; fine SAND; PP=0.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; wet; little GRAVEL; coarse to fine SAND; some
fines.

SANDY lean CLAY (CL); soft; brown; wet; trace GRAVEL;
coarse to fine SAND.
PP=0.5 tsf.
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SANDY lean CLAY (CL) (continued).

Medium stiff; gray; UU=0.9 tsf.

CLAYEY GRAVEL with SAND (GC); very dense; gray;
wet; some coarse to fine SAND; little medium plasticity
fines.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; wet; some GRAVEL; coarse to fine
SAND; some fines [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 91.4 ft bgs
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ASPHALT Pavement 9"; Base 6".

SILTY CLAY (CL-ML); dark brown; moist; low plasticity
fines [FILL].

CLAYEY SAND (SC); medium dense; grayish brown;
moist; few GRAVEL; coarse to fine SAND; some medium
plasticity fines; occasional clay interbeds [RECENT
ALLUVIUM].

SANDY lean CLAY (CL); medium stiff; dark brown; moist;
few GRAVEL; coarse to fine SAND; medium plasticity
fines.

CLAYEY SAND with GRAVEL (SC); loose; brown; wet;
little GRAVEL; coarse to fine SAND; little medium
plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured 9.5 ft on 5-3-11

SURFACE ELEVATION
722.9 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
1-13-11

COMPLETION DATE
1-15-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888138.0 ft / 6296594.0 ft

HOLE ID

R-11-008
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
80.3 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
60.50' Rt  Sta 225+11.7
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SILTY SAND with GRAVEL (SM); medium dense; dark
brown; moist; some GRAVEL; coarse to fine SAND; little
low plasticity fines.

SANDY SILT (ML); loose; dark gray; moist; fine SAND.

SILTY SAND (SM); medium dense; dark brown; moist;
few GRAVEL; coarse to fine SAND; some low plasticity
fines.

CLAYEY GRAVEL (GC); very dense; reddish brown; wet;
coarse to fine GRAVEL; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; moist;
little coarse to fine, angular GRAVEL; coarse to fine
SAND; some medium plasticity fines; purple, green and
gray; few COBBLES; intact mixture [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 80.3 ft bgs
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ASPHALT Pavement 6", Base 12".

Poorly graded SAND with SILT (SP-SM); brown; moist;
fine GRAVEL; medium to fine SAND; low plasticity fines
[FILL].

SANDY lean CLAY (CL); very stiff; dark gray; moist; trace
GRAVEL; some coarse to fine SAND; PP=2.0 tsf
[RECENT ALLUVIUM].

SILTY SAND (SM); medium dense; dark gray; moist;
trace GRAVEL; coarse to fine SAND; some fines.

SANDY lean CLAY (CL); medium stiff; brown; wet; few
GRAVEL; some coarse to fine SAND; medium plasticity
fines.

PP=0.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense; wet;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.
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SILTY SAND with GRAVEL (SM); medium dense; wet;
some GRAVEL; coarse to fine SAND; little low plasticity
fines.

CLAYEY SAND (SC); medium dense; dark gray; wet; fine
SAND; some medium plasticity fines; trace micaceous.

Well-graded SAND with SILT and GRAVEL (SW-SM);
dense; gray; wet; some GRAVEL; few low plasticity fines.

Poorly graded GRAVEL (GP); very dense; gray; wet;
coarse to fine GRAVEL; few coarse to fine SAND; trace
fines.

CLAYEY SAND with GRAVEL (SC); olive gray; moist;
some GRAVEL; coarse to fine SAND; some medium
plasticity fines [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 80.3 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines [FILL].

Very dense; encountered large GRAVEL and COBBLES.

Medium dense.

SANDY lean CLAY (CL); stiff; dark gray; moist; few
GRAVEL; some coarse to fine SAND; medium plasticity
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fines [RECENT ALLUVIUM].
SANDY lean CLAY (CL) (continued).

SANDY lean CLAY (CL); very soft; dark gray; moist; trace
GRAVEL; some coarse to fine SAND; medium plasticity
fines.

SILTY SAND with GRAVEL (SM); gray; wet; little fine
GRAVEL; coarse to fine SAND; little low plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; wet;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.

SANDY lean CLAY (CL); stiff; dark gray; wet; some fine
SAND; medium plasticity fines.
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SANDY lean CLAY (CL) (continued).

SILTY SAND (SM); dense; brown; wet; few coarse to fine
GRAVEL; mostly fine SAND; some low plasticity fines.

Little fine GRAVEL.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
very dense; brown; wet; mostly coarse GRAVEL; some
fine SAND; few low plasticity fines.

CLAYEY SAND (SC); very dense; dark gray; wet; few
GRAVEL; coarse to fine SAND; some medium plasticity
fines [OLDER ALLUVIUM].
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CLAYEY SAND (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 96.5 ft bgs

100

100

100

S18

S19

S20

50/4"

50/3"

50/4"

M
at

er
ia

l
G

ra
ph

ic
s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
Karthik R.

DATE
2-2-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER
52-0237

HOLE ID
R-11-010

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
4  of  4

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

657.80

655.80

653.80

651.80

649.80

647.80

645.80

643.80

641.80

639.80

637.80

635.80

633.80

631.80

629.80

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

REF

REF

REF

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115



 

 
 
 
 

SUMMARY 
 

OF  

CONE  PENETRATION TEST DATA 
 
 
 
 

Prepared by:  

 

 

 

KEHOE TESTING & ENGINEERING  
5415 Industrial Drive 

Huntington Beach, CA  92649-1518 
Office (714) 901-7270 / Fax (714) 901-7289 

Project: 
 

Interchange Improvement Project 

Moorpark Road 

Thousand Oaks, CA 

January 11-12, 2011 

 

 
Prepared for: 

 

Mr. Karthik Radhakrishnan 

CH2M Hill, Inc. 

6 Hutton Centre Drive, Ste 700 

Santa Ana, CA  92707 

Office (714) 429-2000 / Fax (714) 429-2050 

 

 



 

    

 

TABLE OF CONTENTS 
 
 
 
 

 

1. INTRODUCTION 
 

2. SUMMARY OF FIELD WORK 
 

3. FIELD EQUIPMENT & PROCEDURES     
 

4. CONE PENETRATION TEST DATA & INTERPRETATION 
 

 

 

APPENDIX 
 

• CPT Plots 

• CPT Classification/Soil Behavior Chart 

• Interpretation Output (CPTINT) 

• Summary of Shear Wave Velocities 

• Pore Pressure Dissipation Graphs 

• CPTINT Correlation Table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

    

 

 

SUMMARY 
 

OF 

CONE PENETRATION TEST DATA 

 
 
 

1. INTRODUCTION 
 
This report presents the results of a Cone Penetration Test (CPT) program carried out for the 
Interchange Improvement Project located at Moorpark Road in Thousand Oaks, California.  
The work was performed by Kehoe Testing & Engineering (KTE) on January 11-12, 2011.  The 
scope of work was performed as directed by CH2M Hill, Inc. personnel. 
 

2. SUMMARY OF FIELD WORK 
 
The fieldwork consisted of performing CPT soundings at six locations to determine the soil 
lithology.  Groundwater measurements and hole collapse depths provided in TABLE 2.1 are 
for information only.  The readings indicate the apparent depth to which the hole is open and 
the apparent water level (if encountered) in the CPT probe hole at the time of measurement 
upon completion of the CPT.  KTE does not warranty the accuracy of the measurements and 
the reported water levels may not represent the true or stabilized groundwater levels. 
 

 

 

LOCATION 

 

DEPTH OF 

 CPT (ft) 

 

 

COMMENTS/NOTES: 

CPT-11-045 42 Refusal, groundwater @ 14 ft 

CPT-11-046 41 Refusal, groundwater @ 12 ft 

CPT-11-047 40 Refusal, groundwater @ 14 ft 

CPT-11-048 43 Refusal, groundwater @ 15 ft 

CPT-11-049 44 Refusal, hole open to 5 ft (dry) 

CPT-11-050 43 Refusal, groundwater @ 17 ft 

TABLE 2.1  -  Summary of CPT Soundings 

 

3. FIELD EQUIPMENT & PROCEDURES 

 
The CPT soundings were carried out by KTE using an integrated electronic cone system 
manufactured by Vertek.  The CPT soundings were performed in accordance with ASTM 
standards (D5778).  The cone penetrometers were pushed using a 30-ton CPT rig.  The cone 
used during the program was a 15 cm^2 cone and recorded the following parameters at 
approximately 2.5 cm depth intervals: 
 

• Cone Resistance (qc) • Inclination 

• Sleeve Friction (fs) • Penetration Speed 

• Dynamic Pore Pressure (u) • Pore Pressure Dissipation (at selected depths) 
 



 

    

 

At location CPT-11-045 & CPT-11-050, shear wave measurements were obtained at 
approximately 10-foot intervals.  The shear wave is generated using an air-actuated hammer, 
which is located inside the front jack of the CPT rig.  The cone has a triaxial geophone, which 
recorded the shear wave signal generated by the air hammer. 
 
The above parameters were recorded and viewed in real time using a portable computer and 
stored on a diskette for future analysis and reference.  A complete set of baseline readings 
was taken prior to each sounding to determine temperature shifts and any zero load offsets.  
Monitoring base line readings ensures that the cone electronics are operating properly.  
 

4. CONE PENETRATION TEST DATA & INTERPRETATION 
 
The Cone Penetration Test data is presented in graphical form in the attached Appendix.  
Penetration depths are referenced to ground surface.  The soil classification on the CPT plots 
is derived from the CPT Classification Chart (Robertson, 1986) and presents major soil 
lithologic changes.  The stratigraphic interpretation is based on relationships between cone 
resistance (qc), sleeve friction (fs), and penetration pore pressure (u).  The friction ratio (Rf), 
which is sleeve friction divided by cone resistance, is a calculated parameter that is used to 
infer soil behavior type.  Generally, cohesive soils (clays) have high friction ratios, low cone 
resistance and generate excess pore water pressures.  Cohesionless soils (sands) have lower 
friction ratios, high cone bearing and generate little (or negative) excess pore water pressures. 
 
Output from the interpretation program CPTINT provides averaged CPT data over one-foot 
intervals.  The CPTINT output includes Soil Classification Zones, SPT N Values and Undrained 
Shear Strength (Su).  A summary of the equations used for the tabulated parameters is 
provided in the CPTINT Correlation Table in the Appendix.  
 
The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al, 1986.  It should be noted that it is not always possible to clearly 
identify a soil type based on qc, fs and u.  In these situations, experience, judgment and an 
assessment of the pore pressure data should be used to infer the soil behavior type. 
 
If you have any questions regarding this information, please do not hesitate to call our office at 
(714) 901-7270. 
  
Sincerely, 
 

KEHOE TESTING & ENGINEERING 
 
 
 
 
Richard W. Koester, Jr.   
General Manager             
 
01/19/11-at-9-1177 
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INPUT FILE: C:\temp\CPT-11-045.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 343.167 6.168 1.797 8 82 123 9E9
1.500 200.817 1.878 0.935 9 38 57 9E9
2.500 39.283 1.165 2.964 6 15 23 2.610
3.500 24.283 1.102 4.537 3 23 35 1.604
4.500 22.050 1.048 4.776 3 21 32 1.445
5.500 24.900 1.208 4.872 3 24 36 1.630
6.500 31.383 1.302 4.148 4 20 30 2.065
7.500 32.467 1.268 3.907 4 21 32 2.133
8.500 28.100 1.198 4.265 4 18 27 1.838
9.500 27.983 1.373 4.914 3 27 40 1.824
10.500 35.514 1.393 3.927 5 17 24 2.321
11.500 24.950 0.913 3.658 5 12 15 1.617
12.500 25.433 0.823 3.235 5 12 15 1.645
13.500 19.417 0.443 2.281 5 9 11 1.239
14.500 9.650 0.237 2.448 4 6 7 0.584
15.500 6.500 0.165 2.519 4 4 5 0.372
16.500 6.233 0.095 1.512 1 3 3 0.351
17.500 9.283 0.125 1.335 5 4 4 0.553
18.500 9.450 0.110 1.152 5 5 5 0.561
19.500 22.633 0.602 2.645 5 11 11 1.437
20.500 45.429 2.090 4.609 4 29 29 2.939
21.500 25.033 0.965 3.873 4 16 16 1.573
22.500 39.533 1.303 3.308 5 19 18 2.534
23.500 34.033 1.507 4.440 4 22 21 2.166
24.500 36.250 1.317 3.646 5 17 16 2.307
25.500 93.517 1.700 1.820 7 30 27 9E9
26.500 72.133 0.902 1.252 8 17 15 9E9
27.500 15.683 0.523 3.369 4 10 9 0.923
28.500 19.200 0.328 1.725 6 7 6 1.152
29.500 12.317 0.147 1.204 6 5 4 0.691
30.500 16.683 0.153 0.925 6 6 5 0.981
31.500 20.114 0.434 2.170 6 8 6 1.205
32.500 28.750 0.627 2.176 6 11 9 1.787
33.500 35.750 0.852 2.371 6 14 11 2.257
34.500 77.583 1.905 2.453 6 30 23 5.036
35.500 93.417 2.208 2.364 7 30 23 9E9
36.500 241.217 3.508 1.455 8 58 43 9E9
37.500 347.433 4.135 1.190 9 67 49 9E9
38.500 486.533 6.322 1.299 9 93 67 9E9
39.500 407.250 7.080 1.738 8 98 69 9E9
40.500 162.967 3.465 2.128 7 52 36 9E9
41.499 349.314 4.983 1.426 9 67 46 9E9



INPUT FILE: C:\temp\CPT-11-046.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 363.350 7.157 1.970 8 87 131 9E9
1.500 287.117 3.882 1.352 9 55 83 9E9
2.500 42.150 0.695 1.646 7 13 20 9E9
3.500 13.517 0.598 4.405 3 13 20 0.891
4.500 13.033 0.653 4.981 3 13 20 0.856
5.500 17.650 0.782 4.412 3 17 26 1.158
6.500 22.117 1.145 5.165 3 21 32 1.451
7.500 25.233 1.367 5.402 3 24 36 1.656
8.500 26.150 1.332 5.083 3 25 38 1.711
9.500 28.533 1.523 5.329 3 27 40 1.866
10.500 27.371 1.691 6.163 3 26 36 1.786
11.500 29.433 1.638 5.557 3 28 36 1.918
12.500 35.117 1.342 3.817 5 17 21 2.291
13.500 18.500 1.130 6.092 3 18 21 1.181
14.500 10.200 0.638 6.218 3 10 12 0.624
15.500 9.917 0.533 5.360 3 10 11 0.599
16.500 7.783 0.383 4.894 3 8 9 0.454
17.500 8.333 0.360 4.303 3 8 9 0.486
18.500 10.583 0.437 4.113 3 10 10 0.631
19.500 24.783 1.240 4.997 3 24 25 1.574
20.500 30.214 1.883 6.226 3 29 29 1.932
21.500 26.100 1.002 3.828 4 17 17 1.656
22.500 25.917 1.382 5.328 3 25 24 1.636
23.500 25.500 1.178 4.612 3 24 22 1.606
24.500 32.250 1.218 3.772 5 15 14 2.052
25.500 41.033 1.818 4.428 4 26 23 2.632
26.500 26.967 0.982 3.634 5 13 11 1.691
27.500 32.467 1.010 3.103 5 16 14 2.056
28.500 29.000 0.825 2.835 5 14 12 1.822
29.500 11.867 0.380 3.193 4 8 7 0.671
30.500 13.117 0.350 2.652 5 6 5 0.754
31.500 17.243 0.477 2.758 5 8 6 1.023
32.500 29.900 0.902 3.014 5 14 11 1.860
33.500 126.883 1.950 1.536 8 30 23 9E9
34.500 438.050 3.775 0.862 10 70 53 9E9
35.500 432.000 4.635 1.073 9 83 62 9E9
36.500 393.983 4.177 1.060 9 75 55 9E9
37.500 249.417 2.032 0.814 9 48 35 9E9
38.500 250.133 1.887 0.754 9 48 34 9E9
39.500 310.917 1.995 0.641 10 50 35 9E9
40.500 371.300 3.450 0.929 9 71 49 9E9



INPUT FILE: C:\temp\CPT-11-047.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 26.633 0.705 2.647 6 10 15 1.773
1.500 309.033 4.112 1.330 9 59 89 9E9
2.500 69.850 2.753 3.942 5 33 50 4.646
3.500 28.067 1.258 4.483 4 18 27 1.857
4.500 30.467 1.098 3.607 5 15 23 2.011
5.500 32.467 1.537 4.733 3 31 47 2.142
6.500 33.633 1.440 4.286 4 21 32 2.213
7.500 45.000 1.572 3.491 5 22 33 2.970
8.500 37.333 1.752 4.692 4 24 36 2.453
9.500 31.350 1.420 4.530 4 20 30 2.050
10.500 27.686 1.446 5.230 3 26 36 1.799
11.500 27.083 1.420 5.250 3 26 34 1.755
12.500 33.233 1.237 3.725 5 16 20 2.161
13.500 19.283 0.817 4.235 3 18 21 1.229
14.500 30.017 0.520 1.732 6 12 14 1.941
15.500 9.517 0.410 4.316 3 9 10 0.569
16.500 6.883 0.260 3.777 3 7 8 0.390
17.500 8.783 0.348 3.966 3 8 9 0.513
18.500 26.200 0.953 3.643 5 13 14 1.668
19.500 30.033 1.493 4.972 3 29 30 1.921
20.500 28.800 1.420 4.945 3 28 28 1.829
21.500 16.717 0.637 3.824 4 11 11 1.021
22.500 27.850 1.517 5.462 3 27 26 1.758
23.500 37.783 1.890 5.007 3 36 33 2.419
24.500 31.533 1.635 5.185 3 30 27 2.001
25.500 32.317 1.737 5.377 3 31 28 2.048
26.500 41.617 2.198 5.291 3 40 35 2.660
27.500 84.417 1.495 1.772 7 27 23 9E9
28.500 51.883 1.242 2.395 6 20 17 3.339
29.500 13.633 0.527 3.877 4 9 7 0.784
30.500 11.483 0.432 3.781 3 11 9 0.635
31.500 13.886 0.477 3.447 4 9 7 0.793
32.500 26.883 0.707 2.635 6 10 8 1.653
33.500 15.017 0.490 3.274 4 10 8 0.859
34.500 58.217 0.967 1.661 7 19 14 9E9
35.500 204.450 1.933 0.946 9 39 29 9E9
36.500 282.450 5.397 1.910 8 68 50 9E9
37.500 206.517 1.488 0.720 9 40 29 9E9
38.500 192.233 2.325 1.209 9 37 26 9E9
39.500 395.433 2.898 0.733 10 63 44 9E9
40.500 491.700 0.000 0.000 10 9E9 9E9 9E9



INPUT FILE: C:\temp\CPT-11-048.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 142.183 1.352 0.950 9 27 41 9E9
1.500 111.450 1.112 0.997 8 27 41 9E9
2.500 20.383 0.847 4.157 4 13 20 1.347
3.500 16.983 0.833 4.921 3 16 24 1.114
4.500 21.583 1.132 5.264 3 21 32 1.415
5.500 28.517 1.160 4.075 4 18 27 1.875
6.500 28.850 0.908 3.148 5 14 21 1.896
7.500 28.033 0.440 1.569 6 11 17 1.839
8.500 22.583 0.363 1.608 6 9 14 1.471
9.500 17.950 0.635 3.538 4 11 17 1.157
10.500 14.086 0.686 4.868 3 13 18 0.896
11.500 17.400 0.673 3.877 4 11 14 1.110
12.500 23.733 0.733 3.090 5 11 14 1.531
13.500 21.733 0.663 3.050 5 10 12 1.394
14.500 9.783 0.337 3.430 3 9 10 0.595
15.500 10.383 0.390 3.756 3 10 11 0.628
16.500 21.617 1.002 4.645 3 21 23 1.370
17.500 29.750 1.477 4.989 3 28 30 1.901
18.500 49.533 0.793 1.605 7 16 17 9E9
19.500 11.533 0.122 1.066 6 4 4 0.681
20.500 12.271 0.283 2.332 5 6 6 0.724
21.500 23.433 0.968 4.156 4 15 15 1.465
22.500 22.467 0.838 3.762 4 14 13 1.393
23.500 49.233 1.268 2.583 6 19 18 3.177
24.500 67.017 1.640 2.451 6 26 24 4.359
25.500 113.167 2.290 2.026 7 36 32 9E9
26.500 51.883 0.928 1.794 7 17 15 9E9
27.500 29.183 0.960 3.307 5 14 12 1.823
28.500 63.067 1.815 2.885 6 24 20 4.077
29.500 45.183 1.392 3.088 6 17 14 2.883
30.500 65.283 0.930 1.428 7 21 17 9E9
31.500 39.457 0.866 2.203 6 15 12 2.491
32.500 48.967 1.093 2.240 6 19 15 3.121
33.500 32.300 0.810 2.518 6 12 9 2.007
34.500 57.433 0.865 1.509 7 18 14 9E9
35.500 68.017 1.492 2.197 7 22 16 9E9
36.500 55.483 1.472 2.660 6 21 15 3.539
37.500 59.633 0.797 1.339 7 19 14 9E9
38.500 64.233 0.613 0.957 8 15 11 9E9
39.500 124.167 0.943 0.760 9 24 17 9E9
40.500 174.317 1.812 1.040 9 33 23 9E9
41.499 239.271 8.690 3.634 12 115 79 9E9
42.499 403.017 7.260 1.802 8 96 65 9E9
43.499 463.600 0.000 0.000 10 9E9 9E9 9E9



INPUT FILE: C:\temp\CPT-11-049.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 178.033 1.703 0.957 9 34 51 9E9
1.500 293.300 2.202 0.751 9 56 84 9E9
2.500 69.317 0.832 1.200 8 17 26 9E9
3.500 22.483 0.762 3.388 5 11 17 1.484
4.500 25.300 0.542 2.141 6 10 15 1.668
5.500 22.467 1.113 4.955 3 22 33 1.475
6.500 21.867 1.267 5.793 3 21 32 1.431
7.500 29.200 1.047 3.587 5 14 21 1.914
8.500 51.750 0.968 1.871 7 17 26 9E9
9.500 50.333 0.735 1.460 7 16 24 9E9
10.500 24.386 0.646 2.649 5 12 17 1.581
11.500 11.733 0.782 6.662 3 11 14 0.735
12.500 16.700 1.002 5.998 3 16 20 1.062
13.500 28.867 0.818 2.835 5 14 17 1.869
14.500 23.000 0.583 2.538 5 11 13 1.472
15.500 22.983 0.552 2.400 6 9 10 1.468
16.500 4.367 0.230 5.267 3 4 4 0.223
17.500 2.717 0.162 5.951 3 3 3 0.109
18.500 12.033 0.502 4.169 3 12 13 0.726
19.500 16.717 0.833 4.995 3 16 16 1.032
20.500 26.129 1.523 5.828 3 25 25 1.657
21.500 25.817 1.307 5.061 3 25 24 1.632
22.500 28.367 1.210 4.266 4 18 17 1.798
23.500 33.250 1.477 4.443 4 21 20 2.118
24.500 27.583 1.773 6.429 3 26 24 1.737
25.500 14.683 0.433 2.955 5 7 6 0.872
26.500 23.283 1.323 5.684 3 22 19 1.443
27.500 60.033 1.488 2.479 6 23 20 3.888
28.500 102.017 1.945 1.907 7 33 28 9E9
29.500 52.783 1.897 3.593 5 25 21 3.397
30.500 92.683 1.582 1.706 7 30 24 9E9
31.500 106.500 1.943 1.824 7 34 27 9E9
32.500 51.267 1.575 3.069 6 20 16 3.287
33.500 12.550 0.370 2.933 4 8 6 0.703
34.500 14.933 0.377 2.520 5 7 5 0.854
35.500 15.733 0.372 2.357 5 8 6 0.905
36.500 10.367 0.228 2.192 5 5 4 0.544
37.500 11.733 0.283 2.411 5 6 4 0.629
38.500 15.817 0.347 2.187 5 8 6 0.898
39.500 18.500 0.500 2.703 5 9 6 1.071
40.500 70.433 0.907 1.287 7 22 15 9E9
41.499 264.657 3.699 1.397 8 63 43 9E9
42.499 278.367 9.363 3.363 12 133 90 9E9
43.499 492.000 11.360 2.308 12 236 157 9E9



INPUT FILE: C:\temp\CPT-11-050.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 381.067 6.663 1.749 8 91 137 9E9
1.500 376.667 2.993 0.795 10 60 90 9E9
2.500 91.433 1.713 1.874 7 29 44 9E9
3.500 67.283 1.533 2.278 6 26 39 4.472
4.500 31.300 0.948 3.030 5 15 23 2.068
5.500 23.933 1.107 4.627 3 23 35 1.572
6.500 24.167 1.027 4.251 4 15 23 1.583
7.500 29.267 1.052 3.591 5 14 21 1.921
8.500 58.783 1.310 2.229 6 23 35 3.883
9.500 39.117 1.150 2.939 6 15 22 2.569
10.500 22.357 1.027 4.594 3 21 29 1.447
11.500 21.800 1.035 4.759 3 21 27 1.402
12.500 31.033 1.300 4.198 4 20 25 2.012
13.500 28.200 0.982 3.481 5 14 17 1.824
14.500 26.433 0.570 2.156 6 10 12 1.702
15.500 30.300 0.572 1.885 6 12 13 1.958
16.500 11.350 0.330 2.899 4 7 8 0.690
17.500 15.933 0.490 3.072 5 8 9 0.991
18.500 18.750 0.507 2.712 5 9 9 1.169
19.500 9.833 0.198 2.017 5 5 5 0.575
20.500 17.771 0.491 2.767 5 9 9 1.099
21.500 58.033 2.325 4.011 5 28 27 3.776
22.500 21.917 0.825 3.790 4 14 13 1.358
23.500 43.667 1.742 4.002 5 21 20 2.804
24.500 20.833 0.442 2.130 6 8 7 1.281
25.500 30.400 0.987 3.256 5 15 13 1.915
26.500 56.000 1.972 3.529 5 27 24 3.615
27.500 56.600 1.222 2.162 6 22 19 3.653
28.500 84.017 1.102 1.313 8 20 17 9E9
29.500 63.667 1.673 2.632 6 24 20 4.117
30.500 53.633 1.885 3.526 5 26 21 3.438
31.500 44.500 1.427 3.218 5 21 17 2.826
32.500 18.300 0.298 1.644 6 7 5 1.076
33.500 20.900 0.455 2.195 6 8 6 1.244
34.500 24.267 0.563 2.334 6 9 7 1.466
35.500 22.783 0.450 1.988 6 9 7 1.362
36.500 37.900 0.647 1.705 7 12 9 9E9
37.500 24.550 0.628 2.540 6 9 7 1.494
38.500 224.550 3.813 1.698 8 54 38 9E9
39.500 289.267 2.357 0.815 9 55 39 9E9
40.500 341.217 4.338 1.272 9 65 45 9E9
41.499 258.143 7.436 2.883 7 82 56 9E9
42.499 247.800 8.240 3.327 12 119 80 9E9



Moorpark RD

Thousand Oaks, CA

CPT Shear Wave Measurements

S-Wave Interval

Travel S-Wave Velocity S-Wave

Depth Distance Arrival from Surface Velocity

CPT-11-045 (ft) (ft) (msec) (ft/sec) (ft/sec)

10.79 11.89 14.11 843

20.11 20.72 25.65 808 765

30.05 30.46 38.66 788 749

40.03 40.34 50.67 796 822

42.13 42.43 52.75 804 1002

CPT-11-050 5.13 7.16 5.64 1270

15.14 15.94 16.72 954 792

25.04 25.53 28.76 888 797

35.09 35.44 40.71 871 829

42.87 43.16 48.07 898 1048

Shear Wave Source Offset = 5 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival

Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



    CPTCP.TBL - CPTINT Correlation and Parameters Table File       Page 1/10 
    -------------with NOTES & References at end------------- 
 
    Program:        CPTINT - CPT Cone Interpretation Program 
    Version:        5.2 
    Table File by:  Dr. R. G. (DICK) Campanella, P.Eng. 
    Rev. Dated:     April 3, 2002 
 
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦       Methods              ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦ Depth average ¦ Depth averaged over speci- ¦       ¦   All   ¦    All     ¦ 
¦  see NOTE #1  ¦ fied range (see menu)      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Parameter     ¦ Averaged over range        ¦       ¦         ¦            ¦ 
¦ Averaging     ¦ specified for depth. If no ¦       ¦   All   ¦    All     ¦ 
¦               ¦ values exist, your choice  ¦       ¦         ¦            ¦ 
¦               ¦ is zero's or no value      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Qc, Tip Stress¦ measured tip force/area    ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qt        ¦ Qt = Qc + (1 - a) x U2 and ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦ corrtd for U2 ¦  a = tip area ratio        ¦       ¦         ¦            ¦ 
¦               ¦ Defaults to U2 if given or ¦       ¦         ¦            ¦ 
¦  see NOTE #2  ¦ uses U1 or U3 times Const. ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, not calculated ]  ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Q         ¦       Qt - sv              ¦       ¦         ¦            ¦ 
¦(Qt Normalized)¦   Q = -------              ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦         sv'                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Fs        ¦ measured sleeve force/area ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Rf        ¦          Fs                ¦       ¦         ¦            ¦ 
¦ Friction Ratio¦     Rf = -- x 100%         ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦(if Rf>8, Rf=8)¦          Qt                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      F        ¦          Fs                ¦       ¦         ¦            ¦ 
¦(Rf Normalized)¦   F = --------- x 100%     ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦       (Qt - sv)            ¦       ¦         ¦            ¦ 
+---------------+------------------------------------+---------+------------¦ 
¦     Gamma     ¦ Based on Rf or Bq Classif. Zone    ¦         ¦            ¦ 
¦               ¦ Zone #     Gamma = kN/m^3  ¦       ¦         ¦            ¦ 
¦     Total     ¦    1      Qt<4bar   15.70  ¦       ¦         ¦            ¦ 
¦  Unit Weight  ¦    1      Qt=4bar   17.30  ¦       ¦         ¦            ¦ 
¦(Soil + Water) ¦    2      Rf<5%     13.36  ¦       ¦         ¦            ¦ 
¦               ¦    2      Rf=5%     11.80  ¦       ¦         ¦            ¦ 
¦               ¦    2      Bq Zone   12.58  ¦       ¦         ¦            ¦ 
¦  see NOTE #3  ¦    3      Qt<10bar  18.86  ¦       ¦   All   ¦    All     ¦ 
¦               ¦    3      Qt=10bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt<20bar  18.86  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt=20bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦    7                18.86  ¦       ¦         ¦            ¦ 
¦               ¦  8 & 9              19.65  ¦       ¦         ¦            ¦ 
¦               ¦   10                20.44  ¦       ¦         ¦            ¦ 
¦               ¦ 11 & 12             21.22  ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦       U       ¦ U1,measured on Face of tip ¦       ¦         ¦            ¦ 
¦  Penetration  ¦ U2,measured Behind Tip at  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦    shoulder (std location) ¦       ¦   All   ¦    All     ¦ 
¦               ¦ U3,measured Behind Friction¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦    Sleeve                  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Water Table   ¦ Depth below ground surface ¦       ¦         ¦            ¦ 
¦               ¦ to where pore pressure = 0 ¦       ¦   All   ¦    All     ¦ 
¦               ¦ Make negative if water     ¦       ¦         ¦            ¦ 
¦               ¦ level is above ground      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       Uo      ¦ Uo = water depth,Hw x unit ¦       ¦         ¦            ¦ 
¦  Hydrostatic  ¦    weight water, Gamma or  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦ Uo=Hw=depth-depth to water ¦       ¦   All   ¦    All     ¦ 
¦               ¦       table                ¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦ if depth<water table,Uo = 0¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       dU      ¦ dU = U2 - Uo               ¦       ¦         ¦            ¦ 
¦     Excess    ¦ Defaults to U2 if given    ¦       ¦   All   ¦    All     ¦ 
¦ Pore Pressure ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      DPPR     ¦        dU   U - Uo         ¦       ¦         ¦            ¦ 
¦ (Differential ¦ DPPR = -- = ------         ¦ #6,#8 ¦         ¦            ¦ 
¦ Pore Pressure ¦        Qt     Qt           ¦       ¦   All   ¦    All     ¦ 
¦        Ratio) ¦ Defaults to U2 if given    ¦       ¦         ¦            ¦ 
¦               ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦        dU                  ¦ # 4   ¦         ¦            ¦ 
¦      Bq       ¦ Bq = -------               ¦ # 8   ¦   All   ¦    All     ¦ 
¦               ¦      Qt - sv               ¦ # 13  ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ OS (Overburden¦ OS = sv = S (Gamma x Depth)¦       ¦   All   ¦    All     ¦ 
¦     Stress)   ¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ EOS (Effective¦ EOS = sv' = OS - Uo        ¦       ¦         ¦            ¦ 
¦Overburden Stress)         = sv - Uo        ¦       ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Rf Zone    ¦ Classification chart for   ¦ #6    ¦         ¦            ¦ 
¦               ¦       Qc and Rf            ¦       ¦         ¦            ¦ 
¦     Soil      ¦Zone # =  Soil Behavior Type¦ #8,   ¦         ¦            ¦ 
¦ Behavior Type ¦ 1=sensitive fine grained   ¦ Fig4.3¦         ¦            ¦ 
¦               ¦ 2=organic material         ¦       ¦         ¦            ¦ 
¦  see NOTE #5  ¦ 3=clay                     ¦       ¦         ¦            ¦ 
¦               ¦ 4=silty clay               ¦       ¦         ¦            ¦ 
¦               ¦ 5=clayey silt              ¦       ¦   All   ¦1<Qt<1000bar¦ 
¦               ¦ 6=sandy silt               ¦       ¦         ¦0<Rf<8%     ¦ 
¦               ¦ 7=silty sand               ¦       ¦         ¦            ¦ 
¦               ¦ 8=fine sand                ¦       ¦         ¦            ¦ 
¦               ¦ 9=sand                     ¦       ¦         ¦            ¦ 
¦               ¦10=gravelly sand            ¦       ¦         ¦            ¦ 
¦               ¦11=very stiff fine grained ¥¦       ¦         ¦            ¦ 
¦               ¦12=sand to clayey sand ¥    ¦       ¦         ¦            ¦ 
¦               ¦ ¥ overconsolidated or cemented     ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Bq Zone    ¦ Classification chart for   ¦       ¦         ¦0<Qt<1000bar¦ 
¦     Soil      ¦        Qc and Bq           ¦ #8    ¦   All   ¦ -0.1<Bq<1.4¦ 
¦ Behavior Type ¦(same zone #'s as Rf above) ¦Fig 4.3¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦   Qt/N ratio per zone      ¦ # 7   ¦         ¦            ¦ 
¦   Standard    ¦Zone #  Qt/N    Zone #  Qt/N¦       ¦         ¦            ¦ 
¦  Penetration  ¦    1    2          7    3  ¦ # 8   ¦         ¦            ¦ 
¦     Test      ¦    2    1          8    4  ¦Fig 4.2¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦    3    1          9    5  ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦    4    1.5       10    6  ¦       ¦         ¦            ¦ 
¦After R&C(1983)¦    5    2         11    1  ¦       ¦         ¦            ¦ 
¦  see NOTE #6  ¦    6    2.5       12    2  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦  Spt N1(60)   ¦ Spt N1(60) = Cn x Spt N(60)¦       ¦         ¦            ¦ 
¦ Normalized for¦ where Cn = (sv')^(-0.77)   ¦ # 8   ¦   All   ¦ 0.5<Cn<1.5 ¦ 
¦ Overburden str¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Dr       ¦ Specific Sands:            ¦ # 8   ¦         ¦            ¦ 
¦   Relative    ¦                            ¦       ¦         ¦            ¦ 
¦   Density     ¦      100      +    Qc    + ¦       ¦         ¦            ¦ 
¦               ¦ Dr = --- * ln ¦ -------- ¦ ¦       ¦         ¦            ¦ 
¦  see NOTE #7  ¦      C2       ¦       C1 ¦ ¦       ¦         ¦            ¦ 
¦               ¦               + C0 sv'   + ¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦  All are NC & UNAGED       ¦       ¦         ¦            ¦ 
¦Compressibility¦ Sand      ¦ C0  ¦ C1 ¦ C2  ¦       ¦         ¦            ¦ 
¦               ¦ ----------+-----+----+---- ¦       ¦         ¦            ¦ 
¦   moderate    ¦ Ticino    ¦17.37¦.558¦2.58 ¦ # 1   ¦       / ¦  7 to 10   ¦ 
¦     high      ¦Schmertmann¦15.32¦.520¦2.75 ¦ # 1   ¦   Sand--¦ 0<Qt<500bar¦ 
¦               ¦                            ¦       ¦       \ ¦ 0<sv'<5bar ¦ 
¦               ¦ -------------------------- ¦       ¦         ¦            ¦ 
¦     all       ¦ ALL SANDS:                 ¦       ¦         ¦            ¦ 
¦               ¦  NC, OC, ALL TESTS         ¦ # 5   ¦         ¦            ¦ 
¦               ¦                +  + Qc +  +¦       ¦         ¦            ¦ 
¦               ¦                ¦  ¦ -- ¦  ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦  + C1 +  ¦¦       ¦         ¦            ¦ 
¦               ¦ Dr=C3 + C4log  ¦ -------- ¦¦       ¦         ¦            ¦ 
¦               ¦              10¦ + sv'+C2 ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦ ¦ ---¦   ¦¦       ¦         ¦            ¦ 
¦               ¦                + + C0 +   +¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦  C0  ¦  C1  ¦ C2 ¦ C3 ¦ C4 ¦       ¦         ¦            ¦ 
¦               ¦ -----+------+----+----+--- ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ 0.100¦0.0981¦ 0.5¦ -98¦ 66 ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Phi      ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ 1) Robertson & Campanella  ¦#6, #8 ¦         ¦ 7 to 10 & 6¦ 
¦ Friction Angle¦ 2) Durgunoglu & Mitchell   ¦  # 2  ¦       / ¦ 0<Qt<500bar¦ 
¦               ¦ 3) Janbu beta = +15 degree ¦#6, #8 ¦   Sand--¦ 0<sv'<4bar ¦ 
¦               ¦ 4) Janbu beta =  0  degree ¦#6, #8 ¦       \ ¦ 29<phi<49  ¦ 
¦               ¦ 5) Janbu beta = -15 degree ¦#6, #8 ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Gmax       ¦ Clay:                      ¦       ¦         ¦            ¦ 
¦ Maximum Shear ¦                            ¦ # 8   ¦         ¦            ¦ 
¦   Modulus at  ¦ Gmax = alpha x Qt          ¦Fig4.18¦   Clay  ¦   1 to 6   ¦ 
¦   very small  ¦                            ¦       ¦         ¦            ¦ 
¦    strains    ¦ Sand:                      ¦ # 6   ¦         ¦            ¦ 
¦               ¦ Digitized figure of Qc vs  ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ Gmax with interpolation    ¦Fig4.13¦   Sand  ¦  7 to 10   ¦ 
¦               ¦between sv'curves,R&C method¦       ¦         ¦.25<sv'<8bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Qc), t/s  ¦ Seed's CSR vs N1(60) graph ¦ # 11  ¦         ¦            ¦ 
¦ LEVEL ground  + for specified equake Magni-¦ # 12  ¦         ¦            ¦ 
¦ Liquefaction  ¦ tude.Can include silty sand¦       ¦   Sand  ¦  7 to 10   ¦ 
¦SAND Resistance¦ corr. for Zone 7. N1(60)   ¦       ¦         ¦(6 possible)¦ 
¦ see NOTE #8   ¦ from CPT correlations.     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Eq), t/s  ¦              Amax   sv     ¦       ¦         ¦            ¦ 
¦ Cyclic Stress ¦CSR(Eq) = 0.65 ---- ---- rd ¦ # 12  ¦         ¦            ¦ 
¦ Ratio applied ¦               g    svo'    ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦by design quake¦Amax=max surface acceleratn ¦ # 3   ¦         ¦(6 possible)¦ 
¦               ¦including Amplification     ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, & not calculated] ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      rd       ¦ Digitized graph to use     ¦       ¦         ¦(6 possible)¦ 
¦   Reduction   ¦ for depth vs rd:           ¦       ¦         ¦  7 to 10   ¦ 
¦Factor to find ¦ 1) Seed's mean             ¦ # 12  ¦   Sand  ¦ 0<depth<30m¦ 
¦    CSR(Eq)    ¦ 2) Fraser Delta            ¦ # 3   ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦FL,Safety Factor    FL = CSR(Qc)/CSR(Eq)    ¦ # 3   ¦   Sand  ¦  7 to 10   ¦ 
¦against Liquefaction                        ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qcr       ¦ Qcr backcalculated from    ¦       ¦         ¦            ¦ 
¦Critical Bearng¦ CSR(Eq) for a specified FL.¦ # 12  ¦   Sand  ¦  7 to 10   ¦ 
¦required to    ¦ Qcr is only for the given  ¦       ¦         ¦(6 possible)¦ 
¦resist Liquefctn GWT,EOS,OS,Amax/g & Eq.Mag ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Su,      ¦            Qc - st         ¦ # 8   ¦         ¦            ¦ 
¦   Undrained   ¦ Nk:   Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦     Shear     ¦              Nk            ¦       ¦         ¦            ¦ 
¦   Strength    ¦                            ¦       ¦         ¦            ¦ 
¦      of       ¦            Qt - U2         ¦       ¦         ¦            ¦ 
¦     CLAY      ¦ Nke:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nke           ¦       ¦         ¦            ¦ 
¦   METHODS:    ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt - sv         ¦       ¦         ¦            ¦ 
¦               ¦ Nkt:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nkt           ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt              ¦       ¦         ¦            ¦ 
¦               ¦ Nc:   Su = --              ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            Nc              ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            dU2 (dU1 or dU3)¦       ¦         ¦            ¦ 
¦  see NOTE #9  ¦ NdU:  Su = ---             ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            NdU             ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦  Parameter    ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦               ¦           Su               ¦       ¦         ¦            ¦ 
¦    Su/EOS     ¦ Su/EOS = ----              ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦           sv'              ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (NC)    ¦                            ¦       ¦         ¦            ¦ 
¦    Normally   ¦ (Ko)NC = 1 - Sin( f )      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦     see NOTE #10           ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (OC)    ¦                      0.42  ¦       ¦         ¦            ¦ 
¦     Over      ¦ (Ko)OC = (Ko)NC x OCR      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦                            ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      E25      ¦ E25 = alpha x Qt           ¦ # 8   ¦   Sand  ¦(6) 7 to 10 ¦ 
¦ Youngs Modulus¦ where user input alpha     ¦4.11&12¦         ¦ 0<Qt<500bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       M       ¦ CLAY:                      ¦ # 8   ¦         ¦            ¦ 
¦  Constrained  ¦ M = alpha x Qt             ¦Tabl4.3¦   Clay  ¦   1 to 6   ¦ 
¦    Modulus    ¦ where user input alpha     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ SAND:                      ¦       ¦         ¦            ¦ 
¦               ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ Qt:                        ¦       ¦         ¦            ¦ 
¦               ¦       M = alpha x Qt       ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Baldi:                     ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ M            + sv' +C1     ¦Fig4.10¦         ¦            ¦ 
¦               ¦ -- = C0 x pa ¦ --- ¦   x   ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Qt           + pa  +       ¦       ¦         ¦            ¦ 
¦               ¦         C2                 ¦       ¦         ¦            ¦ 
¦               ¦      OCR   x exp( C3 Dr )  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦       +    Su      +1.25   ¦       ¦         ¦            ¦ 
¦    Over-      ¦       ¦    ----    ¦       ¦ # 6   ¦         ¦            ¦ 
¦ Consolidation ¦       ¦    svo'    ¦       ¦       ¦         ¦            ¦ 
¦    Ratio      ¦ OCR = ¦ ---------- ¦       ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦       ¦ +  Su  +   ¦       ¦Fig4.19¦         ¦            ¦ 
¦  see NOTE #11 ¦       ¦ ¦ ---- ¦   ¦       ¦       ¦         ¦            ¦ 
¦               ¦       + + svo' +NC +       ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦      + +                +2 ¦       ¦         ¦            ¦ 
¦     Ic        ¦ Ic = ¦ ¦3-log  (Q(1-Bq))¦  ¦       ¦         ¦            ¦ 
¦               ¦      + +     10         +  ¦       ¦         ¦            ¦ 
¦   Material    ¦                            ¦ # 13  ¦   All   ¦     All    ¦ 
¦    Index      ¦      +             +2+0.5  ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦    + ¦1.5+1.3log  F¦ ¦     ¦ # 17  ¦         ¦            ¦ 
¦  see NOTE #18 ¦      +          10 + +     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦                            ¦       ¦         ¦            ¦ 
¦   Standard    ¦                            ¦       ¦         ¦            ¦ 
¦  Penetration  ¦  Qc/N = 8.5(1-(Ic/4.75))   ¦       ¦         ¦            ¦ 
¦     Test      ¦                            ¦ # 13  ¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦   where Qc in bars         ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦                            ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #16 ¦                            ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 



                                                     Page 6/10         
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦State Parameter¦          +           +     ¦       ¦         ¦            ¦ 
¦               ¦          ¦3M + 8.5M/F¦     ¦       ¦         ¦            ¦ 
¦State,(e-units)¦        ln¦-----------¦     ¦       ¦         ¦            ¦ 
¦               ¦          +  Q(1-Bq)  +     ¦       ¦         ¦            ¦ 
¦Current Void   ¦State =  ---------------    ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦           11.9 - 1.33F     ¦ # 14  ¦   All   ¦    All     ¦ 
¦     minus     ¦                            ¦       ¦         ¦            ¦ 
¦Critical       ¦          6 Sin fcv         ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦     M = -------------      ¦       ¦         ¦            ¦ 
¦               ¦          3 - Sin fcv       ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ fcv = const. vol. Phi angle¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Fines Content ¦                            ¦       ¦         ¦            ¦ 
¦               ¦FC(%) = 42.4179(Ic) - 54.8574       ¦         ¦            ¦ 
¦     FC(%)     ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ FC(%) =   0% if Ic < 1.2933¦ # 15  ¦   All   ¦    All     ¦ 
¦Percent        ¦                            ¦       ¦         ¦            ¦ 
¦  less than    ¦ FC(%) = 100% if Ic > 3.6508¦       ¦         ¦            ¦ 
¦     #200 Sieve¦                            ¦       ¦         ¦            ¦ 
¦After Davies,99¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦ OCR = 0.5 + 1.50(PPD)      ¦       ¦         ¦            ¦ 
¦Overcons. Ratio¦                            ¦       ¦         ¦            ¦ 
¦by Pore Press. ¦ PPD = (U1 - U2)/Uo or      ¦       ¦         ¦            ¦ 
¦U1 & U2        ¦ PPD = (U1 - U3)/Uo         ¦ # 16  ¦   Clay  ¦   1 to 6   ¦ 
¦   or U1 & U3  ¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #17 ¦ and default 0.5 & 1.5      ¦       ¦         ¦            ¦ 
¦               ¦       are settable         ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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1. Depth averaging may be in 0.5, 1, 2.5 or 5 ft. intervals or 
0.1, 0.25, 0.5 or 1.0 m intervals, or no depth averaging if 
zero is selected. The average is the mean value of the readings  
in the interval. The depth value is the mid-depth of the  
averaged interval. It is convenient to start at half the depth 
averaging interval.  For example, if you want "even" depths and 
the depth averaging is set at 0.50 m then start at 0.25 to get 
values of depth of 0.5, 1.0, 1.5, etc. 
 
2. Basic input CPTU data columns are for Depth, Qc, Fs, U1, U2, 
U3, INC and TEMP may be selected.  In addition the following 
parameters may also be specified as an INPUT data column:  Qt, 
Gamma, Uo, Spt N, Rf Zone, Bq Zone and CSR(EQ).  These values 
will be used where required to obtain other interpreted 
parameters.  If they are not specified the program will 
estimate them when they are required.  For example, you can 
create an OUTPUT data file of any of the above parameters and 
then edit some or all of the values to suite your measurements 
or your desires to specify their values.  You can do that with 
"Gamma" values to input your measurements of unit weight, or 
with "Uo" if you want to input values of pore water pressure 
other than hydrostatic, or with any of the other input 
parameters.  You would use your edited file of adjusted data as 
your new INPUT data file.  Thus, you can specify these 
parameters if you want to override the Program's values. 
 
   You can also use the designated value of "9E9" to denote an 
unknown value. 
 
   You can use the "OTHER" designation to input other data that 
exists on your input file and identify its units. This allows 
you to output it, without operating on it, if you choose. 
 
   It is best NOT to use depth averaging when using input data 
that is not continuous at regular depth intervals.  Always use 
DEPTH AVERAGING with extreme caution since the program averages 
ALL INPUT parameters over the interval chosen irregardless of 
soil type. Careful use of start and end depth choises can make 
depth averaging very effective. 
 
3. Since there is no data in the file within the initial depth 
interval, a default Gamma (unit weight) must be specified from 
the surface to the starting depth.  This is done in the "Param" 
Menu in units of kN/m^3 (1kN/m^3=6.36pcf).  Also, you can specify 
the values of Gamma to be used by the program as in NOTE #2 above. 
 
4. If pore pressures are not measured by the cone then the 
program will take Qc as being equal to Qt for all interpretations 
requiring Qt.  Also, Uo may be specified in the input file as a 
column of Uo vs depth values, if the water pressures are not 
hydrostatic. See NOTE #2 for more info on customizing input data. 
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5. You can choose to use either the Rf classif. Zone or the Bq 
classif. Zone to divide soil into Undrained Parameters (Zones 1 
to 6) and Drained Parameters (Zones 7 to 10) in the "Param" 
Menu. (However, in order to use the Bq Zone you must have Pore 
Pressure, U2, data.)  Also, you may choose to switch Zone 6 to 
a Drained Zone from its Undrained Zone status.  This is done if 
you feel that the soil identified as Zone 6 (sandy silt) is 
really coaser (using other sources of information) and/or you 
want it analyzed as a Drained rather than Undrained soil. 
Finally, the soil behavior names in each zone were shortened in 
version 5.0 for simplicity.  For example, Zone 6 was named 
"sandy silt to clayey silt" but was shortened to "sandy silt". 
 
6. Spt N is the same as Spt N(60) for 60% transferred energy. 
This value is calculated from the Qt/N ratios given for each 
Soil Zone (you can specify either Rf or Bq Zone) and these 
values are used in the Level Ground Liquefaction analysis. 
Values of Spt N may be specified in the Input File, if 
indepedently measured values are to be used.  We suggest that 
you not use depth averaging if you only have selected 
Spt N values at a few depths. You may use "9E9" for missing data. 
 
7. If Dr values are negative then soil is very loose or likely 
more of an undrained soil like a silty sand rather than a 
drained soil for which the Dr correlations were developed. 
Use Dr interpretations very cautiously since they also assume 
the soil is free draining, uncemented, unaged and has the same 
compressibility of grains as the soil used for the correlations 
in chamber calibration tests. 
 
8. The simplified sand liquefaction analysis for level ground 
according to Seed et al requires Spt N1(60) and earthquake 
magnitude to obtain the cyclic stress ratio to cause 
liquefaction, CSR(Qc).  The design maximum ground acceleration, 
the depth-reduction factor, Rd, and overburden total and 
effective stresses are required to calculate the cyclic stress 
ratio applied by the design earthquake, CSR(EQ).  The program 
estimates the N1(60) values from the cone stresses, the operator 
identifies the earthquake magnitude and Seed et al chart is used 
to get CSR(Qc).  The program also calculates CSR(EQ) from the 
user specified maximum ground acceleration including any 
amplification factors, the calculated overburden stresses and 
either Seed's mean or the Fraser Delta Rd factor.  The Fraser 
Delta is used only when amplification factors of the order of 
2 or more are used.  See Reference Nos. 3, 6, 11 and 12 for more 
information.  The user can INPUT specific values for Spt N, 
CSR(EQ), Soil Zones, Gamma's, etc. in order to customize the 
analysis for the existing data base of information.  It is 
recommended that you do not use depth averaging when using 
specific input data but make calculations at specific depths 
where external input data exists. The calculated value of Qcr 
is the minimum value of cone bearing stress required at a given 
depth such that the factor of safety against liquefaction, or 
the ratio FL = CSR(Qc)/CSR(EQ) have the specified value for a 
given earthquake magnitude, max. ground acceleration, depth 
reduction factor, and calculated overburden stresses.  This 
value of Qcr is useful to identify the required minimum level 
of soil improvement for a given design condition. 
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9. The NdU method to calculate undrained shear strength has been 
extended to allow the user to choose either dU1, or dU2 or dU3 
provided such pore pressure measurements exist. 
 
10. The Overconsolidation Ratio, OCR, for the sand must be 
estimated by the user in the "Param" menu if you want to 
estimate Ko in the sand layers.  For the typical normally 
consolidated sand, OCR = 1.0. 
 
11. It is currently only possible to estimate the OCR for a 
clay, which makes use of the correlations obtained from 
extensive laboratory tests. 
 
12. An improved calculation and print routine was added to 
version 5.0 which uses swap routines to reduce memory 
requirements, but slows down the calculations. 
 
13. The classification charts for Rf has been extended at all 
boundaries such that values of Rf>8 and values of Qc<1.00 are 
possible. The Bq classification chart which requires dU2 and 
can now accept values of Bq>1.2 and Qt<1.  Unfortunately, this 
feature does not work. 
 
14. Version 5.1ppd added several enhancements to the program. 
You may input an average vertical flow gradient, which is  
applied over the entire profile depth to be analysed so adjust 
the depth of interest accordingly. Zero gives hydrostatic and  
no flow, a negative gradient is upward flow which increases  
pore pressure and reduces vertical effective stress.  A  
positive gradient gives downward flow. 
 
15. A State Parameter or current void ratio minus critical 
void ratio is calculated according to the paper by Ref. 14, 
Plewes, Davies and Jefferies, 1994. 
 
16. An alternate method to estimate SPT from CPT is provided  
according to Ref. 13, Jefferies and Davies, 1993 in ASTM.  
 
17. An alternate method to estimate OCR in clays is provided 
which uses the measured pore pressure difference, ppd, so  
both U1 and U2 or U1 and U3 must be measured at the same time. 
(see Ref. 16) 
 
18. Version 5.2 added the value Ic (Material Index) according  
to Jefferies & Davies, 1993, 1991 (Ref. 13 & 17) which combines  
all Normalized parameters Q, F and Bq.  
(Note: QtN was changed to Q and RfN to F.) 
 
18A. In Version 5.2, if at any depth the value of Bq>1 (in very  
sensitive saturated soil)then Bq is made equal to 0.99.  Also,  
if Rf>8 it is made 7.99.  These changes have a negligable  
effect on the results. 
 
19. FC(%) or percent of dry weight less than #200 sieve (.074mm) 
was also added according to Davies, 1999 Ref.#15) 
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1

Purpose

This bulletin provides an update on the proper use of the Central Mine Equipment (CME)
automatic Standard Penetration Test (SPT) hammer based on recent drop height and drill rod
energy measurement studies.  Recent observations of the testing by government crews and
contract drilling has shown these hammers are not always operated correctly.  The CME hammer
system, when operated according to manufacturer’s instructions, can result in N values up to a
factor of 1.5 times lower than the SPT N values obtained by conventional rope and cat-head
safety hammer systems.  The hammer is rate dependent and can deliver drill rod energy ratios
varying from 60 to 90 percent.  This guide will show engineers how to evaluate the hammer
performance and how the operation can be adjusted.  The information in this bulletin can  be
used to estimate SPT drill rod energy for this hammer system based on hammer rate and drop
height observations.

Background

The Central Mine Equipment Company has been selling an automatic hammer for over 15 years. 
Figure 1 shows the exterior of the hammer system.  This hammer uses a cylindrical hammer of
lead encased in steel enclosed in a guide tube.  The hammer is lifted by a chain cam mechanism. 
On the chain is a finger cam which picks up the hammer.  The cam carries the hammer upward
and, at the end of its travel, the hammer is “flung” farther into the air.  The distance the hammer
is flung, in excess of the top of the chain travel, is a function of the speed of the chain.  There-
fore, the drop height of the hammer is a function of the speed of the chain.

In an important paper on the influence of SPT procedures in liquefaction analysis, Seed et al. [1]1

recommended 30 to 40 blows per minute (bpm).  In addition, the recently released American
Society for Testing and Materials (ASTM) Practice D 6066-97 for determining normalized
penetration resistance in sands recommends 20 to 40 bpm [2].  Consequently, there have been
numerous occurrences where a slower hammer rate has been used.  However, the rate required to
develop a 30-inch drop using the CME hammer equipped with a standard anvil is 50 to 55 bpm.

It should be stated clearly here that a blow count rate of 50 to 55 bpm is acceptable for most
geotechnical explorations, and the reduced rate is considered to be an issue only with
liquefaction investigations of sands.  There have been numerous occurrences where the hammer
has not been operated according to instructions, and the rate has been slower.  Because of these
slower rates, there have been questions regarding the energy transfer and effect on SPT blow
counts.  

Recently, the Los Angeles District Army Corps of Engineers evaluated the effect of blow count
rate on the efficiency of the CME  hammer used in their investigations of Whittier Narrows Dam. 
This report will summarize the results of this rate study and make recommendations on energy
delivered under these variable rate conditions. 
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Figure 1.—CME automatic hammer system.

There have been numerous SPT energy transfer measurements on the CME automatic hammer. 
A compilation of energy measurement data from our files is shown in table 1 [3-10].  Energy
measurements performed prior to 1990 were performed in accordance with ASTM standard 
D 4633 [11].  This method consists of measuring the force-time history of the first compression
pulse in the rods and integration of the square of the force.  This method will be denoted as EF2. 
The EF2 measurement provides the drill rod energy ratio (ERi) by using a force transducer
housed in the drill rods below the impact anvil.  Early work by Schmertmann and continued
measurements have shown that the penetration resistance “N” is inversely proportional to ERi.
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The energy transfer of SPT hammers is especially important in liquefaction evaluation of soils. 
In 1997, the ASTM developed a practice for determination of normalized penetration resistance
of sands [2].  In this practice, the effects of hammer systems are discussed.  Automatic hammers
are very desirable from the standpoint of energy transfer reproducibility.  The practice states that
for hammers used in these investigations, energy can be measured during the investigation, or an
assumed value can be used if there is reliable data from others and the hammer is operated
correctly.  

Proper Hammer Operation

The CME factory operating instructions and instructions for adjusting the hammer speed are
given in the appendix.  CME has designed the automatic hammer with a viewing slot so that the
drop height of the hammer can be easily checked.  The CME automatic hammer is designed to
operate at a speed of 50 to 55 bpm.  The chain-cam motor is hydraulic, and there are flow control
settings to adjust the blow count rate.  All drills are adjusted at the factory to provide the
recommended rate.  However, with time, these settings may change and should be checked.

The rate of the hammer depends on the engine revolutions per minute (rpm).  This is because 
the chain cam system is driven by a hydraulic motor.  The power of the motor depends on the
hydraulic fluid pressure in the drill system, and the hydraulic supply pressure varies with engine
rpm.  The hammer will not operate correctly at idle speed.  Typically, the hammer is adjusted to
operate at a set throttle detent speed of 1,500 to 2,000 rpm, or full throttle.

The flow control setting is accomplished according to the instructions in the appendix.  The
viewing slot allows for observation of the drop height.  The hammer is equipped with an anvil
that projects into the guide tube 11.75 inches.  The viewing slot is about 39 to 43 inches above
the base of the guide tube (refer to figure 1 in the appendix).  When the hammer is operated 
at about 50 to 55 bpm, the base of the hammer will be visible at a height of 41½ inches above the
base of the guide tube.  If hammer rates are set too high, the falling hammer will impact the
returning cam prior to anvil impact and may damage the equipment.  This occurs when the rate is
set near or above 60 bpm. 

Therefore, the easy way to check for proper operation is to look at the viewing slot and count the
blow count rate during testing.  The base of the hammer should be about 41½ inches above the
base of the guide tube.  

It is important that the drill operator understand what throttle speed is to be used during testing.
Field observations have shown that when the hammer is operated at idle speed or at a speed
slower than that for proper flow control, the drop height is significantly reduced.  Therefore,
during testing, if the operator fails to engage throttle detent speed, the SPT test will be invalid
unless the rate is recorded.
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Operation at slower speeds.—ASTM procedures for testing of liquefaction state that the
rate of blows should range from 20-40 bpm [2].  If it is desired to operate the hammer at 40 bpm,
the energy will be reduced.  Another approach is to add a spacer ring  to the anvil.  Based on the
properties of this hammer system, the spacer ring will allow for a 30-inch hammer drop.  Based
on theoretical calculations, the height of the spacer ring should be about 3 inches at 40 bpm.  Our
study, to follow, shows that at 40 bpm, the ring may need to be only 2 inches.  When a spacer
ring is to be used, the viewing slot must be cut and lowered 3 inches so that the hammer can be
observed, assuring proper operation.

The effect of blow count rate on SPT liquefaction data in sands is not known.  In a clean sand of
high permeability, there could be almost no difference between the N value for a hammer of 
30-inch drop performed at 50 and 20 bpm.  The rate effect is more likely a problem for dirty
sands.  In our data to follow, the rate effect on the drop height is significant when a spacer ring
is not used to maintain the 30-inch drop height. 

Maintenance.—As with any hammer system, the hammer should be maintained to ensure that
it operates correctly.  The guide sleeve and chain should be cleaned and lubricated periodically 
to ensure that the hammer is dropping freely.  You can measure the hammer efficiency by
measuring the velocity at impact with radar or a displacement transducer.  Our measurements
indicate that the hammer drops at 95 to 97 percent efficiency in a clean guide tube.  In some
cases, where we have measured low drill rod energy, the hammer velocity is slower than normal,
pointing to a situation such as a rusted or dirty guide tube interior.

Other Operation Considerations

The hammer assembly weighs about 230 lbs.  This assembly weight is significantly greater than
rope and cathead operated hammers which weigh from 75 to 100 lbs [10].  When testing very
soft soils, the hammer assembly may sink under the weight of the assembly.  The SPT data in
soft, fine-grained soils may differ significantly between the automatic and rope-cathead
hammers, so it is important to report the assembly mass on the drill log [12].  The hydraulic
cylinder that controls vertical movement of the assembly is a one-way piston, made only to lift
the assembly.  If the assembly sinks quickly, the A valve may be used to catch the hammer (see
appendix). 

In hard driving conditions, the assembly may cause secondary impacts to the anvil shoulder.  In
these conditions, valve C (hammer restricted fall) should be used.

Summary of Energy Measurements  

In the mid 1980s, after collection of EF2 drill rod energy data in the U.S. and other countries, 
H. Bolton Seed et al. recommended that SPT N values be corrected to N60 for liquefaction
analysis [1].  The correction takes the form of:

N60 = Nm * (ERi / 60) EQN (1)
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Where:

Nm = measured N value
ERi = drill rod energy ratio, expressed as a percent, of maximum theoretical energy for

the system used

The EF2 data form the basis of the 60 percent recommendation.  Seed assumed that safety
hammers deliver ERi of 60 percent.  Table 1 shows the EF2 data that were collected prior to
1992.  In this table, EF2 ERi, ranges from 83 percent to over 100 percent, and the data that are
considered reliable generally average around 85 to 95 percent.

In the 1990s, accelerometers began to find use in SPT energy measurement, and a new method
called the EFV method was developed.  Table 1 summarizes EF2 and EFV data that have been
collected since 1992.  The first EFV data were collected by Goble in 1989.  Virtually all the new
EFV data for the CME automatic hammer have been collected using equipment provided by
Goble, Rausche, Likins and Associates, Inc. (GRL).  This company has adapted their pile driving
analysis equipment for SPT energy measurements.

Review of the new GRL data in table 1 indicates the new EFV data for the CME hammer range
from 74 to 86 percent.  EFV data, where the hammer is operated at a correct rate, generally range
from 80 to 85 percent.  There is also an appreciable difference between EF2 and EFV data.  In
some cases, EFV data are higher than EF2 data, while in other cases, EFV is lower than EF2. 
There is a very wide variability in the reported EF2 data.  The reasons for the variability are not
well explained [9, 13].  Due to limited funding, GRL measurements have not been well
documented.  That is, they have been on a project to project basis.  GRL does not adjust EF2 data
for short rod lengths, and this could explain some of the lower EF2 data.   GRL believes that, due
to reflections in the stress waves near the transducers, EF2 data are not always reliable.  Also,
they believe that older, pre-1990 EF2 data could be biased toward the high side (90-95 percent)
because of errors with piezoelectric load cells.  It is well accepted that EFV measurements, if
collected correctly, are more fundamentally correct than EF2 measurements because true, one-
dimensional wave equation conditions are not met in SPT drill rod.

Measuring ERi is more difficult with the CME automatic hammer than with most hammers.  This
is because the hammer anvil aspect ratio is such that a very fast rise and fall time and a very
large, sharp peak in force and velocity can develop in the drill rods [8].  This rapidly peaking
large force results in very severe loading conditions for both accelerometers and strain
transducers.  Additional studies are planned to try to explain the lower energy levels being
measured with GRL equipment.  

An engineer who must decide on how to apply this energy data has some difficult decisions to
make.  EF2 data were originally reported as high as 90 percent.  According to equation (1) above,
CME automatic hammer N values would be lower than rope and cathead safety hammer data by a
factor of 90/60 = 1.5 using EF2 data.  Using new EFV data, a correction of 80/60 = 1.3 would be
applied.

Reclamation had the opportunity to test the difference in hammer systems at Jackson Lake Dam. 
Dynamic compaction ground improvement was performed in two phases.  SPT drilling of the
first phase was with a rope and cathead safety hammer, while in the second phase, CME
automatic hammers were used.  Over 4,000 SPT N values were analyzed [14].  The results
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indicate that N values from the CME automatic hammers differed by a factor of approximately
1.8.  The factor was surprisingly constant through a wide range of soil types, from gravel to clay. 
This larger factor could also be attributed to other effects, such as drilling method and systematic
disturbance, amount of gravels, prestress effects, etc.  But the data show there is a significant
difference in SPT N values between the automatic hammer and safety hammer.  Physical
comparison data published in many sources also show much larger differences in N values
collected with automatic and safety hammers than those predicted by EFV energy measurements
[12].  The differences are much larger than could be explained by a 20 percent energy difference
(i.e., a factor of 80/60 = 1.3) implied by the GRL data.

Even with the larger differences shown in some of the field data, the engineer who is using the
new EFV data will likely err toward conservatism and would likely apply the factor of 1.3.  This
low correction factor gives little incentive to using automatic hammers on a project if low con-
servative N values requiring costly ground modifications would result.

Even though GRL data appear to be erratic and possibly lower than the older EF2 data, GRL is
the only active SPT energy measurement contractor in the U.S.  The Army Corps of Engineers
had questions regarding past drilling at Whittier Narrows Dam.  We decided we would use the
GRL equipment to study the rate effects of the CME automatic hammer. 

Rate Effect Study

The Los Angeles District of the Army Corps of Engineers had questions regarding CME hammer
operations during their liquefaction investigation at Whittier Narrows Dam.  The CME automatic
hammer was used exclusively, and in most of the investigation, the same hammer and operator
were used.  Drop height and rate effect studies where performed to evaluate the CME hammer.

In a series of field studies on a CME 75HT drill, the rate of the hammer was varied, and the drop
height was measured through the viewing window.  Drop height was also monitored on the
second hammer in a second round of drilling.  The results of this study are summarized in 
figure 2.  When the hammer rate was slowed to about 40 bpm, the drop height was reduced to 
28 inches.  This reduction in drop height equates to a theoretical reduction in input energy of 
7 percent.

Next, a field study and energy measurements were performed by GRL [15]. Measurements were
performed in three drill holes.  The results of this study are shown in table 2 and figure 3.  Test
depths ranged from 4.5 to 35.5 feet.  GRL reports EF2 data without correction for short rod
length.  In order to compare EFV data, which are equivalent to a nominal hammer energy, it is
necessary to correct the EF2 data by the K2 factor described in the old ASTM D 4633 standard. 
This is because the hammer input energy is prematurely terminated by the reflected tensile wave
in short drill rods.  This effect can easily be seen in table 2 in the column "Average EF2."  The
shorter the rod length, the lower the value of EF2.  Once rod length is about 40 feet, the full
energy content can be delivered.
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Figure 2.—Summary of CME hammer drop height and rate measurements
(Whittier Narrows Dam investigation).
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To correct for short rod length, we first estimated the rod length during the test (table 2).  Then,
we calculated the estimated wave travel time:

wave travel time, t  = 2l’/c

Where:

l’ = length of rods, distance from transducer to bottom of rods
  c = stress wave velocity in steel, 16,800 ft/sec

For our new standard in ASTM, the short rod factor is now called the K1 factor, and we have
developed tables of K1 for different rod sizes/lengths.  The K1 factor for AW rods used in this
study is shown in table 2.  We took the average EF2 energy and multiplied it by the K1 factor to
get a nominal energy.

Table 2 and figure 3 summarize the results of the rate study.  Rates from 30 to 58 bpm were
measured.  When the rate of the hammer is slowed to around 30 bpm, drill rod energy drops 
10 to 15 percent.  These data agree fairly well with the drop height data summarized in figure 1. 
The drop height study indicates that a reduction to 40 bpm resulted in a drop height of 28 inches,
equivalent to about 7 percent energy.  Assuming a linear relationship, further reduction to 
30 bpm results in an energy loss of 14 percent, which would equate to a drop height reduction to
26 inches.  A drop height of 26 inches may well be the minimum with this hammer system and
may reflect the distance between the chain cam sprockets.

Using figure 3 and the drop height data, one could estimate the energy delivery of the CME
hammer if the blow count rate is recorded.

For the nominal energy of the Los Angeles study, which is summarized in the last row of table 1,
we averaged seven series of data at rates ranging from 50-57 bpm.  EFV ERi averaged 81 percent
while K2 corrected EF2 ERi averaged 75 percent.  The difference in EF2 and EFV data again has
not been explained.  It is not known why, in this case, the EF2 data are lower than EFV data. 
Additional controlled research is needed to explain these differences.

The assumed drill rod energy for the CME hammer, when operated at 50 to 55 bpm, should be on
the order of ERi =  85 to 95 percent based on most of the measurements made to date.  The value
used in design depends on the analysis being performed.  For the Whittier study, EF2 data were
even lower, at 75 percent.

Conclusions

In this report, energy measurements for the CME automatic hammer are reviewed.  Operational
guidelines of the CME automatic hammer are given to avoid operation at incorrect speeds. 
Finally, the effects of slowing the blow rate are measured.  The following conclusions can be
drawn from this study:
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Figure 3.—Summary of drill rod energy and rate data
(Whittier Narrows Dam investigation).
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• The CME automatic hammer delivers more energy than typical rope-cathead safety
hammer systems.  The hammer is much more consistent in energy delivery than manually
operated hammers.  The use of this automatic hammer is highly desirable, but it must be
checked to assure it is operating correctly.

• The hammer is designed to operate at 50-55 bpm.  The speed is controlled by the
hydraulics of the drill and, therefore, the flow control valves must be adjusted correctly
and the drop height should be checked to assure proper operation.  The operator should
be sure that proper engine speed is reached during testing.  The hammer is simple to
check—simply count the rate and check the position of the hammer in the viewing slot. 
The hammer speed and drop height should be reported on the drill logs.

• Numerous investigators have measured drill rod energy on the CME automatic hammer. 
Prior to the 1990s, the measurements were made according to ASTM D 4633 using the
force squared (EF2) method.  These measurements indicated that the hammer, when
operated at the correct speed, would deliver 90 to 95 percent ERi.  In the 1990s,
accelerometers came into use, and the product of force and velocity (EFV) was
measured.  The recent EFV ERi data range from 80 to 85 percent.  Reported EF2 data are
more variable, and there are differences of as high has 10 percent ERi between EF2 and
EFV data.  The reason for these differences have not been explained.  The new EFV data
appear about 10 percent lower than the older EF2 data.  Limited field comparisons
between CME automatic and safety hammers indicate larger differences in actual blow
counts than would be expected using the EFV or even older EF2 data.

• Given the new EFV data and any uncertainties with the older EF2 data, the recom-
mended drill rod energy for the CME automatic hammer operated at the correct speed of
50 to 55 bpm is 85 to 95 percent.  This assumed energy could be used for liquefaction
investigations in accordance with ASTM D 6066, method B, and thus alleviate the need
for project-specific energy measurements.  If there is uncertainty, smaller energy
corrections could be used. 

• Studying the rate of the CME automatic hammer and measuring the energy indicates that
when the hammer is operated at 30 bpm, drill rod energy loss was almost 15 percent. 
Using the information in this report, an observer could estimate energy delivery of the
CME automatic hammer from information on the speed and drop height.

• Additional studies are needed.  There needs to be a systematic study of the various
energy measurement equipment available.  This study should be performed under the
most extreme loading conditions.  The CME hammer provides a good test for response
under extreme loading.  It would also be helpful to look at additional field studies,
comparing safety hammer data and CME automatic hammer data.  Some data exist in the
literature but were not reviewed for this report.
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Appendix

Operation Instructions for the CME Automatic Hammer
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ASTM D 

2216

ASTM D 

2937
ASTM D 4318 ASTM D 422

DOT CA 

Test 301
Soil pH

Chloride 

Content

Sulfate Content 

(gravimetric)

ASTM D 2487 / 

ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-007 B01 2-5 7.81 22 111 3000 @ 18.4 SM*

S02 6.0 11.6 121.4 (SC)g*

S03 11.0

S04 16.0 13.3 118.4 (SC)g*

S05 21.0 21:54:25 (SC)g

S06 26.0 41,21,20 35.94 @ 13.9 s(CL)

S07 31.0

S08 36.0 20.5 104.6 41,23,18 7:50:43 SC

S09 41.0 35,21,14 SC

S10 46.0 32,21,11 18:47:35 (SC)g

S11 51.0 41,23,18 2:33:65 s(CL)

S12 56.0 12.60 @ 27.8 SM*

S13 61.0 47:39:14 (GC)s

S14 66.0 10.1 123.1 (SC)g*

S15 71.0

S16 76.0

S17 81.0

S18 86.0

S19 91.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index

² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 

No.

Sample 

No.

Depth

Moisture 

Content

Dry 

Density

Atterberg 

Limits

Particle - 

Size    

Distribution

Unconsol.-

Undrained 

Triax. 

Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 

Identification
Min. Resistivity 

@ Moist. Cont. 

DOT CA Test 

532/643DOT CA 

Test 

532/643

D (1)
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ASTM D 

2216

ASTM D 

2937
ASTM D 4318 ASTM D 422

DOT CA 

Test 301
Soil pH

Chloride 

Content

Sulfate Content 

(gravimetric)

ASTM D 2487 / 

ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-008 B01 0-5 6.72 37 137 1025 @ 31.3 s(CL)*

S02 5.0 14.0 111.7 9:49:42 SC

S03 10.0 9:54:37 SC

S04 15.0 7:41:52 s(CL)

S05 20.0 23:56:21 (SC)g

S06 25.0 26:55:19 (SC)g

S07 30.0 31,25,6 0:42:58 s(ML)

S08 35.0 22.5 101.2 6:68:26 SM

S09 40.0

S10 45.0 21.3 113.3 (SC)g*

S11 50.0 24:49:27 (SC)g

S12 55.0

S13 60.0

S14 65.0

S15 70.0

S17 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index

² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-

Undrained 

Triax. 

Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 

Identification
Min. Resistivity 

@ Moist. Cont. 

DOT CA Test 

532/643DOT CA 

Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 

No.

Sample 

No.

Depth

Moisture 

Content

Dry 

Density

Atterberg 

Limits

Particle - 

Size    

Distribution

D (2)
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ASTM D 

2216

ASTM D 

2937
ASTM D 4318 ASTM D 422

DOT CA 

Test 301
Soil pH

Chloride 

Content

Sulfate Content 

(gravimetric)

ASTM D 2487 / 

ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-009 B01 0-5

S02 5.0 43,23,20 4:26:70 s(CL)

S03 10.0 32,26,6 3:67:30 SM

S04 15.0 5:42:53 s(CL)

S05 20.0 20:53:27 (SC)g

S06 25.0 33:46:21 (SM)g

S07 30.0 24.3 101.6 0:55:45 SC

S08 35.0 44:45:11 (SW-SM)g

S09 40.0 12.1 144.4 GP*

S10 45.0

S11 50.0 44,24,20 28:43:29 (SC)g

S12 55.0

S13 60.0

S14 65.0

S15 70.0

S16 75.0

S17 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index

² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-

Undrained 

Triax. 

Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 

Identification
Min. Resistivity 

@ Moist. Cont. 

DOT CA Test 

532/643DOT CA 

Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 

No.

Sample 

No.

Depth

Moisture 

Content

Dry 

Density

Atterberg 

Limits

Particle - 

Size    

Distribution

D (3)
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ASTM D 

2216

ASTM D 

2937
ASTM D 4318 ASTM D 422

DOT CA 

Test 301
Soil pH

Chloride 

Content

Sulfate Content 

(gravimetric)

ASTM D 2487 / 

ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-010 B01 0-5

S02 5.0

S03 10.0 7.8 120.9 (SC)g*

S04 15.0 23:44:33 (SC)g

S05 20.0 8.9 114.2 (SM)g*

S06 25.0 11:36:53 s(CL)

S07 30.0 21.8 98.9 SC*

S08 35.0 3:35:62 s(CL)

U09 40-42 32,24,8 21:53:26 24.23 @ 20.8 (SM)g

S10 45.0 17:55:28 (SC)g

S11 50.0 32,21,11 16:54:30 (SC)g

S12 55.0 0:35:65 s(CL)

S13 60.0 20.0 138.2 (SM)g*

S14 65.0

S15 70.0

S16 75.0

S17 80.0

S18 85.0 Combined 10:52:38 SC

S19 90.0

S20 95.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index

² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-

Undrained 

Triax. 

Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 

Identification
Min. Resistivity 

@ Moist. Cont. 

DOT CA Test 

532/643DOT CA 

Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 

No.

Sample 

No.

Depth

Moisture 

Content

Dry 

Density

Atterberg 

Limits

Particle - 

Size    

Distribution

D (4)



Project Name: 101/23 Interchange Improvements

Project No.: 400486.01.04.02.09.SC

Depth

(ft) At 5% Strain At Failure

R-11-007 S06 25 CL 28 35.94

R-11-007 S12 56 SM 5.7 12.6

R-11-010 U09 40 SM 19 24.23

Table 2

Summary of Unconsolidated Undrained (UU) Triaxial Test Results

Boring No. Sample No. Soil Type
Deviator Stress (psi)

D (5)



R-11-007 R-11-007 R-11-007 R-11-007

S02 S04 S08 S14

6.0 16.0 36.0 66.0

Drive Drive Drive Drive

>4.50 >4.50 3.25 >4.50

1037.67 1029.11 980.55 1037.53

222.00 222.00 222.00 222.00

5.00 5.00 5.00 5.00

2.416 2.416 2.416 2.416

306.15 266.18 738.96 366.03

278.31 239.45 637.09 335.85

38.78 37.95 140.04 38.31

Container No.

135.6 134.1 126.1 135.5

11.6 13.3 20.5 10.1

121.4 118.4 104.6 123.1

80.9 84.6 90.6 74.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
clayey sand 

(SC)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

M&D R-11-007, S02, S04, S08, S14
D (6)



R-11-008 R-11-008 R-11-008

S02 S08 S10

5.0 35.0 45.0

Drive Drive Drive

>4.50 1.75 1.50

1185.84 1161.69 629.09

266.40 266.40 133.20

6.00 6.00 3.00

2.416 2.416 2.416

423.06 1135.98 208.87

375.64 964.63 179.06

36.69 204.57 38.88

Container No.

127.3 124.0 137.4

14.0 22.5 21.3

111.7 101.2 113.3

74.2 91.4 117.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/19/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Yellowish 
brown clayey 

sand (SC)

Brown silty 
sand (SM)

M&D R-11-008, S02 @ 5, S08 @ 35, S10 @ 45
D (7)



R-11-009 R-11-009

S07 S09

30.0 40.0

Drive Drive

2.50 <0.25

982.07 1195.93

222.00 222.00

5.00 5.00

2.416 2.416

337.59 373.60

279.15 337.48

38.67 38.69

Container No.

126.3 161.9

24.3 12.1

101.6 144.4

99.6 195.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand (SC)

Brown poorly-
graded gravel 

(GP), very 
loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D R-11-009, S07 @ 30 and S09 @ 40
D (8)



R-11-010 R-11-010 R-11-010 R-11-010

S03 S05 S07 S13

10.0 20.0 30.0 60.0

Drive Drive Drive Drive

4.25 >4.50 3.00 <0.25

603.62 582.28 1136.04 975.96

133.20 133.20 266.40 177.60

3.00 3.00 6.00 4.00

2.416 2.416 2.416 2.416

440.90 205.98 214.29 402.16

411.99 192.29 182.79 341.61

39.36 38.90 38.19 38.38

Container No.

130.3 124.4 120.4 165.9

7.8 8.9 21.8 20.0

120.9 114.2 98.9 138.2

53.2 50.6 83.5 245.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand (SC)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown silty 
sand with 

gravel (SM)g, 
wet, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown silty 
sand with 

gravel (SM)g

M&D R-11-010, S03, S05, S07, S13
D (9)



Project Name: Tested By: G. Bathala Date: 02/23/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 15

25.39 23.81 25.86 25.09 25.94

23.33 22.01 22.38 21.74 22.19

13.55 13.55 13.53 13.53 13.48

21.06 21.28 39.32 40.80 43.05

41
21
20
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S06 26.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 15

26.03 26.20 26.35 24.46 27.01

23.66 23.82 22.66 21.25 22.94

13.56 13.55 13.53 13.49 13.53

23.47 23.17 40.42 41.37 43.25

41
23
18
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S08 36.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown clayey sand (SC)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

0
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la

st
ic

ity
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Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

40

41

42

43

44
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Project Name: Tested By: A. Santos Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 20

10.05 9.44 21.74 22.60 19.51

8.46 7.97 16.51 17.08 14.70

1.06 1.05 1.08 1.01 1.08

21.49 21.24 33.90 34.35 35.32

35
21
14
CL

PI at "A" - Line  =  0.73(LL-20)  10.95

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S09 41.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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CL- ML
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 25 20 15

27.81 25.46 25.74 25.57 24.70 23.89

25.32 23.36 22.88 22.69 21.98 21.30

13.56 13.56 13.49 13.59 13.59 13.49

21.17 21.43 30.46 31.65 32.42 33.16

32
21
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S10 46.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21 15

25.10 24.45 24.55 23.33 23.80 25.05

22.90 22.38 21.51 20.56 20.80 21.53

13.50 13.57 13.56 13.56 13.59 13.55

23.40 23.50 38.24 39.57 41.61 44.11

41
23
18
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S11 51.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 01/27/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

9.68 9.16 13.34 16.48 16.18

7.95 7.54 10.51 12.85 12.53

1.04 1.07 1.07 1.05 1.12

25.04 25.04 29.98 30.76 31.99

31
25
6
ML

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark gray sandy silt s(ML)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S07 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

23.30 23.59 26.73 27.36 25.05

21.48 21.72 22.81 23.20 21.52

13.49 13.49 13.52 13.56 13.53

22.78 22.72 42.20 43.15 44.18

43
23
20
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S02 5.0
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0.121
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

42
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44

45
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Number of Blows
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 15

9.01 9.19 11.86 16.38 13.33

7.39 7.53 9.27 12.61 10.19

1.05 1.06 1.07 1.08 1.00

25.55 25.66 31.59 32.70 34.17

32
26
6
ML

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Dark brown silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S03 10.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 19

27.09 26.48 27.45 26.39 27.10

24.44 23.94 23.26 22.44 22.85

13.55 13.56 13.49 13.47 13.49

24.33 24.47 42.89 44.04 45.41

44
24
20
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S11 50.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CH or OH

CL- ML

42
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 21 16

25.18 25.53 24.08 24.22 26.10 25.66

23.18 23.47 21.64 21.64 22.98 22.57

13.56 13.50 13.57 13.53 13.56 13.53

20.79 20.66 30.24 31.81 33.12 34.18

32
21
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S11 50.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 24 18

23.46 24.10 24.23 26.16 26.23

21.51 22.03 21.67 23.05 23.04

13.49 13.52 13.47 13.49 13.49

24.31 24.32 31.22 32.53 33.40

32
24
8
ML

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

U09 40.0-42.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown silty sand with gravel (SM)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: S. Felter Date: 02/17/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: R-11-007 Depth (feet): 21.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

N 0.00

456.70 0.00

133.07 1.00

323.63 0.00

N

376.20

133.07

243.13

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 21 %
SAND: 54 %
FINES: 25 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

39.20

68.40

92.9

136.70

87.9

78.9

57.8

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

241.90

38.8

PAN

197.90

47.7169.10

25.3

222.80 31.2

67.9103.80

23.10

100.0

D (21)



Project Name:

21 : 54 : 25

S05

Feb-11

Exploration No.:

Depth (feet): 21.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-007 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-007, S05 @ 21
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     36.0

% Gravel 7 Soil Type

% Sand 50

% Fines 43

2.70 0.00 0.00

0.99 0.00 0.00 105.40

650.20 1.00 1.00 77.42

140.00 0.00 0.00

510.20 27.98

3" 0.00 100.0 0.00 100.0 83.7

1½" 0.00 100.0 3.69 93.5 78.3

3/4" 0.00 100.0 10.00 82.3 68.9

3/8" 13.61 97.3 15.56 72.5 60.7

No. 4 37.38 92.7 22.03 61.1 51.1

No. 10 82.99 83.7 27.86 50.8 42.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.61             Wt. of Dry Soil (g) 56.61

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:20 0

9:22 2 19.4 28.0 30.8 0.0329

9:25 5 19.4 24.5 25.7 0.0213

9:35 15 19.5 22.0 22.0 0.0125

9:50 30 19.6 21.0 20.5 0.0089

10:20 60 19.9 19.5 18.3 0.0064

11:20 120 20.7 18.0 16.1 0.0045

13:30 250 21.4 17.0 14.7 0.0031

23-Feb-11 9:20 1440 19.9 15.5 12.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S08

Olive brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-007, S08 @ 36

D (23)



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  36.0 Soil Type :

Project Name:

7 : 50 : 43

S08

Feb-11

SC
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     46.0

% Gravel 18 Soil Type

% Sand 47

% Fines 35

2.70 0.00 199.06

0.99 0.00 197.35 137.71

1010.80 1.00 38.78 87.74

202.70 0.00 1.08

808.10 49.97

3" 0.00 100.0 0.00 100.0 81.4

1½" 0.00 100.0 7.18 91.6 74.5

3/4" 32.56 96.0 18.32 78.5 63.9

3/8" 82.11 89.8 29.53 65.4 53.2

No. 4 147.43 81.8 40.00 53.1 43.2

No. 10 150.51 81.4 48.69 42.9 34.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 86.18             Wt. of Dry Soil (g) 85.26

Deflocculant  125 cc of 4% Solution

25-Feb-11 9:26 0

9:28 2 20.8 35.0 26.5 0.0310

9:31 5 20.8 31.0 22.7 0.0201

9:41 15 20.9 26.5 18.5 0.0120

9:56 30 20.9 24.0 16.1 0.0086

10:26 60 20.8 22.0 14.2 0.0062

11:26 120 20.8 20.0 12.3 0.0044

13:36 250 21.0 18.0 10.4 0.0031

26-Feb-11 9:34 1448 19.3 15.0 7.6 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S10

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-007, S10 @ 46
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S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

18 : 47 : 35

S10

Mar-11

(SC)gDepth (feet) :  46.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     51.0

% Gravel 2 Soil Type

% Sand 33

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 93.06

381.20 1.00 1.00 76.48

39.10 0.00 0.00

342.10 16.58

3" 0.00 100.0 0.00 100.0 93.6

1½" 0.00 100.0 1.79 96.7 90.5

3/4" 0.00 100.0 4.12 92.4 86.4

3/8" 3.54 99.0 6.66 87.7 82.0

No. 4 7.78 97.7 10.67 80.3 75.1

No. 10 22.01 93.6 16.37 69.7 65.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.08             Wt. of Dry Soil (g) 54.08

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:28 0

9:30 2 19.5 34.5 47.2 0.0314

9:33 5 19.5 30.5 40.3 0.0205

9:43 15 19.6 27.0 34.3 0.0121

9:58 30 19.7 25.0 30.9 0.0087

10:28 60 19.9 23.0 27.5 0.0062

11:28 120 20.8 21.0 24.0 0.0044

13:38 250 21.4 19.5 21.5 0.0030

23-Feb-11 9:28 1440 19.9 17.0 17.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S11

Olive brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-007, S11 @ 51

D (27)
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  51.0 Soil Type :

Project Name:

2 : 33 : 65

S11

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     61.0

% Gravel 47 Soil Type

% Sand 39

% Fines 14

2.70 0.00 0.00

0.99 0.00 0.00 143.98

410.10 1.00 1.00 76.86

39.31 0.00 0.00

370.79 67.12

3" 0.00 100.0 0.00 100.0 41.2

1½" 0.00 100.0 12.73 87.4 36.0

3/4" 41.80 88.7 30.43 69.9 28.8

3/8" 118.40 68.1 45.20 55.2 22.8

No. 4 172.50 53.5 57.29 43.3 17.8

No. 10 218.10 41.2 66.59 34.1 14.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 101.00             Wt. of Dry Soil (g) 101.00

Deflocculant  125 cc of 4% Solution

24-Feb-11 10:04 0

10:06 2 20.6 31.5 9.9 0.0317

10:09 5 20.6 27.5 8.3 0.0207

10:19 15 20.7 24.5 7.1 0.0122

10:34 30 20.8 22.0 6.1 0.0087

11:04 60 20.9 20.0 5.3 0.0063

12:04 120 21.3 18.0 4.4 0.0044

14:14 250 21.7 16.0 3.6 0.0031

25-Feb-11 10:04 1440 20.7 13.0 2.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S13

Gray clayey gravel with sand (GC)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(GC)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-007, S13 @ 61

D (29)
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1.7 38
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##

47 : 39 : 14

S13

Mar-11

(GC)sDepth (feet) :  61.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Gray clayey gravel with sand (GC)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 9 Soil Type

% Sand 49

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 107.50

383.40 1.00 1.00 75.64

36.65 0.00 0.00

346.75 31.86

3" 0.00 100.0 0.00 100.0 81.0

1½" 0.00 100.0 3.15 95.1 77.0

3/4" 0.00 100.0 9.78 84.7 68.7

3/8" 5.58 98.4 16.61 74.1 60.0

No. 4 32.59 90.6 23.85 62.8 50.9

No. 10 65.76 81.0 30.87 51.8 42.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.05             Wt. of Dry Soil (g) 64.05

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:38 0

10:40 2 20.7 31.5 29.5 0.0317

10:43 5 20.7 27.0 23.8 0.0207

10:53 15 20.7 24.0 20.1 0.0122

11:08 30 20.7 22.0 17.6 0.0087

11:38 60 21.0 20.0 15.1 0.0062

12:38 120 21.2 18.5 13.2 0.0044

14:48 250 21.7 17.0 11.3 0.0031

26-Jan-11 9:38 1380 20.5 15.0 8.8 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S02

Yellowish brown clayey sand (SC)

SA & Hyd R-11-008, S02 @ 5

D (31)



9 : 49 : 42

S02

Feb-11

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
R-11-008 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Brown clayey sand (SC)

GE 0.00

805.28 0.00

251.20 1.00

554.08 0.00

GE

603.70

251.20

352.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 9 %
SAND: 54 %
FINES: 37 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

23.30

51.80

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

350.20

55.6

PAN

245.80

64.7195.40

145.30

36.8

297.90 46.2

95.8

90.7

73.8

82.596.80

0.00

D (33)



Project Name:

9 : 54 : 37

S03

Feb-11

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA R-11-008, S03 @ 10

D (34)



Project Name: Tested By: S. Felter Date: 01/21/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Olive brown sandy lean clay s(CL)

CT 0.00

951.40 0.00

244.60 1.00

706.80 0.00

CT

589.77

244.60

345.17

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 7 %
SAND: 41 %
FINES: 52 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

35.60

51.50

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

341.20

74.6

PAN

179.30

81.6129.90

95.20

51.7

259.20 63.3

95.0

92.7

86.5

90.170.00

0.00

D (35)



Project Name:

7 : 41 : 52

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

HA 0.00

757.95 0.00

246.70 1.00

511.25 0.00

HA

650.70

246.70

404.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 23 %
SAND: 56 %
FINES: 21 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

53.50

119.50

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

402.90

34.7

PAN

333.90

43.2290.20

238.60

21.2

369.80 27.7

89.5

76.6

53.3

64.6181.20

0.00

D (37)



Project Name:

23 : 56 : 21

S05

Feb-11

Exploration No.:

Depth (feet): 20.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 25.0

Sample No.: S06

Soil Identification: Brown clayey sand with gravel (SC)g

PH 0.00

1019.12 0.00

202.74 1.00

816.38 0.00

PH

870.70

202.74

667.96

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 26 %
SAND: 55 %
FINES: 19 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

91.40

214.50

96.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

665.70

29.7

PAN

574.10

36.9515.10

437.80

18.5

620.80 24.0

88.8

73.7

46.4

58.7337.30

30.90

100.0

D (39)



Project Name:

26 : 55 : 19

S06

Feb-11

Exploration No.:

Depth (feet): 25.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 0 Soil Type

% Sand 42

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 103.83

362.15 1.00 1.00 75.83

38.13 0.00 0.00

324.02 28.00

3" 0.00 100.0 0.00 100.0 99.8

1½" 0.00 100.0 0.12 99.8 99.6

3/4" 0.00 100.0 0.56 99.1 98.9

3/8" 0.00 100.0 3.10 95.0 94.8

No. 4 0.00 100.0 11.62 81.1 81.0

No. 10 0.60 99.8 25.46 58.6 58.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.49             Wt. of Dry Soil (g) 61.49

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:46 0

10:48 2 20.7 30.5 36.2 0.0320

10:51 5 20.6 26.0 29.0 0.0208

11:01 15 20.7 23.0 24.2 0.0123

11:16 30 20.8 21.5 21.7 0.0088

11:46 60 20.9 20.0 19.3 0.0063

12:46 120 21.2 19.0 17.7 0.0044

14:56 250 21.7 17.5 15.3 0.0031

26-Jan-11 9:46 1380 20.5 16.0 12.9 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(ML)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S07

Dark gray sandy silt s(ML)

SA & Hyd R-11-008, S07 @ 30

D (41)



0 : 42 : 58

S07

Feb-11

Depth (feet) :  30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark gray sandy silt s(ML)

400486.01.04.02.09.SC
Exploration No.:

s(ML)

GR:SA:FI : (%)

Project No.:
R-11-008 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown silty sand (SM)

B-1 0.00

964.63 0.00

204.57 1.00

760.06 0.00

B-1

776.90

204.57

572.33

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 6 %
SAND: 68 %
FINES: 26 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

28.20

48.00

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

561.20

72.3

PAN

210.50

85.1113.60

86.40

26.2

423.40 44.3

96.3

93.7

88.6

90.968.90

0.00

D (43)



Project Name:

6 : 68 : 26

S08

Feb-11

Exploration No.:

Depth (feet): 35.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 50.0

Sample No.: S11

Soil Identification: Brown clayey sand with gravel (SC)g

YK 0.00

604.93 0.00

252.16 1.00

352.77 0.00

YK

512.00

252.16

259.84

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 24 %
SAND: 49 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

43.80

83.60

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

257.30

43.7

PAN

198.70

51.1172.40

145.20

27.1

228.50 35.2

87.6

76.3

58.8

67.5114.70

0.00

D (45)



Project Name:

24 : 49 : 27

S11

Feb-11

Exploration No.:

Depth (feet): 50.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 4 Soil Type

% Sand 26

% Fines 70

2.70 0.00 0.00

0.99 0.00 0.00 91.54

324.77 1.00 1.00 77.97

37.44 0.00 0.00

287.33 13.57

3" 0.00 100.0 0.00 100.0 91.7

1½" 0.00 100.0 1.22 97.8 89.8

3/4" 0.00 100.0 3.84 93.2 85.5

3/8" 6.37 97.8 6.69 88.2 80.9

No. 4 12.72 95.6 9.71 82.8 76.0

No. 10 23.76 91.7 13.17 76.7 70.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.53             Wt. of Dry Soil (g) 56.53

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:30 0

10:32 2 20.8 45.5 60.4 0.0283

10:35 5 20.7 41.0 53.1 0.0186

10:45 15 20.7 37.0 46.7 0.0111

11:00 30 20.7 34.5 42.7 0.0080

11:30 60 20.9 32.5 39.4 0.0058

12:30 120 21.2 30.5 36.2 0.0041

14:40 250 21.8 29.0 33.8 0.0028

26-Jan-11 9:32 1382 20.6 26.5 29.8 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S02

Brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S02 @ 5

D (47)



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  5.0 Soil Type :

Project Name:

4 : 26 : 70

S02

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 3 Soil Type

% Sand 67

% Fines 30

2.70 0.00 0.00

0.99 0.00 0.00 296.85

445.22 1.00 1.00 224.26

39.14 0.00 0.00

406.08 72.59

3" 0.00 100.0 0.00 100.0 88.0

1½" 0.00 100.0 7.60 92.9 81.8

3/4" 0.00 100.0 25.61 76.1 67.0

3/8" 0.00 100.0 43.89 59.1 52.0

No. 4 13.60 96.7 58.96 45.1 39.7

No. 10 48.54 88.0 70.17 34.6 30.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 107.35             Wt. of Dry Soil (g) 107.35

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:42 0

9:44 2 20.5 36.0 22.8 0.0307

9:47 5 20.4 32.0 19.5 0.0200

9:57 15 20.4 28.5 16.7 0.0118

10:12 30 20.5 26.0 14.6 0.0085

10:42 60 20.7 23.0 12.2 0.0061

11:42 120 20.9 21.0 10.6 0.0044

13:52 250 21.3 19.0 8.9 0.0031

25-Jan-11 8:49 1387 20.6 17.0 7.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S03

Dark brown silty sand (SM)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S03 @ 10

D (49)



S03 10

297
445 224
39

7.6
26

0 44
14 59
49 70

107

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown silty sand (SM)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

3 : 67 : 30

S03

Feb-11

SM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 5 Soil Type

% Sand 42

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 101.36

243.82 1.00 1.00 75.69

38.24 0.00 0.00

205.58 25.67

3" 0.00 100.0 0.00 100.0 88.3

1½" 0.00 100.0 3.05 95.2 84.0

3/4" 0.00 100.0 9.28 85.3 75.3

3/8" 2.68 98.7 15.36 75.6 66.8

No. 4 10.64 94.8 20.77 67.0 59.2

No. 10 24.04 88.3 25.34 59.7 52.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.94             Wt. of Dry Soil (g) 62.94

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:42 0

10:44 2 20.7 37.0 40.4 0.0304

10:47 5 20.7 33.0 34.8 0.0199

10:57 15 20.7 28.0 27.8 0.0119

11:12 30 20.8 26.0 25.1 0.0085

11:42 60 20.9 23.0 20.9 0.0061

12:42 120 21.2 21.0 18.1 0.0044

14:52 250 21.7 19.0 15.3 0.0031

26-Jan-11 9:41 1379 20.5 17.0 12.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S04

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S04 @ 15

D (51)



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

5 : 42 : 53

S04

Feb-11

s(CL)
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Project Name: Tested By: S. Felter Date: 01/27/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-009 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

GE 0.00

709.60 0.00

251.10 1.00

458.50 0.00

GE

589.60

251.10

338.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 20 %
SAND: 53 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

88.5

80.3

60.1

70.6134.60

31.30

100.0

49.3232.60

182.80

26.5

311.80 32.0

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

336.80

39.7

PAN

276.40

93.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

52.90

90.50

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

D (53)



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements
Exploration No.:

Depth (feet): 20.0 Soil Type :

Project Name:

20 : 53 : 27

S05

Feb-11
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Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11

Exploration No.: R-11-009 Depth (feet): 25.0

Sample No.: S06

Soil Identification: Brown silty sand with gravel (SM)g

WR 0.00

456.56 0.00

237.97 1.00

218.59 0.00

WR

411.69

237.97

173.72

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 46 %
FINES: 21 %
GROUP SYMBOL: (SM)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

39.00

72.40

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

173.00

31.5

PAN

149.70

37.7136.10

118.80

20.9

162.10 25.8

82.2

66.9

45.7

55.298.00

0.00

D (55)



33 : 46 : 21

S06

Feb-11

Exploration No.:

Depth (feet): 25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-009, S06 @ 25

D (56)



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 0 Soil Type

% Sand 55

% Fines 45

2.70 0.00 0.00

0.99 0.00 0.00 267.58

280.08 1.00 1.00 226.44

38.64 0.00 0.00

241.44 41.14

3" 0.00 100.0 0.00 100.0 99.3

1½" 0.00 100.0 0.39 99.4 98.8

3/4" 0.00 100.0 2.00 97.2 96.5

3/8" 0.00 100.0 7.82 88.9 88.3

No. 4 0.26 99.9 22.93 67.5 67.0

No. 10 1.65 99.3 38.38 45.6 45.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 70.50             Wt. of Dry Soil (g) 70.50

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:50 0

9:52 2 20.5 29.0 29.3 0.0322

9:55 5 20.4 26.5 25.9 0.0208

10:05 15 20.5 24.0 22.4 0.0122

10:20 30 20.5 22.0 19.6 0.0087

10:50 60 20.7 21.0 18.2 0.0062

11:50 120 20.9 20.0 16.8 0.0044

14:00 250 21.2 18.0 14.0 0.0031

25-Jan-11 8:56 1386 20.6 16.0 11.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S07

Brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S07 @ 30

D (57)



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  30.0 Soil Type :

Project Name:

0 : 55 : 45

S07

Feb-11

SC

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA & Hyd R-11-009, S07 @ 30
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Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11

Exploration No.: R-11-009 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown well-graded sand with silt and gravel (SW-SM)g

XY 0.00

604.92 0.00

249.00 1.00

355.92 0.00

XY

568.32

249.00

319.32

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 44 %
SAND: 45 %
FINES: 11 %
GROUP SYMBOL: (SW-SM)g 86.76

1.68

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

104.80

156.20

81.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

317.90

20.9

PAN

281.40

27.1259.50

233.70

10.7

303.10 14.8

70.6

56.1

34.3

43.8199.90

66.80

100.0

D (59)



44 : 45 : 11

S08

Feb-11

Exploration No.:

Depth (feet): 35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown well-graded sand with silt and gravel (SW-SM)g

(SW-SM)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     50.0

% Gravel 28 Soil Type

% Sand 43

% Fines 29

2.70 0.00 135.65

0.99 0.00 134.23 112.05

858.50 1.00 56.59 77.09

244.60 0.00 1.83

613.90 34.96

3" 0.00 100.0 0.00 100.0 63.1

1½" 0.00 100.0 4.83 92.4 58.3

3/4" 48.32 92.1 12.02 81.0 51.2

3/8" 125.03 79.6 19.08 69.9 44.1

No. 4 170.21 72.3 26.89 57.6 36.4

No. 10 226.34 63.1 34.18 46.1 29.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.59             Wt. of Dry Soil (g) 63.43

Deflocculant  125 cc of 4% Solution

27-Jan-11 9:58 0

10:00 2 21.7 31.0 24.7 0.0314

10:03 5 21.7 27.0 20.7 0.0205

10:13 15 21.7 23.0 16.8 0.0121

10:28 30 21.7 20.0 13.8 0.0087

10:58 60 21.7 18.0 11.8 0.0063

11:58 120 21.8 16.5 10.4 0.0045

14:08 250 21.7 15.0 8.9 0.0031

28-Jan-11 9:39 1421 20.5 12.0 5.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S11

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd R-11-009, S11 @ 50

D (61)



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  50.0 Soil Type :

Project Name:

28 : 43 : 29

S11

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 23 Soil Type

% Sand 44

% Fines 33

2.70 0.00 0.00

0.99 0.00 0.00 103.34

249.30 1.00 1.00 76.35

38.86 0.00 0.00

210.44 26.99

3" 0.00 100.0 0.00 100.0 67.3

1½" 0.00 100.0 3.49 93.4 62.9

3/4" 0.00 100.0 9.90 81.2 54.7

3/8" 29.13 86.2 16.00 69.7 46.9

No. 4 48.09 77.1 22.13 58.1 39.1

No. 10 68.76 67.3 27.11 48.6 32.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 52.76             Wt. of Dry Soil (g) 52.76

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:32 0

9:34 2 19.5 26.0 24.1 0.0333

9:37 5 19.5 23.0 20.3 0.0215

9:47 15 19.6 21.0 17.7 0.0126

10:02 30 19.7 20.0 16.5 0.0090

10:32 60 19.9 18.0 13.9 0.0064

11:32 120 20.9 16.5 12.0 0.0045

13:42 250 21.4 15.5 10.8 0.0031

23-Feb-11 9:32 1440 19.9 14.0 8.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S04

Grayish olive clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S04 @ 15

D (63)
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Grayish olive clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

23 : 44 : 33

S04

Feb-11

(SC)g
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D (64)



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 11 Soil Type

% Sand 36

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 102.40

277.30 1.00 1.00 82.91

38.26 0.00 0.00

239.04 19.49

3" 0.00 100.0 0.00 100.0 83.0

1½" 0.00 100.0 1.94 96.4 80.0

3/4" 0.00 100.0 6.16 88.4 73.4

3/8" 13.67 94.3 10.51 80.3 66.6

No. 4 26.42 88.9 15.37 71.1 59.0

No. 10 40.70 83.0 19.44 63.5 52.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 53.24             Wt. of Dry Soil (g) 53.24

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:24 0

9:26 2 19.4 33.5 41.0 0.0316

9:29 5 19.5 30.0 35.6 0.0206

9:39 15 19.5 27.0 30.9 0.0121

9:54 30 19.7 25.0 27.8 0.0087

10:24 60 19.9 23.0 24.7 0.0062

11:24 120 20.8 21.5 22.4 0.0044

13:34 250 21.4 20.0 20.1 0.0030

23-Feb-11 9:24 1440 19.9 18.5 17.8 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S06

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S06 @ 25

D (65)
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

11 : 36 : 53

S06

Feb-11

s(CL)
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SA & Hyd R-11-010, S06 @ 25

D (66)



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 3 Soil Type

% Sand 35

% Fines 62

2.70 0.00 0.00

0.99 0.00 0.00 90.61

264.50 1.00 1.00 72.50

38.30 0.00 0.00

226.20 18.11

3" 0.00 100.0 0.00 100.0 92.0

1½" 0.00 100.0 1.80 96.7 89.0

3/4" 0.00 100.0 5.19 90.4 83.2

3/8" 3.36 98.5 9.16 83.0 76.4

No. 4 7.42 96.7 13.08 75.7 69.7

No. 10 18.00 92.0 17.63 67.3 61.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 53.90             Wt. of Dry Soil (g) 53.90

Deflocculant  125 cc of 4% Solution

24-Feb-11 10:00 0

10:02 2 20.6 35.0 47.4 0.0310

10:05 5 20.6 31.5 41.5 0.0201

10:15 15 20.7 28.0 35.6 0.0119

10:30 30 20.8 26.0 32.2 0.0085

11:00 60 20.9 23.0 27.1 0.0061

12:00 120 21.3 22.0 25.4 0.0043

14:10 250 21.7 20.5 22.9 0.0030

25-Feb-11 10:00 1440 20.7 18.0 18.6 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S08

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S08 @ 35

D (67)
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##

3 : 35 : 62

S08

Mar-11

s(CL)Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-010, S08 @ 35

D (68)



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 03/07/11

Project No. : Data Input By: J. Ward Date: 03/11/11

Exploration No.:

Sample No.: Depth (feet) :     45.0

% Gravel 17 Soil Type

% Sand 55

% Fines 28

2.70 0.00 0.00

0.99 0.00 0.00 107.30

448.40 1.00 1.00 76.97

107.60 0.00 0.00

340.80 30.33

3" 0.00 100.0 0.00 100.0 69.4

1½" 0.00 100.0 4.35 91.4 63.4

3/4" 0.00 100.0 12.11 76.0 52.7

3/8" 26.96 92.1 18.68 63.0 43.7

No. 4 59.52 82.5 24.66 51.1 35.5

No. 10 104.28 69.4 30.08 40.4 28.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 50.47             Wt. of Dry Soil (g) 50.47

Deflocculant  125 cc of 4% Solution

10-Mar-11 9:54 0

9:56 2 21.5 24.0 23.9 0.0331

9:59 5 21.5 20.5 19.1 0.0214

10:09 15 21.6 18.0 15.7 0.0125

10:24 30 21.7 16.5 13.6 0.0089

10:54 60 21.9 15.0 11.6 0.0064

11:54 120 22.1 14.0 10.2 0.0045

14:04 250 21.6 13.0 8.9 0.0032

11-Mar-11 9:54 1440 20.7 12.0 7.5 0.0013

6.5

6.5

Pan

No. 30

No. 50

No. 100

6.5

6.5

6.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

6.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.5

6.5

6.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S10

Olive clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S10 @ 45

D (69)
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##

17 : 55 : 28

S10

Mar-11

(SC)gDepth (feet) :  45.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     50.0

% Gravel 16 Soil Type

% Sand 54

% Fines 30

2.70 0.00 203.18

0.99 0.00 200.31 113.88

1163.90 1.00 38.07 74.96

244.51 0.00 1.77

919.39 38.92

3" 0.00 100.0 0.00 100.0 73.3

1½" 0.00 100.0 5.52 91.5 67.1

3/4" 19.28 97.9 13.42 79.2 58.1

3/8" 72.33 92.1 21.70 66.4 48.7

No. 4 150.38 83.6 30.85 52.3 38.4

No. 10 245.05 73.3 38.00 41.2 30.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.81             Wt. of Dry Soil (g) 64.67

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:46 0

8:48 2 19.4 28.0 23.6 0.0329

8:51 5 19.4 25.0 20.3 0.0213

9:01 15 19.4 22.0 16.9 0.0125

9:16 30 19.4 20.0 14.6 0.0090

9:46 60 19.6 19.0 13.5 0.0064

10:46 120 20.2 17.0 11.3 0.0045

12:56 250 21.1 16.0 10.1 0.0031

22-Feb-11 8:39 1433 19.2 14.0 7.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S11

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S11 @ 50

D (71)
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  50.0 Soil Type :

Project Name:

16 : 54 : 30

S11

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 35

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 114.43

299.10 1.00 1.00 77.38

39.22 0.00 0.00

259.88 37.05

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.12 99.9 99.7

3/4" 0.00 100.0 0.52 99.5 99.4

3/8" 0.00 100.0 4.09 96.0 95.9

No. 4 0.00 100.0 17.87 82.5 82.4

No. 10 0.37 99.9 36.08 64.8 64.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 102.40             Wt. of Dry Soil (g) 102.40

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:56 0

9:58 2 20.5 47.5 39.2 0.0277

10:01 5 20.6 41.5 33.4 0.0185

10:11 15 20.7 37.0 29.0 0.0111

10:26 30 20.8 35.0 27.1 0.0080

10:56 60 20.9 33.0 25.2 0.0057

11:56 120 21.3 30.5 22.7 0.0041

14:06 250 21.7 28.0 20.3 0.0029

25-Feb-11 9:56 1440 20.7 25.0 17.4 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S12

Dark olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S12 @ 55

D (73)
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##

0 : 35 : 65

S12

Mar-11

s(CL)Depth (feet) :  55.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-010, S12 @ 55
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 03/04/11

Project No. : Data Input By: J. Ward Date: 03/07/11

Exploration No.:

Sample No.: Depth (feet) :     80.0-95.0

% Gravel 10 Soil Type

% Sand 52

% Fines 38

2.70 0.00 0.00

0.99 0.00 0.00 168.50

682.40 1.00 1.00 140.68

111.20 0.00 0.00

571.20 27.82

3" 0.00 100.0 0.00 100.0 80.6

1½" 0.00 100.0 3.88 92.5 74.5

3/4" 0.00 100.0 10.58 79.5 64.1

3/8" 20.70 96.4 16.64 67.8 54.6

No. 4 54.30 90.5 22.28 56.9 45.8

No. 10 110.90 80.6 27.61 46.6 37.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 51.67             Wt. of Dry Soil (g) 51.67

Deflocculant  125 cc of 4% Solution

04-Mar-11 9:34 0

9:36 2 20.9 27.0 31.7 0.0328

9:39 5 20.9 25.0 28.6 0.0210

9:49 15 20.9 22.5 24.8 0.0123

10:04 30 21.0 21.0 22.4 0.0087

10:34 60 21.2 19.0 19.3 0.0062

12:23 169 21.3 17.0 16.2 0.0038

13:44 250 22.3 16.0 14.7 0.0031

05-Mar-11 9:34 1440 20.2 14.0 11.6 0.0013

6.5

6.5

Pan

No. 30

No. 50

No. 100

6.5

6.5

6.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.5

6.5

6.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S17, S18, S19, S20 combined

Gray clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S17, S18, S19, S20 combined @ 80-95

D (75)
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##

10 : 52 : 38

S17, S18, S19, S20 combined

Mar-11

SCDepth (feet) :  80.0-95.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Gray clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-010, S17, S18, S19, S20 combined @ 80-95
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     40.0-42.0

% Gravel 21 Soil Type

% Sand 53

% Fines 26

2.70 0.00 184.21

0.99 0.00 182.61 111.19

853.44 1.00 38.67 75.72

220.23 0.00 1.11

633.21 35.47

3" 0.00 100.0 0.00 100.0 68.8

1½" 0.00 100.0 4.32 92.2 63.4

3/4" 29.55 95.3 12.21 78.0 53.6

3/8" 69.76 89.0 20.41 63.3 43.5

No. 4 130.26 79.4 28.46 48.8 33.5

No. 10 197.80 68.8 34.60 37.7 25.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.17             Wt. of Dry Soil (g) 55.55

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:26 0

9:28 2 20.2 23.5 20.3 0.0335

9:31 5 20.2 20.5 16.6 0.0216

9:41 15 20.2 19.0 14.7 0.0126

9:56 30 20.3 17.0 12.3 0.0090

10:26 60 20.4 15.5 10.4 0.0064

11:26 120 20.7 14.5 9.2 0.0046

13:36 250 21.4 13.5 8.0 0.0032

18-Feb-11 8:41 1395 19.9 12.0 6.1 0.0014

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

U09

Olive brown silty sand with gravel (SM)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SM)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, U09 @ 40-42
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S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown silty sand with gravel (SM)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  40.0-42.0 Soil Type :

Project Name:

21 : 53 : 26

U09

Feb-11

(SM)g

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R
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EN
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T

PARTICLE - SIZE (mm)

"

SA & Hyd R-11-010, U09 @ 40-42
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Project Name: Tested by: A. Santos Date: 02/16/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-007 Sample Type: Drive
Sample No.: S06 Depth(ft): 25.0
Sample Description:

1 2.416
2 2.414
3 2.413

Average 2.414
1 5.235
2 5.244
3 5.240

Average 5.240

803.20
0.00

911.00
770.30
108.40
2.70
13.9
0.045

21.26 35.94
105.2 13.90
0.602 49.84
95.4 14.89

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

D
ev

ia
to

r 
St

re
ss

 (
ps

i)

Axial Strain (%)

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-007 Sample Type: Drive
Sample No.: S12 Depth(ft): 56.0
Sample Description:

1 2.416
2 2.418
3 2.415

Average 2.416
1 5.443
2 5.440
3 5.439

Average 5.441

1062.10
268.70
900.30
725.00
108.60
2.70
27.8
0.045

28.44 12.60
94.3 27.80
0.786 40.40
97.7 15.07

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish olive silty sand (SM)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

D
ev

ia
to

r 
St

re
ss

 (
ps

i)

Axial Strain (%)

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 02/16/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-010 Sample Type: Drive
Sample No.: U09 Depth(ft): 40.0-42.0
Sample Description:

1 2.890
2 2.895
3 2.893

Average 2.893
1 5.993
2 5.999
3 5.998

Average 5.997

1710.20
369.20
1619.40
1373.50
108.60
2.70
20.8
0.045

19.44 24.23
108.5 20.80
0.552 45.03
95.0 15.01

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown silty sand with gravel (SM)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

0.0

5.0

10.0

15.0

20.0

25.0

30.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

D
ev

ia
to

r 
St

re
ss

 (
ps

i)

Axial Strain (%)

Stress - Strain Curve
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Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 02/21/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 46.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
206.70 209.40 209.90
44.40 44.60 43.20

Before Shearing
493.50 493.50 493.50
430.35 430.35 430.35
37.30 37.30 37.30
0.0000 0.2428 0.2540
-0.0378 0.2832 0.3059

After Shearing
196.90 198.40 200.90
172.94 175.96 178.46
38.80 38.40 39.20
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S10
R-11-007

Brown clayey sand with gravel (SC)g
Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS R-11-007, S10 @ 46

D (82)



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

R-11-007
S10
46

119.4

1.000
2.415
16.07

101.5
0.9596

1.000
2.415

16.3

Soil Identification: 16.07
118.1

16.07
116.3

6.000
5.407
4.892
0.0025

4.000
4.637
3.380
0.0025

1.000
2.415

2.000
2.260
2.012
0.0025

96.5
0.9622
17.9

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.5
0.9481
16.1

02-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Brown clayey sand with 
gravel (SC)g

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0 0.1 0.2 0.3
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Horizontal Deformation (in.)
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)

Normal Stress (ksf)

DS R-11-007, S10 @ 46
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Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 01/19/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
194.30 195.40 197.70
43.20 43.80 43.60

Before Shearing
192.50 192.50 192.50
161.30 161.30 161.30
38.80 38.80 38.80
0.0000 0.0000 0.0000
-0.0372 -0.0471 -0.0767

After Shearing
184.66 183.08 183.56
158.46 157.91 159.29
38.96 37.26 38.19
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S04
R-11-008

Olive brown sandy lean clay s(CL)
Sample Diameter(in):

DS R-11-008, S04 @ 15
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Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

R-11-008
S04
15

102.1

1.000
2.415
25.47

101.5
0.9529
20.9

Soil Identification: 25.47
100.5

25.47
100.2

4.000
2.936
2.745
0.0017

2.000
1.606
1.512
0.0017

1.000
2.415

1.000
2.415

1.000
0.814
0.682
0.0017

100.7
0.9628
21.9

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.8
0.9233
20.0

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Olive brown sandy lean clay 
s(CL)

0.00

1.00

2.00

3.00

4.00

0 0.1 0.2 0.3

Horizontal Deformation (in.)
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DS R-11-008, S04 @ 15
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Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 01/25/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 20.0
Soil Identification:

2.415 2.415
1.000 1.000
207.80 209.30
44.20 43.70

Before Shearing
245.50 245.50
215.42 215.42
38.00 38.00
0.0000 0.0000
-0.0155 -0.0297

After Shearing
198.70 200.50
174.66 178.09
36.30 38.10
2.70 2.70
62.43 62.43

Brown clayey sand with gravel (SC)g
Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S05
R-11-009

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

DS R-11-009, S05 @ 20
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Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Brown clayey sand with 
gravel (SC)g 102.0

0.9845
17.4

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

1.000
2.415

1.000
1.314
0.912
0.0017

4.0004.000
4.291
4.254
0.0017

16.0

Soil Identification: 16.95
117.8

16.95
116.3

106.1
0.9703

1.000
2.415

Boring No.
Sample No.
Depth (ft)

R-11-009
S05
20
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DS R-11-009, S05 @ 20
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Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 02/26/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Shelby
Soil Identification:

2.865
1.000
303.50
83.40
0.9510

298.21
260.66
39.20
16.96
111.2

89
0.3722

347.50
317.40
50.10
16.37
114.3

93
0.3206
2.70
62.43

0.10 0.3703 0.9981 0.00 0.19 0.513 0.19 2/18/11 8:40:00 0.0 0.0 0.3455
0.25 0.3654 0.9932 0.07 0.68 0.507 0.61 2/18/11 8:40:06 0.1 0.3 0.3413
0.50 0.3613 0.9891 0.10 1.10 0.501 1.00 2/18/11 8:40:15 0.2 0.5 0.3405
1.00 0.3544 0.9822 0.15 1.78 0.491 1.63 2/18/11 8:40:30 0.5 0.7 0.3398
2.00 0.3458 0.9736 0.23 2.65 0.479 2.42 2/18/11 8:41:00 1.0 1.0 0.3391
2.00 0.3455 0.9733 0.23 2.67 0.479 2.44 2/18/11 8:42:00 2.0 1.4 0.3386
4.00 0.3347 0.9625 0.35 3.75 0.464 3.40 2/18/11 8:44:00 4.0 2.0 0.3381
8.00 0.3232 0.9510 0.52 4.91 0.449 4.39 2/18/11 8:48:00 8.0 2.8 0.3377
16.00 0.3069 0.9347 0.76 6.53 0.428 5.77 2/18/11 8:55:00 15.0 3.9 0.3373
4.00 0.3121 0.9399 0.51 6.01 0.432 5.50 2/18/11 9:10:00 30.0 5.5 0.3370
1.00 0.3171 0.9449 0.35 5.51 0.438 5.16 2/18/11 9:51:00 71.0 8.4 0.3365
0.25 0.3206 0.9484 0.26 5.16 0.441 4.90 2/18/11 11:05:00 145.0 12.0 0.3361

2/18/11 13:04:00 264.0 16.2 0.3358
2/18/11 16:57:00 497.0 22.3 0.3355
2/20/11 8:40:00 2880.0 53.7 0.3349
2/21/11 8:40:00 4320.0 65.7 0.3347

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown silty sand with gravel (SM)g

40.0-42.0
U09
R-11-010

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 4.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

0.420

0.430

0.440

0.450

0.460

0.470

0.480

0.490

0.500

0.510

0.520

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water
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Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

16.4 114.3R-11-010 U09 17.0

Soil Identification: Olive brown silty sand with gravel (SM)g

Project No.:

101/23 Interchange Improvements

02-11

400486.01.04.02.09.SC

Time Readings @ 4.0 ksf

0.441 89 93111.2

Degree of 
Saturation (%)Dry Density (pcf)  

0.516

Void Ratio

40.0-42.0

0.3340

0.3360

0.3380

0.3400

0.3420

0.3440

0.3460

0.3480
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/02/11

Boring No. R-11-007

Sample No. B01

Sample Depth (ft) 2.0-5.0

189.01

180.50

59.90

7.06

100.10

14

21

830

8:00/8:45

45

18.8062

18.8037

0.0025

102.88

111

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.4

PPM of Chloride (C -0.2) * 100 * 30 / B 20

PPM of Chloride, Dry Wt. Basis 22

7.81

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
(SM)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

D (90)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)7.06 10800

7.06

189.01

3800

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

15.29

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

10800

3600

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 3400

380031.76

23.53

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

180.50

59.90

3000 18.4 111 22 7.81 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

3600

3400

B01

Dark brown (SM)

101/23 Interchange Improvements 02/25/11

03/02/11

2.0-5.0R-11-007

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 01/19/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/09/11

Boring No. R-11-008

Sample No. B01

Sample Depth (ft) 0.0-5.0

173.70

156.00

61.60

18.75

100.30

8

23

830

7:35/8:20

45

18.4203

18.4176

0.0027

111.11

137

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 37

6.72

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
s(CL)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

D (92)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)18.75 4553

18.75

173.70

1427

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

100

200

300

27.88

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

670

190

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 180

21046.15

37.02

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

156.00

61.60

1025 31.3 137 37 6.72 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1291

1223

B01

Dark brown s(CL)

101/23 Interchange Improvements 01/20/11

02/09/11

0.0-5.0R-11-008

400486.01.04.02.09.SC
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Appendix E-1 
Seismic Evaluation Documents and Worksheets 
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Figure B.7 Contours of depth (meters) to shear wave velocity 1 km/s (Z1.0) in the Ventura Basin.
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APPENDIX B – DESIGN SPECTRUM DEVELOPMENT  
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Figure B.8  Contours of depth (meters) to shear wave velocity 2.5 km/s (Z2.5) in the Ventura Basin. 
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Analysis of CY-CB Attenuation Prediction Equation vs ARS Online Results

Comparison of ARS Curves
(unlock sheet with "shmi")

Model Inputs  

Fault

Magnitude 7.0 (5 to 8.5)

F RV 1 (input 1 = Rev)

F NM 0 (input 1 = Normal)

Dip (degree) 60 ( 0 to 90)

Z TOR (km) 1

Distance

R RUP (km) 7.2

R JB (km) 7.1

R x  (km) 7.1

Hanging Wall? FALSE

Near-Field Factor? TRUE

Site

V S30 (m/sec) 269 (270 to 1500 m/s)

Z 1.0  (m) 333 (0 - No Basin)

Z 2.5  (km) 2 (0 - No Basin)

No. Cal. Basin? FALSE

So. Cal. Basin? FALSE

Analysis

ARS Online vs CY-CB Spreadsheet Results

MAX. % Diff. = 1%

Min. Spectrum for CA Min Sprectrum for ECSZ

T (sec) CB-CY   S(a) T (sec) Base S(a)

Basin 

Factor

Near 

Fault 

Factor

Final 

Adj. S(a)

Diff. 

(%) T (sec) S (a) T (sec) S (a)

0.010 0.39163 0.01 0.392 1 1 0.392 0% 0.010 0.19711

0.020 0.39665 0.02 0.397 1 1 0.397 0% 0.020 0.20075

0.022 0.40020 0.022 0.401 1 1 0.401 0% 0.022 0.20383

0.025 0.40500 0.025 0.405 1 1 0.405 0% 0.025 0.20840

For Comparsion Plots of Min. Sprectra, Paste 

Special into CellsPlace ARS Online Deterministic Data Here      

"Paste"CY-CB Spreadsheet Results

(Check only for 

sites located 

within a Basin)

0.0

0.2

0.4

0.6

0.8

1.0
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1.6

1.8
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Deterministic ARS (5% Damping)
Comparison of Spreadsheet vs ARS Online

CY-CB Spreadsheet

ARS Online

Min. Spectrum for CA

Min Sprectrum for ECSZ

      Yes?

      Yes?

      Yes ?

      Yes ?
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0.025 0.40500 0.025 0.405 1 1 0.405 0% 0.025 0.20840

0.029 0.41068 0.029 0.411 1 1 0.411 0% 0.029 0.21440

0.030 0.41241 0.03 0.413 1 1 0.413 0% 0.030 0.21606

0.032 0.41706 0.032 0.417 1 1 0.417 0% 0.032 0.22097

0.035 0.42371 0.035 0.424 1 1 0.424 0% 0.035 0.22840

0.036 0.42589 0.036 0.426 1 1 0.426 0% 0.036 0.23097

0.040 0.43425 0.04 0.435 1 1 0.435 0% 0.040 0.24099

0.042 0.43879 0.042 0.439 1 1 0.439 0% 0.042 0.24619

0.044 0.44333 0.044 0.444 1 1 0.444 0% 0.044 0.25137

0.045 0.44575 0.045 0.446 1 1 0.446 0% 0.045 0.25401

0.046 0.44813 0.046 0.448 1 1 0.448 0% 0.046 0.25665

0.048 0.45270 0.048 0.453 1 1 0.453 0% 0.048 0.26184

0.050 0.45724 0.05 0.458 1 1 0.458 0% 0.050 0.26709

0.055 0.47196 0.055 0.472 1 1 0.472 0% 0.055 0.28392

0.060 0.48680 0.06 0.487 1 1 0.487 0% 0.060 0.30070

0.065 0.50156 0.065 0.502 1 1 0.502 0% 0.065 0.31700

0.067 0.50761 0.067 0.508 1 1 0.508 0% 0.067 0.32347

0.070 0.51651 0.07 0.517 1 1 0.517 0% 0.070 0.33290

0.075 0.53133 0.075 0.532 1 1 0.532 0% 0.075 0.34836

0.080 0.54719 0.08 0.548 1 1 0.548 0% 0.080 0.36248

0.085 0.56287 0.085 0.563 1 1 0.563 0% 0.085 0.37623

0.090 0.57836 0.09 0.579 1 1 0.579 0% 0.090 0.38927

0.095 0.59364 0.095 0.594 1 1 0.594 0% 0.095 0.40185

0.100 0.60850 0.1 0.609 1 1 0.609 0% 0.100 0.41386

0.110 0.63469 0.11 0.635 1 1 0.635 0% 0.110 0.43086

0.120 0.65883 0.12 0.659 1 1 0.659 0% 0.120 0.44564

0.130 0.68065 0.13 0.681 1 1 0.681 0% 0.130 0.45803

0.133 0.68654 0.133 0.687 1 1 0.687 0% 0.133 0.46110

0.140 0.69960 0.14 0.7 1 1 0.7 0% 0.140 0.46785

0.150 0.71679 0.15 0.717 1 1 0.717 0% 0.150 0.47602

0.160 0.73125 0.16 0.732 1 1 0.732 0% 0.160 0.47584

0.170 0.74396 0.17 0.744 1 1 0.744 0% 0.170 0.47434

0.180 0.75563 0.18 0.756 1 1 0.756 0% 0.180 0.47222

0.190 0.76609 0.19 0.766 1 1 0.766 0% 0.190 0.46938

0.200 0.77551 0.2 0.776 1 1 0.776 0% 0.200 0.46617

0.220 0.78428 0.22 0.785 1 1 0.785 0% 0.220 0.44358

      Yes?

      Yes?

      Yes ?

      Yes ?
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Analysis of CY-CB Attenuation Prediction Equation vs ARS Online Results

0.240 0.79084 0.24 0.791 1 1 0.791 0% 0.240 0.42278

0.250 0.79317 0.25 0.794 1 1 0.794 0% 0.250 0.41288

0.260 0.79415 0.26 0.795 1 1 0.795 0% 0.260 0.40311

0.280 0.79594 0.28 0.796 1 1 0.796 0% 0.280 0.38524

0.290 0.79581 0.29 0.796 1 1 0.796 0% 0.290 0.37659

0.300 0.79567 0.3 0.796 1 1 0.796 0% 0.300 0.36834

0.320 0.79313 0.32 0.794 1 1 0.794 0% 0.320 0.35346

0.340 0.78950 0.34 0.79 1 1 0.79 0% 0.340 0.33955

0.350 0.78724 0.35 0.788 1 1 0.788 0% 0.350 0.33290

0.360 0.78493 0.36 0.785 1 1 0.785 0% 0.360 0.32657

0.380 0.77967 0.38 0.78 1 1 0.78 0% 0.380 0.31440

0.400 0.77404 0.4 0.775 1 1 0.775 0% 0.400 0.30307

0.420 0.76721 0.42 0.768 1 1 0.768 0% 0.420 0.29019

0.440 0.75998 0.44 0.761 1 1 0.761 0% 0.440 0.27816

0.450 0.75660 0.45 0.757 1 1 0.757 0% 0.450 0.27254

0.460 0.75305 0.46 0.754 1 1 0.754 0% 0.460 0.26709

0.480 0.74595 0.48 0.747 1 1 0.747 0% 0.480 0.25676

0.500 0.73916 0.5 0.74 1 1 0.74 0% 0.500 0.24721

0.550 0.72135 0.55 0.708 1 1.02 0.722 0% 0.550 0.22261

0.600 0.70588 0.6 0.679 1 1.04 0.706 0% 0.600 0.20230

0.650 0.69190 0.65 0.653 1 1.06 0.692 0% 0.650 0.18525

0.660 0.68740 0.667 0.645 1 1.067 0.688 0% 0.660 0.18130

0.700 0.67921 0.7 0.629 1 1.08 0.68 0% 0.700 0.17076

0.750 0.66765 0.75 0.608 1 1.1 0.668 0% 0.750 0.15826

0.800 0.65140 0.8 0.582 1 1.12 0.652 0% 0.800 0.14753

0.850 0.63632 0.85 0.559 1 1.14 0.637 0% 0.850 0.13807

0.900 0.62188 0.9 0.537 1 1.16 0.623 0% 0.900 0.12964

0.950 0.60850 0.95 0.516 1 1.18 0.609 0% 0.950 0.12211

1.000 0.59548 1 0.497 1 1.2 0.596 0% 1.000 0.11529

1.100 0.54598 1.1 0.456 1 1.2 0.547 0% 1.100 0.10277

1.200 0.50249 1.2 0.419 1 1.2 0.503 0% 1.200 0.09241

1.300 0.46381 1.3 0.387 1 1.2 0.465 0% 1.300 0.08362

1.400 0.42929 1.4 0.358 1 1.2 0.43 0% 1.400 0.07608

1.500 0.39820 1.5 0.333 1 1.2 0.399 0% 1.500 0.06952

1.600 0.36866 1.6 0.308 1 1.2 0.37 0% 1.600 0.06381

1.700 0.34253 1.7 0.286 1 1.2 0.343 0% 1.700 0.05880

1.800 0.31949 1.8 0.267 1 1.2 0.32 0% 1.800 0.05437

1.900 0.29917 1.9 0.25 1 1.2 0.3 0% 1.900 0.05045

2.000 0.28122 2 0.235 1 1.2 0.282 0% 2.000 0.04700

2.200 0.24806 2.2 0.207 1 1.2 0.249 0% 2.200 0.04125

2.400 0.22116 2.4 0.185 1 1.2 0.222 0% 2.400 0.03662

2.500 0.20951 2.5 0.175 1 1.2 0.21 0% 2.500 0.03463

2.600 0.19888 2.6 0.166 1 1.2 0.199 0% 2.600 0.03283

2.800 0.18013 2.8 0.151 1 1.2 0.181 0% 2.800 0.02966

3.000 0.16421 3 0.137 1 1.2 0.165 0% 3.000 0.02699

3.200 0.15162 3.2 0.127 1 1.2 0.152 0% 3.200 0.02479

3.400 0.14058 3.4 0.117 1 1.2 0.141 0% 3.400 0.02287

3.500 0.13557 3.5 0.113 1 1.2 0.136 0% 3.500 0.02201
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3.500 0.13557 3.5 0.113 1 1.2 0.136 0% 3.500 0.02201

3.600 0.13086 3.6 0.109 1 1.2 0.131 0% 3.600 0.02120

3.800 0.12220 3.8 0.102 1 1.2 0.123 1% 3.800 0.01971

4.000 0.11449 4 0.096 1 1.2 0.115 0% 4.000 0.01840

4.200 0.10796 4.2 0.09 1 1.2 0.108 0% 4.200 0.01728

4.400 0.10197 4.4 0.085 1 1.2 0.102 0% 4.400 0.01629

4.600 0.09652 4.6 0.081 1 1.2 0.097 0% 4.600 0.01538

4.800 0.09153 4.8 0.077 1 1.2 0.092 1% 4.800 0.01455

5.000 0.08694 5 0.073 1 1.2 0.087 0% 5.000 0.01380

Deterministic_Response_Spectrum_Moorpark.xls     3/10/2011     10:23 AM
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Comparison spreadsheet of the 2008 USGS Probabilistic Seismic Hazard Data and ARS Online Probabilistic Data (unlock spreadsheet "shmi")

Spectral Accelerations Points from USGS Website at http://earthquake.usgs.gov/research/hazmaps/products_data/2008/data/

Latitude Longitude

34.1773 -118.8766

VS30 (m/s) = 269

Z 1.0 (m) = 333

Z 2.5 (km) = 2

Analysis of ARS Online Results vs USGS Deaggregation Hazard (Adj. By CT)

T (sec)

Base 

Spectrum 

S(a)

Basin 

Factor

Near 

Fault 

Factor

Final Adj. 

Spectrum 

S(a)

Period 

(sec)

USGS 

Interpolated 

Spectral 

Accel.

Adj. for 

Near Fault 

Effect

Adj. for Soil 

Amplification

Adj. For 

Basin 

Effect

Final Adj. 

USGS      

Spec Accel

ARS Online 

Final Adj. 

Spect. Accel.

% Difference 

(bet. USGS & 

ARS Online)

0.01 0.454 1 1 0.454 0 0.463 1.000 0.983 1.000 0.455 0.454 0.2%

0.02 0.531 1 1 0.531 0.2 1.158 1.000 0.821 1.000 0.950 0.946 0.4%

0.022 0.542 1 1 0.542 0.3 0.972 1.000 1.061 1.000 1.032 0.989 4.1%

0.025 0.558 1 1 0.558 1 0.352 1.058 1.777 1.000 0.661 0.749 -13.2%

Place ARS Online Probabilistic Data Here               "Paste"

* Note:  This spreadsheet uses the given latitude and longitude data provided by the user to estimate spectral acceleration values with a probability of exceedence 5% in 50 yrs (or 

975 yr return period).  The four spectral acceleration data points plotted on the graph are from the USGS website and are based on a 0.05 degree grid. Basic interpolation is used to 

estimate intermediate values inside each grid.  Raw Data points are provided in the tabs of this spreadsheet.  Corner grid spectral acceleration data are shown in the "calculation" 

tab.

22.1

Near Fault Factor,  

Derived from USGS 

Deagg. Dist (km) =

Input Site Information
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0.025 0.558 1 1 0.558 1 0.352 1.058 1.777 1.000 0.661 0.749 -13.2%

0.029 0.577 1 1 0.577

0.03 0.581 1 1 0.581 Max % Difference = 13.2%

0.032 0.59 1 1 0.59

0.035 0.602 1 1 0.602

0.036 0.605 1 1 0.605

0.04 0.62 1 1 0.62 USGS Deaggregation Hazard (Beta) with Near Field and Basin Factors

0.042 0.627 1 1 0.627

0.044 0.633 1 1 0.633

0.045 0.637 1 1 0.637

0.046 0.64 1 1 0.64

0.048 0.646 1 1 0.646 0 0.5259 1.000 1.000 0.526 0.454 13.7%

0.05 0.652 1 1 0.652 0.1 0.9242 1.000 1.000 0.924 0.761 17.7%

0.055 0.666 1 1 0.666 0.2 1.1863 1.000 1.000 1.186 0.946 20.3%

0.06 0.679 1 1 0.679 0.3 1.1907 1.000 1.000 1.191 0.989 16.9%

0.065 0.691 1 1 0.691 0.5 1.0322 1.000 1.000 1.032 0.911 11.7%

0.067 0.696 1 1 0.696 1 0.6678 1.058 1.000 0.707 0.749 6.0%

0.07 0.703 1 1 0.703 2 0.3376 1.058 1.000 0.357 0.402 12.5%

0.075 0.714 1 1 0.714 3 0.2084 1.058 1.000 0.221 0.254 15.2%

0.08 0.724 1 1 0.724 4 0.14725 1.058 1.000 0.156 0.181 16.1%

0.085 0.734 1 1 0.734 5 0.1223 1.058 1.001 0.129 0.151 16.6%

0.09 0.743 1 1 0.743

0.095 0.752 1 1 0.752 Max % Difference = 16.6%

0.1 0.761 1 1 0.761

0.11 0.784 1 1 0.784

0.12 0.806 1 1 0.806

0.13 0.827 1 1 0.827

0.133 0.832 1 1 0.832

0.14 0.846 1 1 0.846

0.15 0.865 1 1 0.865

0.16 0.882 1 1 0.882

0.17 0.899 1 1 0.899

0.18 0.915 1 1 0.915

0.19 0.931 1 1 0.931

0.2 0.946 1 1 0.946

0.22 0.956 1 1 0.956

0.24 0.965 1 1 0.965

0.25 0.97 1 1 0.97

0.26 0.974 1 1 0.974

0.28 0.982 1 1 0.982

% Difference 

(bet. USGS & 

ARS Online)

Final Adj. 

USGS 

Deagg     

Spec Accel

Period 

(sec)

INPUT   

USGS 

Deagg. Spec 

Accel

Adj. for 

Near Fault 

Effect

Adj. For Basin 

Effect

ARS Online 

Final Adj. 

Spect. Accel.
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0.29 0.986 1 1 0.986

0.3 0.989 1 1 0.989

0.32 0.979 1 1 0.979

0.34 0.97 1 1 0.97

0.35 0.965 1 1 0.965

0.36 0.961 1 1 0.961

0.38 0.952 1 1 0.952

0.4 0.945 1 1 0.945

0.42 0.937 1 1 0.937

0.44 0.93 1 1 0.93

0.45 0.927 1 1 0.927

0.46 0.924 1 1 0.924

0.48 0.917 1 1 0.917

0.5 0.911 1 1 0.911

0.55 0.876 1 1.02 0.893

0.6 0.844 1 1.04 0.878

0.65 0.817 1 1.06 0.866

0.667 0.808 1 1.067 0.862

0.7 0.792 1 1.08 0.855

0.75 0.769 1 1.1 0.846

0.8 0.734 1 1.12 0.822

0.85 0.702 1 1.14 0.801

0.9 0.674 1 1.16 0.782

0.95 0.648 1 1.18 0.765

1 0.624 1 1.2 0.749

1.1 0.573 1 1.2 0.688

1.2 0.53 1 1.2 0.636

1.3 0.493 1 1.2 0.592

1.4 0.462 1 1.2 0.554

1.5 0.434 1 1.2 0.521

1.6 0.41 1 1.2 0.492

1.7 0.388 1 1.2 0.465

1.8 0.369 1 1.2 0.442

1.9 0.351 1 1.2 0.421

2 0.335 1 1.2 0.402

2.2 0.301 1 1.2 0.361

2.4 0.273 1 1.2 0.327

2.5 0.26 1 1.2 0.312

2.6 0.249 1 1.2 0.299

2.8 0.229 1 1.2 0.275

3 0.212 1 1.2 0.254

3.2 0.196 1 1.2 0.235

3.4 0.182 1 1.2 0.219

3.5 0.176 1 1.2 0.212

3.6 0.17 1 1.2 0.205

3.8 0.16 1 1.2 0.192
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3.8 0.16 1 1.2 0.192

4 0.15 1 1.2 0.181

4.2 0.145 1 1.2 0.174

4.4 0.139 1 1.2 0.167

4.6 0.134 1 1.2 0.161

4.8 0.13 1 1.2 0.156

5 0.126 1 1.2 0.151
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SELECT SITE LOCATION 

 

CALCULATED SPECTRA 
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Simi-Santa Rosa fault zone (Camarillo-Santa Rosa section)

Fault ID: 372

Maximum Magnitude (MMax): 7

Fault Type: R

Fault Dip: 60 Deg

Dip Direction: N

Bottom of Rupture Plane: 12.00 km

Top of Rupture Plane(Ztor): 1.00 km

Rrup 7.18 km

Rjb: 7.11 km

Rx: 7.09 km

Fnorm: 0

Frev: 1 

Period
SA(Base 
Spectrum)

Basin Factor
Near Fault 
Factor
(Applied)

SA(Final 
Spectrum)

0.01 0.392 1.000 1.000 0.392

0.02 0.397 1.000 1.000 0.397

0.022 0.400 1.000 1.000 0.400

0.025 0.405 1.000 1.000 0.405

0.029 0.411 1.000 1.000 0.411

0.03 0.413 1.000 1.000 0.413

0.032 0.417 1.000 1.000 0.417

0.035 0.424 1.000 1.000 0.424

0.036 0.426 1.000 1.000 0.426

0.04 0.435 1.000 1.000 0.435

0.042 0.439 1.000 1.000 0.439

0.044 0.444 1.000 1.000 0.444

0.045 0.446 1.000 1.000 0.446

0.046 0.448 1.000 1.000 0.448

0.048 0.453 1.000 1.000 0.453

0.05 0.458 1.000 1.000 0.458

0.055 0.472 1.000 1.000 0.472

0.06 0.487 1.000 1.000 0.487

SITE DATA 

 

Shear Wave Velocity, Vs30: 269 m/s

Latitude: 34.177275

Longitude: -118.876556

Depth to Vs = 1.0 km/s: 328 m 

Depth to Vs = 2.5 km/s: 2.00 km

 

DETERMINISTIC 
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0.065 0.502 1.000 1.000 0.502

0.067 0.508 1.000 1.000 0.508

0.07 0.517 1.000 1.000 0.517

0.075 0.532 1.000 1.000 0.532

0.08 0.548 1.000 1.000 0.548

0.085 0.563 1.000 1.000 0.563

0.09 0.579 1.000 1.000 0.579

0.095 0.594 1.000 1.000 0.594

0.1 0.609 1.000 1.000 0.609

0.11 0.635 1.000 1.000 0.635

0.12 0.659 1.000 1.000 0.659

0.13 0.681 1.000 1.000 0.681

0.133 0.687 1.000 1.000 0.687

0.14 0.700 1.000 1.000 0.700

0.15 0.717 1.000 1.000 0.717

0.16 0.732 1.000 1.000 0.732

0.17 0.744 1.000 1.000 0.744

0.18 0.756 1.000 1.000 0.756

0.19 0.766 1.000 1.000 0.766

0.2 0.776 1.000 1.000 0.776

0.22 0.785 1.000 1.000 0.785

0.24 0.791 1.000 1.000 0.791

0.25 0.794 1.000 1.000 0.794

0.26 0.795 1.000 1.000 0.795

0.28 0.796 1.000 1.000 0.796

0.29 0.796 1.000 1.000 0.796

0.3 0.796 1.000 1.000 0.796

0.32 0.794 1.000 1.000 0.794

0.34 0.790 1.000 1.000 0.790

0.35 0.788 1.000 1.000 0.788

0.36 0.785 1.000 1.000 0.785

0.38 0.780 1.000 1.000 0.780

0.4 0.775 1.000 1.000 0.775

0.42 0.768 1.000 1.000 0.768

0.44 0.760 1.000 1.000 0.760

0.45 0.757 1.000 1.000 0.757

0.46 0.754 1.000 1.000 0.754

0.48 0.746 1.000 1.000 0.746

0.5 0.740 1.000 1.000 0.740

0.55 0.708 1.000 1.020 0.722

0.6 0.679 1.000 1.040 0.706

0.65 0.653 1.000 1.060 0.692

0.667 0.645 1.000 1.067 0.688

0.7 0.629 1.000 1.080 0.680

0.75 0.607 1.000 1.100 0.668

0.8 0.582 1.000 1.120 0.652

0.85 0.559 1.000 1.140 0.637

0.9 0.537 1.000 1.160 0.622
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0.95 0.516 1.000 1.180 0.609

1 0.497 1.000 1.200 0.596

1.1 0.456 1.000 1.200 0.547

1.2 0.419 1.000 1.200 0.503

1.3 0.387 1.000 1.200 0.465

1.4 0.358 1.000 1.200 0.430

1.5 0.333 1.000 1.200 0.399

1.6 0.308 1.000 1.200 0.370

1.7 0.286 1.000 1.200 0.343

1.8 0.267 1.000 1.200 0.320

1.9 0.250 1.000 1.200 0.300

2 0.235 1.000 1.200 0.282

2.2 0.207 1.000 1.200 0.249

2.4 0.185 1.000 1.200 0.222

2.5 0.175 1.000 1.200 0.210

2.6 0.166 1.000 1.200 0.199

2.8 0.151 1.000 1.200 0.181

3 0.137 1.000 1.200 0.165

3.2 0.127 1.000 1.200 0.152

3.4 0.117 1.000 1.200 0.141

3.5 0.113 1.000 1.200 0.136

3.6 0.109 1.000 1.200 0.131

3.8 0.102 1.000 1.200 0.123

4 0.096 1.000 1.200 0.115

4.2 0.090 1.000 1.200 0.108

4.4 0.085 1.000 1.200 0.102

4.6 0.081 1.000 1.200 0.097

4.8 0.077 1.000 1.200 0.092

5 0.073 1.000 1.200 0.087

 

PROBABILISTIC 

 

Probabilistic Model  
USGS Seismic Hazard Map(2008) 975 Year Return Period

Period
SA(Base 
Spectrum)

Basin Factor
Near Fault 
Factor
(Applied)

SA(Final 
Spectrum)

0.01 0.454 1.000 1.000 0.454

0.02 0.531 1.000 1.000 0.531

0.022 0.542 1.000 1.000 0.542

0.025 0.558 1.000 1.000 0.558

0.029 0.577 1.000 1.000 0.577

0.03 0.581 1.000 1.000 0.581

0.032 0.590 1.000 1.000 0.590

0.035 0.602 1.000 1.000 0.602

0.036 0.605 1.000 1.000 0.605

0.04 0.620 1.000 1.000 0.620
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0.042 0.627 1.000 1.000 0.627

0.044 0.633 1.000 1.000 0.633

0.045 0.637 1.000 1.000 0.637

0.046 0.640 1.000 1.000 0.640

0.048 0.646 1.000 1.000 0.646

0.05 0.652 1.000 1.000 0.652

0.055 0.666 1.000 1.000 0.666

0.06 0.679 1.000 1.000 0.679

0.065 0.691 1.000 1.000 0.691

0.067 0.696 1.000 1.000 0.696

0.07 0.703 1.000 1.000 0.703

0.075 0.714 1.000 1.000 0.714

0.08 0.724 1.000 1.000 0.724

0.085 0.734 1.000 1.000 0.734

0.09 0.743 1.000 1.000 0.743

0.095 0.752 1.000 1.000 0.752

0.1 0.761 1.000 1.000 0.761

0.11 0.784 1.000 1.000 0.784

0.12 0.806 1.000 1.000 0.806

0.13 0.827 1.000 1.000 0.827

0.133 0.832 1.000 1.000 0.832

0.14 0.846 1.000 1.000 0.846

0.15 0.865 1.000 1.000 0.865

0.16 0.882 1.000 1.000 0.882

0.17 0.899 1.000 1.000 0.899

0.18 0.915 1.000 1.000 0.915

0.19 0.931 1.000 1.000 0.931

0.2 0.946 1.000 1.000 0.946

0.22 0.956 1.000 1.000 0.956

0.24 0.965 1.000 1.000 0.965

0.25 0.970 1.000 1.000 0.970

0.26 0.974 1.000 1.000 0.974

0.28 0.982 1.000 1.000 0.982

0.29 0.986 1.000 1.000 0.986

0.3 0.989 1.000 1.000 0.989

0.32 0.979 1.000 1.000 0.979

0.34 0.970 1.000 1.000 0.970

0.35 0.965 1.000 1.000 0.965

0.36 0.961 1.000 1.000 0.961

0.38 0.952 1.000 1.000 0.952

0.4 0.945 1.000 1.000 0.945

0.42 0.937 1.000 1.000 0.937

0.44 0.930 1.000 1.000 0.930

0.45 0.927 1.000 1.000 0.927

0.46 0.924 1.000 1.000 0.924

0.48 0.917 1.000 1.000 0.917

0.5 0.911 1.000 1.000 0.911

0.55 0.876 1.000 1.020 0.893
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Period SA

0.01 0.454

0.02 0.531

0.6 0.844 1.000 1.040 0.878

0.65 0.817 1.000 1.060 0.866

0.667 0.808 1.000 1.067 0.862

0.7 0.792 1.000 1.080 0.855

0.75 0.769 1.000 1.100 0.846

0.8 0.734 1.000 1.120 0.822

0.85 0.702 1.000 1.140 0.801

0.9 0.674 1.000 1.160 0.782

0.95 0.648 1.000 1.180 0.765

1 0.624 1.000 1.200 0.749

1.1 0.573 1.000 1.200 0.688

1.2 0.530 1.000 1.200 0.636

1.3 0.493 1.000 1.200 0.592

1.4 0.462 1.000 1.200 0.554

1.5 0.434 1.000 1.200 0.521

1.6 0.410 1.000 1.200 0.492

1.7 0.388 1.000 1.200 0.465

1.8 0.369 1.000 1.200 0.442

1.9 0.351 1.000 1.200 0.421

2 0.335 1.000 1.200 0.402

2.2 0.301 1.000 1.200 0.361

2.4 0.273 1.000 1.200 0.327

2.5 0.260 1.000 1.200 0.312

2.6 0.249 1.000 1.200 0.299

2.8 0.229 1.000 1.200 0.275

3 0.212 1.000 1.200 0.254

3.2 0.196 1.000 1.200 0.235

3.4 0.182 1.000 1.200 0.219

3.5 0.176 1.000 1.200 0.212

3.6 0.170 1.000 1.200 0.205

3.8 0.160 1.000 1.200 0.192

4 0.150 1.000 1.200 0.181

4.2 0.145 1.000 1.200 0.174

4.4 0.139 1.000 1.200 0.167

4.6 0.134 1.000 1.200 0.161

4.8 0.130 1.000 1.200 0.156

5 0.126 1.000 1.200 0.151

 

 

Envelope Data 
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0.022 0.542

0.025 0.558

0.029 0.577

0.03 0.581

0.032 0.590

0.035 0.602

0.036 0.605

0.04 0.620

0.042 0.627

0.044 0.633

0.045 0.637

0.046 0.640

0.048 0.646

0.05 0.652

0.055 0.666

0.06 0.679

0.065 0.691

0.067 0.696

0.07 0.703

0.075 0.714

0.08 0.724

0.085 0.734

0.09 0.743

0.095 0.752

0.1 0.761

0.11 0.784

0.12 0.806

0.13 0.827

0.133 0.832

0.14 0.846

0.15 0.865

0.16 0.882

0.17 0.899

0.18 0.915

0.19 0.931

0.2 0.946

0.22 0.956

0.24 0.965

0.25 0.970

0.26 0.974

0.28 0.982

0.29 0.986

0.3 0.989

0.32 0.979

0.34 0.970

0.35 0.965

0.36 0.961

0.38 0.952
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0.4 0.945

0.42 0.937

0.44 0.930

0.45 0.927

0.46 0.924

0.48 0.917

0.5 0.911

0.55 0.893

0.6 0.878

0.65 0.866

0.667 0.862

0.7 0.855

0.75 0.846

0.8 0.822

0.85 0.801

0.9 0.782

0.95 0.765

1 0.749

1.1 0.688

1.2 0.636

1.3 0.592

1.4 0.554

1.5 0.521

1.6 0.492

1.7 0.465

1.8 0.442

1.9 0.421

2 0.402

2.2 0.361

2.4 0.327

2.5 0.312

2.6 0.299

2.8 0.275

3 0.254

3.2 0.235

3.4 0.219

3.5 0.212

3.6 0.205

3.8 0.192

4 0.181

4.2 0.174

4.4 0.167

4.6 0.161

4.8 0.156

5 0.151
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
Peak Horiz. Ground Accel.>=0.5259  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   years
Mean (R,M,ε0)  19.3 km, 6.76,  1.28
Modal (R,M,ε0) =  22.1 km, 7.02,  1.37 (from peak R,M bin)
Modal (R,M,ε*) = 21.7 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR 10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:46:21 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 0.10 sec. Accel.>=0.9242  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  18.2 km,6.67,  1.34
Modal (R,M,ε0) = 22.2 km, 7.03, 1.42 (from peak R,M bin)
Modal (R,M,ε*) = 21.8 km, 7.03, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:47:54 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 0.20 sec. Accel.>=1.1863  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  19.0 km,6.75,  1.35
Modal (R,M,ε0) = 22.3 km, 7.02, 1.41 (from peak R,M bin)
Modal (R,M,ε*) = 22.1 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:48:43 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 0.30 sec. Accel.>=1.1907  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  19.8 km,6.81,  1.34
Modal (R,M,ε0) = 22.4 km, 7.02, 1.37 (from peak R,M bin)
Modal (R,M,ε*) = 22.1 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 0.50 sec. Accel.>=1.0322  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  20.5 km,6.88,  1.32
Modal (R,M,ε0) = 22.2 km, 7.02, 1.36 (from peak R,M bin)
Modal (R,M,ε*) = 21.8 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:50:33 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 1.00 sec. Accel.>=0.6678  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  23.6 km,7.01,  1.36
Modal (R,M,ε0) = 22.0 km, 7.01, 1.37 (from peak R,M bin)
Modal (R,M,ε*) = 21.5 km, 7.02, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 2.00 sec. Accel.>=0.3376  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  35.1 km,7.19,  1.44
Modal (R,M,ε0) = 22.4 km, 7.02, 1.52 (from peak R,M bin)
Modal (R,M,ε*) = 22.0 km, 7.03, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:52:04 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 3.00 sec. Accel.>=0.2084  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  40.6 km,7.32,  1.44
Modal (R,M,ε0) = 66.1 km, 7.80, 1.55 (from peak R,M bin)
Modal (R,M,ε*) = 66.0 km, 8.00, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:52:57 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted

E-1 (24)



0
50

100
150

200
250

300
350

400
450

500
550

600
650

700
750

800

Closest Distance, Rcd (km)

0
50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

Closest D
istance, R

cd (km)

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

MAGNITUDE (Mw)

5.5
6.0

6.5
7.0

7.5
8.0

8.5
9.0

MAGNITUDE (M
w)

4
8

1
2

1
6

%
 C

o
n

tr
ib

u
ti
o

n
 t

o
 H

a
z
a

rd

PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 4.00 sec. Accel.>=0.14725  g
Ann. Exceedance Rate .104E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  42.0 km,7.36,  1.44
Modal (R,M,ε0) = 66.0 km, 7.98, 1.23 (from peak R,M bin)
Modal (R,M,ε*) = 66.0 km, 7.98, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:53:46 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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PSH Deaggregation on NEHRP D  soil
Moorpark_Road_U 118.877o W, 34.177 N.
SA period 5.00 sec. Accel.>=0.12230  g
Ann. Exceedance Rate .103E-02. Mean Return Time 975   yrs
Mean (R,M,ε0)  42.8 km,7.37,  1.45
Modal (R,M,ε0) = 66.1 km, 7.81, 1.45 (from peak R,M bin)
Modal (R,M,ε*) = 66.1 km, 7.81, 1 to 2 sigma  (from peak R,M,ε bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltaε=1.0

200910 UPDATE

ε0 < -2

-2 < ε0 < -1

-1 < ε0 <-0.5

-0.5 < ε0 < 0

0 < ε0 < 0.5

0.5 < ε0 < 1

1 < ε0 < 2

2 < ε0 < 3

Prob. SA, PGA

<median(R,M) >median

GMT 2011 Mar 10 01:54:21 Distance (R), magnitude (M), epsilon (E0,E) deaggregation for a site on soil with average vs= 269. m/s top 30 m. USGS CGHT PSHA2008 UPDATE    Bins with lt 0.05% contrib. omitted
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*** Deaggregation of Seismic Hazard at One Period of Spectral Accel. *** 

*** Data from U.S.G.S. National Seismic Hazards Mapping Project, 2008 version *** 

PSHA Deaggregation. %contributions. site: Moorpark_Road_U long: 118.877 W., lat: 34.177 N. 

 Vs30(m/s)= 269.0 (some WUS atten. models use Site Class not Vs30).   

NSHMP 2007-08  See USGS OFR 2008-1128. dM=0.2 below 

Return period: 975   yrs. Exceedance PGA =0.5261   g. Weight * Computed_Rate_Ex 0.103E-02 

#Pr[at least one eq with median motion>=PGA in 50 yrs]=0.00015 

#This deaggregation corresponds to Mean Hazard w/all GMPEs  

DIST(KM) MAG(MW) ALL_EPS EPSILON>2  1<EPS<2 0<EPS<1 -1<EPS<0 -2<EPS<-1 EPS<-2 

    7.3    5.05    0.888    0.395    0.480    0.013    0.000    0.000    0.000 

   13.7    5.05    0.114    0.114    0.000    0.000    0.000    0.000    0.000 

    7.4    5.20    1.830    0.712    0.997    0.121    0.000    0.000    0.000 

   13.9    5.20    0.305    0.305    0.000    0.000    0.000    0.000    0.000 

    7.5    5.40    1.830    0.549    1.091    0.190    0.000    0.000    0.000 

   14.1    5.40    0.426    0.405    0.021    0.000    0.000    0.000    0.000 

    7.6    5.60    1.705    0.388    1.088    0.229    0.000    0.000    0.000 

   14.4    5.60    0.534    0.473    0.061    0.000    0.000    0.000    0.000 

    7.7    5.80    1.490    0.276    0.934    0.280    0.000    0.000    0.000 

   14.6    5.80    0.600    0.468    0.133    0.000    0.000    0.000    0.000 

   23.2    5.81    0.078    0.078    0.000    0.000    0.000    0.000    0.000 

    7.4    6.01    1.727    0.258    1.061    0.409    0.000    0.000    0.000 

   14.7    6.01    0.758    0.480    0.278    0.000    0.000    0.000    0.000 

   24.1    6.01    0.139    0.139    0.000    0.000    0.000    0.000    0.000 

    7.3    6.20    2.058    0.251    1.185    0.621    0.001    0.000    0.000 

   14.7    6.20    0.893    0.449    0.444    0.001    0.000    0.000    0.000 

   24.2    6.21    0.228    0.220    0.009    0.000    0.000    0.000    0.000 

   33.9    6.22    0.054    0.054    0.000    0.000    0.000    0.000    0.000 

    7.5    6.41    2.200    0.242    1.221    0.723    0.014    0.000    0.000 

   14.6    6.41    1.074    0.418    0.637    0.019    0.000    0.000    0.000 

   24.2    6.43    0.527    0.430    0.097    0.000    0.000    0.000    0.000 

   35.0    6.42    0.159    0.159    0.000    0.000    0.000    0.000    0.000 

    8.1    6.64    5.095    0.780    3.489    0.816    0.009    0.000    0.000 

   14.7    6.60    6.047    1.729    4.072    0.246    0.000    0.000    0.000 

   23.2    6.60    6.136    3.638    2.495    0.003    0.000    0.000    0.000 

   34.6    6.59    0.294    0.291    0.003    0.000    0.000    0.000    0.000 

   43.4    6.60    0.131    0.131    0.000    0.000    0.000    0.000    0.000 

    8.0    6.80    2.625    0.365    1.767    0.485    0.008    0.000    0.000 

   16.5    6.80    4.466    1.106    3.107    0.253    0.000    0.000    0.000 

   22.9    6.78    7.555    3.726    3.807    0.022    0.000    0.000    0.000 

   33.6    6.77    0.358    0.332    0.027    0.000    0.000    0.000    0.000 

   42.7    6.80    0.195    0.195    0.000    0.000    0.000    0.000    0.000 

    8.2    6.93    2.336    0.308    1.534    0.490    0.004    0.000    0.000 

   17.6    7.03    6.561    1.323    4.182    1.057    0.000    0.000    0.000 

   22.2    7.02   12.399    4.465    7.108    0.825    0.000    0.000    0.000 

   34.2    7.01    0.506    0.408    0.098    0.000    0.000    0.000    0.000 

   42.3    7.03    0.348    0.296    0.052    0.000    0.000    0.000    0.000 

   54.5    7.03    0.095    0.095    0.000    0.000    0.000    0.000    0.000 

    8.4    7.11    0.219    0.025    0.123    0.069    0.001    0.000    0.000 

   17.9    7.20    4.906    0.857    3.024    1.026    0.000    0.000    0.000 

   22.0    7.20    5.387    1.632    3.138    0.617    0.000    0.000    0.000 

   36.9    7.21    0.655    0.512    0.143    0.000    0.000    0.000    0.000 

   42.2    7.22    0.400    0.282    0.118    0.000    0.000    0.000    0.000 

   54.9    7.19    0.079    0.078    0.001    0.000    0.000    0.000    0.000 

   18.1    7.34    5.374    0.865    3.266    1.240    0.003    0.000    0.000 

   22.0    7.33    2.338    0.603    1.441    0.293    0.000    0.000    0.000 

   37.5    7.36    0.525    0.327    0.198    0.000    0.000    0.000    0.000 

   42.5    7.37    0.436    0.357    0.079    0.000    0.000    0.000    0.000 

   55.2    7.34    0.066    0.060    0.006    0.000    0.000    0.000    0.000 

   66.7    7.40    0.173    0.173    0.000    0.000    0.000    0.000    0.000 

   18.1    7.53    0.889    0.126    0.520    0.241    0.001    0.000    0.000 

   37.4    7.54    0.131    0.079    0.053    0.000    0.000    0.000    0.000 

   43.9    7.54    0.229    0.167    0.062    0.000    0.000    0.000    0.000 
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   66.3    7.58    0.344    0.336    0.008    0.000    0.000    0.000    0.000 

   71.3    7.60    0.169    0.169    0.000    0.000    0.000    0.000    0.000 

   37.4    7.74    0.259    0.139    0.120    0.000    0.000    0.000    0.000 

   66.0    7.81    1.381    1.155    0.226    0.000    0.000    0.000    0.000 

   71.5    7.78    0.108    0.102    0.005    0.000    0.000    0.000    0.000 

   65.9    8.02    0.686    0.550    0.135    0.000    0.000    0.000    0.000 

   65.9    8.20    0.097    0.077    0.021    0.000    0.000    0.000    0.000 

 

Summary statistics for above PSHA PGA  deaggregation, R=distance, e=epsilon: 

Contribution from this GMPE(%):  100.0 

 Mean src-site R=   19.3 km; M= 6.76; eps0=   1.28. Mean calculated for all sources. 

Modal src-site R=   22.2 km; M= 7.02; eps0=   1.36 from peak (R,M) bin 

 MODE R*=  22.0km; M*= 7.02; EPS.INTERVAL: 1 to 2 sigma  % CONTRIB.=  7.108 

 

Principal sources (faults, subduction, random seismicity having > 3% contribution) 

Source Category:                 % contr.  R(km)    M   epsilon0 (mean values). 

California B-faults Char           43.83    20.4   7.06    1.22 

California B-faults GR             32.16    19.1   6.81    1.34 

California A-faults                 3.04    66.7   7.79    2.13 

CA Compr. crustal gridded          20.97    10.3   5.91    1.18 

Individual fault hazard details if its contribution to mean hazard > 2%:  

Fault ID                         % contr.   Rcd(km)  M   epsilon0 Site-to-src azimuth(d) 

San Cayetano Char                   4.62    25.0   7.16    1.57       2.4 

Simi-Santa Rosa Char                7.45     8.4   6.78    0.93      -5.7 

Oak Ridge (Onshore) Char            8.33    20.3   7.16    1.06     -15.8 

Oak Ridge Connected Char            2.90    17.9   7.35    0.81     -15.8 

Anacapa-Dume, alt 2 Char            2.51    17.3   7.16    0.96     173.7 

Anacapa-Dume, alt 1 Char            3.22    17.5   7.16    0.79     173.7 

Northridge Char                     3.80    24.3   6.80    1.48      35.8 

Santa Susana, alt 1 Char            2.34    22.6   6.80    1.84      26.5 

San Cayetano GR                     2.43    26.2   6.90    1.88       2.2 

Simi-Santa Rosa GR                  5.02     9.8   6.64    1.06     -10.0 

Oak Ridge (Onshore) GR              8.43    20.4   6.83    1.34     -16.1 

Anacapa-Dume, alt 1 GR              3.52    17.7   6.83    1.08     177.5 

Anacapa-Dume, alt 2 GR              2.46    17.4   6.84    1.26     175.4 

Santa Monica Connected alt 1 GR     2.11    19.4   6.91    1.20     171.6 

Oak Ridge Connected GR              2.57    18.8   6.97    1.14     -26.3 

#*********End of deaggregation corresponding to Mean Hazard w/all GMPEs  *********# 

 

PSHA Deaggregation. %contributions. site: Moorpark_Road_U long: 118.877 W., lat: 34.177 N. 

 Vs30(m/s)= 269.0 (some WUS atten. models use Site Class not Vs30).   

NSHMP 2007-08  See USGS OFR 2008-1128. dM=0.2 below 

Return period: 975   yrs. Exceedance PGA =0.5261   g. Weight * Computed_Rate_Ex 0.437E-03 

#Pr[at least one eq with median motion>=PGA in 50 yrs]=0.00000 

#This deaggregation corresponds to Boore-Atkinson 2008      

DIST(KM) MAG(MW) ALL_EPS EPSILON>2  1<EPS<2 0<EPS<1 -1<EPS<0 -2<EPS<-1 EPS<-2 

    6.8    5.05    0.167    0.137    0.030    0.000    0.000    0.000    0.000 

    7.0    5.20    0.375    0.299    0.076    0.000    0.000    0.000    0.000 

    7.2    5.40    0.407    0.304    0.102    0.000    0.000    0.000    0.000 

   13.9    5.41    0.058    0.058    0.000    0.000    0.000    0.000    0.000 

    7.4    5.60    0.414    0.254    0.160    0.000    0.000    0.000    0.000 

   14.5    5.61    0.112    0.112    0.000    0.000    0.000    0.000    0.000 

    7.5    5.80    0.399    0.215    0.184    0.000    0.000    0.000    0.000 

   14.9    5.80    0.169    0.169    0.000    0.000    0.000    0.000    0.000 

   23.6    5.81    0.034    0.034    0.000    0.000    0.000    0.000    0.000 

    7.2    6.01    0.519    0.237    0.282    0.001    0.000    0.000    0.000 

   15.0    6.01    0.253    0.245    0.008    0.000    0.000    0.000    0.000 

   24.5    6.01    0.076    0.076    0.000    0.000    0.000    0.000    0.000 

    7.1    6.20    0.644    0.243    0.396    0.006    0.000    0.000    0.000 

   15.1    6.20    0.324    0.292    0.032    0.000    0.000    0.000    0.000 

   24.5    6.21    0.134    0.134    0.000    0.000    0.000    0.000    0.000 

   34.1    6.22    0.047    0.047    0.000    0.000    0.000    0.000    0.000 

Page 2 of 6

3/9/2011http://eqint.cr.usgs.gov/deaggint/2008/out/Moorpark_Road_U_2011.03.10_01.58.58.txt

E-1 (26)



    7.4    6.41    0.661    0.206    0.443    0.012    0.000    0.000    0.000 

   14.9    6.41    0.407    0.304    0.102    0.000    0.000    0.000    0.000 

   24.4    6.43    0.289    0.268    0.022    0.000    0.000    0.000    0.000 

   35.2    6.42    0.142    0.142    0.000    0.000    0.000    0.000    0.000 

   44.0    6.45    0.044    0.044    0.000    0.000    0.000    0.000    0.000 

    7.8    6.60    0.849    0.181    0.614    0.053    0.000    0.000    0.000 

   15.1    6.60    2.116    0.635    1.444    0.036    0.000    0.000    0.000 

   23.5    6.60    2.882    1.756    1.126    0.000    0.000    0.000    0.000 

   35.2    6.59    0.253    0.250    0.003    0.000    0.000    0.000    0.000 

   43.4    6.60    0.131    0.131    0.000    0.000    0.000    0.000    0.000 

    8.2    6.75    1.464    0.254    1.067    0.143    0.000    0.000    0.000 

   16.6    6.81    1.796    0.428    1.280    0.088    0.000    0.000    0.000 

   23.2    6.78    3.944    1.947    1.996    0.001    0.000    0.000    0.000 

   34.0    6.77    0.302    0.276    0.026    0.000    0.000    0.000    0.000 

   42.7    6.80    0.194    0.194    0.000    0.000    0.000    0.000    0.000 

   53.6    6.78    0.047    0.047    0.000    0.000    0.000    0.000    0.000 

    8.2    6.93    0.721    0.110    0.520    0.091    0.000    0.000    0.000 

   17.6    7.03    2.564    0.469    1.698    0.396    0.000    0.000    0.000 

   22.8    7.02    5.980    2.067    3.595    0.317    0.000    0.000    0.000 

   34.8    7.00    0.354    0.271    0.083    0.000    0.000    0.000    0.000 

   42.3    7.03    0.330    0.278    0.052    0.000    0.000    0.000    0.000 

   54.5    7.03    0.093    0.093    0.000    0.000    0.000    0.000    0.000 

    8.4    7.11    0.067    0.008    0.042    0.016    0.000    0.000    0.000 

   18.0    7.20    1.838    0.296    1.182    0.360    0.000    0.000    0.000 

   22.7    7.20    2.594    0.698    1.677    0.218    0.000    0.000    0.000 

   37.0    7.21    0.501    0.366    0.135    0.000    0.000    0.000    0.000 

   42.2    7.22    0.370    0.252    0.118    0.000    0.000    0.000    0.000 

   54.9    7.20    0.074    0.073    0.001    0.000    0.000    0.000    0.000 

   66.6    7.19    0.029    0.029    0.000    0.000    0.000    0.000    0.000 

   72.3    7.18    0.030    0.030    0.000    0.000    0.000    0.000    0.000 

   18.2    7.34    1.999    0.303    1.291    0.406    0.000    0.000    0.000 

   22.3    7.34    0.945    0.248    0.596    0.101    0.000    0.000    0.000 

   37.4    7.36    0.318    0.178    0.140    0.000    0.000    0.000    0.000 

   42.8    7.38    0.399    0.297    0.102    0.000    0.000    0.000    0.000 

   55.2    7.34    0.061    0.055    0.006    0.000    0.000    0.000    0.000 

   66.7    7.40    0.173    0.173    0.000    0.000    0.000    0.000    0.000 

   18.2    7.53    0.296    0.043    0.197    0.057    0.000    0.000    0.000 

   37.4    7.54    0.097    0.052    0.045    0.000    0.000    0.000    0.000 

   43.7    7.55    0.153    0.114    0.039    0.000    0.000    0.000    0.000 

   66.3    7.58    0.332    0.324    0.008    0.000    0.000    0.000    0.000 

   71.3    7.60    0.167    0.167    0.000    0.000    0.000    0.000    0.000 

   37.4    7.74    0.186    0.081    0.105    0.000    0.000    0.000    0.000 

   66.0    7.81    1.285    1.059    0.226    0.000    0.000    0.000    0.000 

   71.6    7.78    0.099    0.093    0.005    0.000    0.000    0.000    0.000 

   37.4    7.91    0.023    0.009    0.015    0.000    0.000    0.000    0.000 

   65.9    8.02    0.543    0.408    0.135    0.000    0.000    0.000    0.000 

   65.9    8.20    0.076    0.056    0.020    0.000    0.000    0.000    0.000 

 

Summary statistics for above PSHA PGA  deaggregation, R=distance, e=epsilon: 

Contribution from this GMPE(%):   42.5 

 Mean src-site R=   23.4 km; M= 6.88; eps0=   1.38. Mean calculated for all sources. 

Modal src-site R=   22.8 km; M= 7.02; eps0=   1.35 from peak (R,M) bin 

 MODE R*=  22.6km; M*= 7.03; EPS.INTERVAL: 1 to 2 sigma  % CONTRIB.=  3.595 

 

Principal sources (faults, subduction, random seismicity having > 3% contribution) 

Source Category:                 % contr.  R(km)    M   epsilon0 (mean values). 

California B-faults Char           19.62    22.9   7.07    1.31 

California B-faults GR             13.86    20.7   6.82    1.39 

CA Compr. crustal gridded           6.29    12.0   6.05    1.30 

Individual fault hazard details if its contribution to mean hazard > 2%:  

Fault ID                         % contr.   Rcd(km)  M   epsilon0 Site-to-src azimuth(d) 

San Cayetano Char                   2.85    25.0   7.16    1.45       2.4 
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Simi-Santa Rosa Char                2.24     8.4   6.78    1.01      -5.7 

Oak Ridge (Onshore) Char            3.19    20.3   7.15    1.05     -15.8 

Oak Ridge Connected Char            1.03    17.9   7.35    0.86     -15.8 

Anacapa-Dume, alt 2 Char            0.85    17.3   7.15    1.01     173.7 

Anacapa-Dume, alt 1 Char            1.29    17.5   7.15    0.80     173.7 

Northridge Char                     1.40    24.3   6.80    1.52      35.8 

Santa Susana, alt 1 Char            1.53    22.6   6.80    1.70      26.5 

San Cayetano GR                     1.91    26.1   6.91    1.74       2.2 

Simi-Santa Rosa GR                  1.47     9.8   6.65    1.16     -10.0 

Oak Ridge (Onshore) GR              3.34    20.4   6.83    1.29     -16.1 

Anacapa-Dume, alt 1 GR              1.39    17.7   6.83    1.06     177.5 

Anacapa-Dume, alt 2 GR              0.89    17.4   6.83    1.26     175.4 

Santa Monica Connected alt 1 GR     0.92    19.5   6.91    1.15     171.6 

Oak Ridge Connected GR              1.02    19.2   6.97    1.16     -26.3 

#*********End of deaggregation corresponding to Boore-Atkinson 2008      *********# 

 

PSHA Deaggregation. %contributions. site: Moorpark_Road_U long: 118.877 W., lat: 34.177 N. 

 Vs30(m/s)= 269.0 (some WUS atten. models use Site Class not Vs30).   

NSHMP 2007-08  See USGS OFR 2008-1128. dM=0.2 below 

Return period: 975   yrs. Exceedance PGA =0.5261   g. Weight * Computed_Rate_Ex 0.196E-03 

#Pr[at least one eq with median motion>=PGA in 50 yrs]=0.00001 

#This deaggregation corresponds to Campbell-Bozorgnia 2008  

DIST(KM) MAG(MW) ALL_EPS EPSILON>2  1<EPS<2 0<EPS<1 -1<EPS<0 -2<EPS<-1 EPS<-2 

    7.3    5.05    0.164    0.137    0.027    0.000    0.000    0.000    0.000 

    7.4    5.20    0.387    0.305    0.082    0.000    0.000    0.000    0.000 

   13.2    5.21    0.032    0.032    0.000    0.000    0.000    0.000    0.000 

    7.5    5.40    0.455    0.312    0.144    0.000    0.000    0.000    0.000 

   13.8    5.41    0.076    0.076    0.000    0.000    0.000    0.000    0.000 

    7.6    5.60    0.441    0.259    0.182    0.000    0.000    0.000    0.000 

   14.1    5.60    0.109    0.109    0.000    0.000    0.000    0.000    0.000 

    7.7    5.80    0.365    0.199    0.166    0.000    0.000    0.000    0.000 

   14.4    5.80    0.113    0.113    0.000    0.000    0.000    0.000    0.000 

    7.4    6.01    0.388    0.210    0.177    0.000    0.000    0.000    0.000 

   14.4    6.01    0.136    0.134    0.002    0.000    0.000    0.000    0.000 

   23.5    6.01    0.013    0.013    0.000    0.000    0.000    0.000    0.000 

    7.2    6.20    0.466    0.228    0.238    0.000    0.000    0.000    0.000 

   14.4    6.20    0.161    0.152    0.009    0.000    0.000    0.000    0.000 

   23.5    6.21    0.023    0.023    0.000    0.000    0.000    0.000    0.000 

    7.5    6.42    0.567    0.200    0.353    0.013    0.000    0.000    0.000 

   14.3    6.41    0.213    0.177    0.036    0.000    0.000    0.000    0.000 

   23.8    6.44    0.061    0.058    0.003    0.000    0.000    0.000    0.000 

    8.1    6.64    1.781    0.304    1.252    0.225    0.000    0.000    0.000 

   14.3    6.60    1.538    0.569    0.935    0.034    0.000    0.000    0.000 

   22.3    6.60    0.963    0.695    0.268    0.000    0.000    0.000    0.000 

   31.5    6.62    0.025    0.025    0.000    0.000    0.000    0.000    0.000 

    7.9    6.80    0.761    0.130    0.537    0.094    0.000    0.000    0.000 

   16.1    6.80    0.944    0.355    0.576    0.013    0.000    0.000    0.000 

   22.2    6.79    1.168    0.781    0.387    0.000    0.000    0.000    0.000 

   31.3    6.79    0.032    0.032    0.000    0.000    0.000    0.000    0.000 

    8.2    6.93    0.716    0.110    0.497    0.109    0.000    0.000    0.000 

   17.4    7.02    1.256    0.418    0.749    0.088    0.000    0.000    0.000 

   21.4    7.03    2.028    0.949    0.994    0.085    0.000    0.000    0.000 

   32.6    6.99    0.056    0.053    0.003    0.000    0.000    0.000    0.000 

    8.4    7.11    0.065    0.008    0.039    0.018    0.000    0.000    0.000 

   17.8    7.19    0.888    0.267    0.531    0.090    0.000    0.000    0.000 

   21.2    7.20    0.930    0.346    0.509    0.076    0.000    0.000    0.000 

   35.4    7.20    0.072    0.066    0.006    0.000    0.000    0.000    0.000 

   42.1    7.21    0.012    0.012    0.000    0.000    0.000    0.000    0.000 

   18.0    7.34    0.921    0.262    0.551    0.107    0.000    0.000    0.000 

   21.3    7.33    0.401    0.144    0.217    0.040    0.000    0.000    0.000 

   36.7    7.35    0.046    0.043    0.003    0.000    0.000    0.000    0.000 

   42.3    7.38    0.020    0.020    0.000    0.000    0.000    0.000    0.000 
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   18.1    7.53    0.153    0.039    0.092    0.022    0.000    0.000    0.000 

   37.1    7.54    0.011    0.010    0.001    0.000    0.000    0.000    0.000 

   37.4    7.74    0.020    0.020    0.000    0.000    0.000    0.000    0.000 

   66.0    7.80    0.020    0.020    0.000    0.000    0.000    0.000    0.000 

   65.9    7.99    0.025    0.025    0.000    0.000    0.000    0.000    0.000 

 

Summary statistics for above PSHA PGA  deaggregation, R=distance, e=epsilon: 

Contribution from this GMPE(%):   19.1 

 Mean src-site R=   15.4 km; M= 6.68; eps0=   1.36. Mean calculated for all sources. 

Modal src-site R=   21.4 km; M= 7.03; eps0=   1.53 from peak (R,M) bin 

 MODE R*=   8.1km; M*= 6.64; EPS.INTERVAL: 1 to 2 sigma  % CONTRIB.=  1.252 

 

Principal sources (faults, subduction, random seismicity having > 3% contribution) 

Source Category:                 % contr.  R(km)    M   epsilon0 (mean values). 

California B-faults Char            8.10    17.1   7.02    1.32 

California B-faults GR              6.39    17.3   6.79    1.46 

CA Compr. crustal gridded           4.53     9.1   5.92    1.27 

Individual fault hazard details if its contribution to mean hazard > 2%:  

Fault ID                         % contr.   Rcd(km)  M   epsilon0 Site-to-src azimuth(d) 

San Cayetano Char                   0.44    25.0   7.16    2.05       2.4 

Simi-Santa Rosa Char                2.39     8.4   6.77    0.95      -5.7 

Oak Ridge (Onshore) Char            1.86    20.3   7.15    1.26     -15.8 

Oak Ridge Connected Char            0.52    17.9   7.35    1.17     -15.8 

Anacapa-Dume, alt 2 Char            0.61    17.3   7.15    1.13     173.7 

Anacapa-Dume, alt 1 Char            0.44    17.5   7.15    1.30     173.7 

Northridge Char                     0.52    24.3   6.79    1.90      35.8 

Santa Susana, alt 1 Char            0.23    22.6   6.80    2.29      26.5 

San Cayetano GR                     0.18    27.2   6.82    2.53       2.2 

Simi-Santa Rosa GR                  1.52     9.7   6.64    1.11     -10.0 

Oak Ridge (Onshore) GR              1.85    20.4   6.83    1.53     -16.1 

Anacapa-Dume, alt 1 GR              0.62    17.7   6.80    1.42     177.5 

Anacapa-Dume, alt 2 GR              0.65    17.4   6.82    1.38     175.4 

Santa Monica Connected alt 1 GR     0.31    19.5   6.88    1.58     171.6 

Oak Ridge Connected GR              0.49    18.6   6.96    1.42     -26.3 

#*********End of deaggregation corresponding to Campbell-Bozorgnia 2008  *********# 

 

PSHA Deaggregation. %contributions. site: Moorpark_Road_U long: 118.877 W., lat: 34.177 N. 

 Vs30(m/s)= 269.0 (some WUS atten. models use Site Class not Vs30).   

NSHMP 2007-08  See USGS OFR 2008-1128. dM=0.2 below 

Return period: 975   yrs. Exceedance PGA =0.5261   g. Weight * Computed_Rate_Ex 0.395E-03 

#Pr[at least one eq with median motion>=PGA in 50 yrs]=0.00060 

#This deaggregation corresponds to Chiou-Youngs 2008        

DIST(KM) MAG(MW) ALL_EPS EPSILON>2  1<EPS<2 0<EPS<1 -1<EPS<0 -2<EPS<-1 EPS<-2 

    7.5    5.05    0.557    0.363    0.194    0.000    0.000    0.000    0.000 

   13.8    5.05    0.105    0.105    0.000    0.000    0.000    0.000    0.000 

    7.5    5.20    1.067    0.625    0.443    0.000    0.000    0.000    0.000 

   14.0    5.20    0.252    0.252    0.000    0.000    0.000    0.000    0.000 

    7.6    5.40    0.968    0.506    0.462    0.000    0.000    0.000    0.000 

   14.3    5.40    0.292    0.292    0.000    0.000    0.000    0.000    0.000 

    7.7    5.60    0.850    0.381    0.469    0.000    0.000    0.000    0.000 

   14.4    5.60    0.313    0.309    0.004    0.000    0.000    0.000    0.000 

   22.5    5.61    0.023    0.023    0.000    0.000    0.000    0.000    0.000 

    7.7    5.80    0.726    0.269    0.453    0.004    0.000    0.000    0.000 

   14.6    5.80    0.318    0.302    0.016    0.000    0.000    0.000    0.000 

   23.0    5.80    0.037    0.037    0.000    0.000    0.000    0.000    0.000 

    7.5    6.01    0.820    0.253    0.557    0.011    0.000    0.000    0.000 

   14.6    6.01    0.369    0.325    0.045    0.000    0.000    0.000    0.000 

   23.7    6.00    0.050    0.050    0.000    0.000    0.000    0.000    0.000 

    7.4    6.20    0.948    0.251    0.684    0.013    0.000    0.000    0.000 

   14.5    6.20    0.407    0.319    0.089    0.000    0.000    0.000    0.000 

   23.8    6.21    0.072    0.072    0.000    0.000    0.000    0.000    0.000 

    7.6    6.41    0.973    0.209    0.728    0.036    0.000    0.000    0.000 
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   14.4    6.41    0.452    0.297    0.155    0.000    0.000    0.000    0.000 

   23.9    6.44    0.166    0.140    0.027    0.000    0.000    0.000    0.000 

    8.1    6.63    1.751    0.265    1.222    0.263    0.000    0.000    0.000 

   14.6    6.60    2.381    0.606    1.604    0.171    0.000    0.000    0.000 

   23.0    6.60    2.148    1.100    1.045    0.003    0.000    0.000    0.000 

    8.0    6.79    1.114    0.170    0.792    0.152    0.000    0.000    0.000 

   16.5    6.80    1.767    0.406    1.217    0.144    0.000    0.000    0.000 

   22.7    6.78    2.782    1.165    1.595    0.022    0.000    0.000    0.000 

   31.9    6.79    0.024    0.024    0.000    0.000    0.000    0.000    0.000 

    8.2    6.93    0.898    0.110    0.565    0.224    0.000    0.000    0.000 

   17.6    7.03    2.684    0.453    1.665    0.567    0.000    0.000    0.000 

   21.9    7.02    4.190    1.398    2.369    0.422    0.000    0.000    0.000 

   33.5    7.02    0.069    0.061    0.008    0.000    0.000    0.000    0.000 

    8.4    7.11    0.087    0.008    0.042    0.035    0.001    0.000    0.000 

   17.9    7.20    2.212    0.305    1.332    0.575    0.000    0.000    0.000 

   21.8    7.20    1.999    0.613    1.063    0.323    0.000    0.000    0.000 

   37.0    7.19    0.105    0.086    0.019    0.000    0.000    0.000    0.000 

   18.1    7.35    2.471    0.301    1.432    0.735    0.003    0.000    0.000 

   21.6    7.34    0.872    0.193    0.527    0.152    0.000    0.000    0.000 

   37.6    7.35    0.164    0.123    0.042    0.000    0.000    0.000    0.000 

   42.5    7.37    0.054    0.054    0.000    0.000    0.000    0.000    0.000 

   18.1    7.53    0.424    0.044    0.224    0.155    0.001    0.000    0.000 

   37.4    7.55    0.023    0.016    0.007    0.000    0.000    0.000    0.000 

   43.5    7.55    0.034    0.033    0.001    0.000    0.000    0.000    0.000 

   37.4    7.74    0.053    0.038    0.015    0.000    0.000    0.000    0.000 

   66.0    7.80    0.076    0.076    0.000    0.000    0.000    0.000    0.000 

   65.9    8.00    0.117    0.117    0.000    0.000    0.000    0.000    0.000 

 

Summary statistics for above PSHA PGA  deaggregation, R=distance, e=epsilon: 

Contribution from this GMPE(%):   38.4 

 Mean src-site R=   16.6 km; M= 6.66; eps0=   1.11. Mean calculated for all sources. 

Modal src-site R=   21.9 km; M= 7.02; eps0=   1.29 from peak (R,M) bin 

 MODE R*=  21.6km; M*= 7.02; EPS.INTERVAL: 1 to 2 sigma  % CONTRIB.=  2.369 

 

Principal sources (faults, subduction, random seismicity having > 3% contribution) 

Source Category:                 % contr.  R(km)    M   epsilon0 (mean values). 

California B-faults Char           16.11    18.9   7.07    1.05 

California B-faults GR             11.91    18.3   6.81    1.21 

CA Compr. crustal gridded          10.15     9.8   5.81    1.07 

Individual fault hazard details if its contribution to mean hazard > 2%:  

Fault ID                         % contr.   Rcd(km)  M   epsilon0 Site-to-src azimuth(d) 

San Cayetano Char                   1.33    25.0   7.18    1.68       2.4 

Simi-Santa Rosa Char                2.81     8.4   6.78    0.84      -5.7 

Oak Ridge (Onshore) Char            3.28    20.3   7.16    0.97     -15.8 

Oak Ridge Connected Char            1.34    17.9   7.36    0.63     -15.8 

Anacapa-Dume, alt 2 Char            1.05    17.3   7.16    0.83     173.7 

Anacapa-Dume, alt 1 Char            1.48    17.5   7.16    0.64     173.7 

Northridge Char                     1.88    24.3   6.80    1.34      35.8 

Santa Susana, alt 1 Char            0.58    22.6   6.82    2.02      26.5 

San Cayetano GR                     0.33    26.4   6.89    2.37       2.2 

Simi-Santa Rosa GR                  2.03     9.9   6.64    0.96     -10.0 

Oak Ridge (Onshore) GR              3.24    20.4   6.83    1.27     -16.1 

Anacapa-Dume, alt 1 GR              1.51    17.7   6.83    0.96     177.5 

Anacapa-Dume, alt 2 GR              0.93    17.4   6.85    1.19     175.4 

Santa Monica Connected alt 1 GR     0.88    19.4   6.92    1.12     171.6 

Oak Ridge Connected GR              1.06    18.6   6.99    1.01     -26.3 

#*********End of deaggregation corresponding to Chiou-Youngs 2008        *********# 

 

******************** Southern California **************************************** 

Page 6 of 6
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Appendix E-2 
Liquefaction Potential Analyses 
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LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-007    Water Depth=33 ft    Surface Elev.=748.1 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 12:54:53 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-007.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=748.1
Hole No.=R-11-007
Depth of Hole= 65.0 ft
Water Table during Earthquake= 33.0 ft
Water Table during In-Situ Testing= 40.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=748.1
Hole No.=R-11-007
Depth of Hole=65.0 ft
Water Table during Earthquake= 33.0 ft
Water Table during In-Situ Testing= 40.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 12.0 120.0 25.0
11.0 14.0 120.0 25.0
16.0 37.0 120.0 25.0
21.0 9.0 120.0 25.0
26.0 9.0 120.0 NoLiq
31.0 12.0 120.0 NoLiq
36.4 10.0 120.0 NoLiq
37.2 4.0 120.0 NoLiq
46.0 8.0 120.0 NoLiq
51.0 3.0 120.0 NoLiq
56.0 11.0 120.0 NoLiq
61.0 50.0 120.0 14.0
65.0 100.0 130.0 25.0
____________________________________

Output Results:
Settlement of Saturated Sands=0.00 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.00 in.
Differential Settlement=0.000 to 0.000 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 0.27 0.34 5.00 0.00 0.00 0.00
1.00 0.27 0.34 5.00 0.00 0.00 0.00
2.00 0.28 0.34 5.00 0.00 0.00 0.00
3.00 0.28 0.34 5.00 0.00 0.00 0.00
4.00 0.28 0.33 5.00 0.00 0.00 0.00
5.00 0.29 0.33 5.00 0.00 0.00 0.00
6.00 0.29 0.33 5.00 0.00 0.00 0.00
7.00 0.27 0.33 5.00 0.00 0.00 0.00
8.00 0.26 0.33 5.00 0.00 0.00 0.00
9.00 0.28 0.33 5.00 0.00 0.00 0.00
10.00 0.27 0.33 5.00 0.00 0.00 0.00
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11.00 0.26 0.33 5.00 0.00 0.00 0.00
12.00 0.33 0.33 5.00 0.00 0.00 0.00
13.00 0.42 0.33 5.00 0.00 0.00 0.00
14.00 2.39 0.33 5.00 0.00 0.00 0.00
15.00 2.39 0.33 5.00 0.00 0.00 0.00
16.00 2.39 0.33 5.00 0.00 0.00 0.00
17.00 2.39 0.32 5.00 0.00 0.00 0.00
18.00 0.48 0.32 5.00 0.00 0.00 0.00
19.00 0.31 0.32 5.00 0.00 0.00 0.00
20.00 0.23 0.32 5.00 0.00 0.00 0.00
21.00 0.17 0.32 5.00 0.00 0.00 0.00
22.00 0.16 0.32 5.00 0.00 0.00 0.00
23.00 0.16 0.32 5.00 0.00 0.00 0.00
24.00 0.16 0.32 5.00 0.00 0.00 0.00
25.00 0.16 0.32 5.00 0.00 0.00 0.00
26.00 0.16 0.32 5.00 0.00 0.00 0.00
27.00 2.00 0.32 5.00 0.00 0.00 0.00
28.00 2.00 0.32 5.00 0.00 0.00 0.00
29.00 2.00 0.32 5.00 0.00 0.00 0.00
30.00 2.00 0.31 5.00 0.00 0.00 0.00
31.00 2.00 0.31 5.00 0.00 0.00 0.00
32.00 2.00 0.31 5.00 0.00 0.00 0.00
33.00 2.00 0.31 5.00 0.00 0.00 0.00
34.00 2.00 0.31 5.00 0.00 0.00 0.00
35.00 2.00 0.31 5.00 0.00 0.00 0.00
36.00 2.00 0.31 5.00 0.00 0.00 0.00
37.00 2.00 0.31 5.00 0.00 0.00 0.00
38.00 2.00 0.31 5.00 0.00 0.00 0.00
39.00 2.00 0.31 5.00 0.00 0.00 0.00
40.00 2.00 0.32 5.00 0.00 0.00 0.00
41.00 2.00 0.32 5.00 0.00 0.00 0.00
42.00 2.00 0.32 5.00 0.00 0.00 0.00
43.00 2.00 0.32 5.00 0.00 0.00 0.00
44.00 2.00 0.32 5.00 0.00 0.00 0.00
45.00 2.00 0.32 5.00 0.00 0.00 0.00
46.00 2.00 0.32 5.00 0.00 0.00 0.00
47.00 2.00 0.32 5.00 0.00 0.00 0.00
48.00 2.00 0.32 5.00 0.00 0.00 0.00
49.00 2.00 0.32 5.00 0.00 0.00 0.00
50.00 2.00 0.31 5.00 0.00 0.00 0.00
51.00 2.00 0.31 5.00 0.00 0.00 0.00
52.00 2.00 0.31 5.00 0.00 0.00 0.00
53.00 2.00 0.31 5.00 0.00 0.00 0.00
54.00 2.00 0.31 5.00 0.00 0.00 0.00
55.00 2.00 0.31 5.00 0.00 0.00 0.00
56.00 2.00 0.31 5.00 0.00 0.00 0.00
57.00 2.00 0.31 5.00 0.00 0.00 0.00
58.00 2.00 0.31 5.00 0.00 0.00 0.00
59.00 2.00 0.30 5.00 0.00 0.00 0.00
60.00 2.00 0.30 5.00 0.00 0.00 0.00
61.00 2.00 0.30 5.00 0.00 0.00 0.00
62.00 2.09 0.30 5.00 0.00 0.00 0.00
63.00 2.08 0.30 5.00 0.00 0.00 0.00
64.00 2.08 0.29 5.00 0.00 0.00 0.00
65.00 2.07 0.29 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-008    Water Depth=8 ft    Surface Elev.=722.9 Magnitude=7
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:42:16 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-008.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=722.9
Hole No.=R-11-008
Depth of Hole= 50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=722.9
Hole No.=R-11-008
Depth of Hole=50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: All zones*
6. Hammer Energy Ratio,                                   Ce = 1.25
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 11.0 128.0 NoLiq
10.0 12.0 128.0 34.0
13.0 9.0 125.0 NoLiq
20.0 7.0 120.0 NoLiq
25.0 13.0 125.0 19.0
26.5 7.0 120.0 NoLiq
35.0 21.0 124.0 26.0
40.0 29.0 130.0 35.0
45.0 100.0 135.0 27.0
50.0 100.0 135.0 4.0
____________________________________

Output Results:
Settlement of Saturated Sands=1.16 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=1.16 in.
Differential Settlement=0.580 to 0.765 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 0.35 0.34 5.00 1.16 0.00 1.16
1.00 2.00 0.34 5.00 1.16 0.00 1.16
2.00 2.00 0.34 5.00 1.16 0.00 1.16
3.00 2.00 0.34 5.00 1.16 0.00 1.16
4.00 2.00 0.33 5.00 1.16 0.00 1.16
5.00 2.00 0.33 5.00 1.16 0.00 1.16
6.00 2.00 0.33 5.00 1.16 0.00 1.16
7.00 2.00 0.33 5.00 1.16 0.00 1.16
8.00 2.00 0.33 5.00 1.16 0.00 1.16
9.00 2.00 0.35 5.00 1.16 0.00 1.16
10.00 0.31 0.37 0.86* 1.16 0.00 1.16
11.00 0.28 0.38 0.74* 1.00 0.00 1.00
12.00 0.25 0.39 0.65* 0.83 0.00 0.83
13.00 2.00 0.40 5.00 0.64 0.00 0.64
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14.00 2.00 0.41 5.00 0.64 0.00 0.64
15.00 2.00 0.42 5.00 0.64 0.00 0.64
16.00 2.00 0.43 5.00 0.64 0.00 0.64
17.00 2.00 0.44 5.00 0.64 0.00 0.64
18.00 2.00 0.45 5.00 0.64 0.00 0.64
19.00 2.00 0.45 5.00 0.64 0.00 0.64
20.00 2.00 0.46 5.00 0.64 0.00 0.64
21.00 2.00 0.46 5.00 0.64 0.00 0.64
22.00 2.00 0.47 5.00 0.64 0.00 0.64
23.00 2.00 0.47 5.00 0.64 0.00 0.64
24.00 2.00 0.48 5.00 0.64 0.00 0.64
25.00 2.00 0.48 5.00 0.64 0.00 0.64
26.00 0.17 0.48 0.36* 0.43 0.00 0.43
27.00 2.00 0.49 5.00 0.28 0.00 0.28
28.00 2.00 0.49 5.00 0.28 0.00 0.28
29.00 2.00 0.49 5.00 0.28 0.00 0.28
30.00 2.00 0.50 5.00 0.28 0.00 0.28
31.00 2.00 0.50 5.00 0.28 0.00 0.28
32.00 2.00 0.50 5.00 0.28 0.00 0.28
33.00 2.00 0.49 5.00 0.28 0.00 0.28
34.00 2.00 0.49 5.00 0.28 0.00 0.28
35.00 2.00 0.49 5.00 0.28 0.00 0.28
36.00 0.47 0.49 0.95* 0.18 0.00 0.18
37.00 2.39 0.49 4.91 0.09 0.00 0.09
38.00 2.38 0.48 4.92 0.03 0.00 0.03
39.00 2.37 0.48 4.93 0.01 0.00 0.01
40.00 2.37 0.48 4.94 0.00 0.00 0.00
41.00 2.36 0.48 4.96 0.00 0.00 0.00
42.00 2.35 0.47 4.97 0.00 0.00 0.00
43.00 2.34 0.47 4.99 0.00 0.00 0.00
44.00 2.33 0.47 5.00 0.00 0.00 0.00
45.00 2.32 0.46 5.00 0.00 0.00 0.00
46.00 2.32 0.46 5.00 0.00 0.00 0.00
47.00 2.31 0.45 5.00 0.00 0.00 0.00
48.00 2.30 0.45 5.00 0.00 0.00 0.00
49.00 2.29 0.45 5.00 0.00 0.00 0.00
50.00 2.28 0.44 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-009    Water Depth=8 ft    Surface Elev.=723.5 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:44:30 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-009.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=723.5
Hole No.=R-11-009
Depth of Hole= 50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=723.5
Hole No.=R-11-009
Depth of Hole=50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: All zones*
6. Hammer Energy Ratio,                                   Ce = 1.25
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 12.0 125.0 70.0
10.0 13.0 125.0 30.0
13.0 3.0 120.0 NoLiq
21.0 11.0 125.0 NoLiq
25.0 13.0 125.0 21.0
28.0 13.0 125.0 NoLiq
35.0 34.0 125.0 11.0
40.0 100.0 130.0 5.0
45.0 100.0 135.0 5.0
50.0 100.0 135.0 29.0
____________________________________

Output Results:
Settlement of Saturated Sands=1.47 in.
Settlement of Unsaturated Sands=0.03 in.
Total Settlement of Saturated and Unsaturated Sands=1.50 in.
Differential Settlement=0.751 to 0.991 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 0.39 0.34 5.00 1.47 0.03 1.50
1.00 0.39 0.34 5.00 1.47 0.03 1.50
2.00 0.40 0.34 5.00 1.47 0.03 1.50
3.00 0.40 0.34 5.00 1.47 0.03 1.49
4.00 0.41 0.33 5.00 1.47 0.02 1.49
5.00 0.41 0.33 5.00 1.47 0.02 1.49
6.00 0.39 0.33 5.00 1.47 0.01 1.48
7.00 0.36 0.33 5.00 1.47 0.01 1.48
8.00 0.34 0.33 1.02 1.47 0.00 1.47
9.00 0.36 0.35 1.03 1.36 0.00 1.36
10.00 0.32 0.37 0.89* 1.23 0.00 1.23
11.00 0.24 0.38 0.64* 1.07 0.00 1.07
12.00 0.18 0.39 0.46* 0.86 0.00 0.86
13.00 2.00 0.41 5.00 0.59 0.00 0.59
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14.00 2.00 0.42 5.00 0.59 0.00 0.59
15.00 2.00 0.43 5.00 0.59 0.00 0.59
16.00 2.00 0.44 5.00 0.59 0.00 0.59
17.00 2.00 0.44 5.00 0.59 0.00 0.59
18.00 2.00 0.45 5.00 0.59 0.00 0.59
19.00 2.00 0.46 5.00 0.59 0.00 0.59
20.00 2.00 0.46 5.00 0.59 0.00 0.59
21.00 2.00 0.47 5.00 0.59 0.00 0.59
22.00 2.00 0.47 5.00 0.59 0.00 0.59
23.00 2.00 0.48 5.00 0.59 0.00 0.59
24.00 2.00 0.48 5.00 0.59 0.00 0.59
25.00 2.00 0.48 5.00 0.59 0.00 0.59
26.00 0.24 0.49 0.49* 0.40 0.00 0.40
27.00 0.23 0.49 0.48* 0.21 0.00 0.21
28.00 0.24 0.49 0.49* 0.01 0.00 0.01
29.00 2.00 0.50 5.00 0.00 0.00 0.00
30.00 2.00 0.50 5.00 0.00 0.00 0.00
31.00 2.00 0.50 5.00 0.00 0.00 0.00
32.00 2.00 0.50 5.00 0.00 0.00 0.00
33.00 2.00 0.49 5.00 0.00 0.00 0.00
34.00 2.00 0.49 5.00 0.00 0.00 0.00
35.00 2.00 0.49 5.00 0.00 0.00 0.00
36.00 2.40 0.49 4.91 0.00 0.00 0.00
37.00 2.39 0.49 4.91 0.00 0.00 0.00
38.00 2.38 0.48 4.92 0.00 0.00 0.00
39.00 2.37 0.48 4.93 0.00 0.00 0.00
40.00 2.37 0.48 4.94 0.00 0.00 0.00
41.00 2.36 0.48 4.96 0.00 0.00 0.00
42.00 2.35 0.47 4.97 0.00 0.00 0.00
43.00 2.34 0.47 4.99 0.00 0.00 0.00
44.00 2.33 0.47 5.00 0.00 0.00 0.00
45.00 2.32 0.46 5.00 0.00 0.00 0.00
46.00 2.32 0.46 5.00 0.00 0.00 0.00
47.00 2.31 0.45 5.00 0.00 0.00 0.00
48.00 2.30 0.45 5.00 0.00 0.00 0.00
49.00 2.29 0.45 5.00 0.00 0.00 0.00
50.00 2.28 0.44 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-010    Water Depth=29 ft    Surface Elev.=743.8 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:52:53 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-010.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=743.8
Hole No.=R-11-010
Depth of Hole= 65.0 ft
Water Table during Earthquake= 29.0 ft
Water Table during In-Situ Testing= 34.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=743.8
Hole No.=R-11-010
Depth of Hole=65.0 ft
Water Table during Earthquake= 29.0 ft
Water Table during In-Situ Testing= 34.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 31.0 120.0 30.0
10.0 47.0 120.0 30.0
15.0 22.0 120.0 30.0
20.0 14.0 120.0 30.0
25.0 11.0 120.0 NoLiq
30.0 13.0 120.0 NoLiq
35.0 0.0 120.0 NoLiq
37.5 20.0 120.0 26.0
42.0 8.0 120.0 NoLiq
47.5 20.0 120.0 NoLiq
52.0 14.0 120.0 NoLiq
60.0 42.0 120.0 30.0
65.0 62.0 130.0 30.0
____________________________________

Output Results:
Settlement of Saturated Sands=1.06 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=1.06 in.
Differential Settlement=0.528 to 0.697 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.39 0.34 5.00 1.06 0.00 1.06
1.00 2.39 0.34 5.00 1.06 0.00 1.06
2.00 2.39 0.34 5.00 1.06 0.00 1.06
3.00 2.39 0.34 5.00 1.06 0.00 1.06
4.00 2.39 0.33 5.00 1.06 0.00 1.06
5.00 2.39 0.33 5.00 1.06 0.00 1.06
6.00 2.39 0.33 5.00 1.06 0.00 1.06
7.00 2.39 0.33 5.00 1.06 0.00 1.06
8.00 2.39 0.33 5.00 1.06 0.00 1.06
9.00 2.39 0.33 5.00 1.06 0.00 1.06
10.00 2.39 0.33 5.00 1.06 0.00 1.06
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11.00 2.39 0.33 5.00 1.06 0.00 1.06
12.00 2.39 0.33 5.00 1.06 0.00 1.06
13.00 2.39 0.33 5.00 1.06 0.00 1.06
14.00 2.39 0.33 5.00 1.06 0.00 1.06
15.00 0.45 0.33 5.00 1.06 0.00 1.06
16.00 0.38 0.33 5.00 1.06 0.00 1.06
17.00 0.33 0.32 5.00 1.06 0.00 1.06
18.00 0.29 0.32 5.00 1.06 0.00 1.06
19.00 0.27 0.32 5.00 1.06 0.00 1.06
20.00 0.24 0.32 5.00 1.06 0.00 1.06
21.00 0.23 0.32 5.00 1.06 0.00 1.06
22.00 0.22 0.32 5.00 1.06 0.00 1.06
23.00 0.21 0.32 5.00 1.06 0.00 1.06
24.00 0.20 0.32 5.00 1.06 0.00 1.06
25.00 0.19 0.32 5.00 1.06 0.00 1.06
26.00 2.00 0.32 5.00 1.06 0.00 1.06
27.00 2.00 0.32 5.00 1.06 0.00 1.06
28.00 2.00 0.32 5.00 1.06 0.00 1.06
29.00 2.00 0.32 5.00 1.06 0.00 1.06
30.00 2.00 0.32 5.00 1.06 0.00 1.06
31.00 2.00 0.32 5.00 1.06 0.00 1.06
32.00 2.00 0.32 5.00 1.06 0.00 1.06
33.00 2.00 0.33 5.00 1.06 0.00 1.06
34.00 2.00 0.33 5.00 1.06 0.00 1.06
35.00 2.00 0.33 5.00 1.06 0.00 1.06
36.00 2.00 0.33 5.00 1.06 0.00 1.06
37.00 2.00 0.33 5.00 1.06 0.00 1.06
38.00 0.22 0.33 0.67* 0.97 0.00 0.97
39.00 0.20 0.33 0.60* 0.77 0.00 0.77
40.00 0.18 0.33 0.52* 0.54 0.00 0.54
41.00 0.15 0.33 0.45* 0.29 0.00 0.29
42.00 0.13 0.33 0.38* 0.01 0.00 0.01
43.00 2.00 0.34 5.00 0.00 0.00 0.00
44.00 2.00 0.33 5.00 0.00 0.00 0.00
45.00 2.00 0.33 5.00 0.00 0.00 0.00
46.00 2.00 0.33 5.00 0.00 0.00 0.00
47.00 2.00 0.33 5.00 0.00 0.00 0.00
48.00 2.00 0.33 5.00 0.00 0.00 0.00
49.00 2.00 0.33 5.00 0.00 0.00 0.00
50.00 2.00 0.33 5.00 0.00 0.00 0.00
51.00 2.00 0.33 5.00 0.00 0.00 0.00
52.00 2.00 0.33 5.00 0.00 0.00 0.00
53.00 2.00 0.33 5.00 0.00 0.00 0.00
54.00 2.00 0.33 5.00 0.00 0.00 0.00
55.00 2.00 0.33 5.00 0.00 0.00 0.00
56.00 2.00 0.32 5.00 0.00 0.00 0.00
57.00 2.00 0.32 5.00 0.00 0.00 0.00
58.00 2.00 0.32 5.00 0.00 0.00 0.00
59.00 2.00 0.32 5.00 0.00 0.00 0.00
60.00 2.00 0.32 5.00 0.00 0.00 0.00
61.00 2.13 0.31 5.00 0.00 0.00 0.00
62.00 2.12 0.31 5.00 0.00 0.00 0.00
63.00 2.11 0.31 5.00 0.00 0.00 0.00
64.00 2.11 0.31 5.00 0.00 0.00 0.00
65.00 2.10 0.31 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-045    Water Depth=8 ft    Surface Elev.=722.8 Magnitude=7
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:55:04 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-045.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=722.8
Hole No.=CPT-11-045
Depth of Hole= 42.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=722.8
Hole No.=CPT-11-045
Depth of Hole=42.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 343.1 6.2 120.0 NoLiq 0.5
1.5 200.8 1.9 120.0 1.0 0.5
2.5 39.3 1.2 120.0 20.3 0.5
3.5 24.3 1.1 120.0 33.7 0.5
4.5 22.0 1.0 120.0 33.9 0.5
5.5 24.9 1.2 120.0 34.5 0.5
6.5 31.4 1.3 115.0 33.4 0.5
7.5 32.5 1.3 115.7 32.8 0.5
8.5 28.1 1.2 115.9 34.9 0.5
9.5 28.0 1.4 116.2 NoLiq 0.5
10.5 35.5 1.4 116.5 34.3 0.5
11.5 25.0 0.9 116.8 NoLiq 0.5
12.5 25.4 0.8 117.1 NoLiq 0.5
13.5 19.4 0.4 117.3 NoLiq 0.5
14.5 9.6 0.2 117.6 NoLiq 0.5
15.5 6.5 0.2 117.9 NoLiq 0.5
16.5 6.2 0.1 118.2 NoLiq 0.5
17.5 9.3 0.1 118.5 NoLiq 0.5
18.5 9.4 0.1 118.7 NoLiq 0.5
19.5 22.6 0.6 119.0 NoLiq 0.5
20.5 45.4 2.1 119.3 NoLiq 0.5
21.5 25.0 1.0 119.6 NoLiq 0.5
22.5 39.5 1.3 119.9 NoLiq 0.5
23.5 34.0 1.5 120.1 NoLiq 0.5
24.5 36.3 1.3 120.4 NoLiq 0.5
25.5 93.5 1.7 120.7 17.0 0.5
26.5 72.1 0.9 121.0 16.4 0.5
27.5 15.7 0.5 121.3 NoLiq 0.5
28.5 19.2 0.3 121.5 NoLiq 0.5
29.5 12.3 0.1 121.8 NoLiq 0.5
30.5 16.7 0.2 122.1 NoLiq 0.5
31.5 20.1 0.4 122.4 NoLiq 0.5
32.5 28.8 0.6 122.7 NoLiq 0.5
33.5 35.8 0.9 122.9 NoLiq 0.5
34.5 77.6 1.9 123.2 23.3 0.5
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35.5 93.4 2.2 123.5 20.9 0.5
36.5 241.2 3.5 123.8 8.5 0.5
37.5 347.4 4.1 124.1 5.3 0.5
38.5 486.5 6.3 124.3 4.4 0.5
39.5 407.2 7.1 124.6 7.1 0.5
40.5 162.9 3.5 124.9 14.9 0.5
41.5 349.3 5.0 125.2 6.8 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.37 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.37 in.
Differential Settlement=0.187 to 0.247 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.37 0.00 0.37
1.00 2.00 0.34 5.00 0.37 0.00 0.37
2.00 2.48 0.34 5.00 0.37 0.00 0.37
3.00 0.63 0.34 5.00 0.37 0.00 0.37
4.00 1.28 0.33 5.00 0.37 0.00 0.37
5.00 1.81 0.33 5.00 0.37 0.00 0.37
6.00 1.53 0.33 5.00 0.37 0.00 0.37
7.00 0.93 0.33 5.00 0.37 0.00 0.37
8.00 1.25 0.33 3.76 0.37 0.00 0.37
9.00 1.24 0.35 3.53 0.37 0.00 0.37
10.00 2.00 0.37 5.00 0.37 0.00 0.37
11.00 1.04 0.38 2.71 0.37 0.00 0.37
12.00 2.00 0.40 5.00 0.37 0.00 0.37
13.00 2.00 0.41 5.00 0.37 0.00 0.37
14.00 2.00 0.42 5.00 0.37 0.00 0.37
15.00 2.00 0.43 5.00 0.37 0.00 0.37
16.00 2.00 0.44 5.00 0.37 0.00 0.37
17.00 2.00 0.45 5.00 0.37 0.00 0.37
18.00 2.00 0.46 5.00 0.37 0.00 0.37
19.00 2.00 0.47 5.00 0.37 0.00 0.37
20.00 2.00 0.47 5.00 0.37 0.00 0.37
21.00 2.00 0.48 5.00 0.37 0.00 0.37
22.00 2.00 0.48 5.00 0.37 0.00 0.37
23.00 2.00 0.49 5.00 0.37 0.00 0.37
24.00 2.00 0.49 5.00 0.37 0.00 0.37
25.00 2.00 0.50 5.00 0.37 0.00 0.37
26.00 0.25 0.50 0.49* 0.31 0.00 0.31
27.00 0.16 0.50 0.33* 0.14 0.00 0.14
28.00 2.00 0.51 5.00 0.10 0.00 0.10
29.00 2.00 0.51 5.00 0.10 0.00 0.10
30.00 2.00 0.51 5.00 0.10 0.00 0.10
31.00 2.00 0.51 5.00 0.10 0.00 0.10
32.00 2.00 0.51 5.00 0.10 0.00 0.10
33.00 2.00 0.51 5.00 0.10 0.00 0.10
34.00 2.00 0.51 5.00 0.10 0.00 0.10
35.00 0.34 0.50 0.67* 0.06 0.00 0.06
36.00 0.64 0.50 1.28 0.00 0.00 0.00
37.00 1.81 0.50 3.62 0.00 0.00 0.00
38.00 2.49 0.50 5.00 0.00 0.00 0.00
39.00 2.48 0.49 5.00 0.00 0.00 0.00
40.00 1.93 0.49 3.93 0.00 0.00 0.00
41.00 1.37 0.49 2.81 0.00 0.00 0.00
42.00 2.46 0.49 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-046    Water Depth=8 ft    Surface Elev.=723.3 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:56:26 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-046.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=723.3
Hole No.=CPT-11-046
Depth of Hole= 41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=723.3
Hole No.=CPT-11-046
Depth of Hole=41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 363.3 7.2 120.0 NoLiq 0.5
1.5 287.1 3.9 120.0 NoLiq 0.5
2.5 42.2 0.7 120.0 13.8 0.5
3.5 13.5 0.6 120.0 37.5 0.5
4.5 13.0 0.7 120.0 NoLiq 0.5
5.5 17.6 0.8 120.0 38.5 0.5
6.5 22.1 1.1 115.4 39.1 0.5
7.5 25.2 1.4 115.7 NoLiq 0.5
8.5 26.1 1.3 115.9 NoLiq 0.5
9.5 28.5 1.5 116.2 NoLiq 0.5
10.5 27.4 1.7 116.5 NoLiq 0.5
11.5 29.4 1.6 116.8 NoLiq 0.5
12.5 35.1 1.3 117.1 NoLiq 0.5
13.5 18.5 1.1 117.3 NoLiq 0.5
14.5 10.2 0.6 117.6 NoLiq 0.5
15.5 9.9 0.5 117.9 NoLiq 0.5
16.5 7.8 0.4 118.2 NoLiq 0.5
17.5 8.3 0.4 118.5 NoLiq 0.5
18.5 10.6 0.4 118.7 NoLiq 0.5
19.5 24.8 1.2 119.0 NoLiq 0.5
20.5 30.2 1.9 119.3 NoLiq 0.5
21.5 26.1 1.0 119.6 NoLiq 0.5
22.5 25.9 1.4 119.9 NoLiq 0.5
23.5 25.5 1.2 120.1 NoLiq 0.5
24.5 32.3 1.2 120.4 NoLiq 0.5
25.5 41.0 1.8 120.7 NoLiq 0.5
26.5 27.0 1.0 121.0 NoLiq 0.5
27.5 32.5 1.0 121.3 NoLiq 0.5
28.5 29.0 0.8 121.5 NoLiq 0.5
29.5 11.9 0.4 121.8 NoLiq 0.5
30.5 13.1 0.3 122.1 NoLiq 0.5
31.5 17.2 0.5 122.4 NoLiq 0.5
32.5 29.9 0.9 122.7 NoLiq 0.5
33.5 126.8 2.0 122.9 NoLiq 0.5
34.5 438.0 3.8 123.2 NoLiq 0.5
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35.5 432.0 4.6 123.5 3.6 0.5
36.5 393.9 4.2 123.8 4.0 0.5
37.5 249.4 2.0 124.1 4.8 0.5
38.5 250.1 1.9 124.3 4.5 0.5
39.5 310.9 2.0 124.6 2.7 0.5
40.5 371.3 3.5 124.9 3.7 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.00 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.00 in.
Differential Settlement=0.000 to 0.000 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.00 0.00 0.00
1.00 2.00 0.34 5.00 0.00 0.00 0.00
2.00 2.00 0.34 5.00 0.00 0.00 0.00
3.00 0.30 0.34 5.00 0.00 0.00 0.00
4.00 0.74 0.33 5.00 0.00 0.00 0.00
5.00 2.00 0.33 5.00 0.00 0.00 0.00
6.00 1.03 0.33 5.00 0.00 0.00 0.00
7.00 2.00 0.33 5.00 0.00 0.00 0.00
8.00 2.00 0.33 5.00 0.00 0.00 0.00
9.00 2.00 0.35 5.00 0.00 0.00 0.00
10.00 2.00 0.37 5.00 0.00 0.00 0.00
11.00 2.00 0.38 5.00 0.00 0.00 0.00
12.00 2.00 0.40 5.00 0.00 0.00 0.00
13.00 2.00 0.41 5.00 0.00 0.00 0.00
14.00 2.00 0.42 5.00 0.00 0.00 0.00
15.00 2.00 0.43 5.00 0.00 0.00 0.00
16.00 2.00 0.44 5.00 0.00 0.00 0.00
17.00 2.00 0.45 5.00 0.00 0.00 0.00
18.00 2.00 0.46 5.00 0.00 0.00 0.00
19.00 2.00 0.47 5.00 0.00 0.00 0.00
20.00 2.00 0.47 5.00 0.00 0.00 0.00
21.00 2.00 0.48 5.00 0.00 0.00 0.00
22.00 2.00 0.48 5.00 0.00 0.00 0.00
23.00 2.00 0.49 5.00 0.00 0.00 0.00
24.00 2.00 0.49 5.00 0.00 0.00 0.00
25.00 2.00 0.50 5.00 0.00 0.00 0.00
26.00 2.00 0.50 5.00 0.00 0.00 0.00
27.00 2.00 0.50 5.00 0.00 0.00 0.00
28.00 2.00 0.51 5.00 0.00 0.00 0.00
29.00 2.00 0.51 5.00 0.00 0.00 0.00
30.00 2.00 0.51 5.00 0.00 0.00 0.00
31.00 2.00 0.51 5.00 0.00 0.00 0.00
32.00 2.00 0.51 5.00 0.00 0.00 0.00
33.00 2.00 0.51 5.00 0.00 0.00 0.00
34.00 2.00 0.51 5.00 0.00 0.00 0.00
35.00 2.00 0.50 5.00 0.00 0.00 0.00
36.00 2.48 0.50 4.95 0.00 0.00 0.00
37.00 2.05 0.50 4.11 0.00 0.00 0.00
38.00 0.99 0.50 1.99 0.00 0.00 0.00
39.00 1.32 0.49 2.67 0.00 0.00 0.00
40.00 2.23 0.49 4.53 0.00 0.00 0.00
41.00 2.47 0.49 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-047    Water Depth=8 ft    Surface Elev.=722.5 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:01:25 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-047.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=722.5
Hole No.=CPT-11-047
Depth of Hole= 41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=722.5
Hole No.=CPT-11-047
Depth of Hole=41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 26.6 0.7 120.0 NoLiq 0.5
1.5 309.0 4.1 120.0 NoLiq 0.5
2.5 69.8 2.8 120.0 NoLiq 0.5
3.5 28.1 1.3 120.0 31.5 0.5
4.5 30.5 1.1 120.0 29.1 0.5
5.5 32.5 1.5 115.1 NoLiq 0.5
6.5 33.6 1.4 115.4 32.7 0.5
7.5 45.0 1.6 115.7 27.1 0.5
8.5 37.3 1.8 115.9 NoLiq 0.5
9.5 31.4 1.4 116.2 NoLiq 0.5
10.5 27.7 1.4 116.5 NoLiq 0.5
11.5 27.1 1.4 116.8 NoLiq 0.5
12.5 33.2 1.2 117.1 NoLiq 0.5
13.5 19.3 0.8 117.3 NoLiq 0.5
14.5 30.0 0.5 117.6 NoLiq 0.5
15.5 9.5 0.4 117.9 NoLiq 0.5
16.5 6.9 0.3 118.2 NoLiq 0.5
17.5 8.8 0.3 118.5 NoLiq 0.5
18.5 26.2 1.0 118.7 NoLiq 0.5
19.5 30.0 1.5 119.0 NoLiq 0.5
20.5 28.8 1.4 119.3 NoLiq 0.5
21.5 16.7 0.6 119.6 NoLiq 0.5
22.5 27.9 1.5 119.9 NoLiq 0.5
23.5 37.8 1.9 120.1 NoLiq 0.5
24.5 31.5 1.6 120.4 NoLiq 0.5
25.5 32.3 1.7 120.7 NoLiq 0.5
26.5 41.6 2.2 121.0 NoLiq 0.5
27.5 84.4 1.5 121.3 NoLiq 0.5
28.5 51.9 1.2 121.5 NoLiq 0.5
29.5 13.6 0.5 121.8 NoLiq 0.5
30.5 11.5 0.4 122.1 NoLiq 0.5
31.5 13.9 0.5 122.4 NoLiq 0.5
32.5 26.9 0.7 122.7 NoLiq 0.5
33.5 15.0 0.5 122.9 NoLiq 0.5
34.5 58.2 1.0 123.2 NoLiq 0.5
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35.5 204.4 1.9 123.5 NoLiq 0.5
36.5 282.4 5.4 123.8 9.6 0.5
37.5 206.5 1.5 124.1 5.3 0.5
38.5 192.2 2.3 124.3 8.8 0.5
39.5 395.4 2.9 124.6 2.3 0.5
40.5 491.7 0.0 124.9 NoLiq 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.00 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.00 in.
Differential Settlement=0.000 to 0.000 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.00 0.00 0.00
1.00 2.00 0.34 5.00 0.00 0.00 0.00
2.00 2.00 0.34 5.00 0.00 0.00 0.00
3.00 2.00 0.34 5.00 0.00 0.00 0.00
4.00 0.80 0.33 5.00 0.00 0.00 0.00
5.00 0.92 0.33 5.00 0.00 0.00 0.00
6.00 2.00 0.33 5.00 0.00 0.00 0.00
7.00 0.69 0.33 5.00 0.00 0.00 0.00
8.00 0.81 0.33 2.44 0.00 0.00 0.00
9.00 2.00 0.35 5.00 0.00 0.00 0.00
10.00 2.00 0.37 5.00 0.00 0.00 0.00
11.00 2.00 0.38 5.00 0.00 0.00 0.00
12.00 2.00 0.40 5.00 0.00 0.00 0.00
13.00 2.00 0.41 5.00 0.00 0.00 0.00
14.00 2.00 0.42 5.00 0.00 0.00 0.00
15.00 2.00 0.43 5.00 0.00 0.00 0.00
16.00 2.00 0.44 5.00 0.00 0.00 0.00
17.00 2.00 0.45 5.00 0.00 0.00 0.00
18.00 2.00 0.46 5.00 0.00 0.00 0.00
19.00 2.00 0.47 5.00 0.00 0.00 0.00
20.00 2.00 0.47 5.00 0.00 0.00 0.00
21.00 2.00 0.48 5.00 0.00 0.00 0.00
22.00 2.00 0.48 5.00 0.00 0.00 0.00
23.00 2.00 0.49 5.00 0.00 0.00 0.00
24.00 2.00 0.49 5.00 0.00 0.00 0.00
25.00 2.00 0.50 5.00 0.00 0.00 0.00
26.00 2.00 0.50 5.00 0.00 0.00 0.00
27.00 2.00 0.50 5.00 0.00 0.00 0.00
28.00 2.00 0.51 5.00 0.00 0.00 0.00
29.00 2.00 0.51 5.00 0.00 0.00 0.00
30.00 2.00 0.51 5.00 0.00 0.00 0.00
31.00 2.00 0.51 5.00 0.00 0.00 0.00
32.00 2.00 0.51 5.00 0.00 0.00 0.00
33.00 2.00 0.51 5.00 0.00 0.00 0.00
34.00 2.00 0.51 5.00 0.00 0.00 0.00
35.00 2.00 0.50 5.00 0.00 0.00 0.00
36.00 2.00 0.50 5.00 0.00 0.00 0.00
37.00 1.23 0.50 2.45 0.00 0.00 0.00
38.00 0.63 0.50 1.28 0.00 0.00 0.00
39.00 1.50 0.49 3.04 0.00 0.00 0.00
40.00 2.48 0.49 5.00 0.00 0.00 0.00
41.00 2.00 0.49 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-048    Water Depth=8 ft    Surface Elev.=724.5 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: CPT-11-048.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:03:03 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-048.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=724.5
Hole No.=CPT-11-048
Depth of Hole= 44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=724.5
Hole No.=CPT-11-048
Depth of Hole=44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 142.1 1.4 120.0 NoLiq 0.5
1.5 111.4 1.1 120.0 NoLiq 0.5
2.5 20.4 0.8 120.0 NoLiq 0.5
3.5 17.0 0.8 120.0 NoLiq 0.5
4.5 21.6 1.1 120.0 NoLiq 0.5
5.5 28.5 1.2 115.1 NoLiq 0.5
6.5 28.9 0.9 115.4 30.6 0.5
7.5 28.0 0.4 115.7 24.1 0.5
8.5 22.6 0.4 115.9 NoLiq 0.5
9.5 18.0 0.6 116.2 NoLiq 0.5
10.5 14.1 0.7 116.5 NoLiq 0.5
11.5 17.4 0.7 116.8 NoLiq 0.5
12.5 23.7 0.7 117.1 NoLiq 0.5
13.5 21.7 0.7 117.3 NoLiq 0.5
14.5 9.8 0.3 117.6 NoLiq 0.5
15.5 10.4 0.4 117.9 NoLiq 0.5
16.5 21.6 1.0 118.2 NoLiq 0.5
17.5 29.8 1.5 118.5 NoLiq 0.5
18.5 49.5 0.8 118.7 NoLiq 0.5
19.5 11.5 0.1 119.0 NoLiq 0.5
20.5 12.3 0.3 119.3 NoLiq 0.5
21.5 23.4 1.0 119.6 NoLiq 0.5
22.5 22.5 0.8 119.9 NoLiq 0.5
23.5 49.2 1.3 120.1 NoLiq 0.5
24.5 67.0 1.6 120.4 NoLiq 0.5
25.5 113.1 2.3 120.7 NoLiq 0.5
26.5 51.9 0.9 121.0 NoLiq 0.5
27.5 29.2 1.0 121.3 NoLiq 0.5
28.5 63.1 1.8 121.5 NoLiq 0.5
29.5 45.2 1.4 121.8 NoLiq 0.5
30.5 65.3 0.9 122.1 NoLiq 0.5
31.5 39.5 0.9 122.4 NoLiq 0.5
32.5 49.0 1.1 122.7 NoLiq 0.5
33.5 32.3 0.8 122.9 NoLiq 0.5
34.5 57.4 0.9 123.2 NoLiq 0.5
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35.5 68.0 1.5 123.5 NoLiq 0.5
36.5 55.5 1.5 123.8 NoLiq 0.5
37.5 59.6 0.8 124.1 NoLiq 0.5
38.5 64.2 0.6 124.3 NoLiq 0.5
39.5 124.1 0.9 124.6 9.2 0.5
40.5 174.3 1.8 124.9 8.6 0.5
41.5 239.2 8.7 125.2 17.2 0.5
42.5 403.0 7.3 125.4 7.9 0.5
43.5 463.6 0.0 125.7 0.0 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.22 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.22 in.
Differential Settlement=0.110 to 0.146 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.22 0.00 0.22
1.00 2.00 0.34 5.00 0.22 0.00 0.22
2.00 2.00 0.34 5.00 0.22 0.00 0.22
3.00 2.00 0.34 5.00 0.22 0.00 0.22
4.00 2.00 0.33 5.00 0.22 0.00 0.22
5.00 2.00 0.33 5.00 0.22 0.00 0.22
6.00 2.00 0.33 5.00 0.22 0.00 0.22
7.00 0.25 0.33 5.00 0.22 0.00 0.22
8.00 0.16 0.33 0.47* 0.22 0.00 0.22
9.00 2.00 0.35 5.00 0.13 0.00 0.13
10.00 2.00 0.37 5.00 0.13 0.00 0.13
11.00 2.00 0.38 5.00 0.13 0.00 0.13
12.00 2.00 0.40 5.00 0.13 0.00 0.13
13.00 2.00 0.41 5.00 0.13 0.00 0.13
14.00 2.00 0.42 5.00 0.13 0.00 0.13
15.00 2.00 0.43 5.00 0.13 0.00 0.13
16.00 2.00 0.44 5.00 0.13 0.00 0.13
17.00 2.00 0.45 5.00 0.13 0.00 0.13
18.00 2.00 0.46 5.00 0.13 0.00 0.13
19.00 2.00 0.47 5.00 0.13 0.00 0.13
20.00 2.00 0.47 5.00 0.13 0.00 0.13
21.00 2.00 0.48 5.00 0.13 0.00 0.13
22.00 2.00 0.48 5.00 0.13 0.00 0.13
23.00 2.00 0.49 5.00 0.13 0.00 0.13
24.00 2.00 0.49 5.00 0.13 0.00 0.13
25.00 2.00 0.50 5.00 0.13 0.00 0.13
26.00 2.00 0.50 5.00 0.13 0.00 0.13
27.00 2.00 0.50 5.00 0.13 0.00 0.13
28.00 2.00 0.51 5.00 0.13 0.00 0.13
29.00 2.00 0.51 5.00 0.13 0.00 0.13
30.00 2.00 0.51 5.00 0.13 0.00 0.13
31.00 2.00 0.51 5.00 0.13 0.00 0.13
32.00 2.00 0.51 5.00 0.13 0.00 0.13
33.00 2.00 0.51 5.00 0.13 0.00 0.13
34.00 2.00 0.51 5.00 0.13 0.00 0.13
35.00 2.00 0.50 5.00 0.13 0.00 0.13
36.00 2.00 0.50 5.00 0.13 0.00 0.13
37.00 2.00 0.50 5.00 0.13 0.00 0.13
38.00 2.00 0.50 5.00 0.13 0.00 0.13
39.00 2.00 0.49 5.00 0.13 0.00 0.13
40.00 0.35 0.49 0.70* 0.07 0.00 0.07
41.00 1.24 0.49 2.53 0.00 0.00 0.00
42.00 2.46 0.49 5.00 0.00 0.00 0.00
43.00 2.45 0.48 5.00 0.00 0.00 0.00
44.00 2.00 0.48 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-049    Water Depth=8 ft    Surface Elev.=725.7 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:04:08 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-049.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=725.7
Hole No.=CPT-11-049
Depth of Hole= 44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=725.7
Hole No.=CPT-11-049
Depth of Hole=44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 178.0 1.7 120.0 NoLiq 0.5
1.5 293.3 2.2 120.0 NoLiq 0.5
2.5 69.3 0.8 120.0 NoLiq 0.5
3.5 22.5 0.8 120.0 NoLiq 0.5
4.5 25.3 0.5 120.0 NoLiq 0.5
5.5 22.5 1.1 115.1 NoLiq 0.5
6.5 21.9 1.3 115.4 NoLiq 0.5
7.5 29.2 1.0 115.7 33.6 0.5
8.5 51.8 1.0 115.9 19.3 0.5
9.5 50.3 0.7 116.2 NoLiq 0.5
10.5 24.4 0.6 116.5 NoLiq 0.5
11.5 11.7 0.8 116.8 NoLiq 0.5
12.5 16.7 1.0 117.1 NoLiq 0.5
13.5 28.9 0.8 117.3 NoLiq 0.5
14.5 23.0 0.6 117.6 NoLiq 0.5
15.5 23.0 0.6 117.9 NoLiq 0.5
16.5 4.4 0.2 118.2 NoLiq 0.5
17.5 2.7 0.2 118.5 NoLiq 0.5
18.5 12.0 0.5 118.7 NoLiq 0.5
19.5 16.7 0.8 119.0 NoLiq 0.5
20.5 26.1 1.5 119.3 NoLiq 0.5
21.5 25.8 1.3 119.6 NoLiq 0.5
22.5 28.4 1.2 119.9 NoLiq 0.5
23.5 33.3 1.5 120.1 NoLiq 0.5
24.5 27.6 1.8 120.4 NoLiq 0.5
25.5 14.7 0.4 120.7 NoLiq 0.5
26.5 23.3 1.3 121.0 NoLiq 0.5
27.5 60.0 1.5 121.3 NoLiq 0.5
28.5 102.0 1.9 121.5 NoLiq 0.5
29.5 52.8 1.9 121.8 NoLiq 0.5
30.5 92.7 1.6 122.1 NoLiq 0.5
31.5 106.5 1.9 122.4 NoLiq 0.5
32.5 51.3 1.6 122.7 NoLiq 0.5
33.5 12.6 0.4 122.9 NoLiq 0.5
34.5 14.9 0.4 123.2 NoLiq 0.5
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35.5 15.7 0.4 123.5 NoLiq 0.5
36.5 10.4 0.2 123.8 NoLiq 0.5
37.5 11.7 0.3 124.1 NoLiq 0.5
38.5 15.8 0.3 124.3 NoLiq 0.5
39.5 18.5 0.5 124.6 NoLiq 0.5
40.5 70.4 0.9 124.9 18.7 0.5
41.5 264.6 3.7 125.2 8.2 0.5
42.5 278.3 9.4 125.4 15.2 0.5
43.5 492.0 11.4 125.7 8.8 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.23 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.23 in.
Differential Settlement=0.116 to 0.154 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.23 0.00 0.23
1.00 2.00 0.34 5.00 0.23 0.00 0.23
2.00 2.00 0.34 5.00 0.23 0.00 0.23
3.00 2.00 0.34 5.00 0.23 0.00 0.23
4.00 2.00 0.33 5.00 0.23 0.00 0.23
5.00 2.00 0.33 5.00 0.23 0.00 0.23
6.00 2.00 0.33 5.00 0.23 0.00 0.23
7.00 2.00 0.33 5.00 0.23 0.00 0.23
8.00 0.30 0.33 0.90* 0.23 0.00 0.23
9.00 0.24 0.35 0.67* 0.13 0.00 0.13
10.00 2.00 0.37 5.00 0.06 0.00 0.06
11.00 2.00 0.38 5.00 0.06 0.00 0.06
12.00 2.00 0.40 5.00 0.06 0.00 0.06
13.00 2.00 0.41 5.00 0.06 0.00 0.06
14.00 2.00 0.42 5.00 0.06 0.00 0.06
15.00 2.00 0.43 5.00 0.06 0.00 0.06
16.00 2.00 0.44 5.00 0.06 0.00 0.06
17.00 2.00 0.45 5.00 0.06 0.00 0.06
18.00 2.00 0.46 5.00 0.06 0.00 0.06
19.00 2.00 0.47 5.00 0.06 0.00 0.06
20.00 2.00 0.47 5.00 0.06 0.00 0.06
21.00 2.00 0.48 5.00 0.06 0.00 0.06
22.00 2.00 0.48 5.00 0.06 0.00 0.06
23.00 2.00 0.49 5.00 0.06 0.00 0.06
24.00 2.00 0.49 5.00 0.06 0.00 0.06
25.00 2.00 0.50 5.00 0.06 0.00 0.06
26.00 2.00 0.50 5.00 0.06 0.00 0.06
27.00 2.00 0.50 5.00 0.06 0.00 0.06
28.00 2.00 0.51 5.00 0.06 0.00 0.06
29.00 2.00 0.51 5.00 0.06 0.00 0.06
30.00 2.00 0.51 5.00 0.06 0.00 0.06
31.00 2.00 0.51 5.00 0.06 0.00 0.06
32.00 2.00 0.51 5.00 0.06 0.00 0.06
33.00 2.00 0.51 5.00 0.06 0.00 0.06
34.00 2.00 0.51 5.00 0.06 0.00 0.06
35.00 2.00 0.50 5.00 0.06 0.00 0.06
36.00 2.00 0.50 5.00 0.06 0.00 0.06
37.00 2.00 0.50 5.00 0.06 0.00 0.06
38.00 2.00 0.50 5.00 0.06 0.00 0.06
39.00 2.00 0.49 5.00 0.06 0.00 0.06
40.00 2.00 0.49 5.00 0.06 0.00 0.06
41.00 0.51 0.49 1.05 0.00 0.00 0.00
42.00 2.04 0.49 4.20 0.00 0.00 0.00
43.00 2.45 0.48 5.00 0.00 0.00 0.00
44.00 2.44 0.48 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-050    Water Depth=8 ft    Surface Elev.=724.6 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:05:25 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-050.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=724.6
Hole No.=CPT-11-050
Depth of Hole= 44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=724.6
Hole No.=CPT-11-050
Depth of Hole=44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 381.0 6.7 120.0 NoLiq 0.5
1.5 376.6 3.0 120.0 NoLiq 0.5
2.5 91.4 1.7 120.0 NoLiq 0.5
3.5 67.3 1.5 120.0 NoLiq 0.5
4.5 31.3 0.9 120.0 NoLiq 0.5
5.5 23.9 1.1 115.1 NoLiq 0.5
6.5 24.2 1.0 115.4 NoLiq 0.5
7.5 29.3 1.1 115.7 NoLiq 0.5
8.5 58.8 1.3 115.9 19.7 0.5
9.5 39.1 1.1 116.2 27.4 0.5
10.5 22.4 1.0 116.5 NoLiq 0.5
11.5 21.8 1.0 116.8 NoLiq 0.5
12.5 31.0 1.3 117.1 NoLiq 0.5
13.5 28.2 1.0 117.3 NoLiq 0.5
14.5 26.4 0.6 117.6 NoLiq 0.5
15.5 30.3 0.6 117.9 NoLiq 0.5
16.5 11.4 0.3 118.2 NoLiq 0.5
17.5 15.9 0.5 118.5 NoLiq 0.5
18.5 18.8 0.5 118.7 NoLiq 0.5
19.5 9.8 0.2 119.0 NoLiq 0.5
20.5 17.8 0.5 119.3 NoLiq 0.5
21.5 58.0 2.3 119.6 NoLiq 0.5
22.5 21.9 0.8 119.9 NoLiq 0.5
23.5 43.7 1.7 120.1 NoLiq 0.5
24.5 20.8 0.4 120.4 NoLiq 0.5
25.5 30.4 1.0 120.7 NoLiq 0.5
26.5 56.0 2.0 121.0 NoLiq 0.5
27.5 56.6 1.2 121.3 NoLiq 0.5
28.5 84.0 1.1 121.5 NoLiq 0.5
29.5 63.7 1.7 121.8 NoLiq 0.5
30.5 53.6 1.9 122.1 NoLiq 0.5
31.5 44.5 1.4 122.4 NoLiq 0.5
32.5 18.3 0.3 122.7 NoLiq 0.5
33.5 20.9 0.5 122.9 NoLiq 0.5
34.5 24.3 0.6 123.2 NoLiq 0.5
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35.5 22.8 0.4 123.5 NoLiq 0.5
36.5 37.9 0.6 123.8 NoLiq 0.5
37.5 24.5 0.6 124.1 NoLiq 0.5
38.5 224.5 3.8 124.3 NoLiq 0.5
39.5 289.2 2.4 124.6 NoLiq 0.5
40.5 341.2 4.3 124.9 NoLiq 0.5
41.5 258.1 7.4 125.2 13.9 0.5
42.5 247.8 8.2 125.4 16.1 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.01 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.01 in.
Differential Settlement=0.005 to 0.007 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.01 0.00 0.01
1.00 2.00 0.34 5.00 0.01 0.00 0.01
2.00 2.00 0.34 5.00 0.01 0.00 0.01
3.00 2.00 0.34 5.00 0.01 0.00 0.01
4.00 2.00 0.33 5.00 0.01 0.00 0.01
5.00 2.00 0.33 5.00 0.01 0.00 0.01
6.00 2.00 0.33 5.00 0.01 0.00 0.01
7.00 2.00 0.33 5.00 0.01 0.00 0.01
8.00 2.00 0.33 5.00 0.01 0.00 0.01
9.00 0.33 0.35 0.95* 0.01 0.00 0.01
10.00 0.79 0.37 2.13 0.00 0.00 0.00
11.00 2.00 0.38 5.00 0.00 0.00 0.00
12.00 2.00 0.40 5.00 0.00 0.00 0.00
13.00 2.00 0.41 5.00 0.00 0.00 0.00
14.00 2.00 0.42 5.00 0.00 0.00 0.00
15.00 2.00 0.43 5.00 0.00 0.00 0.00
16.00 2.00 0.44 5.00 0.00 0.00 0.00
17.00 2.00 0.45 5.00 0.00 0.00 0.00
18.00 2.00 0.46 5.00 0.00 0.00 0.00
19.00 2.00 0.47 5.00 0.00 0.00 0.00
20.00 2.00 0.47 5.00 0.00 0.00 0.00
21.00 2.00 0.48 5.00 0.00 0.00 0.00
22.00 2.00 0.48 5.00 0.00 0.00 0.00
23.00 2.00 0.49 5.00 0.00 0.00 0.00
24.00 2.00 0.49 5.00 0.00 0.00 0.00
25.00 2.00 0.50 5.00 0.00 0.00 0.00
26.00 2.00 0.50 5.00 0.00 0.00 0.00
27.00 2.00 0.50 5.00 0.00 0.00 0.00
28.00 2.00 0.51 5.00 0.00 0.00 0.00
29.00 2.00 0.51 5.00 0.00 0.00 0.00
30.00 2.00 0.51 5.00 0.00 0.00 0.00
31.00 2.00 0.51 5.00 0.00 0.00 0.00
32.00 2.00 0.51 5.00 0.00 0.00 0.00
33.00 2.00 0.51 5.00 0.00 0.00 0.00
34.00 2.00 0.51 5.00 0.00 0.00 0.00
35.00 2.00 0.50 5.00 0.00 0.00 0.00
36.00 2.00 0.50 5.00 0.00 0.00 0.00
37.00 2.00 0.50 5.00 0.00 0.00 0.00
38.00 2.00 0.50 5.00 0.00 0.00 0.00
39.00 2.00 0.49 5.00 0.00 0.00 0.00
40.00 2.00 0.49 5.00 0.00 0.00 0.00
41.00 2.00 0.49 5.00 0.00 0.00 0.00
42.00 2.23 0.49 4.60 0.00 0.00 0.00
43.00 2.27 0.48 4.71 0.00 0.00 0.00
44.00 2.22 0.48 4.64 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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Appendix E-3 
Axial Pile Capacity Calculations 
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C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Abut1_Comp.cpt                           
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Intechange - Moorpark Road UC - Abut 1                   

          DESIGNER : J. Lee                                                      

          DATE : 3/28/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     48.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =  17.50 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       125.00        25.00     12.00
            18.75   SAND      1.00       125.00        25.00     12.00
            18.75   CLAY      0.00       120.00         0.00      0.00
            27.95   CLAY      0.00       120.00         0.00      0.00
            27.95   CLAY      0.00        57.60         0.00      0.00
            29.95   CLAY      0.00        57.60         0.00      0.00
            29.95   SAND      1.00        57.60        30.00     20.00
            30.75   SAND      1.00        57.60        30.00     20.00
            30.75   CLAY      0.00        57.60         0.00      0.00
            38.55   CLAY      0.00        57.60         0.00      0.00
            38.55   SAND      1.00        67.60        32.00     12.00
            43.55   SAND      1.00        67.60        32.00     12.00
            43.55   CLAY      0.00        57.60         0.00      0.00
            51.55   CLAY      0.00        57.60         0.00      0.00
            51.55   SAND      1.00        67.60        43.00     40.00
            57.55   SAND      1.00        67.60        43.00     40.00
            57.55   SAND      1.00        72.60        43.00     50.00
            80.00   SAND      1.00        72.60        43.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.00      1.30   0.00       0.00      0.00
          9999.00 99999.00       2.00      1.00   0.00       0.00      0.00
          9999.00 99999.00       2.00      1.30   0.00       0.00      0.00
          9999.00 99999.00       2.00      1.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.75      0.38   0.00       0.00      0.00
          9999.00 99999.00       0.75      0.38   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.50      0.25   0.00       0.00      0.00
          9999.00 99999.00       0.90      0.45   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     0.2     0.2    0.0     0.5     0.5    0.0     0.4     0.4
        1.0    0.0     0.4     0.4    0.0     0.9     0.9    0.0     0.7     0.7
        2.0    0.0     0.6     0.6    0.0     1.2     1.2    0.0     1.0     1.0
        3.0    0.0     0.7     0.7    0.0     1.6     1.6    0.0     1.2     1.2
        4.0    0.0     0.9     0.9    0.0     1.9     1.9    0.0     1.5     1.5
        5.0    0.0     1.0     1.0    0.0     2.2     2.2    0.0     1.8     1.8
        6.0    0.0     1.2     1.2    0.0     2.6     2.6    0.0     2.0     2.0
        7.0    0.0     1.4     1.4    0.0     2.9     2.9    0.0     2.3     2.3
        8.0    0.0     1.5     1.5    0.0     3.3     3.3    0.0     2.6     2.6
        9.0    0.0     1.7     1.7    0.0     3.6     3.6    0.0     2.9     2.9
       10.0    0.0     1.8     1.8    0.0     4.0     4.0    0.0     3.1     3.1
       11.0    0.0     2.0     2.0    0.0     4.3     4.3    0.0     3.4     3.4
       12.0    0.0     2.2     2.2    0.0     4.7     4.7    0.0     3.7     3.7
       13.0    0.0     2.3     2.3    0.0     5.0     5.0    0.0     3.9     3.9
       14.0    0.0     2.4     2.4    0.0     5.3     5.3    0.0     4.2     4.2
       15.0    0.0     2.4     2.4    0.0     5.4     5.4    0.0     4.5     4.5
       16.0    0.0     2.4     2.4    0.0     5.3     5.3    0.0     4.7     4.7
       17.0    0.0     2.7     2.7    3.6     4.5     8.2    0.0     4.3     4.3
       18.0    1.1     3.0     4.1    7.2     3.9    11.1   17.7     3.8    21.5
       19.0    3.3     3.3     6.5   10.8     3.3    14.1   19.6     3.3    22.9
       20.0    8.2     3.3    11.4   15.0     3.3    18.3   22.6     3.3    25.8
       21.0   15.9     3.3    19.2   19.7     3.3    23.0   26.4     3.3    29.7
       22.0   23.9     3.3    27.2   24.5     3.3    27.8   30.9     3.3    34.1
       23.0   31.9     3.3    35.2   29.2     3.3    32.5   35.4     3.3    38.7
       24.0   39.9     3.3    43.2   34.0     3.3    37.3   40.0     3.3    43.3
       25.0   47.9     3.3    51.2   38.7     3.3    42.0   44.7     3.3    47.9
       26.0   55.9     3.3    59.2   43.5     3.3    46.8   49.4     3.3    52.7
       27.0   63.9     3.3    67.2   48.2     3.3    51.5   54.3     3.3    57.6
       28.0   71.9     3.0    74.9   53.0     4.8    57.8   59.2     6.5    65.7
       29.0   79.9     2.3    82.2   57.7     4.1    61.8   64.2     5.8    70.0
       30.0   87.9     1.6    89.5   61.3     3.4    64.8   69.2     5.1    74.3
       31.0   94.3     1.2    95.6   65.4     1.2    66.6   74.3     1.2    75.6
       32.0   98.5     1.2    99.7   69.1     1.2    70.4   77.8     1.2    79.0
       33.0  102.0     1.2   103.2   72.2     1.2    73.5   81.2     1.2    82.4
       34.0  105.5     1.2   106.7   75.4     1.2    76.6   84.7     1.2    86.0
       35.0  109.0     1.2   110.2   78.5     1.2    79.7   88.3     1.2    89.5
       36.0  112.5     1.3   113.8   81.6     1.3    82.9   91.9     1.3    93.1
       37.0  116.1     2.8   118.9   84.7     4.3    89.0   95.5     3.8    99.3
       38.0  119.6     4.4   124.0   87.8     7.3    95.1   99.1     6.5   105.6
       39.0  123.1     6.0   129.1   91.4    10.3   101.7  102.8     9.1   112.0
       40.0  128.2     6.0   134.2   95.0    10.3   105.3  109.0     9.3   118.3
       41.0  134.9     5.9   140.8   98.6    10.2   108.9  115.3     9.3   124.6
       42.0  141.7     4.3   146.0  102.3     7.1   109.4  121.6     6.6   128.2
       43.0  148.6     2.6   151.3  105.9     4.0   109.9  128.1     3.8   131.9
       44.0  155.7     1.0   156.7  110.0     1.0   111.0  134.7     1.0   135.7
       45.0  160.5     1.1   161.6  113.7     1.1   114.8  138.4     1.1   139.4
       46.0  163.2     1.1   164.4  116.3     1.1   117.5  142.2     1.1   143.3
       47.0  166.2     1.2   167.4  119.1     1.2   120.3  146.1     1.2   147.3
       48.0  169.3     1.3   170.6  122.0     1.3   123.3  150.1     1.3   151.4

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           0.4          0.4
              1.00           0.0           0.7          0.7
              2.00           0.0           1.0          1.0
              3.00           0.0           1.2          1.2
              4.00           0.0           1.5          1.5
              5.00           0.0           1.8          1.8
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              6.00           0.0           2.0          2.0
              7.00           0.0           2.3          2.3
              8.00           0.0           2.6          2.6
              9.00           0.0           2.9          2.9
             10.00           0.0           3.1          3.1
             11.00           0.0           3.4          3.4
             12.00           0.0           3.7          3.7
             13.00           0.0           3.9          3.9
             14.00           0.0           4.2          4.2
             15.00           0.0           4.5          4.5
             16.00           0.0           4.7          4.7
             17.00           0.0           4.3          4.3
             18.00           1.9           3.8          5.8
             19.00           5.9           3.3          9.2
             20.00          10.6           3.3         13.9
             21.00          16.0           3.3         19.3
             22.00          21.5           3.3         24.8
             23.00          27.1           3.3         30.4
             24.00          32.9           3.3         36.1
             25.00          38.7           3.3         42.0
             26.00          44.7           3.3         47.9
             27.00          50.8           3.3         54.1
             28.00          56.9           6.5         63.4
             29.00          63.2           5.8         69.0
             30.00          69.5           5.1         74.7
             31.00          76.7           1.2         77.9
             32.00          82.5           1.2         83.7
             33.00          86.1           1.2         87.3
             34.00          89.6           1.2         90.9
             35.00          93.2           1.2         94.4
             36.00          96.8           1.3         98.1
             37.00         100.3           3.8        104.2
             38.00         103.9           6.5        110.4
             39.00         107.5           9.1        116.6
             40.00         114.3           9.3        123.5
             41.00         122.9           9.3        132.3
             42.00         131.6           6.6        138.1
             43.00         140.2           3.8        144.0
             44.00         150.8           1.0        151.8
             45.00         157.5           1.1        158.6
             46.00         160.2           1.1        161.4
             47.00         163.2           1.2        164.4
             48.00         166.4           1.3        167.7

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
            2         10      0.9400E+01
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
            3         10      0.1871E+02
                                               0.0000E+00      0.0000E+00
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                                               0.6362E+00      0.1000E-01
                                               0.1272E+01      0.2000E-01
                                               0.2545E+01      0.4000E-01
                                               0.3817E+01      0.6000E-01
                                               0.5090E+01      0.8000E-01
                                               0.5726E+01      0.9000E-01
                                               0.6362E+01      0.1000E+00
                                               0.6362E+01      0.5000E+00
                                               0.6362E+01      0.2000E+01
            4         10      0.1875E+02
                                               0.0000E+00      0.0000E+00
                                               0.1909E+01      0.2903E-01
                                               0.3181E+01      0.5625E-01
                                               0.4772E+01      0.1034E+00
                                               0.5726E+01      0.1451E+00
                                               0.6362E+01      0.1814E+00
                                               0.5726E+01      0.3629E+00
                                               0.5726E+01      0.5443E+00
                                               0.5726E+01      0.9072E+00
                                               0.5726E+01      0.3629E+01
            5         10      0.2338E+02
                                               0.0000E+00      0.0000E+00
                                               0.2541E+01      0.2903E-01
                                               0.4234E+01      0.5625E-01
                                               0.6352E+01      0.1034E+00
                                               0.7622E+01      0.1451E+00
                                               0.8469E+01      0.1814E+00
                                               0.7622E+01      0.3629E+00
                                               0.7622E+01      0.5443E+00
                                               0.7622E+01      0.9072E+00
                                               0.7622E+01      0.3629E+01
            6         10      0.2791E+02
                                               0.0000E+00      0.0000E+00
                                               0.2732E+01      0.2903E-01
                                               0.4553E+01      0.5625E-01
                                               0.6830E+01      0.1034E+00
                                               0.8196E+01      0.1451E+00
                                               0.9106E+01      0.1814E+00
                                               0.8196E+01      0.3629E+00
                                               0.8196E+01      0.5443E+00
                                               0.8196E+01      0.9072E+00
                                               0.8196E+01      0.3629E+01
            7         10      0.2795E+02
                                               0.0000E+00      0.0000E+00
                                               0.2732E+01      0.2903E-01
                                               0.4553E+01      0.5625E-01
                                               0.6830E+01      0.1034E+00
                                               0.8196E+01      0.1451E+00
                                               0.9106E+01      0.1814E+00
                                               0.8196E+01      0.3629E+00
                                               0.8196E+01      0.5443E+00
                                               0.8196E+01      0.9072E+00
                                               0.8196E+01      0.3629E+01
            8         10      0.2898E+02
                                               0.0000E+00      0.0000E+00
                                               0.2761E+01      0.2903E-01
                                               0.4601E+01      0.5625E-01
                                               0.6902E+01      0.1034E+00
                                               0.8283E+01      0.1451E+00
                                               0.9203E+01      0.1814E+00
                                               0.8283E+01      0.3629E+00
                                               0.8283E+01      0.5443E+00
                                               0.8283E+01      0.9072E+00
                                               0.8283E+01      0.3629E+01
            9         10      0.2991E+02
                                               0.0000E+00      0.0000E+00
                                               0.2963E+01      0.2903E-01
                                               0.4938E+01      0.5625E-01
                                               0.7408E+01      0.1034E+00
                                               0.8889E+01      0.1451E+00
                                               0.9877E+01      0.1814E+00
                                               0.8889E+01      0.3629E+00
                                               0.8889E+01      0.5443E+00
                                               0.8889E+01      0.9072E+00
                                               0.8889E+01      0.3629E+01
           10         10      0.2995E+02
                                               0.0000E+00      0.0000E+00
                                               0.9877E+00      0.1000E-01
                                               0.1975E+01      0.2000E-01
                                               0.3951E+01      0.4000E-01
                                               0.5926E+01      0.6000E-01
                                               0.7901E+01      0.8000E-01
                                               0.8889E+01      0.9000E-01
                                               0.9877E+01      0.1000E+00

 Page 4



BSI FB-MultiPier - File: Abut1_Comp.apo Friday, May 04, 2012
                                               0.9877E+01      0.5000E+00
                                               0.9877E+01      0.2000E+01
           11         10      0.3048E+02
                                               0.0000E+00      0.0000E+00
                                               0.9495E+00      0.1000E-01
                                               0.1899E+01      0.2000E-01
                                               0.3798E+01      0.4000E-01
                                               0.5697E+01      0.6000E-01
                                               0.7596E+01      0.8000E-01
                                               0.8546E+01      0.9000E-01
                                               0.9495E+01      0.1000E+00
                                               0.9495E+01      0.5000E+00
                                               0.9495E+01      0.2000E+01
           12         10      0.3091E+02
                                               0.0000E+00      0.0000E+00
                                               0.9495E+00      0.1000E-01
                                               0.1899E+01      0.2000E-01
                                               0.3798E+01      0.4000E-01
                                               0.5697E+01      0.6000E-01
                                               0.7596E+01      0.8000E-01
                                               0.8546E+01      0.9000E-01
                                               0.9495E+01      0.1000E+00
                                               0.9495E+01      0.5000E+00
                                               0.9495E+01      0.2000E+01
           13         10      0.3095E+02
                                               0.0000E+00      0.0000E+00
                                               0.2849E+01      0.2903E-01
                                               0.4748E+01      0.5625E-01
                                               0.7122E+01      0.1034E+00
                                               0.8546E+01      0.1451E+00
                                               0.9495E+01      0.1814E+00
                                               0.8546E+01      0.3629E+00
                                               0.8546E+01      0.5443E+00
                                               0.8546E+01      0.9072E+00
                                               0.8546E+01      0.3629E+01
           14         10      0.3477E+02
                                               0.0000E+00      0.0000E+00
                                               0.1562E+01      0.2903E-01
                                               0.2604E+01      0.5625E-01
                                               0.3906E+01      0.1034E+00
                                               0.4687E+01      0.1451E+00
                                               0.5208E+01      0.1814E+00
                                               0.4687E+01      0.3629E+00
                                               0.4687E+01      0.5443E+00
                                               0.4687E+01      0.9072E+00
                                               0.4687E+01      0.3629E+01
           15         10      0.3851E+02
                                               0.0000E+00      0.0000E+00
                                               0.2275E+01      0.2903E-01
                                               0.3791E+01      0.5625E-01
                                               0.5687E+01      0.1034E+00
                                               0.6824E+01      0.1451E+00
                                               0.7583E+01      0.1814E+00
                                               0.6824E+01      0.3629E+00
                                               0.6824E+01      0.5443E+00
                                               0.6824E+01      0.9072E+00
                                               0.6824E+01      0.3629E+01
           16         10      0.3855E+02
                                               0.0000E+00      0.0000E+00
                                               0.7583E+00      0.1000E-01
                                               0.1517E+01      0.2000E-01
                                               0.3033E+01      0.4000E-01
                                               0.4550E+01      0.6000E-01
                                               0.6066E+01      0.8000E-01
                                               0.6824E+01      0.9000E-01
                                               0.7583E+01      0.1000E+00
                                               0.7583E+01      0.5000E+00
                                               0.7583E+01      0.2000E+01
           17         10      0.4107E+02
                                               0.0000E+00      0.0000E+00
                                               0.1264E+01      0.1000E-01
                                               0.2528E+01      0.2000E-01
                                               0.5056E+01      0.4000E-01
                                               0.7583E+01      0.6000E-01
                                               0.1011E+02      0.8000E-01
                                               0.1137E+02      0.9000E-01
                                               0.1264E+02      0.1000E+00
                                               0.1264E+02      0.5000E+00
                                               0.1264E+02      0.2000E+01
           18         10      0.4351E+02
                                               0.0000E+00      0.0000E+00
                                               0.1264E+01      0.1000E-01
                                               0.2528E+01      0.2000E-01
                                               0.5055E+01      0.4000E-01
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                                               0.7583E+01      0.6000E-01
                                               0.1011E+02      0.8000E-01
                                               0.1137E+02      0.9000E-01
                                               0.1264E+02      0.1000E+00
                                               0.1264E+02      0.5000E+00
                                               0.1264E+02      0.2000E+01
           19         10      0.4355E+02
                                               0.0000E+00      0.0000E+00
                                               0.3791E+01      0.2903E-01
                                               0.6319E+01      0.5625E-01
                                               0.9478E+01      0.1034E+00
                                               0.1137E+02      0.1451E+00
                                               0.1264E+02      0.1814E+00
                                               0.1137E+02      0.3629E+00
                                               0.1137E+02      0.5443E+00
                                               0.1137E+02      0.9072E+00
                                               0.1137E+02      0.3629E+01
           20         10      0.4757E+02
                                               0.0000E+00      0.0000E+00
                                               0.1401E+01      0.2903E-01
                                               0.2335E+01      0.5625E-01
                                               0.3503E+01      0.1034E+00
                                               0.4203E+01      0.1451E+00
                                               0.4670E+01      0.1814E+00
                                               0.4203E+01      0.3629E+00
                                               0.4203E+01      0.5443E+00
                                               0.4203E+01      0.9072E+00
                                               0.4203E+01      0.3629E+01
           21         10      0.5151E+02
                                               0.0000E+00      0.0000E+00
                                               0.1401E+01      0.2903E-01
                                               0.2335E+01      0.5625E-01
                                               0.3503E+01      0.1034E+00
                                               0.4203E+01      0.1451E+00
                                               0.4670E+01      0.1814E+00
                                               0.4203E+01      0.3629E+00
                                               0.4203E+01      0.5443E+00
                                               0.4203E+01      0.9072E+00
                                               0.4203E+01      0.3629E+01
           22         10      0.5155E+02
                                               0.0000E+00      0.0000E+00
                                               0.4670E+00      0.1000E-01
                                               0.9340E+00      0.2000E-01
                                               0.1868E+01      0.4000E-01
                                               0.2802E+01      0.6000E-01
                                               0.3736E+01      0.8000E-01
                                               0.4203E+01      0.9000E-01
                                               0.4670E+01      0.1000E+00
                                               0.4670E+01      0.5000E+00
                                               0.4670E+01      0.2000E+01
           23         10      0.5457E+02
                                               0.0000E+00      0.0000E+00
                                               0.4670E+00      0.1000E-01
                                               0.9340E+00      0.2000E-01
                                               0.1868E+01      0.4000E-01
                                               0.2802E+01      0.6000E-01
                                               0.3736E+01      0.8000E-01
                                               0.4203E+01      0.9000E-01
                                               0.4670E+01      0.1000E+00
                                               0.4670E+01      0.5000E+00
                                               0.4670E+01      0.2000E+01
           24         10      0.5751E+02
                                               0.0000E+00      0.0000E+00
                                               0.4670E+00      0.1000E-01
                                               0.9340E+00      0.2000E-01
                                               0.1868E+01      0.4000E-01
                                               0.2802E+01      0.6000E-01
                                               0.3736E+01      0.8000E-01
                                               0.4203E+01      0.9000E-01
                                               0.4670E+01      0.1000E+00
                                               0.4670E+01      0.5000E+00
                                               0.4670E+01      0.2000E+01
           25         10      0.5755E+02
                                               0.0000E+00      0.0000E+00
                                               0.4670E+00      0.1000E-01
                                               0.9340E+00      0.2000E-01
                                               0.1868E+01      0.4000E-01
                                               0.2802E+01      0.6000E-01
                                               0.3736E+01      0.8000E-01
                                               0.4203E+01      0.9000E-01
                                               0.4670E+01      0.1000E+00
                                               0.4670E+01      0.5000E+00
                                               0.4670E+01      0.2000E+01
           26         10      0.6880E+02
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                                               0.0000E+00      0.0000E+00
                                               0.4670E+00      0.1000E-01
                                               0.9340E+00      0.2000E-01
                                               0.1868E+01      0.4000E-01
                                               0.2802E+01      0.6000E-01
                                               0.3736E+01      0.8000E-01
                                               0.4203E+01      0.9000E-01
                                               0.4670E+01      0.1000E+00
                                               0.4670E+01      0.5000E+00
                                               0.4670E+01      0.2000E+01
           27         10      0.7996E+02
                                               0.0000E+00      0.0000E+00
                                               0.4670E+00      0.1000E-01
                                               0.9340E+00      0.2000E-01
                                               0.1868E+01      0.4000E-01
                                               0.2802E+01      0.6000E-01
                                               0.3736E+01      0.8000E-01
                                               0.4203E+01      0.9000E-01
                                               0.4670E+01      0.1000E+00
                                               0.4670E+01      0.5000E+00
                                               0.4670E+01      0.2000E+01

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.8139E-01         0.9072E-02
        0.1628E+00         0.1814E-01
        0.3256E+00         0.3629E-01
        0.6511E+00         0.2359E+00
        0.9767E+00         0.7620E+00
        0.1172E+01         0.1324E+01
        0.1302E+01         0.1814E+01
        0.1302E+01         0.2722E+01
        0.1302E+01         0.3629E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.2297E+00      0.2113E-03      0.8972E-03      0.1000E-03
       0.2297E+01      0.2113E-02      0.8972E-02      0.1000E-02
       0.1149E+02      0.1057E-01      0.4486E-01      0.5000E-02
       0.2307E+02      0.2117E-01      0.8972E-01      0.1000E-01
       0.1020E+03      0.9977E-01      0.3479E+00      0.5000E-01
       0.1635E+03      0.1821E+00      0.4295E+00      0.1000E+00
       0.1785E+03      0.5904E+00      0.8145E+00      0.5000E+00
       0.1788E+03      0.1091E+01      0.1059E+01      0.1000E+01
       0.1790E+03      0.2091E+01      0.1302E+01      0.2000E+01
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Accumulated Skin Friction  (kips)

Route 101/23 Interchange      Moorpark Road UC      Abutment 5
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BSI FB-MultiPier - File: Abut5_Comp.apo Friday, May 04, 2012
C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Abut5_Comp.cpt                           
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          route 101-23 Interchange  Moorpark Road UC - Abutment 5               

          DESIGNER : J. Lee                                                      

          DATE : 3/31/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     61.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       125.00        25.00     12.00
            17.50   SAND      1.00       125.00        25.00     12.00
            17.50   CLAY      0.00       125.00         0.00      0.00
            22.50   CLAY      0.00       125.00         0.00      0.00
            22.50   CLAY      0.00        62.60         0.00      0.00
            26.00   CLAY      0.00        62.60         0.00      0.00
            26.00   CLAY      0.00        57.40         0.00      0.00
            31.00   CLAY      0.00        57.40         0.00      0.00
            31.00   CLAY      0.00        57.50         0.00      0.00
            35.50   CLAY      0.00        57.50         0.00      0.00
            35.50   SAND      1.00        57.50        28.00     20.00
            45.50   SAND      1.00        57.50        32.00     20.00
            45.50   CLAY      0.00        57.50         0.00      0.00
            49.50   CLAY      0.00        57.50         0.00      0.00
            49.50   SAND      1.00        67.50        36.00     20.00
            58.50   SAND      1.00        67.50        36.00     20.00
            58.50   SAND      1.00        67.60        43.00     40.00
            64.50   SAND      1.00        67.60        43.00     40.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       0.10      0.10   0.00       0.00      0.00
          9999.00 99999.00       0.10      0.10   0.00       0.00      0.00
          9999.00 99999.00       0.80      0.80   0.00       0.00      0.00
          9999.00 99999.00       0.80      0.80   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.75   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.75   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     0.2     0.2    0.0     0.5     0.5    0.0     0.4     0.4
        1.0    0.1     0.4     0.5    0.1     0.9     1.0    0.2     0.7     0.9
        2.0    0.2     0.6     0.8    0.5     1.2     1.7    0.8     1.0     1.8
        3.0    0.5     0.7     1.3    1.1     1.6     2.6    1.6     1.2     2.8
        4.0    1.0     0.9     1.8    1.9     1.9     3.8    2.6     1.5     4.1
        5.0    1.5     1.0     2.5    3.0     2.2     5.2    3.8     1.8     5.5
        6.0    2.1     1.2     3.3    4.3     2.6     6.9    5.0     2.0     7.1
        7.0    2.9     1.4     4.3    5.8     2.9     8.8    6.4     2.3     8.8
        8.0    3.8     1.5     5.3    7.6     3.3    10.9    8.0     2.6    10.5
        9.0    4.8     1.7     6.5    9.7     3.6    13.3    9.5     2.9    12.4
       10.0    6.0     1.8     7.8   11.9     4.0    15.9   11.2     3.1    14.3
       11.0    7.2     2.0     9.2   14.4     4.3    18.7   12.9     3.4    16.3
       12.0    8.6     2.2    10.7   17.2     4.7    21.8   14.7     3.7    18.4
       13.0   10.1     2.3    12.4   20.1     5.0    25.1   16.5     3.9    20.4
       14.0   11.7     2.4    14.1   23.4     5.3    28.7   18.3     4.2    22.5
       15.0   13.4     2.4    15.8   26.8     5.4    32.2   20.2     4.5    24.7
       16.0   15.3     3.0    18.2   30.4     5.0    35.4   22.0     4.4    26.5
       17.0   17.2     3.5    20.8   34.0     4.5    38.5   23.9     4.3    28.2
       18.0   19.3     4.1    23.4   37.6     4.1    41.7   26.0     4.1    30.1
       19.0   23.4     4.1    27.4   42.4     4.1    46.5   30.9     4.1    35.0
       20.0   30.5     4.1    34.6   48.3     4.1    52.4   35.8     4.1    39.9
       21.0   38.8     4.1    42.9   54.3     4.1    58.4   40.9     4.1    44.9
       22.0   47.2     4.1    51.2   60.2     4.1    64.3   46.0     4.1    50.1
       23.0   55.5     4.0    59.5   66.2     4.0    70.2   51.2     4.0    55.2
       24.0   63.8     2.8    66.6   72.1     2.8    74.8   56.4     2.8    59.2
       25.0   72.1     1.5    73.6   78.0     1.5    79.5   61.7     1.5    63.2
       26.0   80.4     0.2    80.6   84.0     0.2    84.1   67.1     0.2    67.2
       27.0   84.8     0.2    85.0   87.2     0.2    87.3   69.3     0.2    69.4
       28.0   85.3     0.2    85.5   87.6     0.2    87.8   71.5     0.2    71.7
       29.0   85.8     0.5    86.3   88.1     0.5    88.7   73.7     0.5    74.3
       30.0   86.3     0.9    87.2   88.6     0.9    89.5   76.1     0.9    77.0
       31.0   86.7     1.3    88.1   89.1     1.3    90.4   78.4     1.3    79.7
       32.0   88.9     1.3    90.2   90.9     1.3    92.2   81.7     1.3    83.0
       33.0   92.7     1.3    94.0   94.2     1.4    95.5   85.1     1.4    86.5
       34.0   96.5     1.7    98.2   97.4     3.2   100.6   88.4     5.4    93.8
       35.0  100.3     2.0   102.3  100.6     5.2   105.8   91.9     9.4   101.3
       36.0  104.1     2.4   106.5  104.2     7.2   111.5   95.3    13.5   108.8
       37.0  108.2     2.4   110.6  107.8     7.5   115.3  100.4    13.7   114.1
       38.0  112.8     2.4   115.2  111.4     7.7   119.1  105.6    13.9   119.5
       39.0  117.6     2.6   120.2  115.0     8.0   123.0  110.9    14.1   125.1
       40.0  122.5     3.0   125.5  118.6     8.4   127.0  116.4    14.3   130.7
       41.0  127.7     3.5   131.2  122.2     8.8   131.1  122.0    14.5   136.5
       42.0  133.1     4.2   137.3  125.8     9.3   135.2  127.7    14.8   142.4
       43.0  138.8     5.0   143.8  129.4     9.7   139.2  133.5    14.9   148.4
       44.0  144.8     4.4   149.3  133.1     7.5   140.5  139.5    10.8   150.3
       45.0  151.1     3.6   154.7  136.7     5.0   141.7  145.6     6.7   152.3
       46.0  157.7     2.4   160.2  140.8     2.4   143.3  151.9     2.4   154.3
       47.0  164.0     2.6   166.6  145.0     2.7   147.7  156.7     2.6   159.3
       48.0  170.5    10.9   181.4  148.6    13.0   161.6  161.6     7.1   168.7
       49.0  177.6    19.2   196.8  152.1    23.3   175.4  166.4    11.8   178.2
       50.0  184.7    27.5   212.2  161.8    33.6   195.3  171.4    16.5   187.8
       51.0  193.3    27.5   220.8  171.4    33.6   204.9  178.7    16.7   195.4
       52.0  203.5    27.5   231.0  181.0    33.6   214.6  186.1    17.0   203.1
       53.0  213.9    27.5   241.3  190.6    33.6   224.2  193.6    17.2   210.8
       54.0  224.4    27.5   251.8  200.3    33.6   233.8  201.2    17.5   218.7
       55.0  235.0    27.5   262.5  209.9    33.6   243.4  209.0    17.7   226.7
       56.0  245.8    28.2   274.0  219.5    34.0   253.5  216.8    18.1   234.9
       57.0  256.7    59.8   316.5  229.1    53.7   282.8  224.8    24.4   249.2
       58.0  267.8    91.3   359.1  238.7    73.3   312.1  232.9    30.8   263.7
       59.0  279.1   122.8   401.9  250.9    93.0   343.9  241.1    37.4   278.4
       60.0  293.1   122.8   416.0  263.0    93.0   356.0  250.7    37.8   288.6
       61.0  310.0   121.8   431.9  275.1    92.3   367.3  260.6    38.0   298.6
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                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           0.4          0.4
              1.00           0.1           0.7          0.8
              2.00           0.4           1.0          1.4
              3.00           1.0           1.2          2.2
              4.00           1.7           1.5          3.2
              5.00           2.7           1.8          4.5
              6.00           3.9           2.0          5.9
              7.00           5.3           2.3          7.6
              8.00           6.9           2.6          9.5
              9.00           8.8           2.9         11.6
             10.00          10.8           3.1         13.9
             11.00          13.1           3.4         16.5
             12.00          15.6           3.7         19.2
             13.00          18.3           3.9         22.2
             14.00          21.2           4.2         25.4
             15.00          24.3           4.5         28.8
             16.00          27.7           4.4         32.1
             17.00          31.2           4.3         35.5
             18.00          35.0           4.1         39.1
             19.00          39.9           4.1         44.0
             20.00          45.8           4.1         49.9
             21.00          51.8           4.1         55.9
             22.00          58.0           4.1         62.0
             23.00          64.2           4.0         68.3
             24.00          70.7           2.8         73.4
             25.00          77.1           1.5         78.6
             26.00          83.7           0.2         83.8
             27.00          87.2           0.2         87.3
             28.00          87.7           0.2         87.8
             29.00          88.1           0.5         88.7
             30.00          88.6           0.9         89.5
             31.00          89.1           1.3         90.4
             32.00          91.2           1.3         92.5
             33.00          95.0           1.4         96.4
             34.00          98.8           5.4        104.2
             35.00         102.6           9.4        112.0
             36.00         106.4          13.5        119.9
             37.00         112.1          13.7        125.8
             38.00         119.8          13.9        133.8
             39.00         127.7          14.1        141.9
             40.00         135.8          14.3        150.1
             41.00         143.9          14.5        158.4
             42.00         152.1          14.8        166.9
             43.00         160.5          14.9        175.4
             44.00         169.0          10.8        179.8
             45.00         177.6           6.7        184.2
             46.00         187.6           2.4        190.1
             47.00         195.7           2.6        198.3
             48.00         201.7           7.1        208.9
             49.00         207.8          11.8        219.6
             50.00         213.9          16.5        230.4
             51.00         223.4          16.7        240.1
             52.00         233.3          17.0        250.3
             53.00         243.2          17.2        260.4
             54.00         253.1          17.5        270.5
             55.00         262.9          17.7        280.6
             56.00         272.8          18.1        290.9
             57.00         282.7          24.4        307.1
             58.00         292.6          30.8        323.4
             59.00         303.2          37.4        340.6
             60.00         314.6          37.8        352.5
             61.00         326.0          38.0        364.0

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
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           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.2616E-01      0.1000E-01
                                               0.5233E-01      0.2000E-01
                                               0.1047E+00      0.4000E-01
                                               0.1570E+00      0.6000E-01
                                               0.2093E+00      0.8000E-01
                                               0.2355E+00      0.9000E-01
                                               0.2616E+00      0.1000E+00
                                               0.2616E+00      0.5000E+00
                                               0.2616E+00      0.2000E+01
            2         10      0.8775E+01
                                               0.0000E+00      0.0000E+00
                                               0.1570E+00      0.1000E-01
                                               0.3140E+00      0.2000E-01
                                               0.6280E+00      0.4000E-01
                                               0.9419E+00      0.6000E-01
                                               0.1256E+01      0.8000E-01
                                               0.1413E+01      0.9000E-01
                                               0.1570E+01      0.1000E+00
                                               0.1570E+01      0.5000E+00
                                               0.1570E+01      0.2000E+01
            3         10      0.1746E+02
                                               0.0000E+00      0.0000E+00
                                               0.4481E+00      0.1000E-01
                                               0.8963E+00      0.2000E-01
                                               0.1793E+01      0.4000E-01
                                               0.2689E+01      0.6000E-01
                                               0.3585E+01      0.8000E-01
                                               0.4033E+01      0.9000E-01
                                               0.4481E+01      0.1000E+00
                                               0.4481E+01      0.5000E+00
                                               0.4481E+01      0.2000E+01
            4         10      0.1750E+02
                                               0.0000E+00      0.0000E+00
                                               0.1344E+01      0.2903E-01
                                               0.2241E+01      0.5625E-01
                                               0.3361E+01      0.1034E+00
                                               0.4033E+01      0.1451E+00
                                               0.4481E+01      0.1814E+00
                                               0.4033E+01      0.3629E+00
                                               0.4033E+01      0.5443E+00
                                               0.4033E+01      0.9072E+00
                                               0.4033E+01      0.3629E+01
            5         10      0.2002E+02
                                               0.0000E+00      0.0000E+00
                                               0.3651E+01      0.2903E-01
                                               0.6085E+01      0.5625E-01
                                               0.9128E+01      0.1034E+00
                                               0.1095E+02      0.1451E+00
                                               0.1217E+02      0.1814E+00
                                               0.1095E+02      0.3629E+00
                                               0.1095E+02      0.5443E+00
                                               0.1095E+02      0.9072E+00
                                               0.1095E+02      0.3629E+01
            6         10      0.2246E+02
                                               0.0000E+00      0.0000E+00
                                               0.3651E+01      0.2903E-01
                                               0.6085E+01      0.5625E-01
                                               0.9128E+01      0.1034E+00
                                               0.1095E+02      0.1451E+00
                                               0.1217E+02      0.1814E+00
                                               0.1095E+02      0.3629E+00
                                               0.1095E+02      0.5443E+00
                                               0.1095E+02      0.9072E+00
                                               0.1095E+02      0.3629E+01
            7         10      0.2250E+02
                                               0.0000E+00      0.0000E+00
                                               0.3651E+01      0.2903E-01
                                               0.6085E+01      0.5625E-01
                                               0.9128E+01      0.1034E+00
                                               0.1095E+02      0.1451E+00
                                               0.1217E+02      0.1814E+00
                                               0.1095E+02      0.3629E+00
                                               0.1095E+02      0.5443E+00
                                               0.1095E+02      0.9072E+00
                                               0.1095E+02      0.3629E+01
            8         10      0.2427E+02
                                               0.0000E+00      0.0000E+00
                                               0.3651E+01      0.2903E-01
                                               0.6085E+01      0.5625E-01
                                               0.9128E+01      0.1034E+00
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                                               0.1095E+02      0.1451E+00
                                               0.1217E+02      0.1814E+00
                                               0.1095E+02      0.3629E+00
                                               0.1095E+02      0.5443E+00
                                               0.1095E+02      0.9072E+00
                                               0.1095E+02      0.3629E+01
            9         10      0.2596E+02
                                               0.0000E+00      0.0000E+00
                                               0.2790E+01      0.2903E-01
                                               0.4651E+01      0.5625E-01
                                               0.6976E+01      0.1034E+00
                                               0.8371E+01      0.1451E+00
                                               0.9301E+01      0.1814E+00
                                               0.8371E+01      0.3629E+00
                                               0.8371E+01      0.5443E+00
                                               0.8371E+01      0.9072E+00
                                               0.8371E+01      0.3629E+01
           10         10      0.2600E+02
                                               0.0000E+00      0.0000E+00
                                               0.1069E+01      0.2903E-01
                                               0.1782E+01      0.5625E-01
                                               0.2673E+01      0.1034E+00
                                               0.3207E+01      0.1451E+00
                                               0.3563E+01      0.1814E+00
                                               0.3207E+01      0.3629E+00
                                               0.3207E+01      0.5443E+00
                                               0.3207E+01      0.9072E+00
                                               0.3207E+01      0.3629E+01
           11         10      0.2852E+02
                                               0.0000E+00      0.0000E+00
                                               0.2083E+00      0.2903E-01
                                               0.3472E+00      0.5625E-01
                                               0.5208E+00      0.1034E+00
                                               0.6250E+00      0.1451E+00
                                               0.6944E+00      0.1814E+00
                                               0.6250E+00      0.3629E+00
                                               0.6250E+00      0.5443E+00
                                               0.6250E+00      0.9072E+00
                                               0.6250E+00      0.3629E+01
           12         10      0.3096E+02
                                               0.0000E+00      0.0000E+00
                                               0.5729E+00      0.2903E-01
                                               0.9549E+00      0.5625E-01
                                               0.1432E+01      0.1034E+00
                                               0.1719E+01      0.1451E+00
                                               0.1910E+01      0.1814E+00
                                               0.1719E+01      0.3629E+00
                                               0.1719E+01      0.5443E+00
                                               0.1719E+01      0.9072E+00
                                               0.1719E+01      0.3629E+01
           13         10      0.3100E+02
                                               0.0000E+00      0.0000E+00
                                               0.1302E+01      0.2903E-01
                                               0.2170E+01      0.5625E-01
                                               0.3255E+01      0.1034E+00
                                               0.3906E+01      0.1451E+00
                                               0.4340E+01      0.1814E+00
                                               0.3906E+01      0.3629E+00
                                               0.3906E+01      0.5443E+00
                                               0.3906E+01      0.9072E+00
                                               0.3906E+01      0.3629E+01
           14         10      0.3327E+02
                                               0.0000E+00      0.0000E+00
                                               0.1667E+01      0.2903E-01
                                               0.2778E+01      0.5625E-01
                                               0.4167E+01      0.1034E+00
                                               0.5000E+01      0.1451E+00
                                               0.5556E+01      0.1814E+00
                                               0.5000E+01      0.3629E+00
                                               0.5000E+01      0.5443E+00
                                               0.5000E+01      0.9072E+00
                                               0.5000E+01      0.3629E+01
           15         10      0.3546E+02
                                               0.0000E+00      0.0000E+00
                                               0.1741E+01      0.2903E-01
                                               0.2902E+01      0.5625E-01
                                               0.4354E+01      0.1034E+00
                                               0.5224E+01      0.1451E+00
                                               0.5805E+01      0.1814E+00
                                               0.5224E+01      0.3629E+00
                                               0.5224E+01      0.5443E+00
                                               0.5224E+01      0.9072E+00
                                               0.5224E+01      0.3629E+01
           16         10      0.3550E+02
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                                               0.0000E+00      0.0000E+00
                                               0.5805E+00      0.1000E-01
                                               0.1161E+01      0.2000E-01
                                               0.2322E+01      0.4000E-01
                                               0.3483E+01      0.6000E-01
                                               0.4644E+01      0.8000E-01
                                               0.5224E+01      0.9000E-01
                                               0.5805E+01      0.1000E+00
                                               0.5805E+01      0.5000E+00
                                               0.5805E+01      0.2000E+01
           17         10      0.4052E+02
                                               0.0000E+00      0.0000E+00
                                               0.7741E+00      0.1000E-01
                                               0.1548E+01      0.2000E-01
                                               0.3096E+01      0.4000E-01
                                               0.4644E+01      0.6000E-01
                                               0.6192E+01      0.8000E-01
                                               0.6966E+01      0.9000E-01
                                               0.7741E+01      0.1000E+00
                                               0.7741E+01      0.5000E+00
                                               0.7741E+01      0.2000E+01
           18         10      0.4546E+02
                                               0.0000E+00      0.0000E+00
                                               0.9411E+00      0.1000E-01
                                               0.1882E+01      0.2000E-01
                                               0.3765E+01      0.4000E-01
                                               0.5647E+01      0.6000E-01
                                               0.7529E+01      0.8000E-01
                                               0.8470E+01      0.9000E-01
                                               0.9411E+01      0.1000E+00
                                               0.9411E+01      0.5000E+00
                                               0.9411E+01      0.2000E+01
           19         10      0.4550E+02
                                               0.0000E+00      0.0000E+00
                                               0.2823E+01      0.2903E-01
                                               0.4706E+01      0.5625E-01
                                               0.7059E+01      0.1034E+00
                                               0.8470E+01      0.1451E+00
                                               0.9411E+01      0.1814E+00
                                               0.8470E+01      0.3629E+00
                                               0.8470E+01      0.5443E+00
                                               0.8470E+01      0.9072E+00
                                               0.8470E+01      0.3629E+01
           20         10      0.4752E+02
                                               0.0000E+00      0.0000E+00
                                               0.2980E+01      0.2903E-01
                                               0.4967E+01      0.5625E-01
                                               0.7451E+01      0.1034E+00
                                               0.8941E+01      0.1451E+00
                                               0.9935E+01      0.1814E+00
                                               0.8941E+01      0.3629E+00
                                               0.8941E+01      0.5443E+00
                                               0.8941E+01      0.9072E+00
                                               0.8941E+01      0.3629E+01
           21         10      0.4946E+02
                                               0.0000E+00      0.0000E+00
                                               0.3453E+01      0.2903E-01
                                               0.5755E+01      0.5625E-01
                                               0.8633E+01      0.1034E+00
                                               0.1036E+02      0.1451E+00
                                               0.1151E+02      0.1814E+00
                                               0.1036E+02      0.3629E+00
                                               0.1036E+02      0.5443E+00
                                               0.1036E+02      0.9072E+00
                                               0.1036E+02      0.3629E+01
           22         10      0.4950E+02
                                               0.0000E+00      0.0000E+00
                                               0.1151E+01      0.1000E-01
                                               0.2302E+01      0.2000E-01
                                               0.4604E+01      0.4000E-01
                                               0.6906E+01      0.6000E-01
                                               0.9208E+01      0.8000E-01
                                               0.1036E+02      0.9000E-01
                                               0.1151E+02      0.1000E+00
                                               0.1151E+02      0.5000E+00
                                               0.1151E+02      0.2000E+01
           23         10      0.5402E+02
                                               0.0000E+00      0.0000E+00
                                               0.1568E+01      0.1000E-01
                                               0.3135E+01      0.2000E-01
                                               0.6270E+01      0.4000E-01
                                               0.9405E+01      0.6000E-01
                                               0.1254E+02      0.8000E-01
                                               0.1411E+02      0.9000E-01
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                                               0.1568E+02      0.1000E+00
                                               0.1568E+02      0.5000E+00
                                               0.1568E+02      0.2000E+01
           24         10      0.5846E+02
                                               0.0000E+00      0.0000E+00
                                               0.1850E+01      0.1000E-01
                                               0.3699E+01      0.2000E-01
                                               0.7398E+01      0.4000E-01
                                               0.1110E+02      0.6000E-01
                                               0.1480E+02      0.8000E-01
                                               0.1665E+02      0.9000E-01
                                               0.1850E+02      0.1000E+00
                                               0.1850E+02      0.5000E+00
                                               0.1850E+02      0.2000E+01
           25         10      0.5850E+02
                                               0.0000E+00      0.0000E+00
                                               0.1850E+01      0.1000E-01
                                               0.3699E+01      0.2000E-01
                                               0.7398E+01      0.4000E-01
                                               0.1110E+02      0.6000E-01
                                               0.1480E+02      0.8000E-01
                                               0.1665E+02      0.9000E-01
                                               0.1850E+02      0.1000E+00
                                               0.1850E+02      0.5000E+00
                                               0.1850E+02      0.2000E+01
           26         10      0.6152E+02
                                               0.0000E+00      0.0000E+00
                                               0.2468E+01      0.1000E-01
                                               0.4936E+01      0.2000E-01
                                               0.9873E+01      0.4000E-01
                                               0.1481E+02      0.6000E-01
                                               0.1975E+02      0.8000E-01
                                               0.2221E+02      0.9000E-01
                                               0.2468E+02      0.1000E+00
                                               0.2468E+02      0.5000E+00
                                               0.2468E+02      0.2000E+01
           27         10      0.6446E+02
                                               0.0000E+00      0.0000E+00
                                               0.2468E+01      0.1000E-01
                                               0.4936E+01      0.2000E-01
                                               0.9873E+01      0.4000E-01
                                               0.1481E+02      0.6000E-01
                                               0.1975E+02      0.8000E-01
                                               0.2221E+02      0.9000E-01
                                               0.2468E+02      0.1000E+00
                                               0.2468E+02      0.5000E+00
                                               0.2468E+02      0.2000E+01

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.7615E+01         0.9072E-02
        0.1523E+02         0.1814E-01
        0.3046E+02         0.3629E-01
        0.6092E+02         0.2359E+00
        0.9138E+02         0.7620E+00
        0.1097E+03         0.1324E+01
        0.1218E+03         0.1814E+01
        0.1218E+03         0.2722E+01
        0.1218E+03         0.3629E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.6624E+00      0.4928E-03      0.8394E-01      0.1000E-03
       0.6624E+01      0.4928E-02      0.8394E+00      0.1000E-02
       0.3343E+02      0.2476E-01      0.4197E+01      0.5000E-02
       0.6708E+02      0.4968E-01      0.8394E+01      0.1000E-01
       0.2532E+03      0.2138E+00      0.3255E+02      0.5000E-01
       0.3518E+03      0.3423E+00      0.4018E+02      0.1000E+00
       0.3831E+03      0.7760E+00      0.7621E+02      0.5000E+00
       0.4060E+03      0.1298E+01      0.9911E+02      0.1000E+01
       0.4288E+03      0.2320E+01      0.1218E+03      0.2000E+01
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Route 101/23 Interchange      Moorpark Road UC      Abutment 5

D
e
p

t
h

 
 
(
f
t
)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
0

5
1

0
1

5
2

0
2

5
3

0
3

5
4

0
4

5
5

0
5

5
6

0

FHWA

jlee12
Line

jlee12
Line

jlee12
Line

jlee12
Callout
235 kips

jlee12
Text Box
Service Load (66)+Downdrag Load (102)/2 = 117 kipsRequired Ultimate Load = 117 kips x F.S. (2) = 234 kips - Use 235 kips

jlee12
Callout
Bottom of Liquefiable Layer: Ignored Skin Resistance

jlee12
Callout
Pile Length for Compression = 57.5 ft

jlee12
Callout
Pile Length to meet Permissible Settlement Requirement = 61 ft



Axial Load  (kips)
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C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Abut5_Comp.cpt                           
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          route 101-23 Interchange  Moorpark Road UC - Abutment 5               

          DESIGNER : J. Lee                                                      

          DATE : 3/31/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     61.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =  35.50 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       125.00        25.00     12.00
            17.50   SAND      1.00       125.00        25.00     12.00
            17.50   CLAY      0.00       125.00         0.00      0.00
            22.50   CLAY      0.00       125.00         0.00      0.00
            22.50   CLAY      0.00        62.60         0.00      0.00
            26.00   CLAY      0.00        62.60         0.00      0.00
            26.00   CLAY      0.00        57.40         0.00      0.00
            31.00   CLAY      0.00        57.40         0.00      0.00
            31.00   CLAY      0.00        57.50         0.00      0.00
            35.50   CLAY      0.00        57.50         0.00      0.00
            35.50   SAND      1.00        57.50        28.00     20.00
            45.50   SAND      1.00        57.50        32.00     20.00
            45.50   CLAY      0.00        57.50         0.00      0.00
            49.50   CLAY      0.00        57.50         0.00      0.00
            49.50   SAND      1.00        67.50        36.00     20.00
            58.50   SAND      1.00        67.50        36.00     20.00
            58.50   SAND      1.00        67.60        43.00     40.00
            64.50   SAND      1.00        67.60        43.00     40.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       0.10      0.10   0.00       0.00      0.00
          9999.00 99999.00       0.10      0.10   0.00       0.00      0.00
          9999.00 99999.00       0.80      0.80   0.00       0.00      0.00
          9999.00 99999.00       0.80      0.80   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.75   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.75   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     0.2     0.2    0.0     0.5     0.5    0.0     0.4     0.4
        1.0    0.0     0.4     0.4    0.0     0.9     0.9    0.0     0.7     0.7
        2.0    0.0     0.6     0.6    0.0     1.2     1.2    0.0     1.0     1.0
        3.0    0.0     0.7     0.7    0.0     1.6     1.6    0.0     1.2     1.2
        4.0    0.0     0.9     0.9    0.0     1.9     1.9    0.0     1.5     1.5
        5.0    0.0     1.0     1.0    0.0     2.2     2.2    0.0     1.8     1.8
        6.0    0.0     1.2     1.2    0.0     2.6     2.6    0.0     2.0     2.0
        7.0    0.0     1.4     1.4    0.0     2.9     2.9    0.0     2.3     2.3
        8.0    0.0     1.5     1.5    0.0     3.3     3.3    0.0     2.6     2.6
        9.0    0.0     1.7     1.7    0.0     3.6     3.6    0.0     2.9     2.9
       10.0    0.0     1.8     1.8    0.0     4.0     4.0    0.0     3.1     3.1
       11.0    0.0     2.0     2.0    0.0     4.3     4.3    0.0     3.4     3.4
       12.0    0.0     2.2     2.2    0.0     4.7     4.7    0.0     3.7     3.7
       13.0    0.0     2.3     2.3    0.0     5.0     5.0    0.0     3.9     3.9
       14.0    0.0     2.4     2.4    0.0     5.3     5.3    0.0     4.2     4.2
       15.0    0.0     2.4     2.4    0.0     5.4     5.4    0.0     4.5     4.5
       16.0    0.0     3.0     3.0    0.0     5.0     5.0    0.0     4.4     4.4
       17.0    0.0     3.5     3.5    0.0     4.5     4.5    0.0     4.3     4.3
       18.0    0.0     4.1     4.1    0.0     4.1     4.1    0.0     4.1     4.1
       19.0    0.0     4.1     4.1    0.0     4.1     4.1    0.0     4.1     4.1
       20.0    0.0     4.1     4.1    0.0     4.1     4.1    0.0     4.1     4.1
       21.0    0.0     4.1     4.1    0.0     4.1     4.1    0.0     4.1     4.1
       22.0    0.0     4.1     4.1    0.0     4.1     4.1    0.0     4.1     4.1
       23.0    0.0     4.0     4.0    0.0     4.0     4.0    0.0     4.0     4.0
       24.0    0.0     2.8     2.8    0.0     2.8     2.8    0.0     2.8     2.8
       25.0    0.0     1.5     1.5    0.0     1.5     1.5    0.0     1.5     1.5
       26.0    0.0     0.2     0.2    0.0     0.2     0.2    0.0     0.2     0.2
       27.0    0.0     0.2     0.2    0.0     0.2     0.2    0.0     0.2     0.2
       28.0    0.0     0.2     0.2    0.0     0.2     0.2    0.0     0.2     0.2
       29.0    0.0     0.5     0.5    0.0     0.5     0.5    0.0     0.5     0.5
       30.0    0.0     0.9     0.9    0.0     0.9     0.9    0.0     0.9     0.9
       31.0    0.0     1.3     1.3    0.0     1.3     1.3    0.0     1.3     1.3
       32.0    0.0     1.3     1.3    0.0     1.3     1.3    0.0     1.3     1.3
       33.0    0.0     1.3     1.3    0.0     1.4     1.4    0.0     1.4     1.4
       34.0    0.0     1.7     1.7    0.0     3.2     3.2    0.0     5.4     5.4
       35.0    0.0     2.0     2.0    0.0     5.2     5.2    0.0     9.4     9.4
       36.0    1.9     2.4     4.3    4.2     7.2    11.4   58.5    13.5    72.0
       37.0    6.0     2.4     8.5    8.3     7.5    15.8  117.0    13.7   130.7
       38.0   10.6     2.4    13.0   12.5     7.7    20.1  175.5    13.9   189.4
       39.0   15.4     2.6    18.0   16.6     8.0    24.6  234.0    14.1   248.1
       40.0   20.4     3.0    23.3   20.8     8.4    29.2  292.5    14.3   306.8
       41.0   25.5     3.5    29.0   24.9     8.8    33.8  350.9    14.5   365.5
       42.0   30.9     4.2    35.1   29.1     9.3    38.4  409.4    14.8   424.2
       43.0   36.6     5.0    41.6   33.3     9.7    43.0  467.9    14.9   482.8
       44.0   42.6     4.4    47.1   37.4     7.5    44.9  526.4    10.8   537.2
       45.0   48.9     3.6    52.5   41.6     5.0    46.6  584.9     6.7   591.6
       46.0   55.5     2.4    58.0   46.0     2.4    48.5  643.4     2.4   645.8
       47.0   61.8     2.6    64.4   50.2     2.7    52.9  701.9     2.6   704.4
       48.0   68.3    10.9    79.2   53.8    13.0    66.8  760.4     7.1   767.5
       49.0   75.4    19.2    94.6   57.3    23.3    80.6  818.9    11.8   830.6
       50.0   82.5    27.5   110.0   67.0    33.6   100.5  877.4    16.5   893.8
       51.0   91.1    27.5   118.6   76.6    33.6   110.1  935.9    16.7   952.6
       52.0  101.3    27.5   128.8   86.2    33.6   119.8  994.3    17.0  1011.3
       53.0  111.7    27.5   139.2   95.8    33.6   129.4 1052.8    17.2  1070.0
       54.0  122.2    27.5   149.6  105.5    33.6   139.0 1111.3    17.5  1128.8
       55.0  132.8    27.5   160.3  115.1    33.6   148.6 1169.8    17.7  1187.5
       56.0  143.6    28.2   171.8  124.7    34.0   158.7 1228.3    18.1  1246.4
       57.0  154.6    59.8   214.3  134.3    53.7   188.0 1286.8    24.4  1311.2
       58.0  165.7    91.3   256.9  143.9    73.3   217.3 1345.3    30.8  1376.1
       59.0  176.9   122.8   299.7  156.1    93.0   249.1 1403.8    37.4  1441.1
       60.0  191.0   122.8   313.8  168.2    93.0   261.2 1462.3    37.8  1500.1
       61.0  207.8   121.8   329.7  180.3    92.3   272.5 1520.8    38.0  1558.8
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                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           0.4          0.4
              1.00           0.0           0.7          0.7
              2.00           0.0           1.0          1.0
              3.00           0.0           1.2          1.2
              4.00           0.0           1.5          1.5
              5.00           0.0           1.8          1.8
              6.00           0.0           2.0          2.0
              7.00           0.0           2.3          2.3
              8.00           0.0           2.6          2.6
              9.00           0.0           2.9          2.9
             10.00           0.0           3.1          3.1
             11.00           0.0           3.4          3.4
             12.00           0.0           3.7          3.7
             13.00           0.0           3.9          3.9
             14.00           0.0           4.2          4.2
             15.00           0.0           4.5          4.5
             16.00           0.0           4.4          4.4
             17.00           0.0           4.3          4.3
             18.00           0.0           4.1          4.1
             19.00           0.0           4.1          4.1
             20.00           0.0           4.1          4.1
             21.00           0.0           4.1          4.1
             22.00           0.0           4.1          4.1
             23.00           0.0           4.0          4.0
             24.00           0.0           2.8          2.8
             25.00           0.0           1.5          1.5
             26.00           0.0           0.2          0.2
             27.00           0.0           0.2          0.2
             28.00           0.0           0.2          0.2
             29.00           0.0           0.5          0.5
             30.00           0.0           0.9          0.9
             31.00           0.0           1.3          1.3
             32.00           0.0           1.3          1.3
             33.00           0.0           1.4          1.4
             34.00           0.0           5.4          5.4
             35.00           0.0           9.4          9.4
             36.00           1.9          13.5         15.4
             37.00           7.6          13.7         21.3
             38.00          15.3          13.9         29.2
             39.00          23.2          14.1         37.4
             40.00          31.2          14.3         45.6
             41.00          39.4          14.5         53.9
             42.00          47.6          14.8         62.4
             43.00          56.0          14.9         70.8
             44.00          64.5          10.8         75.2
             45.00          73.0           6.7         79.7
             46.00          83.1           2.4         85.5
             47.00          91.2           2.6         93.7
             48.00          97.2           7.1        104.3
             49.00         103.3          11.8        115.0
             50.00         109.4          16.5        125.9
             51.00         118.9          16.7        135.6
             52.00         128.8          17.0        145.7
             53.00         138.7          17.2        155.9
             54.00         148.5          17.5        166.0
             55.00         158.4          17.7        176.1
             56.00         168.3          18.1        186.4
             57.00         178.2          24.4        202.6
             58.00         188.1          30.8        218.9
             59.00         198.7          37.4        236.1
             60.00         210.1          37.8        247.9
             61.00         221.5          38.0        259.5

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.7615E+01         0.9072E-02
        0.1523E+02         0.1814E-01
        0.3046E+02         0.3629E-01
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        0.6092E+02         0.2359E+00
        0.9138E+02         0.7620E+00
        0.1097E+03         0.1324E+01
        0.1218E+03         0.1814E+01
        0.1218E+03         0.2722E+01
        0.1218E+03         0.3629E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.3619E+00      0.3975E-03      0.8394E-01      0.1000E-03
       0.3619E+01      0.3975E-02      0.8394E+00      0.1000E-02
       0.1817E+02      0.1993E-01      0.4197E+01      0.5000E-02
       0.3653E+02      0.4000E-01      0.8394E+01      0.1000E-01
       0.1648E+03      0.1850E+00      0.3255E+02      0.5000E-01
       0.2513E+03      0.3086E+00      0.4018E+02      0.1000E+00
       0.2888E+03      0.7447E+00      0.7621E+02      0.5000E+00
       0.3117E+03      0.1267E+01      0.9911E+02      0.1000E+01
       0.3345E+03      0.2289E+01      0.1218E+03      0.2000E+01
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Total Capacity  (kips)
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BSI FB-MultiPier - File: Abut5_Driving.apo Wednesday, May 09, 2012
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation Reports\Moorpark Rd UC\100% 
Revised Final Foundation Report\Analyses\APILE\Abut5_Driving.cpt                                         
                                              
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          route 101-23 Interchange  Moorpark Road UC - Abutment 5               

          DESIGNER : J. Lee                                                      

          DATE : 3/31/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     61.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =  17.50 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       125.00        25.00     12.00
            17.50   SAND      1.00       125.00        25.00     12.00
            17.50   CLAY      0.00       125.00         0.00      0.00
            22.50   CLAY      0.00       125.00         0.00      0.00
            22.50   CLAY      0.00        62.60         0.00      0.00
            26.00   CLAY      0.00        62.60         0.00      0.00
            26.00   CLAY      0.00        57.40         0.00      0.00
            31.00   CLAY      0.00        57.40         0.00      0.00
            31.00   CLAY      0.00        57.50         0.00      0.00
            35.50   CLAY      0.00        57.50         0.00      0.00
            35.50   SAND      1.00        57.50        28.00     20.00
            45.50   SAND      1.00        57.50        32.00     20.00
            45.50   CLAY      0.00        57.50         0.00      0.00
            49.50   CLAY      0.00        57.50         0.00      0.00
            49.50   SAND      1.00        67.50        36.00     20.00
            58.50   SAND      1.00        67.50        36.00     20.00
            58.50   SAND      1.00        67.60        43.00     40.00
            64.50   SAND      1.00        67.60        43.00     40.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       2.50      1.25   0.00       0.00      0.00
          9999.00 99999.00       0.10      0.10   0.00       0.00      0.00
          9999.00 99999.00       0.10      0.10   0.00       0.00      0.00
          9999.00 99999.00       0.80      0.80   0.00       0.00      0.00
          9999.00 99999.00       0.80      0.80   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.75   0.00       0.00      0.00
          9999.00 99999.00       1.50      0.75   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     0.2     0.2    0.0     0.5     0.5    0.0     0.4     0.4
        1.0    0.0     0.4     0.4    0.0     0.9     0.9    0.0     0.7     0.7
        2.0    0.0     0.6     0.6    0.0     1.2     1.2    0.0     1.0     1.0
        3.0    0.0     0.7     0.7    0.0     1.6     1.6    0.0     1.2     1.2
        4.0    0.0     0.9     0.9    0.0     1.9     1.9    0.0     1.5     1.5
        5.0    0.0     1.0     1.0    0.0     2.2     2.2    0.0     1.8     1.8
        6.0    0.0     1.2     1.2    0.0     2.6     2.6    0.0     2.0     2.0
        7.0    0.0     1.4     1.4    0.0     2.9     2.9    0.0     2.3     2.3
        8.0    0.0     1.5     1.5    0.0     3.3     3.3    0.0     2.6     2.6
        9.0    0.0     1.7     1.7    0.0     3.6     3.6    0.0     2.9     2.9
       10.0    0.0     1.8     1.8    0.0     4.0     4.0    0.0     3.1     3.1
       11.0    0.0     2.0     2.0    0.0     4.3     4.3    0.0     3.4     3.4
       12.0    0.0     2.2     2.2    0.0     4.7     4.7    0.0     3.7     3.7
       13.0    0.0     2.3     2.3    0.0     5.0     5.0    0.0     3.9     3.9
       14.0    0.0     2.4     2.4    0.0     5.3     5.3    0.0     4.2     4.2
       15.0    0.0     2.4     2.4    0.0     5.4     5.4    0.0     4.5     4.5
       16.0    0.0     3.0     3.0    0.0     5.0     5.0    0.0     4.4     4.4
       17.0    0.0     3.5     3.5    3.6     4.5     8.1    0.0     4.3     4.3
       18.0    1.1     4.1     5.2    7.2     4.1    11.3   17.7     4.1    21.8
       19.0    5.1     4.1     9.2   12.0     4.1    16.1   20.6     4.1    24.6
       20.0   12.2     4.1    16.3   17.9     4.1    22.0   24.6     4.1    28.7
       21.0   20.6     4.1    24.6   23.9     4.1    27.9   29.7     4.1    33.7
       22.0   28.9     4.1    33.0   29.8     4.1    33.9   34.8     4.1    38.9
       23.0   37.2     4.0    41.3   35.7     4.0    39.8   40.0     4.0    44.0
       24.0   45.5     2.8    48.3   41.7     2.8    44.4   45.2     2.8    48.0
       25.0   53.9     1.5    55.3   47.6     1.5    49.1   50.5     1.5    52.0
       26.0   62.2     0.2    62.4   53.5     0.2    53.7   55.9     0.2    56.0
       27.0   66.6     0.2    66.8   56.7     0.2    56.9   58.1     0.2    58.2
       28.0   67.1     0.2    67.2   57.2     0.2    57.4   60.3     0.2    60.5
       29.0   67.5     0.5    68.1   57.7     0.5    58.2   62.5     0.5    63.1
       30.0   68.0     0.9    68.9   58.2     0.9    59.1   64.9     0.9    65.8
       31.0   68.5     1.3    69.8   58.6     1.3    60.0   67.2     1.3    68.5
       32.0   70.6     1.3    71.9   60.5     1.3    61.8   70.5     1.3    71.8
       33.0   74.4     1.3    75.7   63.7     1.4    65.1   73.9     1.4    75.3
       34.0   78.2     1.7    79.9   67.0     3.2    70.2   77.2     5.4    82.6
       35.0   82.0     2.0    84.1   70.2     5.2    75.4   80.7     9.4    90.1
       36.0   85.8     2.4    88.2   73.8     7.2    81.0   84.1    13.5    97.6
       37.0   90.0     2.4    92.4   77.4     7.5    84.9   89.2    13.7   102.9
       38.0   94.5     2.4    97.0   81.0     7.7    88.7   94.4    13.9   108.3
       39.0   99.3     2.6   101.9   84.6     8.0    92.6   99.7    14.1   113.9
       40.0  104.3     3.0   107.2   88.2     8.4    96.6  105.2    14.3   119.5
       41.0  109.5     3.5   113.0   91.8     8.8   100.7  110.8    14.5   125.3
       42.0  114.9     4.2   119.0   95.4     9.3   104.7  116.5    14.8   131.2
       43.0  120.6     5.0   125.5   99.0     9.7   108.8  122.3    14.9   137.2
       44.0  126.6     4.4   131.0  102.6     7.5   110.1  128.3    10.8   139.1
       45.0  132.9     3.6   136.5  106.2     5.0   111.3  134.4     6.7   141.1
       46.0  139.5     2.4   141.9  110.4     2.4   112.9  140.7     2.4   143.1
       47.0  145.7     2.6   148.4  114.6     2.7   117.3  145.5     2.6   148.1
       48.0  152.2    10.9   163.1  118.2    13.0   131.1  150.4     7.1   157.5
       49.0  159.3    19.2   178.5  121.7    23.3   145.0  155.2    11.8   167.0
       50.0  166.4    27.5   193.9  131.3    33.6   164.9  160.2    16.5   176.6
       51.0  175.1    27.5   202.5  141.0    33.6   174.5  167.5    16.7   184.2
       52.0  185.3    27.5   212.7  150.6    33.6   184.1  174.9    17.0   191.9
       53.0  195.6    27.5   223.1  160.2    33.6   193.8  182.4    17.2   199.6
       54.0  206.1    27.5   233.6  169.8    33.6   203.4  190.0    17.5   207.5
       55.0  216.7    27.5   244.2  179.5    33.6   213.0  197.8    17.7   215.5
       56.0  227.5    28.2   255.8  189.1    34.0   223.1  205.6    18.1   223.7
       57.0  238.5    59.8   298.3  198.7    53.7   252.4  213.6    24.4   238.0
       58.0  249.6    91.3   340.9  208.3    73.3   281.7  221.7    30.8   252.5
       59.0  260.8   122.8   383.7  220.4    93.0   313.4  229.9    37.4   267.2
       60.0  274.9   122.8   397.7  232.5    93.0   325.5  239.5    37.8   277.4
       61.0  291.8   121.8   413.6  244.6    92.3   336.9  249.4    38.0   287.4
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                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           0.4          0.4
              1.00           0.0           0.7          0.7
              2.00           0.0           1.0          1.0
              3.00           0.0           1.2          1.2
              4.00           0.0           1.5          1.5
              5.00           0.0           1.8          1.8
              6.00           0.0           2.0          2.0
              7.00           0.0           2.3          2.3
              8.00           0.0           2.6          2.6
              9.00           0.0           2.9          2.9
             10.00           0.0           3.1          3.1
             11.00           0.0           3.4          3.4
             12.00           0.0           3.7          3.7
             13.00           0.0           3.9          3.9
             14.00           0.0           4.2          4.2
             15.00           0.0           4.5          4.5
             16.00           0.0           4.4          4.4
             17.00           0.0           4.3          4.3
             18.00           1.9           4.1          6.0
             19.00           6.8           4.1         10.9
             20.00          12.7           4.1         16.8
             21.00          18.7           4.1         22.8
             22.00          24.9           4.1         29.0
             23.00          31.2           4.0         35.2
             24.00          37.6           2.8         40.3
             25.00          44.1           1.5         45.5
             26.00          50.6           0.2         50.8
             27.00          54.1           0.2         54.3
             28.00          54.6           0.2         54.8
             29.00          55.1           0.5         55.6
             30.00          55.5           0.9         56.5
             31.00          56.0           1.3         57.3
             32.00          58.2           1.3         59.5
             33.00          62.0           1.4         63.4
             34.00          65.8           5.4         71.1
             35.00          69.6           9.4         79.0
             36.00          73.4          13.5         86.9
             37.00          79.1          13.7         92.8
             38.00          86.8          13.9        100.7
             39.00          94.7          14.1        108.8
             40.00         102.7          14.3        117.0
             41.00         110.8          14.5        125.4
             42.00         119.1          14.8        133.8
             43.00         127.4          14.9        142.3
             44.00         135.9          10.8        146.7
             45.00         144.5           6.7        151.2
             46.00         154.5           2.4        157.0
             47.00         162.6           2.6        165.2
             48.00         168.7           7.1        175.8
             49.00         174.7          11.8        186.5
             50.00         180.9          16.5        197.3
             51.00         190.4          16.7        207.1
             52.00         200.2          17.0        217.2
             53.00         210.1          17.2        227.3
             54.00         220.0          17.5        237.4
             55.00         229.9          17.7        247.6
             56.00         239.8          18.1        257.8
             57.00         249.6          24.4        274.1
             58.00         259.5          30.8        290.4
             59.00         270.2          37.4        307.5
             60.00         281.6          37.8        319.4
             61.00         293.0          38.0        331.0

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************
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                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.5107E+00      0.4030E-03      0.2620E-01      0.1000E-03
       0.5107E+01      0.4030E-02      0.2620E+00      0.1000E-02
       0.2571E+02      0.2022E-01      0.1310E+01      0.5000E-02
       0.5163E+02      0.4056E-01      0.2620E+01      0.1000E-01
       0.2143E+03      0.1845E+00      0.1016E+02      0.5000E-01
       0.3182E+03      0.3128E+00      0.1254E+02      0.1000E+00
       0.3268E+03      0.7237E+00      0.2378E+02      0.5000E+00
       0.3340E+03      0.1231E+01      0.3093E+02      0.1000E+01
       0.3410E+03      0.2237E+01      0.3802E+02      0.2000E+01
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C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Bent2_Comp.cpt                           
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Intechange - Moorpark Road UC - Bent2                    

          DESIGNER : J. Lee                                                      

          DATE : 3/29/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     38.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       125.00        32.00     20.00
             3.00   SAND      1.00       125.00        32.00     20.00
             3.00   SAND      1.00        62.60        32.00     20.00
             5.00   SAND      1.00        62.60        32.00     20.00
             5.00   SAND      0.00        62.60        30.00     20.00
             8.00   SAND      0.00        62.60        30.00     20.00
             8.00   CLAY      0.00        62.60         0.00      0.00
            15.00   CLAY      0.00        62.60         0.00      0.00
            15.00   SAND      0.00        57.60        28.00     12.00
            20.00   SAND      0.00        57.60        28.00     12.00
            20.00   SAND      0.00        57.60        30.00     20.00
            21.50   SAND      0.00        57.60        30.00     20.00
            21.50   CLAY      0.00        57.60         0.00      0.00
            29.50   CLAY      0.00        57.60         0.00      0.00
            29.50   SAND      1.00        67.60        33.00     20.00
            31.50   SAND      1.00        67.60        33.00     20.00
            31.50   SAND      1.00        67.60        43.00     40.00
            38.00   SAND      1.00        67.60        43.00     40.00
            38.00   SAND      0.00        67.60        43.00     50.00
            60.00   SAND      0.00        67.60        43.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.97      0.49   0.00       0.00      0.00
          9999.00 99999.00       0.97      0.49   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.20      1.10   0.00       0.00      0.00
          9999.00 99999.00       2.20      1.10   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     0.9     0.9    0.0     1.0     1.0    0.0     0.7     0.7
        1.0    0.1     1.4     1.5    0.2     1.6     1.8    0.3     1.1     1.4
        2.0    0.4     1.8     2.2    0.6     2.2     2.8    0.9     1.4     2.3
        3.0    0.9     1.9     2.8    1.4     2.3     3.7    1.8     1.7     3.5
        4.0    1.6     1.9     3.5    2.4     2.4     4.9    2.8     1.9     4.8
        5.0    2.3     1.9     4.2    3.6     2.5     6.1    3.9     2.1     6.1
        6.0    3.1     1.8     4.9    4.3     2.3     6.5    4.5     2.0     6.5
        7.0    3.9     1.7     5.6    4.3     2.0     6.2    5.0     1.8     6.8
        8.0    4.8     1.6     6.3    4.3     1.6     5.8    5.5     1.6     7.1
        9.0    7.5     1.6     9.1    6.0     1.6     7.6    7.8     1.6     9.3
       10.0   11.9     1.6    13.5    9.5     1.6    11.1    9.7     1.6    11.3
       11.0   16.4     1.6    18.0   13.1     1.6    14.7   11.5     1.6    13.1
       12.0   20.8     1.6    22.4   16.6     1.6    18.2   13.2     1.6    14.8
       13.0   25.3     1.9    27.1   20.1     2.5    22.6   14.8     1.9    16.7
       14.0   29.7     2.1    31.8   23.6     3.4    27.0   16.4     2.2    18.7
       15.0   34.1     2.4    36.6   27.2     4.2    31.4   17.9     2.6    20.6
       16.0   37.1     2.4    39.5   28.9     4.2    33.1   18.5     2.8    21.2
       17.0   38.5     2.4    40.9   28.9     4.1    33.0   19.1     2.9    22.0
       18.0   40.0     2.4    42.4   28.9     4.3    33.2   19.7     3.7    23.5
       19.0   41.6     2.4    44.0   28.9     4.5    33.4   20.4     4.6    25.0
       20.0   43.2     2.8    46.0   28.9     4.3    33.3   21.1     4.7    25.8
       21.0   45.0     3.2    48.2   28.9     4.0    32.9   21.8     4.2    26.0
       22.0   47.0     3.6    50.6   28.9     3.6    32.5   22.8     3.6    26.4
       23.0   52.5     3.6    56.0   31.5     3.6    35.1   26.7     3.6    30.3
       24.0   60.5     3.6    64.1   36.8     3.6    40.4   30.7     3.6    34.3
       25.0   67.9     3.6    71.5   42.0     3.6    45.6   34.8     3.6    38.4
       26.0   75.3     3.6    78.9   47.2     3.6    50.8   38.8     3.6    42.4
       27.0   82.7     3.6    86.3   52.4     3.6    56.1   43.0     3.6    46.6
       28.0   90.1     5.4    95.5   57.7     4.9    62.6   47.1     4.9    52.0
       29.0   97.4     7.9   105.4   62.9     6.6    69.5   51.3     6.2    57.6
       30.0  104.8    37.9   142.7   67.0    24.0    91.1   55.5    10.2    65.8
       31.0  110.3    67.1   177.3   71.1    40.2   111.3   58.6    13.2    71.8
       32.0  113.9    97.2   211.1   78.5    56.4   134.8   61.8    16.2    78.0
       33.0  119.4   100.1   219.5   85.8    56.4   142.2   65.9    16.6    82.6
       34.0  126.7   103.1   229.7   93.1    56.4   149.5   70.2    17.1    87.3
       35.0  134.2   106.0   240.2  100.5    56.4   156.8   74.6    17.7    92.2
       36.0  141.9   109.0   250.9  107.8    56.4   164.2   79.1    19.7    98.7
       37.0  149.9   111.9   261.8  115.1    56.4   171.5   83.7    21.8   105.4
       38.0  158.1   114.9   272.9  122.5    56.4   178.8   88.4    23.9   112.3

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           0.7          0.7
              1.00           0.2           1.1          1.3
              2.00           0.6           1.4          2.0
              3.00           1.4           1.7          3.1
              4.00           2.3           1.9          4.3
              5.00           3.5           2.1          5.6
              6.00           4.1           2.0          6.1
              7.00           4.1           1.8          5.9
              8.00           4.1           1.6          5.7
              9.00           5.2           1.6          6.7
             10.00           7.3           1.6          8.9
             11.00           9.6           1.6         11.2
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             12.00          11.8           1.6         13.4
             13.00          14.2           1.9         16.0
             14.00          16.5           2.2         18.8
             15.00          19.0           2.6         21.6
             16.00          20.2           2.8         23.0
             17.00          20.2           2.9         23.1
             18.00          20.2           3.7         23.9
             19.00          20.2           4.6         24.8
             20.00          20.2           4.7         25.0
             21.00          20.2           4.2         24.4
             22.00          20.2           3.6         23.8
             23.00          22.6           3.6         26.2
             24.00          27.5           3.6         31.0
             25.00          32.3           3.6         35.9
             26.00          37.3           3.6         40.8
             27.00          42.2           3.6         45.8
             28.00          47.2           4.9         52.1
             29.00          52.3           6.2         58.5
             30.00          57.3          10.2         67.6
             31.00          62.5          13.2         75.6
             32.00          67.8          16.2         83.9
             33.00          74.5          16.6         91.2
             34.00          82.8          17.1         99.9
             35.00          91.3          17.7        109.0
             36.00         100.1          19.7        119.8
             37.00         109.1          21.8        130.8
             38.00         118.3          23.9        142.2

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.6634E-01      0.1000E-01
                                               0.1327E+00      0.2000E-01
                                               0.2654E+00      0.4000E-01
                                               0.3981E+00      0.6000E-01
                                               0.5308E+00      0.8000E-01
                                               0.5971E+00      0.9000E-01
                                               0.6634E+00      0.1000E+00
                                               0.6634E+00      0.5000E+00
                                               0.6634E+00      0.2000E+01
            2         10      0.1525E+01
                                               0.0000E+00      0.0000E+00
                                               0.8846E-01      0.1000E-01
                                               0.1769E+00      0.2000E-01
                                               0.3538E+00      0.4000E-01
                                               0.5308E+00      0.6000E-01
                                               0.7077E+00      0.8000E-01
                                               0.7961E+00      0.9000E-01
                                               0.8846E+00      0.1000E+00
                                               0.8846E+00      0.5000E+00
                                               0.8846E+00      0.2000E+01
            3         10      0.2958E+01
                                               0.0000E+00      0.0000E+00
                                               0.1272E+00      0.1000E-01
                                               0.2543E+00      0.2000E-01
                                               0.5087E+00      0.4000E-01
                                               0.7630E+00      0.6000E-01
                                               0.1017E+01      0.8000E-01
                                               0.1145E+01      0.9000E-01
                                               0.1272E+01      0.1000E+00
                                               0.1272E+01      0.5000E+00
                                               0.1272E+01      0.2000E+01
            4         10      0.3000E+01
                                               0.0000E+00      0.0000E+00
                                               0.1548E+00      0.1000E-01
                                               0.3097E+00      0.2000E-01
                                               0.6194E+00      0.4000E-01
                                               0.9290E+00      0.6000E-01
                                               0.1239E+01      0.8000E-01
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                                               0.1394E+01      0.9000E-01
                                               0.1548E+01      0.1000E+00
                                               0.1548E+01      0.5000E+00
                                               0.1548E+01      0.2000E+01
            5         10      0.4025E+01
                                               0.0000E+00      0.0000E+00
                                               0.1272E+00      0.1000E-01
                                               0.2544E+00      0.2000E-01
                                               0.5088E+00      0.4000E-01
                                               0.7632E+00      0.6000E-01
                                               0.1018E+01      0.8000E-01
                                               0.1145E+01      0.9000E-01
                                               0.1272E+01      0.1000E+00
                                               0.1272E+01      0.5000E+00
                                               0.1272E+01      0.2000E+01
            6         10      0.4958E+01
                                               0.0000E+00      0.0000E+00
                                               0.1272E+00      0.1000E-01
                                               0.2544E+00      0.2000E-01
                                               0.5088E+00      0.4000E-01
                                               0.7632E+00      0.6000E-01
                                               0.1018E+01      0.8000E-01
                                               0.1145E+01      0.9000E-01
                                               0.1272E+01      0.1000E+00
                                               0.1272E+01      0.5000E+00
                                               0.1272E+01      0.2000E+01
            7         10      0.5000E+01
                                               0.0000E+00      0.0000E+00
                                               0.4425E-01      0.1000E-01
                                               0.8849E-01      0.2000E-01
                                               0.1770E+00      0.4000E-01
                                               0.2655E+00      0.6000E-01
                                               0.3540E+00      0.8000E-01
                                               0.3982E+00      0.9000E-01
                                               0.4425E+00      0.1000E+00
                                               0.4425E+00      0.5000E+00
                                               0.4425E+00      0.2000E+01
            8         10      0.6525E+01
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
            9         10      0.7958E+01
                                               0.0000E+00      0.0000E+00
                                               0.7897E-01      0.1000E-01
                                               0.1579E+00      0.2000E-01
                                               0.3159E+00      0.4000E-01
                                               0.4738E+00      0.6000E-01
                                               0.6318E+00      0.8000E-01
                                               0.7108E+00      0.9000E-01
                                               0.7897E+00      0.1000E+00
                                               0.7897E+00      0.5000E+00
                                               0.7897E+00      0.2000E+01
           10         10      0.8000E+01
                                               0.0000E+00      0.0000E+00
                                               0.7155E+00      0.2903E-01
                                               0.1193E+01      0.5625E-01
                                               0.1789E+01      0.1034E+00
                                               0.2147E+01      0.1451E+00
                                               0.2385E+01      0.1814E+00
                                               0.2147E+01      0.3629E+00
                                               0.2147E+01      0.5443E+00
                                               0.2147E+01      0.9072E+00
                                               0.2147E+01      0.3629E+01
           11         10      0.1153E+02
                                               0.0000E+00      0.0000E+00
                                               0.1004E+01      0.2903E-01
                                               0.1673E+01      0.5625E-01
                                               0.2510E+01      0.1034E+00
                                               0.3012E+01      0.1451E+00
                                               0.3346E+01      0.1814E+00
                                               0.3012E+01      0.3629E+00
                                               0.3012E+01      0.5443E+00
                                               0.3012E+01      0.9072E+00
                                               0.3012E+01      0.3629E+01
           12         10      0.1496E+02
                                               0.0000E+00      0.0000E+00
                                               0.8089E+00      0.2903E-01
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                                               0.1348E+01      0.5625E-01
                                               0.2022E+01      0.1034E+00
                                               0.2427E+01      0.1451E+00
                                               0.2696E+01      0.1814E+00
                                               0.2427E+01      0.3629E+00
                                               0.2427E+01      0.5443E+00
                                               0.2427E+01      0.9072E+00
                                               0.2427E+01      0.3629E+01
           13         10      0.1500E+02
                                               0.0000E+00      0.0000E+00
                                               0.9073E-01      0.1000E-01
                                               0.1815E+00      0.2000E-01
                                               0.3629E+00      0.4000E-01
                                               0.5444E+00      0.6000E-01
                                               0.7258E+00      0.8000E-01
                                               0.8165E+00      0.9000E-01
                                               0.9073E+00      0.1000E+00
                                               0.9073E+00      0.5000E+00
                                               0.9073E+00      0.2000E+01
           14         10      0.1752E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
           15         10      0.1996E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
           16         10      0.2000E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
           17         10      0.2077E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
           18         10      0.2146E+02
                                               0.0000E+00      0.0000E+00
                                               0.1760E+00      0.1000E-01
                                               0.3520E+00      0.2000E-01
                                               0.7040E+00      0.4000E-01
                                               0.1056E+01      0.6000E-01
                                               0.1408E+01      0.8000E-01
                                               0.1584E+01      0.9000E-01
                                               0.1760E+01      0.1000E+00
                                               0.1760E+01      0.5000E+00
                                               0.1760E+01      0.2000E+01
           19         10      0.2150E+02
                                               0.0000E+00      0.0000E+00
                                               0.5280E+00      0.2903E-01
                                               0.8800E+00      0.5625E-01
                                               0.1320E+01      0.1034E+00
                                               0.1584E+01      0.1451E+00
                                               0.1760E+01      0.1814E+00
                                               0.1584E+01      0.3629E+00
                                               0.1584E+01      0.5443E+00
                                               0.1584E+01      0.9072E+00
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                                               0.1584E+01      0.3629E+01
           20         10      0.2552E+02
                                               0.0000E+00      0.0000E+00
                                               0.2167E+01      0.2903E-01
                                               0.3612E+01      0.5625E-01
                                               0.5418E+01      0.1034E+00
                                               0.6501E+01      0.1451E+00
                                               0.7224E+01      0.1814E+00
                                               0.6501E+01      0.3629E+00
                                               0.6501E+01      0.5443E+00
                                               0.6501E+01      0.9072E+00
                                               0.6501E+01      0.3629E+01
           21         10      0.2946E+02
                                               0.0000E+00      0.0000E+00
                                               0.2242E+01      0.2903E-01
                                               0.3737E+01      0.5625E-01
                                               0.5605E+01      0.1034E+00
                                               0.6726E+01      0.1451E+00
                                               0.7473E+01      0.1814E+00
                                               0.6726E+01      0.3629E+00
                                               0.6726E+01      0.5443E+00
                                               0.6726E+01      0.9072E+00
                                               0.6726E+01      0.3629E+01
           22         10      0.2950E+02
                                               0.0000E+00      0.0000E+00
                                               0.7473E+00      0.1000E-01
                                               0.1495E+01      0.2000E-01
                                               0.2989E+01      0.4000E-01
                                               0.4484E+01      0.6000E-01
                                               0.5979E+01      0.8000E-01
                                               0.6726E+01      0.9000E-01
                                               0.7473E+01      0.1000E+00
                                               0.7473E+01      0.5000E+00
                                               0.7473E+01      0.2000E+01
           23         10      0.3052E+02
                                               0.0000E+00      0.0000E+00
                                               0.7624E+00      0.1000E-01
                                               0.1525E+01      0.2000E-01
                                               0.3049E+01      0.4000E-01
                                               0.4574E+01      0.6000E-01
                                               0.6099E+01      0.8000E-01
                                               0.6861E+01      0.9000E-01
                                               0.7624E+01      0.1000E+00
                                               0.7624E+01      0.5000E+00
                                               0.7624E+01      0.2000E+01
           24         10      0.3146E+02
                                               0.0000E+00      0.0000E+00
                                               0.8798E+00      0.1000E-01
                                               0.1760E+01      0.2000E-01
                                               0.3519E+01      0.4000E-01
                                               0.5279E+01      0.6000E-01
                                               0.7038E+01      0.8000E-01
                                               0.7918E+01      0.9000E-01
                                               0.8798E+01      0.1000E+00
                                               0.8798E+01      0.5000E+00
                                               0.8798E+01      0.2000E+01
           25         10      0.3150E+02
                                               0.0000E+00      0.0000E+00
                                               0.8798E+00      0.1000E-01
                                               0.1760E+01      0.2000E-01
                                               0.3519E+01      0.4000E-01
                                               0.5279E+01      0.6000E-01
                                               0.7038E+01      0.8000E-01
                                               0.7918E+01      0.9000E-01
                                               0.8798E+01      0.1000E+00
                                               0.8798E+01      0.5000E+00
                                               0.8798E+01      0.2000E+01
           26         10      0.3477E+02
                                               0.0000E+00      0.0000E+00
                                               0.1263E+01      0.1000E-01
                                               0.2526E+01      0.2000E-01
                                               0.5053E+01      0.4000E-01
                                               0.7579E+01      0.6000E-01
                                               0.1011E+02      0.8000E-01
                                               0.1137E+02      0.9000E-01
                                               0.1263E+02      0.1000E+00
                                               0.1263E+02      0.5000E+00
                                               0.1263E+02      0.2000E+01
           27         10      0.3796E+02
                                               0.0000E+00      0.0000E+00
                                               0.1355E+01      0.1000E-01
                                               0.2710E+01      0.2000E-01
                                               0.5419E+01      0.4000E-01
                                               0.8129E+01      0.6000E-01
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                                               0.1084E+02      0.8000E-01
                                               0.1219E+02      0.9000E-01
                                               0.1355E+02      0.1000E+00
                                               0.1355E+02      0.5000E+00
                                               0.1355E+02      0.2000E+01
           28         10      0.3800E+02
                                               0.0000E+00      0.0000E+00
                                               0.1355E+01      0.1000E-01
                                               0.2710E+01      0.2000E-01
                                               0.5419E+01      0.4000E-01
                                               0.8129E+01      0.6000E-01
                                               0.1084E+02      0.8000E-01
                                               0.1219E+02      0.9000E-01
                                               0.1355E+02      0.1000E+00
                                               0.1355E+02      0.5000E+00
                                               0.1355E+02      0.2000E+01
           29         10      0.4902E+02
                                               0.0000E+00      0.0000E+00
                                               0.1355E+01      0.1000E-01
                                               0.2710E+01      0.2000E-01
                                               0.5419E+01      0.4000E-01
                                               0.8129E+01      0.6000E-01
                                               0.1084E+02      0.8000E-01
                                               0.1219E+02      0.9000E-01
                                               0.1355E+02      0.1000E+00
                                               0.1355E+02      0.5000E+00
                                               0.1355E+02      0.2000E+01
           30         10      0.5996E+02
                                               0.0000E+00      0.0000E+00
                                               0.1355E+01      0.1000E-01
                                               0.2710E+01      0.2000E-01
                                               0.5419E+01      0.4000E-01
                                               0.8129E+01      0.6000E-01
                                               0.1084E+02      0.8000E-01
                                               0.1219E+02      0.9000E-01
                                               0.1355E+02      0.1000E+00
                                               0.1355E+02      0.5000E+00
                                               0.1355E+02      0.2000E+01

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.1491E+01         0.9072E-02
        0.2983E+01         0.1814E-01
        0.5966E+01         0.3629E-01
        0.1193E+02         0.2359E+00
        0.1790E+02         0.7620E+00
        0.2148E+02         0.1324E+01
        0.2386E+02         0.1814E+01
        0.2386E+02         0.2722E+01
        0.2386E+02         0.3629E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.1465E+00      0.1648E-03      0.1644E-01      0.1000E-03
       0.1465E+01      0.1648E-02      0.1644E+00      0.1000E-02
       0.7326E+01      0.8238E-02      0.8220E+00      0.5000E-02
       0.1467E+02      0.1648E-01      0.1644E+01      0.1000E-01
       0.6679E+02      0.7989E-01      0.6376E+01      0.5000E-01
       0.1142E+03      0.1525E+00      0.7870E+01      0.1000E+00
       0.1258E+03      0.5585E+00      0.1493E+02      0.5000E+00
       0.1303E+03      0.1061E+01      0.1941E+02      0.1000E+01
       0.1347E+03      0.2064E+01      0.2386E+02      0.2000E+01
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Total Capacity  (kips)

Moorpark Road UC     Bent 2     HP14x89     Extreme Event
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Accumulated Skin Friction  (kips)
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C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Bent2_Extreme.cpt                        
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Intechange - Moorpark Road UC - Bent2                    

          DESIGNER : J. Lee                                                      

          DATE : 3/29/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     40.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   SAND      1.00       125.00        32.00     20.00
             3.00   SAND      1.00       125.00        32.00     20.00
             3.00   SAND      1.00        62.60        32.00     20.00
             5.00   SAND      1.00        62.60        32.00     20.00
             5.00   CLAY      0.00        62.60         0.00      0.00
             8.00   CLAY      0.00        62.60         0.00      0.00
             8.00   CLAY      0.00        62.60         0.00      0.00
            15.00   CLAY      0.00        62.60         0.00      0.00
            15.00   SAND      0.00        57.60        28.00     12.00
            20.00   SAND      0.00        57.60        28.00     12.00
            20.00   CLAY      0.00        57.60         0.00      0.00
            21.50   CLAY      0.00        57.60         0.00      0.00
            21.50   CLAY      0.00        57.60         0.00      0.00
            29.50   CLAY      0.00        57.60         0.00      0.00
            29.50   SAND      1.00        67.60        33.00     20.00
            31.50   SAND      1.00        67.60        33.00     20.00
            31.50   SAND      1.00        67.60        43.00     40.00
            38.00   SAND      1.00        67.60        43.00     40.00
            38.00   SAND      0.00        70.00        43.00     50.00
            80.00   SAND      0.00        70.00        43.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.35      0.35   0.00       0.00      0.00
          9999.00 99999.00       0.35      0.35   0.00       0.00      0.00
          9999.00 99999.00       0.97      0.49   0.00       0.00      0.00
          9999.00 99999.00       0.97      0.49   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.55      0.55   0.00       0.00      0.00
          9999.00 99999.00       0.55      0.55   0.00       0.00      0.00
          9999.00 99999.00       2.20      1.10   0.00       0.00      0.00
          9999.00 99999.00       2.20      1.10   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     0.9     0.9    0.0     1.0     1.0    0.0     0.7     0.7
        1.0    0.1     1.4     1.5    0.2     1.6     1.8    0.3     1.1     1.4
        2.0    0.4     1.8     2.2    0.6     2.1     2.8    0.9     1.4     2.3
        3.0    0.9     1.5     2.4    1.4     1.8     3.2    1.8     1.2     3.1
        4.0    1.6     1.1     2.6    2.4     1.2     3.7    2.8     0.9     3.8
        5.0    2.3     0.6     2.9    3.6     0.6     4.2    3.9     0.6     4.5
        6.0    3.5     0.9     4.4    5.1     0.9     6.0    5.1     0.9     6.0
        7.0    5.2     1.2     6.4    6.8     1.2     8.0    6.2     1.2     7.4
        8.0    6.8     1.6     8.4    8.4     1.6    10.0    7.3     1.6     8.9
        9.0    9.9     1.6    11.5   11.0     1.6    12.6    9.2     1.6    10.8
       10.0   14.4     1.6    15.9   14.5     1.6    16.1   11.0     1.6    12.6
       11.0   18.8     1.6    20.4   18.1     1.6    19.6   12.8     1.6    14.3
       12.0   23.3     1.6    24.9   21.6     1.6    23.2   14.4     1.6    16.0
       13.0   27.7     1.9    29.6   25.1     2.5    27.6   16.0     1.9    17.9
       14.0   32.2     2.1    34.3   28.6     3.4    32.0   17.5     2.2    19.7
       15.0   36.6     2.4    39.0   32.2     4.2    36.4   18.9     2.6    21.5
       16.0   39.6     2.4    42.0   33.9     4.2    38.1   19.4     2.8    22.2
       17.0   41.0     2.4    43.4   33.9     4.1    38.0   20.0     2.9    22.9
       18.0   42.5     1.9    44.4   33.9     3.0    36.9   20.6     2.3    22.8
       19.0   44.1     1.4    45.5   33.9     2.0    35.9   21.3     1.6    22.9
       20.0   45.7     1.8    47.5   33.9     1.8    35.7   22.2     1.8    24.0
       21.0   47.8     2.7    50.5   35.2     2.7    37.9   23.9     2.7    26.6
       22.0   50.4     3.6    54.0   37.7     3.6    41.3   25.6     3.6    29.2
       23.0   55.5     3.6    59.1   41.6     3.6    45.2   29.6     3.6    33.2
       24.0   63.0     3.6    66.5   46.9     3.6    50.4   33.6     3.6    37.2
       25.0   70.4     3.6    74.0   52.1     3.6    55.7   37.6     3.6    41.2
       26.0   77.9     3.6    81.5   57.3     3.6    60.9   41.7     3.6    45.3
       27.0   85.4     3.6    89.0   62.5     3.6    66.1   45.8     3.6    49.4
       28.0   92.9     5.4    98.3   67.8     4.9    72.7   50.0     4.9    54.8
       29.0  100.4     7.9   108.3   73.0     6.6    79.6   54.2     6.2    60.4
       30.0  107.9    37.9   145.8   77.1    24.0   101.1   58.4    10.2    68.6
       31.0  113.4    67.1   180.5   81.2    40.2   121.4   61.5    13.2    74.6
       32.0  117.0    97.2   214.2   88.5    56.4   144.9   64.7    16.2    80.8
       33.0  122.5   100.1   222.6   95.9    56.4   152.2   68.8    16.6    85.4
       34.0  129.8   103.1   232.8  103.2    56.4   159.6   73.0    17.1    90.2
       35.0  137.3   106.0   243.3  110.5    56.4   166.9   77.4    17.7    95.1
       36.0  145.0   109.0   254.0  117.9    56.4   174.3   81.9    19.7   101.6
       37.0  153.0   112.0   265.0  125.2    56.4   181.6   86.5    21.8   108.3
       38.0  161.2   115.0   276.2  132.6    56.4   188.9   91.3    23.9   115.2
       39.0  169.6   118.1   287.7  139.9    56.4   196.3   93.0    24.5   117.5
       40.0  178.2   120.6   298.9  147.2    56.4   203.6   94.8    25.2   119.9

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           0.7          0.7
              1.00           0.2           1.1          1.3
              2.00           0.6           1.4          2.0
              3.00           1.4           1.2          2.6
              4.00           2.3           0.9          3.3
              5.00           3.5           0.6          4.1
              6.00           4.6           0.9          5.5
              7.00           5.7           1.2          6.9
              8.00           6.8           1.6          8.4
              9.00           8.5           1.6         10.1
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             10.00          10.7           1.6         12.3
             11.00          12.9           1.6         14.5
             12.00          15.2           1.6         16.8
             13.00          17.5           1.9         19.4
             14.00          19.9           2.2         22.1
             15.00          22.3           2.6         24.9
             16.00          23.5           2.8         26.3
             17.00          23.5           2.9         26.4
             18.00          23.5           2.3         25.8
             19.00          23.5           1.6         25.2
             20.00          23.5           1.8         25.4
             21.00          24.6           2.7         27.3
             22.00          26.8           3.6         30.4
             23.00          30.3           3.6         33.9
             24.00          35.1           3.6         38.7
             25.00          40.0           3.6         43.6
             26.00          44.9           3.6         48.5
             27.00          49.9           3.6         53.5
             28.00          54.9           4.9         59.7
             29.00          59.9           6.2         66.1
             30.00          65.0          10.2         75.2
             31.00          70.1          13.2         83.3
             32.00          75.4          16.2         91.6
             33.00          82.2          16.6         98.8
             34.00          90.4          17.1        107.6
             35.00          98.9          17.7        116.6
             36.00         107.7          19.7        127.4
             37.00         116.7          21.8        138.5
             38.00         126.0          23.9        149.9
             39.00         130.7          24.5        155.2
             40.00         130.7          25.2        155.9

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

        T-Z CURVE   NO. OF   DEPTH TO CURVE   LOAD TRANSFER   PILE MOVEMENT
           NO.      POINTS        FT.              PSI             IN.

            1         10      0.0000E+00
                                               0.0000E+00      0.0000E+00
                                               0.6634E-01      0.1000E-01
                                               0.1327E+00      0.2000E-01
                                               0.2654E+00      0.4000E-01
                                               0.3981E+00      0.6000E-01
                                               0.5308E+00      0.8000E-01
                                               0.5971E+00      0.9000E-01
                                               0.6634E+00      0.1000E+00
                                               0.6634E+00      0.5000E+00
                                               0.6634E+00      0.2000E+01
            2         10      0.1525E+01
                                               0.0000E+00      0.0000E+00
                                               0.8846E-01      0.1000E-01
                                               0.1769E+00      0.2000E-01
                                               0.3538E+00      0.4000E-01
                                               0.5308E+00      0.6000E-01
                                               0.7077E+00      0.8000E-01
                                               0.7961E+00      0.9000E-01
                                               0.8846E+00      0.1000E+00
                                               0.8846E+00      0.5000E+00
                                               0.8846E+00      0.2000E+01
            3         10      0.2958E+01
                                               0.0000E+00      0.0000E+00
                                               0.1272E+00      0.1000E-01
                                               0.2543E+00      0.2000E-01
                                               0.5087E+00      0.4000E-01
                                               0.7630E+00      0.6000E-01
                                               0.1017E+01      0.8000E-01
                                               0.1145E+01      0.9000E-01
                                               0.1272E+01      0.1000E+00
                                               0.1272E+01      0.5000E+00
                                               0.1272E+01      0.2000E+01
            4         10      0.3000E+01
                                               0.0000E+00      0.0000E+00
                                               0.1548E+00      0.1000E-01
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                                               0.3097E+00      0.2000E-01
                                               0.6194E+00      0.4000E-01
                                               0.9290E+00      0.6000E-01
                                               0.1239E+01      0.8000E-01
                                               0.1394E+01      0.9000E-01
                                               0.1548E+01      0.1000E+00
                                               0.1548E+01      0.5000E+00
                                               0.1548E+01      0.2000E+01
            5         10      0.4025E+01
                                               0.0000E+00      0.0000E+00
                                               0.1657E+00      0.1000E-01
                                               0.3315E+00      0.2000E-01
                                               0.6629E+00      0.4000E-01
                                               0.9944E+00      0.6000E-01
                                               0.1326E+01      0.8000E-01
                                               0.1492E+01      0.9000E-01
                                               0.1657E+01      0.1000E+00
                                               0.1657E+01      0.5000E+00
                                               0.1657E+01      0.2000E+01
            6         10      0.4958E+01
                                               0.0000E+00      0.0000E+00
                                               0.1657E+00      0.1000E-01
                                               0.3315E+00      0.2000E-01
                                               0.6629E+00      0.4000E-01
                                               0.9944E+00      0.6000E-01
                                               0.1326E+01      0.8000E-01
                                               0.1492E+01      0.9000E-01
                                               0.1657E+01      0.1000E+00
                                               0.1657E+01      0.5000E+00
                                               0.1657E+01      0.2000E+01
            7         10      0.5000E+01
                                               0.0000E+00      0.0000E+00
                                               0.4857E+00      0.2903E-01
                                               0.8096E+00      0.5625E-01
                                               0.1214E+01      0.1034E+00
                                               0.1457E+01      0.1451E+00
                                               0.1619E+01      0.1814E+00
                                               0.1457E+01      0.3629E+00
                                               0.1457E+01      0.5443E+00
                                               0.1457E+01      0.9072E+00
                                               0.1457E+01      0.3629E+01
            8         10      0.6525E+01
                                               0.0000E+00      0.0000E+00
                                               0.4870E+00      0.2903E-01
                                               0.8117E+00      0.5625E-01
                                               0.1218E+01      0.1034E+00
                                               0.1461E+01      0.1451E+00
                                               0.1623E+01      0.1814E+00
                                               0.1461E+01      0.3629E+00
                                               0.1461E+01      0.5443E+00
                                               0.1461E+01      0.9072E+00
                                               0.1461E+01      0.3629E+01
            9         10      0.7958E+01
                                               0.0000E+00      0.0000E+00
                                               0.6143E+00      0.2903E-01
                                               0.1024E+01      0.5625E-01
                                               0.1536E+01      0.1034E+00
                                               0.1843E+01      0.1451E+00
                                               0.2048E+01      0.1814E+00
                                               0.1843E+01      0.3629E+00
                                               0.1843E+01      0.5443E+00
                                               0.1843E+01      0.9072E+00
                                               0.1843E+01      0.3629E+01
           10         10      0.8000E+01
                                               0.0000E+00      0.0000E+00
                                               0.8433E+00      0.2903E-01
                                               0.1406E+01      0.5625E-01
                                               0.2108E+01      0.1034E+00
                                               0.2530E+01      0.1451E+00
                                               0.2811E+01      0.1814E+00
                                               0.2530E+01      0.3629E+00
                                               0.2530E+01      0.5443E+00
                                               0.2530E+01      0.9072E+00
                                               0.2530E+01      0.3629E+01
           11         10      0.1153E+02
                                               0.0000E+00      0.0000E+00
                                               0.1004E+01      0.2903E-01
                                               0.1673E+01      0.5625E-01
                                               0.2510E+01      0.1034E+00
                                               0.3012E+01      0.1451E+00
                                               0.3346E+01      0.1814E+00
                                               0.3012E+01      0.3629E+00
                                               0.3012E+01      0.5443E+00
                                               0.3012E+01      0.9072E+00
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                                               0.3012E+01      0.3629E+01
           12         10      0.1496E+02
                                               0.0000E+00      0.0000E+00
                                               0.8089E+00      0.2903E-01
                                               0.1348E+01      0.5625E-01
                                               0.2022E+01      0.1034E+00
                                               0.2427E+01      0.1451E+00
                                               0.2696E+01      0.1814E+00
                                               0.2427E+01      0.3629E+00
                                               0.2427E+01      0.5443E+00
                                               0.2427E+01      0.9072E+00
                                               0.2427E+01      0.3629E+01
           13         10      0.1500E+02
                                               0.0000E+00      0.0000E+00
                                               0.9073E-01      0.1000E-01
                                               0.1815E+00      0.2000E-01
                                               0.3629E+00      0.4000E-01
                                               0.5444E+00      0.6000E-01
                                               0.7258E+00      0.8000E-01
                                               0.8165E+00      0.9000E-01
                                               0.9073E+00      0.1000E+00
                                               0.9073E+00      0.5000E+00
                                               0.9073E+00      0.2000E+01
           14         10      0.1752E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
           15         10      0.1996E+02
                                               0.0000E+00      0.0000E+00
                                               0.7810E-01      0.1000E-01
                                               0.1562E+00      0.2000E-01
                                               0.3124E+00      0.4000E-01
                                               0.4686E+00      0.6000E-01
                                               0.6248E+00      0.8000E-01
                                               0.7029E+00      0.9000E-01
                                               0.7810E+00      0.1000E+00
                                               0.7810E+00      0.5000E+00
                                               0.7810E+00      0.2000E+01
           16         10      0.2000E+02
                                               0.0000E+00      0.0000E+00
                                               0.7074E+00      0.2903E-01
                                               0.1179E+01      0.5625E-01
                                               0.1769E+01      0.1034E+00
                                               0.2122E+01      0.1451E+00
                                               0.2358E+01      0.1814E+00
                                               0.2122E+01      0.3629E+00
                                               0.2122E+01      0.5443E+00
                                               0.2122E+01      0.9072E+00
                                               0.2122E+01      0.3629E+01
           17         10      0.2077E+02
                                               0.0000E+00      0.0000E+00
                                               0.7074E+00      0.2903E-01
                                               0.1179E+01      0.5625E-01
                                               0.1769E+01      0.1034E+00
                                               0.2122E+01      0.1451E+00
                                               0.2358E+01      0.1814E+00
                                               0.2122E+01      0.3629E+00
                                               0.2122E+01      0.5443E+00
                                               0.2122E+01      0.9072E+00
                                               0.2122E+01      0.3629E+01
           18         10      0.2146E+02
                                               0.0000E+00      0.0000E+00
                                               0.1240E+01      0.2903E-01
                                               0.2067E+01      0.5625E-01
                                               0.3100E+01      0.1034E+00
                                               0.3720E+01      0.1451E+00
                                               0.4133E+01      0.1814E+00
                                               0.3720E+01      0.3629E+00
                                               0.3720E+01      0.5443E+00
                                               0.3720E+01      0.9072E+00
                                               0.3720E+01      0.3629E+01
           19         10      0.2150E+02
                                               0.0000E+00      0.0000E+00
                                               0.1240E+01      0.2903E-01
                                               0.2067E+01      0.5625E-01
                                               0.3100E+01      0.1034E+00
                                               0.3720E+01      0.1451E+00
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                                               0.4133E+01      0.1814E+00
                                               0.3720E+01      0.3629E+00
                                               0.3720E+01      0.5443E+00
                                               0.3720E+01      0.9072E+00
                                               0.3720E+01      0.3629E+01
           20         10      0.2552E+02
                                               0.0000E+00      0.0000E+00
                                               0.2167E+01      0.2903E-01
                                               0.3612E+01      0.5625E-01
                                               0.5418E+01      0.1034E+00
                                               0.6501E+01      0.1451E+00
                                               0.7224E+01      0.1814E+00
                                               0.6501E+01      0.3629E+00
                                               0.6501E+01      0.5443E+00
                                               0.6501E+01      0.9072E+00
                                               0.6501E+01      0.3629E+01
           21         10      0.2946E+02
                                               0.0000E+00      0.0000E+00
                                               0.2242E+01      0.2903E-01
                                               0.3737E+01      0.5625E-01
                                               0.5605E+01      0.1034E+00
                                               0.6726E+01      0.1451E+00
                                               0.7473E+01      0.1814E+00
                                               0.6726E+01      0.3629E+00
                                               0.6726E+01      0.5443E+00
                                               0.6726E+01      0.9072E+00
                                               0.6726E+01      0.3629E+01
           22         10      0.2950E+02
                                               0.0000E+00      0.0000E+00
                                               0.7473E+00      0.1000E-01
                                               0.1495E+01      0.2000E-01
                                               0.2989E+01      0.4000E-01
                                               0.4484E+01      0.6000E-01
                                               0.5979E+01      0.8000E-01
                                               0.6726E+01      0.9000E-01
                                               0.7473E+01      0.1000E+00
                                               0.7473E+01      0.5000E+00
                                               0.7473E+01      0.2000E+01
           23         10      0.3052E+02
                                               0.0000E+00      0.0000E+00
                                               0.7624E+00      0.1000E-01
                                               0.1525E+01      0.2000E-01
                                               0.3049E+01      0.4000E-01
                                               0.4574E+01      0.6000E-01
                                               0.6099E+01      0.8000E-01
                                               0.6861E+01      0.9000E-01
                                               0.7624E+01      0.1000E+00
                                               0.7624E+01      0.5000E+00
                                               0.7624E+01      0.2000E+01
           24         10      0.3146E+02
                                               0.0000E+00      0.0000E+00
                                               0.8798E+00      0.1000E-01
                                               0.1760E+01      0.2000E-01
                                               0.3519E+01      0.4000E-01
                                               0.5279E+01      0.6000E-01
                                               0.7038E+01      0.8000E-01
                                               0.7918E+01      0.9000E-01
                                               0.8798E+01      0.1000E+00
                                               0.8798E+01      0.5000E+00
                                               0.8798E+01      0.2000E+01
           25         10      0.3150E+02
                                               0.0000E+00      0.0000E+00
                                               0.8798E+00      0.1000E-01
                                               0.1760E+01      0.2000E-01
                                               0.3519E+01      0.4000E-01
                                               0.5279E+01      0.6000E-01
                                               0.7038E+01      0.8000E-01
                                               0.7918E+01      0.9000E-01
                                               0.8798E+01      0.1000E+00
                                               0.8798E+01      0.5000E+00
                                               0.8798E+01      0.2000E+01
           26         10      0.3477E+02
                                               0.0000E+00      0.0000E+00
                                               0.1263E+01      0.1000E-01
                                               0.2526E+01      0.2000E-01
                                               0.5053E+01      0.4000E-01
                                               0.7579E+01      0.6000E-01
                                               0.1011E+02      0.8000E-01
                                               0.1137E+02      0.9000E-01
                                               0.1263E+02      0.1000E+00
                                               0.1263E+02      0.5000E+00
                                               0.1263E+02      0.2000E+01
           27         10      0.3796E+02
                                               0.0000E+00      0.0000E+00
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                                               0.1021E+01      0.1000E-01
                                               0.2041E+01      0.2000E-01
                                               0.4083E+01      0.4000E-01
                                               0.6124E+01      0.6000E-01
                                               0.8166E+01      0.8000E-01
                                               0.9187E+01      0.9000E-01
                                               0.1021E+02      0.1000E+00
                                               0.1021E+02      0.5000E+00
                                               0.1021E+02      0.2000E+01
           28         10      0.3800E+02
                                               0.0000E+00      0.0000E+00
                                               0.3433E+00      0.1000E-01
                                               0.6866E+00      0.2000E-01
                                               0.1373E+01      0.4000E-01
                                               0.2060E+01      0.6000E-01
                                               0.2746E+01      0.8000E-01
                                               0.3090E+01      0.9000E-01
                                               0.3433E+01      0.1000E+00
                                               0.3433E+01      0.5000E+00
                                               0.3433E+01      0.2000E+01
           29         10      0.5902E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01
           30         10      0.7996E+02
                                               0.0000E+00      0.0000E+00
                                               0.0000E+00      0.1000E-01
                                               0.0000E+00      0.2000E-01
                                               0.0000E+00      0.4000E-01
                                               0.0000E+00      0.6000E-01
                                               0.0000E+00      0.8000E-01
                                               0.0000E+00      0.9000E-01
                                               0.0000E+00      0.1000E+00
                                               0.0000E+00      0.5000E+00
                                               0.0000E+00      0.2000E+01

        TIP   LOAD        TIP MOVEMENT
            KIP               IN.

        0.0000E+00         0.0000E+00
        0.1573E+01         0.9072E-02
        0.3146E+01         0.1814E-01
        0.6291E+01         0.3629E-01
        0.1258E+02         0.2359E+00
        0.1887E+02         0.7620E+00
        0.2265E+02         0.1324E+01
        0.2517E+02         0.1814E+01
        0.2517E+02         0.2722E+01
        0.2517E+02         0.3629E+01

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.1646E+00      0.1707E-03      0.1734E-01      0.1000E-03
       0.1646E+01      0.1707E-02      0.1734E+00      0.1000E-02
       0.8228E+01      0.8533E-02      0.8669E+00      0.5000E-02
       0.1648E+02      0.1707E-01      0.1734E+01      0.1000E-01
       0.7400E+02      0.8232E-01      0.6724E+01      0.5000E-01
       0.1247E+03      0.1560E+00      0.8300E+01      0.1000E+00
       0.1372E+03      0.5627E+00      0.1574E+02      0.5000E+00
       0.1420E+03      0.1066E+01      0.2047E+02      0.1000E+01
       0.1466E+03      0.2069E+01      0.2517E+02      0.2000E+01
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Settle3D Analysis Information

Route 101/23

Project Settings

Document Name: Bent2_PileGroup.s3z

Project Title: Route 101/23

Analysis: Moorpark Road UC Bent2 Group Pile Settlement

Author: J. Lee

Company: CH2M HILL

Date Created: 5/7/12

Stress Computation Method: Boussinesq

Use average properties to calculate layered stresses

Groundwater method: Water Table

Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 3 [ft]

Stage Settings

NameStage #

Stage 11

Results

Time taken to compute: 0.0156081 seconds

Stage: Stage 1

MaximumMinimumData Type

0.9325090Total Settlement [in]

0.7961650Consolidation Settlement [in]

0.1363440Immediate Settlement [in]

1.150Loading Stress [ksf]

2.742420Effective Stress [ksf]

4.926420Total Stress [ksf]

0.01476340Total Strain

2.1840Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

2.739070.01875Pre-consolidation Stress [ksf]

1.41Over-consolidation Ratio

0.6932680Void Ratio

00Hydroconsolidation Settlement [in]

Loads
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1. Rectangular Load

Length: 15.53 ft

Width: 17.49 ft

Rotation angle: 0 degrees

Load Type: Flexible

Area of Load: 271.62 ft2

Load: 1.15 ksf

Depth: 14.67 ft

Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-8.745-7.765

-8.7457.765

8.7457.765

8.745-7.765

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #

05CL11

53SC-SM2

87CL23

156.5SC/SM4

21.58CL35

29.52SM6

31.56.5GP7

Soil Properties

GPSMCL3SC/SMCL2SC-SMCL1Property

_____________________Color

0.130.130.120.120.1250.1250.125Unit Weight [kips/ft3]

0.130.130.120.120.1250.1250.115Saturated Unit Weight [kips/ft3]

EnabledEnabledDisabledEnabledDisabledEnabledEnabledImmediate Settlement

30001000700700525Es [ksf]

Page 2 of 3
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30001000700700525Esur [ksf]

DisabledDisabledEnabledDisabledEnabledDisabledDisabledPrimary Consolidation

Non-LinearNon-LinearMaterial Type

0.120.13Cc

0.02250.021Cr

0.70.68e0

111.111.411OCR

Query Points

Number of Divisions(X,Y) LocationPoint #

Auto: 790, 01
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Total Capacity  (kips)

Moorpark Road UC      Bent 3     HP 14x89      Strength Limit
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Callout
Nominal Resistance for Pile Group =165 kips @31 ft

jlee12
Text Box
Required Nominal Resistance for Single Pile > Load (84) / 0.7 = 120 kips 

jlee12
Text Box
Required Nominal Resistance for Pile Group > Load (648) / (0.7x0.7x8) =  165 kips

jlee12
Text Box
where:Resistance Factor = 0.7Group Efficiency Factor = 0.7Number of Piles = 8



BSI FB-MultiPier - File: Bent3_Comp.apo Monday, May 07, 2012
C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Bent3_Comp.cpt                           
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Intechange - Moorpark Road UC - Bent2                    

          DESIGNER : J. Lee                                                      

          DATE : 3/29/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     45.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   CLAY      0.00       125.00         0.00      0.00
             2.50   CLAY      0.00       125.00         0.00      0.00
             2.50   CLAY      0.00        62.60         0.00      0.00
             4.50   CLAY      0.00        62.60         0.00      0.00
             4.50   SAND      1.00        62.60        30.00     20.00
             7.00   SAND      1.00        62.60        30.00     20.00
             7.00   CLAY      0.00        62.60         0.00      0.00
            15.50   CLAY      0.00        62.60         0.00      0.00
            15.50   SAND      1.00        57.60        30.00     20.00
            19.50   SAND      1.00        57.60        30.00     20.00
            19.50   SAND      1.00        57.60        30.00     20.00
            22.50   SAND      1.00        57.60        30.00     20.00
            22.50   CLAY      0.00        57.60         0.00      0.00
            28.50   CLAY      0.00        57.60         0.00      0.00
            28.50   SAND      1.00        67.60        36.00     40.00
            34.50   SAND      1.00        67.60        36.00     40.00
            34.50   SAND      1.00        67.60        43.00     40.00
            40.50   SAND      1.00        67.60        43.00     40.00
            40.50   SAND      1.00        67.60        43.00     50.00
            60.00   SAND      1.00        67.60        43.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       2.90      1.80   0.00       0.00      0.00
          9999.00 99999.00       2.90      1.80   0.00       0.00      0.00
          9999.00 99999.00       2.90      1.80   0.00       0.00      0.00
          9999.00 99999.00       2.90      1.80   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.50   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.50   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       2.45      1.20   0.00       0.00      0.00
          9999.00 99999.00       2.45      1.20   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     4.7     4.7    0.0     4.7     4.7    0.0     4.7     4.7
        1.0    6.5     4.7    11.2    6.9     4.7    11.6    7.5     4.7    12.2
        2.0   12.9     4.7    17.7   13.8     4.7    18.5   12.6     4.7    17.4
        3.0   19.4     3.7    23.1   20.7     3.9    24.5   17.0     3.8    20.7
        4.0   25.9     2.8    28.6   27.5     3.1    30.7   20.7     2.9    23.6
        5.0   32.4     1.7    34.1   34.4     2.1    36.5   24.0     1.9    25.9
        6.0   36.0     1.7    37.7   38.5     1.9    40.5   27.3     1.8    29.1
        7.0   36.8     1.6    38.4   39.9     1.6    41.6   30.6     1.6    32.2
        8.0   39.5     1.6    41.1   42.4     1.6    44.1   33.9     1.6    35.5
        9.0   44.0     1.6    45.7   46.0     1.6    47.6   37.2     1.6    38.8
       10.0   48.7     1.6    50.3   49.6     1.6    51.2   40.5     1.6    42.2
       11.0   53.3     1.6    54.9   53.1     1.6    54.8   43.8     1.6    45.5
       12.0   57.9     1.6    59.5   56.7     1.6    58.3   47.1     1.6    48.8
       13.0   62.5     1.6    64.2   60.3     1.7    61.9   50.4     1.7    52.1
       14.0   67.2     1.9    69.0   63.8     2.8    66.6   53.7     2.6    56.3
       15.0   71.8     2.2    73.9   67.4     3.8    71.2   57.0     3.6    60.6
       16.0   76.4     2.4    78.8   70.0     4.8    74.9   60.3     4.6    65.0
       17.0   79.6     2.4    82.0   72.7     4.7    77.4   63.6     4.8    68.5
       18.0   81.3     2.4    83.7   75.3     4.7    80.1   67.0     5.0    72.0
       19.0   83.1     2.4    85.5   78.0     4.7    82.7   70.3     5.3    75.5
       20.0   84.9     2.4    87.4   80.7     4.7    85.4   73.6     5.4    79.0
       21.0   86.9     3.0    89.8   83.3     4.5    87.8   76.9     5.0    81.9
       22.0   88.9     3.5    92.4   86.0     4.2    90.2   80.2     4.5    84.7
       23.0   91.0     4.0    95.0   88.6     4.0    92.6   83.5     4.0    87.5
       24.0   96.2     4.0   100.2   92.9     4.0    96.9   86.8     4.0    90.8
       25.0  104.0     4.0   108.0   98.7     4.0   102.7   90.1     4.0    94.1
       26.0  111.3     4.1   115.5  104.5     4.1   108.6   93.4     4.1    97.5
       27.0  118.7     9.2   127.9  110.3     9.4   119.7   96.7     7.5   104.2
       28.0  126.1    14.4   140.5  116.1    14.8   131.0  100.0    11.1   111.0
       29.0  133.5    19.9   153.4  122.0    20.2   142.2  103.3    14.8   118.1
       30.0  139.4    20.6   160.0  127.8    20.4   148.2  106.6    15.3   121.9
       31.0  144.0    21.2   165.2  133.7    20.4   154.0  109.9    15.8   125.7
       32.0  148.7    22.5   171.2  139.5    20.6   160.1  113.2    16.3   129.5
       33.0  153.6    49.8   203.4  145.3    32.7   178.0  116.5    16.7   133.3
       34.0  158.6    77.9   236.5  151.2    44.8   195.9  119.8    17.2   137.1
       35.0  163.8   106.7   270.5  158.6    56.9   215.4  123.1    17.7   140.8
       36.0  170.4   109.6   280.0  166.0    56.9   222.8  126.4    18.2   144.6
       37.0  178.4   112.6   291.0  173.4    56.9   230.2  129.7    18.7   148.4
       38.0  186.6   115.5   302.2  180.8    56.9   237.6  133.0    19.2   152.3
       39.0  195.1   118.5   313.6  188.2    56.9   245.0  136.3    21.4   157.7
       40.0  203.8   120.9   324.7  195.6    56.9   252.4  139.6    23.6   163.2
       41.0  212.7   122.3   335.0  203.0    56.9   259.8  142.9    25.8   168.8
       42.0  221.8   122.8   344.6  210.4    56.9   267.2  146.2    26.4   172.7
       43.0  231.1   122.8   354.0  217.8    56.9   274.6  149.6    27.1   176.6
       44.0  240.7   122.8   363.5  225.2    56.9   282.0  152.9    27.7   180.5
       45.0  250.5   122.8   373.3  232.6    56.9   289.4  156.2    28.3   184.4

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           4.7          4.7
              1.00           3.1           4.7          7.9
              2.00           6.6           4.7         11.3
              3.00          10.5           3.8         14.3
              4.00          14.7           2.9         17.6

 Page 2



BSI FB-MultiPier - File: Bent3_Comp.apo Monday, May 07, 2012
              5.00          19.1           1.9         21.0
              6.00          21.9           1.8         23.7
              7.00          23.2           1.6         24.9
              8.00          25.0           1.6         26.6
              9.00          27.2           1.6         28.8
             10.00          29.4           1.6         31.1
             11.00          31.7           1.6         33.3
             12.00          34.0           1.6         35.7
             13.00          36.4           1.7         38.0
             14.00          38.8           2.6         41.4
             15.00          41.3           3.6         44.8
             16.00          43.8           4.6         48.5
             17.00          46.5           4.8         51.3
             18.00          49.3           5.0         54.4
             19.00          52.3           5.3         57.5
             20.00          55.4           5.4         60.8
             21.00          58.6           5.0         63.6
             22.00          61.9           4.5         66.5
             23.00          65.4           4.0         69.4
             24.00          69.8           4.0         73.8
             25.00          75.1           4.0         79.1
             26.00          80.4           4.1         84.5
             27.00          85.8           7.5         93.3
             28.00          91.2          11.1        102.3
             29.00          96.7          14.8        111.5
             30.00         102.3          15.3        117.6
             31.00         108.1          15.8        123.9
             32.00         114.1          16.3        130.4
             33.00         120.3          16.7        137.1
             34.00         126.7          17.2        144.0
             35.00         133.3          17.7        151.0
             36.00         141.1          18.2        159.3
             37.00         150.2          18.7        168.9
             38.00         159.5          19.2        178.8
             39.00         169.1          21.4        190.5
             40.00         178.9          23.6        202.5
             41.00         189.0          25.8        214.8
             42.00         199.3          26.4        225.8
             43.00         209.9          27.1        237.0
             44.00         220.7          27.7        248.4
             45.00         231.8          28.3        260.1

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.3346E+00      0.2389E-03      0.1949E-01      0.1000E-03
       0.3346E+01      0.2389E-02      0.1949E+00      0.1000E-02
       0.1677E+02      0.1195E-01      0.9744E+00      0.5000E-02
       0.3369E+02      0.2395E-01      0.1949E+01      0.1000E-01
       0.1483E+03      0.1151E+00      0.7558E+01      0.5000E-01
       0.2380E+03      0.2114E+00      0.9330E+01      0.1000E+00
       0.2448E+03      0.6177E+00      0.1769E+02      0.5000E+00
       0.2501E+03      0.1122E+01      0.2301E+02      0.1000E+01
       0.2554E+03      0.2125E+01      0.2829E+02      0.2000E+01
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Total Capacity  (kips)

Moorpark Road UC      Bent 3     HP 14x89      Extreme Event
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Accumulated Skin Friction  (kips)

Moorpark Road UC      Bent 3     HP 14x89      Extreme Event
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1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Intechange - Moorpark Road UC - Bent2                    

          DESIGNER : J. Lee                                                      

          DATE : 3/29/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     46.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   CLAY      0.00       125.00         0.00      0.00
             2.50   CLAY      0.00       125.00         0.00      0.00
             2.50   CLAY      0.00        62.60         0.00      0.00
             4.50   CLAY      0.00        62.60         0.00      0.00
             4.50   CLAY      0.00        62.60         0.00      0.00
             7.00   CLAY      0.00        62.60         0.00      0.00
             7.00   CLAY      0.00        62.60         0.00      0.00
            15.50   CLAY      0.00        62.60         0.00      0.00
            15.50   SAND      1.00        57.60        30.00     20.00
            19.50   SAND      1.00        57.60        30.00     20.00
            19.50   CLAY      0.00        57.60         0.00      0.00
            22.50   CLAY      0.00        57.60         0.00      0.00
            22.50   CLAY      0.00        57.60         0.00      0.00
            28.50   CLAY      0.00        57.60         0.00      0.00
            28.50   SAND      1.00        67.60        36.00     40.00
            34.50   SAND      1.00        67.60        36.00     40.00
            34.50   SAND      1.00        67.60        43.00     40.00
            40.50   SAND      1.00        67.60        43.00     40.00
            40.50   SAND      1.00        67.60        43.00     50.00
            60.00   SAND      1.00        67.60        43.00     50.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       2.90      1.50   0.00       0.00      0.00
          9999.00 99999.00       2.90      1.50   0.00       0.00      0.00
          9999.00 99999.00       2.90      1.50   0.00       0.00      0.00
          9999.00 99999.00       2.90      1.50   0.00       0.00      0.00
          9999.00 99999.00       0.35      0.35   0.00       0.00      0.00
          9999.00 99999.00       0.35      0.35   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.50   0.00       0.00      0.00
          9999.00 99999.00       1.00      0.50   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.55      0.55   0.00       0.00      0.00
          9999.00 99999.00       0.55      0.55   0.00       0.00      0.00
          9999.00 99999.00       2.45      1.20   0.00       0.00      0.00
          9999.00 99999.00       2.45      1.20   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
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          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     4.7     4.7    0.0     4.7     4.7    0.0     4.7     4.7
        1.0    6.5     4.7    11.3    6.9     4.7    11.6    7.5     4.7    12.2
        2.0   13.1     4.7    17.8   13.8     4.7    18.5   12.6     4.7    17.3
        3.0   19.6     3.3    22.9   20.7     3.3    24.0   17.0     3.3    20.3
        4.0   26.1     2.0    28.1   27.5     2.0    29.5   20.7     2.0    22.7
        5.0   32.7     0.9    33.6   34.4     0.9    35.4   24.0     0.9    24.9
        6.0   36.8     1.3    38.1   38.7     1.3    40.0   27.3     1.3    28.6
        7.0   38.4     1.6    40.1   40.4     1.6    42.0   30.6     1.6    32.2
        8.0   41.6     1.6    43.2   43.0     1.6    44.6   33.9     1.6    35.5
        9.0   46.2     1.6    47.8   46.5     1.6    48.2   37.2     1.6    38.8
       10.0   50.8     1.6    52.5   50.1     1.6    51.7   40.5     1.6    42.2
       11.0   55.5     1.6    57.1   53.7     1.6    55.3   43.8     1.6    45.5
       12.0   60.1     1.6    61.7   57.2     1.6    58.9   47.1     1.6    48.8
       13.0   64.7     1.6    66.4   60.8     1.7    62.5   50.4     1.7    52.1
       14.0   69.4     1.9    71.3   64.4     2.8    67.2   53.7     2.6    56.3
       15.0   74.0     2.2    76.2   67.9     3.8    71.7   57.0     3.6    60.6
       16.0   78.6     2.4    81.1   70.6     4.8    75.4   60.3     4.6    65.0
       17.0   81.8     2.4    84.2   73.2     4.7    77.9   63.6     4.8    68.4
       18.0   83.5     1.9    85.4   75.9     3.4    79.3   67.0     3.6    70.5
       19.0   85.3     1.4    86.7   78.5     2.2    80.7   70.3     2.3    72.5
       20.0   87.2     0.9    88.1   81.2     0.9    82.1   73.6     0.9    74.5
       21.0   89.4     1.9    91.4   83.8     1.9    85.8   76.9     1.9    78.8
       22.0   92.0     3.0    95.0   86.4     3.0    89.3   80.2     3.0    83.1
       23.0   94.6     4.0    98.6   88.9     4.0    92.9   83.5     4.0    87.5
       24.0   99.6     4.0   103.6   93.1     4.0    97.1   86.8     4.0    90.8
       25.0  107.1     4.0   111.1   98.9     4.0   102.9   90.1     4.0    94.1
       26.0  114.5     4.1   118.7  104.7     4.1   108.8   93.4     4.1    97.5
       27.0  122.0     9.2   131.1  110.5     9.4   120.0   96.7     7.5   104.2
       28.0  129.4    14.4   143.8  116.4    14.8   131.2  100.0    11.1   111.0
       29.0  136.9    19.9   156.8  122.2    20.2   142.4  103.3    14.8   118.1
       30.0  142.9    20.6   163.4  128.0    20.4   148.4  106.6    15.3   121.9
       31.0  147.4    21.2   168.6  133.9    20.4   154.2  109.9    15.8   125.7
       32.0  152.2    22.5   174.7  139.7    20.6   160.3  113.2    16.3   129.5
       33.0  157.0    49.8   206.8  145.5    32.7   178.3  116.5    16.7   133.3
       34.0  162.1    77.9   239.9  151.4    44.8   196.2  119.8    17.2   137.1
       35.0  167.2   106.7   273.9  158.8    56.9   215.6  123.1    17.7   140.8
       36.0  173.8   109.6   283.4  166.2    56.9   223.0  126.4    18.2   144.6
       37.0  181.8   112.6   294.4  173.6    56.9   230.4  129.7    18.7   148.4
       38.0  190.1   115.5   305.6  181.0    56.9   237.8  133.0    19.2   152.3
       39.0  198.5   118.5   317.0  188.4    56.9   245.2  136.3    21.4   157.7
       40.0  207.2   120.9   328.1  195.8    56.9   252.6  139.6    23.6   163.2
       41.0  216.1   122.3   338.4  203.2    56.9   260.0  142.9    25.8   168.8
       42.0  225.2   122.8   348.0  210.6    56.9   267.4  146.2    26.4   172.7
       43.0  234.6   122.8   357.4  218.0    56.9   274.8  149.6    27.1   176.6
       44.0  244.1   122.8   366.9  225.4    56.9   282.2  152.9    27.7   180.5
       45.0  253.9   122.8   376.7  232.8    56.9   289.6  156.2    28.3   184.4
       46.0  263.9   122.8   386.7  240.2    56.9   297.0  156.4    28.9   185.3

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           4.7          4.7
              1.00           3.1           4.7          7.9
              2.00           6.6           4.7         11.3
              3.00          10.5           3.3         13.8
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              4.00          14.7           2.0         16.7
              5.00          19.1           0.9         20.0
              6.00          21.8           1.3         23.1
              7.00          22.9           1.6         24.5
              8.00          24.5           1.6         26.2
              9.00          26.7           1.6         28.4
             10.00          29.0           1.6         30.6
             11.00          31.2           1.6         32.9
             12.00          33.6           1.6         35.2
             13.00          35.9           1.7         37.6
             14.00          38.3           2.6         40.9
             15.00          40.8           3.6         44.4
             16.00          43.4           4.6         48.0
             17.00          46.0           4.8         50.8
             18.00          48.9           3.6         52.4
             19.00          51.8           2.3         54.1
             20.00          54.9           0.9         55.8
             21.00          57.5           1.9         59.5
             22.00          59.7           3.0         62.7
             23.00          61.9           4.0         65.9
             24.00          65.7           4.0         69.7
             25.00          70.9           4.0         74.9
             26.00          76.3           4.1         80.4
             27.00          81.7           7.5         89.2
             28.00          87.1          11.1         98.1
             29.00          92.6          14.8        107.3
             30.00          98.2          15.3        113.4
             31.00         104.0          15.8        119.8
             32.00         110.0          16.3        126.3
             33.00         116.2          16.7        133.0
             34.00         122.6          17.2        139.8
             35.00         129.2          17.7        146.9
             36.00         137.0          18.2        155.2
             37.00         146.1          18.7        164.8
             38.00         155.4          19.2        174.6
             39.00         165.0          21.4        186.4
             40.00         174.8          23.6        198.4
             41.00         184.9          25.8        210.7
             42.00         195.2          26.4        221.7
             43.00         205.8          27.1        232.8
             44.00         216.6          27.7        244.3
             45.00         227.7          28.3        256.0
             46.00         239.0          28.9        267.9

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.3468E+00      0.2476E-03      0.1991E-01      0.1000E-03
       0.3468E+01      0.2476E-02      0.1991E+00      0.1000E-02
       0.1739E+02      0.1239E-01      0.9955E+00      0.5000E-02
       0.3494E+02      0.2483E-01      0.1991E+01      0.1000E-01
       0.1509E+03      0.1187E+00      0.7722E+01      0.5000E-01
       0.2441E+03      0.2181E+00      0.9532E+01      0.1000E+00
       0.2502E+03      0.6244E+00      0.1808E+02      0.5000E+00
       0.2556E+03      0.1128E+01      0.2351E+02      0.1000E+01
       0.2610E+03      0.2132E+01      0.2890E+02      0.2000E+01
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Project Settings
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Author: J. Lee
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Date Created: 5/7/12

Stress Computation Method: Boussinesq

Use average properties to calculate layered stresses

Groundwater method: Water Table

Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 3 [ft]

Stage Settings

NameStage #

Stage 11

Results

Time taken to compute: 0.0159487 seconds

Stage: Stage 1

MaximumMinimumData Type

1.428590Total Settlement [in]

1.199480Consolidation Settlement [in]

0.2291040Immediate Settlement [in]

1.760Loading Stress [ksf]
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1. Rectangular Load

Length: 17.15 ft

Width: 15.2 ft

Rotation angle: 0 degrees

Load Type: Flexible

Area of Load: 260.68 ft2

Load: 1.76 ksf

Depth: 14 ft

Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-7.6-8.575

-7.68.575

7.68.575

7.6-8.575

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #

04.5CL11

4.52.5SC-SM2

78.5CL23

15.57SC/SM4

22.56CL35

28.56SW6

34.56GP7

Soil Properties

GPSWCL3SC/SMCL2SC-SMCL1Property

_____________________Color

0.130.130.120.120.1250.1250.125Unit Weight [kips/ft3]

0.130.130.120.120.1250.1250.115Saturated Unit Weight [kips/ft3]

EnabledEnabledDisabledEnabledDisabledEnabledEnabledImmediate Settlement

30001000700700525Es [ksf]
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30001000700700525Esur [ksf]

DisabledDisabledEnabledDisabledEnabledDisabledDisabledPrimary Consolidation

Non-LinearNon-LinearMaterial Type

0.120.13Cc

0.02250.021Cr

0.70.68e0

111.111.411OCR

Query Points

Number of Divisions(X,Y) LocationPoint #

Auto: 750, 01
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C:\Documents and Settings\jlee12\Desktop\Revised Analyses\APILE\Bent4_Comp.cpt                           
                                                                                                         
                                           
1

          AXIALLY LOADING PILE ANALYSIS PROGRAM - APILEplus
          VERSION 5.0 - (C) COPYRIGHT ENSOFT,INC.,1987-2008.

          Route 101/23 Intechange - Moorpark Road UC - Bent4                    

          DESIGNER : J. Lee                                                      

          DATE : 3/29/11                                                     

          PILE PROPERTIES : 

          PERIMETER OF PILE WITH NONCIRCULAR SECTION=     57.00 IN.
          TIP AREA OF PILE WITH NONCIRCULAR SECTION =      0.18 SQF
          OUTSIDE DIAMETER OF CIRCULAR PILE         =      0.00 IN.
          INTERNAL DIAMETER OF CIRCULAR PILE        =      0.00 IN.
          PILE LENGTH                               =     30.00 FT.
          MODULUS OF ELASTICITY                     = 0.290E+08 PSI

          LENGTH OF SURFACE SECTION WITH ZERO SKIN FRICTION =   0.00 FT.
          INCREMENT OF PILE LENGTH USED IN COMPUTATION      =   1.00 FT.

          SOIL INFORMATIONS :

                                                               

                            LATERAL    EFFECTIVE    FRICTION   BEARING
                    SOIL    EARTH      UNIT         ANGLE      CAPACITY
           DEPTH    TYPE    PRESSURE   WEIGHT       DEGREES    FACTOR
            FT.                        LB/CF
             0.00   CLAY      0.00       125.00         0.00      0.00
             3.00   CLAY      0.00       125.00         0.00      0.00
             3.00   CLAY      0.00        62.60         0.00      0.00
             5.00   CLAY      0.00        62.60         0.00      0.00
             5.00   CLAY      0.00        62.60         0.00      0.00
             9.00   CLAY      0.00        62.60         0.00      0.00
             9.00   CLAY      0.00        62.60         0.00      0.00
            14.00   CLAY      0.00        62.60         0.00      0.00
            14.00   CLAY      0.00        57.60         0.00      0.00
            18.50   CLAY      0.00        57.60         0.00      0.00
            18.50   CLAY      0.00        57.60         0.00      0.00
            22.00   CLAY      0.00        57.60         0.00      0.00
            22.00   SAND      1.00        57.60        30.00     20.00
            24.00   SAND      1.00        57.60        30.00     20.00
            24.00   CLAY      0.00        57.60         0.00      0.00
            30.00   CLAY      0.00        57.60         0.00      0.00
            30.00   SAND      1.00        67.60        32.00     20.00
            36.00   SAND      1.00        67.60        35.00     20.00
            36.00   SAND      1.00        67.60        43.00     40.00
            42.50   SAND      1.00        67.60        43.00     40.00

          MAXIMUM  MAXIMUM  UNDISTURB  REMOLDED 
          UNIT     UNIT     SHEAR      SHEAR     BLOW   UNIT SKIN  UNIT END
          FRICTION BEARING  STRENGTH   STRENGTH  COUNT  FRICTION   BEARING
            KSF      KSF       KSF       KSF               KSF       KSF
          9999.00 99999.00       4.00      2.00   0.00       0.00      0.00
          9999.00 99999.00       4.00      2.00   0.00       0.00      0.00
          9999.00 99999.00       4.00      2.00   0.00       0.00      0.00
          9999.00 99999.00       4.00      2.00   0.00       0.00      0.00
          9999.00 99999.00       3.00      1.50   0.00       0.00      0.00
          9999.00 99999.00       3.00      1.50   0.00       0.00      0.00
          9999.00 99999.00       0.97      0.50   0.00       0.00      0.00
          9999.00 99999.00       0.97      0.50   0.00       0.00      0.00
          9999.00 99999.00       3.00      1.50   0.00       0.00      0.00
          9999.00 99999.00       3.00      1.50   0.00       0.00      0.00
          9999.00 99999.00       4.00      2.00   0.00       0.00      0.00
          9999.00 99999.00       4.00      2.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       1.80      0.90   0.00       0.00      0.00
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          9999.00 99999.00       1.80      0.90   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00
          9999.00 99999.00       0.00      0.00   0.00       0.00      0.00

1
          **********************
          * COMPUTATION RESULT *
          **********************

             ********************  ********************  *******************
             * FED. HWY. METHOD *   * ARMY CORPS METHOD *  * LAMBDA 2 METHOD * 
             ********************  ********************  *******************

     PILE    TOTAL          ULTIM   TOTAL          ULTIM   TOTAL          ULTIM
     PENETR- SKIN   END     CAPAC-  SKIN   END     CAPAC-  SKIN   END     CAPAC-
     ATION   FRIC   BEARING ITY     FRIC   BEARING ITY     FRIC   BEARING ITY
       FT.    KIP     KIP    KIP     KIP     KIP    KIP     KIP     KIP    KIP
        0.0    0.0     6.5     6.5    0.0     6.5     6.5    0.0     6.5     6.5
        1.0    5.0     6.5    11.5    9.5     6.5    16.0    9.9     6.5    16.4
        2.0   10.0     6.5    16.5   19.0     6.5    25.5   16.5     6.5    23.1
        3.0   15.0     6.0    21.0   28.5     6.0    34.5   22.0     6.0    28.0
        4.0   20.0     5.4    25.4   38.0     5.4    43.4   26.6     5.4    32.1
        5.0   25.0     4.9    29.9   47.5     4.9    52.4   30.7     4.9    35.5
        6.0   30.1     4.9    35.0   55.8     4.9    60.7   33.1     4.9    38.0
        7.0   35.4     3.8    39.2   62.9     3.8    66.7   36.3     3.8    40.1
        8.0   40.6     2.7    43.3   70.1     2.7    72.7   40.7     2.7    43.4
        9.0   45.9     1.6    47.5   77.2     1.6    78.8   45.2     1.6    46.8
       10.0   50.7     1.6    52.3   82.5     1.6    84.1   47.0     1.6    48.6
       11.0   55.1     1.6    56.7   86.0     1.6    87.6   48.8     1.6    50.4
       12.0   59.5     2.7    62.2   89.6     2.7    92.3   50.7     2.7    53.4
       13.0   63.8     3.8    67.6   93.1     3.8    96.9   52.7     3.8    56.5
       14.0   68.2     4.9    73.1   96.6     4.9   101.5   54.6     4.9    59.5
       15.0   73.0     4.9    77.9  101.9     4.9   106.8   59.4     4.9    64.3
       16.0   78.3     4.9    83.2  109.1     4.9   114.0   64.1     4.9    69.0
       17.0   83.5     5.4    89.0  116.2     5.4   121.6   68.9     5.4    74.4
       18.0   88.8     6.0    94.8  123.3     6.0   129.3   73.7     6.0    79.7
       19.0   94.0     6.5   100.5  130.4     6.5   136.9   78.6     6.5    85.1
       20.0   99.1     5.1   104.3  138.7     5.9   144.7   84.8     6.2    91.1
       21.0  104.1     3.8   107.9  148.2     5.3   153.5   91.1     6.0    97.1
       22.0  109.1     2.6   111.7  150.9     4.1   155.0   97.4     4.8   102.2
       23.0  112.7     2.8   115.5  153.5     3.5   157.1   99.7     3.9   103.6
       24.0  114.9     2.9   117.8  156.2     2.9   159.1  102.0     2.9   104.9
       25.0  120.1     2.9   123.1  159.6     2.9   162.6  105.5     2.9   108.4
       26.0  127.7     2.9   130.7  163.9     2.9   166.8  109.0     2.9   112.0
       27.0  134.6     3.0   137.6  168.2     3.0   171.1  112.6     3.0   115.6
       28.0  141.6     4.2   145.8  172.5     4.1   176.6  116.2     4.4   120.6
       29.0  148.5     5.9   154.4  176.7     5.5   182.3  119.9     6.0   125.8
       30.0  155.4     8.3   163.7  179.4     7.1   186.5  123.6     7.6   131.1

                            **********************
                            *  API RP-2A (1994)  *
                            **********************

             PILE       TOTAL SKIN       END       ULTIMATE
          PENETRATION   FRICTION       BEARING     CAPACITY
              FT.          KIP           KIP          KIP
              0.00           0.0           6.5          6.5
              1.00           4.0           6.5         10.5
              2.00           8.4           6.5         14.9
              3.00          13.4           6.0         19.3
              4.00          18.7           5.4         24.2
              5.00          24.3           4.9         29.2
              6.00          29.5           4.9         34.3
              7.00          34.2           3.8         38.0
              8.00          39.1           2.7         41.8
              9.00          44.1           1.6         45.6
             10.00          47.7           1.6         49.3
             11.00          49.9           1.6         51.5
             12.00          52.2           2.7         54.9
             13.00          54.5           3.8         58.3
             14.00          56.9           4.9         61.8
             15.00          60.9           4.9         65.8
             16.00          66.5           4.9         71.4
             17.00          72.1           5.4         77.6
             18.00          77.9           6.0         83.9
             19.00          83.7           6.5         90.2
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             20.00          90.3           6.2         96.5
             21.00          97.6           6.0        103.6
             22.00         105.0           4.8        109.8
             23.00         110.5           3.9        114.4
             24.00         114.1           2.9        117.0
             25.00         118.0           2.9        121.0
             26.00         122.3           2.9        125.2
             27.00         126.5           3.0        129.5
             28.00         130.8           4.4        135.3
             29.00         135.2           6.0        141.2
             30.00         139.7           7.6        147.3

            AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
            IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
            OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

                *************************************************
                * COMPUTE LOAD-DISTRIBUTION AND LOAD-SETTLEMENT *
                * CURVES FOR AXIAL LOADING                      *
                *************************************************

   

                      LOAD VERSUS SETTLEMENT CURVE
                      ****************************

        TOP  LOAD     TOP MOVEMENT       TIP  LOAD      TIP MOVEMENT
           KIP             IN.              KIP            IN.
       0.1689E+00      0.1397E-03      0.5213E-02      0.1000E-03
       0.1689E+01      0.1397E-02      0.5213E-01      0.1000E-02
       0.8445E+01      0.6984E-02      0.2607E+00      0.5000E-02
       0.1692E+02      0.1397E-01      0.5213E+00      0.1000E-01
       0.7175E+02      0.6721E-01      0.2022E+01      0.5000E-01
       0.1130E+03      0.1275E+00      0.2496E+01      0.1000E+00
       0.1325E+03      0.5331E+00      0.4733E+01      0.5000E+00
       0.1339E+03      0.1034E+01      0.6155E+01      0.1000E+01
       0.1353E+03      0.2034E+01      0.7567E+01      0.2000E+01
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1. Rectangular Load
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Width: 17.55 ft

Rotation angle: 0 degrees

Load Type: Flexible
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Load: 1.22 ksf
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Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-8.775-9.75

-8.7759.75

8.7759.75

8.775-9.75

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #

05CL11

510CL1.52

157CL23

222SM4

246CL35

306SW6

366GP7

Soil Properties

GPSWCL3SMCL2CL1.5CL1Property

_____________________Color

0.130.130.120.120.1250.1250.125Unit Weight [kips/ft3]

0.130.130.120.120.1250.1250.115Saturated Unit Weight [kips/ft3]

EnabledEnabledDisabledEnabledDisabledDisabledEnabledImmediate Settlement

30001000700525Es [ksf]
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Appendix E-4 
Lateral Pile Capacity Calculations 
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Shear Force (kips)
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Bending Moment (in-kips)
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Abut_Strong.lpd
Name of output file:         Abut_Strong.lpo
Name of plot output file:    Abut_Strong.lpp
Name of runtime file:        Abut_Strong.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  12:39:49

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     732.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     732.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =      210.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      210.000 in
Distance from top of pile to bottom of layer =      288.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      288.000 in
Distance from top of pile to bottom of layer =      312.000 in

Layer  4 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      312.000 in
Distance from top of pile to bottom of layer =      372.000 in

Layer  5 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      372.000 in
Distance from top of pile to bottom of layer =      426.000 in

Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      426.000 in
Distance from top of pile to bottom of layer =      546.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      546.000 in
Distance from top of pile to bottom of layer =      594.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      594.000 in
Distance from top of pile to bottom of layer =      702.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      702.000 in
Distance from top of pile to bottom of layer =      774.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends   42.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2           210.00         .07230
  3           210.00         .07230
  4           288.00         .07230
  5           288.00         .03620
  6           312.00         .03620
  7           312.00         .03620
  8           372.00         .03620
  9           372.00         .03620
 10           426.00         .03620
 11           426.00         .03330
 12           546.00         .03330
 13           546.00         .03330
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 14           594.00         .03330
 15           594.00         .03910
 16           702.00         .03910
 17           702.00         .03910
 18           774.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           30.00           ------    ------
  2      210.000         .00000           30.00           ------    ------
  3      210.000       17.36000             .00           .00500        .0
  4      288.000       17.36000             .00           .00500        .0
  5      288.000       17.36000             .00           .00500        .0
  6      312.000       17.36000             .00           .00500        .0
  7      312.000         .69000             .00           .02000        .0
  8      372.000         .69000             .00           .02000        .0
  9      372.000        5.55000             .00           .05000        .0
 10      426.000        5.55000             .00           .05000        .0
 11      426.000         .00000           28.00           ------    ------
 12      546.000         .00000           32.00           ------    ------
 13      546.000       10.42000             .00           .00700        .0
 14      594.000       10.42000             .00           .00700        .0
 15      594.000         .00000           36.00           ------    ------
 16      702.000         .00000           36.00           ------    ------
 17      702.000         .00000           43.00           ------    ------
 18      774.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2          774.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  19745.7889   -.0032142   2758.6207   -180.0189   2635.4770
   7.320   .226472     141410.  18286.6296   -.0031945   3908.3613   -218.6585   7067.4554
  14.640   .203233     271083.  16597.7033   -.0031369   4962.6734   -242.7968   8745.0073
  21.960   .180548     387707.  14772.1337   -.0030449   5910.8860   -255.9927  10378.7819
  29.280   .158655     490557.  12872.6925   -.0029223   6747.1105   -262.9803  12133.3275
  36.600   .137765     579244.  10964.5106   -.0027729   7468.1799   -258.3808  13728.7667
  43.920   .118059     654000.   9007.8023   -.0026008   8075.9917   -276.2389  17127.5733
  51.240   .099690     713859.   6942.0273   -.0024098   8562.6766   -288.1805  21160.4217
  58.560   .082780     758172.   4774.5825   -.0022043   8922.9606   -304.0175  26883.5218
  65.880   .067419     786083.   2516.6959   -.0019887   9149.8912   -312.8914  33972.1124
  73.200   .053665     797113.    221.9947   -.0017677   9239.5691   -314.0762  42840.5758
  80.520   .041540     791196.  -2051.1682   -.0015459   9191.4649   -307.0066  54099.1995
  87.840   .031032     768713.  -4240.7560   -.0013282   9008.6655   -291.2414  68698.6688
  95.160   .022096     730511.  -6173.9923   -.0011189   8698.0662   -236.9652  78502.6080
 102.480   .014652     679505.  -7651.7420   -.0009220   8283.3581   -166.7915  83325.0240
 109.800   .008598     619462.  -8641.1358   -.0007407   7795.1736   -103.5346  88147.4400
 117.120   .003809     553780.  -9197.1459   -.0005769   7261.1428    -48.3807  92969.8560
 124.440   .000153     485424.  -9381.6804   -.0004318   6705.3722     -2.0386  97792.2720
 131.760  -.002512     416887.  -9260.2612   -.0003058   6148.1327     35.2132     102615.
 139.080  -.004324     350176.  -8899.0812   -.0001987   5605.7351     63.4698     107437.
 146.400  -.005421     286814.  -8362.4953   -.0001098   5090.5694     83.1383     112260.
 153.720  -.005932     227864.  -7710.9650 -3.7932E-05   4611.2801     94.8755     117082.
 161.040  -.005976     173965.  -6999.4439  1.8168E-05   4173.0509     99.5292     121904.
 168.360  -.005666     125373.  -6276.1709  5.9958E-05   3777.9737     98.0863     126727.
 175.680  -.005099  82018.9453  -5581.8132  8.8912E-05   3425.4783     91.6289     131549.
 183.000  -.004364  43562.0257  -4948.8888    .0001064   3112.8031     81.3013     136372.
 190.320  -.003540   9455.0124  -4401.3911    .0001138   2835.4950     68.2883     141194.
 197.640  -.002697 -20994.3431  -3954.5316    .0001122   2929.3158     53.8045     146016.
 204.960  -.001897 -48557.6355  -3614.5226    .0001025   3153.4200     39.0942     150839.
 212.280  -.001196 -74019.0228  -2276.9630  8.5412E-05   3360.4346    326.3593    1996905.
 219.600  -.000647 -81982.4048    -57.9972  6.3633E-05   3425.1812    279.9156    3168104.
 226.920  -.000265 -74935.1753   1723.4430  4.1726E-05   3367.8835    206.8167    5718384.
 234.240 -3.59E-05 -56795.1810   2583.0090  2.3335E-05   3220.3957     28.0373    5718384.
 241.560  7.69E-05 -37144.5207   2465.8123  1.0220E-05   3060.6254    -60.0583    5718384.
 248.880   .000114 -20706.4623   1920.8224  2.1434E-06   2926.9752    -88.8460    5718384.
 256.200   .000108  -9025.9406   1286.1118 -2.0075E-06   2832.0064    -84.5722    5718384.
 263.520  8.43E-05  -1875.6698    735.4322 -3.5295E-06   2773.8709    -65.8867    5718384.
 270.840  5.66E-05   1744.5072    332.4910 -3.5478E-06   2772.8045    -44.2065    5718384.
 278.160  3.24E-05   2995.7382     78.0547 -2.8860E-06   2782.9776    -25.3116    5718384.
 285.480  1.43E-05   2890.2697    -55.5781 -2.0643E-06   2782.1201    -11.2000    5718384.
 292.800  2.18E-06   2184.2511   -102.8042 -1.3558E-06   2776.3798     -1.7033    5718384.
 300.120 -5.51E-06   1386.6459    -93.2784 -8.5727E-07   2769.8949      4.3059    5718384.
 307.440 -1.04E-05    819.5596    -47.8684 -5.4926E-07   2765.2841      8.1011    5718384.
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 314.760 -1.36E-05    686.4310    -17.6509 -3.3901E-07   2764.2017    .1550338  83732.8913
 322.080 -1.53E-05    561.5084    -16.4415 -1.6479E-07   2763.1861    .1753960  83732.8913
 329.400 -1.60E-05    445.9013    -15.1311 -2.4145E-08   2762.2461    .1826303  83732.8913
 336.720 -1.57E-05    340.0144    -13.8059  8.5576E-08   2761.3852    .1794395  83732.8913
 344.040 -1.47E-05    243.6923    -12.5332  1.6707E-07   2760.6020    .1682992  83732.8913
 351.360 -1.32E-05    156.3522    -11.3629  2.2292E-07   2759.8919    .1514615  83732.8913
 358.680 -1.14E-05     77.1047    -10.3292  2.5551E-07   2759.2476    .1309682  83732.8913
 366.000 -9.50E-06      4.8635     -9.4521  2.6695E-07   2758.6602    .1086723  83732.8913
 373.320 -7.54E-06    -61.5556     -7.1832  2.5904E-07   2759.1212    .5112346     496242.
 380.640 -5.71E-06   -100.5723     -3.8959  2.3640E-07   2759.4384    .3869534     496242.
 387.960 -4.08E-06   -118.8404     -1.4672  2.0577E-07   2759.5869    .2766075     496242.
 395.280 -2.70E-06   -122.2697    .2139214  1.7211E-07   2759.6148    .1827282     496242.
 402.600 -1.56E-06   -115.8900      1.2699  1.3886E-07   2759.5629    .1057905     496242.
 409.920 -6.62E-07   -103.8248      1.8215  1.0819E-07   2759.4648    .0449106     496242.
 417.240  2.34E-08    -89.3378      1.9800  8.1220E-08   2759.3471   -.0015834     496242.
 424.560  5.27E-07    -74.9226      1.8436  5.8287E-08   2759.2298   -.0356987     496242.
 431.880  8.77E-07    -62.4091      1.6582  3.9115E-08   2759.1281   -.0149499     124826.
 439.200  1.10E-06    -50.6875      1.5331  2.3325E-08   2759.0328   -.0192276     128041.
 446.520  1.22E-06    -39.9887      1.3828  1.0666E-08   2758.9458   -.0218431     131256.
 453.840  1.26E-06    -30.4544      1.2185  8.3157E-10   2758.8683   -.0230617     134471.
 461.160  1.23E-06    -22.1514      1.0494 -6.5127E-09   2758.8008   -.0231421     137686.
 468.480  1.16E-06    -15.0850    .8829263 -1.1711E-08   2758.7433   -.0223291     140901.
 475.800  1.06E-06     -9.2130    .7249005 -1.5103E-08   2758.6956   -.0208473     144116.
 483.120  9.39E-07     -4.4566    .5794337 -1.7012E-08   2758.6569   -.0188977     147331.
 490.440  8.10E-07   -.7121265    .4493096 -1.7733E-08   2758.6265   -.0166553     150545.
 497.760  6.79E-07      2.1400    .3361265 -1.7534E-08   2758.6381   -.0142690     153760.
 505.080  5.53E-07      4.2272    .2404875 -1.6645E-08   2758.6551   -.0118618     156975.
 512.400  4.36E-07      5.6783    .1621826 -1.5262E-08   2758.6669   -.0095329     160190.
 519.720  3.30E-07      6.6177    .1003551 -1.3546E-08   2758.6745   -.0073598     163405.
 527.040  2.37E-07      7.1618    .0536482 -1.1622E-08   2758.6789   -.0054016     166620.
 534.360  1.60E-07      7.4153    .0203297 -9.5868E-09   2758.6810   -.0037018     169835.
 541.680  9.70E-08      7.4695   -.0016079 -7.5088E-09   2758.6814   -.0022920     173050.
 549.000  4.96E-08      7.3997   -.0882875 -5.4329E-09   2758.6809   -.0213909    3155435.
 556.320  1.74E-08      6.1827   -.1940560 -3.5366E-09   2758.6710   -.0075076    3155435.
 563.640 -2.15E-09      4.5625   -.2181359 -2.0365E-09   2758.6578    .0009284    3155435.
 570.960 -1.24E-08      2.9913   -.1951768 -9.8193E-10   2758.6450    .0053446    3155435.
 578.280 -1.65E-08      1.7061   -.1495373 -3.2613E-10   2758.6346    .0071252    3155435.
 585.600 -1.72E-08    .8024462   -.0963649  2.4094E-11   2758.6272    .0074027    3155435.
 592.920 -1.62E-08    .2953108   -.0437491  1.7735E-10   2758.6231    .0069732    3155435.
 600.240 -1.46E-08    .1617724   -.0161080  2.4116E-10   2758.6220    .0005790     290773.
 607.560 -1.26E-08    .0592355   -.0121079  2.7202E-10   2758.6212    .0005139     297471.
 614.880 -1.06E-08   -.0157739   -.0086158  2.7809E-10   2758.6208    .0004402     304169.
 622.200 -8.57E-09   -.0671930   -.0056718  2.6650E-10   2758.6212    .0003641     310867.
 629.520 -6.69E-09   -.0990903   -.0032764  2.4329E-10   2758.6215    .0002903     317565.
 636.840 -5.01E-09   -.1154158   -.0014010  2.1334E-10   2758.6216    .0002221     324262.
 644.160 -3.57E-09   -.1198258  2.3793E-06  1.8050E-10   2758.6217    .0001614     330960.
 651.480 -2.37E-09   -.1155713    .0009932  1.4764E-10   2758.6216    .0001093     337658.
 658.800 -1.41E-09   -.1054410    .0016358  1.1678E-10   2758.6215  6.6227E-05     344356.
 666.120 -6.61E-10   -.0917466    .0019941  8.9251E-11   2758.6214  3.1686E-05     351054.
 673.440 -1.01E-10   -.0763409    .0021282  6.5785E-11   2758.6213  4.9435E-06     357751.
 680.760  3.02E-10   -.0606591    .0020912  4.6658E-11   2758.6212 -1.5055E-05     364449.
 688.080  5.82E-10   -.0457750    .0019281  3.1799E-11   2758.6211 -2.9505E-05     371147.
 695.400  7.68E-10   -.0324652    .0016750  2.0876E-11   2758.6210 -3.9638E-05     377845.
 702.720  8.88E-10   -.0212745    .0013835  1.3373E-11   2758.6209 -4.0016E-05     330025.
 710.040  9.64E-10   -.0122248    .0010748  8.6965E-12   2758.6208 -4.4331E-05     336723.
 717.360  1.01E-09   -.0055487    .0007383  6.2152E-12   2758.6207 -4.7613E-05     343421.
 724.680  1.05E-09   -.0014229    .0003794  5.2419E-12   2758.6207 -5.0446E-05     350119.
 732.000  1.09E-09      0.0000      0.0000  5.0432E-12   2758.6207 -5.3211E-05     178408.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00321422
Maximum bending moment           =   797112.56166 lbs-in
Maximum shear force              =    19745.78892 lbs
Depth of maximum bending moment  =    73.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              7
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  32154.6388   -.0060872   2758.6207   -237.1535   1735.9633
   7.320   .455441     232227.  30231.4646   -.0060548   4646.7458   -288.3040   4633.7136
  14.640   .411358     448971.  27997.4814   -.0059597   6408.9925   -322.0739   5731.2221
  21.960   .368191     648392.  25537.5795   -.0058065   8030.3894   -350.0304   6958.9445
  29.280   .326350     828962.  22876.5300   -.0056003   9498.5186   -377.0323   8456.7944
  36.600   .286203     989207.  20063.7777   -.0053464  10801.4005   -391.4793  10012.5558
  43.920   .248079    1128331.  17065.7802   -.0050508  11932.5497   -427.6457  12618.4506
  51.240   .212260    1244374.  13830.6603   -.0047195  12876.0435   -456.2668  15734.8354
  58.560   .178984    1335786.  10382.4762   -.0043593  13619.2742   -485.8600  19870.4178
  65.880   .148439    1400969.   6753.7904   -.0039773  14149.2402   -505.5842  24931.9342
  73.200   .120757    1438854.   3021.1555   -.0035808  14457.2704   -514.2614  31173.1833
  80.520   .096016    1448973.   -731.1335   -.0031776  14539.5394   -510.9542  38953.5678
  87.840   .074237    1431500.  -4412.7456   -.0027755  14397.4758   -494.9507  48803.6384
  95.160   .055383    1387296.  -7928.7553   -.0023819  14038.0725   -465.7077  61552.2887
 102.480   .039365    1317934. -11180.3712   -.0020043  13474.1222   -422.7120  78603.4179
 109.800   .026041    1225728. -13875.2179   -.0016492  12724.4391   -313.5849  88147.4400
 117.120   .015222    1116539. -15730.5209   -.0013222  11836.6751   -193.3284  92969.8560
 124.440   .006685     996827. -16764.9563   -.0010271  10863.3510    -89.3042  97792.2720
 131.760   .000185     872183. -17101.2980   -.0007662   9849.9286     -2.5925     102615.
 139.080  -.004532     747271. -16867.3263   -.0005401   8834.3332     66.5191     107437.
 146.400  -.007722     625814. -16190.4389   -.0003484   7846.8229    118.4228     112260.
 153.720  -.009633     510611. -15193.1139   -.0001897   6910.1552    154.0704     117082.
 161.040  -.010500     403587. -13989.2456 -6.2101E-05   6039.9978    174.8554     121904.
 168.360  -.010542     305873. -12681.3177  3.6946E-05   5245.5339    182.5020     126727.
 175.680  -.009959     217894. -11358.3336    .0001101   4530.2116    178.9691     131549.
 183.000  -.008930     139471. -10094.3884    .0001600   3892.5971    166.3711     136372.
 190.320  -.007617  69943.1754  -8947.7440    .0001892   3327.2958    146.9197     141194.
 197.640  -.006160   8276.9831  -7960.2552    .0002001   2825.9170    122.8860     146016.
 204.960  -.004687 -46805.9004  -7156.9922    .0001947   3139.1775     96.5848     150839.
 212.280  -.003309 -96706.6520  -5261.7612    .0001747   3544.8971    421.2379     931707.
 219.600  -.002129    -124022.  -2338.4086    .0001439   3766.9873    377.4923    1297613.
 226.920  -.001203    -131093.    242.1903    .0001083   3824.4733    327.5894    1993350.
 234.240  -.000544    -120591.   2426.5509  7.3133E-05   3739.0871    269.2305    3620014.
 241.560  -.000132 -95645.0047   3790.2445  4.2944E-05   3536.2654    103.3634    5718384.
 248.880  8.43E-05 -65146.7818   3927.5407  2.0496E-05   3288.2986    -65.8508    5718384.
 256.200   .000168 -38167.4132   3206.8975  6.0725E-06   3068.9420   -131.0463    5718384.
 263.520   .000173 -18204.2037   2232.0674 -1.7975E-06   2906.6305   -135.3007    5718384.
 270.840   .000141  -5488.0521   1332.4777 -5.1052E-06   2803.2415   -110.4888    5718384.
 278.160  9.85E-05   1308.6511    646.5824 -5.6886E-06   2769.2607    -76.9143    5718384.
 285.480  5.82E-05   3983.9109    198.8053 -4.9497E-06   2791.0120    -45.4292    5718384.
 292.800  2.60E-05   4224.3788    -41.7825 -3.8038E-06   2792.9671    -20.3052    5718384.
 300.120  2.47E-06   3376.2250   -123.1491 -2.7427E-06   2786.0712     -1.9261    5718384.
 307.440 -1.42E-05   2424.3677    -89.7112 -1.9329E-06   2778.3321     11.0622    5718384.
 314.760 -2.58E-05   2064.8908    -48.1422 -1.3061E-06   2775.4093    .2954837  83732.8913
 322.080 -3.33E-05   1720.9429    -45.6673 -7.7758E-07   2772.6129    .3807101  83732.8913
 329.400 -3.72E-05   1397.1410    -42.7158 -3.4226E-07   2769.9802    .4257012  83732.8913
 336.720 -3.83E-05   1095.9436    -39.5546  5.7947E-09   2767.5313    .4380275  83732.8913
 344.040 -3.71E-05    818.0555    -36.3969  2.7301E-07   2765.2719    .4247308  83732.8913
 351.360 -3.43E-05    562.8051    -33.4065  4.6579E-07   2763.1966    .3923082  83732.8913
 358.680 -3.03E-05    328.4927    -30.7017  5.9022E-07   2761.2915    .3467273  83732.8913
 366.000 -2.57E-05    112.7105    -28.3586  6.5182E-07   2759.5371    .2934662  83732.8913
 373.320 -2.08E-05    -87.3638    -22.1314  6.5536E-07   2759.3310      1.4080     496242.
 380.640 -1.61E-05   -211.9835    -12.9933  6.1356E-07   2760.3442      1.0888     496242.
 387.960 -1.18E-05   -278.2319     -6.0839  5.4513E-07   2760.8829    .7990027     496242.
 395.280 -8.08E-06   -301.6268     -1.1548  4.6417E-07   2761.0731    .5477643     496242.
 402.600 -4.99E-06   -295.6269      2.0883  3.8079E-07   2761.0243    .3383193     496242.
 409.920 -2.51E-06   -271.4555      3.9482  3.0162E-07   2760.8278    .1698364     496242.
 417.240 -5.75E-07   -238.1438      4.7124  2.3048E-07   2760.5569    .0389664     496242.
 424.560  8.69E-07   -202.7093      4.6394  1.6893E-07   2760.2688   -.0589065     496242.
 431.880  1.90E-06   -170.4012      4.3053  1.1684E-07   2760.0061   -.0323715     124826.
 439.200  2.58E-06   -139.8026      4.0217  7.3531E-08   2759.7574   -.0451193     128041.
 446.520  2.97E-06   -111.6011      3.6613  3.8433E-08   2759.5281   -.0533417     131256.
 453.840  3.14E-06    -86.2413      3.2548  1.0812E-08   2759.3219   -.0577211     134471.
 461.160  3.13E-06    -63.9616      2.8279 -1.0158E-08   2759.1407   -.0589320     137686.
 468.480  2.99E-06    -44.8302      2.4013 -2.5346E-08   2758.9852   -.0576187     140901.
 475.800  2.76E-06    -28.7796      1.9914 -3.5623E-08   2758.8547   -.0543786     144116.
 483.120  2.47E-06    -15.6385      1.6103 -4.1824E-08   2758.7478   -.0497514     147331.
 490.440  2.15E-06     -5.1609      1.2664 -4.4728E-08   2758.6627   -.0442119     150545.
 497.760  1.82E-06      2.9484    .9648722 -4.5037E-08   2758.6447   -.0381679     153760.
 505.080  1.49E-06      9.0123    .7082004 -4.3367E-08   2758.6940   -.0319610     156975.
 512.400  1.18E-06     13.3622    .4965386 -4.0243E-08   2758.7293   -.0258701     160190.
 519.720  9.01E-07     16.3240    .3282212 -3.6099E-08   2758.7534   -.0201182     163405.
 527.040  6.54E-07     18.2054    .2001314 -3.1278E-08   2758.7687   -.0148790     166620.
 534.360  4.43E-07     19.2869    .1080288 -2.6044E-08   2758.7775   -.0102856     169835.
 541.680  2.72E-07     19.8144    .0468151 -2.0585E-08   2758.7818   -.0064394     173050.
 549.000  1.42E-07     19.9940   -.2007178 -1.5027E-08   2758.7833   -.0611925    3155435.
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 556.320  5.24E-08     16.8918   -.5073362 -9.8776E-09   2758.7580   -.0225830    3155435.
 563.640 -2.65E-09     12.5770   -.5858028 -5.7635E-09   2758.7229    .0011440    3155435.
 570.960 -3.20E-08      8.3217   -.5311446 -2.8459E-09   2758.6883    .0137899    3155435.
 578.280 -4.43E-08      4.8040   -.4107528 -1.0134E-09   2758.6597    .0191040    3155435.
 585.600 -4.68E-08      2.3093   -.2669535 -2.0319E-11   2758.6395    .0201854    3155435.
 592.920 -4.46E-08    .8958547   -.1226848  4.2715E-10   2758.6280    .0192322    3155435.
 600.240 -4.06E-08    .5127652   -.0463961  6.2381E-10   2758.6249    .0016117     290773.
 607.560 -3.55E-08    .2159579   -.0352199  7.2555E-10   2758.6224    .0014419     297471.
 614.880 -3.00E-08   -.0036186   -.0253873  7.5519E-10   2758.6207    .0012445     304169.
 622.200 -2.44E-08   -.1565087   -.0170356  7.3284E-10   2758.6220    .0010373     310867.
 629.520 -1.92E-08   -.2537922   -.0101868  6.7555E-10   2758.6228    .0008339     317565.
 636.840 -1.45E-08   -.3063554   -.0047779  5.9735E-10   2758.6232    .0006439     324262.
 644.160 -1.05E-08   -.3243700   -.0006874  5.0930E-10   2758.6233    .0004737     330960.
 651.480 -7.08E-09   -.3169554    .0022417  4.1976E-10   2758.6233    .0003266     337658.
 658.800 -4.33E-09   -.2919943    .0041828  3.3475E-10   2758.6231    .0002038     344356.
 666.120 -2.18E-09   -.2560720    .0053112  2.5823E-10   2758.6228    .0001045     351054.
 673.440 -5.51E-10   -.2145112    .0057923  1.9253E-10   2758.6224  2.6927E-05     357751.
 680.760  6.39E-10   -.1714760    .0057744  1.3865E-10   2758.6221 -3.1823E-05     364449.
 688.080  1.48E-09   -.1301207    .0053835  9.6541E-11   2758.6217 -7.4981E-05     371147.
 695.400  2.05E-09   -.0927639    .0047213  6.5424E-11   2758.6214   -.0001059     377845.
 702.720  2.44E-09   -.0610704    .0039314  4.3947E-11   2758.6212   -.0001099     330025.
 710.040  2.70E-09   -.0352542    .0030755  3.0500E-11   2758.6210   -.0001240     336723.
 717.360  2.88E-09   -.0160779    .0021265  2.3333E-11   2758.6208   -.0001353     343421.
 724.680  3.04E-09   -.0041469    .0010997  2.0510E-11   2758.6207   -.0001453     350119.
 732.000  3.18E-09      0.0000      0.0000  1.9931E-11   2758.6207   -.0001552     178408.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00608724
Maximum bending moment           =       1448973. lbs-in
Maximum shear force              =    32154.63882 lbs
Depth of maximum bending moment  =    80.52000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  51950.0830   -.0115380   2758.6207   -248.8660    910.8497
   7.320   .915542     379688.  49877.6084   -.0114850   5845.6870   -317.3839   2537.5675
  14.640   .831860     742314.  47344.5124   -.0113283   8794.0297   -374.7189   3297.3591
  21.960   .749696    1084753.  44366.2993   -.0110732  11578.2366   -439.0005   4286.3848
  29.280   .669748    1403509.  40850.2210   -.0107259  14169.8936   -521.6766   5701.6549
  36.600   .592669    1694106.  36709.2590   -.0102934  16532.6012   -609.7338   7530.7630
  43.920   .519053    1951783.  31901.1301   -.0097844  18627.6492   -703.9627   9927.7116
  51.240   .449426    2171452.  26578.1318   -.0092088  20413.6783   -750.4085  12222.2436
  58.560   .384237    2350593.  20935.7129   -.0085774  21870.1913   -791.2361  15073.6462
  65.880   .323852    2486992.  15039.2433   -.0079021  22979.1871   -819.8212  18530.3483
  73.200   .268551    2579097.   8975.7436   -.0071948  23728.0495   -836.8727  22811.0072
  80.520   .218520    2625981.   2829.5594   -.0064681  24109.2396   -842.4126  28219.1527
  87.840   .173857    2627340.  -3292.7409   -.0057347  24120.2879   -830.3471  34960.4873
  95.160   .134564    2583820.  -9256.0054   -.0050072  23766.4491   -798.9602  43461.6162
 102.480   .100552    2497110. -14916.4009   -.0042978  23061.4491   -747.5960  54423.3438
 109.800   .071644    2369974. -20125.3771   -.0036183  22027.7687   -675.6216  69029.1957
 117.120   .047580    2206288. -24728.0990   -.0029794  20696.9158   -581.9527  89530.9925
 124.440   .028025    2011095. -28228.3737   -.0023907  19109.8935   -374.4065  97792.2720
 131.760   .012581    1795545. -30244.1936   -.0018592  17357.3535   -176.3640     102615.
 139.080   .000806    1570280. -30933.0037   -.0013893  15525.8316    -11.8355     107437.
 146.400  -.007759    1344150. -30540.8305   -.0009824  13687.2747    118.9867     112260.
 153.720  -.013576    1124198. -29310.5634   -.0006378  11898.9465    217.1519     117082.
 161.040  -.017096     915716. -27473.7229   -.0003530  10203.8761    284.7171     121904.
 168.360  -.018745     722355. -25243.9215   -.0001243   8631.7481    324.5182     126727.
 175.680  -.018917     546276. -22811.9368  5.2767E-05   7200.1333    339.9585     131549.
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 183.000  -.017972     388332. -20342.2311    .0001832   5915.9688    334.8245     136372.
 190.320  -.016234     248272. -17970.6942    .0002721   4777.2072    313.1364     141194.
 197.640  -.013988     124955. -15803.3436    .0003242   3774.5675    279.0359     146016.
 204.960  -.011487  16569.6970 -13915.7003    .0003440   2893.3411    236.7137     150839.
 212.280  -.008952 -79133.8993 -11073.6419    .0003353   3402.0213    539.8050     441373.
 219.600  -.006579    -145902.  -7268.3468    .0003038   3944.8798    499.8931     556173.
 226.920  -.004504    -185863.  -3774.0216    .0002575   4269.7836    454.8405     739166.
 234.240  -.002809    -201425.   -629.2920    .0002034   4396.3123    404.3752    1053685.
 241.560  -.001526    -195290.   2122.2241    .0001481   4346.4325    347.4052    1666662.
 248.880  -.000642    -170512.   4419.3292  9.6995E-05   4144.9708    280.2192    3197252.
 256.200  -.000106    -130693.   5747.4396  5.4944E-05   3821.2267     82.6525    5718384.
 263.520   .000163 -86427.0346   5584.3956  2.4632E-05   3461.3184   -127.2001    5718384.
 270.840   .000255 -48963.7239   4390.2972  5.7300E-06   3156.7218   -199.0563    5718384.
 278.160   .000247 -22159.1231   2956.3477 -4.1994E-06   2938.7861   -192.7332    5718384.
 285.480   .000193  -5678.3670   1698.1783 -8.0858E-06   2804.7888   -151.0290    5718384.
 292.800   .000128   2710.7301    778.4671 -8.5001E-06   2780.6604   -100.2582    5718384.
 300.120  6.89E-05   5727.3513    214.5566 -7.3220E-06   2805.1871    -53.8157    5718384.
 307.440  2.11E-05   5859.5564    -42.8642 -5.7044E-06   2806.2620    -16.5179    5718384.
 314.760 -1.46E-05   5105.8323   -102.7073 -4.1735E-06   2800.1338    .1672804  83732.8913
 322.080 -4.00E-05   4360.3202   -100.4223 -2.8520E-06   2794.0724    .4570546  83732.8913
 329.400 -5.64E-05   3638.6565    -96.3892 -1.7352E-06   2788.2049    .6448853  83732.8913
 336.720 -6.54E-05   2951.0118    -91.2925 -8.1524E-07   2782.6140    .7476450  83732.8913
 344.040 -6.83E-05   2302.9934    -85.6962 -8.1735E-08   2777.3452    .7814106  83732.8913
 351.360 -6.66E-05   1696.5060    -80.0497  4.7663E-07   2772.4142    .7613327  83732.8913
 358.680 -6.13E-05   1130.5630    -74.6954  8.7132E-07   2767.8128    .7015909  83732.8913
 366.000 -5.38E-05    602.0466    -69.8752  1.1132E-06   2763.5156    .6154167  83732.8913
 373.320 -4.50E-05    106.4170    -56.4483  1.2121E-06   2759.4859      3.0531     496242.
 380.640 -3.61E-05   -225.6343    -36.3279  1.1955E-06   2760.4552      2.4443     496242.
 387.960 -2.75E-05   -426.6834    -20.5500  1.1044E-06   2762.0899      1.8666     496242.
 395.280 -1.99E-05   -527.6505     -8.7839  9.7117E-07   2762.9108      1.3482     496242.
 402.600 -1.33E-05   -556.3028   -.5454653  8.1984E-07   2763.1437    .9027743     496242.
 409.920 -7.88E-06   -536.5003      4.7149  6.6727E-07   2762.9827    .5344773     496242.
 417.240 -3.55E-06   -487.9804      7.5514  5.2425E-07   2762.5882    .2405177     496242.
 424.560 -2.09E-07   -426.5011      8.4835  3.9657E-07   2762.0884    .0141727     496242.
 431.880  2.26E-06   -364.1996      8.3945  2.8619E-07   2761.5818   -.0385052     124826.
 439.200  3.98E-06   -303.9077      7.9987  1.9291E-07   2761.0916   -.0696301     128041.
 446.520  5.08E-06   -247.3021      7.4103  1.1596E-07   2760.6314   -.0911302     131256.
 453.840  5.68E-06   -195.5430      6.6950  5.4132E-08   2760.2106   -.1043125     134471.
 461.160  5.87E-06   -149.3445      5.9088  5.9826E-09   2759.8349   -.1105008     137686.
 468.480  5.77E-06   -109.0449      5.0981 -3.0091E-08   2759.5073   -.1109862     140901.
 475.800  5.43E-06    -74.6762      4.3003 -5.5740E-08   2759.2278   -.1069880     144116.
 483.120  4.95E-06    -46.0291      3.5441 -7.2592E-08   2758.9949   -.0996265     147331.
 490.440  4.37E-06    -22.7135      2.8505 -8.2189E-08   2758.8054   -.0899047     150545.
 497.760  3.75E-06     -4.2119      2.2334 -8.5948E-08   2758.6549   -.0786997     153760.
 505.080  3.11E-06     10.0735      1.7010 -8.5130E-08   2758.7026   -.0667612     156975.
 512.400  2.50E-06     20.7801      1.2564 -8.0822E-08   2758.7896   -.0547168     160190.
 519.720  1.93E-06     28.5518    .8984176 -7.3935E-08   2758.8528   -.0430823     163405.
 527.040  1.42E-06     34.0109    .6226099 -6.5201E-08   2758.8972   -.0322750     166620.
 534.360  9.75E-07     37.7355    .4216545 -5.5184E-08   2758.9275   -.0226308     169835.
 541.680  6.10E-07     40.2421    .2860437 -4.4298E-08   2758.9479   -.0144213     173050.
 549.000  3.27E-07     41.9699   -.2824691 -3.2820E-08   2758.9619   -.1409101    3155435.
 556.320  1.30E-07     36.1413     -1.0026 -2.1915E-08   2758.9145   -.0558371    3155435.
 563.640  6.05E-09     27.3155     -1.2165 -1.3056E-08   2758.8428   -.0026067    3155435.
 570.960 -6.16E-08     18.3460     -1.1288 -6.6812E-09   2758.7699    .0265572    3155435.
 578.280 -9.18E-08     10.7967   -.8868307 -2.6126E-09   2758.7085    .0395573    3155435.
 585.600 -9.99E-08      5.3655   -.5845070 -3.5617E-10   2758.6643    .0430448    3155435.
 592.920 -9.70E-08      2.2399   -.2739565  7.0562E-10   2758.6389    .0418050    3155435.
 600.240 -8.95E-08      1.3540   -.1079344  1.2074E-09   2758.6317    .0035562     290773.
 607.560 -7.93E-08    .6585097   -.0831233  1.4884E-09   2758.6260    .0032227     297471.
 614.880 -6.77E-08    .1355555   -.0610265  1.5992E-09   2758.6218    .0028146     304169.
 622.200 -5.59E-08   -.2366037   -.0420376  1.5851E-09   2758.6226    .0023736     310867.
 629.520 -4.45E-08   -.4815454   -.0262797  1.4848E-09   2758.6246    .0019318     317565.
 636.840 -3.42E-08   -.6229030   -.0136718  1.3307E-09   2758.6258    .0015129     324262.
 644.160 -2.50E-08   -.6831034   -.0039894  1.1483E-09   2758.6262    .0011326     330960.
 651.480 -1.73E-08   -.6825182    .0030835  9.5767E-10   2758.6262    .0007999     337658.
 658.800 -1.10E-08   -.6389701    .0079102  7.7317E-10   2758.6259    .0005188     344356.
 666.120 -6.02E-09   -.5675274    .0108663  6.0474E-10   2758.6253    .0002888     351054.
 673.440 -2.18E-09   -.4805254    .0123125  4.5842E-10   2758.6246    .0001063     357751.
 680.760  6.89E-10   -.3877553    .0125762  3.3720E-10   2758.6238 -3.4299E-05     364449.
 688.080  2.76E-09   -.2967659    .0119383  2.4163E-10   2758.6231   -.0001400     371147.
 695.400  4.23E-09   -.2132336    .0106275  1.7043E-10   2758.6224   -.0002182     377845.
 702.720  5.26E-09   -.1413595    .0089617  1.2093E-10   2758.6218   -.0002370     330025.
 710.040  6.00E-09   -.0821619    .0070848  8.9721E-11   2758.6214   -.0002759     336723.
 717.360  6.57E-09   -.0377332    .0049471  7.2983E-11   2758.6210   -.0003082     343421.
 724.680  7.07E-09   -.0098137    .0025822  6.6345E-11   2758.6208   -.0003379     350119.
 732.000  7.54E-09      0.0000      0.0000  6.4975E-11   2758.6207   -.0003676     178408.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:
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Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01153796
Maximum bending moment           =       2627340. lbs-in
Maximum shear force              =    51950.08302 lbs
Depth of maximum bending moment  =    87.84000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              6

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  77486.2444   -.0214334   2758.6207   -248.8660    455.4248
   7.320     1.843     571828.  75413.7698   -.0213536   7407.8873   -317.3839   1260.5071
  14.640     1.687    1126566.  72880.6740   -.0211165  11918.2004   -374.7188   1625.5595
  21.960     1.534    1661060.  69902.4614   -.0207273  16263.9181   -439.0005   2094.8915
  29.280     1.384    2171786.  66386.3839   -.0201922  20416.3963   -521.6765   2759.2848
  36.600     1.238    2654241.  62245.4233   -.0195185  24339.0060   -609.7336   3604.1974
  43.920     1.098    3103633.  57317.1286   -.0187146  27992.8073   -736.7950   4911.1391
  51.240   .964366    3513090.  51413.5303   -.0177908  31321.9080   -876.2100   6650.8541
  58.560   .837727    3875080.  44418.6427   -.0167594  34265.0815  -1034.9615   9043.4204
  65.880   .719008    4181045.  36213.9873   -.0156347  36752.7341  -1206.7476  12285.5198
  73.200   .608835    4421733.  26704.1507   -.0144336  38709.6605  -1391.5684  16730.7626
  80.520   .507700    4587208.  16150.9467   -.0131759  40055.0549  -1491.8207  21509.0229
  87.840   .415940    4672072.   5358.8838   -.0118832  40745.0440  -1456.8304  25638.3100
  95.160   .333729    4678188.  -5109.5066   -.0105778  40794.7701  -1403.3856  30781.7822
 102.480   .261080    4608418. -15135.7984   -.0092814  40227.5091  -1336.0384  37458.9825
 109.800   .197850    4466383. -24611.4155   -.0080144  39072.6846  -1252.9280  46355.4160
 117.120   .143749    4256555. -33368.8917   -.0067966  37366.6738  -1139.8250  58042.2411
 124.440   .098348    3985026. -41182.2756   -.0056460  35159.0015   -994.9793  74056.0586
 131.760   .061091    3659598. -47808.5617   -.0045788  32513.0951   -815.4814  97711.3832
 139.080   .031315    3289935. -52475.4078   -.0036085  29507.5429   -459.6132     107437.
 146.400   .008262    2895162. -54621.3590   -.0027450  26297.8222   -126.7123     112260.
 153.720  -.008873    2493172. -54565.7155   -.0019928  23029.4350    141.9154     117082.
 161.040  -.020912    2098420. -52771.6824   -.0013517  19819.8906    348.2576     121904.
 168.360  -.028662    1722020. -49680.9270   -.0008184  16759.5550    496.2111     126727.
 175.680  -.032893    1371954. -45701.2769   -.0003864  13913.3351    591.1250     131549.
 183.000  -.034320    1053360. -41197.6556 -4.7834E-05  11322.9993    639.3727     136372.
 190.320  -.033593     768871. -36485.9729    .0002066   9009.9480    647.9723     141194.
 197.640  -.031295     518988. -31829.5742    .0003864   6978.2681    624.2677     146016.
 204.960  -.027937     302479. -27437.7753    .0005010   5217.9316    575.6773     150839.
 212.280  -.023960     116771. -22804.6495    .0005596   3708.0289    690.2041     210863.
 219.600  -.019745 -31971.3959 -17871.5186    .0005714   3018.5651    657.6459     243812.
 226.920  -.015594    -145471. -13195.2589    .0005466   3941.3739    620.0207     291036.
 234.240  -.011742    -225726.  -8811.8917    .0004948   4593.8945    577.6206     360100.
 241.560  -.008350    -274998.  -4756.0955    .0004249   4994.5027    530.5204     465065.
 248.880  -.005521    -295803.  -1063.0835    .0003452   5163.6588    478.4992     634429.
 256.200  -.003296    -290926.   2228.2519    .0002633   5124.0012    420.7727     934451.
 263.520  -.001666    -263459.   5067.7672    .0001859   4900.6845    355.0511    1560052.
 270.840  -.000574    -216930.   7365.2629    .0001189   4522.3733    272.6800    3475726.
 278.160  7.40E-05    -155757.   8151.6124  6.6821E-05   4025.0087    -57.8304    5718384.
 285.480   .000404 -97660.4062   7031.6757  3.1441E-05   3552.6516   -248.1633    4496651.
 292.800   .000534 -52846.5168   5147.6494  1.0429E-05   3188.2909   -266.5980    3652265.
 300.120   .000557 -22309.8116   3185.1088 -6.3612E-08   2940.0113   -269.6153    3545409.
 307.440   .000533  -6216.4570   1221.1786 -4.0461E-06   2809.1638   -266.9777    3663852.
 314.760   .000497  -4427.4914    229.3434 -5.5321E-06   2794.6185     -4.0156  59092.4029
 322.080   .000452  -2853.0378    200.3991 -6.5486E-06   2781.8174     -3.8927  62985.2807
 329.400   .000402  -1486.7460    172.4527 -7.1544E-06   2770.7087     -3.7429  68230.4477
 336.720   .000348   -320.7894    145.6911 -7.4068E-06   2761.2289     -3.5690  75145.1517
 344.040   .000293    653.9783    120.3567 -7.3603E-06   2763.9379     -3.3529  83732.8913
 351.360   .000240   1448.9913     98.0409 -7.0667E-06   2770.4018     -2.7443  83732.8913
 358.680   .000190   2096.7457     80.0564 -6.5717E-06   2775.6683     -2.1695  83732.8913
 366.000   .000144   2627.9439     66.0998 -5.9121E-06   2779.9873     -1.6438  83732.8913
 373.320   .000103   3070.6789     34.5004 -5.1165E-06   2783.5869     -6.9900     496242.
 380.640  6.88E-05   3138.4234     -8.1519 -4.2496E-06   2784.1377     -4.6637     496242.
 387.960  4.09E-05   2955.8148    -35.3675 -3.3988E-06   2782.6530     -2.7723     496242.
 395.280  1.90E-05   2624.2262    -50.2369 -2.6198E-06   2779.9570     -1.2904     496242.
 402.600  2.54E-06   2223.1077    -55.5900 -1.9431E-06   2776.6957   -.1721762     496242.
 409.920 -9.41E-06   1812.4365    -53.8850 -1.3797E-06   2773.3568    .6380313     496242.
 417.240 -1.77E-05   1435.6858    -47.1684 -9.2619E-07   2770.2936      1.1971     496242.
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 424.560 -2.30E-05   1122.8677    -37.0874 -5.6899E-07   2767.7502      1.5573     496242.
 431.880 -2.60E-05    893.3259    -29.7658 -2.8751E-07   2765.8839    .4431722     124826.
 439.200 -2.72E-05    687.3988    -26.4038 -6.6824E-08   2764.2096    .4754302     128041.
 446.520 -2.70E-05    506.8453    -22.8939  9.9904E-08   2762.7416    .4835424     131256.
 453.840 -2.57E-05    352.1265    -19.3950  2.1982E-07   2761.4837    .4724367     134471.
 461.160 -2.37E-05    222.6702    -16.0310  3.0007E-07   2760.4311    .4466965     137686.
 468.480 -2.13E-05    117.1162    -12.8938  3.4751E-07   2759.5729    .4104663     140901.
 475.800 -1.87E-05     33.5387    -10.0468  3.6854E-07   2758.8934    .3673942     144116.
 483.120 -1.59E-05    -30.3578     -7.5288  3.6899E-07   2758.8675    .3206027     147331.
 490.440 -1.33E-05    -77.0712     -5.3573  3.5399E-07   2759.2473    .2726876     150545.
 497.760 -1.07E-05   -109.1620     -3.5331  3.2799E-07   2759.5082    .2257360     153760.
 505.080 -8.46E-06   -129.1413     -2.0431  2.9472E-07   2759.6707    .1813622     156975.
 512.400 -6.43E-06   -139.3837   -.8641607  2.5723E-07   2759.7540    .1407537     160190.
 519.720 -4.69E-06   -142.0637    .0342932  2.1794E-07   2759.7757    .1047255     163405.
 527.040 -3.24E-06   -139.1114    .6876158  1.7868E-07   2759.7517    .0737779     166620.
 534.360 -2.08E-06   -132.1854      1.1339  1.4081E-07   2759.6954    .0481533     169835.
 541.680 -1.18E-06   -122.6598      1.4122  1.0523E-07   2759.6180    .0278917     173050.
 549.000 -5.35E-07   -111.6216      2.3582  7.2520E-08   2759.5282    .2305784    3155435.
 556.320 -1.18E-07    -88.2120      3.3885  4.4622E-08   2759.3379    .0509179    3155435.
 563.640  1.18E-07    -62.0612      3.3881  2.3642E-08   2759.1253   -.0510228    3155435.
 570.960  2.28E-07    -38.6351      2.8416  9.5839E-09   2758.9348   -.0982840    3155435.
 578.280  2.59E-07    -20.4697      2.0738  1.3323E-09   2758.7871   -.1115055    3155435.
 585.600  2.48E-07     -8.2760      1.2752 -2.6809E-09   2758.6880   -.1066920    3155435.
 592.920  2.19E-07     -1.7979    .5385245 -4.0873E-09   2758.6353   -.0945870    3155435.
 600.240  1.88E-07   -.3876722    .1650519 -4.3924E-09   2758.6238   -.0074547     290773.
 607.560  1.55E-07    .6231297    .1146958 -4.3595E-09   2758.6258   -.0063037     297471.
 614.880  1.24E-07      1.2961    .0727894 -4.0916E-09   2758.6312   -.0051461     304169.
 622.200  9.52E-08      1.6931    .0391545 -3.6743E-09   2758.6345   -.0040437     310867.
 629.520  7.01E-08      1.8732    .0132312 -3.1764E-09   2758.6359   -.0030391     317565.
 636.840  4.87E-08      1.8901   -.0057904 -2.6510E-09   2758.6361   -.0021580     324262.
 644.160  3.12E-08      1.7912   -.0188588 -2.1370E-09   2758.6353   -.0014126     330960.
 651.480  1.74E-08      1.6163   -.0269715 -1.6613E-09   2758.6338   -.0008040     337658.
 658.800  6.92E-09      1.3981   -.0311057 -1.2405E-09   2758.6321   -.0003256     344356.
 666.120 -7.31E-10      1.1622   -.0321690 -8.8305E-10   2758.6301  3.5053E-05     351054.
 673.440 -6.01E-09    .9280524   -.0309662 -5.9123E-10   2758.6282    .0002936     357751.
 680.760 -9.39E-09    .7094885   -.0281812 -3.6261E-10   2758.6265    .0004673     364449.
 688.080 -1.13E-08    .5158613   -.0243709 -1.9154E-10   2758.6249    .0005737     371147.
 695.400 -1.22E-08    .3529009   -.0199679 -7.0256E-11   2758.6236    .0006293     377845.
 702.720 -1.23E-08    .2236058   -.0156278  1.0230E-11   2758.6225    .0005565     330025.
 710.040 -1.20E-08    .1240992   -.0115636  5.8773E-11   2758.6217    .0005539     336723.
 717.360 -1.15E-08    .0542530   -.0075644  8.3672E-11   2758.6211    .0005388     343421.
 724.680 -1.08E-08    .0132675   -.0036991  9.3099E-11   2758.6208    .0005173     350119.
 732.000 -1.01E-08      0.0000      0.0000  9.4951E-11   2758.6207    .0004933     178408.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.02143344
Maximum bending moment           =       4678188. lbs-in
Maximum shear force              =    77486.24441 lbs
Depth of maximum bending moment  =    95.16000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  95500.7798   -.0304599   2758.6207   -248.8660    303.6166
   7.320     2.777     708452.  93428.3052   -.0303610   8518.7104   -317.3839    836.5940
  14.640     2.556    1399793.  90895.2093   -.0300666  14139.6832   -374.7188   1073.3419
  21.960     2.337    2070850.  87916.9966   -.0295821  19595.7335   -439.0005   1375.1297
  29.280     2.122    2718080.  84400.9188   -.0289135  24858.0541   -521.6765   1799.1948
  36.600     1.914    3336957.  80259.9578   -.0280682  29889.8525   -609.7336   2332.4270
  43.920     1.712    3922672.  75331.6625   -.0270547  34652.0257   -736.7951   3151.2068
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  51.240     1.517    4468330.  69428.0632   -.0258832  39088.5182   -876.2101   4226.6381
  58.560     1.333    4966382.  62433.1743   -.0245660  43137.9406  -1034.9617   5685.1265
  65.880     1.158    5408246.  54228.5170   -.0231176  46730.5362  -1206.7479   7629.2145
  73.200   .994144    5784655.  44718.6778   -.0215550  49790.9371  -1391.5688  10246.2862
  80.520   .842273    6085649.  33808.2432   -.0198978  52238.1751  -1589.4243  13813.3191
  87.840   .702840    6300582.  21401.7992   -.0181685  53985.6938  -1800.3145  18750.0631
  95.160   .576285    6418122.   7403.9321   -.0163929  54941.3608  -2024.2394  25711.9660
 102.480   .462848    6426254.  -7249.1701   -.0145997  55007.4819  -1979.3405  31303.4954
 109.800   .362546    6327383. -21239.0070   -.0128192  54203.6078  -1843.0193  37211.5768
 117.120   .275176    6128828. -34185.5827   -.0110802  52589.2455  -1694.2964  45070.2992
 124.440   .200332    5838586. -45999.2416   -.0094094  50229.4242  -1533.4792  56032.2927
 131.760   .137422    5465317. -56497.8283   -.0078313  47194.5518  -1334.9871  71110.2214
 139.080   .085682    5019712. -65381.7874   -.0063675  43571.5486  -1092.3242  93319.3695
 146.400   .044202    4514840. -71860.7545   -.0050364  39466.6646   -677.8854     112260.
 153.720   .011950    3972980. -75041.3808   -.0038514  35061.0557   -191.1382     117082.
 161.040  -.012182    3420294. -74998.4335   -.0028192  30567.4232    202.8724     121904.
 168.360  -.029323    2877974. -72397.9077   -.0019399  26158.0804    507.6538     126727.
 175.680  -.040582    2362433. -67870.6217   -.0012083  21966.4552    729.3096     131549.
 183.000  -.047013    1885622. -61995.7571   -.0006152  18089.7296    875.8447     136372.
 190.320  -.049589    1455464. -55289.3254   -.0001488  14592.3126    956.5137     141194.
 197.640  -.049191    1076343. -48197.1559    .0002047  11509.8625    981.2375     146016.
 204.960  -.046593     749641. -41091.8455    .0004596   8853.6040    960.1041     150839.
 212.280  -.042462     474274. -34663.3339    .0006305   6614.7212    796.3198     137277.
 219.600  -.037362     241506. -28925.9318    .0007304   4722.1903    771.2764     151108.
 226.920  -.031769  50028.5786 -23392.2358    .0007711   3165.3796    740.6624     170659.
 234.240  -.026073    -101769. -18101.0976    .0007639   3586.0603    705.0037     197928.
 241.560  -.020586    -215777. -13088.3354    .0007196   4512.9997    664.6034     236324.
 248.880  -.015539    -294141.  -8388.3941    .0006484   5150.1443    619.5335     291844.
 256.200  -.011094    -339266.  -4036.3736    .0005599   5517.0350    569.5431     375806.
 263.520  -.007342    -353824.    -71.4198    .0004632   5635.3965    513.7776     512263.
 270.840  -.004313    -340800.   3455.6726    .0003662   5529.5057    449.9088     763614.
 278.160  -.001981    -303619.   6458.5842    .0002762   5227.2028    370.5589    1369563.
 285.480  -.000269    -246538.   8583.5023    .0001994   4763.1015    210.0198    5718384.
 292.800   .000939    -178167.   8229.1705    .0001401   4207.2093   -306.8318    2391982.
 300.120   .001783    -126210.   5786.8171  9.7635E-05   3784.7762   -360.4779    1480220.
 307.440   .002368 -93550.4540   3050.5529  6.6954E-05   3519.2356   -387.1353    1196544.
 314.760   .002763 -81620.6303   1607.6462  4.2499E-05   3422.2398     -7.1015  18814.9743
 322.080   .002991 -70059.3101   1554.9643  2.1323E-05   3328.2401     -7.2925  17850.0107
 329.400   .003075 -58878.4282   1501.3309  3.3217E-06   3237.3336     -7.3615  17523.8572
 336.720   .003039 -48083.3274   1447.5464 -1.1611E-05   3149.5637     -7.3337  17663.7767
 344.040   .002905 -37674.1098   1394.2605 -2.3584E-05   3064.9312     -7.2253  18206.0126
 351.360   .002694 -27646.4945   1342.0243 -3.2703E-05   2983.4014     -7.0469  19148.3533
 358.680   .002426 -17992.4021   1291.3203 -3.9075E-05   2904.9085     -6.8066  20535.6689
 366.000   .002122  -8700.3781   1242.5791 -4.2801E-05   2829.3594     -6.5106  22460.6033
 373.320   .001800    244.0721   1085.0368 -4.3982E-05   2760.6051    -36.5337     148601.
 380.640   .001478   7230.9206    826.0637 -4.2938E-05   2817.4119    -34.2239     169506.
 387.960   .001171  12382.9057    584.8475 -4.0200E-05   2859.3003    -31.6822     198044.
 395.280   .000889  15835.4623    363.0352 -3.6260E-05   2887.3714    -28.9223     238035.
 402.600   .000640  17735.9628    162.2414 -3.1574E-05   2902.8235    -25.9394     296605.
 409.920   .000427  18243.9573    -15.7557 -2.6550E-05   2906.9537    -22.6937     388877.
 417.240   .000251  17533.2859   -161.2089 -2.1556E-05   2901.1756    -17.0477     496242.
 424.560   .000112  15906.5799   -251.2933 -1.6887E-05   2887.9496     -7.5656     496242.
 431.880  4.24E-06  13872.1519   -279.2480 -1.2730E-05   2871.4087   -.0723166     124826.
 439.200 -7.48E-05  11831.8076   -274.7262 -9.1412E-06   2854.8196      1.3078     128041.
 446.520  -.000130   9859.7955   -261.4353 -6.1128E-06   2838.7861      2.3236     131256.
 453.840  -.000164   8010.8380   -241.8870 -3.6179E-06   2823.7531      3.0174     134471.
 461.160  -.000183   6322.3832   -218.2757 -1.6169E-06   2810.0250      3.4337     137686.
 468.480  -.000188   4816.9855   -192.4687 -6.1719E-08   2797.7853      3.6174     140901.
 475.800  -.000183   3504.7058   -166.0097  1.1001E-06   2787.1158      3.6119     144116.
 483.120  -.000172   2385.4432   -140.1330  1.9224E-06   2778.0156      3.4583     147331.
 490.440  -.000155   1451.1330   -115.7848  2.4580E-06   2770.4192      3.1942     150545.
 497.760  -.000136    687.7626    -93.6508  2.7566E-06   2764.2126      2.8533     153760.
 505.080  -.000115     77.1790    -74.1851  2.8634E-06   2759.2482      2.4652     156975.
 512.400 -9.39E-05   -401.3249    -57.6402  2.8182E-06   2761.8837      2.0553     160190.
 519.720 -7.37E-05   -769.6438    -44.0966  2.6547E-06   2764.8783      1.6452     163405.
 527.040 -5.51E-05  -1049.6975    -33.4889  2.4007E-06   2767.1553      1.2531     166620.
 534.360 -3.86E-05  -1262.4520    -25.6288  2.0779E-06   2768.8851    .8944610     169835.
 541.680 -2.46E-05  -1427.0932    -20.2238  1.7024E-06   2770.2237    .5823147     173050.
 549.000 -1.36E-05  -1560.3226      3.4097  1.2853E-06   2771.3069      5.8749    3155435.
 556.320 -5.81E-06  -1378.5300     34.0858  8.7504E-07   2769.8289      2.5065    3155435.
 563.640 -8.18E-07  -1062.2294     44.5504  5.3428E-07   2767.2572    .3526741    3155435.
 570.960  2.01E-06   -726.8753     42.6743  2.8451E-07   2764.5306   -.8652838    3155435.
 578.280  3.35E-06   -437.7782     34.2266  1.2191E-07   2762.1801     -1.4428    3155435.
 585.600  3.79E-06   -225.9266     22.9630  2.9253E-08   2760.4576     -1.6347    3155435.
 592.920  3.78E-06   -101.6306     11.0238 -1.6477E-08   2759.4470     -1.6274    3155435.
 600.240  3.55E-06    -64.5213      4.5511 -3.9674E-08   2759.1453   -.1410511     290773.
 607.560  3.19E-06    -34.9603      3.5597 -5.3562E-08   2758.9049   -.1298187     297471.
 614.880  2.77E-06    -12.3503      2.6638 -6.0167E-08   2758.7211   -.1149651     304169.
 622.200  2.31E-06      4.1015      1.8834 -6.1319E-08   2758.6540   -.0982566     310867.
 629.520  1.87E-06     15.2879      1.2271 -5.8612E-08   2758.7450   -.0810827     317565.
 636.840  1.46E-06     22.1274    .6942979 -5.3388E-08   2758.8006   -.0644792     324262.
 644.160  1.09E-06     25.5087    .2783635 -4.6738E-08   2758.8281   -.0491640     330960.
 651.480  7.71E-07     26.2519   -.0317996 -3.9512E-08   2758.8341   -.0355800     337658.
 658.800  5.09E-07     25.0848   -.2496491 -3.2345E-08   2758.8246   -.0239417     344356.
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 666.120  2.98E-07     22.6311   -.3895482 -2.5683E-08   2758.8047   -.0142821     351054.
 673.440  1.33E-07     19.4089   -.4655986 -1.9814E-08   2758.7785   -.0064967     357751.
 680.760  7.73E-09     15.8357   -.4907847 -1.4893E-08   2758.7494   -.0003847     364449.
 688.080 -8.51E-08     12.2395   -.4763986 -1.0974E-08   2758.7202    .0043153     371147.
 695.400 -1.53E-07      8.8727   -.4317124 -8.0264E-09   2758.6928    .0078940     377845.
 702.720 -2.03E-07      5.9277   -.3693859 -5.9602E-09   2758.6689    .0091351     330025.
 710.040 -2.40E-07      3.4712   -.2955131 -4.6480E-09   2758.6489    .0110487     336723.
 717.360 -2.71E-07      1.6063   -.2085989 -3.9391E-09   2758.6337    .0126983     343421.
 724.680 -2.98E-07    .4214774   -.1099805 -3.6560E-09   2758.6241    .0142466     350119.
 732.000 -3.24E-07      0.0000      0.0000 -3.5972E-09   2758.6207    .0158027     178408.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.03045986
Maximum bending moment           =       6426254. lbs-in
Maximum shear force              =    95500.77981 lbs
Depth of maximum bending moment  =      102.48000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              5

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  72000.0000    .2500000     797113.  19745.7889
  4  y=   .500000 M=     0.000  72000.0000    .5000000    1448973.  32154.6388
  4  y=  1.000000 M=     0.000  72000.0000   1.0000000    2627340.  51950.0830
  4  y=     2.000 M=     0.000  72000.0000      2.0000    4678188.  77486.2444
  4  y=     3.000 M=     0.000  72000.0000      3.0000    6426254.  95500.7798

The analysis ended normally. 

 Page 12



Lateral Deflection (in)

Route 101/23 Interchange      Moorpark Road UC      Abutment     Weak Axis

D
e
p

th
 (

ft
)

-1 -0.5 0 0.5 1 1.5 2 2.5
0

5
1

0
1

5
2

0
2

5
3

0
3

5
4

0
4

5
5

0
5

5
6

0

Displ.=0.25"

Displ.=0.5"

Displ.=1.0"

Displ.=2.0"

Displ.=3.0"



Shear Force (kips)
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Bending Moment (in-kips)
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Abut_Weak.lpd
Name of output file:         Abut_Weak.lpo
Name of plot output file:    Abut_Weak.lpp
Name of runtime file:        Abut_Weak.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  12:45:22

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     732.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     732.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =      210.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      210.000 in
Distance from top of pile to bottom of layer =      288.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      288.000 in
Distance from top of pile to bottom of layer =      312.000 in

Layer  4 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      312.000 in
Distance from top of pile to bottom of layer =      372.000 in

Layer  5 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      372.000 in
Distance from top of pile to bottom of layer =      426.000 in

Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      426.000 in
Distance from top of pile to bottom of layer =      546.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      546.000 in
Distance from top of pile to bottom of layer =      594.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      594.000 in
Distance from top of pile to bottom of layer =      702.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      702.000 in
Distance from top of pile to bottom of layer =      774.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends   42.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2           210.00         .07230
  3           210.00         .07230
  4           288.00         .07230
  5           288.00         .03620
  6           312.00         .03620
  7           312.00         .03620
  8           372.00         .03620
  9           372.00         .03620
 10           426.00         .03620
 11           426.00         .03330
 12           546.00         .03330
 13           546.00         .03330

 Page 2



BSI FB-MultiPier - File: Abut_Weak.lpo Monday, May 07, 2012
 14           594.00         .03330
 15           594.00         .03910
 16           702.00         .03910
 17           702.00         .03910
 18           774.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           30.00           ------    ------
  2      210.000         .00000           30.00           ------    ------
  3      210.000       17.36000             .00           .00500        .0
  4      288.000       17.36000             .00           .00500        .0
  5      288.000       17.36000             .00           .00500        .0
  6      312.000       17.36000             .00           .00500        .0
  7      312.000         .69000             .00           .02000        .0
  8      372.000         .69000             .00           .02000        .0
  9      372.000        5.55000             .00           .05000        .0
 10      426.000        5.55000             .00           .05000        .0
 11      426.000         .00000           28.00           ------    ------
 12      546.000         .00000           32.00           ------    ------
 13      546.000       10.42000             .00           .00700        .0
 14      594.000       10.42000             .00           .00700        .0
 15      594.000         .00000           36.00           ------    ------
 16      702.000         .00000           36.00           ------    ------
 17      702.000         .00000           43.00           ------    ------
 18      774.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2          774.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       72000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  13462.4077   -.0039520   2758.6207   -171.7129   2513.8772
   7.320   .221071  96027.3049  12084.7515   -.0039148   4791.1005   -204.6959   6777.7893
  14.640   .192687     181047.  10519.7759   -.0038076   6590.6040   -222.8931   8467.5193
  21.960   .165328     254050.   8850.6566   -.0036391   8135.7594   -233.1504  10322.8709
  29.280   .139410     314457.   7164.8602   -.0034191   9414.3032   -227.4497  11942.7351
  36.600   .115273     362548.   5480.8944   -.0031570  10432.1790   -232.6503  14773.5923
  43.920   .093192     398025.   3757.4922   -.0028625  11183.0733   -238.2246  18712.0068
  51.240   .073366     420575.   1987.8709   -.0025456  11660.3579   -245.2785  24472.3159
  58.560   .055924     429811.    190.2662   -.0022164  11855.8380   -245.8703  32182.3494
  65.880   .040918     425697.  -1578.0637   -.0018852  11768.7628   -237.2799  42447.7768
  73.200   .028325     408695.  -3247.8516   -.0015622  11408.9102   -218.9463  56581.9196
  80.520   .018048     379795.  -4670.5759   -.0012569  10797.2194   -169.7762  68857.7760
  87.840   .009924     341642.  -5657.5569   -.0009776   9989.7040    -99.8907  73680.1920
  95.160   .003736     297999.  -6169.8011   -.0007300   9065.9511    -40.0667  78502.6080
 102.480  -.000763     252086.  -6284.6591   -.0005170   8094.1845      8.6848  83325.0240
 109.800  -.003833     206536.  -6083.9306   -.0003395   7130.0900     46.1591  88147.4400
 117.120  -.005733     163375.  -5648.4987   -.0001963   6216.5609     72.8114  92969.8560
 124.440  -.006707     124049.  -5054.0868 -8.4993E-05   5384.1965     89.5962  97792.2720
 131.760  -.006977  89472.9021  -4368.1873 -2.3307E-06   4652.3723     97.8080     102615.
 139.080  -.006741  60101.1380  -3648.1133  5.5575E-05   4030.7000     98.9335     107437.
 146.400  -.006163  36005.9431  -2940.0609  9.2782E-05   3520.7097     94.5234     112260.
 153.720  -.005382  16960.8465  -2279.0202    .0001133   3117.6079     86.0888     117082.
 161.040  -.004505   2521.6743  -1689.3471    .0001208   2811.9936     75.0240     121904.
 168.360  -.003613  -7898.5590  -1185.8047    .0001187   2925.7988     62.5559     126727.
 175.680  -.002767 -14963.6765   -774.8847    .0001099   3075.3365     49.7174     131549.
 183.000  -.002004 -19358.7112   -456.2433  9.6610E-05   3168.3603     37.3431     136372.
 190.320  -.001352 -21744.9133   -224.1108  8.0697E-05   3218.8658     26.0811     141194.
 197.640  -.000823 -22724.7537    -68.5640  6.3481E-05   3239.6047     16.4180     146016.
 204.960  -.000423 -22815.6040     23.4114  4.5851E-05   3241.5276      8.7119     150839.
 212.280  -.000152 -22430.3412    489.3330  2.8334E-05   3233.3733    118.5891    5718384.
 219.600 -7.96E-06 -15681.6353    946.1322  1.3580E-05   3090.5326      6.2194    5718384.
 226.920  4.70E-05  -8593.2804    834.5062  4.1819E-06   2940.5030    -36.7183    5718384.
 234.240  5.33E-05  -3468.8724    547.8309 -4.8779E-07   2832.0416    -41.6083    5718384.
 241.560  3.99E-05   -572.5214    281.5739 -2.0524E-06   2770.7385    -31.1395    5718384.
 248.880  2.32E-05    655.5328    101.2260 -2.0202E-06   2772.4955    -18.1359    5718384.
 256.200  1.03E-05    911.5571      5.4421 -1.4136E-06   2777.9144     -8.0346    5718384.
 263.520  2.52E-06    736.6953    -31.1726 -7.7545E-07   2774.2133     -1.9694    5718384.
 270.840 -1.07E-06    456.0078    -35.3280 -3.1371E-07   2768.2724    .8340260    5718384.
 278.160 -2.07E-06    219.8234    -26.3521 -5.2070E-08   2763.2734      1.6184    5718384.
 285.480 -1.83E-06     70.2685    -15.1965  6.0235E-08   2760.1080      1.4295    5718384.
 292.800 -1.19E-06     -2.7170     -6.5623  8.6387E-08   2758.6782    .9295288    5718384.
 300.120 -5.65E-07    -25.8950     -1.5442  7.5310E-08   2759.1688    .4415486    5718384.
 307.440 -8.73E-08    -25.4031    .3215800  5.5451E-08   2759.1584    .0682210    5718384.
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 314.760  2.47E-07    -21.2455    .5609454  3.7392E-08   2759.0704   -.0028207  83732.8913
 322.080  4.60E-07    -17.2303    .5313597  2.2496E-08   2758.9854   -.0052629  83732.8913
 329.400  5.76E-07    -13.4901    .4879856  1.0603E-08   2758.9062   -.0065880  83732.8913
 336.720  6.15E-07    -10.0974    .4381126  1.4715E-09   2758.8344   -.0070385  83732.8913
 344.040  5.97E-07     -7.0777    .3873376 -5.1776E-09   2758.7705   -.0068344  83732.8913
 351.360  5.40E-07     -4.4213    .3397362 -9.6293E-09   2758.7143   -.0061715  83732.8913
 358.680  4.56E-07     -2.0938    .2980367 -1.2151E-08   2758.6650   -.0052218  83732.8913
 366.000  3.62E-07   -.0452220    .2637852 -1.2980E-08   2758.6216   -.0041365  83732.8913
 373.320  2.66E-07      1.7817    .1825272 -1.2307E-08   2758.6584   -.0180652     496242.
 380.640  1.81E-07      2.6399    .0713905 -1.0596E-08   2758.6766   -.0123000     496242.
 387.960  1.11E-07      2.8380   -.0012579 -8.4748E-09   2758.6808   -.0075493     496242.
 395.280  5.74E-08      2.6305   -.0431217 -6.3577E-09   2758.6764   -.0038889     496242.
 402.600  1.83E-08      2.2134   -.0618911 -4.4825E-09   2758.6675   -.0012393     496242.
 409.920 -8.26E-09      1.7291   -.0643780 -2.9562E-09   2758.6573    .0005598     496242.
 417.240 -2.50E-08      1.2741   -.0561266 -1.7935E-09   2758.6477    .0016946     496242.
 424.560 -3.45E-08    .9093013   -.0413603 -9.4827E-10   2758.6399    .0023399     496242.
 431.880 -3.89E-08    .6695465   -.0304396 -3.3703E-10   2758.6349    .0006439     121231.
 439.200 -3.94E-08    .4640209   -.0256282  1.0181E-10   2758.6305    .0006707     124446.
 446.520 -3.74E-08    .2942423   -.0207870  3.9537E-10   2758.6269    .0006521     127661.
 453.840 -3.37E-08    .1592831   -.0161977  5.7094E-10   2758.6241    .0006018     130876.
 461.160 -2.90E-08    .0565069   -.0120485  6.5448E-10   2758.6219    .0005318     134091.
 468.480 -2.41E-08   -.0177974   -.0084490  6.6947E-10   2758.6211    .0004517     137306.
 475.800 -1.92E-08   -.0678924   -.0054448  6.3629E-10   2758.6221    .0003691     140521.
 483.120 -1.48E-08   -.0981798   -.0030326  5.7200E-10   2758.6228    .0002899     143736.
 490.440 -1.09E-08   -.1128929   -.0011739  4.9029E-10   2758.6231    .0002179     146950.
 497.760 -7.59E-09   -.1158827    .0001933  4.0172E-10   2758.6231    .0001556     150165.
 505.080 -4.97E-09   -.1104859    .0011445  3.1408E-10   2758.6230    .0001042     153380.
 512.400 -2.99E-09   -.0994589    .0017599  2.3281E-10   2758.6228  6.3931E-05     156595.
 519.720 -1.57E-09   -.0849659    .0021191  1.6141E-10   2758.6225  3.4192E-05     159810.
 527.040 -6.25E-10   -.0686060    .0022952  1.0196E-10   2758.6221  1.3929E-05     163025.
 534.360 -7.35E-11   -.0514718    .0023523  5.5469E-11   2758.6218  1.6698E-06     166240.
 541.680  1.87E-10   -.0342271    .0023426  2.2291E-11   2758.6214 -4.3207E-06     169455.
 549.000  2.53E-10   -.0172000    .0019279  2.3821E-12   2758.6211   -.0001090    3155435.
 556.320  2.22E-10   -.0060054    .0011795 -6.6016E-12   2758.6208 -9.5488E-05    3155435.
 563.640  1.56E-10  7.5143E-05    .0005836 -8.8974E-12   2758.6207 -6.7321E-05    3155435.
 570.960  9.13E-11    .0025484    .0001933 -7.8817E-12   2758.6207 -3.9338E-05    3155435.
 578.280  4.08E-11    .0029128 -1.5059E-05 -5.7675E-12   2758.6208 -1.7581E-05    3155435.
 585.600  6.82E-12    .0023340 -9.0165E-05 -3.7362E-12   2758.6207 -2.9400E-06    3155435.
 592.920 -1.39E-11    .0015968 -7.8971E-05 -2.2145E-12   2758.6207  5.9982E-06    3155435.
 600.240 -2.56E-11    .0011802 -5.3430E-05 -1.1394E-12   2758.6207  9.8020E-07     280277.
 607.560 -3.06E-11    .0008157 -4.5453E-05 -3.6671E-13   2758.6207  1.1995E-06     286974.
 614.880 -3.10E-11    .0005152 -3.6515E-05  1.4854E-13   2758.6207  1.2424E-06     293672.
 622.200 -2.84E-11    .0002810 -2.7699E-05  4.5677E-13   2758.6207  1.1662E-06     300370.
 629.520 -2.43E-11    .0001092 -1.9703E-05  6.0783E-13   2758.6207  1.0186E-06     307068.
 636.840 -1.95E-11 -8.0985E-06 -1.2912E-05  6.4696E-13   2758.6207  8.3682E-07     313766.
 644.160 -1.48E-11 -8.0536E-05 -7.4765E-06  6.1264E-13   2758.6207  6.4836E-07     320463.
 651.480 -1.06E-11   -.0001182 -3.3772E-06  5.3571E-13   2758.6207  4.7168E-07     327161.
 658.800 -6.97E-12   -.0001305 -4.8783E-07  4.3941E-13   2758.6207  3.1776E-07     333859.
 666.120 -4.12E-12   -.0001258  1.3768E-06  3.4017E-13   2758.6207  1.9170E-07     340557.
 673.440 -1.99E-12   -.0001107  2.4235E-06  2.4859E-13   2758.6207  9.4264E-08     347255.
 680.760 -4.81E-13 -9.0588E-05  2.8536E-06  1.7064E-13   2758.6207  2.3269E-08     353952.
 688.080  5.11E-13 -6.9148E-05  2.8466E-06  1.0880E-13   2758.6207 -2.5185E-08     360650.
 695.400  1.11E-12 -4.9029E-05  2.5502E-06  6.3053E-14   2758.6207 -5.5788E-08     367348.
 702.720  1.43E-12 -3.1879E-05  2.1155E-06  3.1731E-14   2758.6207 -6.2988E-08     321465.
 710.040  1.58E-12 -1.8091E-05  1.6264E-06  1.2386E-14   2758.6207 -7.0663E-08     328163.
 717.360  1.62E-12 -8.0817E-06  1.0972E-06  2.2538E-15   2758.6207 -7.3908E-08     334861.
 724.680  1.61E-12 -2.0296E-06  5.5191E-07 -1.6607E-15   2758.6207 -7.5087E-08     341558.
 732.000  1.59E-12      0.0000      0.0000 -2.4464E-15   2758.6207 -7.5708E-08     174128.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00395203
Maximum bending moment           =   429810.55804 lbs-in
Maximum shear force              =    13462.40773 lbs
Depth of maximum bending moment  =    58.56000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              7
Number of zero deflection points =              8

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  21699.9357   -.0074620   2758.6207   -229.2628   1678.2038
   7.320   .445378     156634.  19862.9395   -.0074013   6073.8815   -272.6487   4481.1082
  14.640   .391644     298595.  17765.9745   -.0072251   9078.5769   -300.2925   5612.5932
  21.960   .339603     424344.  15474.5187   -.0069452  11740.1297   -325.7883   7022.2309
  29.280   .289966     532463.  13047.3531   -.0065748  14028.5389   -337.3717   8516.7117
  36.600   .243348     622287.  10501.4438   -.0061278  15929.7338   -358.2319  10775.7585
  43.920   .200256     692663.   7806.4627   -.0056187  17419.2811   -378.1017  13820.8238
  51.240   .161090     742497.   4974.4596   -.0050631  18474.0382   -395.6696  17979.3751
  58.560   .126133     770826.   2050.7892   -.0044772  19073.6510   -403.1474  23396.3288
  65.880   .095544     777239.   -879.0271   -.0038779  19209.3941   -397.3488  30442.5398
  73.200   .069360     762045.  -3714.6127   -.0032820  18887.7884   -377.4013  39829.5353
  80.520   .047495     726317.  -6349.9235   -.0027058  18131.5877   -342.6290  52806.0697
  87.840   .029747     671934.  -8673.2767   -.0021645  16980.5361   -292.1670  71894.4275
  95.160   .015807     601622. -10363.0716   -.0016714  15492.3326   -169.5256  78502.6080
 102.480   .005277     521980. -11203.4087   -.0012364  13806.6727    -60.0747  83325.0240
 109.800  -.002294     438907. -11322.1737   -.0008644  12048.3734     27.6252  88147.4400
 117.120  -.007378     357135. -10878.0978   -.0005563  10317.6131     93.7070  92969.8560
 124.440  -.010438     280238. -10024.7589   -.0003095   8690.0419    139.4458  97792.2720
 131.760  -.011909     210699.  -8903.3479   -.0001195   7218.1964    166.9507     102615.
 139.080  -.012187     150019.  -7637.6540  2.0189E-05   5933.8709    178.8673     107437.
 146.400  -.011614  98862.2593  -6331.1178    .0001165   4851.1041    178.1098     112260.
 153.720  -.010481  57208.6588  -5065.6914    .0001770   3969.4788    167.6351     117082.
 161.040  -.009023  24514.0057  -3902.1676    .0002086   3277.4754    150.2676     121904.
 168.360  -.007427   -138.9546  -2881.6065    .0002180   2761.5618    128.5743     126727.
 175.680  -.005831 -17902.5407  -2027.4871    .0002111   3137.5395    104.7917     131549.
 183.000  -.004337 -30043.8309  -1348.2324    .0001925   3394.5177     80.7970     136372.
 190.320  -.003013 -37843.5618   -839.8028    .0001662   3559.6041     58.1182     141194.
 197.640  -.001904 -42513.7392   -488.1076    .0001351   3658.4514     37.9734     146016.
 204.960  -.001035 -45131.8607   -271.0491    .0001012   3713.8656     21.3322     150839.
 212.280  -.000423 -46588.5367    685.7785  6.5658E-05   3744.6971    240.0962    4159032.
 219.600 -7.40E-05 -35161.2725   1776.0533  3.4010E-05   3502.8317     57.7931    5718384.
 226.920  7.53E-05 -20622.9651   1772.1879  1.2414E-05   3195.1190    -58.8493    5718384.
 234.240   .000108  -9229.5273   1248.6958  8.5684E-07   2953.9696    -84.1814    5718384.
 241.560  8.79E-05  -2342.9620    689.3377 -3.6233E-06   2808.2110    -68.6487    5718384.
 248.880  5.47E-05    866.1953    281.6461 -4.1950E-06   2776.9543    -42.7424    5718384.
 256.200  2.65E-05   1784.7582     49.5520 -3.1687E-06   2796.3962    -20.6713    5718384.
 263.520  8.32E-06   1594.9773    -49.9032 -1.8603E-06   2792.3794     -6.5023    5718384.
 270.840 -7.74E-07   1056.1366    -71.4883 -8.3397E-07   2780.9745    .6047204    5718384.
 278.160 -3.89E-06    549.2672    -58.1648 -2.1246E-07   2770.2463      3.0356    5718384.
 285.480 -3.88E-06    204.8278    -35.9482  7.9483E-08   2762.9560      3.0345    5718384.
 292.800 -2.72E-06     22.9018    -17.0587  1.6765E-07   2759.1054      2.1266    5718384.
 300.120 -1.43E-06    -45.0876     -5.1865  1.5906E-07   2759.5750      1.1172    5718384.
 307.440 -3.94E-07    -53.1969    .0276525  1.2101E-07   2759.7466    .3074549    5718384.
 314.760  3.41E-07    -44.8103      1.1386  8.3065E-08   2759.5691   -.0039059  83732.8913
 322.080  8.23E-07    -36.6148      1.0899  5.1543E-08   2759.3957   -.0094086  83732.8913
 329.400  1.10E-06    -28.9084      1.0096  2.6176E-08   2759.2326   -.0125375  83732.8913
 336.720  1.21E-06    -21.8620    .9132215  6.5209E-09   2759.0834   -.0137922  83732.8913
 344.040  1.19E-06    -15.5457    .8128580 -7.9610E-09   2758.9497   -.0136295  83732.8913
 351.360  1.09E-06     -9.9534    .7173740 -1.7833E-08   2758.8314   -.0124590  83732.8913
 358.680  9.30E-07     -5.0245    .6328200 -2.3631E-08   2758.7270   -.0106432  83732.8913
 366.000  7.43E-07   -.6639574    .5627501 -2.5833E-08   2758.6347   -.0085016  83732.8913
 373.320  5.52E-07      3.2414    .3946133 -2.4836E-08   2758.6893   -.0374374     496242.
 380.640  3.80E-07      5.1394    .1633996 -2.1591E-08   2758.7295   -.0257357     496242.
 387.960  2.36E-07      5.6563    .0106152 -1.7412E-08   2758.7404   -.0160087     496242.
 395.280  1.25E-07      5.3131   -.0789215 -1.3165E-08   2758.7331   -.0084549     496242.
 402.600  4.34E-08      4.5148   -.1206364 -9.3603E-09   2758.7162   -.0029426     496242.
 409.920 -1.23E-08      3.5569   -.1283504 -6.2354E-09   2758.6960    .0008350     496242.
 417.240 -4.79E-08      2.6423   -.1134142 -3.8355E-09   2758.6766    .0032459     496242.
 424.560 -6.85E-08      1.9005   -.0845456 -2.0768E-09   2758.6609    .0046417     496242.
 431.880 -7.83E-08      1.4067   -.0628118 -7.9646E-10   2758.6505    .0012965     121231.
 439.200 -8.01E-08    .9818018   -.0530807  1.2823E-10   2758.6415    .0013623     124446.
 446.520 -7.64E-08    .6294794   -.0432177  7.5202E-10   2758.6340    .0013326     127661.
 453.840 -6.91E-08    .3483014   -.0338176  1.1306E-09   2758.6281    .0012358     130876.
 461.160 -5.99E-08    .1331980   -.0252815  1.3170E-09   2758.6235    .0010965     134091.
 468.480 -4.98E-08   -.0232080   -.0178468  1.3595E-09   2758.6212    .0009349     137306.
 475.800 -4.00E-08   -.1295128   -.0116182  1.3004E-09   2758.6234    .0007670     140521.
 483.120 -3.08E-08   -.1946689   -.0065975  1.1749E-09   2758.6248    .0006048     143736.
 490.440 -2.28E-08   -.2273388   -.0027122  1.0115E-09   2758.6255    .0004568     146950.
 497.760 -1.60E-08   -.2354421    .0001602  8.3238E-10   2758.6257    .0003281     150165.
 505.080 -1.06E-08   -.2258711    .0021712  6.5379E-10   2758.6255    .0002214     153380.
 512.400 -6.42E-09   -.2043451    .0034842  4.8723E-10   2758.6250    .0001373     156595.
 519.720 -3.43E-09   -.1753762    .0042612  3.4023E-10   2758.6244  7.4945E-05     159810.
 527.040 -1.44E-09   -.1423200    .0046528  2.1724E-10   2758.6237  3.2055E-05     163025.
 534.360 -2.52E-10   -.1074882    .0047911  1.2053E-10   2758.6230  5.7333E-06     166240.
 541.680  3.25E-10   -.0723052    .0047845  5.0923E-11   2758.6222 -7.5284E-06     169455.
 549.000  4.93E-10   -.0374962    .0039791  8.4149E-12   2758.6215   -.0002125    3155435.
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 556.320  4.48E-10   -.0140605    .0024937 -1.1545E-11   2758.6210   -.0001933    3155435.
 563.640  3.24E-10   -.0009762    .0012750 -1.7366E-11   2758.6207   -.0001397    3155435.
 570.960  1.94E-10    .0046236    .0004574 -1.5954E-11   2758.6208 -8.3699E-05    3155435.
 578.280  9.05E-11    .0057368  8.2881E-06 -1.1943E-11   2758.6208 -3.9006E-05    3155435.
 585.600  1.93E-11    .0047576   -.0001650 -7.8801E-12   2758.6208 -8.3291E-06    3155435.
 592.920 -2.49E-11    .0033301   -.0001562 -4.7491E-12   2758.6208  1.0724E-05    3155435.
 600.240 -5.02E-11    .0024759   -.0001099 -2.5014E-12   2758.6207  1.9223E-06     280277.
 607.560 -6.15E-11    .0017237 -9.4045E-05 -8.7553E-13   2758.6207  2.4110E-06     286974.
 614.880 -6.30E-11    .0011000 -7.5966E-05  2.1766E-13   2758.6207  2.5284E-06     293672.
 622.200 -5.83E-11    .0006114 -5.7955E-05  8.8020E-13   2758.6207  2.3928E-06     300370.
 629.520 -5.01E-11    .0002506 -4.1499E-05  1.2139E-12   2758.6207  2.1032E-06     307068.
 636.840 -4.05E-11  2.5296E-06 -2.7442E-05  1.3119E-12   2758.6207  1.7377E-06     313766.
 644.160 -3.09E-11   -.0001525 -1.6126E-05  1.2539E-12   2758.6207  1.3541E-06     320463.
 651.480 -2.22E-11   -.0002349 -7.5408E-06  1.1039E-12   2758.6207  9.9148E-07     327161.
 658.800 -1.48E-11   -.0002640 -1.4467E-06  9.1078E-13   2758.6207  6.7357E-07     333859.
 666.120 -8.85E-12   -.0002570  2.5255E-06  7.0906E-13   2758.6207  4.1173E-07     340557.
 673.440 -4.39E-12   -.0002278  4.7942E-06  5.2137E-13   2758.6207  2.0815E-07     347255.
 680.760 -1.22E-12   -.0001874  5.7714E-06  3.6063E-13   2758.6207  5.8844E-08     353952.
 688.080  8.92E-13   -.0001437  5.8260E-06  2.3246E-13   2758.6207 -4.3944E-08     360650.
 695.400  2.19E-12   -.0001023  5.2636E-06  1.3722E-13   2758.6207 -1.0972E-07     367348.
 702.720  2.90E-12 -6.6786E-05  4.3957E-06  7.1748E-14   2758.6207 -1.2739E-07     321465.
 710.040  3.24E-12 -3.8047E-05  3.3984E-06  3.1164E-14   2758.6207 -1.4511E-07     328163.
 717.360  3.36E-12 -1.7066E-05  2.3053E-06  9.8275E-15   2758.6207 -1.5357E-07     334861.
 724.680  3.38E-12 -4.3080E-06  1.1658E-06  1.5527E-15   2758.6207 -1.5774E-07     341558.
 732.000  3.38E-12      0.0000      0.0000 -1.1510E-16   2758.6207 -1.6080E-07     174128.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00746197
Maximum bending moment           =   777239.44020 lbs-in
Maximum shear force              =    21699.93569 lbs
Depth of maximum bending moment  =    65.88000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              8

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  34304.8794   -.0140943   2758.6207   -233.2913    853.8462
   7.320   .896829     252290.  32373.2128   -.0139967   8098.4979   -294.4864   2403.6242
  14.640   .795089     488697.  30018.9838   -.0137098  13102.2171   -348.7455   3210.7330
  21.960   .696118     706219.  27215.6394   -.0132472  17706.2010   -417.1955   4387.0044
  29.280   .601149     901098.  23885.7796   -.0126250  21830.9412   -492.6022   5998.2566
  36.600   .511288    1069215.  19918.7088   -.0118622  25389.2353   -591.2969   8465.4665
  43.920   .427487    1205212.  15469.8217   -.0109817  28267.7011   -624.2460  10689.1684
  51.240   .350517    1307268.  10813.9612   -.0100090  30427.7961   -647.8470  13529.2861
  58.560   .280955    1374078.   6030.4179   -.0089709  31841.8729   -659.1320  17172.9954
  65.880   .219182    1405010.   1208.6430   -.0078950  32496.5560   -658.2928  21984.9312
  73.200   .165372    1400095.  -3543.4022   -.0068091  32392.5299   -640.0802  28332.4220
  80.520   .119497    1360312.  -8083.6265   -.0057404  31550.4922   -600.4182  36779.6630
  87.840   .081332    1287801. -12252.1986   -.0047152  30015.7673   -538.5359  48469.0070
  95.160   .050466    1185910. -15882.1215   -.0037576  27859.1628   -453.2464  65742.7244
 102.480   .026321    1059248. -18637.6053   -.0028884  25178.2859   -299.6181  83325.0240
 109.800   .008180     916100. -20094.7209   -.0021237  22148.4615    -98.5009  88147.4400
 117.120  -.004769     767300. -20233.5322   -.0014720  18999.0141     60.5744  92969.8560
 124.440  -.013370     621432. -19358.1068   -.0009343  15911.6371    178.6129  97792.2720
 131.760  -.018448     484882. -17757.8741   -.0005060  13021.4588    258.6091     102615.
 139.080  -.020778     361990. -15695.2071   -.0001782  10420.3826    304.9611     107437.
 146.400  -.021056     255292. -13397.1663  6.0802E-05   8162.0380    322.9189     112260.
 153.720  -.019888     165792. -11051.0354    .0002238   6267.7127    318.1004     117082.
 161.040  -.017780  93268.8073  -8803.0851    .0003241   4732.7151    296.0936     121904.
 168.360  -.015143  36573.0779  -6759.8864    .0003744   3532.7134    262.1574     126727.
 175.680  -.012299  -6090.5539  -4991.4508    .0003862   2887.5312    221.0217     131549.
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 183.000  -.009489 -36908.8249  -3535.4897    .0003695   3539.8197    176.7818     136372.
 190.320  -.006889 -58239.6402  -2402.1458    .0003327   3991.3002    132.8750     141194.
 197.640  -.004618 -72426.9285  -1578.6411    .0002821   4291.5833     92.1263     146016.
 204.960  -.002759 -81648.3132  -1033.4059    .0002225   4486.7598     56.8451     150839.
 212.280  -.001362 -87790.4846    354.0771    .0001569   4616.7628    322.2487    1732461.
 219.600  -.000462 -76629.9742   2437.1237  9.3213E-05   4380.5435    246.8897    3910992.
 226.920  3.07E-06 -52209.2480   3331.9639  4.3334E-05   3863.6631     -2.3979    5718384.
 234.240   .000172 -27895.7009   2830.4815  1.2323E-05   3349.0512   -134.6192    5718384.
 241.560   .000183 -10783.9880   1813.1901 -2.6517E-06   2986.8707   -143.3293    5718384.
 248.880   .000134  -1347.8029    906.8952 -7.3484E-06   2787.1478   -104.2922    5718384.
 256.200  7.59E-05   2500.7041    308.1930 -6.9020E-06   2811.5497    -59.2876    5718384.
 263.520  3.25E-05   3171.4182     -1.5994 -4.7062E-06   2825.7458    -25.3551    5718384.
 270.840  6.99E-06   2482.2500   -114.3989 -2.5174E-06   2811.1591     -5.4644    5718384.
 278.160 -4.40E-06   1499.2722   -121.8234 -9.7601E-07   2790.3538      3.4359    5718384.
 285.480 -7.29E-06    699.7849    -88.3935 -1.2467E-07   2773.4321      5.6980    5718384.
 292.800 -6.22E-06    205.3229    -49.7451  2.2573E-07   2762.9665      4.8617    5718384.
 300.120 -3.99E-06    -28.7213    -20.5455  2.9410E-07   2759.2286      3.1163    5718384.
 307.440 -1.92E-06    -95.7727     -3.6564  2.4590E-07   2760.6478      1.4982    5718384.
 314.760 -3.89E-07    -82.5104      1.8431  1.7688E-07   2760.3671    .0044514  83732.8913
 322.080  6.72E-07    -68.9760      1.8313  1.1824E-07   2760.0806   -.0076848  83732.8913
 329.400  1.34E-06    -55.8252      1.7470  6.9922E-08   2759.8023   -.0153492  83732.8913
 336.720  1.70E-06    -43.4740      1.6198  3.1479E-08   2759.5408   -.0193943  83732.8913
 344.040  1.80E-06    -32.1443      1.4734  2.2046E-09   2759.3010   -.0206209  83732.8913
 351.360  1.73E-06    -21.9064      1.3255 -1.8720E-08   2759.0844   -.0197635  83732.8913
 358.680  1.53E-06    -12.7185      1.1892 -3.2125E-08   2758.8899   -.0174859  83732.8913
 366.000  1.26E-06     -4.4624      1.0726 -3.8776E-08   2758.7151   -.0143837  83732.8913
 373.320  9.61E-07      3.0248    .7814988 -3.9333E-08   2758.6847   -.0651449     496242.
 380.640  6.82E-07      7.0202    .3739498 -3.5444E-08   2758.7693   -.0462073     496242.
 387.960  4.42E-07      8.5368    .0951516 -2.9422E-08   2758.8014   -.0299671     496242.
 395.280  2.51E-07      8.4442   -.0767732 -2.2848E-08   2758.7994   -.0170069     496242.
 402.600  1.08E-07      7.4369   -.1657045 -1.6699E-08   2758.7781   -.0072913     496242.
 409.920  6.39E-09      6.0359   -.1939755 -1.1484E-08   2758.7484   -.0004331     496242.
 417.240 -6.06E-08      4.6092   -.1805326 -7.3624E-09   2758.7182    .0041060     496242.
 424.560 -1.01E-07      3.4007   -.1403458 -4.2615E-09   2758.6927    .0068740     496242.
 431.880 -1.23E-07      2.5590   -.1077340 -1.9543E-09   2758.6749    .0020363     121231.
 439.200 -1.30E-07      1.8255   -.0921915 -2.5684E-10   2758.6593    .0022102     124446.
 446.520 -1.27E-07      1.2096   -.0760137  9.1817E-10   2758.6463    .0022099     127661.
 453.840 -1.17E-07    .7116869   -.0602976  1.6620E-09   2758.6358    .0020841     130876.
 461.160 -1.02E-07    .3251229   -.0458054  2.0634E-09   2758.6276    .0018755     134091.
 468.480 -8.64E-08    .0389203   -.0330123  2.2043E-09   2758.6215    .0016199     137306.
 475.800 -7.01E-08   -.1605013   -.0221575  2.1572E-09   2758.6241    .0013459     140521.
 483.120 -5.48E-08   -.2877390   -.0132947  1.9837E-09   2758.6268    .0010756     143736.
 490.440 -4.11E-08   -.3572266   -.0063403  1.7340E-09   2758.6283    .0008245     146950.
 497.760 -2.94E-08   -.3823892   -.0011159  1.4477E-09   2758.6288    .0006029     150165.
 505.080 -1.99E-08   -.3750895    .0026152  1.1544E-09   2758.6286    .0004165     153380.
 512.400 -1.25E-08   -.3453201    .0051174  8.7554E-10   2758.6280    .0002672     156595.
 519.720 -7.06E-09   -.3010934    .0066594  6.2529E-10   2758.6271    .0001541     159810.
 527.040 -3.34E-09   -.2484861    .0074953  4.1252E-10   2758.6259  7.4279E-05     163025.
 534.360 -1.02E-09   -.1917973    .0078519  2.4207E-10   2758.6247  2.3158E-05     166240.
 541.680  2.09E-10   -.1337895    .0079190  1.1603E-10   2758.6235 -4.8330E-06     169455.
 549.000  6.79E-10   -.0759860    .0068301  3.4816E-11   2758.6223   -.0002927    3155435.
 556.320  7.18E-10   -.0338339    .0046253 -7.6997E-12   2758.6214   -.0003097    3155435.
 563.640  5.66E-10   -.0082633    .0025984 -2.3997E-11   2758.6209   -.0002441    3155435.
 570.960  3.67E-10    .0042320    .0011258 -2.5558E-11   2758.6208   -.0001583    3155435.
 578.280  1.92E-10    .0082450    .0002435 -2.0727E-11   2758.6209 -8.2795E-05    3155435.
 585.600  6.37E-11    .0078183   -.0001601 -1.4509E-11   2758.6209 -2.7463E-05    3155435.
 592.920 -2.03E-11    .0059169   -.0002285 -9.1913E-12   2758.6208  8.7674E-06    3155435.
 600.240 -7.09E-11    .0044828   -.0001865 -5.1652E-12   2758.6208  2.7128E-06     280277.
 607.560 -9.60E-11    .0031923   -.0001628 -2.1938E-12   2758.6208  3.7619E-06     286974.
 614.880 -1.03E-10    .0021020   -.0001339 -1.4421E-13   2758.6207  4.1310E-06     293672.
 622.200 -9.81E-11    .0012322   -.0001040  1.1466E-12   2758.6207  4.0241E-06     300370.
 629.520 -8.62E-11    .0005776 -7.6085E-05  1.8473E-12   2758.6207  3.6153E-06     307068.
 636.840 -7.10E-11    .0001164 -5.1711E-05  2.1159E-12   2758.6207  3.0444E-06     313766.
 644.160 -5.52E-11   -.0001817 -3.1723E-05  2.0906E-12   2758.6207  2.4169E-06     320463.
 651.480 -4.04E-11   -.0003502 -1.6265E-05  1.8847E-12   2758.6207  1.8064E-06     327161.
 658.800 -2.76E-11   -.0004218 -5.0445E-06  1.5858E-12   2758.6207  1.2594E-06     333859.
 666.120 -1.72E-11   -.0004257  2.4938E-06  1.2577E-12   2758.6207  8.0023E-07     340557.
 673.440 -9.20E-12   -.0003866  7.0201E-06  9.4322E-13   2758.6207  4.3646E-07     347255.
 680.760 -3.39E-12   -.0003240  9.2177E-06  6.6813E-13   2758.6207  1.6400E-07     353952.
 688.080  5.81E-13   -.0002524  9.7132E-06  4.4500E-13   2758.6207 -2.8630E-08     360650.
 695.400  3.12E-12   -.0001822  9.0347E-06  2.7675E-13   2758.6207 -1.5674E-07     367348.
 702.720  4.63E-12   -.0001204  7.7164E-06  1.5959E-13   2758.6207 -2.0345E-07     321465.
 710.040  5.46E-12 -6.9430E-05  6.0760E-06  8.6097E-14   2758.6207 -2.4476E-07     328163.
 717.360  5.89E-12 -3.1542E-05  4.1934E-06  4.7007E-14   2758.6207 -2.6959E-07     334861.
 724.680  6.15E-12 -8.0874E-06  2.1568E-06  3.1665E-14   2758.6207 -2.8687E-07     341558.
 732.000  6.36E-12      0.0000      0.0000  2.8534E-14   2758.6207 -3.0243E-07     174128.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:
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Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01409435
Maximum bending moment           =       1405010. lbs-in
Maximum shear force              =    34304.87936 lbs
Depth of maximum bending moment  =    65.88000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              8

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  50145.6774   -.0260684   2758.6207   -233.2913    426.9231
   7.320     1.809     374555.  48214.0118   -.0259234  10686.3246   -294.4862   1191.5009
  14.640     1.620     733178.  45859.7861   -.0254945  18276.8149   -348.7449   1575.3418
  21.960     1.436    1072816.  43056.4490   -.0247954  25465.4590   -417.1942   2126.7344
  29.280     1.257    1389661.  39726.6027   -.0238421  32171.6945   -492.5999   2867.5115
  36.600     1.087    1679545.  35739.7655   -.0226538  38307.2669   -596.6999   4018.6555
  43.920   .925825    1936770.  30915.5060   -.0212538  43751.6117   -721.4038   5703.7504
  51.240   .775736    2154551.  25110.2828   -.0196699  48361.0801   -864.7228   8159.7016
  58.560   .637857    2325119.  18203.5685   -.0179357  51971.2520  -1022.3576  11732.4937
  65.880   .513157    2439957.  10123.7570   -.0160909  54401.8795  -1185.2412  16907.0312
  73.200   .402286    2490291.   1618.9167   -.0141823  55467.2437  -1138.4857  20715.8963
  80.520   .305529    2478607.  -6473.3370   -.0122586  55219.9353  -1072.5126  25695.7330
  87.840   .222820    2408443. -14036.2396   -.0103666  53734.8759   -993.8543  32649.7315
  95.160   .153761    2284044. -20939.4939   -.0085500  51101.8783   -892.2808  42478.1407
 102.480   .097648    2110902. -26974.5323   -.0068486  47437.2120   -756.6368  56719.9200
 109.800   .053498    1896356. -31877.8778   -.0052972  42896.2072   -583.0751  79780.0713
 117.120   .020097    1649793. -34946.1374   -.0039243  37677.5544   -255.2472  92969.8560
 124.440  -.003954    1388881. -35687.0054   -.0027480  32155.1746     52.8243  97792.2720
 131.760  -.020133    1130232. -34460.6848   -.0017727  26680.7072    282.2360     102615.
 139.080  -.029907     886245. -31821.1584   -.0009921  21516.5634    438.9461     107437.
 146.400  -.034657     665416. -28269.3209   -.0003914  16842.5763    531.5014     112260.
 153.720  -.035636     472794. -24237.8499  4.9284E-05  12765.6208    569.9935     117082.
 161.040  -.033936     310522. -20083.2261    .0003525   9331.0146    565.1497     121904.
 168.360  -.030475     178404. -16083.7759    .0005418   6534.6661    527.5963     126727.
 175.680  -.026003  74484.2033 -12442.4116    .0006397   4335.1268    467.3119     131549.
 183.000  -.021110  -4426.7578  -9292.6782    .0006668   2852.3159    393.2710     136372.
 190.320  -.016241 -62263.5100  -6706.7535    .0006410   4076.4680    313.2658     141194.
 197.640  -.011725    -103289.  -4704.1815    .0005769   4944.8057    233.8850     146016.
 204.960  -.007795    -131741.  -3260.3033    .0004859   5547.0009    160.6173     150839.
 212.280  -.004611    -151532.  -1075.8589    .0003763   5965.9012    436.2255     692547.
 219.600  -.002286    -147888.   1861.3492    .0002604   5888.7668    366.2904    1172982.
 226.920  -.000799    -124557.   4234.9764    .0001549   5394.9428    282.2416    2585436.
 234.240 -1.83E-05 -86051.2680   5320.3062  7.3352E-05   4579.9512     14.2966    5718384.
 241.560   .000275 -46744.7066   4589.1608  2.1942E-05   3748.0025   -214.0631    5702516.
 248.880   .000303 -18889.0822   3001.0400 -3.4675E-06   3158.4203   -219.8497    5312493.
 256.200   .000224  -2805.8255   1555.8836 -1.1866E-05   2818.0078   -175.0017    5718384.
 263.520   .000129   3901.5625    545.9607 -1.1442E-05   2841.1998   -100.9335    5718384.
 270.840  5.65E-05   5199.0997     14.9924 -7.9190E-06   2868.6630    -44.1398    5718384.
 278.160  1.33E-05   4129.3985   -184.4977 -4.3076E-06   2846.0221    -10.3657    5718384.
 285.480 -6.56E-06   2502.5941   -203.6782 -1.7401E-06   2811.5897      5.1251    5718384.
 292.800 -1.22E-05   1149.3837   -150.0208 -3.2628E-07   2782.9481      9.5354    5718384.
 300.120 -1.13E-05    306.6332    -82.7059  2.3740E-07   2765.1108      8.8567    5718384.
 307.440 -8.73E-06    -61.6812    -25.3283  3.3223E-07   2759.9262      6.8203    5718384.
 314.760 -6.47E-06    -64.5234   -.0950610  2.8337E-07   2759.9864    .0740484  83732.8913
 322.080 -4.58E-06    -63.3716    .3677856  2.3386E-07   2759.9620    .0524124  83732.8913
 329.400 -3.05E-06    -59.3855    .6872934  1.8634E-07   2759.8776    .0348848  83732.8913
 336.720 -1.85E-06    -53.5060    .8925911  1.4263E-07   2759.7532    .0212074  83732.8913
 344.040 -9.62E-07    -46.4683      1.0105  1.0393E-07   2759.6042    .0109989  83732.8913
 351.360 -3.32E-07    -38.8224      1.0646  7.0909E-08   2759.4424    .0038030  83732.8913
 358.680  7.66E-08    -30.9567      1.0754  4.3895E-08   2759.2759   -.0008759  83732.8913
 366.000  3.10E-07    -23.1254      1.0592  2.2957E-08   2759.1102   -.0035478  83732.8913
 373.320  4.13E-07    -15.4748    .9437881  8.0137E-09   2758.9482   -.0279757     496242.
 380.640  4.27E-07     -9.3168    .7353321 -1.5840E-09   2758.8179   -.0289795     496242.
 387.960  3.89E-07     -4.7078    .5326302 -7.0135E-09   2758.7203   -.0264035     496242.
 395.280  3.25E-07     -1.5117    .3554047 -9.4213E-09   2758.6527   -.0220187     496242.
 402.600  2.52E-07    .5052085    .2124021 -9.8110E-09   2758.6314   -.0170530     496242.
 409.920  1.81E-07      1.6082    .1050379 -8.9928E-09   2758.6547   -.0122815     496242.
 417.240  1.20E-07      2.0524    .0303399 -7.5756E-09   2758.6641   -.0081278     496242.
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 424.560  7.03E-08      2.0604   -.0168395 -5.9834E-09   2758.6643   -.0047628     496242.
 431.880  3.23E-08      1.8122   -.0362288 -4.4842E-09   2758.6590   -.0005349     121231.
 439.200  4.61E-09      1.5347   -.0384729 -3.1885E-09   2758.6532 -7.8304E-05     124446.
 446.520 -1.44E-08      1.2523   -.0378414 -2.1095E-09   2758.6472    .0002509     127661.
 453.840 -2.63E-08    .9829137   -.0352036 -1.2442E-09   2758.6415    .0004698     130876.
 461.160 -3.26E-08    .7382657   -.0312984 -5.7786E-10   2758.6363    .0005972     134091.
 468.480 -3.47E-08    .5253146   -.0267279 -8.8678E-11   2758.6318    .0006516     137306.
 475.800 -3.39E-08    .3470631   -.0219614  2.4905E-10   2758.6280    .0006507     140521.
 483.120 -3.11E-08    .2035378   -.0173452  4.6221E-10   2758.6250    .0006105     143736.
 490.440 -2.71E-08    .0926422   -.0131172  5.7687E-10   2758.6227    .0005447     146950.
 497.760 -2.26E-08    .0108933   -.0094234  6.1696E-10   2758.6209    .0004646     150165.
 505.080 -1.81E-08   -.0459672   -.0063351  6.0338E-10   2758.6217    .0003792     153380.
 512.400 -1.38E-08   -.0824883   -.0038656  5.5365E-10   2758.6224    .0002955     156595.
 519.720 -9.99E-09   -.1031427   -.0019855  4.8178E-10   2758.6229    .0002182     159810.
 527.040 -6.76E-09   -.1120643   -.0006360  3.9847E-10   2758.6231    .0001505     163025.
 534.360 -4.16E-09   -.1128740    .0002607  3.1139E-10   2758.6231  9.4478E-05     166240.
 541.680 -2.20E-09   -.1085752    .0007930  2.2565E-10   2758.6230  5.0944E-05     169455.
 549.000 -8.57E-10   -.1015024    .0023308  1.4432E-10   2758.6228    .0003692    3155435.
 556.320 -8.77E-11   -.0746040    .0038206  7.6148E-11   2758.6223  3.7817E-05    3155435.
 563.640  2.58E-10   -.0456487    .0035516  2.9593E-11   2758.6217   -.0001113    3155435.
 570.960  3.46E-10   -.0226400    .0025990  3.1560E-12   2758.6212   -.0001489    3155435.
 578.280  3.04E-10   -.0076027    .0015735 -8.5520E-12   2758.6209   -.0001312    3155435.
 585.600  2.20E-10    .0004054    .0007456 -1.1338E-11   2758.6207 -9.4971E-05    3155435.
 592.920  1.38E-10    .0033245    .0001795 -9.8944E-12   2758.6208 -5.9689E-05    3155435.
 600.240  7.55E-11    .0030440 -4.9515E-05 -7.4289E-12   2758.6208 -2.8893E-06     280277.
 607.560  2.97E-11    .0026074 -6.4353E-05 -5.2411E-12   2758.6207 -1.1646E-06     286974.
 614.880 -1.27E-12    .0021074 -6.8429E-05 -3.4158E-12   2758.6207  5.0911E-08     293672.
 622.200 -2.03E-11    .0016092 -6.5194E-05 -1.9770E-12   2758.6207  8.3302E-07     300370.
 629.520 -3.02E-11    .0011550 -5.7506E-05 -9.0681E-13   2758.6207  1.2674E-06     307068.
 636.840 -3.36E-11    .0007683 -4.7600E-05 -1.6222E-13   2758.6207  1.4392E-06     313766.
 644.160 -3.26E-11    .0004583 -3.7111E-05  3.1265E-13   2758.6207  1.4266E-06     320463.
 651.480 -2.90E-11    .0002246 -2.7146E-05  5.7706E-13   2758.6207  1.2961E-06     327161.
 658.800 -2.41E-11  6.0307E-05 -1.8373E-05  6.8737E-13   2758.6207  1.1009E-06     333859.
 666.120 -1.89E-11 -4.5063E-05 -1.1119E-05  6.9327E-13   2758.6207  8.8098E-07     340557.
 673.440 -1.40E-11   -.0001032 -5.4661E-06  6.3587E-13   2758.6207  6.6362E-07     347255.
 680.760 -9.63E-12   -.0001258 -1.3335E-06  5.4723E-13   2758.6207  4.6550E-07     353952.
 688.080 -5.98E-12   -.0001233  1.4481E-06  4.5081E-13   2758.6207  2.9450E-07     360650.
 695.400 -3.03E-12   -.0001050  3.0819E-06  3.6241E-13   2758.6207  1.5191E-07     367348.
 702.720 -6.72E-13 -7.8572E-05  3.7459E-06  2.9133E-13   2758.6207  2.9503E-08     321465.
 710.040  1.24E-12 -5.0499E-05  3.6508E-06  2.4136E-13   2758.6207 -5.5503E-08     328163.
 717.360  2.86E-12 -2.5379E-05  2.9685E-06  2.1198E-13   2758.6207 -1.3091E-07     334861.
 724.680  4.34E-12 -7.2638E-06  1.7479E-06  1.9935E-13   2758.6207 -2.0258E-07     341558.
 732.000  5.78E-12      0.0000      0.0000  1.9653E-13   2758.6207 -2.7499E-07     174128.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.02606839
Maximum bending moment           =       2490291. lbs-in
Maximum shear force              =    50145.67742 lbs
Depth of maximum bending moment  =    73.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              8

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       72000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  61219.8606   -.0369654   2758.6207   -233.2913    284.6154
   7.320     2.729     461361.  59288.1948   -.0367867  12523.6329   -294.4862    789.7811
  14.640     2.461     906755.  56933.9687   -.0362571  21950.6816   -348.7450   1037.1209
  21.960     2.199    1333093.  54130.6308   -.0353900  30974.3848   -417.1944   1388.9972
  29.280     1.943    1736532.  50800.7828   -.0342016  39513.4312   -492.6001   1855.4890
  36.600     1.698    2112867.  46813.9429   -.0327113  47478.8182   -596.7004   2572.5018
  43.920     1.464    2456368.  41989.6792   -.0309424  54749.2345   -721.4045   3605.9414
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  51.240     1.245    2760212.  36184.4493   -.0289229  61180.2856   -864.7239   5084.5628
  58.560     1.041    3016596.  29277.7251   -.0266865  66606.8078  -1022.3592   7188.8698
  65.880   .854211    3216968.  21169.4012   -.0242732  70847.8114  -1193.0298  10223.4388
  73.200   .685648    3352101.  11764.0585   -.0217301  73708.0074  -1376.7360  14698.0810
  80.520   .536083    3412099.    966.2748   -.0191114  74977.8862  -1573.4782  21485.2208
  87.840   .405857    3386393. -10224.8846   -.0164795  74433.8031  -1484.2157  26769.1941
  95.160   .294824    3279777. -20543.6441   -.0138987  72177.2134  -1335.1175  33148.8334
 102.480   .202379    3100284. -29743.4084   -.0114288  68378.1309  -1178.4793  42625.2451
 109.800   .127506    2856380. -37675.2199   -.0091227  63215.7503   -988.6823  56759.1199
 117.120   .068823    2558335. -44042.5808   -.0070265  56907.4282   -751.0338  79880.1579
 124.440   .024639    2219003. -47996.1061   -.0051770  49725.2574   -329.1644  97792.2720
 131.760  -.006968    1861129. -48843.3135   -.0035974  42150.6135     97.6869     102615.
 139.080  -.028027    1507729. -46980.1864   -.0022932  34670.6820    411.3642     107437.
 146.400  -.040541    1175756. -43199.0349   -.0012543  27644.2587    621.7373     112260.
 153.720  -.046391     876618. -38207.7139   -.0004598  21312.7962    742.0116     117082.
 161.040  -.047272     616880. -32610.6094    .0001184  15815.2820    787.2519     121904.
 168.360  -.044657     399073. -26899.6325    .0005117  11205.2669    773.1243     126727.
 175.680  -.039781     222530. -21453.4506    .0007524   7468.6098    714.9035     131549.
 183.000  -.033643  84201.8517 -16542.9605    .0008711   4540.8071    626.7604     136372.
 190.320  -.027027 -20577.2501 -12340.9688    .0008958   3194.1514    521.3247     141194.
 197.640  -.020529 -97414.1250  -8934.1532    .0008501   4820.4534    409.4992     146016.
 204.960  -.014582    -152269.  -6335.5991    .0007534   5981.4984    300.4883     150839.
 212.280  -.009499    -190961.  -3323.4028    .0006205   6800.4428    522.5162     402662.
 219.600  -.005498    -201578.    257.7157    .0004686   7025.1490    455.9315     607059.
 226.920  -.002639    -187682.   3316.6211    .0003179   6731.0395    379.8350    1053567.
 234.240  -.000844    -153358.   5755.4209    .0001858   6004.5358    286.5037    2484557.
 241.560  8.16E-05    -103619.   6570.5750  8.6353E-05   4951.7820    -63.7840    5718384.
 248.880   .000420 -57255.5352   5465.8054  2.4073E-05   3970.4710   -238.0656    4148018.
 256.200   .000434 -23624.9080   3714.6528 -7.2392E-06   3258.6571   -240.3914    4053853.
 263.520   .000314  -2865.3875   2023.0488 -1.7495E-05   2819.2685   -221.7955    5168353.
 270.840   .000178   6010.9676    702.4816 -1.6277E-05   2885.8467   -139.0152    5718384.
 278.160  7.58E-05   7436.1000    -23.1510 -1.1071E-05   2916.0105    -59.2450    5718384.
 285.480  1.59E-05   5683.7069   -285.3679 -5.9918E-06   2878.9200    -12.3989    5718384.
 292.800 -1.19E-05   3264.6293   -296.7761 -2.5276E-06   2827.7187      9.2819    5718384.
 300.120 -2.11E-05   1341.5685   -202.3837 -7.4434E-07   2787.0159     16.5083    5718384.
 307.440 -2.28E-05    302.5168    -76.8341 -1.0785E-07   2765.0237     17.7948    5718384.
 314.760 -2.27E-05    216.8303    -10.7543  9.3205E-08   2763.2100    .2597895  83732.8913
 322.080 -2.14E-05    144.9755     -8.9069  2.3327E-07   2761.6892    .2449564  83732.8913
 329.400 -1.93E-05     86.1868     -7.2026  3.2276E-07   2760.4449    .2207242  83732.8913
 336.720 -1.67E-05     39.1899     -5.6960  3.7130E-07   2759.4502    .1909044  83732.8913
 344.040 -1.39E-05      2.4061     -4.4170  3.8741E-07   2758.6716    .1585437  83732.8913
 351.360 -1.10E-05    -25.8835     -3.3755  3.7832E-07   2759.1685    .1260271  83732.8913
 358.680 -8.32E-06    -47.4097     -2.5658  3.4994E-07   2759.6241    .0951885  83732.8913
 366.000 -5.89E-06    -63.8162     -1.9707  3.0688E-07   2759.9714    .0674236  83732.8913
 373.320 -3.83E-06    -76.5838   -.7739225  2.5253E-07   2760.2416    .2595571     496242.
 380.640 -2.20E-06    -75.4126    .7212304  1.9369E-07   2760.2168    .1489546     496242.
 387.960 -9.93E-07    -66.2292      1.5128  1.3885E-07   2760.0225    .0673277     496242.
 395.280 -1.64E-07    -53.4112      1.8000  9.2533E-08   2759.7512    .0111479     496242.
 402.600  3.62E-07    -39.9741      1.7511  5.6380E-08   2759.4668   -.0245099     496242.
 409.920  6.61E-07    -27.8340      1.4974  3.0129E-08   2759.2098   -.0448085     496242.
 417.240  8.03E-07    -18.0834      1.1343  1.2353E-08   2759.0034   -.0544125     496242.
 424.560  8.42E-07    -11.2410    .7262659  1.0001E-09   2758.8586   -.0570683     496242.
 431.880  8.17E-07     -7.4519    .4678565 -6.2366E-09   2758.7784   -.0135354     121231.
 439.200  7.51E-07     -4.3850    .3716186 -1.0819E-08   2758.7135   -.0127592     124446.
 446.520  6.59E-07     -2.0000    .2828634 -1.3291E-08   2758.6630   -.0114909     127661.
 453.840  5.56E-07   -.2299070    .2044284 -1.4154E-08   2758.6256   -.0099394     130876.
 461.160  4.52E-07      1.0077    .1377683 -1.3853E-08   2758.6420   -.0082737     134091.
 468.480  3.53E-07      1.8016    .0832444 -1.2766E-08   2758.6588   -.0066235     137306.
 475.800  2.65E-07      2.2399    .0403994 -1.1201E-08   2758.6681   -.0050828     140521.
 483.120  1.89E-07      2.4049    .0082041 -9.4028E-09   2758.6716   -.0037137     143736.
 490.440  1.27E-07      2.3699   -.0147279 -7.5543E-09   2758.6709   -.0025519     146950.
 497.760  7.85E-08      2.1972   -.0299641 -5.7862E-09   2758.6672   -.0016111     150165.
 505.080  4.24E-08      1.9373   -.0391126 -4.1856E-09   2758.6617   -.0008885     153380.
 512.400  1.73E-08      1.6290   -.0437157 -2.8049E-09   2758.6552   -.0003692     156595.
 519.720  1.34E-09      1.3003   -.0451739 -1.6709E-09   2758.6482 -2.9258E-05     159810.
 527.040 -7.21E-09    .9694426   -.0446936 -7.9219E-10   2758.6412    .0001605     163025.
 534.360 -1.03E-08    .6468048   -.0432536 -1.6648E-10   2758.6344    .0002330     166240.
 541.680 -9.64E-09    .3363851   -.0415840  2.1415E-10   2758.6278    .0002232     169455.
 549.000 -7.12E-09    .0377895   -.0295301  3.5901E-10   2758.6215    .0030702    3155435.
 556.320 -4.39E-09   -.0963141   -.0113716  3.3635E-10   2758.6227    .0018912    3155435.
 563.640 -2.20E-09   -.1290448   -.0009821  2.4911E-10   2758.6234    .0009475    3155435.
 570.960 -7.40E-10   -.1109544    .0036535  1.5620E-10   2758.6230    .0003191    3155435.
 578.280  8.87E-11   -.0757218    .0046813  8.3927E-11   2758.6223 -3.8253E-05    3155435.
 585.600  4.89E-10   -.0425080    .0037706  3.8156E-11   2758.6216   -.0002106    3155435.
 592.920  6.47E-10   -.0205602    .0019786  1.3740E-11   2758.6211   -.0002791    3155435.
 600.240  6.90E-10   -.0135563    .0008606  5.3240E-13   2758.6210 -2.6407E-05     280277.
 607.560  6.55E-10   -.0079618    .0006699 -7.7981E-12   2758.6209 -2.5684E-05     286974.
 614.880  5.75E-10   -.0037403    .0004914 -1.2328E-11   2758.6208 -2.3088E-05     293672.
 622.200  4.75E-10   -.0007544    .0003356 -1.4069E-11   2758.6207 -1.9477E-05     300370.
 629.520  3.70E-10    .0011882    .0002076 -1.3901E-11   2758.6207 -1.5502E-05     307068.
 636.840  2.71E-10    .0022996    .0001083 -1.2550E-11   2758.6207 -1.1623E-05     313766.
 644.160  1.86E-10    .0027874  3.6027E-05 -1.0581E-11   2758.6207 -8.1340E-06     320463.
 651.480  1.16E-10    .0028382 -1.2758E-05 -8.4031E-12   2758.6207 -5.1954E-06     327161.
 658.800  6.28E-11    .0026095 -4.2252E-05 -6.2940E-12   2758.6207 -2.8631E-06     333859.
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 666.120  2.41E-11    .0022263 -5.6835E-05 -4.4219E-12   2758.6207 -1.1211E-06     340557.
 673.440 -1.96E-12    .0017821 -6.0597E-05 -2.8701E-12   2758.6207  9.3037E-08     347255.
 680.760 -1.79E-11    .0013422 -5.7086E-05 -1.6606E-12   2758.6207  8.6651E-07     353952.
 688.080 -2.63E-11    .0009481 -4.9177E-05 -7.7389E-13   2758.6207  1.2944E-06     360650.
 695.400 -2.92E-11    .0006230 -3.9067E-05 -1.6563E-13   2758.6207  1.4679E-06     367348.
 702.720 -2.87E-11    .0003764 -2.9082E-05  2.2128E-13   2758.6207  1.2602E-06     321465.
 710.040 -2.60E-11    .0001971 -2.0202E-05  4.4328E-13   2758.6207  1.1661E-06     328163.
 717.360 -2.22E-11  8.0147E-05 -1.2216E-05  5.5059E-13   2758.6207  1.0159E-06     334861.
 724.680 -1.79E-11  1.7639E-05 -5.4322E-06  5.8845E-13   2758.6207  8.3754E-07     341558.
 732.000 -1.36E-11      0.0000      0.0000  5.9528E-13   2758.6207  6.4666E-07     174128.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.03696535
Maximum bending moment           =       3412099. lbs-in
Maximum shear force              =    61219.86058 lbs
Depth of maximum bending moment  =    80.52000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              7

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  72000.0000    .2500000     429811.  13462.4077
  4  y=   .500000 M=     0.000  72000.0000    .5000000     777239.  21699.9357
  4  y=  1.000000 M=     0.000  72000.0000   1.0000000    1405010.  34304.8794
  4  y=     2.000 M=     0.000  72000.0000      2.0000    2490291.  50145.6774
  4  y=     3.000 M=     0.000  72000.0000      3.0000    3412099.  61219.8606

The analysis ended normally. 
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Shear Force (kips)
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Bending Moment (in-kips)
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Bent_Strong_Row1.lpd
Name of output file:         Bent_Strong_Row1.lpo
Name of plot output file:    Bent_Strong_Row1.lpp
Name of runtime file:        Bent_Strong_Row1.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  13:44:34

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     450.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     450.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =       36.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       36.000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  3 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =       96.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =       96.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      240.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      240.000 in
Distance from top of pile to bottom of layer =      258.000 in

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      258.000 in
Distance from top of pile to bottom of layer =      354.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      354.000 in
Distance from top of pile to bottom of layer =      378.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      378.000 in
Distance from top of pile to bottom of layer =      456.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends    6.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2            36.00         .07230
  3            36.00         .03620
  4            60.00         .03620
  5            60.00         .03620
  6            96.00         .03620
  7            96.00         .03620
  8           180.00         .03620
  9           180.00         .03330
 10           240.00         .03330
 11           240.00         .03330
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 12           258.00         .03330
 13           258.00         .03330
 14           354.00         .03330
 15           354.00         .03910
 16           378.00         .03910
 17           378.00         .03910
 18           456.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           32.00           ------    ------
  2       36.000         .00000           32.00           ------    ------
  3       36.000         .00000           32.00           ------    ------
  4       60.000         .00000           32.00           ------    ------
  5       60.000        2.43000             .00           .05000        .0
  6       96.000        2.43000             .00           .05000        .0
  7       96.000        6.74000             .00           .01000        .0
  8      180.000        6.74000             .00           .01000        .0
  9      180.000         .00000           28.00           ------    ------
 10      240.000         .00000           28.00           ------    ------
 11      240.000        3.82000             .00           .05000        .0
 12      258.000        3.82000             .00           .05000        .0
 13      258.000       15.28000             .00           .00500        .0
 14      354.000       15.28000             .00           .00500        .0
 15      354.000         .00000           33.00           ------    ------
 16      378.000         .00000           33.00           ------    ------
 17      378.000         .00000           43.00           ------    ------
 18      456.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .7500         1.0000
  2          456.000          .7500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  14804.8237   -.0027640   2988.5057   -155.6391   1400.7517
   4.500   .237562  66016.0198  14052.9622   -.0027583   3525.2510   -178.5216   3381.6305
   9.000   .225175     128413.  13207.0368   -.0027416   4032.5716   -197.4452   3945.8336
  13.500   .212887     186804.  12288.5186   -.0027146   4507.3213   -210.7851   4455.5627
  18.000   .200744     240915.  11316.4016   -.0026779   4947.2751   -221.2669   4960.0556
  22.500   .188787     290531.  10300.8149   -.0026323   5350.6808   -230.1050   5484.8847
  27.000   .177054     335470.   9247.7928   -.0025785   5716.0589   -237.9048   6046.5975
  31.500   .165580     375572.   8175.5608   -.0025175   6042.1033   -238.6427   6485.6502
  36.000   .154396     410818.   7117.4972   -.0024500   6328.6727   -231.6077   6750.3993
  40.500   .143530     441349.   6072.1342   -.0023769   6576.9083   -232.9980   7305.0502
  45.000   .133004     467136.   5012.2303   -.0022989   6786.5661   -238.0703   8054.7603
  49.500   .122839     488073.   3934.2880   -.0022169   6956.7985   -241.0151   8829.1488
  54.000   .113052     504100.   2839.4919   -.0021318   7087.1102   -245.5609   9774.4918
  58.500   .103654     515125.   1719.1476   -.0020443   7176.7450   -252.3698  10956.3468
  63.000   .094653     521008.   1059.9548   -.0019554   7224.5765    -40.6047   1930.4297
  67.500   .086055     526037.    877.6966   -.0018655   7265.4675    -40.3989   2112.5410
  72.000   .077864     530217.    696.5690   -.0017749   7299.4494    -40.1022   2317.6387
  76.500   .070082     533552.    516.9879   -.0016836   7326.5690    -39.7117   2549.9201
  81.000   .062712     536051.    339.6458   -.0015918   7346.8890    -39.1071   2806.2051
  85.500   .055756     537726.    167.0451   -.0014996   7360.5076    -37.6044   3035.0156
  90.000   .049215     538608.      1.2717   -.0014072   7367.6716    -36.0727   3298.3040
  94.500   .043091     538726.   -157.5390   -.0013148   7368.6326    -34.5099   3603.8875
  99.000   .037382     538113.   -580.8730   -.0012223   7363.6479   -153.6386  18494.5865
 103.500   .032090     534356.  -1267.4451   -.0011303   7333.1040   -151.5046  21245.7179
 108.000   .027210     527499.  -1943.2540   -.0010392   7277.3541   -148.8549  24617.8059
 112.500   .022737     517596.  -2605.8622   -.0009495   7196.8379   -145.6377  28823.4426
 117.000   .018665     504713.  -3252.5579   -.0008617   7092.0899   -141.7826  34183.3335
 121.500   .014982     488928.  -3880.2463   -.0007764   6963.7511   -137.1900  41206.7655
 126.000   .011677     470336.  -4485.2725   -.0006941   6812.5854   -131.7105  50758.8554
 130.500   .008735     449048.  -5063.1066   -.0006152   6639.5040   -125.1047  64450.9596
 135.000   .006140     425200.  -5607.7273   -.0005402   6445.6051   -116.9490  85713.5500
 139.500   .003873     398958.  -6110.2058   -.0004694   6232.2429   -106.3748     123586.
 144.000   .001915     370537.  -6551.9523   -.0004034   6001.1715    -89.9570     211396.
 148.500   .000243     340273.  -6893.6508   -.0003424   5755.1077    -61.9090    1147697.
 153.000  -.001167     308735.  -6854.7008   -.0002867   5498.6844     79.2200     305579.
 157.500  -.002337     278782.  -6464.1745   -.0002363   5255.1528     94.3472     181633.
 162.000  -.003293     250723.  -6020.5518   -.0001908   5027.0184    102.8184     140505.
 166.500  -.004055     224731.  -5545.4785   -.0001500   4815.6894    108.3253     120217.
 171.000  -.004643     200919.  -5049.5967   -.0001135   4622.0854    112.0666     108612.
 175.500  -.005076     179364.  -4539.5971 -8.0846E-05   4446.8340    114.5998     101591.
 180.000  -.005371     160120.  -4192.5616 -5.1709E-05   4290.3629     39.6382  33211.7232
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 184.500  -.005542     141668.  -4008.8278 -2.5808E-05   4140.3394     42.0213  34122.9732
 189.000  -.005603     124058.  -3816.1311 -3.0021E-06   3997.1651     43.6217  35034.2232
 193.500  -.005569     107325.  -3617.8990  1.6856E-05   3861.1120     44.4815  35945.4732
 198.000  -.005451  91485.3112  -3417.3568  3.3919E-05   3732.3299     44.6484  36856.7232
 202.500  -.005263  76544.6084  -3217.5051  4.8341E-05   3610.8541     44.1746  37767.9732
 207.000  -.005016  62493.8301  -3021.0999  6.0274E-05   3496.6138     43.1166  38679.2232
 211.500  -.004721  49312.3974  -2830.6366  6.9869E-05   3389.4417     41.5338  39590.4732
 216.000  -.004387  36969.0523  -2648.3365  7.7275E-05   3289.0838     39.4885  40501.7232
 220.500  -.004025  25423.1219  -2476.1353  8.2629E-05   3195.2092     37.0454  41412.9732
 225.000  -.003644  14625.8286  -2315.6736  8.6067E-05   3107.4215     34.2709  42324.2232
 229.500  -.003251   4521.6407  -2168.2888  8.7710E-05   3025.2691     31.2334  43235.4732
 234.000  -.002854  -4950.3433  -2035.0082  8.7673E-05   3028.7547     28.0024  44146.7232
 238.500  -.002462 -13854.9795  -1916.5419  8.6059E-05   3101.1541     24.6492  45057.9732
 243.000  -.002080 -22259.6342  -1816.6406  8.2960E-05   3169.4884     19.7514  42734.7636
 247.500  -.001715 -30262.9822  -1730.5244  7.8452E-05   3234.5599     18.5224  48597.9514
 252.000  -.001374 -37889.4273  -1650.1437  7.2603E-05   3296.5669     17.2023  56349.0402
 256.500  -.001062 -45165.2425  -1575.9175  6.5475E-05   3355.7231     15.7871  66913.9990
 261.000  -.000784 -52118.6481  -1104.3009  5.7125E-05   3412.2580    193.8203    1111784.
 265.500  -.000548 -55144.0519   -269.5634  4.7919E-05   3436.8562    177.1741    1456058.
 270.000  -.000353 -54578.3576    486.3890  3.8502E-05   3432.2568    158.8047    2023138.
 274.500  -.000201 -50793.5791   1154.7335  2.9459E-05   3401.4845    138.2372    3094200.
 279.000 -8.81E-05 -44206.4363   1602.0613  2.1305E-05   3347.9275     60.5751    3094200.
 283.500 -9.30E-06 -36389.9839   1752.7373  1.4388E-05   3284.3756      6.3920    3094200.
 288.000  4.14E-05 -28441.9006   1703.0764  8.8238E-06   3219.7535    -28.4635    3094200.
 292.500  7.01E-05 -21068.4905   1530.5542  4.5745E-06   3159.8038    -48.2130    3094200.
 297.000  8.26E-05 -14670.1240   1294.3369  1.5072E-06   3107.7816    -56.7725    3094200.
 301.500  8.37E-05  -9420.5166   1037.1330 -5.6036E-07   3065.0995    -57.5404    3094200.
 306.000  7.75E-05  -5335.5339    787.7314 -1.8268E-06   3031.8865    -53.3048    3094200.
 310.500  6.72E-05  -2329.6515    563.7660 -2.4847E-06   3007.4471    -46.2354    3094200.
 315.000  5.52E-05   -259.8955    374.3969 -2.7069E-06   2990.6188    -37.9287    3094200.
 319.500  4.29E-05   1041.8207    222.7186 -2.6398E-06   2996.9763    -29.4839    3094200.
 324.000  3.14E-05   1746.4252    107.7968 -2.4005E-06   3002.7051    -21.5925    3094200.
 328.500  2.13E-05   2013.6768     26.2993 -2.0778E-06   3004.8780    -14.6286    3094200.
 333.000  1.27E-05   1984.5776    -26.2672 -1.7346E-06   3004.6414     -8.7343    3094200.
 337.500  5.66E-06   1778.4901    -54.6806 -1.4117E-06   3002.9658     -3.8940    3094200.
 342.000 -2.54E-09   1493.4428    -63.4381 -1.1309E-06   3000.6482    .0017446    3094200.
 346.500 -4.51E-06   1208.3408    -56.4496 -8.9898E-07   2998.3302      3.1042    3094200.
 351.000 -8.09E-06    986.0270    -36.9439 -7.1064E-07   2996.5227      5.5650    3094200.
 355.500 -1.09E-05    876.3446    -23.8726 -5.5081E-07   2995.6309    .2445087     100848.
 360.000 -1.31E-05    771.5607    -22.6520 -4.0937E-07   2994.7789    .2979769     102746.
 364.500 -1.46E-05    672.7644    -21.2179 -2.8541E-07   2993.9757    .3393917     104644.
 369.000 -1.56E-05    580.8002    -19.6222 -1.7783E-07   2993.2280    .3698059     106543.
 373.500 -1.62E-05    496.2895    -17.9120 -8.5384E-08   2992.5408    .3902735     108441.
 378.000 -1.64E-05    419.6520    -16.2427 -6.7732E-09   2991.9177    .3516509  96561.5898
 382.500 -1.63E-05    350.1102    -14.6512  5.9292E-08   2991.3523    .3556852  98460.0273
 387.000 -1.59E-05    287.7499    -13.0553  1.1404E-07   2990.8453    .3535772     100358.
 391.500 -1.52E-05    232.5322    -11.4811  1.5869E-07   2990.3964    .3460793     102257.
 396.000 -1.44E-05    184.3085     -9.9512  1.9447E-07   2990.0043    .3338973     104155.
 400.500 -1.35E-05    142.8352     -8.4851  2.2254E-07   2989.6671    .3176818     106054.
 405.000 -1.24E-05    107.7864     -7.0998  2.4405E-07   2989.3821    .2980212     107952.
 409.500 -1.13E-05     78.7660     -5.8095  2.6006E-07   2989.1462    .2754366     109851.
 414.000 -1.01E-05     55.3184     -4.6264  2.7157E-07   2988.9555    .2503794     111749.
 418.500 -8.84E-06     36.9377     -3.5608  2.7949E-07   2988.8061    .2232300     113648.
 423.000 -7.57E-06     23.0751     -2.6213  2.8464E-07   2988.6934    .1942988     115546.
 427.500 -6.28E-06     13.1457     -1.8156  2.8775E-07   2988.6126    .1638292     117444.
 432.000 -4.98E-06      6.5331     -1.1499  2.8944E-07   2988.5589    .1320021     119343.
 436.500 -3.67E-06      2.5931   -.6303123  2.9022E-07   2988.5268    .0989421     121241.
 441.000 -2.37E-06    .6565710   -.2620584  2.9050E-07   2988.5111    .0647263     123140.
 445.500 -1.06E-06    .0306765   -.0502888  2.9056E-07   2988.5060    .0293936     125038.
 450.000  2.50E-07      0.0000      0.0000  2.9056E-07   2988.5057   -.0070430  63468.2949

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00276399
Maximum bending moment           =   538725.80528 lbs-in
Maximum shear force              =    14804.82366 lbs
Depth of maximum bending moment  =    94.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  22619.2873   -.0050618   2988.5057   -205.0359    922.6617
   4.500   .477222     101488.  21627.3045   -.0050531   3813.6531   -235.8453   2223.9222
   9.000   .454522     198193.  20508.7809   -.0050274   4599.9204   -261.2763   2586.7702
  13.500   .431975     289596.  19290.3820   -.0049856   5343.0733   -280.2343   2919.2768
  18.000   .409652     375306.  17986.7074   -.0049285   6039.9456   -299.1766   3286.4373
  22.500   .387619     454936.  16597.1994   -.0048572   6687.3766   -318.3825   3696.2145
  27.000   .365937     528091.  15118.3604   -.0047729   7282.1653   -338.8793   4167.2698
  31.500   .344663     594352.  13562.6204   -.0046765   7820.9010   -352.5607   4603.1170
  36.000   .323848     653437.  11982.4318   -.0045694   8301.2989   -349.7454   4859.8563
  40.500   .303538     705401.  10387.8043   -.0044528   8723.7935   -358.9779   5321.9086
  45.000   .283773     750054.   8743.6909   -.0043279   9086.8392   -371.7392   5894.9534
  49.500   .264587     787133.   7047.2476   -.0041960   9388.3132   -382.2356   6500.9323
  54.000   .246009     816424.   5300.7816   -.0040583   9626.4691   -393.9715   7206.5353
  58.500   .228062     837689.   3497.1971   -.0039164   9799.3603   -407.6217   8042.9899
  63.000   .210761     850648.   2460.7477   -.0037715   9904.7290    -53.0225   1132.0921
  67.500   .194118     862483.   2222.2367   -.0036244  10000.9511    -52.9823   1228.2227
  72.000   .178141     873193.   1984.1329   -.0034755  10088.0276    -52.8416   1334.8220
  76.500   .162839     882780.   1746.8944   -.0033248  10165.9764    -52.5977   1453.5197
  81.000   .148218     891249.   1511.3428   -.0031725  10234.8328    -52.0919   1581.5404
  85.500   .134286     898609.   1280.7226   -.0030189  10294.6761    -50.4060   1689.1283
  90.000   .121048     904895.   1057.7515   -.0028641  10345.7802    -48.6923   1810.1464
  94.500   .108509     910140.    842.5572   -.0027083  10388.4242    -46.9496   1947.0526
  99.000   .096673     914379.    298.5562   -.0025517  10422.8923   -194.8285   9068.9797
 103.500   .085544     914618.   -575.3746   -.0023948  10424.8354   -193.5851  10183.4973
 108.000   .075120     910882.  -1442.6513   -.0022381  10394.4579   -191.8712  11493.8245
 112.500   .065401     903205.  -2301.0907   -.0020824  10332.0440   -189.6575  13049.6837
 117.000   .056379     891634.  -3148.3630   -.0019284  10237.9617   -186.9080  14918.5009
 121.500   .048045     876224.  -3981.9548   -.0017766  10112.6696   -183.5772  17194.0848
 126.000   .040389     857043.  -4799.1171   -.0016279   9956.7234   -179.6060  20011.0618
 130.500   .033395     834174.  -5596.7883   -.0014827   9770.7866   -174.9146  23570.1678
 135.000   .027044     807713.  -6371.4769   -.0013418   9555.6426   -169.3915  28185.4971
 139.500   .021318     777773.  -7119.0717   -.0012057   9312.2137   -162.8728  34380.2672
 144.000   .016193     744488.  -7830.3787   -.0010751   9041.5880   -153.2636  42592.0463
 148.500   .011642     708054.  -8492.8102   -.0009504   8745.3637   -141.1504  54556.8160
 153.000   .007639     668720.  -9096.3069   -.0008323   8425.5531   -127.0704  74854.5021
 157.500   .004152     626772.  -9627.8608   -.0007211   8084.4937   -109.1758     118322.
 162.000   .001149     582575. -10052.3227   -.0006173   7725.1522    -79.4740     311153.
 166.500  -.001403     536734. -10044.8378   -.0005212   7352.4404     82.8006     265503.
 171.000  -.003542     492538.  -9623.1535   -.0004329   6993.0983    104.6147     132926.
 175.500  -.005299     450430.  -9127.2956   -.0003519   6650.7390    115.7666  98305.6043
 180.000  -.006709     410639.  -8755.4105   -.0002780   6327.2192     49.5157  33211.7232
 184.500  -.007802     371826.  -8510.8916   -.0002109   6011.6507     59.1594  34122.9732
 189.000  -.008607     334189.  -8227.0114   -.0001503   5705.6403     67.0096  35034.2232
 193.500  -.009154     297889.  -7911.7108 -9.6048E-05   5410.4988     73.1240  35945.4732
 198.000  -.009472     263051.  -7572.6369 -4.7905E-05   5127.2508     77.5755  36856.7232
 202.500  -.009586     229769.  -7217.0794 -5.6085E-06   4856.6462     80.4501  37767.9732
 207.000  -.009522     198101.  -6851.9147  3.1114E-05   4599.1747     81.8453  38679.2232
 211.500  -.009305     168079.  -6483.5583  6.2541E-05   4355.0813     81.8686  39590.4732
 216.000  -.008959     139705.  -6117.9236  8.8957E-05   4124.3847     80.6357  40501.7232
 220.500  -.008505     112956.  -5760.3871    .0001106   3906.8959     78.2694  41412.9732
 225.000  -.007963  87784.2354  -5415.7594    .0001279   3702.2382     74.8985  42324.2232
 229.500  -.007354  64124.1384  -5088.2600    .0001409   3509.8690     70.6568  43235.4732
 234.000  -.006695  41890.9782  -4781.4968    .0001500   3329.1016     65.6824  44146.7232
 238.500  -.006004  20985.3628  -4498.4477    .0001554   3159.1279     60.1172  45057.9732
 243.000  -.005297   1295.8561  -4302.5094    .0001573   2999.0417     26.9665  22910.9230
 247.500  -.004588 -17847.6573  -4183.9957    .0001559   3133.6167     25.7063  25212.4061
 252.000  -.003894 -36469.5436  -4071.3976    .0001512   3285.0225     24.3373  28128.3431
 256.500  -.003227 -54596.4015  -3965.2017    .0001434   3432.4035     22.8609  31878.6501
 261.000  -.002603 -72257.0374  -3325.4676    .0001325   3575.9938    261.4654     452057.
 265.500  -.002034 -84618.6456  -2184.0288    .0001191   3676.5003    245.8407     543821.
 270.000  -.001531 -91996.8808  -1115.6791    .0001039   3736.4892    228.9813     672964.
 274.500  -.001099 -94732.7011   -126.2527  8.7882E-05   3758.7329    210.7637     862917.
 279.000  -.000740 -93194.8486    777.5481  7.1753E-05   3746.2294    190.9255    1160682.
 283.500  -.000453 -87785.1391   1587.1350  5.6220E-05   3702.2455    168.8909    1676506.
 288.000  -.000234 -78950.0997   2329.5356  4.1910E-05   3630.4120    161.0649    3094200.
 292.500 -7.61E-05 -66848.7392   2809.7256  2.9397E-05   3532.0215     52.3528    3094200.
 297.000  3.03E-05 -53683.2059   2880.5972  1.9052E-05   3424.9787    -20.8544    3094200.
 301.500  9.53E-05 -40936.7390   2686.1891  1.0931E-05   3321.3432    -65.5492    3094200.
 306.000   .000129 -29515.1776   2339.5746  4.8847E-06   3228.4798    -88.5017    3094200.
 310.500   .000139 -19883.9969   1924.9454  6.4504E-07   3150.1732    -95.7780    3094200.
 315.000   .000135 -12191.1221   1501.3347 -2.1078E-06   3087.6260    -92.4934    3094200.
 319.500   .000120  -6370.5047   1107.0732 -3.7009E-06   3040.3013    -82.7339    3094200.
 324.000   .000101  -2224.8651    764.3425 -4.4386E-06   3006.5951    -69.5909    3094200.
 328.500  8.04E-05    511.6934    483.4142 -4.5856E-06   2992.6661    -55.2662    3094200.
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 333.000  5.99E-05   2129.0815    266.3356 -4.3590E-06   3005.8163    -41.2132    3094200.
 337.500  4.11E-05   2911.7736    109.9509 -3.9263E-06   3012.1800    -28.2911    3094200.
 342.000  2.46E-05   3121.3959      8.2362 -3.4085E-06   3013.8844    -16.9155    3094200.
 346.500  1.05E-05   2988.2922    -46.0183 -2.8842E-06   3012.8021     -7.1977    3094200.
 351.000 -1.36E-06   2709.2558    -60.1138 -2.3952E-06   3010.5334    .9329757    3094200.
 355.500 -1.11E-05   2448.9490    -57.4555 -1.9525E-06   3008.4170    .2485067     100848.
 360.000 -1.89E-05   2193.5269    -55.9239 -1.5540E-06   3006.3403    .4321984     102746.
 364.500 -2.51E-05   1946.7246    -53.6395 -1.1987E-06   3004.3337    .5831046     104644.
 369.000 -2.97E-05   1711.6129    -50.7444 -8.8471E-07   3002.4221    .7035944     106543.
 373.500 -3.30E-05   1490.6459    -47.3700 -6.0988E-07   3000.6255    .7961410     108441.
 378.000 -3.52E-05   1285.7109    -43.8789 -3.7160E-07   2998.9593    .7554611  96561.5898
 382.500 -3.64E-05   1095.9965    -40.3880 -1.6719E-07   2997.4168    .7960365  98460.0273
 387.000 -3.67E-05    922.3359    -36.7548  6.0380E-09   2996.0048    .8187235     100358.
 391.500 -3.63E-05    765.1988    -33.0553  1.5087E-07   2994.7272    .8254988     102257.
 396.000 -3.54E-05    624.7319    -29.3569  2.7016E-07   2993.5851    .8182702     104155.
 400.500 -3.39E-05    500.7974    -25.7183  3.6676E-07   2992.5775    .7988466     106054.
 405.000 -3.21E-05    393.0094    -22.1909  4.4347E-07   2991.7011    .7689139     107952.
 409.500 -2.99E-05    300.7682    -18.8183  5.0302E-07   2990.9512    .7300148     109851.
 414.000 -2.75E-05    223.2917    -15.6378  5.4799E-07   2990.3212    .6835346     111749.
 418.500 -2.50E-05    159.6433    -12.6808  5.8086E-07   2989.8037    .6306905     113648.
 423.000 -2.23E-05    108.7568     -9.9736  6.0390E-07   2989.3900    .5725268     115546.
 427.500 -1.95E-05     69.4574     -7.5381  6.1919E-07   2989.0705    .5099130     117444.
 432.000 -1.67E-05     40.4795     -5.3928  6.2863E-07   2988.8349    .4435481     119343.
 436.500 -1.39E-05     20.4810     -3.5534  6.3386E-07   2988.6723    .3739671     121241.
 441.000 -1.10E-05      8.0542     -2.0335  6.3631E-07   2988.5712    .3015532     123140.
 445.500 -8.15E-06      1.7333   -.8452116  6.3715E-07   2988.5198    .2265530     125038.
 450.000 -5.29E-06      0.0000      0.0000  6.3730E-07   2988.5057    .1490965  63468.2949

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00506185
Maximum bending moment           =   914617.95985 lbs-in
Maximum shear force              =    22619.28726 lbs
Depth of maximum bending moment  =      103.50000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  33147.9380   -.0091939   2988.5057   -215.1623    484.1151
   4.500   .958627     150214.  32093.3438   -.0091811   4209.8276   -253.5463   1190.2000
   9.000   .917371     295285.  30874.5679   -.0091428   5389.3312   -288.1319   1413.3805
  13.500   .876342     434504.  29511.2438   -.0090802   6521.2511   -317.7899   1631.8456
  18.000   .835649     567261.  28005.8031   -.0089942   7600.6362   -351.2948   1891.7356
  22.500   .795394     692870.  26339.0363   -.0088861   8621.9052   -389.4904   2203.5705
  27.000   .755674     810550.  24484.1414   -.0087570   9578.7077   -434.9074   2589.8499
  31.500   .716581     919375.  22428.6126   -.0086086  10463.5087   -478.6610   3005.9059
  36.000   .678197    1018451.  20226.8142   -.0084422  11269.0510   -499.9161   3317.0613
  40.500   .640601    1107342.  17884.8145   -.0082598  11991.7865   -540.9727   3800.1475
  45.000   .603859    1185212.  15342.5667   -.0080630  12624.9122   -588.9152   4388.6361
  49.500   .568033    1251086.  12581.2273   -.0078539  13160.4963   -638.3467   5057.0273
  54.000   .533174    1303957.   9628.3916   -.0076346  13590.3681   -674.0247   5688.7842
  58.500   .499322    1343101.   6549.2541   -.0074075  13908.6275   -694.4809   6258.8205
  63.000   .466507    1368100.   4831.1975   -.0071748  14111.8874    -69.0998    666.5481
  67.500   .434749    1391618.   4519.7565   -.0069379  14303.1002    -69.3184    717.5013
  72.000   .404065    1413648.   4207.5787   -.0066972  14482.2186    -69.4273    773.1988
  76.500   .374474    1434188.   3895.1623   -.0064527  14649.2138    -69.4245    834.2632
  81.000   .345991    1453235.   3583.4813   -.0062049  14804.0761    -69.1004    898.7286
  85.500   .318630    1470795.   3276.7407   -.0059540  14946.8497    -67.2288    949.4697
  90.000   .292405    1486905.   2978.4804   -.0057001  15077.8340    -65.3314   1005.4243
  94.500   .267329    1501603.   2688.8172   -.0054436  15197.3335    -63.4078   1067.3564
  99.000   .243412    1514926.   1993.9787   -.0051847  15305.6578   -245.4093   4536.9165
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 103.500   .220666    1523188.    889.8352   -.0049240  15372.8350   -245.3212   5002.7845
 108.000   .199097    1526391.   -212.9334   -.0046623  15398.8756   -244.7982   5532.9536
 112.500   .178706    1524545.  -1312.3328   -.0044004  15383.8641   -243.8238   6139.7367
 117.000   .159493    1517669.  -2406.2894   -.0041393  15327.9619   -242.3792   6838.5919
 121.500   .141452    1505794.  -3492.6385   -.0038798  15231.4101   -240.4426   7649.1762
 126.000   .124574    1488959.  -4569.1086   -.0036228  15094.5334   -237.9885   8596.8531
 130.500   .108847    1467215.  -5633.3014   -.0033691  14917.7442   -234.9861   9714.9032
 135.000   .094253    1440624.  -6682.6655   -.0031195  14701.5473   -231.3980  11047.8587
 139.500   .080771    1409261.  -7714.4601   -.0028749  14446.5466   -227.1774  12656.6987
 144.000   .068378    1373212.  -8719.7778   -.0026361  14153.4524   -219.6305  14453.9273
 148.500   .057046    1332634.  -9686.2342   -.0024039  13823.5248   -209.9057  16558.0504
 153.000   .046744    1287724. -10607.8733   -.0021790  13458.3848   -199.7117  19226.2491
 157.500   .037435    1238692. -11482.3175   -.0019622  13059.7329   -188.9302  22710.7440
 162.000   .029084    1185760. -12306.5161   -.0017541  12629.3680   -177.3803  27444.9385
 166.500   .021649    1129165. -13076.3432   -.0015554  12169.2179   -164.7651  34248.8455
 171.000   .015086    1069165. -13785.7966   -.0013667  11681.3872   -150.5475  44908.2510
 175.500   .009348    1006052. -14425.1012   -.0011886  11168.2461   -133.5879  64306.2338
 180.000   .004388     940174. -14798.5394   -.0010216  10632.6178    -32.3846  33211.7232
 184.500   .000154     873583. -14874.0308   -.0008659  10091.1970     -1.1671  34122.9732
 189.000  -.003405     806915. -14817.0053   -.0007217   9549.1562     26.5117  35034.2232
 193.500  -.006341     740736. -14643.3838   -.0005889   9011.0851     50.6534  35945.4732
 198.000  -.008705     675538. -14368.9937   -.0004673   8480.9908     71.2978  36856.7232
 202.500  -.010547     611743. -14009.4034   -.0003568   7962.3044     88.5201  37767.9732
 207.000  -.011916     549704. -13579.7728   -.0002571   7457.8925    102.4268  38679.2232
 211.500  -.012861     489706. -13094.7191   -.0001679   6970.0752    113.1526  39590.4732
 216.000  -.013428     431970. -12568.1988 -8.8833E-05   6500.6478    120.8565  40501.7232
 220.500  -.013661     376655. -12013.4038 -1.9433E-05   6050.9070    125.7191  41412.9732
 225.000  -.013603     323863. -11442.6715  4.0690E-05   5621.6806    127.9397  42324.2232
 229.500  -.013295     273642. -10867.4073  9.1971E-05   5213.3598    127.7333  43235.4732
 234.000  -.012775     225991. -10298.0185    .0001349   4825.9355    125.3284  44146.7232
 238.500  -.012081     180865.  -9743.8576    .0001698   4459.0349    120.9653  45057.9732
 243.000  -.011247     138177.  -9393.6895    .0001972   4111.9619     34.6650  13869.5025
 247.500  -.010307  96183.4802  -9239.9349    .0002173   3770.5285     33.6704  14700.9639
 252.000  -.009292  54865.5278  -9090.9911    .0002302   3434.5916     32.5269  15752.7852
 256.500  -.008235  14202.9387  -8947.5085    .0002362   3103.9832     31.2432  17073.7638
 261.000  -.007166 -25827.8323  -8119.2944    .0002352   3198.4997    336.8520     211522.
 265.500  -.006118 -59035.7936  -6632.8444    .0002279   3468.4981    323.7924     238158.
 270.000  -.005115 -85683.4017  -5207.6637    .0002155   3685.1573    309.6212     272371.
 274.500  -.004179    -106056.  -3848.7135    .0001990   3850.7975    294.3567     316970.
 279.000  -.003324    -120462.  -2560.9303    .0001796   3967.9219    277.9914     376294.
 283.500  -.002563    -129230.  -1349.3611    .0001581   4039.2179    260.4838     457359.
 288.000  -.001901    -132717.   -219.3563    .0001356   4067.5636    241.7405     572166.
 292.500  -.001342    -131300.    823.1091    .0001130   4056.0434    221.5774     742941.
 297.000  -.000884    -125388.   1770.8221  9.0958E-05   4007.9777    199.6284    1015796.
 301.500  -.000523    -115426.   2613.9419  7.0290E-05   3926.9831    175.0915    1505162.
 306.000  -.000252    -101912.   3397.3756  5.1637E-05   3817.1043    173.1012    3094200.
 310.500 -5.87E-05 -84886.1943   3877.7309  3.5605E-05   3678.6756     40.3900    3094200.
 315.000  6.87E-05 -67037.3969   3862.3266  2.2566E-05   3533.5554    -47.2363    3094200.
 319.500   .000144 -50141.0960   3532.7153  1.2509E-05   3396.1795    -99.2576    3094200.
 324.000   .000181 -35251.7402   3028.9283  5.1802E-06   3275.1211   -124.6478    3094200.
 328.500   .000191 -22884.3781   2453.0120  1.9069E-07   3174.5679   -131.3150    3094200.
 333.000   .000183 -13174.7663   1874.4406 -2.9041E-06   3095.6236   -125.8278    3094200.
 337.500   .000165  -6012.3743   1336.3056 -4.5509E-06   3037.3895   -113.3432    3094200.
 342.000   .000142  -1144.8209    861.5363 -5.1651E-06   2997.8137    -97.6654    3094200.
 346.500   .000118   1745.0781    458.6855 -5.1136E-06   3002.6942    -81.3794    3094200.
 351.000  9.60E-05   2986.9387    127.0361 -4.7075E-06   3012.7911    -66.0203    3094200.
 355.500  7.60E-05   2891.7075    -25.3412 -4.2029E-06   3012.0169     -1.7029     100848.
 360.000  5.82E-05   2761.8187    -32.1620 -3.7177E-06   3010.9608     -1.3286     102746.
 364.500  4.25E-05   2604.8594    -37.3764 -3.2571E-06   3009.6846   -.9889155     104644.
 369.000  2.89E-05   2427.7176    -41.1397 -2.8252E-06   3008.2444   -.6836519     106543.
 373.500  1.71E-05   2236.5855    -43.6050 -2.4249E-06   3006.6904   -.4120599     108441.
 378.000  7.05E-06   2036.9745    -44.8726 -2.0581E-06   3005.0674   -.1513036  96561.5898
 382.500 -1.42E-06   1834.1769    -45.1429 -1.7259E-06   3003.4186    .0311495  98460.0273
 387.000 -8.48E-06   1631.8996    -44.6473 -1.4284E-06   3001.7740    .1891565     100358.
 391.500 -1.43E-05   1433.3543    -43.4916 -1.1653E-06   3000.1597    .3244748     102257.
 396.000 -1.90E-05   1241.2933    -41.7736 -9.3575E-07   2998.5981    .4390587     104155.
 400.500 -2.27E-05   1058.0485    -39.5820 -7.3841E-07   2997.1082    .5350032     106054.
 405.000 -2.56E-05    885.5737    -36.9956 -5.7160E-07   2995.7059    .6144904     107952.
 409.500 -2.78E-05    725.4890    -34.0836 -4.3333E-07   2994.4044    .6797382     109851.
 414.000 -2.95E-05    579.1253    -30.9051 -3.2136E-07   2993.2143    .7329515     111749.
 418.500 -3.07E-05    447.5689    -27.5093 -2.3324E-07   2992.1447    .7762762     113648.
 423.000 -3.16E-05    331.7052    -23.9362 -1.6636E-07   2991.2027    .8117555     115546.
 427.500 -3.22E-05    232.2596    -20.2169 -1.1796E-07   2990.3941    .8412876     117444.
 432.000 -3.27E-05    149.8360    -16.3742 -8.5166E-08   2989.7240    .8665853     119343.
 436.500 -3.30E-05     84.9517    -12.4238 -6.5015E-08   2989.1964    .8891369     121241.
 441.000 -3.33E-05     38.0674     -8.3754 -5.4457E-08   2988.8153    .9101675     123140.
 445.500 -3.35E-05      9.6117     -4.2336 -5.0365E-08   2988.5839    .9306002     125038.
 450.000 -3.37E-05      0.0000      0.0000 -4.9540E-08   2988.5057    .9510178  63468.2949

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.00919395
Maximum bending moment           =       1526391. lbs-in
Maximum shear force              =    33147.93797 lbs
Depth of maximum bending moment  =      108.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  40687.8497   -.0159364   2988.5057   -215.1623    242.0576
   4.500     1.928     186510.  39633.2557   -.0159204   4504.9351   -253.5462    591.6953
   9.000     1.857     367875.  38414.4805   -.0158728   5979.5284   -288.1317    698.3257
  13.500     1.785     543384.  37051.1576   -.0157946   7406.5025   -317.7896    800.9570
  18.000     1.715     712424.  35545.7189   -.0156868   8780.8886   -351.2943    921.9975
  22.500     1.644     874307.  33878.9551   -.0155507  10097.0874   -389.4896   1065.9598
  27.000     1.575    1028251.  32024.0644   -.0153874  11348.7311   -434.9063   1242.8983
  31.500     1.506    1173326.  29968.5414   -.0151984  12528.2668   -478.6595   1430.4831
  36.000     1.438    1308637.  27766.7505   -.0149854  13628.4196   -499.9142   1564.5977
  40.500     1.371    1433746.  25424.7603   -.0147500  14645.6238   -540.9703   1775.7513
  45.000     1.305    1547814.  22882.5246   -.0144942  15573.0586   -588.9122   2030.6194
  49.500     1.240    1649864.  20121.2005   -.0142197  16402.7748   -638.3430   2315.7336
  54.000     1.177    1738887.  17128.7111   -.0139289  17126.5839   -691.6523   2644.1670
  58.500     1.115    1813800.  13886.4629   -.0136240  17735.6653   -749.3469   3024.0353
  63.000     1.054    1873430.  11996.3916   -.0133075  18220.4833    -90.6848    386.9981
  67.500   .995319    1931110.  11586.7921   -.0129810  18689.4529    -91.3595    413.0511
  72.000   .937650    1986823.  11174.4228   -.0126447  19142.4349    -91.9158    441.1250
  76.500   .881517    2040556.  10759.8209   -.0122991  19579.3103    -92.3517    471.4406
  81.000   .826959    2092296.  10344.1562   -.0119444  19999.9809    -92.3881    502.7416
  85.500   .774017    2142038.   9932.9437   -.0115809  20404.4156    -90.3730    525.4124
  90.000   .722730    2189822.   9530.8595   -.0112092  20792.9217    -88.3311    549.9838
  94.500   .673135    2235685.   9138.0238   -.0108293  21165.8119    -86.2625    576.6771
  99.000   .625266    2279666.   8244.9018   -.0104418  21523.4045   -310.6806   2235.9475
 103.500   .579159    2317219.   6843.3247   -.0100473  21828.7288   -312.2426   2426.0911
 108.000   .534841    2348310.   5435.6453   -.0096469  22081.5094   -313.3927   2636.7985
 112.500   .492337    2372912.   4023.7405   -.0092417  22281.5417   -314.1205   2871.0875
 117.000   .451666    2391011.   2609.5372   -.0088328  22428.6937   -314.4143   3132.5467
 121.500   .412842    2402599.   1195.0163   -.0084214  22522.9083   -314.2616   3425.4711
 126.000   .375873    2407678.   -217.7821   -.0080085  22564.2049   -313.6488   3755.0390
 130.500   .340765    2406261.  -1626.7529   -.0075954  22552.6819   -312.5605   4127.5439
 135.000   .307515    2398369.  -3029.7187   -.0071830  22488.5192   -310.9799   4550.7020
 139.500   .276118    2384036.  -4424.4212   -.0067726  22371.9810   -308.8879   5034.0670
 144.000   .246562    2363304.  -5800.3441   -.0063651  22203.4185   -302.6334   5523.3594
 148.500   .218832    2336301.  -7142.1836   -.0059618  21983.8718   -293.7397   6040.3887
 153.000   .192906    2303209.  -8443.5010   -.0055636  21714.8184   -284.6237   6639.5366
 157.500   .168759    2264215.  -9703.2505   -.0051716  21397.7754   -275.2650   7339.9910
 162.000   .146362    2219510. -10920.2821   -.0047868  21034.3028   -265.6379   8167.2357
 166.500   .125678    2169293. -12093.3146   -.0044101  20626.0073   -255.7098   9155.8581
 171.000   .106671    2113766. -13220.8978   -.0040425  20174.5484   -245.4383  10354.0221
 175.500   .089296    2053142. -14301.3597   -.0036849  19681.6442   -234.7670  11830.8989
 180.000   .073507    1987641. -15757.3323   -.0033381  19149.0814   -412.3320  25242.4235
 184.500   .059253    1913670. -17536.0677   -.0030032  18547.6574   -378.2171  28723.7573
 189.000   .046478    1831925. -19153.9910   -.0026818  17883.0250   -340.8599  33002.2060
 193.500   .035117    1743166. -20552.0799   -.0023749  17161.3749   -280.5130  35945.4732
 198.000   .025103    1648623. -21645.8472   -.0020838  16392.6864   -205.6058  36856.7232
 202.500   .016363    1549817. -22417.4545   -.0018093  15589.3386   -137.3308  37767.9732
 207.000   .008819    1448136. -22897.0112   -.0015520  14762.6211    -75.8056  38679.2232
 211.500   .002394    1344833. -23114.9732   -.0013123  13922.7133    -21.0664  39590.4732
 216.000  -.002992    1241023. -23101.7907   -.0010904  13078.6783     26.9253  40501.7232
 220.500  -.007419    1137682. -22887.5868   -.0008862  12238.4684     68.2764  41412.9732
 225.000  -.010968    1035656. -22501.8650   -.0006997  11408.9425    103.1555  42324.2232
 229.500  -.013716     935657. -21973.2473   -.0005305  10595.8931    131.7857  43235.4732
 234.000  -.015742     838270. -21329.2420   -.0003783   9804.0830    154.4389  44146.7232
 238.500  -.017121     743959. -20596.0387   -.0002425   9037.2896    171.4292  45057.9732
 243.000  -.017925     653076. -20119.1899   -.0001226   8298.3564     40.5036  10168.4389
 247.500  -.018224     562973. -19936.4188 -1.8208E-05   7565.7719     40.7280  10056.8281
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 252.000  -.018089     473661. -19753.3694  7.0761E-05   6839.6173     40.6272  10107.0845
 256.500  -.017587     385143. -19571.3981    .0001445   6119.9196     40.2489  10298.4078
 261.000  -.016788     297417. -18542.7913    .0002030   5406.6600    416.9096     111750.
 265.500  -.015760     218115. -16681.3860    .0002473   4761.8960    410.3816     117179.
 270.000  -.014563     147110. -14852.6992    .0002786   4184.5918    402.3681     124335.
 274.500  -.013252  84245.0437 -13063.1092    .0002985   3673.4627    393.0052     133454.
 279.000  -.011876  29332.9200 -11318.4528    .0003082   3226.9980    382.3976     144894.
 283.500  -.010478 -17837.4196  -9624.1540    .0003092   3133.5334    370.6241     159176.
 288.000  -.009093 -57501.5467  -7985.3321    .0003028   3456.0239    357.7412     177039.
 292.500  -.007753 -89917.9496  -6406.9006    .0002901   3719.5864    343.7839     199542.
 297.000  -.006482    -115367.  -4893.6696    .0002725   3926.5033    328.7633     228234.
 301.500  -.005300    -134152.  -3450.4642    .0002511   4079.2349    312.6614     265445.
 306.000  -.004222    -146598.  -2082.2834    .0002270   4180.4233    295.4189     314842.
 310.500  -.003258    -153052.   -794.5421    .0002013   4232.9011    276.9106     382522.
 315.000  -.002411    -153890.    406.5195    .0001749   4239.7125    256.8946     479481.
 319.500  -.001683    -149516.   1513.0489    .0001489   4204.1525    234.8963     627962.
 324.000  -.001071    -140377.   2513.8373    .0001240   4129.8452    209.8986     881888.
 328.500  -.000567    -126979.   3389.4481    .0001011   4020.9108    179.2618    1422085.
 333.000  -.000162    -109943.   4042.6995  8.0723E-05   3882.3999    111.0722    3094200.
 337.500   .000159 -90651.1672   4046.2280  6.3507E-05   3725.5479   -109.5040    3094200.
 342.000   .000410 -73571.4290   3429.8346  4.9412E-05   3586.6805   -164.4486    1804814.
 346.500   .000604 -59817.3432   2651.7768  3.7964E-05   3474.8525   -181.3549    1351230.
 351.000   .000752 -49732.0891   1812.5365  2.8562E-05   3392.8540   -191.6408    1147241.
 355.500   .000861 -43524.5649   1337.9286  2.0558E-05   3342.3836    -19.2961     100848.
 360.000   .000937 -37705.1634   1246.3900  1.3587E-05   3295.0687    -21.3878     102746.
 364.500   .000983 -32316.5923   1146.8189  7.5770E-06   3251.2568    -22.8661     104644.
 369.000   .001005 -27389.1122   1041.8367  2.4527E-06   3211.1938    -23.7927     106543.
 373.500   .001005 -22941.7837    933.7909 -1.8669E-06   3175.0346    -24.2277     108441.
 378.000   .000988 -18983.6837    831.5715 -5.4652E-06   3142.8532    -21.2031  96561.5898
 382.500   .000956 -15453.8037    736.7911 -8.4208E-06   3114.1534    -20.9215  98460.0273
 387.000   .000912 -12346.6527    643.9377 -1.0807E-05   3088.8906    -20.3467     100358.
 391.500   .000859  -9650.7779    554.2419 -1.2695E-05   3066.9717    -19.5181     102257.
 396.000   .000798  -7349.5638    468.7641 -1.4154E-05   3048.2616    -18.4720     104155.
 400.500   .000732  -5421.9649    388.4105 -1.5250E-05   3032.5892    -17.2407     106054.
 405.000   .000661  -3843.1639    313.9500 -1.6045E-05   3019.7527    -15.8528     107952.
 409.500   .000587  -2585.1515    246.0322 -1.6597E-05   3009.5244    -14.3328     109851.
 414.000   .000511  -1617.2233    185.2059 -1.6957E-05   3001.6546    -12.7011     111749.
 418.500   .000435   -906.3941    131.9373 -1.7174E-05   2995.8752    -10.9739     113648.
 423.000   .000357   -417.7313     86.6275 -1.7288E-05   2991.9021     -9.1638     115546.
 427.500   .000279   -114.6105     49.6294 -1.7333E-05   2989.4376     -7.2798     117444.
 432.000   .000201     41.1011     21.2625 -1.7340E-05   2988.8399     -5.3277     119343.
 436.500   .000123     88.9244      1.8264 -1.7329E-05   2989.2287     -3.3106     121241.
 441.000  4.49E-05     69.7031     -8.3889 -1.7315E-05   2989.0725     -1.2295     123140.
 445.500 -3.30E-05     25.5798     -9.0947 -1.7307E-05   2988.7137    .9158043     125038.
 450.000  -.000111      0.0000      0.0000 -1.7305E-05   2988.5057      3.1263  63468.2949

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.01593643
Maximum bending moment           =       2407678. lbs-in
Maximum shear force              =    40687.84969 lbs
Depth of maximum bending moment  =      126.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  46863.6677   -.0223249   2988.5057   -215.1623    161.3717
   4.500     2.900     216544.  45809.0737   -.0223063   4749.1238   -253.5462    393.4964
   9.000     2.799     427941.  44590.2985   -.0222510   6467.8910   -288.1317    463.1941
  13.500     2.699     633477.  43226.9757   -.0221599   8139.0097   -317.7896    529.7909
  18.000     2.600     832540.  41721.5370   -.0220341   9757.4962   -351.2943    608.0553
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  22.500     2.501    1024439.  40054.7733   -.0218747  11317.7366   -389.4896    700.8089
  27.000     2.403    1208389.  38199.8827   -.0216831  12813.3483   -434.9062    814.4546
  31.500     2.306    1383459.  36144.3599   -.0214607  14236.7638   -478.6595    934.1424
  36.000     2.210    1548753.  33942.5691   -.0212090  15580.6934   -499.9142   1018.0239
  40.500     2.115    1703831.  31600.5792   -.0209298  16841.5569   -540.9702   1151.0318
  45.000     2.021    1847851.  29058.3437   -.0206250  18012.5187   -588.9122   1311.0139
  49.500     1.929    1979835.  26297.0198   -.0202965  19085.6148   -638.3429   1488.8909
  54.000     1.839    2098773.  23304.5309   -.0199465  20052.6423   -691.6522   1692.6928
  58.500     1.750    2203578.  20062.2831   -.0195772  20904.7658   -749.3468   1927.1128
  63.000     1.663    2293076.  18138.7716   -.0191913  21632.4350   -105.5472    285.6827
  67.500     1.577    2380299.  17661.6465   -.0187902  22341.6032   -106.5084    303.9087
  72.000     1.493    2465222.  17180.4816   -.0183743  23032.0695   -107.3427    323.4424
  76.500     1.412    2547822.  16695.8527   -.0179441  23703.6550   -108.0479    344.4164
  81.000     1.332    2628081.  16209.0763   -.0174998  24356.2030   -108.2971    365.8839
  85.500     1.254    2705989.  15726.5748   -.0170420  24989.6332   -106.1480    380.8499
  90.000     1.179    2781584.  15253.8104   -.0165711  25604.2614   -103.9696    396.9765
  94.500     1.105    2854906.  14790.9148   -.0160873  26200.4090   -101.7618    414.3882
  99.000     1.034    2925996.  13769.2899   -.0155912  26778.4038   -352.2937   1533.5190
 103.500   .964750    2989775.  12178.4894   -.0150834  27296.9625   -354.7288   1654.6042
 108.000   .898029    3046191.  10577.6780   -.0145654  27755.6529   -356.7430   1787.6294
 112.500   .833661    3095199.   8968.7733   -.0140383  28154.1157   -358.3258   1934.1982
 117.000   .771684    3136764.   7353.7414   -.0135035  28492.0664   -359.4661   2096.1908
 121.500   .712130    3170862.   5734.6014   -.0129621  28769.2969   -360.1517   2275.8233
 126.000   .655025    3197475.   4113.4292   -.0124155  28985.6776   -360.3693   2475.7242
 130.500   .600390    3216599.   2492.3622   -.0118650  29141.1595   -360.1049   2699.0307
 135.000   .548240    3228236.    873.6055   -.0113119  29235.7769   -359.3426   2949.5144
 139.500   .498583    3232402.   -740.5619   -.0107574  29269.6497   -358.0652   3231.7448
 144.000   .451423    3229122.  -2338.2800   -.0102029  29242.9860   -352.0318   3509.2209
 148.500   .406757    3218520.  -3902.0581   -.0096495  29156.7808   -342.9807   3794.4326
 153.000   .364578    3200778.  -5424.6361   -.0090986  29012.5295   -333.7207   4119.1317
 157.500   .324870    3176085.  -6905.0413   -.0085513  28811.7654   -324.2372   4491.2314
 162.000   .287616    3144635.  -8342.2290   -.0080088  28556.0621   -314.5129   4920.8207
 166.500   .252791    3106627.  -9735.0677   -.0074723  28247.0359   -304.5266   5420.9539
 171.000   .220366    3062265. -11082.3208   -.0069428  27886.3496   -294.2526   6008.8101
 175.500   .190306    3011760. -12382.6219   -.0064215  27475.7165   -283.6590   6707.4419
 180.000   .162572    2955330. -14524.0705   -.0059094  27016.9056   -668.0959  18492.8921
 184.500   .137121    2885192. -17444.6431   -.0054081  26446.6495   -629.9363  20673.0123
 189.000   .113899    2802124. -20184.6483   -.0049200  25771.2652   -587.8437  23224.8857
 193.500   .092841    2706984. -22726.2742   -.0044472  24997.7238   -541.7678  26259.3338
 198.000   .073875    2600710. -25051.2911   -.0039916  24133.6580   -491.5731  29943.6835
 202.500   .056917    2484325. -27140.5135   -.0035552  23187.3840   -436.9702  34548.1449
 207.000   .041878    2358941. -28933.5948   -.0031395  22167.9488   -359.9548  38679.2232
 211.500   .028661    2226126. -30310.8407   -.0027460  21088.0939   -252.1545  39590.4732
 216.000   .017163    2088071. -31225.7631   -.0023758  19965.6330   -154.4777  40501.7232
 220.500   .007279    1946762. -31724.0603   -.0020295  18816.7156    -66.9877  41412.9732
 225.000  -.001102    1803979. -31851.4676   -.0017076  17655.8154     10.3623  42324.2232
 229.500  -.008089    1661298. -31653.2861   -.0014101  16495.7376     77.7184  43235.4732
 234.000  -.013793    1520090. -31173.9601   -.0011371  15347.6418    135.3153  44146.7232
 238.500  -.018323    1381530. -30456.7028   -.0008881  14221.0801    183.4657  45057.9732
 243.000  -.021786    1246603. -29946.6566   -.0006625  13124.0481     43.2215   8927.7193
 247.500  -.024286    1112475. -29748.5749   -.0004600  12033.5215     44.8148   8303.9674
 252.000  -.025926     979189. -29544.6876   -.0002805  10949.8285     45.8018   7949.8340
 256.500  -.026810     846770. -29337.4209   -.0001238   9873.1967     46.3167   7774.0728
 261.000  -.027040     715239. -28176.6092  1.0250E-05   8803.7758    469.5996  78149.6985
 265.500  -.026718     593173. -26066.5685    .0001225   7811.3210    468.1963  78856.2316
 270.000  -.025937     480554. -23967.4571    .0002147   6895.6610    464.7421  80630.0029
 274.500  -.024786     377316. -21887.9143    .0002883   6056.2822    459.4991  83424.7981
 279.000  -.023343     283360. -19835.5465    .0003450   5292.3721    452.6643  87265.0399
 283.500  -.021680     198554. -17817.1786    .0003864   4602.8512    444.3881  92237.0971
 288.000  -.019865     122734. -15839.0394    .0004140   3986.3986    434.7849  98491.0943
 292.500  -.017955  55711.5563 -13906.9061    .0004293   3441.4703    423.9410     106252.
 297.000  -.016002  -2729.4736 -12026.2249    .0004338   3010.6978    411.9174     115840.
 301.500  -.014050 -52829.0127 -10202.2191    .0004291   3418.0337    398.7519     127710.
 306.000  -.012140 -94850.6435  -8439.9973    .0004164   3759.6918    384.4578     142508.
 310.500  -.010303    -129081.  -6744.6725    .0003972   4038.0052    369.0199     161176.
 315.000  -.008566    -155832.  -5121.5115    .0003727   4255.4986    352.3850     185128.
 319.500  -.006949    -175437.  -3576.1419    .0003443   4414.8979    334.4459     216592.
 324.000  -.005467    -188258.  -2114.8704    .0003131   4519.1470    315.0081     259286.
 328.500  -.004131    -194690.   -745.2236    .0002802   4571.4400    293.7238     319962.
 333.000  -.002945    -195162.    523.0265    .0002467   4575.2779    269.9429     412436.
 337.500  -.001910    -190156.   1675.6066    .0002137   4534.5759    242.3149     570798.
 342.000  -.001022    -180232.   2687.4096    .0001819   4453.8853    207.3753     912861.
 346.500  -.000273    -166097.   3577.0067    .0001522   4338.9634    188.0012    3094200.
 351.000   .000347    -148145.   3645.5733    .0001252   4193.0071   -157.5271    2042048.
 355.500   .000853    -133375.   3248.1128    .0001010   4072.9139    -19.1220     100848.
 360.000   .001256    -118983.   3140.5452  7.9366E-05   3955.9037    -28.6858     102746.
 364.500   .001568    -105166.   2993.9844  6.0128E-05   3843.5582    -36.4524     104644.
 369.000   .001798 -92079.7217   2816.2104  4.3200E-05   3737.1628    -42.5583     106543.
 373.500   .001956 -79850.0667   2614.3797  2.8444E-05   3637.7292    -47.1442     108441.
 378.000   .002054 -68570.2716   2409.1603  1.5705E-05   3546.0185    -44.0644  96561.5898
 382.500   .002098 -58178.6491   2206.7458  4.8271E-06   3461.5291    -45.8976  98460.0273
 387.000   .002097 -48712.9481   1998.2529 -4.3470E-06   3384.5679    -46.7659     100358.
 391.500   .002059 -40191.3219   1787.7779 -1.1977E-05   3315.2825    -46.7785     102257.
 396.000   .001989 -32614.5394   1578.9356 -1.8226E-05   3253.6793    -46.0402     104155.
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 400.500   .001895 -25968.1066   1374.8835 -2.3254E-05   3199.6402    -44.6496     106054.
 405.000   .001780 -20224.2641   1178.3513 -2.7218E-05   3152.9398    -42.6980     107952.
 409.500   .001650 -15343.8376    991.6772 -3.0271E-05   3113.2593    -40.2683     109851.
 414.000   .001507 -11277.9193    816.8464 -3.2556E-05   3080.2012    -37.4343     111749.
 418.500   .001357  -7969.3660    655.5334 -3.4208E-05   3053.3009    -34.2604     113648.
 423.000   .001200  -5354.1051    509.1451 -3.5351E-05   3032.0375    -30.8011     115546.
 427.500   .001038  -3362.2439    378.8644 -3.6099E-05   3015.8426    -27.1014     117444.
 432.000   .000875  -1918.9839    265.6932 -3.6552E-05   3004.1081    -23.1969     119343.
 436.500   .000709   -945.3454    170.4931 -3.6798E-05   2996.1919    -19.1143     121241.
 441.000   .000543   -358.7138     94.0234 -3.6910E-05   2991.4223    -14.8723     123140.
 445.500   .000377    -73.2237     36.9752 -3.6947E-05   2989.1011    -10.4825     125038.
 450.000   .000211      0.0000      0.0000 -3.6954E-05   2988.5057     -5.9509  63468.2949

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.02232493
Maximum bending moment           =       3232402. lbs-in
Maximum shear force              =    46863.66773 lbs
Depth of maximum bending moment  =      139.50000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              2

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  78000.0000    .2500000     538726.  14804.8237
  4  y=   .500000 M=     0.000  78000.0000    .5000000     914618.  22619.2873
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000    1526391.  33147.9380
  4  y=     2.000 M=     0.000  78000.0000      2.0000    2407678.  40687.8497
  4  y=     3.000 M=     0.000  78000.0000      3.0000    3232402.  46863.6677

The analysis ended normally. 
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Lateral Deflection (in)
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BSI FB-MultiPier - File: Bent_Strong_Row2.lpo Monday, May 07, 2012
==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Bent_Strong_Row2.lpd
Name of output file:         Bent_Strong_Row2.lpo
Name of plot output file:    Bent_Strong_Row2.lpp
Name of runtime file:        Bent_Strong_Row2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  13:32:09

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     450.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     450.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =       36.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       36.000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  3 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =       96.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =       96.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      240.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      240.000 in
Distance from top of pile to bottom of layer =      258.000 in

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      258.000 in
Distance from top of pile to bottom of layer =      354.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      354.000 in
Distance from top of pile to bottom of layer =      378.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      378.000 in
Distance from top of pile to bottom of layer =      456.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends    6.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2            36.00         .07230
  3            36.00         .03620
  4            60.00         .03620
  5            60.00         .03620
  6            96.00         .03620
  7            96.00         .03620
  8           180.00         .03620
  9           180.00         .03330
 10           240.00         .03330
 11           240.00         .03330
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 12           258.00         .03330
 13           258.00         .03330
 14           354.00         .03330
 15           354.00         .03910
 16           378.00         .03910
 17           378.00         .03910
 18           456.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           32.00           ------    ------
  2       36.000         .00000           32.00           ------    ------
  3       36.000         .00000           32.00           ------    ------
  4       60.000         .00000           32.00           ------    ------
  5       60.000        2.43000             .00           .05000        .0
  6       96.000        2.43000             .00           .05000        .0
  7       96.000        6.74000             .00           .01000        .0
  8      180.000        6.74000             .00           .01000        .0
  9      180.000         .00000           28.00           ------    ------
 10      240.000         .00000           28.00           ------    ------
 11      240.000        3.82000             .00           .05000        .0
 12      258.000        3.82000             .00           .05000        .0
 13      258.000       15.28000             .00           .00500        .0
 14      354.000       15.28000             .00           .00500        .0
 15      354.000         .00000           33.00           ------    ------
 16      378.000         .00000           33.00           ------    ------
 17      378.000         .00000           43.00           ------    ------
 18      456.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .5500         1.0000
  2          456.000          .5500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  11787.4784   -.0025775   2988.5057   -114.1353   1027.2179
   4.500   .238401  52792.7519  11235.7756   -.0025730   3417.7389   -131.0659   2473.9685
   9.000   .226843     102928.  10614.2862   -.0025597   3825.3670   -145.1516   2879.4481
  13.500   .215364     150118.   9938.4943   -.0025379   4209.0464   -155.2004   3242.8869
  18.000   .204001     194156.   9221.9741   -.0025084   4567.0997   -163.2530   3601.1442
  22.500   .192789     234877.   8471.6589   -.0024716   4898.1793   -170.2204   3973.2193
  27.000   .181757     272136.   7691.3593   -.0024280   5201.1182   -176.5794   4371.8031
  31.500   .170936     305804.   6893.8144   -.0023784   5474.8512   -177.8850   4682.9292
  36.000   .160351     335850.   6103.4765   -.0023234   5719.1469   -173.3763   4865.5237
  40.500   .150026     362366.   5319.1133   -.0022635   5934.7328   -175.2296   5255.9813
  45.000   .139980     385311.   4520.1114   -.0021993   6121.2908   -179.8824   5782.7483
  49.500   .130232     404591.   3703.5041   -.0021315   6278.0436   -183.0542   6325.1893
  54.000   .120797     420139.   2869.7968   -.0020607   6404.4596   -187.4823   6984.2082
  58.500   .111686     431866.   2012.2167   -.0019876   6499.8021   -193.6644   7803.0374
  63.000   .102909     439644.   1507.5794   -.0019128   6563.0475    -30.6189   1338.9056
  67.500   .094471     446777.   1369.9220   -.0018367   6621.0364    -30.5622   1455.7912
  72.000   .086378     453263.   1232.6584   -.0017595   6673.7745    -30.4439   1586.0165
  76.500   .078636     459106.   1096.0699   -.0016812   6721.2782    -30.2621   1731.7763
  81.000   .071248     464308.    960.6481   -.0016019   6763.5746    -29.9254   1890.0817
  85.500   .064219     468876.    828.2747   -.0015218   6800.7165    -28.9072   2025.6207
  90.000   .057552     472831.    700.5251   -.0014410   6832.8694    -27.8704   2179.2057
  94.500   .051250     476192.    577.4857   -.0013595   6860.2020    -26.8138   2354.3990
  99.000   .045316     478982.    251.1473   -.0012776   6882.8865   -118.2255  11740.1935
 103.500   .039752     479349.   -278.5978   -.0011953   6885.8715   -117.2168  13269.2836
 108.000   .034558     477314.   -803.0823   -.0011132   6869.3226   -115.8874  15090.4519
 112.500   .029733     472903.  -1320.8089   -.0010317   6833.4599   -114.2133  17285.9761
 117.000   .025273     466151.  -1830.1565   -.0009511   6778.5610   -112.1635  19971.3748
 121.500   .021173     457099.  -2329.3439   -.0008718   6704.9669   -109.6976  23314.3121
 126.000   .017427     445799.  -2816.3744   -.0007943   6613.0878   -106.7604  27568.3732
 130.500   .014024     432310.  -3288.9515   -.0007190   6503.4130   -103.2738  33137.7391
 135.000   .010956     416703.  -3744.3382   -.0006461   6376.5231    -99.1203  40712.5198
 139.500   .008209     399064.  -4179.1091   -.0005761   6233.1096    -94.1113  51587.4872
 144.000   .005771     379496.  -4586.3178   -.0005093   6074.0058    -86.8703  67736.7991
 148.500   .003626     358145.  -4955.8600   -.0004460   5900.4135    -77.3707  96020.2281
 153.000   .001758     335206.  -5275.3508   -.0003864   5713.9072    -64.6252     165470.
 157.500   .000148     310938.  -5505.6545   -.0003310   5516.5966    -37.7320    1147697.
 162.000  -.001221     285887.  -5458.4384   -.0002798   5312.9213     58.7169     216324.
 166.500  -.002370     262008.  -5170.1793   -.0002327   5118.7734     69.3982     131769.
 171.000  -.003316     239519.  -4844.1327   -.0001897   4935.9231     75.5114     102468.
 175.500  -.004077     218544.  -4495.2852   -.0001504   4765.3878     79.5319  87776.5412
 180.000  -.004670     199167.  -4259.4727   -.0001145   4607.8399     25.2736  24355.2637
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 184.500  -.005108     180290.  -4138.6947 -8.1973E-05   4454.3556     28.4055  25023.5137
 189.000  -.005407     161976.  -4005.3191 -5.2598E-05   4305.4597     30.8726  25691.7637
 193.500  -.005582     144279.  -3862.2908 -2.6313E-05   4161.5675     32.6956  26360.0137
 198.000  -.005644     127234.  -3712.4486 -3.0105E-06   4022.9876     33.9010  27028.2637
 202.500  -.005609     110869.  -3558.5013  1.7425E-05   3889.9270     34.5201  27696.5137
 207.000  -.005487  95195.4917  -3403.0063  3.5110E-05   3762.4956     34.5888  28364.7637
 211.500  -.005293  80216.9834  -3248.3505  5.0165E-05   3640.7124     34.1471  29033.0137
 216.000  -.005036  65925.1213  -3096.7326  6.2708E-05   3524.5120     33.2386  29701.2637
 220.500  -.004728  52302.3695  -2950.1476  7.2855E-05   3413.7518     31.9102  30369.5137
 225.000  -.004380  39322.6485  -2810.3731  8.0719E-05   3308.2198     30.2118  31037.7637
 229.500  -.004002  26952.3473  -2678.9555  8.6407E-05   3207.6426     28.1960  31706.0137
 234.000  -.003603  15151.3911  -2557.1990  9.0020E-05   3111.6946     25.9180  32374.2637
 238.500  -.003192   3874.3622  -2446.1534  9.1653E-05   3020.0064     23.4355  33042.5137
 243.000  -.002778  -6928.3303  -2357.5388  9.1391E-05   3044.8368     15.9487  25837.5602
 247.500  -.002369 -17407.6438  -2287.6228  8.9302E-05   3130.0391     15.1251  28729.0872
 252.000  -.001974 -27579.6259  -2221.5678  8.5441E-05   3212.7427     14.2327  32445.5804
 256.500  -.001600 -37461.7340  -2159.6849  7.9859E-05   3293.0895     13.2708  37320.6426
 261.000  -.001255 -47072.8506  -1770.2495  7.2604E-05   3371.2330    159.8116     572913.
 265.500  -.000947 -53444.9470  -1075.5766  6.3977E-05   3423.0415    148.9319     707913.
 270.000  -.000679 -56797.9517   -432.0430  5.4515E-05   3450.3033    137.0830     907884.
 274.500  -.000456 -57371.6040    155.5823  4.4717E-05   3454.9674    124.0838    1224296.
 279.000  -.000277 -55429.1021    863.3382  3.5035E-05   3439.1738    190.4743    3094200.
 283.500  -.000141 -49626.1552   1509.6772  2.6019E-05   3391.9927     96.7874    3094200.
 288.000 -4.28E-05 -41860.2730   1793.7295  1.8167E-05   3328.8520     29.4580    3094200.
 292.500  2.27E-05 -33495.3434   1824.8236  1.1700E-05   3260.8407    -15.6384    3094200.
 297.000  6.25E-05 -25445.0735   1693.0116  6.6412E-06   3195.3877    -42.9447    3094200.
 301.500  8.25E-05 -18262.9014   1468.7285  2.8899E-06   3136.9928    -56.7366    3094200.
 306.000  8.85E-05 -12228.5457   1204.2066  2.7297E-07   3087.9303    -60.8287    3094200.
 310.500  8.50E-05  -7425.2340    935.8838 -1.4138E-06   3048.8768    -58.4259    3094200.
 315.000  7.57E-05  -3804.5991    687.2469 -2.3776E-06   3019.4392    -52.0794    3094200.
 319.500  6.36E-05  -1238.3425    471.7159 -2.8104E-06   2998.5741    -43.7122    3094200.
 324.000  5.04E-05    442.8173    295.3173 -2.8787E-06   2992.1061    -34.6872    3094200.
 328.500  3.77E-05   1421.5337    159.0015 -2.7187E-06   3000.0636    -25.8975    3094200.
 333.000  2.60E-05   1875.7398     60.5409 -2.4357E-06   3003.7565    -17.8628    3094200.
 337.500  1.57E-05   1968.1113     -4.0051 -2.1058E-06   3004.5075    -10.8243    3094200.
 342.000  7.03E-06   1841.1719    -39.2299 -1.7789E-06   3003.4755     -4.8311    3094200.
 346.500 -2.68E-07   1616.2908    -49.6857 -1.4821E-06   3001.6470    .1841367    3094200.
 351.000 -6.31E-06   1395.0411    -39.5042 -1.2237E-06   2999.8482      4.3410    3094200.
 355.500 -1.13E-05   1261.6121    -29.3199 -9.9569E-07   2998.7633    .1853979  73954.8980
 360.000 -1.53E-05   1131.8613    -28.3273 -7.9027E-07   2997.7084    .2557518  75347.0855
 364.500 -1.84E-05   1007.2214    -27.0461 -6.0668E-07   2996.6950    .3136673  76739.2730
 369.000 -2.07E-05    888.8725    -25.5303 -4.4395E-07   2995.7328    .3600046  78131.4605
 373.500 -2.24E-05    777.7601    -23.8301 -3.0091E-07   2994.8293    .3956570  79523.6480
 378.000 -2.34E-05    674.6129    -22.1098 -1.7626E-07   2993.9907    .3688938  70811.8325
 382.500 -2.40E-05    578.8952    -20.4143 -6.8674E-08   2993.2125    .3846923  72204.0200
 387.000 -2.41E-05    490.9326    -18.6633  2.3144E-08   2992.4973    .3935073  73596.2075
 391.500 -2.38E-05    410.9090    -16.8868  1.0054E-07   2991.8467    .3960560  74988.3950
 396.000 -2.32E-05    338.8808    -15.1114  1.6490E-07   2991.2610    .3930356  76380.5825
 400.500 -2.23E-05    274.7911    -13.3605  2.1756E-07   2990.7399    .3851130  77772.7700
 405.000 -2.12E-05    218.4834    -11.6550  2.5990E-07   2990.2821    .3729163  79164.9575
 409.500 -1.99E-05    169.7140    -10.0126  2.9322E-07   2989.8856    .3570270  80557.1450
 414.000 -1.86E-05    128.1643     -8.4488  3.1878E-07   2989.5478    .3379745  81949.3325
 418.500 -1.71E-05     93.4508     -6.9769  3.3780E-07   2989.2656    .3162316  83341.5200
 423.000 -1.55E-05     65.1354     -5.6079  3.5141E-07   2989.0353    .2922112  84733.7075
 427.500 -1.39E-05     42.7333     -4.3513  3.6067E-07   2988.8532    .2662649  86125.8950
 432.000 -1.23E-05     25.7205     -3.2152  3.6655E-07   2988.7149    .2386827  87518.0825
 436.500 -1.06E-05     13.5395     -2.2063  3.6992E-07   2988.6158    .2096935  88910.2700
 441.000 -8.94E-06      5.6039     -1.3307  3.7156E-07   2988.5513    .1794677  90302.4575
 445.500 -7.27E-06      1.3023   -.5936329  3.7215E-07   2988.5163    .1481204  91694.6450
 450.000 -5.59E-06      0.0000      0.0000  3.7226E-07   2988.5057    .1157164  46543.4163

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00257755
Maximum bending moment           =   479349.46918 lbs-in
Maximum shear force              =    11787.47844 lbs
Depth of maximum bending moment  =      103.50000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  18006.9491   -.0047119   2988.5057   -150.3597    676.6185
   4.500   .478797  81162.7512  17278.8737   -.0047049   3648.4020   -173.2294   1628.1075
   9.000   .457656     158813.  16456.5660   -.0046843   4279.7375   -192.2407   1890.2489
  13.500   .436638     232560.  15559.2154   -.0046507   4879.3440   -206.5818   2129.0381
  18.000   .415799     302110.  14597.0314   -.0046048   5444.8243   -221.0555   2392.3808
  22.500   .395194     367166.  13568.8936   -.0045474   5973.7613   -235.8947   2686.0884
  27.000   .374872     427423.  12471.3394   -.0044792   6463.6800   -251.9072   3023.9148
  31.500   .354881     482553.  11312.5316   -.0044011   6911.9145   -263.1185   3336.4223
  36.000   .335262     532325.  10130.9975   -.0043140   7316.5919   -262.0078   3516.7519
  40.500   .316055     576760.   8933.9924   -.0042188   7677.8708   -269.9945   3844.1889
  45.000   .297293     615693.   7695.0218   -.0041165   7994.4143   -280.6591   4248.2186
  49.500   .279007     648905.   6411.5930   -.0040079   8264.4476   -289.7537   4673.3342
  54.000   .261222     676211.   5085.1148   -.0038942   8486.4571   -299.7922   5164.4455
  58.500   .243959     697405.   3709.8798   -.0037763   8658.7765   -311.4234   5744.4335
  63.000   .227235     712251.   2919.4678   -.0036553   8779.4806    -39.8709    789.5757
  67.500   .211061     726246.   2739.8648   -.0035319   8893.2713    -39.9527    851.8256
  72.000   .195448     739389.   2560.0463   -.0034061   9000.1282    -39.9667    920.1953
  76.500   .180406     751677.   2380.3204   -.0032781   9100.0428    -39.9115    995.5419
  81.000   .165945     763113.   2201.2700   -.0031481   9193.0180    -39.6665   1075.6542
  85.500   .152073     773699.   2025.3301   -.0030162   9279.0885    -38.5290   1140.1146
  90.000   .138799     783458.   1854.5487   -.0028826   9358.4365    -37.3738   1211.6980
  94.500   .126130     792413.   1689.0067   -.0027473   9431.2473    -36.2004   1291.5411
  99.000   .114073     800588.   1272.5132   -.0026106   9497.7099   -148.9078   5874.1821
 103.500   .102634     805699.    603.1794   -.0024727   9539.2636   -148.5739   6514.2154
 108.000   .091818     807752.    -63.9839   -.0023343   9555.9609   -147.9431   7250.6709
 112.500   .081626     806761.   -727.6086   -.0021957   9547.9047   -147.0012   8104.0997
 117.000   .072057     802745.  -1386.2576   -.0020576   9515.2505   -145.7317   9101.0291
 121.500   .063108     795730.  -2038.4118   -.0019204   9458.2094   -144.1146  10276.2895
 126.000   .054774     785748.  -2682.4527   -.0017846   9377.0510   -142.1258  11676.5312
 130.500   .047046     772840.  -3316.6388   -.0016509   9272.1076   -139.7348  13365.7194
 135.000   .039916     757057.  -3939.0731   -.0015196   9143.7792   -136.9027  15434.0627
 139.500   .033370     738455.  -4547.6554   -.0013912   8992.5399   -133.5783  18013.2146
 144.000   .027395     717105.  -5136.5536   -.0012663   8818.9461   -128.1543  21051.2291
 148.500   .021973     693115.  -5697.7906   -.0011453   8623.9013   -121.2844  24838.1597
 153.000   .017087     666628.  -6226.9528   -.0010286   8408.5483   -113.8988  29995.3879
 157.500   .012716     637795.  -6721.2666   -.0009166   8174.1160   -105.7962  37438.4909
 162.000   .008838     606780.  -7176.6768   -.0008098   7921.9527    -96.6084  49189.6514
 166.500   .005428     573773.  -7586.5183   -.0007085   7653.5863    -85.5434  70914.8178
 171.000   .002462     538999.  -7937.0449   -.0006130   7370.8546    -70.2462     128407.
 175.500 -8.84E-05     502770.  -8044.3664   -.0005236   7076.2933     22.5477    1147697.
 180.000  -.002250     466967.  -7966.2316   -.0004403   6785.1981     12.1789  24355.2637
 184.500  -.004051     431383.  -7888.1397   -.0003632   6495.8793     22.5287  25023.5137
 189.000  -.005519     396229.  -7766.5506   -.0002922   6210.0584     31.5110  25691.7637
 193.500  -.006681     361689.  -7607.5939   -.0002271   5929.2315     39.1364  26360.0137
 198.000  -.007564     327920.  -7417.3218   -.0001680   5654.6709     45.4289  27028.2637
 202.500  -.008193     295051.  -7201.6513   -.0001145   5387.4292     50.4246  27696.5137
 207.000  -.008594     263186.  -6966.3124 -6.6583E-05   5128.3451     54.1705  28364.7637
 211.500  -.008792     232401.  -6716.7998 -2.4049E-05   4878.0509     56.7240  29033.0137
 216.000  -.008810     202751.  -6458.3300  1.3298E-05   4636.9820     58.1515  29701.2637
 220.500  -.008672     174267.  -6195.8023  4.5656E-05   4405.3881     58.5275  30369.5137
 225.000  -.008400     146957.  -5933.7638  7.3225E-05   4183.3450     57.9341  31037.7637
 229.500  -.008013     120812.  -5676.3776  9.6207E-05   3970.7683     56.4598  31706.0137
 234.000  -.007534  95802.1630  -5427.3943    .0001148   3767.4282     54.1995  32374.2637
 238.500  -.006980  71884.4784  -5190.1255    .0001292   3572.9647     51.2533  33042.5137
 243.000  -.006371  49000.3428  -5027.4834    .0001396   3386.9046     21.0320  14855.5073
 247.500  -.005724  26539.1538  -4934.4991    .0001460   3204.2832     20.2943  15954.5988
 252.000  -.005057   4487.3257  -4845.0240    .0001487   3024.9901     19.4724  17329.1273
 256.500  -.004386 -17170.4573  -4759.4296    .0001476   3128.1107     18.5696  19053.8898
 261.000  -.003728 -38451.1716  -4245.6958    .0001428   3301.1342    209.7566     253196.
 265.500  -.003100 -55481.9987  -3323.0767    .0001348   3439.6039    200.2964     290754.
 270.000  -.002515 -68453.4815  -2444.7222    .0001241   3545.0689    190.0834     340126.
 274.500  -.001983 -77571.6516  -1614.0521    .0001116   3619.2045    179.1033     406511.
 279.000  -.001510 -83058.3053   -834.6129  9.7831E-05   3663.8139    167.3141     498511.
 283.500  -.001102 -85151.8451   -110.2412  8.3394E-05   3680.8355    154.6289     631331.
 288.000  -.000760 -84109.0185    554.6564  6.8867E-05   3672.3567    140.8811     834408.
 292.500  -.000482 -80208.2826   1154.5399  5.4765E-05   3640.6417    125.7338    1172988.
 297.000  -.000267 -73756.6045   1850.3568  4.1550E-05   3588.1861    183.5182    3094200.
 301.500  -.000108 -63584.2400   2430.9866  2.9763E-05   3505.4794     74.5395    3094200.
 306.000  9.72E-07 -51898.6191   2597.1973  1.9852E-05   3410.4691   -.6681086    3094200.
 310.500  7.03E-05 -40223.4006   2486.9937  1.1945E-05   3315.5434    -48.3112    3094200.
 315.000   .000108 -29524.0611   2210.4641  5.9593E-06   3228.5520    -74.5908    3094200.
 319.500   .000124 -20333.4067   1850.9584  1.6802E-06   3153.8271    -85.1895    3094200.
 324.000   .000124 -12866.6147   1468.0575 -1.1692E-06   3093.1182    -84.9887    3094200.
 328.500   .000113  -7120.0683   1101.4363 -2.8846E-06   3046.3957    -77.9541    3094200.
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 333.000  9.76E-05  -2951.6635    774.9792 -3.7490E-06   3012.5043    -67.1379    3094200.
 337.500  7.96E-05   -142.6235    500.7224 -4.0145E-06   2989.6654    -54.7540    3094200.
 342.000  6.15E-05   1557.6564    282.3636 -3.8931E-06   3001.1703    -42.2944    3094200.
 346.500  4.46E-05   2401.3815    118.2117 -3.5533E-06   3008.0303    -30.6620    3094200.
 351.000  2.95E-05   2624.0558      3.5356 -3.1220E-06   3009.8407    -20.3051    3094200.
 355.500  1.65E-05   2435.3934    -42.7609 -2.6878E-06   3008.3068   -.2710843  73954.8980
 360.000  5.34E-06   2241.0948    -43.5720 -2.2864E-06   3006.7270   -.0894214  75347.0855
 364.500 -4.08E-06   2044.8504    -43.6166 -1.9186E-06   3005.1315    .0696227  76739.2730
 369.000 -1.19E-05   1849.8926    -42.9940 -1.5843E-06   3003.5464    .2070733  78131.4605
 373.500 -1.83E-05   1659.0166    -41.7988 -1.2831E-06   3001.9944    .3241257  79523.6480
 378.000 -2.35E-05   1474.6042    -40.2384 -1.0142E-06   3000.4951    .3693962  70811.8325
 382.500 -2.75E-05   1297.5833    -38.4155 -7.7627E-07   2999.0558    .4407493  72204.0200
 387.000 -3.05E-05   1129.4093    -36.3029 -5.6797E-07   2997.6884    .4981816  73596.2075
 391.500 -3.26E-05    971.2555    -33.9605 -3.8768E-07   2996.4026    .5429277  74988.3950
 396.000 -3.40E-05    824.0374    -31.4423 -2.3360E-07   2995.2056    .5762515  76380.5825
 400.500 -3.47E-05    688.4388    -28.7970 -1.0379E-07   2994.1031    .5994219  77772.7700
 405.000 -3.49E-05    564.9370    -26.0675  3.7846E-09   2993.0990    .6136907  79164.9575
 409.500 -3.46E-05    453.8284    -23.2911  9.1221E-08   2992.1956    .6202723  80557.1450
 414.000 -3.41E-05    355.2529    -20.4998  1.6066E-07   2991.3941    .6203244  81949.3325
 418.500 -3.32E-05    269.2176    -17.7204  2.1426E-07   2990.6946    .6149320  83341.5200
 423.000 -3.21E-05    195.6185    -14.9754  2.5415E-07   2990.0962    .6050917  84733.7075
 427.500 -3.09E-05    134.2607    -12.2826  2.8246E-07   2989.5974    .5916985  86125.8950
 432.000 -2.96E-05     84.8767     -9.6563  3.0127E-07   2989.1958    .5755340  87518.0825
 436.500 -2.82E-05     47.1422     -7.1076  3.1260E-07   2988.8890    .5572556  88910.2700
 441.000 -2.68E-05     20.6892     -4.6446  3.1842E-07   2988.6740    .5373873  90302.4575
 445.500 -2.53E-05      5.1171     -2.2738  3.2064E-07   2988.5474    .5163117  91694.6450
 450.000 -2.39E-05      0.0000      0.0000  3.2108E-07   2988.5057    .4942628  46543.4163

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00471189
Maximum bending moment           =   807752.30365 lbs-in
Maximum shear force              =    18006.94910 lbs
Depth of maximum bending moment  =      108.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  26138.3840   -.0085000   2988.5057   -157.7857    355.0178
   4.500   .961750     119009.  25365.0150   -.0084898   3956.1092   -185.9339    869.9792
   9.000   .923592     234245.  24471.2462   -.0084595   4893.0417   -211.2967   1029.4969
  13.500   .885615     345188.  23471.4755   -.0084097   5795.0708   -233.0458   1184.1562
  18.000   .847904     451392.  22367.4863   -.0083414   6658.5614   -257.6160   1367.2205
  22.500   .810543     552351.  21145.1916   -.0082552   7479.4161   -285.6260   1585.7493
  27.000   .773607     647494.  19784.9366   -.0081522   8252.9739   -318.9317   1855.1954
  31.500   .737172     736139.  18277.5507   -.0080335   8973.7045   -351.0176   2142.7543
  36.000   .701306     817631.  16662.9009   -.0079001   9636.2818   -366.6045   2352.3550
  40.500   .666071     891651.  14945.4375   -.0077534  10238.0997   -396.7125   2680.2041
  45.000   .631525     957583.  13081.1265   -.0075947  10774.1647   -431.8702   3077.3383
  49.500   .597718    1014712.  11056.1493   -.0074255  11238.6561   -468.1197   3524.2989
  54.000   .564696    1062301.   8861.6495   -.0072472  11625.5778   -507.2135   4041.9300
  58.500   .532494    1099555.   6516.6950   -.0070617  11928.4697   -534.9885   4521.0828
  63.000   .501141    1125909.   5196.2021   -.0068707  12142.7408    -51.8973    466.0120
  67.500   .470658    1151144.   4961.9922   -.0066752  12347.9158    -52.1960    499.0507
  72.000   .441064    1175253.   4726.6017   -.0064756  12543.9332    -52.4220    534.8406
  76.500   .412378    1198229.   4490.3611   -.0062719  12730.7440    -52.5739    573.7029
  81.000   .384617    1220069.   4253.9607   -.0060643  12908.3118    -52.4930    614.1650
  85.500   .357799    1240772.   4020.5537   -.0058531  13076.6394    -51.2434    644.4832
  90.000   .331939    1260363.   3792.8056   -.0056384  13235.9223    -49.9779    677.5356
  94.500   .307053    1278865.   3570.7884   -.0054205  13386.3593    -48.6964    713.6673
  99.000   .283155    1296305.   3040.6973   -.0051995  13528.1522   -186.8996   2970.2780
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 103.500   .260258    1309882.   2198.3493   -.0049758  13638.5384   -187.4772   3241.5854
 108.000   .238372    1319583.   1354.0179   -.0047501  13717.4161   -187.7812   3544.9371
 112.500   .217506    1325402.    508.9519   -.0045231  13764.7304   -187.8037   3885.4798
 117.000   .197664    1327339.   -335.5637   -.0042955  13780.4749   -187.5365   4269.4342
 121.500   .178847    1325398.  -1178.2038   -.0040678  13764.6925   -186.9702   4704.3808
 126.000   .161054    1319591.  -2017.5984   -.0038408  13717.4775   -186.0941   5199.6416
 130.500   .144280    1309936.  -2852.3277   -.0036151  13638.9770   -184.8966   5766.7973
 135.000   .128518    1296457.  -3680.9143   -.0033914  13529.3928   -183.3640   6420.3997
 139.500   .113758    1279188.  -4501.8146   -.0031704  13388.9838   -181.4805   7178.9715
 144.000   .099985    1258167.  -5308.6288   -.0029526  13218.0687   -177.1035   7970.8514
 148.500   .087184    1233483.  -6092.1781   -.0027387  13017.3783   -171.1406   8833.3833
 153.000   .075336    1205260.  -6848.5036   -.0025294  12787.9066   -165.0040   9856.0299
 157.500   .064419    1173622.  -7576.7722   -.0023253  12530.6776   -158.6709  11083.8954
 162.000   .054409    1138701.  -8276.0310   -.0021268  12246.7497   -152.1108  12580.5909
 166.500   .045278    1100631.  -8945.1661   -.0019346  11937.2199   -145.2825  14438.9668
 171.000   .036998    1059553.  -9582.8403   -.0017492  11603.2312   -138.1282  16800.4670
 175.500   .029535    1015613. -10187.3963   -.0015711  11245.9815   -130.5634  19892.6037
 180.000   .022858     968969. -10759.5154   -.0014008  10866.7380   -123.7118  24355.2637
 184.500   .016928     919761. -11249.6697   -.0012387  10466.6515    -94.1346  25023.5137
 189.000   .011709     868592. -11611.8910   -.0010852  10050.6159    -66.8526  25691.7637
 193.500   .007162     816016. -11856.6987   -.0009406   9623.1479    -41.9508  26360.0137
 198.000   .003244     762542. -11994.9270   -.0008051   9188.3733    -19.4840  27028.2637
 202.500 -8.47E-05     708627. -12037.5938   -.0006789   8750.0172    .5210106  27696.5137
 207.000  -.002866     654680. -11995.7765   -.0005619   8311.3997     18.0645  28364.7637
 211.500  -.005141     601059. -11880.4960   -.0004541   7875.4358     33.1713  29033.0137
 216.000  -.006953     548074. -11702.6088   -.0003555   7444.6388     45.8896  29701.2637
 220.500  -.008341     495985. -11472.7072   -.0002659   7021.1288     56.2888  30369.5137
 225.000  -.009345     445006. -11201.0273   -.0001851   6606.6434     64.4578  31037.7637
 229.500  -.010006     395306. -10897.3648   -.0001130   6202.5526     70.5033  31706.0137
 234.000  -.010362     347009. -10570.9984 -4.9266E-05   5809.8760     74.5484  32374.2637
 238.500  -.010450     300201. -10230.6197  6.2809E-06   5429.3033     76.7310  33042.5137
 243.000  -.010306     254929. -10002.3976  5.3925E-05   5061.2168     24.7011  10785.8190
 247.500  -.009965     210142.  -9891.8614  9.3840E-05   4697.0723     24.4261  11030.8704
 252.000  -.009461     165837.  -9782.8840    .0001261   4336.8464     24.0083  11419.1434
 256.500  -.008830     122008.  -9676.0742    .0001508   3980.4922     23.4627  11957.7950
 261.000  -.008104  78646.1948  -9049.7723    .0001680   3627.9411    254.8938     141542.
 265.500  -.007317  40441.6694  -7917.1714    .0001783   3317.3180    248.4844     152814.
 270.000  -.006499   7266.5167  -6815.2770    .0001823   3047.5864    241.2465     167030.
 274.500  -.005676 -21023.8327  -5747.7007    .0001812   3159.4407    233.2319     184906.
 279.000  -.004869 -44589.9703  -4717.8529    .0001755   3351.0459    224.4783     207468.
 283.500  -.004096 -63607.7358  -3729.0034    .0001663   3505.6704    215.0103     236203.
 288.000  -.003373 -78267.7099  -2784.3425    .0001541   3624.8638    204.8390     273306.
 292.500  -.002710 -88774.9787  -1887.0457    .0001397   3710.2935    193.9596     322123.
 297.000  -.002115 -95349.2172  -1040.3569    .0001239   3763.7455    182.3465     387963.
 301.500  -.001594 -98225.1937   -247.7059    .0001073   3787.1287    169.9428     479716.
 306.000  -.001149 -97653.9103    487.1001  9.0511E-05   3782.4839    156.6376     613387.
 310.500  -.000780 -93904.8318   1159.5201  7.4070E-05   3752.0019    142.2157     820940.
 315.000  -.000483 -87270.2269   1763.5118  5.8521E-05   3698.0590    126.2250    1177203.
 319.500  -.000253 -78074.3073   2438.7356  4.4330E-05   3623.2913    173.8744    3094200.
 324.000 -8.35E-05 -65352.7263   2959.1973  3.2020E-05   3519.8581     57.4419    3094200.
 328.500  3.53E-05 -51464.0103   3033.8104  2.1995E-05   3406.9355    -24.2805    3094200.
 333.000   .000114 -38063.8728   2802.1740  1.4311E-05   3297.9852    -78.6691    3094200.
 337.500   .000164 -26254.4906   2371.2760  8.7906E-06   3201.9687   -112.8411    3094200.
 342.000   .000194 -16728.5597   1817.9786  5.1016E-06   3124.5178   -133.0688    3094200.
 346.500   .000210  -9896.2649   1193.6474  2.8165E-06   3068.9676   -144.4116    3094200.
 351.000   .000219  -5987.7098    530.1000  1.4532E-06   3037.1890   -150.4983    3094200.
 355.500   .000223  -5126.3851    183.2290  4.9935E-07   3030.1860     -3.6665  73954.8980
 360.000   .000223  -4338.9991    166.5642 -3.1302E-07   3023.7841     -3.7400  75347.0855
 364.500   .000220  -3627.0876    149.6968 -9.9671E-07   3017.9959     -3.7566  76739.2730
 369.000   .000214  -2991.0278    132.8690 -1.5647E-06   3012.8244     -3.7225  78131.4605
 373.500   .000206  -2430.1685    116.2943 -2.0300E-06   3008.2643     -3.6440  79523.6480
 378.000   .000196  -1942.9536    101.1513 -2.4053E-06   3004.3030     -3.0863  70811.8325
 382.500   .000185  -1518.1187     87.5443 -2.7024E-06   3000.8489     -2.9612  72204.0200
 387.000   .000172  -1153.1574     74.5594 -2.9316E-06   2997.8815     -2.8099  73596.2075
 391.500   .000158   -845.0264     62.3067 -3.1031E-06   2995.3763     -2.6358  74988.3950
 396.000   .000144   -590.2184     50.8815 -3.2263E-06   2993.3045     -2.4421  76380.5825
 400.500   .000129   -384.8281     40.3652 -3.3100E-06   2991.6346     -2.2318  77772.7700
 405.000   .000114   -224.6083     30.8277 -3.3623E-06   2990.3319     -2.0071  79164.9575
 409.500  9.89E-05   -105.0184     22.3293 -3.3906E-06   2989.3596     -1.7700  80557.1450
 414.000  8.36E-05    -21.2642     14.9224 -3.4014E-06   2988.6786     -1.5220  81949.3325
 418.500  6.83E-05     31.6714      8.6536 -3.4005E-06   2988.7633     -1.2642  83341.5200
 423.000  5.30E-05     59.0052      3.5650 -3.3927E-06   2988.9855   -.9974022  84733.7075
 427.500  3.77E-05     66.1380   -.3037153 -3.3820E-06   2989.0435   -.7220228  86125.8950
 432.000  2.25E-05     58.6459     -2.9142 -3.3713E-06   2988.9826   -.4382044  87518.0825
 436.500  7.38E-06     42.2766     -4.2284 -3.3626E-06   2988.8495   -.1458801  88910.2700
 441.000 -7.73E-06     22.9507     -4.2075 -3.3570E-06   2988.6923    .1551618  90302.4575
 445.500 -2.28E-05      6.7655     -2.8117 -3.3545E-06   2988.5608    .4651953  91694.6450
 450.000 -3.79E-05      0.0000      0.0000 -3.3539E-06   2988.5057    .7844623  46543.4163

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.00850000
Maximum bending moment           =       1327339. lbs-in
Maximum shear force              =    26138.38398 lbs
Depth of maximum bending moment  =      117.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             12
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  32501.3587   -.0149184   2988.5057   -157.7857    177.5089
   4.500     1.933     149895.  31727.9897   -.0149056   4207.2309   -185.9339    432.8815
   9.000     1.866     296016.  30834.2213   -.0148673   5395.2698   -211.2966    509.5986
  13.500     1.799     437840.  29834.4512   -.0148043   6548.3752   -233.0457    582.9181
  18.000     1.733     574918.  28730.4629   -.0147174   7662.8967   -257.6158    669.0890
  22.500     1.667     706745.  27508.1696   -.0146074   8734.7219   -285.6257    771.2178
  27.000     1.601     832746.  26147.9165   -.0144753   9759.1745   -318.9312    896.3527
  31.500     1.536     952238.  24640.5332   -.0143221  10730.7093   -351.0169   1028.1505
  36.000     1.472    1064565.  23025.8868   -.0141490  11643.9851   -366.6037   1120.5439
  40.500     1.409    1169404.  21308.4276   -.0139572  12496.3806   -396.7115   1267.0106
  45.000     1.347    1266139.  19444.1218   -.0137482  13282.8874   -431.8689   1443.1642
  49.500     1.285    1354052.  17419.1512   -.0135233  13997.6696   -468.1181   1639.0008
  54.000     1.225    1432405.  15224.6596   -.0132842  14634.7160   -507.2115   1863.3458
  58.500     1.166    1500400.  12847.0117   -.0130325  15187.5519   -549.5209   2121.3459
  63.000     1.108    1557177.  11458.4870   -.0127700  15649.1778    -67.6012    274.6456
  67.500     1.051    1612491.  11152.8925   -.0124980  16098.9109    -68.2186    292.1524
  72.000   .995147    1666326.  10844.7010   -.0122166  16536.6223    -68.7554    310.9082
  76.500   .940816    1718669.  10534.2781   -.0119261  16962.1973    -69.2103    331.0388
  81.000   .887812    1769507.  10222.4634   -.0116267  17375.5355    -69.3740    351.6316
  85.500   .836175    1818833.   9913.3673   -.0113187  17776.5848    -68.0020    365.9629
  90.000   .785944    1866673.   9610.4855   -.0110024  18165.5471    -66.6121    381.3945
  94.500   .737154    1913051.   9313.8988   -.0106780  18542.6278    -65.2042    398.0430
  99.000   .689841    1957994.   8641.8151   -.0103458  18908.0359   -233.4997   1523.1743
 103.500   .644041    1998090.   7587.3809   -.0100063  19234.0407   -235.1377   1642.9373
 108.000   .599785    2033305.   6526.1941   -.0096603  19520.3529   -236.5009   1774.3926
 112.500   .557099    2063608.   5459.5060   -.0093086  19766.7308   -237.5827   1919.0882
 117.000   .516007    2088975.   4388.5984   -.0089523  19972.9814   -238.3762   2078.8337
 121.500   .476529    2109389.   3314.7855   -.0085919  20138.9617   -238.8739   2255.7561
 126.000   .438680    2124840.   2239.4167   -.0082285  20264.5797   -239.0678   2452.3696
 130.500   .402472    2135321.   1163.8790   -.0078629  20349.7959   -238.9490   2671.6648
 135.000   .367914    2140834.     89.6006   -.0074959  20394.6248   -238.5081   2917.2225
 139.500   .335009    2141389.   -981.9452   -.0071284  20399.1362   -237.7345   3193.3622
 144.000   .303758    2137001.  -2042.9267   -.0067612  20363.4572   -233.8128   3463.7969
 148.500   .274159    2127749.  -3081.7710   -.0063951  20288.2357   -227.8958   3740.6493
 153.000   .246202    2113754.  -4093.6978   -.0060311  20174.4504   -221.8494   4054.8892
 157.500   .219879    2095140.  -5078.1062   -.0056699  20023.1037   -215.6654   4413.7756
 162.000   .195173    2072032.  -6034.3542   -.0053122  19835.2228   -209.3337   4826.4912
 166.500   .172068    2044560.  -6961.7502   -.0049589  19611.8615   -202.8423   5304.8118
 171.000   .150543    2012857.  -7859.5427   -.0046107  19354.1020   -196.1766   5864.0764
 175.500   .130572    1977060.  -8726.9069   -.0042683  19063.0573   -189.3186   6524.6249
 180.000   .112128    1937311. -10032.3641   -.0039323  18739.8742   -390.8846  15687.1899
 184.500   .095181    1889530. -11744.3395   -.0036039  18351.3855   -369.9934  17492.6229
 189.000   .079694    1834142. -13357.4498   -.0032843  17901.0543   -346.9445  19590.6519
 193.500   .065623    1771618. -14861.9667   -.0029748  17392.7026   -321.7297  22062.2268
 198.000   .052920    1702473. -16248.0478   -.0026767  16830.5123   -294.3064  25025.9208
 202.500   .041533    1627265. -17485.3948   -.0023909  16219.0326   -255.6256  27696.5137
 207.000   .031402    1546782. -18505.9132   -.0021185  15564.6687   -197.9381  28364.7637
 211.500   .022467    1462199. -19277.4118   -.0018602  14876.9579   -144.9502  29033.0137
 216.000   .014660    1374592. -19821.2668   -.0016167  14164.6658    -96.7631  29701.2637
 220.500   .007916    1284942. -20159.1861   -.0013885  13435.7689    -53.4232  30369.5137
 225.000   .002164    1194134. -20312.9718   -.0011757  12697.4468    -14.9260  31037.7637
 229.500  -.002666    1102951. -20304.2987   -.0009786  11956.0823     18.7807  31706.0137
 234.000  -.006643    1012082. -20154.5090   -.0007971  11217.2696     47.7926  32374.2637
 238.500  -.009839     922120. -19884.4234   -.0006310  10485.8298     72.2455  33042.5137
 243.000  -.012323     833565. -19662.8799   -.0004804   9765.8331     26.2183   9574.5070
 247.500  -.014162     745491. -19542.0991   -.0003448   9049.7447     27.4621   8725.9538
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 252.000  -.015426     657928. -19416.7351   -.0002244   8337.8125     28.2553   8242.4389
 256.500  -.016182     570898. -19288.5650   -.0001189   7630.2101     28.7092   7983.7389
 261.000  -.016496     484415. -18539.0533 -2.8355E-05   6927.0548    304.4072  83037.8722
 265.500  -.016437     404066. -17169.8351  4.7899E-05   6273.7808    304.1343  83263.7028
 270.000  -.016065     329853. -15805.1242    .0001109   5670.3825    302.4039  84704.9734
 274.500  -.015439     261743. -14451.0276    .0001617   5116.6115    299.4168  87270.9568
 279.000  -.014610     199680. -13112.8658    .0002013   4612.0091    295.3218  90958.9261
 283.500  -.013628     143585. -11795.3701    .0002307   4155.9317    290.2318  95838.0002
 288.000  -.012534  93359.5672 -10502.8253    .0002511   3747.5686    284.2325     102047.
 292.500  -.011368  48883.7722  -9239.1790    .0002633   3385.9568    277.3881     109803.
 297.000  -.010164  10022.1415  -8008.1290    .0002683   3069.9911    269.7452     119421.
 301.500  -.008953 -23377.7529  -6813.2019    .0002672   3178.5793    261.3335     131351.
 306.000  -.007760 -51484.2351  -5657.8280    .0002608   3407.0999    252.1660     146233.
 310.500  -.006606 -74481.2539  -4545.4233    .0002499   3594.0779    242.2361     165002.
 315.000  -.005510 -92568.5046  -3479.4901    .0002356   3741.1368    231.5120     189062.
 319.500  -.004486    -105962.  -2463.7546    .0002186   3850.0336    219.9260     220616.
 324.000  -.003543    -114896.  -1502.3774    .0001996   3922.6690    207.3528     263339.
 328.500  -.002689    -119624.   -600.3090    .0001795   3961.1090    193.5666     323880.
 333.000  -.001928    -120425.    236.0398    .0001589   3967.6209    178.1440     415803.
 337.500  -.001259    -117611.    997.3293    .0001385   3944.7437    160.2069     572396.
 342.000  -.000682    -111546.   1667.2098    .0001188   3895.4318    137.5178     907524.
 346.500  -.000190    -102689.   2271.2558    .0001004   3823.4239    130.9472    3094200.
 351.000   .000222 -91174.9126   2222.9164  8.3759E-05   3729.8062   -152.4314    3094200.
 355.500   .000563 -82741.8088   1859.1133  6.8832E-05   3661.2406     -9.2589  73954.8980
 360.000   .000841 -74491.2134   1806.5906  5.5338E-05   3594.1589    -14.0845  75347.0855
 364.500   .001061 -66521.3405   1734.1740  4.3235E-05   3529.3596    -18.1007  76739.2730
 369.000   .001230 -58913.9982   1645.3853  3.2470E-05   3467.5078    -21.3610  78131.4605
 373.500   .001354 -51735.6665   1543.4994  2.2973E-05   3409.1442    -23.9216  79523.6480
 378.000   .001437 -45038.6305   1438.7958  1.4667E-05   3354.6937    -22.6133  70811.8325
 382.500   .001486 -38796.8011   1334.2805  7.4721E-06   3303.9443    -23.8379  72204.0200
 387.000   .001504 -33035.3511   1225.2900  1.3071E-06   3257.1007    -24.6024  73596.2075
 391.500   .001497 -27770.1083   1113.7902 -3.9116E-06   3214.2915    -24.9531  74988.3950
 396.000   .001469 -23008.4936   1001.5405 -8.2697E-06   3175.5770    -24.9356  76380.5825
 400.500   .001423 -18750.4386    890.1003 -1.1854E-05   3140.9568    -24.5934  77772.7700
 405.000   .001362 -14989.2694    780.8377 -1.4749E-05   3110.3765    -23.9678  79164.9575
 409.500   .001290 -11712.5453    674.9407 -1.7041E-05   3083.7350    -23.0975  80557.1450
 414.000   .001209  -8902.8399    573.4313 -1.8810E-05   3060.8906    -22.0178  81949.3325
 418.500   .001121  -6538.4584    477.1803 -2.0136E-05   3041.6669    -20.7605  83341.5200
 423.000   .001028  -4594.0824    386.9237 -2.1091E-05   3025.8581    -19.3535  84733.7075
 427.500   .000931  -3041.3389    303.2808 -2.1746E-05   3013.2334    -17.8211  86125.8950
 432.000   .000832  -1849.2889    226.7715 -2.2166E-05   3003.5414    -16.1831  87518.0825
 436.500   .000732   -984.8352    157.8344 -2.2409E-05   2996.5130    -14.4556  88910.2700
 441.000   .000630   -413.0483     96.8451 -2.2529E-05   2991.8640    -12.6507  90302.4575
 445.500   .000529    -97.4133     44.1335 -2.2573E-05   2989.2978    -10.7767  91694.6450
 450.000   .000427      0.0000      0.0000 -2.2582E-05   2988.5057     -8.8382  46543.4163

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.01491842
Maximum bending moment           =       2141389. lbs-in
Maximum shear force              =    32501.35867 lbs
Depth of maximum bending moment  =      139.50000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              2

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  37867.2583   -.0210318   2988.5057   -157.7857    118.3393
   4.500     2.905     176187.  37093.8894   -.0210167   4421.0016   -185.9339    287.9861
   9.000     2.811     348599.  36200.1209   -.0209716   5822.7983   -211.2966    338.2730
  13.500     2.717     516710.  35200.3508   -.0208974   7189.6358   -233.0457    386.0343
  18.000     2.623     680072.  34096.3625   -.0207946   8517.8507   -257.6158    442.0019
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  22.500     2.529     838176.  32874.0692   -.0206643   9803.3178   -285.6257    508.1383
  27.000     2.437     990445.  31513.8161   -.0205074  11041.3479   -318.9312    588.9666
  31.500     2.345    1136196.  30006.4327   -.0203249  12226.3830   -351.0169    673.6238
  36.000     2.254    1274771.  28391.7863   -.0201180  13353.0690   -366.6037    731.9483
  40.500     2.164    1405845.  26674.3271   -.0198879  14418.7716   -396.7115    825.0186
  45.000     2.075    1528801.  24810.0213   -.0196360  15418.4698   -431.8689    936.6375
  49.500     1.987    1642920.  22785.0506   -.0193638  16346.3147   -468.1181   1060.0991
  54.000     1.901    1747460.  20590.5590   -.0190728  17196.2823   -507.2116   1200.9080
  58.500     1.815    1841624.  18212.9109   -.0187648  17961.8850   -549.5209   1362.1090
  63.000     1.732    1924549.  16799.9536   -.0184416  18636.1107    -78.4601    203.8841
  67.500     1.649    2005769.  16445.0303   -.0181042  19296.4756    -79.2835    216.2962
  72.000     1.569    2085263.  16086.5972   -.0177531  19942.8045    -80.0201    229.5347
  76.500     1.490    2163011.  15725.0486   -.0173885  20574.9371    -80.6682    243.6779
  81.000     1.412    2238996.  15361.3320   -.0170107  21192.7287    -80.9836    258.0398
  85.500     1.337    2313205.  15000.2205   -.0166200  21796.0901    -79.5104    267.6909
  90.000     1.263    2385665.  14645.7834   -.0162167  22385.2275    -78.0172    278.0356
  94.500     1.191    2456401.  14298.1105   -.0158012  22960.3513    -76.5041    289.1425
  99.000     1.120    2525440.  13532.8677   -.0153736  23521.6758   -263.6038   1058.6533
 103.500     1.052    2588989.  12341.6085   -.0149346  24038.3627   -265.8446   1136.8540
 108.000   .986085    2646999.  11140.9052   -.0144853  24510.0118   -267.8013   1222.1118
 112.500   .921923    2699426.   9932.0516   -.0140264  24936.2726   -269.4670   1315.2956
 117.000   .859847    2746234.   8716.3723   -.0135590  25316.8450   -270.8349   1417.4113
 121.500   .799892    2787392.   7495.2253   -.0130841  25651.4811   -271.8971   1529.6279
 126.000   .742090    2822876.   6270.0039   -.0126026  25939.9858   -272.6457   1653.3111
 130.500   .686469    2852669.   5042.1394   -.0121155  26182.2183   -273.0718   1790.0648
 135.000   .633051    2876760.   3813.1042   -.0116238  26378.0940   -273.1661   1941.7837
 139.500   .581855    2895147.   2584.4147   -.0111284  26527.5855   -272.9182   2110.7190
 144.000   .532895    2907832.   1364.8964   -.0106303  26630.7247   -269.0900   2272.3137
 148.500   .486182    2914893.    167.7203   -.0101306  26688.1357   -262.9883   2434.1677
 153.000   .441720    2916453.  -1001.7081   -.0096301  26700.8194   -256.7576   2615.7072
 157.500   .399510    2912638.  -2142.7920   -.0091298  26669.8011   -250.3908   2820.3486
 162.000   .359551    2903577.  -3254.9013   -.0086307  26596.1309   -243.8800   3052.3066
 166.500   .321834    2889403.  -4337.3670   -.0081335  26480.8851   -237.2159   3316.8342
 171.000   .286350    2870251.  -5389.4750   -.0076392  26325.1679   -230.3877   3620.5546
 175.500   .253082    2846260.  -6410.4588   -.0071485  26130.1130   -223.3828   3971.9250
 180.000   .222013    2817575.  -8245.3768   -.0066624  25896.8852   -592.1363  12002.0658
 184.500   .193120    2776729. -10857.6644   -.0061823  25564.7861   -568.8804  13255.7999
 189.000   .166372    2724196. -13358.8775   -.0057102  25137.6643   -542.7698  14680.7236
 193.500   .141729    2660508. -15736.2117   -.0052480  24619.8448   -513.8231  16314.3180
 198.000   .119140    2586254. -17976.9153   -.0047977  24016.1244   -482.0451  18207.1947
 202.500   .098549    2502083. -20068.1980   -.0043610  23331.7716   -447.4139  20430.0735
 207.000   .079891    2408702. -21997.0626   -.0039395  22572.5295   -409.8593  23086.1237
 211.500   .063093    2306875. -23750.0068   -.0035348  21744.6269   -369.2270  26334.4811
 216.000   .048077    2197433. -25294.7444   -.0031482  20854.8036   -317.3231  29701.2637
 220.500   .034759    2081433. -26536.5247   -.0027810  19911.6587   -234.5793  30369.5137
 225.000   .023048    1960557. -27422.0086   -.0024341  18928.8723   -158.9691  31037.7637
 229.500   .012852    1836343. -27983.4287   -.0021082  17918.9523    -90.5509  31706.0137
 234.000   .004074    1710186. -28253.1138   -.0018039  16893.2241    -29.3091  32374.2637
 238.500  -.003383    1583332. -28263.1696   -.0015212  15861.8326     24.8399  33042.5137
 243.000  -.009617    1456885. -28152.9629   -.0012603  14833.7553     24.1408  11296.3269
 247.500  -.014725    1330840. -28036.0495   -.0010210  13808.9389     27.8207   8501.9459
 252.000  -.018806    1205277. -27905.5427   -.0008033  12788.0511     30.1823   7222.2830
 256.500  -.021955    1080254. -27766.1270   -.0006072  11771.5422     31.7802   6513.7354
 261.000  -.024270     955809. -26940.3766   -.0004324  10759.7364    335.2200  62153.5321
 265.500  -.025847     838094. -25419.9298   -.0002785   9802.6542    340.5341  59287.0401
 270.000  -.026777     727225. -23880.7310   -.0001441   8901.2281    343.5542  57736.6687
 274.500  -.027144     623269. -22332.0956 -2.8222E-05   8056.0097    344.7282  57149.1526
 279.000  -.027031     526256. -20781.6289  7.0436E-05   7267.2431    344.3682  57329.6401
 283.500  -.026510     436184. -19235.7217    .0001530   6534.9165    342.7017  58171.7416
 288.000  -.025653     353027. -17699.8662    .0002208   5858.7999    339.9007  59624.0512
 292.500  -.024523     276731. -16178.8671    .0002748   5238.4727    336.0989  61673.3602
 297.000  -.023180     207224. -14676.9890    .0003164   4673.3463    331.4025  64336.4013
 301.500  -.021676     144416. -13198.0634    .0003465   4162.6816    325.8978  67656.5111
 306.000  -.020061  88198.0852 -11745.5682    .0003665   3705.6030    319.6557  71703.5949
 310.500  -.018378  38448.2427 -10322.6886    .0003774   3301.1104    312.7353  76576.7893
 315.000  -.016665  -4971.0268  -8932.3655    .0003802   3028.9228    305.1861  82409.8391
 319.500  -.014956 -42209.9776  -7577.3351    .0003762   3331.6953    297.0496  89379.7353
 324.000  -.013279 -73431.1310  -6260.1640    .0003663   3585.5398    288.3598  97719.7909
 328.500  -.011659 -98808.5750  -4983.2817    .0003515   3791.8719    279.1435     107739.
 333.000  -.010116    -118527.  -3749.0147    .0003328   3952.1965    269.4196     119853.
 337.500  -.008664    -132783.  -2559.6270    .0003113   4068.1049    259.1971     134630.
 342.000  -.007314    -141783.  -1417.3736    .0002877   4141.2733    248.4710     152870.
 346.500  -.006074    -145742.   -324.5793    .0002630   4173.4630    237.2154     175735.
 351.000  -.004947    -144888.    716.2388    .0002381   4166.5255    225.3704     205007.
 355.500  -.003932    -139463.   1368.7026    .0002137   4122.4113     64.6134  73954.8980
 360.000  -.003024    -132720.   1628.0044    .0001903   4067.5906     50.6318  75347.0855
 364.500  -.002219    -124944.   1827.0588    .0001682   4004.3687     37.8368  76739.2730
 369.000  -.001510    -116395.   1971.1849    .0001475   3934.8560     26.2193  78131.4605
 373.500  -.000891    -107307.   2065.6203    .0001283   3860.9695     15.7521  79523.6480
 378.000  -.000356 -97894.1185   2113.6494    .0001107   3784.4369      5.5942  70811.8325
 382.500   .000105 -88361.9535   2122.4552  9.4692E-05   3706.9353     -1.6805  72204.0200
 387.000   .000497 -78858.4954   2100.3956  8.0340E-05   3629.6672     -8.1238  73596.2075
 391.500   .000828 -69514.7921   2051.0795  6.7606E-05   3553.6979    -13.7945  74988.3950
 396.000   .001105 -60446.2388   1977.8350  5.6452E-05   3479.9658    -18.7587  76380.5825
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 400.500   .001336 -51753.9066   1883.6811  4.6822E-05   3409.2925    -23.0875  77772.7700
 405.000   .001527 -43525.9786   1771.3084  3.8645E-05   3342.3951    -26.8559  79164.9575
 409.500   .001684 -35839.2593   1643.0670  3.1833E-05   3279.8980    -30.1403  80557.1450
 414.000   .001813 -28760.7225   1500.9610  2.6289E-05   3222.3457    -33.0179  81949.3325
 418.500   .001920 -22349.0647   1346.6518  2.1902E-05   3170.2155    -35.5640  83341.5200
 423.000   .002010 -16656.2321   1181.4669  1.8555E-05   3123.9298    -37.8515  84733.7075
 427.500   .002087 -11728.8881   1006.4174  1.6119E-05   3083.8678    -39.9483  86125.8950
 432.000   .002155  -7609.7905    822.2214  1.4459E-05   3050.3774    -41.9166  87518.0825
 436.500   .002217  -4339.0461    629.3345  1.3433E-05   3023.7845    -43.8109  88910.2700
 441.000   .002276  -1955.2107    427.9882  1.2893E-05   3004.4026    -45.6763  90302.4575
 445.500   .002333   -496.2032    218.2349  1.2683E-05   2992.5401    -47.5474  91694.6450
 450.000   .002390      0.0000      0.0000  1.2640E-05   2988.5057    -49.4459  46543.4163

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.02103179
Maximum bending moment           =       2916453. lbs-in
Maximum shear force              =    37867.25828 lbs
Depth of maximum bending moment  =      153.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             20
Number of zero deflection points =              2

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  78000.0000    .2500000     479349.  11787.4784
  4  y=   .500000 M=     0.000  78000.0000    .5000000     807752.  18006.9491
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000    1327339.  26138.3840
  4  y=     2.000 M=     0.000  78000.0000      2.0000    2141389.  32501.3587
  4  y=     3.000 M=     0.000  78000.0000      3.0000    2916453.  37867.2583

The analysis ended normally. 
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Shear Force (kips)
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Bending Moment (in-kips)
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Bent_Strong_Row3.lpd
Name of output file:         Bent_Strong_Row3.lpo
Name of plot output file:    Bent_Strong_Row3.lpp
Name of runtime file:        Bent_Strong_Row3.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  13:36:21

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     450.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   14.70000000     904.0000      26.1000     29000000.
  2     450.0000   14.70000000     904.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =       36.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       36.000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  3 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =       96.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =       96.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      240.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      240.000 in
Distance from top of pile to bottom of layer =      258.000 in

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      258.000 in
Distance from top of pile to bottom of layer =      354.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      354.000 in
Distance from top of pile to bottom of layer =      378.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      378.000 in
Distance from top of pile to bottom of layer =      456.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends    6.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2            36.00         .07230
  3            36.00         .03620
  4            60.00         .03620
  5            60.00         .03620
  6            96.00         .03620
  7            96.00         .03620
  8           180.00         .03620
  9           180.00         .03330
 10           240.00         .03330
 11           240.00         .03330
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 12           258.00         .03330
 13           258.00         .03330
 14           354.00         .03330
 15           354.00         .03910
 16           378.00         .03910
 17           378.00         .03910
 18           456.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           32.00           ------    ------
  2       36.000         .00000           32.00           ------    ------
  3       36.000         .00000           32.00           ------    ------
  4       60.000         .00000           32.00           ------    ------
  5       60.000        2.43000             .00           .05000        .0
  6       96.000        2.43000             .00           .05000        .0
  7       96.000        6.74000             .00           .01000        .0
  8      180.000        6.74000             .00           .01000        .0
  9      180.000         .00000           28.00           ------    ------
 10      240.000         .00000           28.00           ------    ------
 11      240.000        3.82000             .00           .05000        .0
 12      258.000        3.82000             .00           .05000        .0
 13      258.000       15.28000             .00           .00500        .0
 14      354.000       15.28000             .00           .00500        .0
 15      354.000         .00000           33.00           ------    ------
 16      378.000         .00000           33.00           ------    ------
 17      378.000         .00000           43.00           ------    ------
 18      456.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .4000         1.0000
  2          456.000          .4000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000   9353.8745   -.0024051   2988.5057    -83.0075    747.0676
   4.500   .239177  42096.1572   8952.4096   -.0024014   3330.7699    -95.4213   1795.3045
   9.000   .228387  82257.4960   8499.6508   -.0023908   3657.3029   -105.8048   2084.7139
  13.500   .217660     120271.   8006.6858   -.0023734   3966.3755   -113.2907   2342.2192
  18.000   .207027     155984.   7483.1504   -.0023497   4256.7367   -119.3917   2595.1373
  22.500   .196513     189269.   6933.7554   -.0023200   4527.3645   -124.7839   2857.4519
  27.000   .186146     220016.   6360.8582   -.0022849   4777.3547   -129.8371   3138.7528
  31.500   .175949     248121.   5773.2962   -.0022447   5005.8603   -131.3016   3358.1134
  36.000   .165944     273552.   5188.8267   -.0022000   5212.6265   -128.4627   3483.6054
  40.500   .156149     296365.   4606.4379   -.0021511   5398.1082   -130.3768   3757.2713
  45.000   .146584     316520.   4010.6979   -.0020984   5561.9790   -134.3965   4125.8502
  49.500   .137263     333934.   3399.1614   -.0020426   5703.5673   -137.3975   4504.3970
  54.000   .128201     348546.   2771.9313   -.0019840   5822.3704   -141.3714   4962.3152
  58.500   .119407     360274.   2123.7979   -.0019232   5917.7270   -146.6879   5528.1167
  63.000   .110892     369010.   1742.3840   -.0018606   5988.7559    -22.8294    926.4219
  67.500   .102661     377262.   1639.6025   -.0017966   6055.8453    -22.8512   1001.6489
  72.000   .094722     385028.   1536.8161   -.0017312   6118.9876    -22.8316   1084.6671
  76.500   .087081     392309.   1434.2136   -.0016644   6178.1822    -22.7695   1176.6371
  81.000   .079743     399104.   1332.1414   -.0015965   6233.4359    -22.5959   1275.1256
  85.500   .072712     405419.   1231.9998   -.0015275   6284.7737    -21.9115   1356.0502
  90.000   .065995     411265.   1134.9654   -.0014574   6332.3054    -21.2149   1446.5746
  94.500   .059596     416656.   1041.0936   -.0013863   6376.1427    -20.5059   1548.3658
  99.000   .053518     421608.    793.2913   -.0013144   6416.3997    -89.6285   7536.2429
 103.500   .047767     424719.    390.8187   -.0012417   6441.6935    -89.2482   8407.8877
 108.000   .042343     425997.     -9.4879   -.0011687   6452.0852    -88.6659   9422.9855
 112.500   .037248     425454.   -406.6929   -.0010956   6447.6699    -87.8697  10615.6541
 117.000   .032482     423106.   -799.8013   -.0010228   6428.5791    -86.8451  12031.3431
 121.500   .028043     418973.  -1187.7446   -.0009505   6394.9825    -85.5741  13731.9823
 126.000   .023927     413083.  -1569.3621   -.0008791   6347.0915    -84.0337  15804.2672
 130.500   .020131     405466.  -1943.3738   -.0008089   6285.1625    -82.1938  18373.6022
 135.000   .016647     396161.  -2308.3404   -.0007401   6209.5023    -80.0136  21628.8843
 139.500   .013470     385211.  -2662.6016   -.0006730   6120.4743    -77.4358  25869.6372
 144.000   .010590     372670.  -3002.1921   -.0006080   6018.5084    -73.4933  31229.2388
 148.500   .007998     358618.  -3321.7121   -.0005452   5904.2597    -68.5156  38549.0999
 153.000   .005683     343157.  -3617.4200   -.0004850   5778.5547    -62.9101  49812.9626
 157.500   .003633     326402.  -3885.5540   -.0004275   5642.3239    -56.2605  69681.2911
 162.000   .001836     308487.  -4118.8971   -.0003730   5496.6702    -47.4475     116323.
 166.500   .000276     289593.  -4384.0675   -.0003217   5343.0536    -70.4060    1147697.
 171.000  -.001060     269256.  -4449.5869   -.0002737   5177.7032     41.2862     175316.
 175.500  -.002188     249739.  -4245.2800   -.0002292   5019.0184     49.5169     101862.
 180.000  -.003122     231210.  -4106.2133   -.0001879   4868.3639     12.2905  17712.9191
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 184.500  -.003879     212915.  -4043.2652   -.0001498   4719.6197     15.6864  18198.9191
 189.000  -.004471     194926.  -3966.2046   -.0001148   4573.3538     18.5628  18684.9191
 193.500  -.004912     177300.  -3877.3560 -8.2845E-05   4430.0487     20.9255  19170.9191
 198.000  -.005216     160087.  -3779.0066 -5.3888E-05   4290.1020     22.7853  19656.9191
 202.500  -.005397     143327.  -3673.3855 -2.7847E-05   4153.8283     24.1574  20142.9191
 207.000  -.005467     127047.  -3562.6441 -4.6426E-06   4021.4618     25.0610  20628.9191
 211.500  -.005439     111266.  -3448.8388  1.5811E-05   3893.1591     25.5192  21114.9191
 216.000  -.005325  95995.9170  -3333.9135  3.3599E-05   3769.0035     25.5587  21600.9191
 220.500  -.005136  81237.4033  -3219.6845  4.8810E-05   3649.0090     25.2097  22086.9191
 225.000  -.004885  66984.4920  -3107.8258  6.1531E-05   3533.1252     24.5053  22572.9191
 229.500  -.004582  53223.7764  -2999.8557  7.1848E-05   3421.2433     23.4815  23058.9191
 234.000  -.004239  39935.3534  -2897.1238  7.9844E-05   3313.2014     22.1771  23544.9191
 238.500  -.003864  27093.6114  -2800.7992  8.5597E-05   3208.7912     20.6338  24030.9191
 243.000  -.003468  14668.0720  -2726.2592  8.9181E-05   3107.7650     12.4950  16212.2779
 247.500  -.003061   2494.6734  -2671.1760  9.0654E-05   3008.7888     11.9864  17619.9066
 252.000  -.002652  -9436.1514  -2618.4946  9.0058E-05   3065.2267     11.4276  19388.3066
 256.500  -.002251 -21134.9986  -2568.4382  8.7434E-05   3160.3445     10.8197  21632.4573
 261.000  -.001865 -32613.4743  -2255.1650  8.2821E-05   3253.6706    128.4129     309773.
 265.500  -.001505 -41489.6237  -1692.3633  7.6461E-05   3325.8384    121.7212     363872.
 270.000  -.001177 -47898.4196  -1160.9096  6.8790E-05   3377.9453    114.4804     437590.
 274.500  -.000886 -51986.1005   -663.3650  6.0217E-05   3411.1803    106.6505     541546.
 279.000  -.000635 -53910.9769   -202.5543  5.1128E-05   3426.8306     98.1543     695232.
 283.500  -.000426 -53844.9814    218.1987  4.1880E-05   3426.2940     88.8471     938386.
 288.000  -.000258 -51976.5882    817.8733  3.2798E-05   3411.1030    177.6749    3094200.
 292.500  -.000131 -46507.1461   1420.1300  2.4345E-05   3366.6335     89.9947    3094200.
 297.000 -3.93E-05 -39212.5089   1683.4030  1.6989E-05   3307.3243     27.0155    3094200.
 301.500  2.20E-05 -31368.4451   1710.1294  1.0931E-05   3243.5479    -15.1371    3094200.
 306.000  5.91E-05 -23829.0174   1584.6553  6.1935E-06   3182.2483    -40.6292    3094200.
 310.500  7.78E-05 -17110.8953   1372.9429  2.6799E-06   3127.6264    -53.4652    3094200.
 315.000  8.32E-05 -11474.4122   1123.9166  2.2651E-07   3081.7988    -57.2132    3094200.
 319.500  7.98E-05  -6995.8051    871.7364 -1.3587E-06   3045.3854    -54.8669    3094200.
 324.000  7.10E-05  -3627.8311    638.4747 -2.2705E-06   3018.0019    -48.8050    3094200.
 328.500  5.94E-05  -1247.9392    436.8270 -2.6890E-06   2998.6522    -40.8162    3094200.
 333.000  4.68E-05    305.4995    272.6200 -2.7698E-06   2990.9896    -32.1647    3094200.
 337.500  3.44E-05   1207.5855    146.9800 -2.6400E-06   2998.3241    -23.6754    3094200.
 342.000  2.30E-05   1630.1727     58.0987 -2.3964E-06   3001.7599    -15.8274    3094200.
 346.500  1.29E-05   1732.1563      2.5850 -2.1079E-06   3002.5891     -8.8453    3094200.
 351.000  4.05E-06   1654.9178    -23.5792 -1.8172E-06   3001.9611     -2.7832    3094200.
 355.500 -3.49E-06   1521.2195    -29.7475 -1.5446E-06   3000.8741    .0417175  53785.3803
 360.000 -9.85E-06   1388.2744    -29.3837 -1.2949E-06   2999.7932    .1199870  54797.8803
 364.500 -1.51E-05   1257.6755    -28.6911 -1.0678E-06   2998.7313    .1878204  55810.3803
 369.000 -1.95E-05   1130.8040    -27.7155 -8.6277E-07   2997.6998    .2457676  56822.8803
 373.500 -2.29E-05   1008.8413    -26.5001 -6.7913E-07   2996.7082    .2944324  57835.3803
 378.000 -2.56E-05    892.7800    -25.1791 -5.1593E-07   2995.7645    .2926933  51499.5146
 382.500 -2.76E-05    782.5920    -23.7971 -3.7214E-07   2994.8686    .3215165  52512.0146
 387.000 -2.89E-05    678.8676    -22.2996 -2.4671E-07   2994.0253    .3440391  53524.5146
 391.500 -2.98E-05    582.0690    -20.7136 -1.3849E-07   2993.2383    .3608242  54537.0146
 396.000 -3.02E-05    492.5420    -19.0638 -4.6256E-08   2992.5104    .3724408  55549.5146
 400.500 -3.02E-05    410.5273    -17.3720  3.1250E-08   2991.8436    .3794546  56562.0146
 405.000 -2.99E-05    336.1719    -15.6578  9.5336E-08   2991.2390    .3824193  57574.5146
 409.500 -2.93E-05    269.5401    -13.9382  1.4732E-07   2990.6973    .3818687  58587.0146
 414.000 -2.86E-05    210.6250    -12.2278  1.8853E-07   2990.2182    .3783092  59599.5146
 418.500 -2.76E-05    159.3579    -10.5391  2.2029E-07   2989.8014    .3722131  60612.0146
 423.000 -2.66E-05    115.6186     -8.8826  2.4389E-07   2989.4458    .3640129  61624.5146
 427.500 -2.54E-05     79.2435     -7.2668  2.6061E-07   2989.1500    .3540959  62637.0146
 432.000 -2.42E-05     50.0341     -5.6988  2.7170E-07   2988.9126    .3427991  63649.5146
 436.500 -2.30E-05     27.7634     -4.1841  2.7838E-07   2988.7315    .3304055  64662.0146
 441.000 -2.17E-05     12.1817     -2.7271  2.8181E-07   2988.6048    .3171401  65674.5146
 445.500 -2.05E-05      3.0214     -1.3314  2.8312E-07   2988.5303    .3031666  66687.0146
 450.000 -1.92E-05      0.0000      0.0000  2.8337E-07   2988.5057    .2885852  33849.7573

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00240505
Maximum bending moment           =   425996.70810 lbs-in
Maximum shear force              =     9353.87453 lbs
Depth of maximum bending moment  =      108.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  14223.0624   -.0043583   2988.5057   -109.3525    492.0862
   4.500   .480388  64426.3502  13693.0965   -.0043528   3512.3262   -126.1879   1182.0569
   9.000   .460825     126294.  13093.5422   -.0043364   4015.3391   -140.2807   1369.8540
  13.500   .441360     185312.  12438.0836   -.0043097   4495.1938   -151.0343   1539.9088
  18.000   .422038     241262.  11733.7738   -.0042730   4950.0910   -161.9923   1727.2498
  22.500   .402903     293916.  10979.2622   -.0042271   5378.1991   -173.3462   1936.0956
  27.000   .383994     343042.  10171.3497   -.0041724   5777.6229   -185.7260   2176.5100
  31.500   .365351     388387.   9315.2405   -.0041097   6146.3002   -194.7670   2398.9326
  36.000   .347007     429765.   8438.9684   -.0040395   6482.7201   -194.6873   2524.7119
  40.500   .328995     467174.   7547.7046   -.0039625   6786.8756   -201.4299   2755.1586
  45.000   .311345     500476.   6621.5368   -.0038794   7057.6381   -210.2002   3038.1144
  49.500   .294081     529491.   5658.2840   -.0037910   7293.5474   -217.9121   3334.4748
  54.000   .277226     554061.   4658.6846   -.0036980   7493.3195   -226.3543   3674.2439
  58.500   .260798     574015.   3618.4349   -.0036012   7655.5526   -235.9789   4071.7482
  63.000   .244815     589155.   3020.5985   -.0035014   7778.6521    -29.7261    546.4037
  67.500   .229286     603658.   2886.5080   -.0033990   7896.5688    -29.8697    586.2264
  72.000   .214223     617520.   2751.8711   -.0032942   8009.2720    -29.9689    629.5305
  76.500   .199638     630738.   2616.8890   -.0031871   8116.7385    -30.0231    676.7450
  81.000   .185540     643309.   2481.9683   -.0030777   8218.9529    -29.9416    726.1900
  85.500   .171939     655236.   2348.9191   -.0029663   8315.9225    -29.1914    764.0010
  90.000   .158843     666532.   2219.2694   -.0028528   8407.7650    -28.4307    805.4363
  94.500   .146263     677212.   2093.0664   -.0027375   8494.6000    -27.6595    850.9854
  99.000   .134206     687291.   1777.0642   -.0026204   8576.5493   -112.7859   3781.7791
 103.500   .122679     695045.   1269.0908   -.0025018   8639.5926   -112.9800   4144.2164
 108.000   .111690     700469.    760.6498   -.0023820   8683.6939   -112.9937   4552.5292
 112.500   .101242     703563.    252.5661   -.0022615   8708.8484   -112.8212   5014.6936
 117.000   .091337     704330.   -254.3072   -.0021407   8715.0831   -112.4559   5540.5102
 121.500   .081976     702777.   -759.0861   -.0020199   8702.4576   -111.8903   6142.1442
 126.000   .073158     698916.  -1260.8506   -.0018996   8671.0659   -111.1161   6834.8683
 130.500   .064879     692763.  -1758.6398   -.0017801   8621.0373   -110.1235   7638.1053
 135.000   .057136     684338.  -2251.4444   -.0016620   8552.5383   -108.9008   8576.9207
 139.500   .049922     673667.  -2738.1979   -.0015454   8465.7742   -107.4341   9684.2166
 144.000   .043228     660779.  -3214.9457   -.0014309   8360.9918   -104.4538  10873.6428
 148.500   .037044     645737.  -3676.0939   -.0013187   8238.6882   -100.5009  12208.5898
 153.000   .031359     628620.  -4119.1274   -.0012094   8099.5214    -96.4028  13833.7596
 157.500   .026160     609514.  -4543.3341   -.0011031   7944.1746    -92.1335  15848.8884
 162.000   .021431     588505.  -4947.8614   -.0010003   7773.3600    -87.6564  18405.7391
 166.500   .017157     565685.  -5331.6550   -.0009012   7587.8252    -82.9185  21748.1121
 171.000   .013320     541152.  -5693.3569   -.0008062   7388.3612    -77.8379  26296.6157
 175.500   .009901     515011.  -6031.1233   -.0007156   7175.8167    -72.2805  32851.6192
 180.000   .006880     487375.  -6254.6843   -.0006296   6951.1194    -27.0800  17712.9191
 184.500   .004235     459161.  -6354.1498   -.0005483   6721.7248    -17.1270  18198.9191
 189.000   .001945     430572.  -6410.8551   -.0004720   6489.2855     -8.0754  18684.9191
 193.500 -1.27E-05     401794.  -6428.9031   -.0004005   6255.3057    .0540193  19170.9191
 198.000  -.001660     372993.  -6412.4679   -.0003340   6021.1380      7.2505  19656.9191
 202.500  -.003019     344316.  -6365.7496   -.0002725   5787.9813     13.5132  20142.9191
 207.000  -.004112     315893.  -6292.9322   -.0002158   5556.8807     18.8501  20628.9191
 211.500  -.004961     287832.  -6198.1432   -.0001640   5328.7290     23.2783  21114.9191
 216.000  -.005588     260224.  -6085.4160   -.0001169   5104.2689     26.8227  21600.9191
 220.500  -.006014     233145.  -5958.6545 -7.4601E-05   4884.0975     29.5158  22086.9191
 225.000  -.006259     206649.  -5821.5994 -3.6856E-05   4668.6715     31.3976  22572.9191
 229.500  -.006345     180776.  -5677.7974 -3.6048E-06   4458.3137     32.5144  23058.9191
 234.000  -.006292     155551.  -5530.5715  2.5261E-05   4253.2205     32.9193  23544.9191
 238.500  -.006118     130983.  -5382.9935  4.9853E-05   4053.4711     32.6709  24030.9191
 243.000  -.005843     107069.  -5276.0454  7.0284E-05   3859.0366     14.8616  11445.6681
 247.500  -.005485  83449.7500  -5209.8646  8.6635E-05   3666.9965     14.5521  11938.0610
 252.000  -.005063  60119.7771  -5145.2418  9.8957E-05   3477.3115     14.1691  12592.7872
 256.500  -.004595  37073.1056  -5082.4960    .0001073   3289.9298     13.7180  13435.0788
 261.000  -.004098  14301.9895  -4700.1266    .0001117   3104.7885    156.2240     171566.
 265.500  -.003589  -5306.4531  -4008.5602    .0001125   3031.6500    151.1389     189482.
 270.000  -.003085 -21854.0128  -3341.0562    .0001101   3166.1905    145.5295     212261.
 274.500  -.002598 -35453.2837  -2699.9409    .0001052   3276.7598    139.4107     241469.
 279.000  -.002138 -46227.3527  -2087.4973  9.8220E-05   3364.3587    132.7865     279459.
 283.500  -.001714 -54309.7096  -1506.0185  8.9592E-05   3430.0725    125.6485     329870.
 288.000  -.001332 -59844.4126   -957.8738  7.9794E-05   3475.0726    117.9714     398589.
 292.500  -.000996 -62986.5894   -445.6007  6.9252E-05   3500.6202    109.7056     495701.
 297.000  -.000709 -63903.4337     27.9479  5.8362E-05   3508.0746    100.7605     639880.
 301.500  -.000471 -62776.0287    459.3361  4.7489E-05   3498.9082     90.9677     869750.
 306.000  -.000281 -59802.7463   1099.0576  3.6969E-05   3474.7338    193.3530    3094200.
 310.500  -.000138 -52910.4623   1747.5021  2.7295E-05   3418.6959     94.8445    3094200.
 315.000 -3.55E-05 -44094.3886   2015.8878  1.8970E-05   3347.0165     24.4380    3094200.
 319.500  3.28E-05 -34780.7889   2020.1379  1.2200E-05   3271.2920    -22.5491    3094200.
 324.000  7.43E-05 -25921.7121   1854.5102  6.9906E-06   3199.2630    -51.0632    3094200.
 328.500  9.57E-05 -18095.1043   1591.5458  3.2129E-06   3135.6286    -65.8098    3094200.
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 333.000   .000103 -11600.0554   1283.8458  6.6426E-07   3082.8204    -70.9457    3094200.
 337.500   .000102  -6540.9586    966.8966 -8.9270E-07   3041.6872    -69.9206    3094200.
 342.000  9.51E-05  -2897.3590    662.3774 -1.7027E-06   3012.0628    -65.4213    3094200.
 346.500  8.64E-05   -578.3670    381.5670 -2.0011E-06   2993.2082    -59.3833    3094200.
 351.000  7.71E-05    538.1484    128.6190 -2.0045E-06   2992.8812    -53.0380    3094200.
 355.500  6.83E-05    580.6113      7.4461 -1.9085E-06   2993.2264   -.8166124  53785.3803
 360.000  6.00E-05    606.5027      3.9659 -1.8066E-06   2993.4369   -.7301347  54797.8803
 364.500  5.21E-05    617.5724    .8702447 -1.7015E-06   2993.5269   -.6457033  55810.3803
 369.000  4.46E-05    615.5294     -1.8510 -1.5957E-06   2993.5103   -.5637427  56822.8803
 373.500  3.77E-05    602.0335     -4.2097 -1.4912E-06   2993.4006   -.4845544  57835.3803
 378.000  3.12E-05    578.6892     -6.1039 -1.3899E-06   2993.2108   -.3573356  51499.5146
 382.500  2.52E-05    548.0739     -7.5694 -1.2932E-06   2992.9619   -.2939836  52512.0146
 387.000  1.96E-05    511.4724     -8.7550 -1.2022E-06   2992.6643   -.2329532  53524.5146
 391.500  1.44E-05    470.1228     -9.6711 -1.1180E-06   2992.3281   -.1741874  54537.0146
 396.000  9.52E-06    425.2176    -10.3275 -1.0411E-06   2991.9630   -.1175587  55549.5146
 400.500  5.00E-06    377.9062    -10.7335 -9.7222E-07   2991.5783   -.0628761  56562.0146
 405.000  7.73E-07    329.2987    -10.8972 -9.1152E-07   2991.1831   -.0098938  57574.5146
 409.500 -3.20E-06    280.4711    -10.8257 -8.5919E-07   2990.7861    .0416799  58587.0146
 414.000 -6.96E-06    232.4707    -10.5245 -8.1517E-07   2990.3959    .0921729  59599.5146
 418.500 -1.05E-05    186.3227     -9.9978 -7.7922E-07   2990.0206    .1419384  60612.0146
 423.000 -1.40E-05    143.0377     -9.2479 -7.5096E-07   2989.6687    .1913433  61624.5146
 427.500 -1.73E-05    103.6188     -8.2757 -7.2979E-07   2989.3482    .2407559  62637.0146
 432.000 -2.05E-05     69.0690     -7.0803 -7.1497E-07   2989.0673    .2905322  63649.5146
 436.500 -2.37E-05     40.3983     -5.6593 -7.0557E-07   2988.8342    .3410017  64662.0146
 441.000 -2.69E-05     18.6305     -4.0090 -7.0051E-07   2988.6572    .3924515  65674.5146
 445.500 -3.00E-05      4.8086     -2.1245 -6.9849E-07   2988.5448    .4451099  66687.0146
 450.000 -3.32E-05      0.0000      0.0000 -6.9808E-07   2988.5057    .4991277  33849.7573

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00435830
Maximum bending moment           =   704330.05808 lbs-in
Maximum shear force              =    14223.06241 lbs
Depth of maximum bending moment  =      117.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             12
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  20521.2537   -.0078740   2988.5057   -114.7532    258.1947
   4.500   .964567  93947.5243  19958.8036   -.0078659   3752.3490   -135.2246    630.8640
   9.000   .929207     185151.  19308.7902   -.0078419   4493.8824   -153.6702    744.2001
  13.500   .893990     273232.  18581.6849   -.0078026   5210.0244   -169.4877    853.1359
  18.000   .858984     357864.  17778.7846   -.0077484   5898.1275   -187.3569    981.5157
  22.500   .824254     438680.  16889.8444   -.0076801   6555.2082   -207.7277   1134.0857
  27.000   .789863     515264.  15900.5701   -.0075982   7177.8731   -231.9498   1321.4625
  31.500   .755870     587119.  14804.2921   -.0075036   7762.0967   -255.2848   1519.8138
  36.000   .722331     653770.  13630.0049   -.0073971   8304.0017   -266.6206   1661.0022
  40.500   .689296     714982.  12380.9450   -.0072796   8801.6891   -288.5171   1883.5544
  45.000   .656814     770309.  11025.0880   -.0071521   9251.5239   -314.0860   2151.8831
  49.500   .624927     819229.   9552.3843   -.0070157   9649.2693   -340.4490   2451.5189
  54.000   .593673     861205.   7956.3930   -.0068715   9990.5607   -368.8805   2796.0898
  58.500   .563084     895660.   6227.1978   -.0067207  10270.6965   -399.6507   3193.8923
  63.000   .533186     921968.   5241.2885   -.0065647  10484.5938    -38.5312    325.1967
  67.500   .504001     947440.   5067.2109   -.0064043  10691.6956    -38.8366    346.7545
  72.000   .475548     972069.   4891.8679   -.0062395  10891.9390    -39.0936    369.9337
  76.500   .447845     995847.   4715.4791   -.0060706  11085.2698    -39.3014    394.9052
  81.000   .420912    1018769.   4538.5327   -.0058977  11271.6421    -39.3414    420.6012
  85.500   .394766    1040834.   4363.3687   -.0057210  11451.0380    -38.5093    438.9735
  90.000   .369424    1062056.   4191.9722   -.0055405  11623.5837    -37.6669    458.8261
  94.500   .344902    1082451.   4024.3893   -.0053564  11789.4076    -36.8143    480.3239
  99.000   .321216    1102036.   3625.9285   -.0051689  11948.6400   -140.2793   1965.2108
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 103.500   .298381    1118713.   2992.8579   -.0049783  12084.2365   -141.0854   2127.7609
 108.000   .276411    1132466.   2356.5558   -.0047851  12196.0562   -141.7156   2307.1456
 112.500   .255315    1143281.   1717.8223   -.0045898  12283.9887   -142.1659   2505.7137
 117.000   .235103    1151149.   1077.4768   -.0043929  12347.9545   -142.4320   2726.2321
 121.500   .215779    1156062.    436.3591   -.0041949  12387.9058   -142.5092   2971.9798
 126.000   .197349    1158021.   -204.6690   -.0039963  12403.8277   -142.3922   3246.8669
 130.500   .179813    1157026.   -844.7216   -.0037976  12395.7385   -142.0756   3555.5885
 135.000   .163171    1153084.  -1482.8862   -.0035993  12363.6906   -141.5531   3903.8249
 139.500   .147419    1146206.  -2118.2213   -.0034020  12307.7721   -140.8180   4298.5055
 144.000   .132553    1136408.  -2746.0237   -.0032061  12228.1074   -138.2052   4691.8945
 148.500   .118564    1123743.  -3359.3960   -.0030121  12125.1315   -134.4047   5101.2066
 153.000   .105444    1108288.  -3955.4785   -.0028205  11999.4763   -130.5208   5570.1986
 157.500   .093180    1090124.  -4533.8817   -.0026318  11851.7888   -126.5473   6111.4504
 162.000   .081757    1069331.  -5094.1846   -.0024465  11682.7321   -122.4763   6741.2058
 166.500   .071161    1045993.  -5635.9270   -.0022650  11492.9867   -118.2981   7480.7996
 171.000   .061373    1020197.  -6158.5994   -.0020876  11283.2519   -114.0007   8358.8142
 175.500   .052372     992031.  -6661.6295   -.0019149  11054.2480   -109.5682   9414.4436
 180.000   .044138     961587.  -7271.0165   -.0017473  10806.7184   -161.2704  16441.8597
 184.500   .036647     927819.  -7967.3438   -.0015851  10532.1656   -148.2083  18198.9191
 189.000   .029872     890994.  -8579.8952   -.0014290  10232.7569   -124.0367  18684.9191
 193.500   .023786     851603.  -9086.9786   -.0012794   9912.4899   -101.3337  19170.9191
 198.000   .018358     810109.  -9495.4060   -.0011368   9575.1218    -80.1895  19656.9191
 202.500   .013555     766942.  -9812.3484   -.0010015   9224.1542    -60.6737  20142.9191
 207.000   .009344     722501. -10045.2459   -.0008736   8862.8214    -42.8363  20628.9191
 211.500   .005692     677148. -10201.7206   -.0007535   8494.0820    -26.7080  21114.9191
 216.000   .002563     631214. -10289.4920   -.0006412   8120.6135    -12.3015  21600.9191
 220.500 -7.90E-05     584993. -10316.2980   -.0005368   7744.8105    .3877534  22086.9191
 225.000  -.002269     538745. -10289.8183   -.0004404   7368.7848     11.3810  22572.9191
 229.500  -.004043     492694. -10217.6026   -.0003519   6994.3690     20.7149  23058.9191
 234.000  -.005436     447033. -10107.0028   -.0002712   6623.1224     28.4406  23544.9191
 238.500  -.006484     401921.  -9965.1089   -.0001984   6256.3393     34.6233  24030.9191
 243.000  -.007221     357486.  -9851.2958   -.0001332   5895.0599     15.9603   9946.3058
 247.500  -.007682     313353.  -9778.7268 -7.5605E-05   5536.2330     16.2926   9543.8155
 252.000  -.007901     269531.  -9705.0648 -2.5579E-05   5179.9352     16.4460   9366.3792
 256.500  -.007912     226025.  -9631.0407  1.6953E-05   4826.2131     16.4537   9357.7094
 261.000  -.007749     182840.  -9181.5106  5.2044E-05   4475.0892    183.3375     106471.
 265.500  -.007444     143355.  -8360.6008  8.0040E-05   4154.0610    181.5113     109727.
 270.000  -.007028     107538.  -7549.6107    .0001016   3862.8472    178.9288     114561.
 274.500  -.006530  75337.5692  -6751.7546    .0001173   3601.0402    175.6739     121065.
 279.000  -.005973  46689.9412  -5969.9143    .0001277   3368.1198    171.8107     129441.
 283.500  -.005380  21518.6662  -5206.7181    .0001336   3163.4639    167.3876     140005.
 288.000  -.004771   -264.3058  -4464.6033    .0001354   2990.6547    162.4412     153226.
 292.500  -.004161 -18757.8279  -3745.8673    .0001338   3141.0168    156.9970     169773.
 297.000  -.003567 -34071.0297  -3052.7148    .0001293   3265.5213    151.0708     190609.
 301.500  -.002998 -46322.9960  -2387.3049    .0001224   3365.1363    144.6670     217139.
 306.000  -.002465 -55642.6655  -1751.8064    .0001136   3440.9102    137.7768     251480.
 310.500  -.001976 -62169.0018  -1148.4693    .0001035   3493.9727    130.3730     296952.
 315.000  -.001534 -66051.5393   -579.7324  9.2486E-05   3525.5398    122.3989     359064.
 319.500  -.001143 -67451.5188    -48.4031  8.1028E-05   3536.9224    113.7474     447708.
 324.000  -.000805 -66544.0488    442.0050  6.9528E-05   3529.5442    104.2117     582750.
 328.500  -.000518 -63522.2824    886.5348  5.8365E-05   3504.9756     93.3571     811723.
 333.000  -.000279 -58606.2072   1528.9143  4.7883E-05   3465.0053    192.1449    3094200.
 337.500 -8.66E-05 -49795.6673   2095.2267  3.8579E-05   3393.3710     59.5495    3094200.
 342.000  6.78E-05 -39776.2494   2124.3671  3.0892E-05   3311.9078    -46.5982    3094200.
 346.500   .000191 -30698.0493   1723.3762  2.4843E-05   3238.0972   -131.6200    3094200.
 351.000   .000291 -24283.3037    976.4724  2.0124E-05   3185.9419   -200.3373    3094200.
 355.500   .000373 -21923.9245    515.6951  1.6159E-05   3166.7589     -4.4527  53785.3803
 360.000   .000437 -19653.3914    493.7091  1.2590E-05   3148.2983     -5.3189  54797.8803
 364.500   .000486 -17489.3809    468.1840  9.4024E-06   3130.7037     -6.0257  55810.3803
 369.000   .000521 -15446.3362    439.8124  6.5756E-06   3114.0927     -6.5839  56822.8803
 373.500   .000545 -13535.6858    409.2375  4.0882E-06   3098.5581     -7.0049  57835.3803
 378.000   .000558 -11766.0689    379.1030  1.9167E-06   3084.1701     -6.3882  51499.5146
 382.500   .000562 -10125.1046    349.9662  3.7881E-08   3070.8282     -6.5614  52512.0146
 387.000   .000559  -8616.3994    320.2552 -1.5706E-06   3058.5616     -6.6435  53524.5146
 391.500   .000548  -7241.7053    290.3603 -2.9316E-06   3047.3847     -6.6432  54537.0146
 396.000   .000532  -6001.0987    260.6327 -4.0682E-06   3037.2979     -6.5691  55549.5146
 400.500   .000512  -4893.1550    231.3856 -5.0032E-06   3028.2897     -6.4296  56562.0146
 405.000   .000487  -3915.1159    202.8960 -5.7592E-06   3020.3377     -6.2325  57574.5146
 409.500   .000460  -3063.0483    175.4068 -6.3581E-06   3013.4100     -5.9850  58587.0146
 414.000   .000430  -2331.9917    149.1296 -6.8211E-06   3007.4661     -5.6938  59599.5146
 418.500   .000398  -1716.0938    124.2474 -7.1686E-06   3002.4585     -5.3649  60612.0146
 423.000   .000365  -1208.7326    100.9179 -7.4196E-06   2998.3334     -5.0037  61624.5146
 427.500   .000332   -802.6241     79.2764 -7.5922E-06   2995.0315     -4.6147  62637.0146
 432.000   .000297   -489.9149     59.4396 -7.7031E-06   2992.4890     -4.2017  63649.5146
 436.500   .000262   -262.2601     41.5085 -7.7677E-06   2990.6381     -3.7677  64662.0146
 441.000   .000227   -110.8852     25.5723 -7.7997E-06   2989.4073     -3.3151  65674.5146
 445.500   .000192    -26.6337     11.7113 -7.8115E-06   2988.7223     -2.8454  66687.0146
 450.000   .000157      0.0000      0.0000 -7.8138E-06   2988.5057     -2.3596  33849.7573

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.00787396
Maximum bending moment           =       1158021. lbs-in
Maximum shear force              =    20521.25368 lbs
Depth of maximum bending moment  =      126.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
Number of zero deflection points =              2

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  25951.5713   -.0139856   2988.5057   -114.7532    129.0974
   4.500     1.937     120529.  25389.1212   -.0139753   3968.4717   -135.2246    314.1407
   9.000     1.874     238313.  24739.1078   -.0139445   4926.1149   -153.6702    368.9616
  13.500     1.812     352970.  24012.0023   -.0138937   5858.3405   -169.4878    421.0145
  18.000     1.749     464174.  23209.1018   -.0138236   6762.4882   -187.3569    482.0011
  22.500     1.687     571556.  22320.1613   -.0137347   7635.5615   -207.7278    554.0550
  27.000     1.626     674697.  21330.8864   -.0136278   8474.1538   -231.9500    642.0992
  31.500     1.565     773101.  20234.6078   -.0135035   9274.2266   -255.2850    734.2800
  36.000     1.504     866288.  19060.3197   -.0133628  10031.8897   -266.6208    797.7167
  40.500     1.444     954024.  17811.2587   -.0132066  10745.2312   -288.5174    898.9718
  45.000     1.385    1035861.  16455.4002   -.0130358  11410.6029   -314.0864   1020.3678
  49.500     1.327    1111274.  14982.6947   -.0128515  12023.7549   -340.4494   1154.5748
  54.000     1.270    1179727.  13386.7012   -.0126549  12580.3099   -368.8810   1307.5610
  58.500     1.213    1240638.  11657.5032   -.0124472  13075.5532   -399.6514   1482.6055
  63.000     1.157    1293382.  10646.0319   -.0122297  13504.3889    -49.8914    193.9643
  67.500     1.103    1345038.  10420.3275   -.0120032  13924.3767    -50.4216    205.7180
  72.000     1.049    1395591.  10192.3594   -.0117680  14335.4040    -50.8975    218.2448
  76.500   .997042    1445030.   9962.3740   -.0115242  14737.3678    -51.3182    231.6169
  81.000   .945741    1493343.   9730.9700   -.0112720  15130.1745    -51.5281    245.1797
  85.500   .895594    1540522.   9501.1801   -.0110116  15513.7659    -50.6008    254.2486
  90.000   .846636    1586583.   9275.5902   -.0107433  15888.2717    -49.6614    263.9579
  94.500   .798904    1631544.   9054.2546   -.0104671  16253.8238    -48.7100    274.3696
  99.000   .752433    1675420.   8554.1800   -.0101832  16610.5569   -173.5454   1037.9057
 103.500   .707255    1715680.   7769.8197   -.0098922  16937.8962   -175.0592   1113.8363
 108.000   .663403    1752292.   6979.0578   -.0095946  17235.5727   -176.3906   1196.4938
 112.500   .620904    1785227.   6182.7243   -.0092909  17503.3494   -177.5354   1286.6869
 117.000   .579784    1814459.   5381.6683   -.0089820  17741.0215   -178.4895   1385.3474
 121.500   .540066    1839967.   4576.7579   -.0086684  17948.4177   -179.2484   1493.5536
 126.000   .501769    1861735.   3768.8827   -.0083507  18125.4005   -179.8073   1612.5594
 130.500   .464910    1879750.   2958.9542   -.0080295  18271.8673   -180.1610   1743.8295
 135.000   .429503    1894002.   2147.9081   -.0077057  18387.7510   -180.3040   1889.0841
 139.500   .395559    1904490.   1336.7055   -.0073797  18473.0211   -180.2305   2050.3548
 144.000   .363086    1911213.    531.1331   -.0070522  18527.6845   -177.8017   2203.6285
 148.500   .332090    1914221.   -260.1484   -.0067238  18552.1378   -173.8790   2356.1553
 153.000   .302572    1913592.  -1033.6041   -.0063953  18547.0254   -169.8791   2526.5266
 157.500   .274532    1909408.  -1788.8787   -.0060672  18513.0062   -165.7985   2717.6916
 162.000   .247967    1901751.  -2525.5998   -.0057401  18450.7541   -161.6331   2933.2495
 166.500   .222871    1890707.  -3243.3753   -.0054146  18360.9585   -157.3782   3177.6329
 171.000   .199235    1876362.  -3941.7903   -.0050913  18244.3255   -153.0284   3456.3549
 175.500   .177049    1858805.  -4620.4037   -.0047707  18101.5782   -148.5775   3776.3476
 180.000   .156299    1838127.  -5737.4602   -.0044535  17933.4581   -347.8920  10016.1745
 184.500   .136968    1810294.  -7275.6236   -.0041403  17707.1595   -335.7361  11030.4067
 189.000   .119036    1775553.  -8755.6134   -.0038326  17424.6974   -322.0371  12174.2251
 193.500   .102475    1734184. -10170.5336   -.0035313  17088.3444   -306.8163  13473.2875
 198.000   .087254    1686498. -11513.5779   -.0032378  16700.6265   -290.0923  14961.1697
 202.500   .073335    1632835. -12778.0096   -.0029529  16264.3208   -271.8773  16683.0063
 207.000   .060678    1573568. -13957.1155   -.0026777  15782.4525   -252.1697  18701.5117
 211.500   .049236    1509101. -15044.1203   -.0024131  15258.2952   -230.9435  21107.5294
 216.000   .038960    1439865. -15984.5246   -.0021600  14695.3755   -187.0140  21600.9191
 220.500   .029796    1366756. -16734.3525   -.0019191  14100.9598   -146.2428  22086.9191
 225.000   .021687    1290603. -17308.1718   -.0016911  13481.7967   -108.7880  22572.9191
 229.500   .014576    1212170. -17720.9975   -.0014763  12844.0902    -74.6901  23058.9191
 234.000   .008401    1132151. -17987.9491   -.0012751  12193.4926    -43.9551  23544.9191
 238.500   .003100    1051173. -18124.0998   -.0010877  11535.1036    -16.5563  24030.9191
 243.000  -.001388     969797. -18140.5788   -.0009142  10873.4737      9.2323  29925.7474
 247.500  -.005128     888550. -18087.7619   -.0007547  10212.8889     14.2419  12498.2786
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 252.000  -.008181     807537. -18018.2850   -.0006092   9554.2135     16.6368   9151.2096
 256.500  -.010610     726813. -17940.0346   -.0004775   8897.8818     18.1411   7693.9305
 261.000  -.012478     646412. -17434.6461   -.0003596   8244.1808    206.4760  74460.5508
 265.500  -.013847     570154. -16493.2729   -.0002552   7624.1580    211.9121  68867.2854
 270.000  -.014775     498152. -15531.8791   -.0001635   7038.7459    215.3740  65595.0221
 274.500  -.015319     430482. -14558.3035 -8.3828E-05   6488.5496    217.3262  63841.2957
 279.000  -.015530     367186. -13578.6608 -1.5368E-05   5973.9237    218.0705  63189.6878
 283.500  -.015457     308284. -12597.9164  4.2605E-05   5495.0218    217.8159  63412.6063
 288.000  -.015146     253775. -11620.2230  9.0844E-05   5051.8308    216.7145  64386.5482
 292.500  -.014639     203639. -10649.1328    .0001301   4644.1960    214.8811  66052.0011
 297.000  -.013975     157841.  -9687.7393    .0001611   4271.8403    212.4049  68393.4638
 301.500  -.013189     116336.  -8738.7744    .0001847   3934.3782    209.3573  71429.6058
 306.000  -.012313  79062.8167  -7804.6791    .0002014   3631.3284    205.7962  75209.1820
 310.500  -.011376  45952.3641  -6887.6555    .0002122   3362.1229    201.7699  79810.7421
 315.000  -.010404  16924.9826  -5989.7061    .0002176   3126.1148    197.3188  85345.3810
 319.500  -.009418  -8107.7132  -5112.6650    .0002183   3054.4258    192.4773  91962.5071
 324.000  -.008439 -29242.2559  -4258.2240    .0002151   3226.2608    187.2743  99859.2331
 328.500  -.007483 -46582.7327  -3427.9555    .0002086   3367.2481    181.7340     109295.
 333.000  -.006562 -60240.2901  -2623.3345    .0001994   3478.2913    175.8753     120612.
 337.500  -.005688 -70332.7425  -1845.7644    .0001882   3560.3483    169.7114     134273.
 342.000  -.004868 -76984.3019  -1096.6081    .0001756   3614.4290    163.2470     150911.
 346.500  -.004107 -80325.4716   -377.2336    .0001621   3641.5945    156.4750     171428.
 351.000  -.003409 -80493.1828    310.9166    .0001483   3642.9581    149.3695     197164.
 355.500  -.002773 -77631.3119    721.5714    .0001347   3619.6895     33.1437  53785.3803
 360.000  -.002197 -74093.6029    856.3351    .0001217   3590.9261     26.7513  54797.8803
 364.500  -.001678 -70009.7167    963.3464    .0001093   3557.7219     20.8093  55810.3803
 369.000  -.001213 -65500.2238   1044.6300  9.7684E-05   3521.0573     15.3167  56822.8803
 373.500  -.000799 -60676.6214   1102.1891  8.6855E-05   3481.8389     10.2651  57835.3803
 378.000  -.000431 -55641.4943   1136.3911  7.6872E-05   3440.9006      4.9358  51499.5146
 382.500  -.000107 -50503.0653   1150.3021  6.7762E-05   3399.1225      1.2469  52512.0146
 387.000   .000179 -45336.3444   1148.3285  5.9537E-05   3357.1143     -2.1240  53524.5146
 391.500   .000429 -40209.9035   1131.8518  5.2195E-05   3315.4336     -5.1990  54537.0146
 396.000   .000648 -35186.3187   1102.1470  4.5724E-05   3274.5892     -8.0032  55549.5146
 400.500   .000840 -30322.6781   1060.3699  4.0101E-05   3235.0452    -10.5645  56562.0146
 405.000   .001009 -25671.1408   1007.5466  3.5296E-05   3197.2258    -12.9126  57574.5146
 409.500   .001158 -21279.5361    944.5669  3.1266E-05   3161.5197    -15.0784  58587.0146
 414.000   .001291 -17191.9873    872.1798  2.7964E-05   3128.2857    -17.0936  59599.5146
 418.500   .001410 -13449.5484    790.9927  2.5335E-05   3097.8577    -18.9895  60612.0146
 423.000   .001519 -10090.8375    701.4733  2.3314E-05   3070.5496    -20.7969  61624.5146
 427.500   .001620  -7152.6550    603.9550  2.1834E-05   3046.6606    -22.5446  62637.0146
 432.000   .001715  -4670.5703    498.6452  2.0820E-05   3026.4800    -24.2597  63649.5146
 436.500   .001807  -2679.4636    385.6374  2.0189E-05   3010.2912    -25.9659  64662.0146
 441.000   .001897  -1214.0059    264.9266  1.9855E-05   2998.3763    -27.6833  65674.5146
 445.500   .001986   -309.0619    136.4280  1.9724E-05   2991.0186    -29.4272  66687.0146
 450.000   .002074      0.0000      0.0000  1.9697E-05   2988.5057    -31.2075  33849.7573

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.01398563
Maximum bending moment           =       1914221. lbs-in
Maximum shear force              =    25951.57133 lbs
Depth of maximum bending moment  =      148.50000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             21
Number of zero deflection points =              2

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  30605.9821   -.0198322   2988.5057   -114.7532     86.0649
   4.500     2.911     143526.  30043.5320   -.0198199   4155.4495   -135.2246    209.0560
   9.000     2.822     284305.  29393.5186   -.0197832   5300.0592   -153.6702    245.0776
  13.500     2.733     421956.  28666.4132   -.0197225   6419.2288   -169.4877    279.0987
  18.000     2.644     556148.  27863.5127   -.0196386   7510.2867   -187.3569    318.8610
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  22.500     2.556     686514.  26974.5723   -.0195320   8570.2251   -207.7277    365.7237
  27.000     2.468     812631.  25985.2975   -.0194033   9595.6262   -231.9499    422.8666
  31.500     2.381     934002.  24889.0191   -.0192534  10582.4403   -255.2850    482.4121
  36.000     2.295    1050148.  23714.7312   -.0190831  11526.7659   -266.6208    522.7744
  40.500     2.210    1160831.  22465.6705   -.0188933  12426.6798   -288.5173    587.5899
  45.000     2.125    1265602.  21109.8123   -.0186851  13278.5226   -314.0863    665.1208
  49.500     2.041    1363936.  19637.1072   -.0184594  14078.0332   -340.4493    750.4702
  54.000     1.959    1455295.  18041.1142   -.0182174  14820.8230   -368.8809    847.4066
  58.500     1.877    1539095.  16311.9168   -.0179604  15502.1662   -399.6513    957.9067
  63.000     1.797    1614710.  15282.7133   -.0176898  16116.9555    -57.7725    144.6538
  67.500     1.718    1689058.  15021.2099   -.0174062  16721.4420    -58.4512    153.0803
  72.000     1.641    1762120.  14756.7851   -.0171100  17315.4776    -59.0709    162.0279
  76.500     1.564    1833880.  14489.7067   -.0168014  17898.9242    -59.6306    171.5429
  81.000     1.489    1904322.  14220.6510   -.0164806  18471.6548    -59.9497    181.1335
  85.500     1.416    1973435.  13953.1316   -.0161477  19033.5822    -58.9478    187.3426
  90.000     1.344    2041236.  13690.1507   -.0158032  19584.8375    -57.9326    193.9660
  94.500     1.274    2107740.  13431.7682   -.0154471  20125.5547    -56.9040    201.0415
  99.000     1.205    2172966.  12864.4698   -.0150797  20655.8706   -195.2286    729.0638
 103.500     1.138    2234107.  11981.5888   -.0147015  21152.9789   -197.1630    779.6495
 108.000     1.073    2291120.  11090.4315   -.0143131  21616.5313   -198.9069    834.4219
 112.500     1.009    2343968.  10191.8641   -.0139153  22046.2126   -200.4564    893.8551
 117.000   .947459    2392616.   9286.7718   -.0135088  22441.7420   -201.8069    958.4912
 121.500   .887593    2437032.   8376.0607   -.0130943  22802.8731   -202.9536   1028.9524
 126.000   .829610    2477192.   7460.6588   -.0126725  23129.3956   -203.8917   1105.9559
 130.500   .773541    2513074.   6541.5172   -.0122442  23421.1351   -204.6157   1190.3321
 135.000   .719413    2544662.   5619.6119   -.0118101  23677.9550   -205.1200   1283.0465
 139.500   .667250    2571942.   4695.9453   -.0113710  23899.7567   -205.3985   1385.2276
 144.000   .617074    2594907.   3777.0262   -.0109275  24086.4811   -203.0100   1480.4471
 148.500   .568902    2613606.   2872.6692   -.0104805  24238.5101   -198.9264   1573.5020
 153.000   .522749    2628119.   1986.8685   -.0100306  24356.5070   -194.7628   1676.5832
 157.500   .478626    2638529.   1119.9911   -.0095786  24441.1500   -190.5160   1791.2134
 162.000   .436542    2644923.    272.4199   -.0091252  24493.1333   -186.1823   1919.2218
 166.500   .396500    2647387.   -555.4446   -.0086710  24513.1674   -181.7575   2062.8215
 171.000   .358503    2646011.  -1363.1820   -.0082166  24501.9794   -177.2369   2224.7119
 175.500   .322550    2640886.  -2150.3498   -.0077629  24460.3144   -172.6154   2408.2131
 180.000   .288637    2632107.  -3678.9055   -.0073103  24388.9358   -506.7426   7900.3776
 184.500   .256757    2612908.  -5926.2610   -.0068602  24232.8360   -492.0820   8624.3731
 189.000   .226895    2583587.  -8106.0014   -.0064142  23994.4383   -476.6915   9454.1855
 193.500   .199029    2544457. -10212.1482   -.0059741  23676.2910   -459.3738  10386.3148
 198.000   .173129    2495871. -12235.7801   -.0055415  23281.2645   -440.0182  11437.0461
 202.500   .149156    2438225. -14167.7601   -.0051180  22812.5693   -418.6396  12630.2508
 207.000   .127067    2371954. -15999.0011   -.0047052  22273.7535   -395.2453  13997.4086
 211.500   .106809    2297537. -17720.4153   -.0043044  21668.7013   -369.8277  15581.2500
 216.000   .088327    2215492. -19322.8214   -.0039171  21001.6341   -342.3528  17441.8860
 220.500   .071556    2126381. -20796.7860   -.0035444  20277.1154   -312.7425  19667.7808
 225.000   .056427    2030809. -22132.3528   -.0031876  19500.0642   -280.8427  22396.9690
 229.500   .042867    1929428. -23258.4805   -.0028478  18675.7793   -219.6585  23058.9191
 234.000   .030797    1823482. -24115.2697   -.0025257  17814.3840   -161.1367  23544.9191
 238.500   .020136    1714164. -24719.7691   -.0022220  16925.5654   -107.5297  24030.9191
 243.000   .010799    1602564. -25002.7339   -.0019374  16018.2030    -18.2325   7597.7758
 247.500   .002699    1490499. -25069.5647   -.0016719  15107.0537    -11.4701  19120.9710
 252.000  -.004249    1378112. -25065.2652   -.0014257  14193.2859     13.3810  14172.8197
 256.500  -.010132    1265912. -24994.9602   -.0011988  13281.0460     17.8657   7934.7721
 261.000  -.015038    1153999. -24468.0243   -.0009911  12371.1275    216.3280  64735.5225
 265.500  -.019052    1046396. -23464.9271   -.0008023  11496.2606    229.4930  54205.1700
 270.000  -.022258     943377. -22411.7580   -.0006315  10658.6656    238.5821  48235.1189
 274.500  -.024735     845133. -21323.8012   -.0004780   9859.8894    244.9542  44563.4575
 279.000  -.026560     751799. -20211.6225   -.0003409   9101.0293    249.3474  42246.5228
 283.500  -.027804     663468. -19083.1090   -.0002195   8382.8543    252.2141  40820.5761
 288.000  -.028535     580205. -17944.4540   -.0001127   7705.8796    253.8548  40033.1113
 292.500  -.028818     502047. -16800.6983 -1.9836E-05   7070.4162    254.4811  39737.5585
 297.000  -.028714     429013. -15656.0551  6.0072E-05   6476.6055    254.2492  39846.0185
 301.500  -.028278     361101. -14514.1183    .0001279   5924.4450    253.2782  40305.8929
 306.000  -.027563     298296. -13378.0028    .0001845   5413.8082    251.6620  41087.5019
 310.500  -.026617     240569. -12250.4422    .0002307   4944.4597    249.4761  42177.2280
 315.000  -.025486     187880. -11133.8600    .0002675   4516.0679    246.7827  43573.6620
 319.500  -.024210     140177. -10030.4225    .0002957   4128.2151    243.6340  45285.5176
 324.000  -.022825  97398.3985  -8942.0796    .0003160   3780.4064    240.0740  47330.6901
 328.500  -.021365  59475.9246  -7870.5965    .0003295   3472.0766    236.1407  49736.1558
 333.000  -.019860  26331.7162  -6817.5807    .0003369   3202.5966    231.8664  52538.6048
 337.500  -.018334  -2118.7850  -5784.5047    .0003389   3005.7326    227.2785  55785.8421
 342.000  -.016809 -25966.7680  -4772.7278    .0003365   3199.6294    222.4001  59539.1458
 346.500  -.015305 -45309.5850  -3783.5181    .0003304   3356.8967    217.2487  63876.9685
 351.000  -.013835 -60250.3862  -2818.0768    .0003214   3478.3734    211.8363  68900.6855
 355.500  -.012412 -70897.8723  -2007.6406    .0003101   3564.9431    148.3576  53785.3803
 360.000  -.011044 -78536.8453  -1371.2318    .0002973   3627.0520    134.4907  54797.8803
 364.500  -.009737 -83447.6493   -796.9164    .0002834   3666.9794    120.7606  55810.3803
 369.000  -.008494 -85908.0240   -283.8791    .0002688   3686.9836    107.2560  56822.8803
 373.500  -.007317 -86191.2889    169.0480    .0002541   3689.2867     94.0449  57835.3803
 378.000  -.006207 -84564.9509    540.4861    .0002394   3676.0637     71.0387  51499.5146
 382.500  -.005163 -81494.9849    835.8725    .0002252   3651.1032     60.2442  52512.0146
 387.000  -.004181 -77200.1644   1083.3105    .0002115   3616.1841     49.7283  53524.5146
 391.500  -.003259 -71893.6951   1284.0590    .0001987   3573.0397     39.4933  54537.0146
 396.000  -.002392 -65783.1552   1439.3588    .0001869   3523.3577     29.5288  55549.5146
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 400.500  -.001576 -59070.6928   1550.3782    .0001762   3468.7818     19.8131  56562.0146
 405.000  -.000806 -51953.4557   1618.1644    .0001667   3410.9149     10.3141  57574.5146
 409.500 -7.61E-05 -44624.2285   1643.6006    .0001584   3351.3244    .9909166  58587.0146
 414.000   .000619 -37272.2466   1627.3707    .0001514   3291.5489     -8.2042  59599.5146
 418.500   .001286 -30084.1548   1569.9308    .0001456   3233.1059    -17.3246  60612.0146
 423.000   .001930 -23245.0736   1471.4902    .0001410   3177.5005    -26.4268  61624.5146
 427.500   .002555 -16939.7344   1332.0004    .0001376   3126.2348    -35.5686  62637.0146
 432.000   .003168 -11353.6396   1151.1554    .0001351   3080.8169    -44.8069  63649.5146
 436.500   .003772  -6674.2012    928.4014    .0001336   3042.7705    -54.1948  64662.0146
 441.000   .004370  -3091.8061    662.9599    .0001328   3013.6438    -63.7792  65674.5146
 445.500   .004966   -800.7528    353.8625    .0001324   2995.0163    -73.5975  66687.0146
 450.000   .005562      0.0000      0.0000    .0001323   2988.5057    -83.6747  33849.7573

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.01983220
Maximum bending moment           =       2647387. lbs-in
Maximum shear force              =    30605.98212 lbs
Depth of maximum bending moment  =      166.50000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             20
Number of zero deflection points =              2

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  78000.0000    .2500000     425997.   9353.8745
  4  y=   .500000 M=     0.000  78000.0000    .5000000     704330.  14223.0624
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000    1158021.  20521.2537
  4  y=     2.000 M=     0.000  78000.0000      2.0000    1914221.  25951.5713
  4  y=     3.000 M=     0.000  78000.0000      3.0000    2647387.  30605.9821

The analysis ended normally. 
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Lateral Deflection (in)
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Shear Force (kips)
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Bending Moment (in-kips)
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              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Bent_Weak_Row1.lpd
Name of output file:         Bent_Weak_Row1.lpo
Name of plot output file:    Bent_Weak_Row1.lpp
Name of runtime file:        Bent_Weak_Row1.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  13:38:04

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     450.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     450.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =       36.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       36.000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  3 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =       96.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =       96.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      240.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      240.000 in
Distance from top of pile to bottom of layer =      258.000 in

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      258.000 in
Distance from top of pile to bottom of layer =      354.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      354.000 in
Distance from top of pile to bottom of layer =      378.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      378.000 in
Distance from top of pile to bottom of layer =      456.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends    6.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2            36.00         .07230
  3            36.00         .03620
  4            60.00         .03620
  5            60.00         .03620
  6            96.00         .03620
  7            96.00         .03620
  8           180.00         .03620
  9           180.00         .03330
 10           240.00         .03330
 11           240.00         .03330
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 12           258.00         .03330
 13           258.00         .03330
 14           354.00         .03330
 15           354.00         .03910
 16           378.00         .03910
 17           378.00         .03910
 18           456.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           32.00           ------    ------
  2       36.000         .00000           32.00           ------    ------
  3       36.000         .00000           32.00           ------    ------
  4       60.000         .00000           32.00           ------    ------
  5       60.000        2.43000             .00           .05000        .0
  6       96.000        2.43000             .00           .05000        .0
  7       96.000        6.74000             .00           .01000        .0
  8      180.000        6.74000             .00           .01000        .0
  9      180.000         .00000           28.00           ------    ------
 10      240.000         .00000           28.00           ------    ------
 11      240.000        3.82000             .00           .05000        .0
 12      258.000        3.82000             .00           .05000        .0
 13      258.000       15.28000             .00           .00500        .0
 14      354.000       15.28000             .00           .00500        .0
 15      354.000         .00000           33.00           ------    ------
 16      378.000         .00000           33.00           ------    ------
 17      378.000         .00000           43.00           ------    ------
 18      456.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .7500         1.0000
  2          456.000          .7500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  10985.2123   -.0035138   2988.5057   -148.6356   1337.7201
   4.500   .234188  49161.8697  10271.7468   -.0035021   4029.0484   -168.4602   3237.0207
   9.000   .218481  94904.2072   9479.2076   -.0034678   4997.2144   -183.7795   3785.2620
  13.500   .202977     136909.   8627.1109   -.0034127   5886.2762   -194.9302   4321.5938
  18.000   .187767     174944.   7735.6685   -.0033384   6691.3059   -201.2665   4823.5261
  22.500   .172931     208874.   6810.8294   -.0032471   7409.4533   -209.7731   5458.6908
  27.000   .158543     238521.   5864.0903   -.0031406   8036.9525   -210.9998   5988.8996
  31.500   .144666     263855.   4926.7286   -.0030211   8573.1727   -205.6054   6395.5940
  36.000   .131354     284982.   3998.4782   -.0028904   9020.3366   -206.9504   7089.8401
  40.500   .118652     301871.   3062.5306   -.0027508   9377.7929   -209.0263   7927.5419
  45.000   .106597     314476.   2122.9161   -.0026041   9644.5921   -208.5802   8805.2413
  49.500   .095215     322805.   1182.2872   -.0024524   9820.8810   -209.4771   9900.1678
  54.000   .084525     326838.    234.1151   -.0022978   9906.2455   -211.9327  11282.9983
  58.500   .074535     326525.   -721.5071   -.0021423   9899.6191   -212.7883  12846.9345
  63.000   .065244     321848.  -1279.4874   -.0019880   9800.6360    -35.2030   2427.9976
  67.500   .056643     316405.  -1436.3394   -.0018361   9685.4266    -34.5090   2741.5608
  72.000   .048720     310210.  -1589.8088   -.0016870   9554.3077    -33.6995   3112.6660
  76.500   .041461     303281.  -1739.1216   -.0015410   9407.6480    -32.6617   3545.0036
  81.000   .034851     295640.  -1881.9659   -.0013984   9245.9169    -30.8246   3980.1030
  85.500   .028875     287325.  -2016.4610   -.0012597   9069.9288    -28.9510   4511.8657
  90.000   .023514     278376.  -2142.4298   -.0011250   8880.5162    -27.0351   5173.8497
  94.500   .018750     268833.  -2259.6649   -.0009948   8678.5318    -25.0694   6016.8056
  99.000   .014561     258738.  -2585.0020   -.0008692   8464.8519   -119.5249  36938.9819
 103.500   .010926     246178.  -3110.4820   -.0007491   8199.0281   -114.0218  46959.7740
 108.000   .007819     231269.  -3608.7274   -.0006354   7883.4636   -107.4206  61821.7657
 112.500   .005207     214146.  -4073.9264   -.0005294   7521.0404    -99.3345  85841.8058
 117.000   .003054     194975.  -4497.5009   -.0004321   7115.2847    -88.9209     131015.
 121.500   .001319     173972.  -4863.2588   -.0003443   6670.7277    -73.6381     251293.
 126.000 -4.42E-05     151448.  -5004.4437   -.0002668   6193.9939     10.8893    1108616.
 130.500  -.001083     129119.  -4814.5261   -.0002000   5721.3917     73.5186     305570.
 135.000  -.001845     108257.  -4457.7848   -.0001435   5279.8432     85.0331     207444.
 139.500  -.002375  89099.6655  -4062.7152 -9.6579E-05   4874.3576     90.5534     171603.
 144.000  -.002714  71760.7560  -3648.3252 -5.8295E-05   4507.3684     93.6200     155240.
 148.500  -.002899  56305.6619  -3223.5250 -2.7816E-05   4180.2514     95.1801     147731.
 153.000  -.002964  42768.5578  -2794.0182 -4.2365E-06   3893.7298     95.7118     145305.
 157.500  -.002937  31162.4718  -2363.7893  1.3359E-05   3648.0795     95.5011     146305.
 162.000  -.002844  21485.0762  -1935.7488  2.5888E-05   3443.2512     94.7391     149909.
 166.500  -.002704  13722.5585  -1512.0690  3.4268E-05   3278.9525     93.5630     155685.
 171.000  -.002535   7852.3992  -1094.3847  3.9402E-05   3154.7068     92.0745     163414.
 175.500  -.002350   3845.4360   -683.9353  4.2186E-05   3069.8969     90.3475     173022.
 180.000  -.002156   1667.3664   -445.2330  4.3498E-05   3023.7966     15.7425  32860.4340
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 184.500  -.001958   -192.1966   -376.7450  4.3850E-05   2992.5737     14.6966  33771.6840
 189.000  -.001761  -1754.1211   -313.1363  4.3386E-05   3025.6328     13.5739  34682.9340
 193.500  -.001568  -3040.8804   -254.6924  4.2245E-05   3052.8679     12.4011  35594.1840
 198.000  -.001381  -4076.0090   -201.5835  4.0551E-05   3074.7771     11.2028  36505.4340
 202.500  -.001203  -4883.5990   -153.8737  3.8419E-05   3091.8703     10.0015  37416.6840
 207.000  -.001035  -5487.8429   -111.5319  3.5951E-05   3104.6595      8.8171  38327.9340
 211.500  -.000879  -5912.6237    -74.4421  3.3237E-05   3113.6502      7.6673  39239.1840
 216.000  -.000736  -6181.1540    -42.4141  3.0359E-05   3119.3339      6.5674  40150.4340
 220.500  -.000606  -6315.6627    -15.1946  2.7385E-05   3122.1808      5.5302  41061.6840
 225.000  -.000490  -6337.1295      7.5232  2.4374E-05   3122.6352      4.5666  41972.9340
 229.500  -.000387  -6265.0639     26.0897  2.1374E-05   3121.1099      3.6852  42884.1840
 234.000  -.000297  -6117.3268     40.8899  1.8428E-05   3117.9829      2.8927  43795.4340
 238.500  -.000221  -5909.9910     52.3352  1.5565E-05   3113.5945      2.1941  44706.6840
 243.000  -.000157  -5657.2369     73.7694  1.2812E-05   3108.2448      7.3322     209974.
 247.500  -.000106  -5255.0607    101.3474  1.0215E-05   3099.7325      4.9247     209974.
 252.000 -6.52E-05  -4752.2817    119.2733  7.8334E-06   3089.0908      3.0424     209974.
 256.500 -3.50E-05  -4187.1002    129.7976  5.7059E-06   3077.1284      1.6351     209974.
 261.000 -1.38E-05  -3588.1090    154.9030  3.8554E-06   3064.4504      9.5229    3094200.
 265.500 -3.43E-07  -2795.6795    176.8601  2.3361E-06   3047.6781    .2357938    3094200.
 270.000  7.18E-06  -1998.0081    166.2895  1.1952E-06   3030.7949     -4.9338    3094200.
 274.500  1.04E-05  -1299.9129    139.0767  4.1034E-07   3016.0192     -7.1608    3094200.
 279.000  1.09E-05   -746.6061    106.1502 -7.6717E-08   3004.3081     -7.4732    3094200.
 283.500  9.72E-06   -344.5069     74.2920 -3.3640E-07   2995.7975     -6.6860    3094200.
 288.000  7.84E-06    -77.7420     47.1177 -4.3689E-07   2990.1512     -5.3914    3094200.
 292.500  5.79E-06     79.8590     26.0266 -4.3638E-07   2990.1960     -3.9824    3094200.
 297.000  3.91E-06    156.8036     11.0116 -3.8006E-07   2991.8246     -2.6909    3094200.
 301.500  2.37E-06    179.2306      1.2886 -3.0009E-07   2992.2993     -1.6304    3094200.
 306.000  1.21E-06    168.6118     -4.2560 -2.1730E-07   2992.0745   -.8338758    3094200.
 310.500  4.15E-07    141.0788     -6.7750 -1.4360E-07   2991.4918   -.2856684    3094200.
 315.000 -7.96E-08    107.7375     -7.2946 -8.4380E-08   2990.7861    .0547574    3094200.
 319.500 -3.44E-07     75.4870     -6.6392 -4.0773E-08   2990.1035    .2365068    3094200.
 324.000 -4.47E-07     48.0132     -5.4161 -1.1381E-08   2989.5220    .3070786    3094200.
 328.500 -4.46E-07     26.7497     -4.0346  6.4122E-09   2989.0719    .3069364    3094200.
 333.000 -3.89E-07     11.6971     -2.7424  1.5562E-08   2988.7533    .2673971    3094200.
 337.500 -3.06E-07      2.0574     -1.6668  1.8836E-08   2988.5493    .2106303    3094200.
 342.000 -2.19E-07     -3.3173   -.8535109  1.8536E-08   2988.5760    .1508332    3094200.
 346.500 -1.40E-07     -5.6372   -.2983120  1.6405E-08   2988.6251    .0959219    3094200.
 351.000 -7.17E-08     -6.0137    .0284667  1.3632E-08   2988.6330    .0493131    3094200.
 355.500 -1.68E-08     -5.3905    .1402430  1.0918E-08   2988.6198    .0003653  97755.9500
 360.000  2.65E-08     -4.7591    .1397422  8.5024E-09   2988.6065   -.0005878  99654.3875
 364.500  5.97E-08     -4.1388    .1353879  6.3847E-09   2988.5933   -.0013474     101553.
 369.000  8.40E-08     -3.5451    .1280109  4.5560E-09   2988.5808   -.0019312     103451.
 373.500  1.01E-07     -2.9899    .1183607  3.0007E-09   2988.5690   -.0023578     105350.
 378.000  1.11E-07     -2.4820    .1077751  1.6984E-09   2988.5583   -.0023470  95136.6061
 382.500  1.16E-07     -2.0211    .0968665  6.2666E-10   2988.5485   -.0025013  97035.0436
 387.000  1.17E-07     -1.6106    .0854683 -2.3769E-10   2988.5398   -.0025646  98933.4811
 391.500  1.14E-07     -1.2518    .0739577 -9.1892E-10   2988.5322   -.0025512     100832.
 396.000  1.08E-07   -.9443597    .0626504 -1.4416E-09   2988.5257   -.0024742     102730.
 400.500  1.01E-07   -.6868998    .0518057 -1.8298E-09   2988.5203   -.0023456     104629.
 405.000  9.19E-08   -.4768239    .0416324 -2.1068E-09   2988.5158   -.0021758     106527.
 409.500  8.19E-08   -.3107291    .0322955 -2.2942E-09   2988.5123   -.0019739     108426.
 414.000  7.13E-08   -.1845535    .0239232 -2.4121E-09   2988.5097   -.0017472     110324.
 418.500  6.02E-08   -.0937274    .0166134 -2.4783E-09   2988.5077   -.0015016     112223.
 423.000  4.90E-08   -.0332935    .0104410 -2.5085E-09   2988.5065   -.0012417     114121.
 427.500  3.76E-08    .0020025    .0054640 -2.5160E-09   2988.5058   -.0009703     116019.
 432.000  2.63E-08    .0176486    .0017291 -2.5113E-09   2988.5061   -.0006896     117918.
 436.500  1.50E-08    .0193272   -.0007232 -2.5025E-09   2988.5062   -.0004003     119816.
 441.000  3.79E-09    .0128963   -.0018548 -2.4948E-09   2988.5060   -.0001026     121715.
 445.500 -7.42E-09    .0043851   -.0016272 -2.4907E-09   2988.5058    .0002038     123613.
 450.000 -1.86E-08      0.0000      0.0000 -2.4897E-09   2988.5057    .0005194  62755.8031

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00351382
Maximum bending moment           =   326838.14120 lbs-in
Maximum shear force              =    10985.21228 lbs
Depth of maximum bending moment  =    54.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  16911.4985   -.0064648   2988.5057   -198.4510    893.0297
   4.500   .470908  76361.5759  15958.1995   -.0064466   4604.7477   -225.2374   2152.3688
   9.000   .441980     148149.  14898.7678   -.0063932   6124.1819   -245.6211   2500.7788
  13.500   .413369     214939.  13754.0498   -.0063068   7537.8179   -263.1425   2864.6072
  18.000   .385219     276363.  12538.3813   -.0061899   8837.9099   -277.1546   3237.6272
  22.500   .357661     332129.  11246.9022   -.0060450  10018.2350   -296.8361   3734.7197
  27.000   .330814     381829.   9882.9849   -.0058751  11070.1603   -309.3494   4208.0253
  31.500   .304785     425200.   8478.2340   -.0056831  11988.1470   -314.9843   4650.5958
  36.000   .279666     462123.   7051.0329   -.0054719  12769.6264   -319.3273   5138.1724
  40.500   .255538     492501.   5595.5994   -.0052447  13412.6067   -327.5321   5767.8199
  45.000   .232464     516165.   4109.2980   -.0050046  13913.4637   -333.0463   6447.0576
  49.500   .210496     532998.   2596.4564   -.0047549  14269.7504   -339.3278   7254.1812
  54.000   .189669     542871.   1053.4965   -.0044989  14478.7150   -346.4322   8219.2713
  58.500   .170006     545638.   -516.4060   -.0042398  14537.2775   -351.3023   9298.8569
  63.000   .151511     541199.  -1411.7281   -.0039812  14443.3409    -46.6186   1384.6116
  67.500   .134175     535727.  -1620.1280   -.0037249  14327.5096    -46.0035   1542.8758
  72.000   .117987     529233.  -1825.4648   -.0034714  14190.0665    -45.2572   1726.0987
  76.500   .102933     521735.  -2026.8081   -.0032213  14031.3545    -44.2287   1933.5845
  81.000   .088996     513253.  -2221.1273   -.0029750  13851.8410    -42.1354   2130.5455
  85.500   .076158     503833.  -2405.9407   -.0027329  13652.4531    -40.0039   2363.7351
  90.000   .064400     493518.  -2581.0659   -.0024955  13434.1377    -37.8296   2643.3904
  94.500   .053698     482355.  -2746.2979   -.0022633  13197.8632    -35.6068   2983.9134
  99.000   .044030     470390.  -3181.1292   -.0020365  12944.6217   -157.6515  16112.4737
 103.500   .035369     455155.  -3880.0713   -.0018163  12622.1468   -152.9894  19464.6609
 108.000   .027684     436745.  -4555.9842   -.0016040  12232.4904   -147.4164  23962.6762
 112.500   .020933     415277.  -5204.3560   -.0014012  11778.1063   -140.7489  30256.4629
 117.000   .015073     390889.  -5819.5737   -.0012094  11261.9282   -132.6812  39612.5154
 121.500   .010049     363750.  -6394.0499   -.0010298  10687.5000   -122.6415  54918.6333
 126.000   .005805     334066.  -6916.0189   -.0008637  10059.2209   -109.3447  84765.6847
 130.500   .002276     302112.  -7361.3192   -.0007123   9382.8949    -88.5666     175106.
 135.000  -.000606     268314.  -7417.6404   -.0005765   8667.5405     63.5350     472088.
 139.500  -.002913     235758.  -7061.0783   -.0004565   7978.4687     94.9370     146680.
 144.000  -.004715     205085.  -6606.3067   -.0003516   7329.2536    107.1837     102306.
 148.500  -.006077     176548.  -6108.0860   -.0002608   6725.2527    114.2478  84596.4885
 153.000  -.007062     150295.  -5584.0890   -.0001830   6169.5946    118.6397  75600.8972
 157.500  -.007724     126419.  -5044.1260   -.0001172   5664.2545    121.3438  70690.9825
 162.000  -.008116     104980.  -4494.6588 -6.2090E-05   5210.4758    122.8639  68120.9832
 166.500  -.008283  86011.0895  -3940.3442 -1.6635E-05   4808.9859    123.4981  67092.3918
 171.000  -.008266  69528.6129  -3384.7348  2.0383E-05   4460.1236    123.4394  67200.4955
 175.500  -.008100  55534.1676  -2830.6538  5.0147E-05   4163.9222    122.8188  68234.5038
 180.000  -.007815  44017.5252  -2425.9152  7.3840E-05   3920.1650     57.0650  32860.4340
 184.500  -.007435  33649.0955  -2171.9688  9.2324E-05   3700.7105     55.8000  33771.6840
 189.000  -.006984  24404.9941  -1925.3107    .0001061   3505.0532     53.8258  34682.9340
 193.500  -.006480  16246.7881  -1688.8782    .0001158   3332.3795     51.2553  35594.1840
 198.000  -.005941   9123.7874  -1465.1074    .0001219   3181.6166     48.1984  36505.4340
 202.500  -.005383   2975.2805  -1255.9488    .0001247   3051.4795     44.7610  37416.6840
 207.000  -.004819  -2267.3142  -1062.8895    .0001249   3036.4949     41.0432  38327.9340
 211.500  -.004259  -6678.4060   -886.9794    .0001228   3129.8585     37.1391  39239.1840
 216.000  -.003714 -10336.3153   -728.8604    .0001187   3207.2805     33.1360  40150.4340
 220.500  -.003191 -13321.4932   -588.7976    .0001131   3270.4637     29.1141  41061.6840
 225.000  -.002696 -15714.8847   -466.7113    .0001062   3321.1214     25.1465  41972.9340
 229.500  -.002235 -17596.4349   -362.2085  9.8254E-05   3360.9456     21.2992  42884.1840
 234.000  -.001812 -19043.7356   -274.6129  8.9534E-05   3391.5787     17.6321  43795.4340
 238.500  -.001429 -20130.8036   -202.9931  8.0211E-05   3414.5872     14.1989  44706.6840
 243.000  -.001090 -20926.9812   -136.7022  7.0439E-05   3431.4388     15.2638  63026.3138
 247.500  -.000795 -21410.5715    -71.4391  6.0363E-05   3441.6743     13.7420  77760.9001
 252.000  -.000547 -21612.3083    -13.2329  5.0124E-05   3445.9442     12.1274  99851.3493
 256.500  -.000344 -21564.8552     37.4415  3.9848E-05   3444.9398     10.3946     135924.
 261.000  -.000188 -21303.3078    351.5458  2.9646E-05   3439.4040    129.2073    3094200.
 265.500 -7.73E-05 -18421.7538    761.8841  2.0191E-05   3378.4140     53.1653    3094200.
 270.000 -6.19E-06 -14460.5256    891.0794  1.2366E-05   3294.5721      4.2549    3094200.
 274.500  3.40E-05 -10410.7202    848.0974  6.4464E-06   3208.8553    -23.3580    3094200.
 279.000  5.18E-05  -6832.1741    715.3569  2.3427E-06   3133.1131    -35.6378    3094200.
 283.500  5.51E-05  -3974.1526    549.9975 -2.2919E-07   3072.6212    -37.8552    3094200.
 288.000  4.98E-05  -1882.0358    387.8293 -1.6229E-06   3028.3402    -34.2195    3094200.
 292.500  4.04E-05   -482.5497    248.2586 -2.1857E-06   2998.7192    -27.8119    3094200.
 297.000  3.01E-05    353.8261    139.1213 -2.2163E-06   2995.9947    -20.6936    3094200.
 301.500  2.05E-05    771.0977     60.8438 -1.9486E-06   3004.8265    -14.0964    3094200.
 306.000  1.26E-05    902.7885      9.6985 -1.5502E-06   3007.6138     -8.6349    3094200.
 310.500  6.55E-06    859.4724    -19.8617 -1.1308E-06   3006.6970     -4.5030    3094200.
 315.000  2.38E-06    724.8273    -33.6765 -7.5376E-07   3003.8472     -1.6369    3094200.
 319.500 -2.35E-07    556.9131    -36.9960 -4.4871E-07   3000.2932    .1615897    3094200.
 324.000 -1.66E-06    392.1782    -34.0677 -2.2284E-07   2996.8065      1.1399    3094200.
 328.500 -2.24E-06    250.4604    -28.0366 -6.9891E-08   2993.8069      1.5406    3094200.
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 333.000 -2.29E-06    139.8976    -21.0324  2.3012E-08   2991.4668      1.5724    3094200.
 337.500 -2.03E-06     61.1525    -14.3486  7.0861E-08   2989.8001      1.3982    3094200.
 342.000 -1.65E-06     10.7102     -8.6515  8.7964E-08   2988.7324      1.1339    3094200.
 346.500 -1.24E-06    -16.7727     -4.1792  8.6521E-08   2988.8608    .8538185    3094200.
 351.000 -8.70E-07    -26.9630   -.9115469  7.6112E-08   2989.0764    .5984564    3094200.
 355.500 -5.57E-07    -25.0301    .4621918  6.3738E-08   2989.0355    .0120941  97755.9500
 360.000 -2.97E-07    -22.8481    .5041879  5.2343E-08   2988.9893    .0065708  99654.3875
 364.500 -8.56E-08    -20.5292    .5233205  4.2020E-08   2988.9403    .0019326     101553.
 369.000  8.15E-08    -18.1677    .5234550  3.2810E-08   2988.8903   -.0018728     103451.
 373.500  2.10E-07    -15.8411    .5081976  2.4716E-08   2988.8410   -.0049082     105350.
 378.000  3.04E-07    -13.6112    .4826974  1.7707E-08   2988.7938   -.0064252  95136.6061
 382.500  3.69E-07    -11.5092    .4503370  1.1728E-08   2988.7493   -.0079572  97035.0436
 387.000  4.09E-07     -9.5664    .4121782  6.7124E-09   2988.7082   -.0090022  98933.4811
 391.500  4.29E-07     -7.8044    .3702732  2.5782E-09   2988.6709   -.0096222     100832.
 396.000  4.33E-07     -6.2358    .3263990 -7.6326E-10   2988.6377   -.0098774     102730.
 400.500  4.23E-07     -4.8662    .2820688 -3.4055E-09   2988.6087   -.0098248     104629.
 405.000  4.02E-07     -3.6948    .2385498 -5.4430E-09   2988.5839   -.0095170     106527.
 409.500  3.74E-07     -2.7155    .1968843 -6.9686E-09   2988.5632   -.0090011     108426.
 414.000  3.39E-07     -1.9179    .1579151 -8.0713E-09   2988.5463   -.0083186     110324.
 418.500  3.01E-07     -1.2886    .1223128 -8.8344E-09   2988.5330   -.0075047     112223.
 423.000  2.60E-07   -.8109231    .0906032 -9.3341E-09   2988.5229   -.0065885     114121.
 427.500  2.17E-07   -.4665731    .0631954 -9.6381E-09   2988.5156   -.0055927     116019.
 432.000  1.73E-07   -.2353982    .0404088 -9.8052E-09   2988.5107   -.0045347     117918.
 436.500  1.29E-07   -.0960108    .0224970 -9.8840E-09   2988.5078   -.0034261     119816.
 441.000  8.41E-08   -.0259865    .0096703 -9.9131E-09   2988.5063   -.0022746     121715.
 445.500  3.95E-08   -.0020187    .0021137 -9.9197E-09   2988.5058   -.0010839     123613.
 450.000 -5.18E-09      0.0000      0.0000 -9.9202E-09   2988.5057    .0001445  62755.8031

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00646481
Maximum bending moment           =   545637.62261 lbs-in
Maximum shear force              =    16911.49853 lbs
Depth of maximum bending moment  =    58.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              5

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  24935.2417   -.0118699   2988.5057   -201.9381    454.3608
   4.500   .946585     114330.  23948.9531   -.0118427   5408.3802   -236.4124   1123.8875
   9.000   .893416     223854.  22817.4032   -.0117622   7726.5229   -266.4987   1342.3136
  13.500   .840726     327944.  21550.1377   -.0116309   9929.6516   -296.7304   1588.2551
  18.000   .788738     425970.  20145.9858   -.0114514  12004.4407   -327.3371   1867.5622
  22.500   .737663     517297.  18576.1642   -.0112270  13937.4254   -370.3614   2259.3339
  27.000   .687695     601037.  16815.9360   -.0109608  15709.8423   -411.9623   2695.7147
  31.500   .639015     676335.  14870.0228   -.0106568  17303.5651   -452.8880   3189.2755
  36.000   .591784     742348.  12756.7601   -.0103192  18700.7865   -486.3398   3698.1882
  40.500   .546143     798390.  10465.4540   -.0099525  19886.9354   -532.0184   4383.6192
  45.000   .502212     843524.   7994.9803   -.0095617  20842.2357   -565.9698   5071.2934
  49.500   .460088     877057.   5425.7264   -.0091522  21551.9760   -575.9208   5632.9338
  54.000   .419842     898780.   2813.6831   -.0087296  22011.7728   -584.9874   6270.0797
  58.500   .381522     908508.    167.1190   -.0082994  22217.6632   -591.2633   6973.8782
  63.000   .345147     906111.  -1301.2362   -.0078676  22166.9230    -61.3390    799.7334
  67.500   .310713     902320.  -1576.1873   -.0074372  22086.6884    -60.8614    881.4443
  72.000   .278212     897146.  -1848.6562   -.0070089  21977.1775    -60.2358    974.2961
  76.500   .247633     890602.  -2117.5251   -.0065834  21838.6769    -59.2615   1076.9026
  81.000   .218961     882710.  -2378.8436   -.0061614  21671.6272    -56.8801   1168.9744
  85.500   .192180     873518.  -2629.3582   -.0057434  21477.0770    -54.4597   1275.2012
  90.000   .167271     863077.  -2868.8864   -.0053301  21256.0962    -51.9973   1398.8581
  94.500   .144209     851440.  -3097.2301   -.0049221  21009.7771    -49.4888   1544.2820
  99.000   .122972     838658.  -3667.0829   -.0045199  20739.2361   -203.7791   7457.0479
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 103.500   .103531     821609.  -4575.7664   -.0041247  20378.3888   -200.0802   8696.5720
 108.000   .085849     800371.  -5466.0131   -.0037387  19928.8810   -195.5850  10252.0693
 112.500   .069882     775039.  -6334.0259   -.0033638  19392.7142   -190.1985  12247.6397
 117.000   .055575     745726.  -7175.4908   -.0030018  18772.2870   -183.7859  14881.3370
 121.500   .042866     712567.  -7985.3359   -.0026548  18070.4512   -176.1452  18491.4828
 126.000   .031683     675722.  -8757.3016   -.0023244  17290.5991   -166.9506  23712.6182
 130.500   .021947     635383.  -9483.0879   -.0020123  16436.8018   -155.6211  31908.8975
 135.000   .013572     591787. -10147.9082   -.0017203  15514.0577   -139.8545  46371.6897
 139.500   .006464     545260. -10724.0969   -.0014496  14529.2787   -116.2293  80909.7123
 144.000   .000525     496288. -11126.3691   -.0012018  13492.7552    -62.5583     536272.
 148.500  -.004351     445966. -11030.6685   -.0009775  12427.6639    105.0919     108679.
 153.000  -.008273     397698. -10516.4148   -.0007767  11406.0385    123.4653  67160.1993
 157.500  -.011342     351864.  -9937.9697   -.0005983  10435.9245    133.6214  53014.9811
 162.000  -.013658     308676.  -9322.3550   -.0004411   9521.8369    139.9851  46123.0380
 166.500  -.015312     268272.  -8683.2727   -.0003038   8666.6561    144.0514  42334.4144
 171.000  -.016392     230740.  -8029.4615   -.0001851   7872.2676    146.5314  40226.3203
 175.500  -.016978     196137.  -7367.1565 -8.3462E-05   7139.8671    147.8264  39181.9981
 180.000  -.017143     164494.  -6752.8808  2.3666E-06   6470.1322    125.1850  32860.4340
 184.500  -.016956     135359.  -6184.8920  7.3730E-05   5853.4703    127.2545  33771.6840
 189.000  -.016480     108778.  -5612.7888    .0001318   5290.8716    127.0136  34682.9340
 193.500  -.015770  84751.5500  -5046.3504    .0001779   4782.3269    124.7368  35594.1840
 198.000  -.014879  63236.4130  -4494.1181    .0002131   4326.9452    120.6998  36505.4340
 202.500  -.013852  44154.8820  -3963.3984    .0002387   3923.0723    115.1756  37416.6840
 207.000  -.012731  27398.2801  -3460.2856    .0002557   3568.4080    108.4301  38327.9340
 211.500  -.011551  12832.8095  -2989.7010    .0002653   3260.1204    100.7186  39239.1840
 216.000  -.010343    304.7474  -2555.4449    .0002684   2994.9559     92.2841  40150.4340
 220.500  -.009135 -10354.6130  -2160.2580    .0002660   3207.6678     83.3545  41061.6840
 225.000  -.007949 -19324.3141  -1805.8896    .0002589   3397.5173     74.1426  41972.9340
 229.500  -.006804 -26789.4000  -1493.1682    .0002480   3555.5207     64.8447  42884.1840
 234.000  -.005717 -32936.9045  -1222.0735    .0002338   3685.6365     55.6418  43795.4340
 238.500  -.004701 -37952.1597   -991.8057    .0002169   3791.7877     46.6995  44706.6840
 243.000  -.003765 -42015.4101   -834.8064    .0001979   3877.7890     23.0780  27581.5032
 247.500  -.002920 -45604.3113   -735.1748    .0001770   3953.7504     21.2027  32676.6023
 252.000  -.002172 -48756.2381   -644.2416    .0001545   4020.4629     19.2120  39799.6956
 256.500  -.001529 -51510.9760   -562.5621    .0001307   4078.7687     17.0900  50297.6504
 261.000  -.000996 -53911.0355    -82.7177    .0001056   4129.5675    196.1742     886241.
 265.500  -.000579 -52329.5604    744.0296  8.0307E-05   4096.0946    171.2690    1331853.
 270.000  -.000273 -47271.1448   1552.2683  5.6602E-05   3989.0300    187.9482    3094200.
 274.500 -6.93E-05 -38398.8804   2082.2975  3.6213E-05   3801.2428     47.6203    3094200.
 279.000  5.26E-05 -28555.8888   2108.0980  2.0278E-05   3592.9095    -36.1535    3094200.
 283.500   .000113 -19440.2339   1851.5452  8.8555E-06   3399.9708    -77.8700    3094200.
 288.000   .000132 -11898.1983   1471.6894  1.3971E-06   3240.3388    -90.9548    3094200.
 292.500   .000126  -6196.0104   1072.3800 -2.9092E-06   3119.6483    -86.5160    3094200.
 297.000   .000106  -2244.7358    713.5780 -4.9180E-06   3036.0170    -72.9516    3094200.
 301.500  8.16E-05    229.6443    423.2544 -5.3976E-06   2993.3663    -56.0811    3094200.
 306.000  5.75E-05   1568.3429    208.0868 -4.9697E-06   3021.7007    -39.5489    3094200.
 310.500  3.68E-05   2105.9141     62.1170 -4.0953E-06   3033.0788    -25.3265    3094200.
 315.000  2.07E-05   2130.2708    -26.8308 -3.0871E-06   3033.5943    -14.2058    3094200.
 319.500  9.05E-06   1866.6044    -72.7944 -2.1358E-06   3028.0136     -6.2225    3094200.
 324.000  1.44E-06   1476.6205    -89.0188 -1.3402E-06   3019.7594   -.9883594    3094200.
 328.500 -3.01E-06   1066.3756    -86.5829 -7.3495E-07   3011.0763      2.0710    3094200.
 333.000 -5.18E-06    697.8904    -73.9135 -3.1507E-07   3003.2770      3.5598    3094200.
 337.500 -5.85E-06    401.3749    -56.8572 -5.3447E-08   2997.0011      4.0208    3094200.
 342.000 -5.66E-06    186.2127    -39.0568  8.6396E-08   2992.4471      3.8906    3094200.
 346.500 -5.07E-06     49.8033    -22.4593  1.4257E-07   2989.5599      3.4861    3094200.
 351.000 -4.38E-06    -16.0207     -7.8468  1.5061E-07   2988.8448      3.0083    3094200.
 355.500 -3.71E-06    -20.9239   -.8965887  1.4181E-07   2988.9486    .0806922  97755.9500
 360.000 -3.10E-06    -24.1895   -.5606290  1.3108E-07   2989.0177    .0686232  99654.3875
 364.500 -2.53E-06    -26.0615   -.2775182  1.1912E-07   2989.0574    .0572038     101553.
 369.000 -2.03E-06    -26.7708   -.0439777  1.0654E-07   2989.0724    .0465920     103451.
 373.500 -1.58E-06    -26.5321    .1438654  9.3858E-08   2989.0673    .0368938     105350.
 378.000 -1.18E-06    -25.5419    .2831008  8.1465E-08   2989.0464    .0249886  95136.6061
 382.500 -8.43E-07    -24.0414    .3802124  6.9664E-08   2989.0146    .0181721  97035.0436
 387.000 -5.55E-07    -22.1689    .4485533  5.8666E-08   2988.9750    .0122016  98933.4811
 391.500 -3.15E-07    -20.0456    .4918746  4.8620E-08   2988.9300    .0070523     100832.
 396.000 -1.17E-07    -17.7762    .5137733  3.9618E-08   2988.8820    .0026805     102730.
 400.500  4.18E-08    -15.4495    .5176161  3.1711E-08   2988.8327   -.0009726     104629.
 405.000  1.68E-07    -13.1399    .5064805  2.4907E-08   2988.7839   -.0039766     106527.
 409.500  2.66E-07    -10.9086    .4831132  1.9183E-08   2988.7366   -.0064089     108426.
 414.000  3.41E-07     -8.8053    .4499034  1.4491E-08   2988.6921   -.0083510     110324.
 418.500  3.96E-07     -6.8697    .4088705  1.0761E-08   2988.6511   -.0098858     112223.
 423.000  4.37E-07     -5.1331    .3616647  7.9042E-09   2988.6144   -.0110945     114121.
 427.500  4.68E-07     -3.6202    .3095798  5.8210E-09   2988.5824   -.0120544     116019.
 432.000  4.90E-07     -2.3509    .2535755  4.3998E-09   2988.5555   -.0128364     117918.
 436.500  5.07E-07     -1.3412    .1943113  3.5211E-09   2988.5341   -.0135032     119816.
 441.000  5.22E-07   -.6045981    .1321886  3.0581E-09   2988.5185   -.0141069     121715.
 445.500  5.35E-07   -.1536045    .0674020  2.8776E-09   2988.5090   -.0146872     123613.
 450.000  5.47E-07      0.0000      0.0000  2.8411E-09   2988.5057   -.0152693  62755.8031

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01186990
Maximum bending moment           =   908508.01901 lbs-in
Maximum shear force              =    24935.24168 lbs
Depth of maximum bending moment  =    58.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  30278.2309   -.0203448   2988.5057   -201.9381    227.1804
   4.500     1.908     141348.  29291.9424   -.0203111   5980.2364   -236.4123    557.4452
   9.000     1.817     277886.  28160.3928   -.0202114   8870.1400   -266.4986    659.9406
  13.500     1.727     408980.  26893.1278   -.0200479  11644.8384   -296.7303    773.3858
  18.000     1.637     533998.  25488.9766   -.0198235  14290.9107   -327.3369    899.9538
  22.500     1.548     652297.  23919.1562   -.0195411  16794.7967   -370.3610   1076.5371
  27.000     1.461     762988.  22158.9298   -.0192043  19137.6377   -411.9618   1268.9646
  31.500     1.375     865209.  20213.0192   -.0188168  21301.2121   -452.8874   1481.8578
  36.000     1.292     958115.  18099.7601   -.0183829  23267.6174   -486.3389   1694.4991
  40.500     1.210    1041012.  15808.4589   -.0179071  25022.1877   -532.0172   1978.8214
  45.000     1.130    1112961.  13308.2816   -.0173945  26545.0519   -579.1727   2305.6582
  49.500     1.053    1172997.  10587.0305   -.0168504  27815.7446   -630.2723   2692.7041
  54.000   .978729    1220074.   7626.4412   -.0162809  28812.1520   -685.5452   3151.9982
  58.500   .906772    1253064.   4412.1772   -.0156923  29510.4173   -743.0166   3687.3373
  63.000   .837499    1270799.   2554.9324   -.0150916  29885.7915    -82.4255    442.8840
  67.500   .770948    1286653.   2184.0887   -.0144830  30221.3439    -82.3939    480.9309
  72.000   .707152    1300623.   1813.7415   -.0138672  30517.0321    -82.2049    523.1151
  76.500   .646143    1312711.   1445.2147   -.0132452  30772.8877    -81.5848    568.1895
  81.000   .587945    1322928.   1083.7684   -.0126180  30989.1337    -79.0580    605.0922
  85.500   .532581    1331323.    733.7756   -.0119863  31166.8170    -76.4943    646.3327
  90.000   .480069    1337947.    395.4044   -.0113510  31307.0067    -73.8929    692.6466
  94.500   .430422    1342850.     68.8273   -.0107130  31410.7943    -71.2525    744.9349
  99.000   .383652    1346087.   -700.8382   -.0100730  31479.2943   -270.8210   3176.5646
 103.500   .339765    1343614.  -1916.0858   -.0094329  31426.9591   -269.2891   3566.5880
 108.000   .298756    1335464.  -3123.0168   -.0087953  31254.4543   -267.1247   4023.5604
 112.500   .260607    1321681.  -4318.7137   -.0081629  30962.7362   -264.2961   4563.7006
 117.000   .225289    1302326.  -5500.1010   -.0075384  30553.0659   -260.7649   5208.5984
 121.500   .192761    1277472.  -6663.9116   -.0069244  30027.0254   -256.4842   5987.6067
 126.000   .162970    1247211.  -7806.6400   -.0063236  29386.5372   -251.3950   6941.6514
 130.500   .135849    1211651.  -8924.4756   -.0057384  28633.8897   -245.4208   8129.5565
 135.000   .111324    1170919. -10009.0424   -.0051713  27771.7692   -236.6089   9564.3257
 139.500   .089307    1125200. -11045.2535   -.0046249  26804.0965   -223.9293  11283.3309
 144.000   .069700    1074759. -12022.6688   -.0041013  25736.4677   -210.4775  13588.8845
 148.500   .052395    1019875. -12937.2184   -.0036028  24574.8269   -195.9890  16832.5700
 153.000   .037275     960853. -13783.2011   -.0031314  23325.5779   -180.0034  21730.6772
 157.500   .024213     898025. -14551.8323   -.0026890  21995.7809   -161.6105  30035.3747
 162.000   .013074     831774. -15227.2154   -.0022773  20593.5414   -138.5598  47690.1582
 166.500   .003717     762579. -15766.8376   -.0018978  19128.9732   -101.2723     122594.
 171.000  -.004006     691205. -15763.1045   -.0015519  17618.3027    102.9315     115617.
 175.500  -.010249     621800. -15238.3949   -.0012394  16149.3048    130.2728  57196.4640
 180.000  -.015161     554929. -14696.1891   -.0009593  14733.9436    110.7075  32860.4340
 184.500  -.018883     490208. -14128.2385   -.0007106  13364.0698    141.7150  33771.6840
 189.000  -.021556     428274. -13435.5706   -.0004920  12053.2021    166.1374  34682.9340
 193.500  -.023311     369633. -12646.8925   -.0003021  10812.0273    184.3862  35594.1840
 198.000  -.024275     314664. -11788.9466   -.0001392   9648.5740    196.9231  36505.4340
 202.500  -.024564     263630. -10886.3161 -1.5965E-06   8568.4101    204.2460  37416.6840
 207.000  -.024289     216688.  -9961.2901    .0001127   7574.8547    206.8767  38327.9340
 211.500  -.023550     173900.  -9033.7831    .0002057   6669.2012    205.3487  39239.1840
 216.000  -.022438     135240.  -8121.3034    .0002792   5850.9461    200.1978  40150.4340
 220.500  -.021036     100612.  -7238.9629    .0003354   5118.0185    191.9535  41061.6840
 225.000  -.019419  69853.8349  -6399.5218    .0003759   4467.0072    181.1315  41972.9340
 229.500  -.017653  42752.1495  -5613.4614    .0004027   3893.3825    168.2287  42884.1840
 234.000  -.015795  19049.9522  -4889.0786    .0004175   3391.7103    153.7192  43795.4340
 238.500  -.013896  -1542.6134  -4232.5938    .0004216   3021.1562    138.0518  44706.6840
 243.000  -.012000 -19339.3719  -3845.5607    .0004167   3397.8360     33.9629  12735.9744
 247.500  -.010146 -36445.1509  -3696.8855    .0004034   3759.8908     32.1150  14243.9649
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 252.000  -.008370 -52894.5126  -3556.8577    .0003821   4108.0522     30.1196  16193.9224
 256.500  -.006707 -68725.1149  -3426.1423    .0003532   4443.1171     27.9761  18770.7728
 261.000  -.005191 -83977.7195  -2696.2764    .0003168   4765.9483    296.4088     256944.
 265.500  -.003855 -93214.0156  -1410.2343    .0002747   4961.4404    275.1654     321174.
 270.000  -.002719 -96862.6383   -223.7312    .0002294   5038.6659    252.1693     417308.
 274.500  -.001791 -95388.6499    854.7610    .0001837   5007.4680    227.1606     570886.
 279.000  -.001066 -89298.7222   1814.8633    .0001397   4878.5707    199.5515     842184.
 283.500  -.000533 -79152.9573   2641.4301  9.9621E-05   4663.8291    167.8115    1416288.
 288.000  -.000170 -65595.7846   3281.5014  6.5171E-05   4376.8828    116.6646    3094200.
 292.500  5.33E-05 -49665.1951   3461.4599  3.7740E-05   4039.7016    -36.6830    3094200.
 297.000   .000170 -34469.1385   3115.9355  1.7716E-05   3718.0673   -116.8834    3094200.
 301.500   .000213 -21634.2120   2523.7335  4.3638E-06   3446.4078   -146.3175    3094200.
 306.000   .000209 -11758.6003   1870.7698 -3.5835E-06   3237.3841   -143.8886    3094200.
 310.500   .000181  -4794.7681   1267.7019 -7.5231E-06   3089.9901   -124.1416    3094200.
 315.000   .000142   -344.0020    769.3845 -8.7461E-06   2995.7868    -97.3328    3094200.
 319.500   .000102   2135.8323    392.8466 -8.3196E-06   3033.7120    -70.0174    3094200.
 324.000  6.67E-05   3197.4579    132.1504 -7.0503E-06   3056.1820    -45.8476    3094200.
 328.500  3.84E-05   3330.1350    -30.3777 -5.4968E-06   3058.9902    -26.3871    3094200.
 333.000  1.72E-05   2927.9172   -116.3689 -4.0074E-06   3050.4770    -11.8312    3094200.
 337.500  2.31E-06   2285.6285   -146.5611 -2.7666E-06   3036.8825     -1.5876    3094200.
 342.000 -7.69E-06   1610.8096   -138.2311 -1.8393E-06   3022.5996      5.2898    3094200.
 346.500 -1.42E-05   1042.8399   -104.2909 -1.2077E-06   3010.5781      9.7947    3094200.
 351.000 -1.86E-05    673.0392    -53.5343 -7.9937E-07   3002.7511     12.7638    3094200.
 355.500 -2.14E-05    561.5925    -23.7679 -5.0554E-07   3000.3922    .4657343  97755.9500
 360.000 -2.31E-05    459.4830    -21.5684 -2.6253E-07   2998.2310    .5118384  99654.3875
 364.500 -2.38E-05    367.6616    -19.2081 -6.5670E-08   2996.2875    .5371440     101553.
 369.000 -2.37E-05    286.6558    -16.7735  9.0054E-08   2994.5730    .5449269     103451.
 373.500 -2.30E-05    216.6370    -14.3363  2.0984E-07   2993.0910    .5382525     105350.
 378.000 -2.18E-05    157.4815    -12.0876  2.9887E-07   2991.8389    .4612036  95136.6061
 382.500 -2.03E-05    107.6391    -10.0649  3.6197E-07   2990.7840    .4377689  97035.0436
 387.000 -1.86E-05     66.6436     -8.1619  4.0345E-07   2989.9163    .4079881  98933.4811
 391.500 -1.67E-05     33.8987     -6.4035  4.2738E-07   2989.2232    .3735372     100832.
 396.000 -1.47E-05      8.7122     -4.8074  4.3752E-07   2988.6901    .3358366     102730.
 400.500 -1.27E-05     -9.6750     -3.3857  4.3729E-07   2988.7105    .2960488     104629.
 405.000 -1.08E-05    -22.0656     -2.1456  4.2974E-07   2988.9728    .2550825     106527.
 409.500 -8.87E-06    -29.2871     -1.0911  4.1751E-07   2989.1256    .2136034     108426.
 414.000 -7.02E-06    -32.1783   -.2233396  4.0289E-07   2989.1868    .1720506     110324.
 418.500 -5.24E-06    -31.5800    .4577543  3.8771E-07   2989.1742    .1306578     112223.
 423.000 -3.53E-06    -28.3306    .9530641  3.7345E-07   2989.1054    .0894799     114121.
 427.500 -1.88E-06    -23.2646      1.2633  3.6117E-07   2988.9982    .0484229     116019.
 432.000 -2.78E-07    -17.2141      1.3887  3.5154E-07   2988.8701    .0072793     117918.
 436.500  1.29E-06    -11.0133      1.3280  3.4482E-07   2988.7389   -.0342328     119816.
 441.000  2.83E-06     -5.5039      1.0790  3.4089E-07   2988.6222   -.0764261     121715.
 445.500  4.35E-06     -1.5412    .6380001  3.3921E-07   2988.5384   -.1195948     123613.
 450.000  5.88E-06      0.0000      0.0000  3.3885E-07   2988.5057   -.1639608  62755.8031

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.02034479
Maximum bending moment           =       1346087. lbs-in
Maximum shear force              =    30278.23095 lbs
Depth of maximum bending moment  =    99.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             18
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  33711.6084   -.0279031   2988.5057   -201.9381    151.4536
   4.500     2.874     159452.  32725.3199   -.0278652   6363.4020   -236.4123    370.1093
   9.000     2.749     314089.  31593.7705   -.0277525   9636.4070   -266.4986    436.2134
  13.500     2.625     463278.  30326.5058   -.0275675  12794.0790   -296.7302    508.7455
  18.000     2.501     606380.  28922.3553   -.0273129  15822.9329   -327.3367    588.9456
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  22.500     2.379     742753.  27352.5359   -.0269918  18709.3445   -370.3608    700.6013
  27.000     2.258     871501.  25592.3109   -.0266076  21434.3915   -411.9615    820.9386
  31.500     2.139     991762.  23646.4022   -.0261642  23979.7882   -452.8869    952.6089
  36.000     2.023    1102686.  21533.1457   -.0256657  26327.5686   -486.3383   1081.9798
  40.500     1.908    1203578.  19241.8479   -.0251169  28463.0030   -532.0163   1254.5013
  45.000     1.797    1293495.  16741.6751   -.0245226  30366.1569   -579.1716   1450.6289
  49.500     1.688    1371468.  14020.4297   -.0238883  32016.5013   -630.2708   1680.5395
  54.000     1.582    1436448.  11059.8477   -.0232201  33391.8591   -685.5433   1950.4539
  58.500     1.479    1487307.   7845.5930   -.0225242  34468.3105   -743.0143   2261.1465
  63.000     1.379    1522871.   5954.8181   -.0218078  35221.0435    -97.3301    317.6256
  67.500     1.282    1556209.   5516.1676   -.0210750  35926.6752    -97.6256    342.5639
  72.000     1.189    1587311.   5076.5551   -.0203269  36584.9610    -97.7577    369.9015
  76.500     1.099    1616168.   4637.4487   -.0195645  37195.7345    -97.4007    398.6418
  81.000     1.013    1642782.   4205.0369   -.0187888  37759.0465    -94.7823    420.9714
  85.500   .930391    1667203.   3784.4908   -.0180011  38275.9252    -92.1270    445.5885
  90.000   .851172    1689479.   3375.9775   -.0172022  38747.4223    -89.4344    472.8243
  94.500   .775572    1709662.   2979.6658   -.0163932  39174.6132    -86.7041    503.0723
  99.000   .703633    1727804.   2075.4720   -.0155751  39558.5965   -315.1598   2015.5662
 103.500   .635395    1739275.    657.8246   -.0147500  39801.3913   -314.9058   2230.2272
 108.000   .570883    1744079.   -757.3549   -.0139210  39903.0656   -314.0629   2475.6081
 112.500   .510107    1742232.  -2167.3694   -.0130912  39863.9638   -312.6103   2757.7494
 117.000   .453062    1733763.  -3569.4227   -.0122640  39684.7151   -310.5245   3084.2596
 121.500   .399731    1718716.  -4960.6052   -.0114423  39366.2433   -307.7788   3464.8437
 126.000   .350081    1697150.  -6337.8765   -.0106294  38909.7785   -304.3417   3912.0589
 130.500   .304067    1669137.  -7698.0417   -.0098282  38316.8701   -300.1761   4442.4235
 135.000   .261627    1634767.  -9032.5677   -.0090419  37589.4025   -292.9465   5038.6912
 139.500   .222690    1594192. -10324.8034   -.0082734  36730.5959   -281.3804   5685.9933
 144.000   .187167    1547652. -11564.1011   -.0075257  35745.5511   -269.4186   6477.5617
 148.500   .154959    1495398. -12748.5337   -.0068014  34639.5596   -256.9959   7463.1630
 153.000   .125954    1437690. -13875.8220   -.0061034  33418.1305   -244.0211   8718.2416
 157.500   .100028    1374800. -14943.1809   -.0054340  32087.0289   -230.3606  10363.3023
 162.000   .077048    1307016. -15947.0644   -.0047958  30652.3323   -215.8098  12604.4870
 166.500   .056866    1234643. -16882.7103   -.0041909  29120.5167   -200.0328  15829.1776
 171.000   .039330    1158013. -17743.2329   -.0036214  27498.6004   -182.4217  20872.1971
 175.500   .024274    1077496. -18517.4954   -.0030894  25794.4023   -161.6949  29976.1815
 180.000   .011525     993524. -19070.6711   -.0025965  24017.0909    -84.1610  32860.4340
 184.500   .000905     907683. -19275.3159   -.0021440  22200.1944     -6.7922  33771.6840
 189.000  -.007771     821552. -19155.8392   -.0017325  20377.1770     59.8930  34682.9340
 193.500  -.014687     736496. -18759.6908   -.0013617  18576.9249    116.1729  35594.1840
 198.000  -.020026     653670. -18132.7746   -.0010308  16823.8605    162.4565  36505.4340
 202.500  -.023964     574025. -17318.9118   -.0007386  15138.1143    199.2603  37416.6840
 207.000  -.026674     498319. -16359.4052   -.0004834  13535.7420    227.1870  38327.9340
 211.500  -.028315     427130. -15292.7013   -.0002632  12028.9808    246.9036  39239.1840
 216.000  -.029042     360869. -14154.1437 -7.5624E-05  10626.5332    259.1220  40150.4340
 220.500  -.028996     299795. -12975.8102  8.1611E-05   9333.8704    264.5817  41061.6840
 225.000  -.028308     244030. -11786.4266    .0002110   8153.5482    264.0332  41972.9340
 229.500  -.027096     193569. -10611.3466    .0003152   7085.5289    258.2246  42884.1840
 234.000  -.025471     148306.  -9472.5876    .0003965   6127.5013    247.8905  43795.4340
 238.500  -.023528     108038.  -8388.9146    .0004576   5275.1961    233.7420  44706.6840
 243.000  -.021353  72484.7276  -7770.3842    .0005005   4522.6917     41.1605   8674.3526
 247.500  -.019023  37753.0104  -7588.6592    .0005268   3787.5725     39.6062   9369.1460
 252.000  -.016612   3817.0118  -7414.3647    .0005367   3069.2953     37.8580  10255.2821
 256.500  -.014193 -29352.9999  -7248.3541    .0005306   3609.7809     35.9245  11390.1155
 261.000  -.011837 -61790.6371  -6347.7741    .0005089   4296.3444    364.3333     138508.
 265.500  -.009613 -86840.2014  -4749.7790    .0004735   4826.5345    345.8868     161914.
 270.000  -.007575    -104871.  -3238.2214    .0004279   5208.1691    325.9166     193606.
 274.500  -.005762    -116285.  -1819.9930    .0003752   5449.7435    304.4072     237729.
 279.000  -.004198    -121514.   -502.1880    .0003187   5560.4365    281.2840     301514.
 283.500  -.002894    -121028.    707.5451    .0002609   5550.1403    256.3752     398610.
 288.000  -.001850    -115330.   1800.3546    .0002047   5429.5327    229.3179     557885.
 292.500  -.001052    -104968.   2764.7230    .0001522   5210.2305    199.2902     852326.
 297.000  -.000479 -90554.0480   3582.1271    .0001057   4905.1405    164.0005    1539134.
 301.500  -.000101 -72803.5122   4107.0130  6.6836E-05   4529.4390     69.2821    3094200.
 306.000   .000122 -53637.8499   4074.1028  3.6744E-05   4123.7854    -83.9089    3094200.
 310.500   .000230 -36162.3812   3529.5788  1.5372E-05   3753.9058   -158.1018    3094200.
 315.000   .000260 -21882.4319   2771.0220  1.5573E-06   3451.6615   -179.0346    3094200.
 319.500   .000244 -11224.2764   1990.7820 -6.3220E-06   3226.0748   -167.7388    3094200.
 324.000   .000203  -3960.9555   1298.5683 -9.9360E-06   3072.3419   -139.9118    3094200.
 328.500   .000155    469.8134    744.7018 -1.0767E-05   2998.4497   -106.2511    3094200.
 333.000   .000107   2748.9190    340.7515 -1.0001E-05   3046.6884    -73.2824    3094200.
 337.500  6.45E-05   3543.5973     76.0511 -8.5032E-06   3063.5083    -44.3623    3094200.
 342.000  3.00E-05   3439.3480    -70.2516 -6.8413E-06   3061.3018    -20.6612    3094200.
 346.500  2.95E-06   2916.1356   -121.2967 -5.3287E-06   3050.2276     -2.0256    3094200.
 351.000 -1.79E-05   2351.4183    -98.1452 -4.0751E-06   3038.2750     12.3151    3094200.
 355.500 -3.37E-05   2035.6898    -68.7875 -3.0310E-06   3031.5924    .7327323  97755.9500
 360.000 -4.52E-05   1734.4590    -64.8872 -2.1337E-06   3025.2167      1.0007  99654.3875
 364.500 -5.29E-05   1453.2032    -59.9478 -1.3751E-06   3019.2637      1.1946     101553.
 369.000 -5.76E-05   1195.8944    -54.2824 -7.4458E-07   3013.8176      1.3234     103451.
 373.500 -5.96E-05    965.1838    -48.1637 -2.3026E-07   3008.9345      1.3961     105350.
 378.000 -5.96E-05    762.5831    -42.1856  1.8094E-07   3004.6463      1.2608  95136.6061
 382.500 -5.80E-05    585.3864    -36.5345  5.0175E-07   3000.8958      1.2508  97035.0436
 387.000 -5.51E-05    433.4205    -30.9935  7.4422E-07   2997.6794      1.2118  98933.4811
 391.500 -5.13E-05    305.9222    -25.6801  9.2018E-07   2994.9808      1.1497     100832.
 396.000 -4.68E-05    201.6534    -20.6875  1.0410E-06   2992.7739      1.0693     102730.
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 400.500 -4.19E-05    119.0041    -16.0876  1.1173E-06   2991.0245    .9751172     104629.
 405.000 -3.68E-05     56.0811    -11.9343  1.1590E-06   2989.6927    .8707705     106527.
 409.500 -3.15E-05     10.7818     -8.2669  1.1749E-06   2988.7340    .7591797     108426.
 414.000 -2.62E-05    -19.1459     -5.1130  1.1729E-06   2988.9110    .6425715     110324.
 418.500 -2.10E-05    -36.0583     -2.4915  1.1598E-06   2989.2689    .5225155     112223.
 423.000 -1.58E-05    -42.3838   -.4159113  1.1411E-06   2989.4028    .3999821     114121.
 427.500 -1.07E-05    -40.6026      1.1037  1.1213E-06   2989.3651    .2754185     116019.
 432.000 -5.68E-06    -33.2373      2.0583  1.1038E-06   2989.2092    .1488396     117918.
 436.500 -7.49E-07    -22.8525      2.4381  1.0904E-06   2988.9894    .0199353     119816.
 441.000  4.13E-06    -12.0602      2.2314  1.0821E-06   2988.7610   -.1118057     121715.
 445.500  8.99E-06     -3.5300      1.4241  1.0784E-06   2988.5805   -.2469567     123613.
 450.000  1.38E-05      0.0000      0.0000  1.0776E-06   2988.5057   -.3859945  62755.8031

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.02790315
Maximum bending moment           =       1744079. lbs-in
Maximum shear force              =    33711.60836 lbs
Depth of maximum bending moment  =      108.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             16
Number of zero deflection points =              4

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  78000.0000    .2500000     326838.  10985.2123
  4  y=   .500000 M=     0.000  78000.0000    .5000000     545638.  16911.4985
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000     908508.  24935.2417
  4  y=     2.000 M=     0.000  78000.0000      2.0000    1346087.  30278.2309
  4  y=     3.000 M=     0.000  78000.0000      3.0000    1744079.  33711.6084

The analysis ended normally. 
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Shear Force (kips)
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Bending Moment (in-kips)
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Bent_Weak_Row2.lpd
Name of output file:         Bent_Weak_Row2.lpo
Name of plot output file:    Bent_Weak_Row2.lpp
Name of runtime file:        Bent_Weak_Row2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  13:40:06

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     450.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     450.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =       36.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       36.000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  3 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =       96.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =       96.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      240.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      240.000 in
Distance from top of pile to bottom of layer =      258.000 in

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      258.000 in
Distance from top of pile to bottom of layer =      354.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      354.000 in
Distance from top of pile to bottom of layer =      378.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      378.000 in
Distance from top of pile to bottom of layer =      456.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends    6.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2            36.00         .07230
  3            36.00         .03620
  4            60.00         .03620
  5            60.00         .03620
  6            96.00         .03620
  7            96.00         .03620
  8           180.00         .03620
  9           180.00         .03330
 10           240.00         .03330
 11           240.00         .03330
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 12           258.00         .03330
 13           258.00         .03330
 14           354.00         .03330
 15           354.00         .03910
 16           378.00         .03910
 17           378.00         .03910
 18           456.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           32.00           ------    ------
  2       36.000         .00000           32.00           ------    ------
  3       36.000         .00000           32.00           ------    ------
  4       60.000         .00000           32.00           ------    ------
  5       60.000        2.43000             .00           .05000        .0
  6       96.000        2.43000             .00           .05000        .0
  7       96.000        6.74000             .00           .01000        .0
  8      180.000        6.74000             .00           .01000        .0
  9      180.000         .00000           28.00           ------    ------
 10      240.000         .00000           28.00           ------    ------
 11      240.000        3.82000             .00           .05000        .0
 12      258.000        3.82000             .00           .05000        .0
 13      258.000       15.28000             .00           .00500        .0
 14      354.000       15.28000             .00           .00500        .0
 15      354.000         .00000           33.00           ------    ------
 16      378.000         .00000           33.00           ------    ------
 17      378.000         .00000           43.00           ------    ------
 18      456.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .5500         1.0000
  2          456.000          .5500         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000   8701.1008   -.0032593   2988.5057   -108.9994    980.9948
   4.500   .235333  39195.3572   8177.4393   -.0032500   3818.1007   -123.7391   2366.1182
   9.000   .220750  75878.4499   7594.7222   -.0032226   4594.5220   -135.2463   2757.0016
  13.500   .206330     109810.   6966.8602   -.0031784   5312.7079   -143.8035   3136.3214
  18.000   .192144     140811.   6308.1372   -.0031188   5968.8706   -148.9623   3488.6808
  22.500   .178261     168773.   5622.1444   -.0030451   6560.6895   -155.9234   3936.1206
  27.000   .164738     193548.   4916.4563   -.0029589   7085.0821   -157.7158   4308.1667
  31.500   .151631     215098.   4213.2998   -.0028616   7541.1927   -154.7982   4593.9977
  36.000   .138984     233477.   3512.4063   -.0027548   7930.1955   -156.7100   5073.9262
  40.500   .126837     248644.   2801.2165   -.0026401   8251.2061   -159.3744   5654.3663
  45.000   .115223     260541.   2082.0070   -.0025189   8503.0288   -160.2743   6259.4576
  49.500   .104167     269150.   1356.3377   -.0023929   8685.2361   -162.2454   7008.9752
  54.000   .093687     274428.    619.0088   -.0022635   8796.9524   -165.4564   7947.2099
  58.500   .083796     276310.   -130.2895   -.0021324   8836.7831   -167.5651   8998.5940
  63.000   .074496     274752.   -568.0240   -.0020013   8803.8175    -26.9835   1629.9726
  67.500   .065784     272603.   -688.5921   -.0018710   8758.3151    -26.6023   1819.7413
  72.000   .057657     269869.   -807.2668   -.0017419   8700.4469    -26.1420   2040.3359
  76.500   .050107     266560.   -923.4957   -.0016142   8630.4197    -25.5153   2291.4604
  81.000   .043129     262690.  -1035.5157   -.0014883   8548.5141    -24.2714   2532.4510
  85.500   .036713     258285.  -1141.8832   -.0013643   8455.2766    -23.0031   2819.5541
  90.000   .030850     253371.  -1242.4817   -.0012425   8351.2666    -21.7074   3166.3737
  94.500   .025530     247975.  -1337.1796   -.0011232   8237.0568    -20.3806   3592.3123
  99.000   .020741     242125.  -1598.5494   -.0010065   8113.2349    -95.7838  20780.9117
 103.500   .016471     234295.  -2022.6030   -.0008932   7947.5034    -92.6845  25321.5840
 108.000   .012703     224548.  -2431.3444   -.0007840   7741.2185    -88.9784  31520.2799
 112.500   .009416     212963.  -2821.7381   -.0006798   7496.0030    -84.5299  40399.0297
 117.000   .006585     199630.  -3189.9122   -.0005816   7213.8045    -79.1031  54060.8244
 121.500   .004181     184662.  -3530.4051   -.0004902   6896.9962    -72.2271  77739.3445
 126.000   .002173     168201.  -3834.0168   -.0004062   6548.5781    -62.7114     129874.
 130.500   .000525     150441.  -4076.4514   -.0003304   6172.6868    -45.0374     385955.
 135.000  -.000800     131744.  -4064.3113   -.0002632   5776.9603     50.4330     283536.
 139.500  -.001844     114047.  -3810.8629   -.0002047   5402.3837     62.2107     151835.
 144.000  -.002643  97590.3141  -3517.6797   -.0001543   5054.0676     68.0930     115944.
 148.500  -.003233  82496.2191  -3203.3166   -.0001115   4734.5914     71.6239  99697.8338
 153.000  -.003646  68838.7260  -2876.0680 -7.5466E-05   4445.5217     73.8198  91106.4306
 157.500  -.003912  56664.5839  -2540.9145 -4.5597E-05   4187.8482     75.1373  86430.0088
 162.000  -.004057  46002.5042  -2201.2436 -2.1163E-05   3962.1784     75.8276  84117.0835
 166.500  -.004103  36868.2481  -1859.5263 -1.4399E-06   3768.8460     76.0467  83414.9392
 171.000  -.004069  29267.7781  -1517.6510  1.4300E-05   3607.9771     75.8979  83926.9066
 175.500  -.003974  23199.3505  -1177.1142  2.6787E-05   3479.5349     75.4518  85442.8483
 180.000  -.003828  18654.9459   -961.2197  3.6748E-05   3383.3497     20.5013  24097.6516
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 184.500  -.003643  14522.5759   -869.9798  4.4644E-05   3295.8854     20.0498  24765.9016
 189.000  -.003427  10793.7874   -781.2913  5.0669E-05   3216.9632     19.3674  25434.1516
 193.500  -.003187   7455.3847   -696.1199  5.5012E-05   3146.3038     18.4866  26102.4016
 198.000  -.002932   4490.0897   -615.2859  5.7855E-05   3083.5414     17.4396  26770.6516
 202.500  -.002666   1877.1971   -539.4659  5.9371E-05   3028.2378     16.2582  27438.9016
 207.000  -.002397   -406.7816   -469.1962  5.9721E-05   2997.1155     14.9728  28107.1516
 211.500  -.002129  -2387.4931   -404.8780  5.9056E-05   3039.0386     13.6131  28775.4016
 216.000  -.001866  -4092.1408   -346.7825  5.7514E-05   3075.1185     12.2071  29443.6516
 220.500  -.001611  -5548.9105   -295.0578  5.5219E-05   3105.9520     10.7817  30111.9016
 225.000  -.001369  -6786.4245   -249.7347  5.2283E-05   3132.1448      9.3619  30780.1516
 229.500  -.001141  -7833.2257   -210.7339  4.8804E-05   3154.3010      7.9717  31448.4016
 234.000  -.000929  -8717.2904   -177.8720  4.4865E-05   3173.0128      6.6336  32116.6516
 238.500  -.000737  -9465.5686   -150.8667  4.0538E-05   3188.8506      5.3687  32784.9016
 243.000  -.000565 -10103.5484   -118.5292  3.5880E-05   3202.3539      9.0035  71757.5105
 247.500  -.000414 -10557.5190    -80.0016  3.0963E-05   3211.9624      8.1199  88263.4882
 252.000  -.000286 -10845.2985    -45.5792  2.5869E-05   3218.0535      7.1790     112974.
 256.500  -.000181 -10985.8919    -10.4074  2.0674E-05   3221.0292      8.4529     209974.
 261.000 -9.99E-05 -10953.4779    163.1537  1.5452E-05   3220.3432     68.6853    3094200.
 265.500 -4.21E-05  -9528.3559    382.8094  1.0578E-05   3190.1795     28.9394    3094200.
 270.000 -4.69E-06  -7515.6184    455.1838  6.5212E-06   3147.5787      3.2270    3094200.
 274.500  1.66E-05  -5436.2795    436.7573  3.4387E-06   3103.5681    -11.4165    3094200.
 279.000  2.63E-05  -3587.2163    370.4502  1.2912E-06   3064.4315    -18.0534    3094200.
 283.500  2.82E-05  -2103.1342    286.1645 -6.3073E-08   3033.0199    -19.4069    3094200.
 288.000  2.57E-05  -1011.6914    202.7571 -8.0438E-07   3009.9188    -17.6630    3094200.
 292.500  2.10E-05   -277.7559    130.5498 -1.1113E-06   2994.3846    -14.4291    3094200.
 297.000  1.57E-05    164.0368     73.8157 -1.1383E-06   2991.9777    -10.7861    3094200.
 301.500  1.07E-05    387.3842     32.9316 -1.0071E-06   2996.7050     -7.3846    3094200.
 306.000  6.62E-06    461.1278      6.0701 -8.0515E-07   2998.2658     -4.5538    3094200.
 310.500  3.49E-06    442.5807     -9.5804 -5.9008E-07   2997.8733     -2.4020    3094200.
 315.000  1.31E-06    375.3185    -17.0148 -3.9542E-07   2996.4496   -.9021320    3094200.
 319.500 -6.54E-08    289.7255    -18.9433 -2.3714E-07   2994.6380    .0449943    3094200.
 324.000 -8.22E-07    204.9952    -17.5699 -1.1940E-07   2992.8446    .5654114    3094200.
 328.500 -1.14E-06    131.6802    -14.5339 -3.9277E-08   2991.2928    .7839105    3094200.
 333.000 -1.18E-06     74.2174    -10.9511  9.7260E-09   2990.0766    .8084703    3094200.
 337.500 -1.05E-06     33.1138     -7.5036  3.5270E-08   2989.2066    .7237224    3094200.
 342.000 -8.58E-07      6.6599     -4.5473  4.4736E-08   2988.6467    .5902043    3094200.
 346.500 -6.50E-07     -7.8434     -2.2139  4.4454E-08   2988.6718    .4468774    3094200.
 351.000 -4.58E-07    -13.2961   -.4994139  3.9423E-08   2988.7872    .3151023    3094200.
 355.500 -2.95E-07    -12.3658    .2201437  3.3316E-08   2988.7675    .0047011  71687.6967
 360.000 -1.58E-07    -11.3382    .2365098  2.7675E-08   2988.7457    .0025727  73079.8842
 364.500 -4.60E-08    -10.2566    .2440124  2.2535E-08   2988.7228    .0007617  74472.0717
 369.000  4.44E-08     -9.1579    .2440422  1.7915E-08   2988.6996   -.0007485  75864.2592
 373.500  1.15E-07     -8.0728    .2379080  1.3814E-08   2988.6766   -.0019778  77256.4467
 378.000  1.69E-07     -7.0264    .2275724  1.0220E-08   2988.6545   -.0026158  69766.8445
 382.500  2.07E-07     -6.0318    .2143152  7.1125E-09   2988.6334   -.0032763  71159.0320
 387.000  2.33E-07     -5.1026    .1985011  4.4625E-09   2988.6137   -.0037522  72551.2195
 391.500  2.47E-07     -4.2485    .1809137  2.2370E-09   2988.5957   -.0040644  73943.4070
 396.000  2.53E-07     -3.4759    .1622439  3.9867E-10   2988.5793   -.0042333  75335.5945
 400.500  2.51E-07     -2.7885    .1430921 -1.0922E-09   2988.5648   -.0042786  76727.7820
 405.000  2.43E-07     -2.1873    .1239722 -2.2765E-09   2988.5520   -.0042191  78119.9695
 409.500  2.30E-07     -1.6712    .1053175 -3.1948E-09   2988.5411   -.0040719  79512.1570
 414.000  2.14E-07     -1.2372    .0874876 -3.8870E-09   2988.5319   -.0038525  80904.3445
 418.500  1.95E-07   -.8810735    .0707763 -4.3911E-09   2988.5244   -.0035747  82296.5320
 423.000  1.75E-07   -.5971593    .0554203 -4.7429E-09   2988.5184   -.0032501  83688.7195
 427.500  1.53E-07   -.3789609    .0416082 -4.9752E-09   2988.5138   -.0028886  85080.9070
 432.000  1.30E-07   -.2191932    .0294887 -5.1176E-09   2988.5104   -.0024978  86473.0945
 436.500  1.07E-07   -.1099700    .0191800 -5.1959E-09   2988.5081   -.0020838  87865.2820
 441.000  8.32E-08   -.0429257    .0107773 -5.2323E-09   2988.5067   -.0016507  89257.4695
 445.500  5.96E-08   -.0093012    .0043604 -5.2447E-09   2988.5059   -.0012012  90649.6570
 450.000  3.60E-08      0.0000      0.0000 -5.2470E-09   2988.5057   -.0007367  46020.9222

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00325932
Maximum bending moment           =   276309.91466 lbs-in
Maximum shear force              =     8701.10085 lbs
Depth of maximum bending moment  =    58.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              9
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  13415.0015   -.0060001   2988.5057   -145.5308    654.8884
   4.500   .473000  61000.0296  12715.0879   -.0059855   4279.6107   -165.5419   1574.9243
   9.000   .446130     118638.  11935.4509   -.0059428   5499.5479   -180.9634   1825.3313
  13.500   .419515     172591.  11090.8278   -.0058735   6641.5039   -194.4247   2085.5317
  18.000   .393269     222578.  10191.0287   -.0057794   7699.5184   -205.4860   2351.2856
  22.500   .367500     268367.   9231.4381   -.0056626   8668.6735   -220.9986   2706.1081
  27.000   .342305     309636.   8213.3429   -.0055250   9542.1587   -231.4881   3043.1785
  31.500   .317774     346166.   7158.8757   -.0053690  10315.3322   -237.1640   3358.4759
  36.000   .293985     377835.   6081.7768   -.0051966  10985.6321   -241.5467   3697.3327
  40.500   .271005     404550.   4977.9485   -.0050104  11551.0679   -249.0437   4135.3412
  45.000   .248891     426154.   3844.6703   -.0048127  12008.3320   -254.6355   4603.8625
  49.500   .227690     442531.   2684.4738   -.0046060  12354.9512   -261.0074   5158.4750
  54.000   .207437     453548.   1493.6129   -.0043927  12588.1367   -268.2641   5819.5440
  58.500   .188155     459057.    273.4983   -.0041755  12704.7392   -274.0090   6553.3079
  63.000   .169857     458940.   -422.9292   -.0039571  12702.2769    -35.5144    940.8767
  67.500   .152542     458028.   -582.0580   -.0037388  12682.9702    -35.2095   1038.6847
  72.000   .136208     456327.   -739.6144   -.0035212  12646.9528    -34.8155   1150.2274
  76.500   .120851     453844.   -894.9356   -.0033046  12594.3996    -34.2161   1274.0696
  81.000   .106466     450592.  -1045.7242   -.0030893  12525.5765    -32.8010   1386.3983
  85.500   .093047     446601.  -1190.0885   -.0028758  12441.1012    -31.3608   1516.6966
  90.000   .080584     441900.  -1327.9104   -.0026644  12341.6053    -29.8933   1669.3156
  94.500   .069068     436520.  -1459.0610   -.0024553  12227.7344    -28.3959   1850.0920
  99.000   .058486     430492.  -1802.1945   -.0022490  12100.1492   -124.1079   9549.0147
 103.500   .048827     421879.  -2355.0384   -.0020461  11917.8486   -121.6005  11206.9800
 108.000   .040071     410733.  -2895.4074   -.0018479  11681.9376   -118.5635  13314.6633
 112.500   .032195     397118.  -3420.7572   -.0016557  11393.7574   -114.9253  16063.2649
 117.000   .025170     381109.  -3928.1459   -.0014705  11054.9154   -110.5808  19769.9672
 121.500   .018961     362797.  -4414.0252   -.0012934  10667.3303   -105.3656  25006.0075
 126.000   .013529     342290.  -4873.8441   -.0011256  10233.3022    -98.9984  32927.7410
 130.500   .008831     319722.  -5301.1893   -.0009681   9755.6326    -90.9329  46337.9561
 135.000   .004817     295259.  -5684.0522   -.0008217   9237.8581    -79.2284  74016.3160
 139.500   .001435     269143.  -5994.3931   -.0006874   8685.0819    -58.7009     184019.
 144.000  -.001369     241792.  -5996.9835   -.0005658   8106.1945     57.5496     189107.
 148.500  -.003656     215567.  -5701.5479   -.0004569   7551.1181     73.7551  90769.8935
 153.000  -.005482     190799.  -5351.8741   -.0003602   7026.8912     81.6555  67031.3873
 157.500  -.006898     167653.  -4973.5130   -.0002749   6536.9875     86.5050  56429.7251
 162.000  -.007956     146230.  -4577.1494   -.0002002   6083.5673     89.6566  50711.6541
 166.500  -.008700     126599.  -4169.1167   -.0001353   5668.0572     91.6913  47425.7768
 171.000  -.009173     108803.  -3753.7445 -7.9241E-05   5291.3987     92.9186  45581.8713
 175.500  -.009413  92871.0248  -3334.2470 -3.1244E-05   4954.1808     93.5248  44709.2136
 180.000  -.009454  78817.0602  -3009.9014  9.6173E-06   4656.7196     50.6288  24097.6516
 184.500  -.009327  65775.1612  -2780.4938  4.4029E-05   4380.6794     51.3301  24765.9016
 189.000  -.009058  53761.7071  -2549.8077  7.2479E-05   4126.4069     51.1971  25434.1516
 193.500  -.008674  42776.0121  -2321.4023  9.5454E-05   3893.8876     50.3164  26102.4016
 198.000  -.008199  32802.0774  -2098.4430    .0001134   3682.7828     48.7766  26770.6516
 202.500  -.007653  23810.3894  -1883.6941    .0001269   3492.4680     46.6673  27438.9016
 207.000  -.007057  15759.7362  -1679.5186    .0001363   3322.0707     44.0774  28107.1516
 211.500  -.006426   8599.0164  -1487.8823    .0001421   3170.5095     41.0944  28775.4016
 216.000  -.005778   2269.0208  -1310.3618    .0001447   3036.5310     37.8036  29443.6516
 220.500  -.005124  -3295.8304  -1148.1563    .0001445   3058.2641     34.2877  30111.9016
 225.000  -.004477  -8165.8052  -1002.1008    .0001417   3161.3403     30.6259  30780.1516
 229.500  -.003848 -12414.2415   -872.6803    .0001368   3251.2612     26.8943  31448.4016
 234.000  -.003246 -16115.9940   -760.0455    .0001301   3329.6111     23.1656  32116.6516
 238.500  -.002678 -19345.9497   -664.0263    .0001216   3397.9752     19.5095  32784.9016
 243.000  -.002151 -22177.6052   -588.5355    .0001117   3457.9090     14.0419  29372.4484
 247.500  -.001672 -24721.2061   -527.8912    .0001006   3511.7460     12.9111  34743.6635
 252.000  -.001246 -26999.2274   -472.5040  8.8263E-05   3559.9618     11.7054  42269.8933
 256.500  -.000878 -29035.7030   -422.7321  7.4927E-05   3603.0651     10.4154  53389.4335
 261.000  -.000572 -30856.4149   -117.5801  6.0673E-05   3641.6016    125.2077     985362.
 265.500  -.000332 -30136.5161    410.0208  4.6157E-05   3626.3645    109.2816    1482012.
 270.000  -.000156 -27198.6300    897.8615  3.2511E-05   3564.1823    107.5365    3094200.
 274.500 -3.92E-05 -22078.5851   1200.4994  2.0784E-05   3455.8132     26.9692    3094200.
 279.000  3.07E-05 -16408.7255   1213.7484  1.1624E-05   3335.8070    -21.0807    3094200.
 283.500  6.54E-05 -11163.0091   1065.1483  5.0619E-06   3224.7780    -44.9638    3094200.
 288.000  7.62E-05  -6825.9438    846.0667  7.8064E-07   3132.9812    -52.4059    3094200.
 292.500  7.24E-05  -3548.9571    616.1154 -1.6885E-06   3063.6217    -49.7947    3094200.
 297.000  6.10E-05  -1279.7200    409.6750 -2.8377E-06   3015.5918    -41.9566    3094200.
 301.500  4.69E-05    140.1098    242.7468 -3.1089E-06   2991.4713    -32.2337    3094200.
 306.000  3.30E-05    907.1835    119.1072 -2.8597E-06   3007.7069    -22.7172    3094200.
 310.500  2.11E-05   1214.0825     35.2858 -2.3548E-06   3014.2026    -14.5368    3094200.
 315.000  1.18E-05   1226.4090    -15.7469 -1.7740E-06   3014.4635     -8.1445    3094200.
 319.500  5.18E-06   1073.6053    -42.0784 -1.2266E-06   3011.2293     -3.5584    3094200.
 324.000  8.05E-07    848.5645    -51.3304 -7.6917E-07   3006.4662   -.5535694    3094200.
 328.500 -1.75E-06    612.1721    -49.8725 -4.2152E-07   3001.4628      1.2015    3094200.
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 333.000 -2.99E-06    400.0078    -42.5455 -1.8063E-07   2996.9722      2.0550    3094200.
 337.500 -3.37E-06    229.3896    -32.7034 -3.0833E-08   2993.3609      2.3193    3094200.
 342.000 -3.27E-06    105.6986    -22.4321  4.8917E-08   2990.7429      2.2458    3094200.
 346.500 -2.93E-06     27.4666    -12.8418  8.0609E-08   2989.0871      2.0166    3094200.
 351.000 -2.54E-06     -9.9344     -4.3740  8.4782E-08   2988.7160      1.7469    3094200.
 355.500 -2.17E-06    -11.9586   -.3656232  7.9571E-08   2988.7589    .0345651  71687.6967
 360.000 -1.82E-06    -13.2809   -.2211858  7.3564E-08   2988.7868    .0296293  73079.8842
 364.500 -1.51E-06    -14.0009   -.0983810  6.7071E-08   2988.8021    .0249506  74472.0717
 369.000 -1.22E-06    -14.2134    .0040663  6.0357E-08   2988.8066    .0205815  75864.2592
 373.500 -9.64E-07    -14.0067    .0876293  5.3640E-08   2988.8022    .0165576  77256.4467
 378.000 -7.38E-07    -13.4624    .1506300  4.7103E-08   2988.7907    .0114427  69766.8445
 382.500 -5.41E-07    -12.6841    .1956072  4.0880E-08   2988.7742    .0085472  71159.0320
 387.000 -3.70E-07    -11.7306    .2282654  3.5070E-08   2988.7540    .0059675  72551.2195
 391.500 -2.25E-07    -10.6543    .2500068  2.9742E-08   2988.7313    .0036953  73943.4070
 396.000 -1.02E-07     -9.5014    .2621806  2.4945E-08   2988.7069    .0017153  75335.5945
 400.500 -3.80E-10     -8.3122    .2660546  2.0706E-08   2988.6817  6.4836E-06  76727.7820
 405.000  8.39E-08     -7.1215    .2627923  1.7033E-08   2988.6565   -.0014564  78119.9695
 409.500  1.53E-07     -5.9590    .2534363  1.3919E-08   2988.6319   -.0027019  79512.1570
 414.000  2.09E-07     -4.8503    .2388958  1.1347E-08   2988.6084   -.0037606  80904.3445
 418.500  2.55E-07     -3.8169    .2199403  9.2841E-09   2988.5865   -.0046641  82296.5320
 423.000  2.93E-07     -2.8774    .1971972  7.6909E-09   2988.5666   -.0054439  83688.7195
 427.500  3.24E-07     -2.0476    .1711545  6.5188E-09   2988.5491   -.0061306  85080.9070
 432.000  3.51E-07     -1.3416    .1421676  5.7122E-09   2988.5341   -.0067525  86473.0945
 436.500  3.76E-07   -.7720681    .1104708  5.2091E-09   2988.5221   -.0073350  87865.2820
 441.000  3.98E-07   -.3509807    .0761924  4.9419E-09   2988.5132   -.0078998  89257.4695
 445.500  4.20E-07   -.0898057    .0393751  4.8370E-09   2988.5076   -.0084634  90649.6570
 450.000  4.42E-07      0.0000      0.0000  4.8156E-09   2988.5057   -.0090366  46020.9222

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00600006
Maximum bending moment           =   459056.82690 lbs-in
Maximum shear force              =    13415.00151 lbs
Depth of maximum bending moment  =    58.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             16
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  19685.6849   -.0109807   2988.5057   -148.0880    333.1979
   4.500   .950587  90940.4134  18962.4066   -.0109590   4913.3182   -173.3691    820.7149
   9.000   .901369     178355.  18132.6032   -.0108950   6763.5023   -195.4324    975.6785
  13.500   .852532     261782.  17203.2749   -.0107902   8529.2925   -217.6024   1148.5907
  18.000   .804257     340759.  16173.5630   -.0106468  10200.8918   -240.0474   1343.1197
  22.500   .756711     414818.  15022.3599   -.0104670  11768.4007   -271.5985   1615.1386
  27.000   .710054     483308.  13731.5249   -.0102532  13218.0344   -302.1059   1914.6105
  31.500   .664432     545600.  12304.5205   -.0100084  14536.4752   -332.1182   2249.3377
  36.000   .619979     601075.  10754.7929   -.0097355  15710.6393   -356.6496   2588.6747
  40.500   .576813     649227.   9074.4997   -.0094379  16729.8164   -390.1474   3043.7307
  45.000   .535038     689371.   7241.0290   -.0091193  17579.4788   -424.7285   3572.2308
  49.500   .494739     720798.   5280.9957   -.0087837  18244.6631   -446.3974   4060.2982
  54.000   .455984     743066.   3249.9678   -.0084353  18715.9706   -456.2816   4502.9330
  58.500   .418821     755969.   1179.0661   -.0080785  18989.0862   -464.1191   4986.6985
  63.000   .383278     759348.     29.9909   -.0077179  19060.6051    -46.5810    546.8998
  67.500   .349360     761657.   -179.2397   -.0073559  19109.4740    -46.4104    597.7982
  72.000   .317074     762899.   -387.4800   -.0069931  19135.7578    -46.1408    654.8422
  76.500   .286422     763079.   -593.9384   -.0066299  19139.5678    -45.6185    716.7145
  81.000   .257405     762208.   -795.6315   -.0062669  19121.1270    -44.0229    769.6158
  85.500   .230020     760318.   -990.0898   -.0059045  19081.1226    -42.4030    829.5499
  90.000   .204264     757442.  -1177.2007   -.0055433  19020.2554    -40.7574    897.8976
  94.500   .180131     753614.  -1356.8455   -.0051837  18939.2409    -39.0847    976.4097
  99.000   .157611     748869.  -1802.5436   -.0048261  18838.8097   -159.0033   4539.7534
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 103.500   .136695     740779.  -2514.1832   -.0044716  18667.5808   -157.2809   5177.6720
 108.000   .117367     729381.  -3217.0205   -.0041217  18426.3211   -155.0912   5946.4105
 112.500   .099600     714720.  -3908.8703   -.0037780  18116.0094   -152.3976   6885.4231
 117.000   .083365     696853.  -4587.3594   -.0034421  17737.8520   -149.1531   8051.2487
 121.500   .068622     675850.  -5249.8662   -.0031154  17293.3028   -145.2944   9527.9781
 126.000   .055326     651791.  -5893.4295   -.0027994  16784.0898   -140.7337  11446.6777
 130.500   .043427     624774.  -6514.5997   -.0024956  16212.2530   -135.3420  14024.4273
 135.000   .032866     594912.  -7106.9344   -.0022053  15580.1986   -127.9179  17514.4711
 139.500   .023579     562360.  -7659.6550   -.0019299  14891.2144   -117.7357  22469.3474
 144.000   .015497     527330.  -8163.1087   -.0016705  14149.7795   -106.0215  30786.2388
 148.500   .008544     490065.  -8607.2767   -.0014284  13361.0387    -91.3865  48129.6208
 153.000   .002641     450867.  -8966.4436   -.0012045  12531.3962    -68.2432     116261.
 157.500  -.002296     410212.  -8972.4046   -.0009995  11670.9100     65.5939     128570.
 162.000  -.006354     370817.  -8634.1592   -.0008137  10837.0871     84.7374  60008.5792
 166.500  -.009619     333076.  -8231.9556   -.0006461  10038.2716     94.0198  43986.0452
 171.000  -.012170     297183.  -7796.0234   -.0004961   9278.5757     99.7279  36876.7799
 175.500  -.014084     263260.  -7338.8837   -.0003628   8560.5727    103.4453  33052.1388
 180.000  -.015434     231388.  -6920.1658   -.0002450   7885.9758     82.6516  24097.6516
 184.500  -.016289     201150.  -6532.4916   -.0001421   7245.9855     89.6481  24765.9016
 189.000  -.016713     172695.  -6118.2409 -5.3114E-05   6643.7074     94.4633  25434.1516
 193.500  -.016767     146124.  -5686.8661  2.2763E-05   6081.3061     97.2588  26102.4016
 198.000  -.016508     121497.  -5247.0649  8.6455E-05   5560.0735     98.2084  26770.6516
 202.500  -.015989  98839.3336  -4806.7341    .0001389   5080.5039     97.4942  27438.9016
 207.000  -.015258  78139.1509  -4372.9392    .0001810   4642.3712     95.3035  28107.1516
 211.500  -.014360  59355.8095  -3951.8989    .0002137   4244.8097     91.8255  28775.4016
 216.000  -.013335  42422.0177  -3548.9816    .0002380   3886.3951     87.2488  29443.6516
 220.500  -.012218  27247.9272  -3168.7127    .0002545   3565.2257     81.7596  30111.9016
 225.000  -.011044  13724.9161  -2814.7894    .0002643   3279.0024     75.5396  30780.1516
 229.500  -.009840   1729.2893  -2490.1033    .0002680   3025.1073     68.7653  31448.4016
 234.000  -.008632  -8874.1283  -2196.7654    .0002663   3176.3324     61.6070  32116.6516
 238.500  -.007443 -18228.5208  -1936.1355    .0002598   3374.3241     54.2285  32784.9016
 243.000  -.006294 -26481.7405  -1768.9314    .0002492   3549.0088     20.0844  14360.4919
 247.500  -.005201 -34323.8263  -1681.3352    .0002347   3714.9916     18.8472  16307.8754
 252.000  -.004181 -41778.5212  -1599.4971    .0002166   3872.7751     17.5253  18861.0928
 256.500  -.003251 -48871.3496  -1523.8048    .0001950   4022.8993     16.1157  22304.7969
 261.000  -.002426 -55629.6694  -1083.1906    .0001702   4165.9435    179.7128     333336.
 265.500  -.001720 -58739.5100   -307.7997    .0001429   4231.7653    164.9053     431438.
 270.000  -.001140 -58500.2038    397.9985    .0001150   4226.7002    148.7827     587443.
 274.500  -.000685 -55238.2736   1027.4852  8.7959E-05   4157.6594    130.9892     860831.
 279.000  -.000348 -49314.5842   1571.0724  6.3076E-05   4032.2807    110.6051    1429875.
 283.500  -.000117 -41142.9016   2001.0370  4.1548E-05   3859.3218     80.4903    3094200.
 288.000  2.58E-05 -31334.4176   2142.1582  2.4299E-05   3651.7189    -17.7697    3094200.
 292.500   .000102 -21880.5352   1944.9460  1.1634E-05   3451.6214    -69.8802    3094200.
 297.000   .000131 -13838.0709   1585.7445  3.1331E-06   3281.3974    -89.7649    3094200.
 301.500   .000130  -7611.0337   1182.9187 -1.9717E-06   3149.5982    -89.2688    3094200.
 306.000   .000113  -3190.4185    807.5467 -4.5424E-06   3056.0330    -77.5632    3094200.
 310.500  8.89E-05   -339.9244    495.4226 -5.3826E-06   2995.7005    -61.1587    3094200.
 315.000  6.44E-05   1272.1635    258.2452 -5.1607E-06   3015.4319    -44.2535    3094200.
 319.500  4.25E-05   1987.9054     92.9253 -4.3849E-06   3030.5810    -29.2220    3094200.
 324.000  2.49E-05   2111.5695    -11.3404 -3.4092E-06   3033.1985    -17.1183    3094200.
 328.500  1.18E-05   1888.2352    -68.1367 -2.4573E-06   3028.4715     -8.1245    3094200.
 333.000  2.78E-06   1500.0639    -90.7184 -1.6509E-06   3020.2556     -1.9118    3094200.
 337.500 -3.04E-06   1072.9289    -90.3134 -1.0385E-06   3011.2150      2.0917    3094200.
 342.000 -6.57E-06    687.9721    -75.4484 -6.1943E-07   3003.0671      4.5150    3094200.
 346.500 -8.62E-06    394.3286    -51.9584 -3.6185E-07   2996.8520      5.9250    3094200.
 351.000 -9.82E-06    220.6001    -23.4302 -2.1550E-07   2993.1749      6.7542    3094200.
 355.500 -1.06E-05    183.6077     -7.8549 -1.1930E-07   2992.3919    .1681693  71687.6967
 360.000 -1.09E-05    149.9900     -7.0783 -3.9902E-08   2991.6804    .1769599  73079.8842
 364.500 -1.09E-05    119.9308     -6.2737  2.4337E-08   2991.0442    .1806442  74472.0717
 369.000 -1.07E-05     93.5096     -5.4622  7.5135E-08   2990.4849    .1800095  75864.2592
 373.500 -1.02E-05     70.7179     -4.6617  1.1422E-07   2990.0025    .1757889  77256.4467
 378.000 -9.65E-06     51.4741     -3.9296  1.4330E-07   2989.5952    .1496041  69766.8445
 382.500 -8.95E-06     35.2513     -3.2745  1.6394E-07   2989.2519    .1415205  71159.0320
 387.000 -8.17E-06     21.8883     -2.6596  1.7754E-07   2988.9690    .1317864  72551.2195
 391.500 -7.35E-06     11.1903     -2.0913  1.8541E-07   2988.7426    .1208022  73943.4070
 396.000 -6.51E-06      2.9367     -1.5744  1.8878E-07   2988.5679    .1089078  75335.5945
 400.500 -5.65E-06     -3.1120     -1.1125  1.8873E-07   2988.5716    .0963824  76727.7820
 405.000 -4.81E-06     -7.2084   -.7079024  1.8628E-07   2988.6583    .0834453  78119.9695
 409.500 -3.98E-06     -9.6138   -.3620712  1.8227E-07   2988.7092    .0702575  79512.1570
 414.000 -3.17E-06    -10.5950   -.0759083  1.7746E-07   2988.7300    .0569260  80904.3445
 418.500 -2.38E-06    -10.4216    .1500692  1.7246E-07   2988.7263    .0435084  82296.5320
 423.000 -1.61E-06     -9.3654    .3155057  1.6775E-07   2988.7040    .0300189  83688.7195
 427.500 -8.69E-07     -7.6998    .4200277  1.6369E-07   2988.6687    .0164353  85080.9070
 432.000 -1.41E-07     -5.7001    .4630998  1.6050E-07   2988.6264    .0027078  86473.0945
 436.500  5.75E-07     -3.6446    .4439205  1.5828E-07   2988.5829   -.0112320  87865.2820
 441.000  1.28E-06     -1.8159    .3613635  1.5698E-07   2988.5442   -.0254600  89257.4695
 445.500  1.99E-06   -.5025165    .2139704  1.5643E-07   2988.5164   -.0400480  90649.6570
 450.000  2.69E-06      0.0000      0.0000  1.5631E-07   2988.5057   -.0550499  46020.9222

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01098069
Maximum bending moment           =   763079.16196 lbs-in
Maximum shear force              =    19685.68495 lbs
Depth of maximum bending moment  =    76.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             18
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  23769.9947   -.0188415   2988.5057   -148.0880    166.5990
   4.500     1.915     112079.  23046.7165   -.0188148   5360.7288   -173.3690    407.3492
   9.000     1.831     220628.  22216.9136   -.0187356   7658.2487   -195.4323    480.3962
  13.500     1.747     325184.  21287.5861   -.0186057   9871.2254   -217.6021    560.6399
  18.000     1.663     425278.  20257.8756   -.0184271  11989.7870   -240.0470    649.4717
  22.500     1.581     520440.  19106.6745   -.0182020  14003.9595   -271.5979    773.1720
  27.000     1.499     610016.  17815.8427   -.0179330  15899.8836   -302.1051    906.6798
  31.500     1.419     693372.  16388.8426   -.0176228  17664.1670   -332.1171   1052.9644
  36.000     1.341     769887.  14839.1208   -.0172745  19283.6517   -356.6482   1196.9916
  40.500     1.264     839051.  13158.8352   -.0168916  20747.5530   -390.1454   1389.0979
  45.000     1.189     900174.  11325.3745   -.0164777  22041.2693   -424.7260   1607.7721
  49.500     1.116     952546.   9329.7936   -.0160368  23149.7630   -462.1988   1864.4038
  54.000     1.044     995400.   7158.6991   -.0155732  24056.7879   -502.7321   2166.0431
  58.500   .975423    1027907.   4801.5776   -.0150916  24744.8197   -544.8775   2513.7280
  63.000   .908612    1049209.   3435.8561   -.0145973  25195.6799    -62.1098    307.6058
  67.500   .844048    1069077.   3155.9916   -.0140931  25616.2093    -62.2744    332.0130
  72.000   .781773    1087506.   2875.6241   -.0135799  26006.2671    -62.3334    358.7998
  76.500   .721829    1104491.   2595.6963   -.0130582  26365.7630    -62.0790    387.0106
  81.000   .664250    1120034.   2320.1582   -.0125288  26694.7459    -60.3824    409.0644
  85.500   .609070    1134167.   2052.3085   -.0119923  26993.8880    -58.6619    433.4127
  90.000   .556319    1146923.   1792.2560   -.0114494  27263.8767    -56.9170    460.3951
  94.500   .506025    1158335.   1540.1111   -.0109008  27505.4148    -55.1474    490.4172
  99.000   .458212    1168437.    948.8911   -.0103470  27719.2204   -207.6170   2038.9612
 103.500   .412902    1174139.     15.2373   -.0097895  27839.9086   -207.3402   2259.6918
 108.000   .370107    1175446.   -916.2711   -.0092303  27867.5780   -206.6635   2512.7511
 112.500   .329829    1172372.  -1843.7997   -.0086715  27802.5138   -205.5714   2804.6987
 117.000   .292063    1164939.  -2765.4391   -.0081153  27645.1952   -204.0461   3143.8694
 121.500   .256792    1153180.  -3679.1931   -.0075636  27396.3021   -202.0668   3541.0038
 126.000   .223991    1137136.  -4582.9635   -.0070185  27056.7244   -199.6089   4010.1671
 130.500   .193625    1116860.  -5474.5299   -.0064820  26627.5723   -196.6428   4570.1265
 135.000   .165652    1092416.  -6348.1510   -.0059563  26110.1889   -191.6332   5205.7799
 139.500   .140019    1063908.  -7192.7563   -.0054431  25506.8076   -183.7469   5905.3440
 144.000   .116665    1031502.  -8001.1831   -.0049444  24820.9094   -175.5539   6771.4723
 148.500   .095520     995368.  -8771.9167   -.0044620  24056.1206   -166.9943   7867.2048
 153.000   .076507     955687.  -9503.1132   -.0039976  23216.2374   -157.9819   9292.2005
 157.500   .059541     912647. -10192.4397   -.0035530  22305.2630   -148.3855  11214.6702
 162.000   .044530     866449. -10836.7918   -.0031296  21327.4626   -137.9932  13944.9197
 166.500   .031375     817313. -11431.7452   -.0027288  20287.4539   -126.4305  18133.4258
 171.000   .019971     765479. -11970.3153   -.0023521  19190.3663   -112.9340  25447.5744
 175.500   .010206     711231. -12439.2863   -.0020007  18042.1678    -95.4976  42107.5931
 180.000   .001964     654930. -12677.8234   -.0016756  16850.5236    -10.5189  24097.6516
 184.500  -.004874     598307. -12641.1330   -.0013773  15652.0550     26.8258  24765.9016
 189.000  -.010431     542127. -12448.1187   -.0011059  14462.9684     58.9583  25434.1516
 193.500  -.014827     487050. -12121.9498   -.0008609  13297.2344     86.0056  26102.4016
 198.000  -.018180     433634. -11685.0946   -.0006418  12166.6406    108.1523  26770.6516
 202.500  -.020604     382335. -11159.0821   -.0004476  11080.8678    125.6311  27438.9016
 207.000  -.022208     333516. -10564.3042   -.0002773  10047.5891    138.7146  28107.1516
 211.500  -.023099     287451.  -9919.8560   -.0001295   9072.5847    147.7067  28775.4016
 216.000  -.023374     244328.  -9243.4127 -2.9103E-06   8159.8715    152.9347  29443.6516
 220.500  -.023125     204262.  -8551.1392    .0001039   7311.8428    154.7424  30111.9016
 225.000  -.022439     167295.  -7857.6308    .0001923   6529.4151    153.4836  30780.1516
 229.500  -.021395     133408.  -7175.8802    .0002638   5812.1795    149.5167  31448.4016
 234.000  -.020064     102527.  -6517.2670    .0003200   5158.5557    143.2002  32116.6516
 238.500  -.018515  74528.3141  -5891.5667    .0003621   4565.9455    134.8887  32784.9016
 243.000  -.016805  49248.6770  -5525.3692    .0003916   4030.8857     27.8657   7461.7277
 247.500  -.014990  24525.0922  -5402.3169    .0004092   3507.5951     26.8242   8052.5046
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 252.000  -.013123    340.6009  -5284.2256    .0004151   2995.7148     25.6607   8799.4397
 256.500  -.011255 -23324.3172  -5171.6331    .0004096   3482.1799     24.3804   9748.1354
 261.000  -.009436 -46491.6359  -4548.8692    .0003930   3972.5312    252.4036     120365.
 265.500  -.007718 -64540.0143  -3440.8864    .0003666   4354.5367    240.0332     139956.
 270.000  -.006137 -77716.9377  -2390.7979    .0003327   4633.4348    226.6728     166199.
 274.500  -.004723 -86290.7521  -1403.0812    .0002937   4814.9051    212.3124     202268.
 279.000  -.003494 -90550.8242   -482.3379    .0002516   4905.0723    196.9068     253575.
 283.500  -.002459 -90808.4040    366.5026    .0002084   4910.5241    180.3556     330024.
 288.000  -.001619 -87398.6116   1137.8240    .0001660   4838.3537    162.4540     451656.
 292.500  -.000965 -80684.5249   1824.5659    .0001260   4696.2457    142.7647     665637.
 297.000  -.000485 -71065.9736   2416.2047  8.9889E-05   4492.6629    120.1859    1116178.
 301.500  -.000156 -59001.7843   2928.2092  5.8933E-05   4237.3165    107.3716    3094200.
 306.000  4.59E-05 -44753.4618   3098.8516  3.4240E-05   3935.7416    -31.5306    3094200.
 310.500   .000152 -31136.1569   2792.7383  1.6179E-05   3647.5226   -104.5197    3094200.
 315.000   .000191 -19630.1743   2261.3534  4.0967E-06   3403.9910   -131.6513    3094200.
 319.500   .000189 -10786.8519   1672.9269 -3.1424E-06   3216.8164   -129.8715    3094200.
 324.000   .000163  -4571.6261   1128.2551 -6.7976E-06   3085.2672   -112.2048    3094200.
 328.500   .000128   -627.7841    678.2331 -8.0351E-06   3001.7932    -87.8050    3094200.
 333.000  9.09E-05   1538.1121    340.0907 -7.8184E-06   3021.0609    -62.4805    3094200.
 337.500  5.73E-05   2438.5207    110.8113 -6.8720E-06   3040.1186    -39.4214    3094200.
 342.000  2.90E-05   2540.2381    -22.7829 -5.6871E-06   3042.2715    -19.9538    3094200.
 346.500  6.15E-06   2237.4671    -77.1905 -4.5500E-06   3035.8632     -4.2274    3094200.
 351.000 -1.19E-05   1848.7173    -68.2441 -3.5775E-06   3027.6350      8.2036    3094200.
 355.500 -2.60E-05   1625.7815    -48.8523 -2.7506E-06   3022.9165    .4149883  71687.6967
 360.000 -3.67E-05   1410.9777    -46.5780 -2.0279E-06   3018.3700    .5957862  73079.8842
 364.500 -4.43E-05   1208.0027    -43.5879 -1.4046E-06   3014.0739    .7331494  74472.0717
 369.000 -4.93E-05   1019.6723    -40.0672 -8.7442E-07   3010.0878    .8316023  75864.2592
 373.500 -5.22E-05    848.0114    -36.1809 -4.2992E-07   3006.4545    .8956689  77256.4467
 378.000 -5.32E-05    694.3461    -32.3099 -6.2844E-08   3003.2020    .8247521  69766.8445
 382.500 -5.27E-05    557.2661    -28.5779  2.3503E-07   3000.3006    .8339227  71159.0320
 387.000 -5.11E-05    436.9799    -24.8486  4.7166E-07   2997.7547    .8235639  72551.2195
 391.500 -4.85E-05    333.2978    -21.2028  6.5498E-07   2995.5602    .7968013  73943.4070
 396.000 -4.52E-05    245.6953    -17.7079  7.9278E-07   2993.7060    .7564842  75335.5945
 400.500 -4.14E-05    173.3705    -14.4192  8.9251E-07   2992.1752    .7051493  76727.7820
 405.000 -3.72E-05    115.2961    -11.3814  9.6121E-07   2990.9461    .6449975  78119.9695
 409.500 -3.27E-05     70.2636     -8.6299  1.0054E-06   2989.9929    .5778822  79512.1570
 414.000 -2.81E-05     36.9215     -6.1927  1.0309E-06   2989.2872    .5053083  80904.3445
 418.500 -2.34E-05     13.8056     -4.0918  1.0430E-06   2988.7980    .4284422  82296.5320
 423.000 -1.87E-05   -.6365191     -2.3445  1.0461E-06   2988.5192    .3481313  83688.7195
 427.500 -1.40E-05     -8.0289   -.9650720  1.0440E-06   2988.6757    .2649330  85080.9070
 432.000 -9.32E-06    -10.0551    .0341215  1.0397E-06   2988.7186    .1791530  86473.0945
 436.500 -4.66E-06     -8.4517    .6417222  1.0353E-06   2988.6846    .0908918  87865.2820
 441.000 -5.11E-09     -5.0064    .8464567  1.0321E-06   2988.6117    .0001013  89257.4695
 445.500  4.63E-06     -1.5581    .6366468  1.0306E-06   2988.5387   -.0933502  90649.6570
 450.000  9.27E-06      0.0000      0.0000  1.0302E-06   2988.5057   -.1896039  46020.9222

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.01884147
Maximum bending moment           =       1175446. lbs-in
Maximum shear force              =    23769.99472 lbs
Depth of maximum bending moment  =      108.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  26598.4329   -.0259613   2988.5057   -148.0880    111.0660
   4.500     2.883     127306.  25875.1547   -.0259310   5683.0190   -173.3690    270.5908
   9.000     2.767     251080.  25045.3519   -.0258410   8302.7754   -195.4322    317.8770
  13.500     2.651     370855.  24116.0248   -.0256930  10837.8808   -217.6020    369.4285
  18.000     2.535     486161.  23086.3149   -.0254890  13278.4096   -240.0468    426.0541
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  22.500     2.421     596525.  21935.1147   -.0252313  15614.3341   -271.5977    504.7859
  27.000     2.308     701289.  20644.2840   -.0249225  17831.7413   -302.1048    588.9488
  31.500     2.197     799819.  19217.2856   -.0245652  19917.1852   -332.1167    680.2876
  36.000     2.087     891489.  17667.5659   -.0241627  21857.4542   -356.6476    768.9262
  40.500     1.979     975789.  15987.2831   -.0237183  23641.7099   -390.1447    886.9445
  45.000     1.874    1052025.  14153.8260   -.0232357  25255.2974   -424.7251   1020.0200
  49.500     1.770    1119485.  12158.2498   -.0227189  26683.1257   -462.1977   1174.8687
  54.000     1.669    1177398.   9987.1610   -.0221722  27908.8954   -502.7306   1355.2471
  58.500     1.571    1224934.   7630.0467   -.0216005  28915.0291   -544.8757   1560.9834
  63.000     1.475    1261232.   6239.8406   -.0210088  29683.2951    -72.9936    222.7111
  67.500     1.382    1295841.   5910.4702   -.0204002  30415.8157    -73.3932    239.0334
  72.000     1.291    1328747.   5579.5496   -.0197756  31112.2974    -73.6826    256.7788
  76.500     1.204    1359939.   5248.1277   -.0191357  31772.4997    -73.6159    275.2095
  81.000     1.119    1389414.   4920.8337   -.0184814  32396.3408    -71.8481    288.9196
  85.500     1.037    1417201.   4601.5500   -.0178134  32984.4744    -70.0557    303.8927
  90.000   .958733    1443333.   4290.3875   -.0171326  33537.5702    -68.2387    320.2919
  94.500   .883182    1467841.   3987.4570   -.0164398  34056.3148    -66.3970    338.3070
  99.000   .810775    1490760.   3299.2971   -.0157356  34541.4107   -239.4518   1329.0164
 103.500   .741561    1508581.   2220.4763   -.0150218  34918.6049   -240.0241   1456.5333
 108.000   .675579    1521290.   1139.9422   -.0143007  35187.5891   -240.2132   1600.0497
 112.500   .612855    1528880.     59.4453   -.0135748  35348.2374   -240.0077   1762.3008
 117.000   .553406    1531355.  -1019.2102   -.0128465  35400.6109   -239.3948   1946.6308
 121.500   .497237    1528725.  -2094.1594   -.0121182  35344.9637   -238.3605   2157.1665
 126.000   .444342    1521014.  -3163.4704   -.0113924  35181.7482   -236.8889   2399.0528
 130.500   .394705    1508252.  -4225.1345   -.0106714  34911.6226   -234.9619   2678.7792
 135.000   .348299    1490479.  -5272.9959   -.0099577  34535.4579   -230.7543   2981.3286
 139.500   .305086    1467785.  -6294.4777   -.0092537  34055.1202   -223.2376   3292.7440
 144.000   .265016    1440325.  -7281.6738   -.0085616  33473.9116   -215.5162   3659.4876
 148.500   .228032    1408260.  -8233.6137   -.0078836  32795.2386   -207.5682   4096.1728
 153.000   .194064    1371757.  -9149.2124   -.0072220  32022.6211   -199.3646   4622.9227
 157.500   .163034    1330987. -10027.2338   -.0065788  31159.7042   -190.8672   5268.2515
 162.000   .134855    1286130. -10866.2385   -.0059559  30210.2743   -182.0238   6073.9975
 166.500   .109431    1237372. -11664.5046   -.0053553  29178.2801   -172.7611   7104.2729
 171.000   .086657    1184909. -12419.9024   -.0047788  28067.8643   -162.9713   8462.9261
 175.500   .066421    1128948. -13129.6855   -.0042281  26883.4082   -152.4879  10330.9748
 180.000   .048604    1069710. -14007.7112   -.0037049  25629.6029   -237.7458  22011.8605
 184.500   .033077    1005479. -14952.2341   -.0032110  24270.1161   -182.0422  24765.9016
 189.000   .019705     937394. -15612.4154   -.0027486  22829.0497   -111.3717  25434.1516
 193.500   .008340     866897. -15971.8483   -.0023192  21336.9341    -48.3762  26102.4016
 198.000  -.001168     795275. -16065.0616   -.0019236  19821.0187      6.9481  26770.6516
 202.500  -.008972     723662. -15926.3318   -.0015621  18305.2690     54.7095  27438.9016
 207.000  -.015227     653035. -15589.2441   -.0012345  16810.4091     95.1072  28107.1516
 211.500  -.020082     584225. -15086.3122   -.0009400  15354.0033    128.4180  28775.4016
 216.000  -.023687     517918. -14448.6596   -.0006777  13950.5721    154.9831  29443.6516
 220.500  -.026182     454663. -13705.7579   -.0004462  12611.7359    175.1954  30111.9016
 225.000  -.027703     394879. -12885.2216   -.0002440  11346.3814    189.4874  30780.1516
 229.500  -.028378     338867. -12012.6546 -6.9404E-05  10160.8456    198.3202  31448.4016
 234.000  -.028327     286814. -11111.5447  7.9505E-05   9059.1125    202.1731  32116.6516
 238.500  -.027662     238807. -10203.2007    .0002046   8043.0173    201.5353  32784.9016
 243.000  -.026486     194842.  -9676.7678    .0003078   7112.4566     32.4349   5510.7377
 247.500  -.024892     151500.  -9532.3032    .0003902   6195.1086     31.7716   5743.6620
 252.000  -.022974     108777.  -9391.2148    .0004522   5290.8424     30.9344   6059.2718
 256.500  -.020823  66662.0061  -9254.2520    .0004939   4399.4500     29.9380   6469.9635
 261.000  -.018528  25142.0560  -8514.4075    .0005158   3520.6536    298.8817  72589.3197
 265.500  -.016181 -10329.7397  -7191.8031    .0005193   3207.1413    288.9425  80358.4563
 270.000  -.013855 -39948.7243  -5916.2600    .0005073   3834.0462    277.9655  90283.0669
 274.500  -.011614 -63932.2323  -4692.3460    .0004826   4341.6726    265.9962     103060.
 279.000  -.009511 -82518.6355  -3524.4672    .0004478   4735.0658    253.0610     119730.
 283.500  -.007585 -95966.7663  -2416.9550    .0004053   5019.7042    239.1666     141899.
 288.000  -.005864    -104556.  -1374.1646    .0003576   5201.4953    224.2958     172135.
 292.500  -.004367    -108585.   -400.6026    .0003068   5286.7826    208.3984     214767.
 297.000  -.003102    -108377.    498.8797    .0002552   5282.3655    191.3716     277610.
 301.500  -.002070    -104274.   1318.7530    .0002046   5195.5424    173.0166     376164.
 306.000  -.001261 -96651.4049   2052.1265    .0001568   5034.1950    152.9272     545821.
 310.500  -.000659 -85915.3997   2689.0285    .0001133   4806.9605    130.1404     888867.
 315.000  -.000241 -72529.6981   3354.5849  7.5610E-05   4523.6435    165.6625    3094200.
 319.500  2.16E-05 -55777.2138   3693.8468  4.5074E-05   4169.0664    -14.8794    3094200.
 324.000   .000165 -39316.7186   3405.5055  2.2442E-05   3820.6694   -113.2723    3094200.
 328.500   .000224 -25143.4186   2804.6843  7.1008E-06   3520.6824   -153.7593    3094200.
 333.000   .000229 -14079.5442   2104.9921 -2.2340E-06   3286.5084   -157.2150    3094200.
 337.500   .000204  -6196.9213   1436.4063 -7.0597E-06   3119.6676   -139.9342    3094200.
 342.000   .000165  -1146.9315    866.1193 -8.8075E-06   3012.7813   -113.5266    3094200.
 346.500   .000124   1604.3355    418.4673 -8.6987E-06   3022.4625    -85.4298    3094200.
 351.000  8.68E-05   2625.3806     91.9345 -7.6920E-06   3044.0736    -59.6959    3094200.
 355.500  5.50E-05   2437.1455    -44.3532 -6.4872E-06   3040.0895   -.8764288  71687.6967
 360.000  2.84E-05   2230.7555    -47.3641 -5.3762E-06   3035.7211   -.4617571  73079.8842
 364.500  6.63E-06   2014.6423    -48.6500 -4.3658E-06   3031.1469   -.1097134  74472.0717
 369.000 -1.09E-05   1795.9708    -48.4849 -3.4589E-06   3026.5186    .1830717  75864.2592
 373.500 -2.45E-05   1580.7064    -47.1266 -2.6553E-06   3021.9624    .4206342  77256.4467
 378.000 -3.48E-05   1373.6957    -44.9677 -1.9522E-06   3017.5809    .5388617  69766.8445
 382.500 -4.21E-05   1177.3676    -42.2584 -1.3450E-06   3013.4255    .6652649  71159.0320
 387.000 -4.69E-05    994.3143    -39.0616 -8.2818E-07   3009.5510    .7555347  72551.2195
 391.500 -4.95E-05    826.3944    -35.5307 -3.9486E-07   3005.9969    .8137732  73943.4070
 396.000 -5.04E-05    674.8155    -31.8006 -3.7584E-08   3002.7887    .8440252  75335.5945
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 400.500 -4.99E-05    540.2152    -27.9887  2.5159E-07   2999.9398    .8501837  76727.7820
 405.000 -4.82E-05    422.7410    -24.1949  4.8076E-07   2997.4533    .8359122  78119.9695
 409.500 -4.55E-05    322.1233    -20.5038  6.5804E-07   2995.3237    .8045828  79512.1570
 414.000 -4.22E-05    237.7447    -16.9852  7.9128E-07   2993.5378    .7592297  80904.3445
 418.500 -3.84E-05    168.7007    -13.6963  8.8802E-07   2992.0764    .7025179  82296.5320
 423.000 -3.42E-05    113.8545    -10.6830  9.5526E-07   2990.9156    .6367253  83688.7195
 427.500 -2.98E-05     71.8829     -7.9820  9.9947E-07   2990.0272    .5637374  85080.9070
 432.000 -2.52E-05     41.3151     -5.6222  1.0264E-06   2989.3802    .4850555  86473.0945
 436.500 -2.06E-05     20.5627     -3.6267  1.0411E-06   2988.9410    .4018152  87865.2820
 441.000 -1.59E-05      7.9436     -2.0143  1.0479E-06   2988.6739    .3148160  89257.4695
 445.500 -1.11E-05      1.6983   -.8007100  1.0502E-06   2988.5417    .2245615  90649.6570
 450.000 -6.42E-06      0.0000      0.0000  1.0506E-06   2988.5057    .1313096  46020.9222

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.02596134
Maximum bending moment           =       1531355. lbs-in
Maximum shear force              =    26598.43287 lbs
Depth of maximum bending moment  =      117.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              3

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  78000.0000    .2500000     276310.   8701.1008
  4  y=   .500000 M=     0.000  78000.0000    .5000000     459057.  13415.0015
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000     763079.  19685.6849
  4  y=     2.000 M=     0.000  78000.0000      2.0000    1175446.  23769.9947
  4  y=     3.000 M=     0.000  78000.0000      3.0000    1531355.  26598.4329

The analysis ended normally. 
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Lateral Deflection (in)
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Shear Force (kips)
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Bending Moment (in-kips)
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

jlee12
CH2MHILL

Path to file locations:      C:\Documents and Settings\jlee12\Desktop\Revised Analyses\LPILE\
Name of input data file:     Bent_Weak_Row3.lpd
Name of output file:         Bent_Weak_Row3.lpo
Name of plot output file:    Bent_Weak_Row3.lpp
Name of runtime file:        Bent_Weak_Row3.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  May  7, 2012     Time:  13:42:02

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Route 101-23 Intechange Improvement - Moorpark Road UC                          

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     450.00 in

Depth of ground surface below top of pile =     -24.00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points
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Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   13.80000000     326.0000      26.1000     29000000.
  2     450.0000   13.80000000     326.0000      26.1000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  9 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -24.000 in
Distance from top of pile to bottom of layer =       36.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       36.000 in
Distance from top of pile to bottom of layer =       60.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  3 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =       60.000 in
Distance from top of pile to bottom of layer =       96.000 in

Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =       96.000 in
Distance from top of pile to bottom of layer =      180.000 in

Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      180.000 in
Distance from top of pile to bottom of layer =      240.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  6 is soft clay, p-y criteria by Matlock, 1970
Distance from top of pile to top of layer    =      240.000 in
Distance from top of pile to bottom of layer =      258.000 in

Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      258.000 in
Distance from top of pile to bottom of layer =      354.000 in

Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      354.000 in
Distance from top of pile to bottom of layer =      378.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

Layer  9 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      378.000 in
Distance from top of pile to bottom of layer =      456.000 in
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3

(Depth of lowest layer extends    6.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using 18 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -24.00         .07230
  2            36.00         .07230
  3            36.00         .03620
  4            60.00         .03620
  5            60.00         .03620
  6            96.00         .03620
  7            96.00         .03620
  8           180.00         .03620
  9           180.00         .03330
 10           240.00         .03330
 11           240.00         .03330
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 12           258.00         .03330
 13           258.00         .03330
 14           354.00         .03330
 15           354.00         .03910
 16           378.00         .03910
 17           378.00         .03910
 18           456.00         .03910

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using 18 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -24.000         .00000           32.00           ------    ------
  2       36.000         .00000           32.00           ------    ------
  3       36.000         .00000           32.00           ------    ------
  4       60.000         .00000           32.00           ------    ------
  5       60.000        2.43000             .00           .05000        .0
  6       96.000        2.43000             .00           .05000        .0
  7       96.000        6.74000             .00           .01000        .0
  8      180.000        6.74000             .00           .01000        .0
  9      180.000         .00000           28.00           ------    ------
 10      240.000         .00000           28.00           ------    ------
 11      240.000        3.82000             .00           .05000        .0
 12      258.000        3.82000             .00           .05000        .0
 13      258.000       15.28000             .00           .00500        .0
 14      354.000       15.28000             .00           .00500        .0
 15      354.000         .00000           33.00           ------    ------
 16      378.000         .00000           33.00           ------    ------
 17      378.000         .00000           43.00           ------    ------
 18      456.000         .00000           43.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .4000         1.0000
  2          456.000          .4000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  2
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           2.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

Load Case Number  5

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           3.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       78000.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000   6851.8307   -.0030222   2988.5057    -79.2723    713.4507
   4.500   .236400  31091.3992   6470.6790   -.0030148   3646.5752    -90.1285   1715.6431
   9.000   .222867  60352.5021   6045.8589   -.0029930   4265.9053    -98.6804   1992.4996
  13.500   .209463  87605.2429   5587.2203   -.0029578   4842.7271   -105.1589   2259.1858
  18.000   .196246     112714.   5104.7899   -.0029102   5374.1676   -109.2546   2505.2469
  22.500   .183271     135591.   4600.6585   -.0028511   5858.3825   -114.8038   2818.8646
  27.000   .170587     156121.   4079.7494   -.0027816   6292.9125   -116.7113   3078.7899
  31.500   .158237     174262.   3557.7277   -.0027030   6676.8675   -115.2983   3278.9011
  36.000   .146260     190038.   3034.3353   -.0026163   7010.7888   -117.3205   3609.6197
  40.500   .134690     203407.   2500.2654   -.0025227   7293.7541   -120.0439   4010.6716
  45.000   .123556     214312.   1956.6779   -.0024232   7524.5488   -121.5506   4426.9653
  49.500   .112881     222719.   1404.4094   -.0023192   7702.4885   -123.9021   4939.3651
  54.000   .102683     228579.    839.3656   -.0022118   7826.5357   -127.2285   5575.7002
  58.500   .092974     231826.    261.0200   -.0021023   7895.2440   -129.8140   6283.0571
  63.000   .083762     232404.    -76.9750   -.0019918   7907.4936    -20.4060   1096.2795
  67.500   .075048     232531.   -168.3726   -.0018811   7910.1752    -20.2151   1212.1267
  72.000   .066832     232210.   -258.7915   -.0017705   7903.3703    -19.9710   1344.7023
  76.500   .059114     231445.   -347.8419   -.0016602   7887.1846    -19.6069   1492.5661
  81.000   .051891     230244.   -434.1980   -.0015503   7861.7769    -18.7736   1628.0523
  85.500   .045161     228625.   -516.7682   -.0014411   7827.5085    -17.9243   1786.0319
  90.000   .038921     226605.   -595.4776   -.0013327   7784.7493    -17.0577   1972.1798
  94.500   .033167     224202.   -670.2443   -.0012254   7733.8777    -16.1720   2194.1972
  99.000   .027892     221433.   -875.3989   -.0011194   7675.2819    -75.0078  12101.4422
 103.500   .023092     217109.  -1209.1797   -.0010150   7583.7544    -73.3392  14291.7745
 108.000   .018757     211263.  -1534.6710   -.0009131   7460.0257    -71.3236  17111.2842
 112.500   .014874     203938.  -1850.1947   -.0008143   7304.9803    -68.9091  20847.2385
 117.000   .011429     195183.  -2153.7790   -.0007193   7119.6790    -66.0172  25993.9307
 121.500   .008401     185059.  -2442.9869   -.0006288   6905.3923    -62.5196  33488.3505
 126.000   .005770     173637.  -2714.5701   -.0005434   6663.6549    -58.1840  45378.9364
 130.500   .003510     161009.  -2963.6441   -.0004638   6396.3656    -52.5155  67318.4675
 135.000   .001596     147290.  -3180.2014   -.0003904   6105.9986    -43.7321     123304.
 139.500 -2.96E-06     132661.  -3276.8973   -.0003238   5796.3670    .7561621    1147697.
 144.000  -.001318     118025.  -3181.7167   -.0002641   5486.5903     41.5464     141873.
 148.500  -.002380     104211.  -2979.7829   -.0002112   5194.2032     48.2020  91145.5972
 153.000  -.003219  91355.6609  -2754.3393   -.0001647   4922.1072     51.9952  72695.5062
 157.500  -.003862  79537.7493  -2514.8937   -.0001240   4671.9734     54.4250  63420.4088
 162.000  -.004334  68808.6562  -2266.3842 -8.8681E-05   4444.8853     56.0236  58162.8297
 166.500  -.004660  59202.5455  -2011.9697 -5.8215E-05   4241.5658     57.0495  55092.3217
 171.000  -.004858  50741.7960  -1753.8962 -3.2049E-05   4062.4885     57.6498  53396.7461
 175.500  -.004948  43439.9782  -1493.8726 -9.6344E-06   3907.9409     57.9162  52669.1277
 180.000  -.004945  37303.7062  -1320.2279  9.5822E-06   3778.0627     19.2592  17525.5648
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 184.500  -.004862  31551.2004  -1233.1080  2.5969E-05   3656.3072     19.4608  18011.5648
 189.000  -.004711  26187.5037  -1145.7464  3.9711E-05   3542.7811     19.3666  18497.5648
 193.500  -.004505  21211.6054  -1059.4142  5.0991E-05   3437.4630     19.0033  18983.5648
 198.000  -.004252  16616.9795   -975.2598  5.9994E-05   3340.2148     18.3987  19469.5648
 202.500  -.003965  12392.1509   -894.3036  6.6898E-05   3250.7936     17.5818  19955.5648
 207.000  -.003650   8521.2841   -817.4345  7.1876E-05   3168.8642     16.5822  20441.5648
 211.500  -.003318   4984.7834   -745.4074  7.5090E-05   3094.0119     15.4298  20927.5648
 216.000  -.002975   1759.9042   -678.8419  7.6695E-05   3025.7553     14.1548  21413.5648
 220.500  -.002628  -1178.6341   -618.2222  7.6834E-05   3013.4523     12.7873  21899.5648
 225.000  -.002283  -3858.0326   -563.8966  7.5635E-05   3070.1635     11.3574  22385.5648
 229.500  -.001947  -6306.7994   -516.0786  7.3216E-05   3121.9932      9.8951  22871.5648
 234.000  -.001624  -8554.1371   -474.8466  6.9679E-05   3169.5596      8.4303  23357.5648
 238.500  -.001320 -10629.3330   -440.1447  6.5113E-05   3213.4824      6.9928  23843.5648
 243.000  -.001038 -12561.1487   -406.3895  5.9594E-05   3254.3706      8.0095  34718.9001
 247.500  -.000783 -14328.6739   -371.9611  5.3195E-05   3291.7814      7.2921  41886.6968
 252.000  -.000559 -15946.1408   -340.8892  4.5989E-05   3326.0161      6.5176  52432.3251
 256.500  -.000370 -17428.9613   -313.4529  3.8046E-05   3357.4009      5.6763  69128.6908
 261.000  -.000217 -18793.9255     34.9771  2.9425E-05   3386.2913    149.1815    3094200.
 265.500  -.000105 -17134.8238    532.5756  2.0875E-05   3351.1753     71.9733    3094200.
 270.000 -2.91E-05 -14015.3995    739.5186  1.3461E-05   3285.1507     20.0014    3094200.
 274.500  1.65E-05 -10488.6061    759.0322  7.6292E-06   3210.5039    -11.3286    3094200.
 279.000  3.96E-05  -7189.4653    672.3181  3.4219E-06   3140.6754    -27.2110    3094200.
 283.500  4.73E-05  -4440.1457    537.9580  6.5410E-07   3082.4843    -32.5046    3094200.
 288.000  4.55E-05  -2348.3028    394.4902 -9.6151E-07   3038.2091    -31.2588    3094200.
 292.500  3.86E-05   -889.0585    264.4105 -1.7320E-06   3007.3232    -26.5544    3094200.
 297.000  2.99E-05     32.6078    158.4469 -1.9358E-06   2989.1959    -20.5406    3094200.
 301.500  2.12E-05    538.3221     79.4373 -1.7999E-06   2999.8997    -14.5748    3094200.
 306.000  1.37E-05    748.8072     25.4900 -1.4936E-06   3004.3547     -9.4018    3094200.
 310.500  7.75E-06    768.7803     -7.6605 -1.1324E-06   3004.7775     -5.3317    3094200.
 315.000  3.48E-06    680.6576    -25.0431 -7.8747E-07   3002.9123     -2.3939    3094200.
 319.500  6.67E-07    543.9452    -31.4610 -4.9603E-07   3000.0187   -.4585109    3094200.
 324.000 -9.83E-07    397.8570    -30.9722 -2.7188E-07   2996.9266    .6757299    3094200.
 328.500 -1.78E-06    265.3859    -26.6978 -1.1403E-07   2994.1228      1.2240    3094200.
 333.000 -2.01E-06    157.6566    -20.8356 -1.3352E-08   2991.8427      1.3814    3094200.
 337.500 -1.90E-06     77.8746    -14.7875  4.2703E-08   2990.1540      1.3066    3094200.
 342.000 -1.62E-06     24.5390     -9.3340  6.7077E-08   2989.0251      1.1172    3094200.
 346.500 -1.30E-06     -6.1783     -4.8144  7.1446E-08   2988.6365    .8915363    3094200.
 351.000 -9.82E-07    -18.8410     -1.2897  6.5492E-08   2988.9045    .6750163    3094200.
 355.500 -7.07E-07    -17.8315    .2475370  5.6764E-08   2988.8832    .0081931  52136.5067
 360.000 -4.71E-07    -16.6530    .2784833  4.8557E-08   2988.8582    .0055608  53149.0067
 364.500 -2.70E-07    -15.3592    .2983110  4.0938E-08   2988.8308    .0032515  54161.5067
 369.000 -1.02E-07    -13.9970    .3084511  3.3952E-08   2988.8020    .0012552  55174.0067
 373.500  3.54E-08    -12.6070    .3102804  2.7620E-08   2988.7726   -.0004422  56186.5067
 378.000  1.46E-07    -11.2238    .3055763  2.1949E-08   2988.7433   -.0016485  50739.5233
 382.500  2.33E-07     -9.8722    .2958393  1.6928E-08   2988.7147   -.0026791  51752.0233
 387.000  2.99E-07     -8.5732    .2819348  1.2538E-08   2988.6872   -.0035007  52764.5233
 391.500  3.46E-07     -7.3436    .2647604  8.7498E-09   2988.6612   -.0041324  53777.0233
 396.000  3.77E-07     -6.1965    .2451264  5.5274E-09   2988.6369   -.0045938  54789.5233
 400.500  3.96E-07     -5.1413    .2237543  2.8290E-09   2988.6146   -.0049049  55802.0233
 405.000  4.03E-07     -4.1847    .2012768  6.0950E-10   2988.5943   -.0050851  56814.5233
 409.500  4.01E-07     -3.3303    .1782403 -1.1790E-09   2988.5762   -.0051534  57827.0233
 414.000  3.92E-07     -2.5797    .1551082 -2.5855E-09   2988.5603   -.0051276  58839.5233
 418.500  3.78E-07     -1.9325    .1322664 -3.6594E-09   2988.5466   -.0050243  59852.0233
 423.000  3.59E-07     -1.3867    .1100299 -4.4493E-09   2988.5351   -.0048586  60864.5233
 427.500  3.38E-07   -.9390780    .0886497 -5.0029E-09   2988.5256   -.0046437  61877.0233
 432.000  3.14E-07   -.5853370    .0683217 -5.3657E-09   2988.5181   -.0043910  62889.5233
 436.500  2.89E-07   -.3204158    .0491947 -5.5812E-09   2988.5125   -.0041099  63902.0233
 441.000  2.64E-07   -.1386667    .0313799 -5.6905E-09   2988.5087   -.0038078  64914.5233
 445.500  2.38E-07   -.0340017    .0149603 -5.7316E-09   2988.5065   -.0034898  65927.0233
 450.000  2.12E-07      0.0000      0.0000 -5.7397E-09   2988.5057   -.0031592  33469.7616

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00302220
Maximum bending moment           =   232531.05121 lbs-in
Maximum shear force              =     6851.83074 lbs
Depth of maximum bending moment  =    67.50000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  10576.0788   -.0055634   2988.5057   -105.8406    476.2825
   4.500   .474965  48473.4624  10066.4851   -.0055518   4014.4778   -120.6455   1143.0423
   9.000   .450033  94495.7542   9497.6158   -.0055178   4988.5693   -132.1853   1321.7545
  13.500   .425305     137826.   8879.8083   -.0054625   5905.6714   -142.3958   1506.6410
  18.000   .400871     178249.   8219.7069   -.0053873   6761.2546   -150.9826   1694.8639
  22.500   .376819     215585.   7513.2177   -.0052936   7551.4958   -163.0126   1946.7094
  27.000   .353229     249584.   6760.4354   -.0051829   8271.1067   -171.5572   2185.5740
  31.500   .330173     280067.   5976.6992   -.0050568   8916.3049   -176.7700   2409.2349
  36.000   .307718     306924.   5172.1364   -.0049171   9484.7483   -180.8135   2644.1810
  40.500   .285919     330068.   4343.8089   -.0047655   9974.6089   -187.3320   2948.3638
  45.000   .264828     349364.   3489.1214   -.0046038  10383.0111   -192.5291   3271.4850
  49.500   .244485     364702.   2609.7434   -.0044339  10707.6590   -198.3055   3650.0178
  54.000   .224923     375964.   1702.4369   -.0042576  10946.0227   -204.9418   4100.2332
  58.500   .206167     383013.    767.3117   -.0040769  11095.2179   -210.6694   4598.2767
  63.000   .188231     385732.    233.1669   -.0038940  11152.7650    -26.7283    638.9883
  67.500   .171121     387845.    113.1625   -.0037099  11197.4921    -26.6070    699.6902
  72.000   .154842     389354.     -6.1621   -.0035249  11229.4439    -26.4261    767.9932
  76.500   .139397     390264.   -124.3398   -.0033394  11248.6925    -26.0973    842.4734
  81.000   .124787     390580.   -239.6507   -.0031535  11255.3756    -25.1520    907.0124
  85.500   .111015     390321.   -350.6713   -.0029677  11249.8973    -24.1905    980.5650
  90.000   .098078     389507.   -457.3269   -.0027821  11232.6707    -23.2120   1065.0067
  94.500   .085976     388158.   -559.5384   -.0025970  11204.1178    -22.2153   1162.7523
  99.000   .074705     386294.   -825.4220   -.0024127  11164.6709    -95.9552   5780.0303
 103.500   .064262     382423.  -1254.4461   -.0022297  11082.7310    -94.7222   6633.0186
 108.000   .054638     376569.  -1677.2176   -.0020491  10958.8406    -93.1762   7674.0877
 112.500   .045820     368766.  -2092.2629   -.0018717  10793.6828    -91.2884   8965.4987
 117.000   .037792     359053.  -2497.9557   -.0016985  10588.0943    -89.0195  10599.8030
 121.500   .030533     347477.  -2892.4594   -.0015304  10343.0821    -86.3155  12721.1906
 126.000   .024019     334095.  -3273.6365   -.0013681  10059.8459    -83.0966  15568.4038
 130.500   .018220     318975.  -3638.8908   -.0012127   9739.8127    -79.2387  19570.5011
 135.000   .013104     302197.  -3983.5706   -.0010649   9384.6896    -73.9523  25395.0299
 139.500   .008636     283870.  -4299.9238   -.0009254   8996.8015    -66.6491  34729.0438
 144.000   .004776     264147.  -4579.2840   -.0007950   8579.3435    -57.5110  54190.4532
 148.500   .001481     243215.  -4805.5521   -.0006742   8136.3020    -43.0526     130794.
 153.000  -.001292     221370.  -4809.6950   -.0005637   7673.9479     41.2113     143503.
 157.500  -.003592     200323.  -4596.8509   -.0004633   7228.4744     53.3861  66886.9053
 162.000  -.005462     180324.  -4343.2556   -.0003727   6805.1740     59.3229  48874.6770
 166.500  -.006946     161495.  -4067.9964   -.0002914   6406.6620     63.0145  40823.9380
 171.000  -.008084     143916.  -3778.9265   -.0002187   6034.5871     65.4610  36438.3477
 175.500  -.008914     127639.  -3480.6942   -.0001540   5690.0603     67.0867  33866.6885
 180.000  -.009471     112698.  -3246.7607 -9.6842E-05   5373.8357     36.8837  17525.5648
 184.500  -.009786  98485.7993  -3075.6449 -4.6581E-05   5073.0211     39.1677  18011.5648
 189.000  -.009890  85050.0932  -2896.0491 -2.9003E-06   4788.6458     40.6526  18497.5648
 193.500  -.009812  72423.3936  -2711.4497  3.4577E-05   4521.3935     41.3915  18983.5648
 198.000  -.009579  60622.7729  -2525.0732  6.6242E-05   4271.6258     41.4424  19469.5648
 202.500  -.009216  49651.2328  -2339.8768  9.2486E-05   4039.4061     40.8671  19955.5648
 207.000  -.008746  39498.9563  -2158.5327    .0001137   3824.5266     39.7303  20441.5648
 211.500  -.008192  30144.6184  -1983.4178    .0001303   3626.5360     38.0986  20927.5648
 216.000  -.007574  21556.7405  -1816.6060    .0001426   3444.7680     36.0400  21413.5648
 220.500  -.006909  13695.0710  -1659.8640    .0001510   3278.3707     33.6231  21899.5648
 225.000  -.006215   6511.9812  -1514.6495    .0001558   3126.3360     30.9167  22385.5648
 229.500  -.005507    -46.1335  -1382.1106    .0001573   2989.4822     27.9895  22871.5648
 234.000  -.004799  -6037.4534  -1263.0871    .0001559   3116.2923     24.9099  23357.5648
 238.500  -.004104 -11523.3398  -1158.1117    .0001517   3232.4047     21.7459  23843.5648
 243.000  -.003434 -16566.9474  -1082.3310    .0001450   3339.1559     11.9345  15640.0305
 247.500  -.002799 -21366.1144  -1030.3945    .0001360   3440.7333     11.1484  17923.3791
 252.000  -.002210 -25935.9558   -982.1262    .0001247   3537.4570     10.3041  20981.2528
 256.500  -.001677 -30292.8057   -937.7974    .0001113   3629.6725      9.3976  25224.3838
 261.000  -.001208 -34454.2931   -669.6562  9.5931E-05   3717.7531    109.7762     408958.
 265.500  -.000813 -36387.0551   -198.9311  7.9071E-05   3758.6612     99.4349     550282.
 270.000  -.000496 -36300.1812    222.5457  6.1772E-05   3756.8225     87.8881     796906.
 274.500  -.000257 -34427.5079    818.1960  4.4939E-05   3717.1861    176.8453    3094200.
 279.000 -9.18E-05 -28967.9644   1358.1780  2.9852E-05   3601.6314     63.1467    3094200.
 283.500  1.15E-05 -22224.8614   1482.5103  1.7668E-05   3458.9093     -7.8879    3094200.
 288.000  6.72E-05 -15637.7745   1360.8363  8.6568E-06   3319.4893    -46.1895    3094200.
 292.500  8.94E-05  -9983.4122   1118.6255  2.5591E-06   3199.8111    -61.4597    3094200.
 297.000  9.02E-05  -5571.9414    840.7819 -1.1430E-06   3106.4395    -62.0263    3094200.
 301.500  7.91E-05  -2415.5731    578.8528 -3.0440E-06   3039.6329    -54.3866    3094200.
 306.000  6.28E-05   -360.1293    359.3075 -3.7046E-06   2996.1281    -43.1891    3094200.
 310.500  4.58E-05    820.7948    191.3440 -3.5949E-06   3005.8784    -31.4613    3094200.
 315.000  3.05E-05   1364.4906     73.4359 -3.0748E-06   3017.3861    -20.9423    3094200.
 319.500  1.81E-05   1483.8763     -1.6586 -2.3969E-06   3019.9129    -12.4330    3094200.
 324.000  8.88E-06   1351.2462    -43.3783 -1.7222E-06   3017.1057     -6.1091    3094200.
 328.500  2.58E-06   1094.6810    -61.1183 -1.1401E-06   3011.6754     -1.7753    3094200.
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 333.000 -1.38E-06    801.9821    -62.9840 -6.8868E-07   3005.4802    .9461558    3094200.
 337.500 -3.62E-06    528.3088    -55.2605 -3.7208E-07   2999.6877      2.4865    3094200.
 342.000 -4.72E-06    304.8988    -42.3562 -1.7378E-07   2994.9591      3.2487    3094200.
 346.500 -5.18E-06    147.2249    -27.0322 -6.6179E-08   2991.6219      3.5619    3094200.
 351.000 -5.32E-06     61.6556    -10.7867 -1.6467E-08   2989.8107      3.6583    3094200.
 355.500 -5.33E-06     50.1562     -2.4167  1.0144E-08   2989.5673    .0617347  52136.5067
 360.000 -5.23E-06     39.8986     -2.1388  3.1576E-08   2989.3502    .0617601  53149.0067
 364.500 -5.04E-06     30.8849     -1.8632  4.8422E-08   2989.1594    .0607121  54161.5067
 369.000 -4.79E-06     23.0956     -1.5944  6.1269E-08   2988.9946    .0587698  55174.0067
 373.500 -4.49E-06     16.4924     -1.3359  7.0691E-08   2988.8548    .0560970  56186.5067
 378.000 -4.16E-06     11.0225     -1.1043  7.7240E-08   2988.7390    .0468727  50739.5233
 382.500 -3.80E-06      6.4999   -.9005274  8.1410E-08   2988.6433    .0436750  51752.0233
 387.000 -3.42E-06      2.8606   -.7119162  8.3637E-08   2988.5663    .0401523  52764.5233
 391.500 -3.04E-06    .0338937   -.5396998  8.4326E-08   2988.5065    .0363884  53777.0233
 396.000 -2.67E-06     -2.0559   -.3848071  8.3845E-08   2988.5493    .0324528  54789.5233
 400.500 -2.29E-06     -3.4882   -.2478857  8.2526E-08   2988.5796    .0284011  55802.0233
 405.000 -1.92E-06     -4.3448   -.1293645  8.0661E-08   2988.5977    .0242750  56814.5233
 409.500 -1.56E-06     -4.7091   -.0295141  7.8507E-08   2988.6054    .0201030  57827.0233
 414.000 -1.22E-06     -4.6656    .0514962  7.6275E-08   2988.6045    .0159016  58839.5233
 418.500 -8.78E-07     -4.2992    .1135468  7.4142E-08   2988.5967    .0116765  59852.0233
 423.000 -5.49E-07     -3.6957    .1565220  7.2239E-08   2988.5840    .0074236  60864.5233
 427.500 -2.28E-07     -2.9412    .1802714  7.0660E-08   2988.5680    .0031316  61877.0233
 432.000  8.71E-08     -2.1229    .1845796  6.9454E-08   2988.5507   -.0012169  62889.5233
 436.500  3.97E-07     -1.3288    .1691461  6.8633E-08   2988.5339   -.0056424  63902.0233
 441.000  7.05E-07   -.6487200    .1335758  6.8162E-08   2988.5195   -.0101666  64914.5233
 445.500  1.01E-06   -.1744363    .0773814  6.7966E-08   2988.5094   -.0148087  65927.0233
 450.000  1.32E-06      0.0000      0.0000  6.7925E-08   2988.5057   -.0195830  33469.7616

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00556337
Maximum bending moment           =   390579.64861 lbs-in
Maximum shear force              =    10576.07884 lbs
Depth of maximum bending moment  =    81.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  15421.9252   -.0101535   2988.5057   -107.7003    242.3258
   4.500   .954309  71872.0588  14895.9047   -.0101363   4509.7242   -126.0866    594.5551
   9.000   .908773     141179.  14292.4116   -.0100856   5976.6472   -142.1326    703.8025
  13.500   .863539     207584.  13616.5370   -.0100026   7382.1524   -158.2561    824.6909
  18.000   .818749     270750.  12867.6566   -.0098888   8719.0942   -174.5796    959.5227
  22.500   .774540     330335.  12030.4193   -.0097457   9980.2530   -197.5258   1147.6059
  27.000   .731037     385865.  11091.6323   -.0095753  11155.5833   -219.7129   1352.4723
  31.500   .688362     436881.  10053.8138   -.0093795  12235.3793   -241.5398   1579.0081
  36.000   .646622     482934.   8926.7430   -.0091606  13210.1053   -259.3806   1805.0922
  40.500   .605917     523653.   7704.7166   -.0089210  14071.9520   -283.7423   2107.2863
  45.000   .566333     558539.   6371.2900   -.0086635  14810.3338   -308.8918   2454.4090
  49.500   .527946     587076.   4919.9577   -.0083908  15414.3481   -336.1448   2865.1650
  54.000   .490816     608709.   3373.9530   -.0081062  15872.2134   -350.9684   3217.8217
  58.500   .454990     623132.   1776.3721   -.0078130  16177.4995   -359.0675   3551.2969
  63.000   .420498     630181.    889.8557   -.0075148  16326.6843    -34.9398    373.9108
  67.500   .387357     636416.    732.6385   -.0072133  16458.6653    -34.9346    405.8414
  72.000   .355579     641838.    575.5931   -.0069091  16573.4227    -34.8634    441.2113
  76.500   .325175     646447.    419.2777   -.0066025  16670.9678    -34.6101    478.9591
  81.000   .296156     650247.    265.9211   -.0062939  16751.3929    -33.5484    509.7568
  85.500   .268530     653258.    117.3775   -.0059837  16815.1397    -32.4710    544.1458
  90.000   .242303     655503.    -26.2816   -.0056722  16862.6592    -31.3775    582.7355
  94.500   .217480     657004.   -164.9821   -.0053598  16894.4122    -30.2672    626.2742
  99.000   .194065     657781.   -507.1545   -.0050469  16910.8692   -121.8094   2824.5310
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 103.500   .172058     655982.  -1053.8226   -.0047342  16872.7922   -121.1542   3168.6581
 108.000   .151457     651620.  -1596.8993   -.0044230  16780.4683   -120.2132   3571.7070
 112.500   .132251     644715.  -2135.0617   -.0041145  16634.3163   -118.9701   4048.1022
 117.000   .114426     635293.  -2666.9068   -.0038099  16434.8933   -117.4055   4617.1645
 121.500   .097962     623387.  -3190.9321   -.0035103  16182.9033   -115.4947   5305.3762
 126.000   .082833     609039.  -3705.5097   -.0032170  15879.2073   -113.2065   6150.0509
 130.500   .069009     592296.  -4208.8489   -.0029311  15524.8370   -110.4998   7205.5605
 135.000   .056453     573217.  -4697.0664   -.0026537  15121.0114   -106.4857   8488.1532
 139.500   .045126     551886.  -5163.2067   -.0023859  14669.5186   -100.6877  10040.7237
 144.000   .034980     528423.  -5602.3279   -.0021288  14172.9190    -94.4773  12154.0228
 148.500   .025966     502959.  -6012.2168   -.0018834  13633.9575    -87.6955  15197.8333
 153.000   .018030     475635.  -6389.6506   -.0016505  13055.6307    -80.0528  19980.2566
 157.500   .011112     446611.  -6729.3637   -.0014310  12441.3110    -70.9308  28724.7868
 162.000   .005151     416075.  -7020.6504   -.0012257  11795.0108    -58.5299  51134.2037
 166.500  8.10E-05     384285.  -7198.8015   -.0010352  11122.1530    -20.6483    1147697.
 171.000  -.004166     352013.  -7120.3972   -.0008599  10439.0864     55.4947  59946.6003
 175.500  -.007659     320805.  -6850.1326   -.0006998   9778.5603     64.6229  37970.8221
 180.000  -.010464     290853.  -6613.0354   -.0005543   9144.5973     40.7536  17525.5648
 184.500  -.012647     261677.  -6407.4449   -.0004228   8527.0731     50.6199  18011.5648
 189.000  -.014269     233483.  -6161.5793   -.0003049   7930.3194     58.6537  18497.5648
 193.500  -.015391     206437.  -5883.5204   -.0002002   7357.8793     64.9281  18983.5648
 198.000  -.016071     180672.  -5580.9858   -.0001081   6812.5377     69.5317  19469.5648
 202.500  -.016364     156284.  -5261.2657 -2.7885E-05   6296.3588     72.5661  19955.5648
 207.000  -.016322     133340.  -4931.1701  4.1044E-05   5810.7293     74.1431  20441.5648
 211.500  -.015994     111875.  -4596.9870  9.9403E-05   5356.4064     74.3828  20927.5648
 216.000  -.015427  91897.1736  -4264.4501    .0001479   4933.5686     73.4114  21413.5648
 220.500  -.014663  73390.8490  -3938.7152    .0001872   4541.8703     71.3596  21899.5648
 225.000  -.013742  56317.2955  -3624.3441    .0002181   4180.4976     68.3608  22385.5648
 229.500  -.012700  40618.6403  -3325.2948    .0002412   3848.2254     64.5500  22871.5648
 234.000  -.011571  26220.3358  -3044.9167    .0002571   3543.4760     60.0625  23357.5648
 238.500  -.010386  13033.9160  -2785.9506    .0002664   3264.3770     55.0336  23843.5648
 243.000  -.009174    959.7488  -2624.8540    .0002698   3008.8194     16.5649   8125.6831
 247.500  -.007959 -10779.1402  -2552.0353    .0002674   3216.6532     15.7990   8933.0974
 252.000  -.006767 -22196.2979  -2482.8100    .0002596   3458.3047     14.9677   9953.6788
 256.500  -.005623 -33306.6505  -2417.4709    .0002464   3693.4625     14.0719  11262.4568
 261.000  -.004550 -44126.4829  -2041.5606    .0002279   3922.4712    152.9994     151333.
 265.500  -.003571 -51840.7060  -1373.2679    .0002051   4085.7477    144.0196     181481.
 270.000  -.002704 -56629.8708   -746.9345    .0001793   4187.1134    134.3508     223611.
 274.500  -.001958 -58688.9705   -165.7750    .0001518   4230.6956    123.9423     284911.
 279.000  -.001337 -58228.4340    366.6495    .0001240   4220.9481    112.6909     379234.
 283.500  -.000842 -55476.1792    846.0757  9.6948E-05   4162.6948    100.3875     536822.
 288.000  -.000465 -50681.8095   1266.7097  7.1683E-05   4061.2189     86.5609     838294.
 292.500  -.000196 -44126.1132   1765.2761  4.9119E-05   3922.4634    135.0241    3094200.
 297.000 -2.26E-05 -34828.8060   2104.0341  3.0328E-05   3725.6799     15.5350    3094200.
 301.500  7.66E-05 -25211.0961   2020.5072  1.6039E-05   3522.1148    -52.6581    3094200.
 306.000   .000122 -16655.5001   1713.6563  6.0749E-06   3341.0301    -83.7201    3094200.
 310.500   .000131  -9792.4537   1322.2194 -2.1959E-07   3195.7693    -90.2519    3094200.
 315.000   .000120  -4755.3712    933.8400 -3.6819E-06   3089.1562    -82.3612    3094200.
 319.500  9.81E-05  -1385.3087    596.7269 -5.1433E-06   3017.8267    -67.4668    3094200.
 324.000  7.35E-05    618.7818    331.2292 -5.3258E-06   3001.6027    -50.5322    3094200.
 328.500  5.02E-05   1599.4925    139.8869 -4.7978E-06   3022.3600    -34.5089    3094200.
 333.000  3.03E-05   1881.1317     15.3491 -3.9695E-06   3028.3211    -20.8413    3094200.
 337.500  1.45E-05   1740.4209    -53.9183 -3.1076E-06   3025.3429     -9.9442    3094200.
 342.000  2.34E-06   1398.0487    -79.9164 -2.3606E-06   3018.0963     -1.6105    3094200.
 346.500 -6.78E-06   1022.8303    -73.0456 -1.7845E-06   3010.1546      4.6642    3094200.
 351.000 -1.37E-05    741.8908    -41.3282 -1.3645E-06   3004.2083      9.4324    3094200.
 355.500 -1.91E-05    651.8344    -19.6082 -1.0328E-06   3002.3022    .2208672  52136.5067
 360.000 -2.30E-05    566.1417    -18.4997 -7.4289E-07   3000.4885    .2718017  53149.0067
 364.500 -2.57E-05    485.8583    -17.1909 -4.9252E-07   2998.7893    .3099182  54161.5067
 369.000 -2.74E-05    411.7696    -15.7364 -2.7889E-07   2997.2211    .3365065  55174.0067
 373.500 -2.83E-05    344.4264    -14.1854 -9.8922E-08   2995.7958    .3528455  56186.5067
 378.000 -2.83E-05    284.1707    -12.6726  5.0680E-08   2994.5204    .3194991  50739.5233
 382.500 -2.78E-05    230.3375    -11.2343  1.7313E-07   2993.3810    .3197518  51752.0233
 387.000 -2.68E-05    182.9407     -9.8084  2.7149E-07   2992.3778    .3139799  52764.5233
 391.500 -2.54E-05    141.8714     -8.4200  3.4879E-07   2991.5085    .3030636  53777.0233
 396.000 -2.36E-05    106.9155     -7.0906  4.0800E-07   2990.7687    .2878095  54789.5233
 400.500 -2.17E-05     77.7699     -5.8379  4.5196E-07   2990.1518    .2689409  55802.0233
 405.000 -1.96E-05     54.0573     -4.6768  4.8333E-07   2989.6499    .2470915  56814.5233
 409.500 -1.73E-05     35.3393     -3.6195  5.0461E-07   2989.2537    .2228014  57827.0233
 414.000 -1.50E-05     21.1271     -2.6761  5.1804E-07   2988.9529    .1965168  58839.5233
 418.500 -1.27E-05     10.8909     -1.8546  5.2566E-07   2988.7363    .1685915  59852.0233
 423.000 -1.03E-05      4.0668     -1.1619  5.2922E-07   2988.5918    .1392914  60864.5233
 427.500 -7.91E-06    .0627162   -.6036432  5.3021E-07   2988.5071    .1088018  61877.0233
 432.000 -5.53E-06     -1.7382   -.1850565  5.2981E-07   2988.5425    .0772367  62889.5233
 436.500 -3.14E-06     -1.9747    .0891902  5.2893E-07   2988.5475    .0446508  63902.0233
 441.000 -7.66E-07     -1.3068    .2145255  5.2814E-07   2988.5334    .0110538  64914.5233
 445.500  1.61E-06   -.4147463    .1863590  5.2773E-07   2988.5145   -.0235723  65927.0233
 450.000  3.98E-06      0.0000      0.0000  5.2764E-07   2988.5057   -.0592540  33469.7616

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  3:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01015345
Maximum bending moment           =   657781.23202 lbs-in
Maximum shear force              =    15421.92522 lbs
Depth of maximum bending moment  =    99.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =              4

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        2.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     2.000      0.0000  18556.0203   -.0174366   2988.5057   -107.7003    121.1629
   4.500     1.922  88531.8781  18029.9999   -.0174155   4862.3400   -126.0865    295.2792
   9.000     1.843     174496.  17426.5069   -.0173529   6681.8199   -142.1325    346.9920
  13.500     1.765     257552.  16750.6327   -.0172501   8439.7642   -158.2560    403.4036
  18.000     1.688     337361.  16001.7528   -.0171085  10128.9685   -174.5795    465.4050
  22.500     1.611     413578.  15164.5163   -.0169298  11742.1543   -197.5256    551.6167
  27.000     1.536     485726.  14225.7304   -.0167158  13269.2173   -219.7126    643.8398
  31.500     1.461     553344.  13187.9134   -.0164685  14700.3929   -241.5394    743.9918
  36.000     1.387     615978.  12060.8447   -.0161902  16026.0870   -259.3801    841.2786
  40.500     1.315     673257.  10838.8210   -.0158834  17238.4314   -283.7416    970.8105
  45.000     1.244     724678.   9505.3978   -.0155507  18326.7822   -308.8909   1116.9453
  49.500     1.175     769723.   8054.0698   -.0151950  19280.1785   -336.1437   1287.0611
  54.000     1.108     807832.   6475.0964   -.0148196  20086.7802   -365.6222   1485.3048
  58.500     1.042     838402.   4760.8318   -.0144278  20733.8180   -396.2732   1711.5234
  63.000   .977869     860807.   3765.0639   -.0140234  21208.0467    -46.2904    213.0210
  67.500   .915686     882132.   3556.2023   -.0136086  21659.3911    -46.5370    228.6993
  72.000   .855392     902366.   3346.3881   -.0131839  22087.6702    -46.7137    245.7491
  76.500   .797031     921504.   3136.2870   -.0127498  22492.7367    -46.6646    263.4660
  81.000   .740644     939543.   2928.8333   -.0123069  22874.5439    -45.5371    276.6740
  85.500   .686269     956503.   2726.4877   -.0118556  23233.5113    -44.3943    291.1019
  90.000   .633943     972404.   2529.3195   -.0113965  23570.0688    -43.2360    306.9077
  94.500   .583700     987267.   2337.3985   -.0109302  23884.6565    -42.0622    324.2761
  99.000   .535572    1001114.   1889.5127   -.0104569  24177.7250   -156.9981   1319.1350
 103.500   .489588    1011614.   1182.2245   -.0099779  24399.9634   -157.3522   1446.2875
 108.000   .445771    1018758.    473.9115   -.0094947  24551.1826   -157.4536   1589.4751
 112.500   .404136    1022544.   -234.2724   -.0090089  24631.3140   -157.2948   1751.4579
 117.000   .364691    1022974.   -941.1364   -.0085221  24640.4123   -156.8670   1935.6169
 121.500   .327437    1020057.  -1645.4489   -.0080358  24578.6593   -156.1608   2146.1331
 126.000   .292368    1013806.  -2345.9323   -.0075518  24446.3680   -155.1652   2388.2320
 130.500   .259471    1004244.  -3041.2565   -.0070715  24243.9872   -153.8678   2668.5244
 135.000   .228725     991399.  -3727.3726   -.0065965  23972.1068   -151.0727   2972.2491
 139.500   .200102     975329.  -4396.0266   -.0061285  23631.9703   -146.1068   3285.7247
 144.000   .173569     956137.  -5042.0215   -.0056688  23225.7627   -141.0020   3655.6648
 148.500   .149083     933930.  -5664.6953   -.0052190  22755.7401   -135.7419   4097.3036
 153.000   .126598     908819.  -6263.3022   -.0047804  22224.2353   -130.3056   4631.7895
 157.500   .106059     880916.  -6836.9850   -.0043545  21633.6672   -124.6645   5289.3931
 162.000   .087408     850342.  -7384.7342   -.0039424  20986.5522   -118.7796   6115.1022
 166.500   .070578     817221.  -7905.3270   -.0035456  20285.5209   -112.5950   7179.0036
 171.000   .055498     781684.  -8397.2274   -.0031650  19533.3410   -106.0274   8597.1418
 175.500   .042092     743868.  -8858.4160   -.0028019  18732.9531    -98.9453  10577.9901
 180.000   .030280     703925.  -9346.3832   -.0024574  17887.5264   -117.9290  17525.5648
 184.500   .019976     661476.  -9791.6232   -.0021324  16989.0657    -79.9555  18011.5648
 189.000   .011089     617297. -10074.0785   -.0018281  16053.9965    -45.5802  18497.5648
 193.500   .003523     572092. -10210.0761   -.0015450  15097.2086    -14.8632  18983.5648
 198.000  -.002817     526491. -10216.0993   -.0012836  14132.0272     12.1862  19469.5648
 202.500  -.008029     481049. -10108.5711   -.0010438  13170.2072     35.6041  19955.5648
 207.000  -.012211     436247.  -9903.6606   -.0008255  12221.9461     55.4672  20441.5648
 211.500  -.015458     392495.  -9617.1114   -.0006282  11295.9159     71.8880  20927.5648
 216.000  -.017865     350134.  -9264.0916   -.0004515  10399.3092     85.0097  21413.5648
 220.500  -.019521     309435.  -8859.0667   -.0002945   9537.8999     95.0014  21899.5648
 225.000  -.020515     270609.  -8415.6923   -.0001565   8716.1144    102.0539  22385.5648
 229.500  -.020929     233804.  -7946.7274 -3.6413E-05   7937.1127    106.3750  22871.5648
 234.000  -.020843     199114.  -7463.9647  6.6619E-05   7202.8770    108.1862  23357.5648
 238.500  -.020330     166581.  -6978.1783    .0001537   6514.3063    107.7189  23843.5648
 243.000  -.019460     136202.  -6687.9144    .0002257   5871.3152     21.2873   4922.5636
 247.500  -.018298     106232.  -6593.0928    .0002834   5236.9664     20.8556   5128.8911
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 252.000  -.016909  76665.5145  -6500.4596    .0003269   4611.1807     20.3147   5406.2649
 256.500  -.015356  47497.9723  -6410.4866    .0003565   3993.8309     19.6733   5765.2006
 261.000  -.013701  18720.8796  -5912.6357    .0003722   3384.7452    201.5937  66212.7821
 265.500  -.012006  -5977.0677  -5020.1676    .0003753   3115.0142    195.0587  73112.3850
 270.000  -.010323 -26724.0772  -4158.6269    .0003675   3554.1381    187.8483  81884.2741
 274.500  -.008698 -43662.6946  -3330.9897    .0003507   3912.6548    179.9905  93117.9406
 279.000  -.007167 -56949.2093  -2540.1324    .0003268   4193.8724    171.5016     107688.
 283.500  -.005757 -66753.3016  -1788.8874    .0002974   4401.3824    162.3850     126930.
 288.000  -.004490 -73257.9443  -1080.1058    .0002640   4539.0573    152.6290     152958.
 292.500  -.003381 -76659.6101   -416.7380    .0002284   4611.0558    142.2011     189288.
 297.000  -.002435 -77168.8961    198.0472    .0001918   4621.8351    131.0368     242155.
 301.500  -.001655 -75011.7941    760.6638    .0001555   4576.1787    119.0150     323637.
 306.000  -.001035 -70432.1059   1266.7189    .0001209   4479.2466    105.8984     460303.
 310.500  -.000567 -63696.2083   1710.0973  8.8996E-05   4336.6770     91.1587     724015.
 315.000  -.000234 -55103.7056   2277.7174  6.0722E-05   4154.8112    161.1169    3094200.
 319.500 -2.01E-05 -43239.3789   2671.3010  3.7317E-05   3903.6951     13.8091    3094200.
 324.000   .000102 -31088.1932   2545.2867  1.9627E-05   3646.5074    -69.8155    3094200.
 328.500   .000157 -20345.5766   2145.9822  7.3865E-06   3419.1330   -107.6532    3094200.
 333.000   .000168 -11779.5385   1643.8292 -2.5913E-07   3237.8273   -115.5259    3094200.
 337.500   .000154  -5550.9317   1145.2843 -4.3837E-06   3105.9948   -106.0496    3094200.
 342.000   .000129  -1468.9021    707.7775 -6.0544E-06   3019.5960    -88.3979    3094200.
 346.500  9.97E-05    823.3158    354.5711 -6.2080E-06   3005.9318    -68.5827    3094200.
 351.000  7.27E-05   1726.5954     87.8044 -5.6012E-06   3025.0503    -49.9802    3094200.
 355.500  4.93E-05   1617.4876    -25.9370 -4.8053E-06   3022.7409   -.5715536  52136.5067
 360.000  2.94E-05   1496.5355    -28.0054 -4.0642E-06   3020.1809   -.3477174  53149.0067
 364.500  1.28E-05   1368.2922    -29.1331 -3.3823E-06   3017.4665   -.1535112  54161.5067
 369.000 -1.00E-06   1236.7116    -29.4509 -2.7624E-06   3014.6815    .0122693  55174.0067
 373.500 -1.21E-05   1105.1729    -29.0832 -2.2050E-06   3011.8974    .1511648  56186.5067
 378.000 -2.08E-05    976.5106    -28.2142 -1.7096E-06   3009.1742    .2350457  50739.5233
 382.500 -2.75E-05    852.4449    -26.9740 -1.2743E-06   3006.5483    .3161829  51752.0233
 387.000 -3.23E-05    734.6394    -25.4100 -8.9658E-07   3004.0549    .3789020  52764.5233
 391.500 -3.56E-05    624.3840    -23.6013 -5.7314E-07   3001.7212    .4249860  53777.0233
 396.000 -3.75E-05    522.6302    -21.6185 -3.0016E-07   2999.5676    .4562481  54789.5233
 400.500 -3.83E-05    430.0281    -19.5244 -7.3433E-08   2997.6076    .4744882  55802.0233
 405.000 -3.81E-05    346.9626    -17.3735  1.1149E-07   2995.8494    .4814549  56814.5233
 409.500 -3.73E-05    273.5885    -15.2129  2.5917E-07   2994.2964    .4788130  57827.0233
 414.000 -3.58E-05    209.8647    -13.0823  3.7423E-07   2992.9477    .4681157  58839.5233
 418.500 -3.39E-05    155.5852    -11.0148  4.6121E-07   2991.7988    .4507829  59852.0233
 423.000 -3.17E-05    110.4081     -9.0373  5.2451E-07   2990.8426    .4280837  60864.5233
 427.500 -2.92E-05     73.8812     -7.1716  5.6837E-07   2990.0695    .4011238  61877.0233
 432.000 -2.65E-05     45.4647     -5.4347  5.9678E-07   2989.4680    .3708369  62889.5233
 436.500 -2.38E-05     24.5500     -3.8398  6.1344E-07   2989.0254    .3379805  63902.0233
 441.000 -2.10E-05     10.4754     -2.3973  6.2178E-07   2988.7275    .3031352  64914.5233
 445.500 -1.82E-05      2.5375     -1.1152  6.2487E-07   2988.5595    .2667072  65927.0233
 450.000 -1.54E-05      0.0000      0.0000  6.2548E-07   2988.5057    .2289341  33469.7616

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     2.00000000 in
Computed slope at pile head      =     -.01743662
Maximum bending moment           =       1022974. lbs-in
Maximum shear force              =    18556.02033 lbs
Depth of maximum bending moment  =      117.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             15
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  5
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        3.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       78000.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     3.000      0.0000  20952.2092   -.0242312   2988.5057   -107.7003     80.7753
   4.500     2.891     101700.  20426.1887   -.0242070   5141.0440   -126.0865    196.2634
   9.000     2.782     200829.  19822.6958   -.0241350   7239.1815   -142.1325    229.8939
  13.500     2.674     297047.  19146.8216   -.0240165   9275.6901   -158.2560    266.3501
  18.000     2.566     390010.  18397.9418   -.0238530  11243.3191   -174.5795    306.1618
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  22.500     2.459     479373.  17560.7055   -.0236461  13134.7435   -197.5256    361.4643
  27.000     2.353     564656.  16621.9199   -.0233976  14939.8124   -219.7125    420.1588
  31.500     2.248     645395.  15584.1033   -.0231096  16648.7149   -241.5393    483.4033
  36.000     2.145     721136.  14457.0349   -.0227844  18251.8103   -259.3800    544.1065
  40.500     2.043     791503.  13235.0117   -.0224244  19741.1843   -283.7415    624.8501
  45.000     1.943     855993.  11901.5892   -.0220323  21106.1466   -308.8908    715.2580
  49.500     1.845     914084.  10450.2621   -.0216111  22335.6900   -336.1435    819.8010
  54.000     1.749     965216.   8871.2898   -.0211638  23417.9285   -365.6220    940.7798
  58.500     1.655    1008783.   7157.0265   -.0206940  24340.0466   -396.2728   1077.6980
  63.000     1.563    1044157.   6143.6453   -.0202054  25088.7533    -54.1188    155.8500
  67.500     1.473    1078260.   5899.1959   -.0197003  25810.5721    -54.5254    166.5955
  72.000     1.385    1111079.   5653.0834   -.0191792  26505.2081    -54.8579    178.1976
  76.500     1.300    1142602.   5406.0543   -.0186429  27172.4028    -54.9328    190.1226
  81.000     1.218    1172821.   5161.5336   -.0180918  27812.0127    -53.7430    198.6341
  85.500     1.137    1201756.   4922.4042   -.0175267  28424.4407    -52.5367    207.8604
  90.000     1.060    1229426.   4688.7401   -.0169481  29010.1016    -51.3140    217.8848
  94.500   .984843    1255852.   4460.6159   -.0163566  29569.4216    -50.0746    228.8037
  99.000   .912584    1281054.   3944.3582   -.0157528  30102.8385   -179.3732    884.4993
 103.500   .843068    1302410.   3135.2013   -.0151380  30554.8453   -180.2520    962.1218
 108.000   .776342    1319898.   2322.6572   -.0145139  30924.9896   -180.8787   1048.4480
 112.500   .712443    1333502.   1507.8756   -.0138824  31212.9412   -181.2464   1144.8055
 117.000   .651401    1343214.    692.0391   -.0132453  31418.4942   -181.3476   1252.7839
 121.500   .593235    1349029.   -123.6348   -.0126046  31541.5711   -181.1741   1374.3005
 126.000   .537959    1350950.   -937.8893   -.0119620  31582.2255   -180.7168   1511.6858
 130.500   .485577    1348985.  -1749.4245   -.0113194  31540.6467   -179.9655   1667.7987
 135.000   .436084    1343151.  -2553.7694   -.0106787  31417.1636   -177.5211   1831.8582
 139.500   .389469    1333498.  -3341.4833   -.0100417  31212.8446   -172.5740   1993.9551
 144.000   .345709    1320127.  -4106.6672   -.0094101  30929.8442   -167.5077   2180.4019
 148.500   .304777    1303144.  -4848.7634   -.0087858  30570.3810   -162.3128   2396.5288
 153.000   .266637    1282656.  -5567.1662   -.0081704  30136.7416   -156.9773   2649.2901
 157.500   .231244    1258775.  -6261.2100   -.0075656  29631.2854   -151.4866   2947.9296
 162.000   .198547    1231616.  -6930.1536   -.0069729  29056.4502   -145.8217   3305.0059
 166.500   .168488    1201298.  -7573.1582   -.0063939  28414.7599   -139.9581   3738.0279
 171.000   .141002    1167946.  -8189.2566   -.0058300  27708.8349   -133.8634   4272.1780
 175.500   .116018    1131688.  -8777.3080   -.0052827  26941.4054   -127.4928   4945.0844
 180.000   .093458    1092659.  -9643.1053   -.0047533  26115.3301   -257.3059  12389.3117
 184.500   .073238    1048237. -10744.4024   -.0042438  25175.1085   -232.1594  14264.6787
 189.000   .055264     998938. -11726.8633   -.0037566  24131.6757   -204.4899  16651.1643
 193.500   .039429     945332. -12561.2168   -.0032938  22997.0651   -166.3339  18983.5648
 198.000   .025619     888199. -13184.8645   -.0028575  21787.8203   -110.8429  19469.5648
 202.500   .013712     828674. -13571.0737   -.0024489  20527.9268    -60.8057  19955.5648
 207.000   .003579     767779. -13744.4702   -.0020689  19239.0415    -16.2594  20441.5648
 211.500  -.004909     706426. -13729.6923   -.0017181  17940.4723     22.8274  20927.5648
 216.000  -.011883     645418. -13551.0996   -.0013963  16649.1889     56.5472  21413.5648
 220.500  -.017475     585447. -13232.5156   -.0011034  15379.8596     85.0457  21899.5648
 225.000  -.021814     527100. -12797.0059   -.0008386  14144.9110    108.5141  22385.5648
 229.500  -.025023     470862. -12266.6914   -.0006011  12954.6081    127.1812  22871.5648
 234.000  -.027224     417121. -11662.5939   -.0003898  11817.1505    141.3065  23357.5648
 238.500  -.028531     366172. -11004.5146   -.0002033  10738.7826    151.1732  23843.5648
 243.000  -.029054     318224. -10609.6410 -4.0466E-05   9723.9132     24.3262   3767.7669
 247.500  -.028895     270714. -10500.2723  9.9697E-05   8718.3449     24.2821   3781.5820
 252.000  -.028157     223651. -10391.4719    .0002174   7722.2266     24.0737   3847.4660
 256.500  -.026939     177038. -10283.9321    .0003127   6735.6356     23.7218   3962.5960
 261.000  -.025342     130876.  -9701.7398    .0003860   5758.5858    235.0303  41734.3202
 265.500  -.023465  89451.6793  -8654.1697    .0004384   4881.8082    230.5564  44215.0046
 270.000  -.021396  52680.9362  -7628.4859    .0004723   4103.5317    225.3031  47385.1930
 274.500  -.019215  20463.7788  -6628.0554    .0004897   3421.6348    219.3327  51366.9874
 279.000  -.016989  -7315.3102  -5655.9973    .0004928   3143.3390    212.6931  56336.9343
 283.500  -.014779 -30786.1414  -4715.2433    .0004837   3640.1143    205.4198  62545.6267
 288.000  -.012636 -50092.0785  -3808.5912    .0004645   4048.7369    197.5367  70349.9581
 292.500  -.010599 -65389.5283  -2938.7570    .0004370   4372.5172    189.0563  80266.5770
 297.000  -.008703 -76847.6639  -2108.4318    .0004031   4615.0361    179.9771  93063.4144
 301.500  -.006971 -84648.4237  -1320.3538    .0003647   4780.1442    170.2798     109924.
 306.000  -.005420 -88986.8749   -577.4096    .0003234   4871.9703    159.9176     132767.
 310.500  -.004060 -90072.1278    117.1997    .0002808   4894.9404    148.7977     164911.
 315.000  -.002893 -88129.1795    759.6601    .0002384   4853.8166    136.7403     212675.
 319.500  -.001915 -83402.5162   1344.9262    .0001975   4753.7737    123.3780     289915.
 324.000  -.001115 -76163.5146   1865.1941    .0001596   4600.5556    107.8522     435101.
 328.500  -.000479 -66727.7814   2304.6657    .0001256   4400.8422     87.4685     821735.
 333.000  1.45E-05 -55509.6624   2478.9853  9.6462E-05   4163.4035     -9.9931    3094200.
 337.500   .000389 -44484.6298   2270.9310  7.2664E-05   3930.0516    -82.4755     953684.
 342.000   .000669 -35122.2937   1872.5644  5.3718E-05   3731.8917    -94.5764     636629.
 346.500   .000873 -27669.2607   1432.1817  3.8774E-05   3574.1435   -101.1493     521610.
 351.000   .001017 -22259.8777    968.0307  2.6891E-05   3459.6504   -105.1401     465003.
 355.500   .001115 -18975.8624    702.4085  1.7077E-05   3390.1421    -12.9142  52136.5067
 360.000   .001171 -15950.1894    642.2282  8.7652E-06   3326.1018    -13.8326  53149.0067
 364.500   .001194 -13201.9620    578.7829  1.8271E-06   3267.9338    -14.3653  54161.5067
 369.000   .001188 -10742.4257    513.6982 -3.8715E-06   3215.8761    -14.5613  55174.0067
 373.500   .001159  -8575.9602    448.3839 -8.4692E-06   3170.0215    -14.4673  56186.5067
 378.000   .001111  -6701.0249    387.6366 -1.2105E-05   3130.3373    -12.5315  50739.5233
 382.500   .001050  -5078.7329    332.2775 -1.4909E-05   3096.0004    -12.0726  51752.0233
 387.000   .000977  -3700.0618    279.3329 -1.6998E-05   3066.8199    -11.4583  52764.5233
 391.500   .000897  -2552.8040    229.4389 -1.8486E-05   3042.5375    -10.7168  53777.0233
 396.000   .000811  -1622.1343    183.1133 -1.9480E-05   3022.8393     -9.8724  54789.5233
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 400.500   .000721   -891.1100    140.7711 -2.0078E-05   3007.3667     -8.9463  55802.0233
 405.000   .000630   -341.0996    102.7412 -2.0371E-05   2995.7253     -7.9559  56814.5233
 409.500   .000538     47.8610     69.2817 -2.0441E-05   2989.5188     -6.9150  57827.0233
 414.000   .000446    296.7854     40.5965 -2.0359E-05   2994.7874     -5.8340  58839.5233
 418.500   .000355    427.5216     16.8498 -2.0186E-05   2997.5545     -4.7201  59852.0233
 423.000   .000265    462.6043     -1.8199 -1.9975E-05   2998.2971     -3.5775  60864.5233
 427.500   .000175    425.1650    -15.2870 -1.9763E-05   2997.5046     -2.4079  61877.0233
 432.000  8.66E-05    338.8952    -23.4289 -1.9581E-05   2995.6787     -1.2107  62889.5233
 436.500 -1.12E-06    228.0514    -26.1172 -1.9446E-05   2993.3326    .0159060  63902.0233
 441.000 -8.84E-05    117.4916    -23.2127 -1.9364E-05   2990.9925      1.2750  64914.5233
 445.500  -.000175     32.7307    -14.5622 -1.9328E-05   2989.1985      2.5697  65927.0233
 450.000  -.000262      0.0000      0.0000 -1.9321E-05   2988.5057      3.9024  33469.7616

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     3.00000000 in
Computed slope at pile head      =     -.02423122
Maximum bending moment           =       1350950. lbs-in
Maximum shear force              =    20952.20918 lbs
Depth of maximum bending moment  =      126.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              3

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  78000.0000    .2500000     232531.   6851.8307
  4  y=   .500000 M=     0.000  78000.0000    .5000000     390580.  10576.0788
  4  y=  1.000000 M=     0.000  78000.0000   1.0000000     657781.  15421.9252
  4  y=     2.000 M=     0.000  78000.0000      2.0000    1022974.  18556.0203
  4  y=     3.000 M=     0.000  78000.0000      3.0000    1350950.  20952.2092

The analysis ended normally. 
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Slide Analysis Information

Route 101/23 Intechange Improvement

Project Summary

File Name: MoorparkUC_Abut1.slim

Slide Modeler Version: 6.016

Project Title: Route 101/23 Intechange Improvement

Analysis: Moorpark Road UC

Author: J. Lee

Company: CH2M HILL

Date Created: 5/7/12

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Left to Right

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified

Janbu simplified

Number of slices: 40

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3
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Surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack

Minimum Elevation: Not Defined

Minimum Depth: Not Defined

Loading

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [psf]: 250

Orientation: Normal to boundary

Material Properties

GPSWCL(3)SC/SMCL(2)SC-SMCL(1)FILLProperty

________________________Color

Mohr-CoulombMohr-CoulombUndrainedMohr-CoulombUndrainedMohr-CoulombUndrainedMohr-CoulombStrength Type

130130120120120125125120
Unit Weight 

[lbs/ft3]

0000200Cohesion [psf]

4335323032
Friction Angle 

[deg]

220010003000Cohesion Type

Water TableWater TableNoneWater TableNoneNoneNoneWater TableWater Surface

1101Hu Value

0000Ru Value

SMQoaProperty

______Color

Mohr-CoulombMohr-CoulombStrength Type

120135Unit Weight [lbs/ft3]

00Cohesion [psf]

3043Friction Angle [deg]

NoneWater TableWater Surface

1Hu Value

0Ru Value
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Global Minimums

Method: bishop simplified

FS: 1.822620

Center: 22497.407, 783.404

Radius: 59.039

Left Slip Surface Endpoint: 22448.442, 750.418

Right Slip Surface Endpoint: 22500.247, 724.433

Resisting Moment=2.32461e+006 lb-ft

Driving Moment=1.27542e+006 lb-ft

Total Slice Area=389.085 ft2

Method: janbu simplified

FS: 1.696160

Center: 22493.049, 764.818

Radius: 42.786

Left Slip Surface Endpoint: 22452.810, 750.275

Right Slip Surface Endpoint: 22503.367, 723.295

Resisting Horizontal Force=37362.7 lb

Driving Horizontal Force=22027.9 lb

Total Slice Area=457.562 ft2

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 4426

Number of Invalid Surfaces: 425

Error Codes:

Error Code -103 reported for 101 surfaces

Error Code -108 reported for 324 surfaces

Method: janbu simplified

Number of Valid Surfaces: 4164

Number of Invalid Surfaces: 687

Error Codes:

Error Code -103 reported for 101 surfaces

Error Code -108 reported for 586 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. 

This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope 

model with two sets of Slope Limits.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 
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driving force is very small (0.1 is an arbitrary number).

Slice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.82262

Effective 

Normal Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

136.9250136.925285.56156.67632200FILL142.1511.295121

276.2240276.224372.604204.43332200FILL415.6161.295122

266.4360266.436366.488201.07832200FILL663.461.295123

403.9590403.959452.421248.22632200FILL890.0221.295124

536.410536.41535.187293.63632200FILL1101.041.295125

663.9640663.964614.892337.36732200FILL1298.121.295126

778.8410778.841686.675376.75232200FILL1468.961.295127

876.1110876.111747.454410.09932200FILL1606.591.295128

968.250968.25805.029441.68832200FILL1733.331.295129

1048.4701048.47855.158469.19232200FILL1838.471.2951210

1082.7401082.74876.571480.9432200FILL1867.451.2951211

1104.8501104.85890.388488.52132200FILL1877.221.2951212

1121.4501121.45900.756494.20932200FILL1878.871.2951213

1132.701132.7907.786498.06732200FILL1872.841.2951214

1138.7501138.75911.574500.14532200FILL1859.51.2951215

1139.7701139.77912.206500.49232200FILL1839.211.2951216

1135.8501135.85909.756499.14732200FILL1812.241.2951217

1127.101127.1904.29496.14832200FILL1778.881.2951218

1113.6201113.62895.866491.52632200FILL1739.371.2951219

1095.4801095.48884.533485.30932200FILL1693.911.2951220

1072.7501072.75870.332477.51732200FILL1642.691.2951221

1045.4901045.49853.3468.17232200FILL1585.91.2951222

1013.7501013.75833.465457.2932200FILL1523.681.2951223

977.5620977.562810.85444.88232200FILL1456.181.2951224

936.9530936.953785.474430.95932200FILL1383.511.2951225

891.9470891.947757.349415.52832200FILL1305.791.2951226

842.5460842.546726.48398.59132200FILL1223.131.2951227

788.7620788.762692.871380.15132200FILL1135.611.2951228

730.5820730.582656.518360.20632200FILL1043.311.2951229

667.9980667.998617.411338.74932200FILL946.2981.2951230

600.9870600.987575.539315.77632200FILL844.6421.2951231

529.5190529.519530.88291.27332200FILL738.3931.2951232

453.5540453.554483.412265.22932200FILL627.5971.2951233

373.0460373.046433.105237.62832200FILL512.2931.2951234

292.8620292.862383.001210.13832200FILL399.051.2951235

243.9850243.985352.459193.3832200FILL328.6571.2951236

198.1650198.165323.827177.67132200FILL263.2341.2951237

148.2430148.243292.632160.55632200FILL193.3891.2951238

94.1365094.1365258.823142.00632200FILL119.1261.2951239
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35.7552035.7552222.342121.9932200FILL40.44551.2951240

Global Minimum Query (janbu simplified) - Safety Factor: 1.69616

Effective 

Normal Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

-56.62810-56.6281164.61597.051532200FILL230.2281.263941

157.2980157.298298.291175.86232200FILL648.9741.263942

356.2190356.219422.59249.14532200FILL998.1061.263943

530.9020530.902531.743313.49832200FILL1278.021.263944

687.1120687.112629.355371.04732200FILL1511.111.263945

831.9060831.906719.832424.38932200FILL1716.151.263946

953.6980953.698795.937469.25832200FILL1875.141.263947

1031.7701031.77844.721498.0232200FILL1955.411.263948

1097.5801097.58885.844522.26432200FILL2015.691.263949

1153.6901153.69920.907542.93632200FILL2060.981.2639410

1200.8301200.83950.359560.332200FILL2092.871.2639411

1239.5701239.57974.569574.57432200FILL2112.61.2639412

1270.4101270.41993.843585.93732200FILL2121.221.2639413

1293.7701293.771008.43594.5432200FILL2119.571.2639414

1309.9701309.971018.56600.50932200FILL2108.361.2639415

1319.301319.31024.39603.94832200FILL2088.191.2639416

1322.0201322.021026.09604.94932200FILL2059.581.2639417

1318.3101318.311023.77603.58332200FILL2022.961.2639418

1308.3401308.341017.55599.91232200FILL1978.721.2639419

1292.2601292.261007.5593.98632200FILL1927.171.2639420

1270.1701270.17993.688585.84632200FILL1868.611.2639421

1242.1401242.14976.176575.52132200FILL1803.261.2639422

1208.2501208.25954.996563.03432200FILL1731.361.2639423

1168.5201168.52930.172548.39932200FILL1653.071.2639424

1122.9701122.97901.715531.62132200FILL1568.551.2639425

1071.6201071.62869.622512.732200FILL1477.951.2639426

1014.4201014.42833.88491.62832200FILL1381.361.2639427

951.3370951.337794.46468.38732200FILL1278.91.2639428

882.3010882.301751.321442.95432200FILL1170.621.2639429

807.2240807.224704.408415.29632200FILL1056.591.2639430

725.9990725.999653.654385.37332200FILL936.8591.2639431

638.5710638.571599.023353.16432200FILL811.5461.2639432

571.3210571.321557.001328.38932200FILL713.9711.2639433

519.5650519.565524.66309.32232200FILL637.4561.2639434

462.0520462.052488.722288.13432200FILL555.2531.2639435

398.570398.57449.054264.74732200FILL467.3321.2639436

328.8770328.877405.505239.07232200FILL373.6431.2639437

252.6930252.693357.9211.00632200FILL274.1221.2639438

169.6940169.694306.036180.42932200FILL168.6881.2639439

79.5067079.5067249.681147.20432200FILL57.24061.2639440
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Interslice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.82262

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000750.41822448.41

0046.118748.57222449.72

00249.628746.866224513

00412.358745.27922452.34

00689.581743.79922453.65

001053.63742.41222454.96

001481.54741.11122456.27

001947.75739.88722457.58

002427.67738.73422458.89

002909.4737.64722460.110

003378.76736.62122461.411

003806.23735.65222462.712

004185.95734.7362246413

004516.6733.87222465.314

004797.46733.05522466.615

005028.4732.28522467.916

005209.76731.55822469.217

005342.34730.87322470.518

005427.33730.22922471.819

005466.29729.6232247320

005461.11729.05522474.321

005414.02728.52422475.622

005327.54728.02822476.923

005204.46727.56622478.224

005047.87727.13822479.525

004861.14726.74222480.826

004647.89726.37922482.127

004412.03726.04822483.428

004157.72725.74722484.729

003889.42725.4772248630

003611.86725.23722487.331

003330.05725.02722488.632

003049.32724.84622489.933

002775.31724.69422491.234

002513.98724.57122492.535

002269.92724.47722493.836

002035.94724.41122495.137

001813.62724.37422496.438

001607.36724.36522497.739

001421.93724.3852249940

000724.43322500.241
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Global Minimum Query (janbu simplified) - Safety Factor: 1.69616

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000750.27522452.81

00-298.764747.16622454.12

00-118.399744.60622455.33

00350.027742.40722456.64

00981.718740.47122457.95

001702.82738.73922459.16

002469.36737.17222460.47

003237.38735.74522461.78

003957.29734.43722462.99

004617.86733.23422464.210

005212.51732.12422465.411

005736.88731.09722466.712

006188.3730.1472246813

006565.41729.26822469.214

006867.9728.45322470.515

007096.31727.69922471.816

007251.9727.0032247317

007336.58726.3622474.318

007352.79725.76922475.619

007303.45725.22722476.820

007191.95724.73322478.121

007022.12724.28322479.422

006798.18723.87822480.623

006524.78723.51522481.924

006206.94723.19422483.125

005850.14722.91422484.426

005460.23722.67322485.727

005043.54722.47122486.928

004606.85722.30822488.229

004157.43722.18322489.530

003703.11722.09522490.731

003252.28722.0452249232

002813.92722.03322493.333

002384.69722.05722494.534

001961.41722.1222495.835

001551.12722.2192249736

001161.65722.35722498.337

00801.647722.53322499.638

00480.741722.74722500.839

00209.622723.00122502.140

000723.29522503.441
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List Of Coordinates

Water Table

YX

71522380

71522730

Line Load

YX

750.38722450.9

750.71822424.3

750.71822380

External Boundary

YX

668.70522730

674.90622730

687.822730

690.18722730

701.822730

706.56822730

712.90222730

719.822730

745.77822730

745.77822670.4

746.16522647.1

745.67722640.5

726.37222613.2

722.3722601.3

722.75822504.8

727.0122493.2

749.04322460.7

750.06722456.4

750.38722450.9

750.71822424.3

750.71822380

725.88322380

712.90222380

703.122380

699.93322380

692.45722380

688.21522380

668.70522380
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Material Boundary

YX

706.822648.4

706.79122625.6

705.67822620.2

704.56522620.3

703.63822622.7

702.64622628.6

701.822648.4

701.76822667.3

701.822730

Material Boundary

YX

712.90222380

712.90222510.5

Material Boundary

YX

711.58122426.4

710.35422483

709.90222511.7

71122557.8

712.90222580.8

712.90222510.5

Material Boundary

YX

711.58122426.4

711.722448.3

712.90222510.5

Material Boundary

YX

703.122380

703.122448.3

702.90222511.7

702.522557.7

701.822648.4

701.822730

Material Boundary
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YX

699.93322380

698.122448.3

697.15322483.6

696.40222511.7

695.522557.7

695.23522565.7

692.55622647.1

690.18722730

Material Boundary

YX

692.45722380

690.122448.3

689.7622460.9

688.40222511.7

689.522557.8

687.822648.4

687.822730

Material Boundary

YX

688.21522380

684.122448.3

679.90222511.7

677.522557.8

672.822648.4

668.70522730

Material Boundary

YX

689.7622460.9

686.40222511.7

68422557.8

679.322648.4

674.90622730

Material Boundary

YX

725.88322380

723.122448.3

719.40222511.7

719.522557.8

719.822648.4
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719.822730

Material Boundary

YX

697.15322483.6

697.87522480.2

698.522556.5

698.522577.3

697.04122584.7

695.50422577.6

695.23522565.7

Material Boundary

YX

712.90222580.8

712.90222730

Material Boundary

YX

706.822648.4

706.73522651.6

706.64422658.4

706.56822666.3

706.56822730
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1.164

1.576

1.164

W

125.00 lbs/ft2125.00 lbs/ft2

1.164

1.576

1.164

Material Name Color
Unit Weight

(lbs/ft3)
Strength Type

Cohesion

(psf)

Phi

(deg)

FILL 120 Mohr-Coulomb 200 32

CL(1) 125 Undrained 3000

CL(2) 120 Undrained 1000

SC/SM 120 Mohr-Coulomb 0 32

CL(3) 120 Undrained 2200

SW 130 Mohr-Coulomb 0 35

GP 130 Mohr-Coulomb 0 43

Qoa 135 Mohr-Coulomb 0 43

FILL

CL(1)

SC/SM

CL(3)

SW
GP

Qoa

Liquefied Sand(1)

Liquefied Sand(2)

Abut 1

Abut 5

Material Name Color
Unit Weight

(lbs/ft3)
Strength Type

Cohesion

(psf)

Liquefied Sand(1) 125 Undrained 350

Liquefied Sand(2) 120 Undrained 550

Liquefied Sand(3) 120 Undrained 800

680

700

720

740

680

700

720

740

22400 22500 22600 22700

Station along Route 101

E
le

v
a
ti
o
n
 (

ft
)

CL(2)

Liquefied Sand(3)

  0.17

Analysis Description
Moorpark Road UC

Company
CH2M HILL

Scale
1:450
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J. Lee

File Name
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Date
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Project

Route 101/23 Intechange Improvement
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Slide Analysis Information

Route 101/23 Intechange Improvement

Project Summary

File Name: MoorparkUC_Liq.slim

Slide Modeler Version: 6.016

Project Title: Route 101/23 Intechange Improvement

Analysis: Moorpark Road UC

Author: J. Lee

Company: CH2M HILL

Date Created: 5/7/12

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Left to Right

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified

Janbu simplified

Number of slices: 25

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers
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Pseudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non-Circular Block Search

Number of Surfaces: 5000

Pseudo-Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 95

Left Projection Angle (End Angle): 175

Right Projection Angle (Start Angle): 25

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined

Loading

Seismic Load Coefficient (Horizontal): 0.17

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [psf]: 125

Orientation: Normal to boundary

Material Properties

GPSWCL(3)SC/SMCL(2)
Liquefied 

Sand(1)
CL(1)FILLProperty

________________________Color

Mohr-CoulombMohr-CoulombUndrainedMohr-CoulombUndrainedUndrainedUndrainedMohr-CoulombStrength Type

130130120120120125125120
Unit Weight 

[lbs/ft3]

000200Cohesion [psf]

43353232
Friction Angle 

[deg]

220010003503000Cohesion Type

Water TableWater TableNoneWater TableNoneNoneNoneWater TableWater Surface

1101Hu Value

0000Ru Value

Liquefied Sand(3)Liquefied Sand(2)QoaProperty

_________Color

UndrainedUndrainedMohr-CoulombStrength Type
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120120135Unit Weight [lbs/ft3]

0Cohesion [psf]

43Friction Angle [deg]

800550Cohesion Type

NoneNoneWater TableWater Surface

1Hu Value

00Ru Value

Global Minimums

Method: bishop simplified

FS: 1.221630

Axis Location: 22485.451, 874.685

Left Slip Surface Endpoint: 22388.409, 750.718

Right Slip Surface Endpoint: 22526.399, 722.671

Resisting Moment=2.30741e+007 lb-ft

Driving Moment=1.8888e+007 lb-ft

Total Slice Area=3418.09 ft2

Method: janbu simplified

FS: 1.164490

Axis Location: 22485.451, 874.685

Left Slip Surface Endpoint: 22388.409, 750.718

Right Slip Surface Endpoint: 22526.399, 722.671

Resisting Horizontal Force=115577 lb

Driving Horizontal Force=99251.5 lb

Total Slice Area=3418.09 ft2

Global Minimum Coordinates

Method: bishop simplified

YX

750.71822388.4

724.59622410

711.61122424.9

711.20922445

710.78522463.2

710.43422479.4

709.90122511.8

722.67122526.4

Method: janbu simplified

YX

750.71822388.4

Page 3 of 12

SLIDEINTERPRET 6.016

MoorparkUC_Liq.slim CH2M HILL   5/7/12

724.59622410

711.61122424.9

711.20922445

710.78522463.2

710.43422479.4

709.90122511.8

722.67122526.4

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 2716

Number of Invalid Surfaces: 2286

Error Codes:

Error Code -108 reported for 1094 surfaces

Error Code -112 reported for 1192 surfaces

Method: janbu simplified

Number of Valid Surfaces: 2212

Number of Invalid Surfaces: 2790

Error Codes:

Error Code -108 reported for 2017 surfaces

Error Code -112 reported for 773 surfaces

Error Codes

The following errors were encountered during the computation:

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if 

the driving force is very small (0.1 is an arbitrary number).

-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor 

calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep 

seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.22163

Effective 

Normal 

Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal 

Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction 

Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

196.7550196.755322.946264.35732200FILL2113.435.393731

680.7020680.702625.35511.89832200FILL6340.285.393732

1164.6501164.65927.753759.43932200FILL10567.15.393733
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1648.5901648.591230.161006.9832200FILL147945.393734

1491.6401491.6430002455.7403000CL(1)23557.26.73125

2221.102221.130002455.7403000CL(1)28467.36.73126

4084.9704084.971000818.57801000CL(2)6941.981.486197

4856.6304856.631000818.57801000CL(2)7087.731.492768

4870.4504870.45350286.5020350
Liquefied 

Sand(1)
29352.36.177869

4875.6604875.66350286.5020350
Liquefied 

Sand(1)
29384.46.1778610

4880.8604880.86350286.5020350
Liquefied 

Sand(1)
29416.66.1778611

4883.1704883.17350286.5020350
Liquefied 

Sand(1)
29049.16.0925812

4750.0204750.02350286.5020350
Liquefied 

Sand(1)
28980.56.0925813

4616.4104616.41350286.5020350
Liquefied 

Sand(1)
28166.46.0925814

4220.7304220.73350286.5020350
Liquefied 

Sand(1)
22736.85.3790115

3796.0503796.05350286.5020350
Liquefied 

Sand(1)
20452.55.3790116

3371.3903371.39350286.5020350
Liquefied 

Sand(1)
18168.25.3790117

2902.7902902.79350286.5020350
Liquefied 

Sand(1)
18829.86.4762818

2387.2202387.22350286.5020350
Liquefied 

Sand(1)
15490.96.4762819

1963.6101963.61350286.5020350
Liquefied 

Sand(1)
12747.46.4762820

1690.7401690.74350286.5020350
Liquefied 

Sand(1)
10980.36.4762821

1577.8701577.87350286.5020350
Liquefied 

Sand(1)
10249.36.4762822

1648.4301648.43350286.5020350
Liquefied 

Sand(1)
4812.913.4412523

2942.2602942.2630002455.7403000CL(1)5990.027.4804924

610.9040610.904581.735476.19632200FILL728.1723.7219825

Global Minimum Query (janbu simplified) - Safety Factor: 1.16449

Effective 

Normal 

Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal 

Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction 

Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

187.2350187.235316.997272.2232200FILL2113.435.393731

662.2660662.266613.83527.12332200FILL6340.285.393732

1137.301137.3910.663782.02732200FILL10567.15.393733

1612.3301612.331207.51036.9332200FILL147945.393734

1386.9701386.9730002576.2403000CL(1)23557.26.73125

2116.4302116.4330002576.2403000CL(1)28467.36.73126

4050.0804050.081000858.74501000CL(2)6941.981.486197
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4855.8304855.831000858.74501000CL(2)7087.731.492768

4870.1704870.17350300.5610350
Liquefied 

Sand(1)
29352.36.177869

4875.3704875.37350300.5610350
Liquefied 

Sand(1)
29384.46.1778610

4880.5804880.58350300.5610350
Liquefied 

Sand(1)
29416.66.1778611

4882.8404882.84350300.5610350
Liquefied 

Sand(1)
29049.16.0925812

4749.7104749.71350300.5610350
Liquefied 

Sand(1)
28980.56.0925813

4616.0804616.08350300.5610350
Liquefied 

Sand(1)
28166.46.0925814

4220.4204220.42350300.5610350
Liquefied 

Sand(1)
22736.85.3790115

3795.7503795.75350300.5610350
Liquefied 

Sand(1)
20452.55.3790116

3371.0903371.09350300.5610350
Liquefied 

Sand(1)
18168.25.3790117

2902.5602902.56350300.5610350
Liquefied 

Sand(1)
18829.86.4762818

2386.9902386.99350300.5610350
Liquefied 

Sand(1)
15490.96.4762819

1963.3801963.38350300.5610350
Liquefied 

Sand(1)
12747.46.4762820

1690.5101690.51350300.5610350
Liquefied 

Sand(1)
10980.36.4762821

1577.6401577.64350300.5610350
Liquefied 

Sand(1)
10249.36.4762822

1660.6901660.69350300.5610350
Liquefied 

Sand(1)
4812.913.4412523

3047.3303047.3330002576.2403000CL(1)5990.027.4804924

649.2020649.202605.666520.11332200FILL728.1723.7219825

Interslice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.22163

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000750.71822388.41

00218.33744.18722393.82

002980.49737.65722399.23

008286.47731.12622404.64

0016136.3724.596224105

0012332.1718.74922416.76

0013627.7712.90222423.47

0018863.6711.61122424.98
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0018989.8711.58122426.49

0022804.4711.45722432.610

0026625.1711.33322438.811

0030451.9711.2092244512

0034326.1711.06822451.113

0038179710.92622457.114

0041874.6710.78522463.215

0044691.9710.66822468.616

0047071.4710.5512247417

0049012.8710.43422479.418

0050667.8710.32822485.919

0051700.3710.22122492.320

0052221.2710.11522498.821

0052412.6710.00822505.322

0052467.7709.90122511.823

0047353.1712.90222515.224

0010808.1719.42622522.725

000722.67122526.426

Global Minimum Query (janbu simplified) - Safety Factor: 1.16449

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000750.71822388.41

00113.745744.18722393.82

002673.39737.65722399.23

007678.92731.12622404.64

0015130.4724.596224105

009903.13718.74922416.76

009775.61712.90222423.47

0014906.8711.61122424.98

0014973711.58122426.49

0018700.7711.45722432.610

0022434.6711.33322438.811

0026174.5711.2092244512

0029962.9711.06822451.113

0033730.1710.92622457.114

0037340710.78522463.215

0040081.7710.66822468.616

0042385.5710.5512247417

0044251.3710.43422479.418

0045815.2710.32822485.919

0046756.6710.22122492.320

0047186.4710.11522498.821

0047286.8710.00822505.322

0047250.8709.90122511.823

0042051.1712.90222515.224
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003919.19719.42622522.725

000722.67122526.426

List Of Coordinates

Water Table

YX

71522380

71522730

Line Load

YX

750.38722450.9

750.71822424.3

750.71822380

Block Search Window

YX

714.59122487.3

695.31622494.8

695.31622532.9

714.59122522.4

Block Search Window

YX

727.15822432.3

695.90922432.3

695.90922485.5

724.64822485.5

External Boundary

YX

668.70522730

674.90622730

687.822730

690.18722730

701.822730

706.56822730

712.90222730

719.822730

745.77822730
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745.77822670.4

746.16522647.1

745.67722640.5

726.37222613.2

722.3722601.3

722.75822504.8

727.0122493.2

749.04322460.7

750.06722456.4

750.38722450.9

750.71822424.3

750.71822380

725.88322380

712.90222380

703.122380

699.93322380

692.45722380

688.21522380

668.70522380

Material Boundary

YX

706.822648.4

706.79122625.6

705.67822620.2

704.56522620.3

703.63822622.7

702.64622628.6

701.822648.4

701.76822667.3

701.822730

Material Boundary

YX

712.90222380

712.90222510.5

Material Boundary

YX

711.58122426.4

710.35422483

709.90222511.7

71122557.8
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712.90222580.8

712.90222510.5

Material Boundary

YX

711.58122426.4

711.722448.3

712.90222510.5

Material Boundary

YX

703.122380

703.122448.3

702.90222511.7

702.522557.7

701.822648.4

701.822730

Material Boundary

YX

699.93322380

698.122448.3

697.15322483.6

696.40222511.7

695.522557.7

695.23522565.7

692.55622647.1

690.18722730

Material Boundary

YX

692.45722380

690.122448.3

689.7622460.9

688.40222511.7

689.522557.8

687.822648.4

687.822730

Material Boundary

YX
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688.21522380

684.122448.3

679.90222511.7

677.522557.8

672.822648.4

668.70522730

Material Boundary

YX

689.7622460.9

686.40222511.7

68422557.8

679.322648.4

674.90622730

Material Boundary

YX

725.88322380

723.122448.3

719.40222511.7

719.522557.8

719.822648.4

719.822730

Material Boundary

YX

697.15322483.6

697.87522480.2

698.522556.5

698.522577.3

697.04122584.7

695.50422577.6

695.23522565.7

Material Boundary

YX

712.90222580.8

712.90222730

Material Boundary

YX
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706.822648.4

706.73522651.6

706.64422658.4

706.56822666.3

706.56822730
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1.8861.886

W

250.00 lbs/ft2250.00 lbs/ft2

1.8861.886

FILL

CL(1)

SC/SM

CL(3)

SW
GP

Qoa

SC-SM

Abut 5

680

700

720

740

680

700

720

740

22400 22500 22600 22700

Station along Route 101

E
le

v
a
ti
o
n
 (

ft
)

CL(2)

SM

Material Name Color
Unit Weight

(lbs/ft3)
Strength Type

Cohesion

(psf)

Phi

(deg)

FILL 120 Mohr-Coulomb 200 32

CL(1) 125 Undrained 3000

SC-SM 125 Mohr-Coulomb 0 30

CL(2) 120 Undrained 1000

SC/SM 120 Mohr-Coulomb 0 32

CL(3) 120 Undrained 2200

SW 130 Mohr-Coulomb 0 35

GP 130 Mohr-Coulomb 0 43

Qoa 135 Mohr-Coulomb 0 43

SM 120 Mohr-Coulomb 0 30

Analysis Description
Moorpark Road UC

Company
CH2M HILL

Scale
1:450

Drawn By
J. Lee

File Name
MoorparkUC_Abut5.slim

Date
5/7/12

Project

Route 101/23 Intechange Improvement
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Slide Analysis Information

Route 101/23 Intechange Improvement

Project Summary

File Name: MoorparkUC_Abut5.slim

Slide Modeler Version: 6.016

Project Title: Route 101/23 Intechange Improvement

Analysis: Moorpark Road UC

Author: J. Lee

Company: CH2M HILL

Date Created: 5/7/12

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified

Janbu simplified

Number of slices: 25

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers

Pseudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Page 1 of 10
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Surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Enabled

Reverse Curvature: Create Tension Crack

Minimum Elevation: Not Defined

Minimum Depth: Not Defined

Loading

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [psf]: 250

Orientation: Normal to boundary

Material Properties

GPSWCL(3)SC/SMCL(2)SC-SMCL(1)FILLProperty

________________________Color

Mohr-CoulombMohr-CoulombUndrainedMohr-CoulombUndrainedMohr-CoulombUndrainedMohr-CoulombStrength Type

130130120120120125125120
Unit Weight 

[lbs/ft3]

0000200Cohesion [psf]

4335323032
Friction Angle 

[deg]

220010003000Cohesion Type

Water TableWater TableNoneWater TableNoneNoneNoneWater TableWater Surface

1101Hu Value

0000Ru Value

SMQoaProperty

______Color

Mohr-CoulombMohr-CoulombStrength Type

120135Unit Weight [lbs/ft3]

00Cohesion [psf]

3043Friction Angle [deg]

NoneWater TableWater Surface

1Hu Value

0Ru Value
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Global Minimums

Method: bishop simplified

FS: 1.885640

Center: 22606.089, 779.732

Radius: 57.256

Left Slip Surface Endpoint: 22602.071, 722.618

Right Slip Surface Endpoint: 22652.409, 746.077

Resisting Moment=2.07766e+006 lb-ft

Driving Moment=1.10183e+006 lb-ft

Total Slice Area=343.92 ft2

Method: janbu simplified

FS: 1.745720

Center: 22613.555, 760.145

Radius: 39.631

Left Slip Surface Endpoint: 22601.449, 722.409

Right Slip Surface Endpoint: 22650.616, 746.107

Resisting Horizontal Force=38187.8 lb

Driving Horizontal Force=21875.2 lb

Total Slice Area=458.689 ft2

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 4229

Number of Invalid Surfaces: 622

Error Codes:

Error Code -107 reported for 603 surfaces

Error Code -108 reported for 19 surfaces

Method: janbu simplified

Number of Valid Surfaces: 4188

Number of Invalid Surfaces: 663

Error Codes:

Error Code -107 reported for 603 surfaces

Error Code -108 reported for 60 surfaces

Error Codes

The following errors were encountered during the computation:

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if high 

external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 

driving force is very small (0.1 is an arbitrary number).
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Slice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.88564

Effective 

Normal Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

53.4697053.4697233.411123.78432200FILL94.55862.013511

139.2760139.276287.029152.21932200FILL275.1032.013512

214.6470214.647334.126177.19532200FILL438.5172.013513

279.920279.92374.914198.82632200FILL584.8012.013514

335.3750335.375409.566217.20332200FILL713.892.013515

390.0640390.064443.739235.32532200FILL844.1482.013516

499.1590499.159511.91271.47832200FILL1092.622.013517

610.0630610.063581.21308.2332200FILL1350.632.013518

709.8480709.848643.561341.29632200FILL1590.52.013519

798.5630798.563698.996370.69432200FILL1811.82.0135110

876.2060876.206747.514396.42532200FILL2014.022.0135111

942.7250942.725789.08418.46832200FILL2196.532.0135112

998.0090998.009823.624436.78832200FILL2358.562.0135113

1041.8801041.88851.041451.32732200FILL2499.242.0135114

1074.1201074.12871.183462.00932200FILL2617.522.0135115

1094.401094.4883.856468.7332200FILL2712.122.0135116

1102.3401102.34888.819471.36232200FILL2781.562.0135117

1097.4601097.46885.767469.74332200FILL2824.032.0135118

1079.1501079.15874.328463.67732200FILL2837.362.0135119

993.5350993.535820.828435.30532200FILL2684.182.0135120

827.6210827.621717.155380.32432200FILL2321.862.0135121

650.5220650.522606.491321.63732200FILL1919.522.0135122

574.9860574.986559.292296.60632200FILL1463.872.0135123

424.1680424.168465.049246.62732200FILL924.1132.0135124

189.9360189.936318.685169.00632200FILL319.3342.0135125

Global Minimum Query (janbu simplified) - Safety Factor: 1.74572

Effective 

Normal Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

120.2840120.284275.162157.62132200FILL145.8811.966711

265.860265.86366.127209.72832200FILL424.8851.966712

392.2070392.207445.078254.95432200FILL678.8261.966713

501.0270501.027513.077293.90632200FILL908.5011.966714

593.6490593.649570.954327.05932200FILL1114.491.966715

671.120671.12619.362354.78932200FILL1297.171.966716

778.2770778.277686.32393.14432200FILL1543.861.966717

912.950912.95770.475441.35132200FILL1853.561.966718

1031.4501031.45844.522483.76732200FILL2140.041.966719

1134.1901134.19908.721520.54232200FILL2402.971.9667110

1221.4201221.42963.228551.76532200FILL2641.841.9667111
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1293.2401293.241008.1577.47132200FILL2855.921.9667112

1349.5701349.571043.3597.63632200FILL3044.241.9667113

1390.2101390.211068.7612.18332200FILL3205.561.9667114

1414.7601414.761084.04620.9732200FILL3338.251.9667115

1422.6201422.621088.95623.78332200FILL3440.291.9667116

1412.9601412.961082.91620.32532200FILL3509.061.9667117

1384.6401384.641065.22610.18832200FILL3541.161.9667118

1336.1401336.141034.91592.82932200FILL3532.151.9667119

1263.8801263.88989.761566.96432200FILL3472.11.9667120

1096.5701096.57885.213507.07632200FILL3168.691.9667121

868.9780868.978742.998425.61132200FILL2694.081.9667122

617.5660617.566585.898335.6232200FILL2132.311.9667123

454.0340454.034483.711277.08432200FILL1436.861.9667124

144.5510144.551290.325166.30732200FILL519.9181.9667125

Interslice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.88564

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000722.61822602.11

00254.458722.51222604.12

00565.281722.47722606.13

00913.745722.51322608.14

001283.49722.61922610.15

001660.31722.79722612.16

002035.72723.04722614.27

002420.07723.37122616.28

002797.15723.76822618.29

003147.2724.24122620.210

003452.21724.79222622.211

003695.89725.42322624.212

003863.63726.13822626.213

003942.5726.93822628.214

003921.29727.82922630.315

003790.65728.81522632.316

003543.23729.90222634.317

003173.94731.09722636.318

002680.28732.40722638.319

002062.9733.84222640.320

001374.53735.41622642.321

00710.043737.14222644.422

00121.134739.04122646.423

00-493.709741.13822648.424

00-994.406743.46822650.425

000746.07722652.426
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Global Minimum Query (janbu simplified) - Safety Factor: 1.74572

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000722.40922601.41

00379.195721.83322603.42

00915.876721.36622605.43

001559.64721.00322607.34

002268.71720.74222609.35

003008.23720.5822611.36

003748.98720.51622613.27

004496.01720.54922615.28

005243.93720.68122617.29

005957.67720.91122619.110

006605.89721.24222621.111

007160.52721.67722623.112

007596.37722.2182262513

007890.98722.872262714

008024.41723.642262915

007979.3724.53622630.916

007740.97725.56522632.917

007297.76726.74222634.918

006641.64728.08322636.819

005769.27729.60922638.820

004685.37731.34822640.821

003494.01733.34422642.722

002319.85735.65922644.723

001291.18738.39322646.724

00312.976741.73422648.625

000746.10722650.626

List Of Coordinates

Water Table

YX

71522380

71522730

Line Load

YX

745.77822730

745.77822670.4

746.16522647.1
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External Boundary

YX

668.70522730

674.90622730

687.822730

690.18722730

701.822730

706.56822730

712.90222730

719.822730

745.77822730

745.77822670.4

746.16522647.1

745.67722640.5

726.37222613.2

722.3722601.3

722.75822504.8

727.0122493.2

749.04322460.7

750.06722456.4

750.38722450.9

750.71822424.3

750.71822380

725.88322380

712.90222380

703.122380

699.93322380

692.45722380

688.21522380

668.70522380

Material Boundary

YX

706.822648.4

706.79122625.6

705.67822620.2

704.56522620.3

703.63822622.7

702.64622628.6

701.822648.4

701.76822667.3

701.822730

Material Boundary

YX
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712.90222380

712.90222510.5

Material Boundary

YX

711.58122426.4

710.35422483

709.90222511.7

71122557.8

712.90222580.8

712.90222510.5

Material Boundary

YX

711.58122426.4

711.722448.3

712.90222510.5

Material Boundary

YX

703.122380

703.122448.3

702.90222511.7

702.522557.7

701.822648.4

701.822730

Material Boundary

YX

699.93322380

698.122448.3

697.15322483.6

696.40222511.7

695.522557.7

695.23522565.7

692.55622647.1

690.18722730

Material Boundary

YX

692.45722380

690.122448.3

689.7622460.9
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688.40222511.7

689.522557.8

687.822648.4

687.822730

Material Boundary

YX

688.21522380

684.122448.3

679.90222511.7

677.522557.8

672.822648.4

668.70522730

Material Boundary

YX

689.7622460.9

686.40222511.7

68422557.8

679.322648.4

674.90622730

Material Boundary

YX

725.88322380

723.122448.3

719.40222511.7

719.522557.8

719.822648.4

719.822730

Material Boundary

YX

697.15322483.6

697.87522480.2

698.522556.5

698.522577.3

697.04122584.7

695.50422577.6

695.23522565.7

Material Boundary
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YX

712.90222580.8

712.90222730

Material Boundary

YX

706.822648.4

706.73522651.6

706.64422658.4

706.56822666.3

706.56822730
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1.3371.337

W

125.00 lbs/ft2125.00 lbs/ft2

1.3371.337

Material Name Color
Unit Weight

(lbs/ft3)
Strength Type

Cohesion

(psf)

Phi

(deg)

FILL 120 Mohr-Coulomb 200 32

CL(1) 125 Undrained 3000

CL(2) 120 Undrained 1000

SC/SM 120 Mohr-Coulomb 0 32

CL(3) 120 Undrained 2200

SW 130 Mohr-Coulomb 0 35

GP 130 Mohr-Coulomb 0 43

Qoa 135 Mohr-Coulomb 0 43

FILL

CL(1)

SC/SM

CL(3)

SW
GP

Qoa

Liquefied Sand(1)

Liquefied Sand(2)

Abut 1

Abut 5

Material Name Color
Unit Weight

(lbs/ft3)
Strength Type

Cohesion

(psf)

Liquefied Sand(1) 125 Undrained 350

Liquefied Sand(2) 120 Undrained 550

Liquefied Sand(3) 120 Undrained 800

680

700

720

740

680

700

720

740

22400 22500 22600 22700

Station along Route 101

E
le

v
a

ti
o

n
 (

ft
)

CL(2)

Liquefied Sand(3)

  0.17

Analysis Description
Moorpark Road UC

Company
CH2M HILL

Scale
1:450

Drawn By
J. Lee

File Name
MoorparkUC_Liq_Abut5.slim

Date
3/16/2011, 4:22:40 PM

Project

Route 101/23 Intechange Improvement
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Slide Analysis Information

Route 101/23 Intechange Improvement

Project Summary

File Name: MoorparkUC_Liq_Abut5.slim

Slide Modeler Version: 6.016

Project Title: Route 101/23 Intechange Improvement

Analysis: Moorpark Road UC

Author: J. Lee

Company: CH2M HILL

Date Created: 3/16/2011, 4:22:40 PM

General Settings

Units of Measurement: Imperial Units

Time Units: days

Permeability Units: feet/second

Failure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20

Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Bishop simplified

Janbu simplified

Number of slices: 25

Tolerance: 0.005

Maximum number of iterations: 50

Check malpha < 0.2: Yes

Initial trial value of FS: 1

Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces

Pore Fluid Unit Weight: 62.4 lbs/ft3

Advanced Groundwater Method: None

Random Numbers
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Pseudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Non-Circular Block Search

Number of Surfaces: 5000

Pseudo-Random Surfaces: Enabled

Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 95

Left Projection Angle (End Angle): 175

Right Projection Angle (Start Angle): 25

Right Projection Angle (End Angle): 85

Minimum Elevation: Not Defined

Minimum Depth: Not Defined

Loading

Seismic Load Coefficient (Horizontal): 0.17

1 Distributed Load present

Distributed Load 1

Distribution: Constant

Magnitude [psf]: 125

Orientation: Normal to boundary

Material Properties

GPSWCL(3)SC/SMCL(2)
Liquefied 

Sand(1)
CL(1)FILLProperty

________________________Color

Mohr-CoulombMohr-CoulombUndrainedMohr-CoulombUndrainedUndrainedUndrainedMohr-CoulombStrength Type

130130120120120125125120
Unit Weight 

[lbs/ft3]

000200Cohesion [psf]

43353232
Friction Angle 

[deg]

220010003503000Cohesion Type

Water TableWater TableNoneWater TableNoneNoneNoneWater TableWater Surface

1101Hu Value

0000Ru Value

Liquefied Sand(3)Liquefied Sand(2)QoaProperty

_________Color

UndrainedUndrainedMohr-CoulombStrength Type
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120120135Unit Weight [lbs/ft3]

0Cohesion [psf]

43Friction Angle [deg]

800550Cohesion Type

NoneNoneWater TableWater Surface

1Hu Value

00Ru Value

Global Minimums

Method: bishop simplified

FS: 1.337380

Axis Location: 22634.745, 877.921

Left Slip Surface Endpoint: 22586.184, 722.431

Right Slip Surface Endpoint: 22730.000, 745.778

Resisting Moment=3.08643e+007 lb-ft

Driving Moment=2.30782e+007 lb-ft

Total Slice Area=4420.71 ft2

Method: janbu simplified

FS: 1.264500

Axis Location: 22634.745, 877.921

Left Slip Surface Endpoint: 22586.184, 722.431

Right Slip Surface Endpoint: 22730.000, 745.778

Resisting Horizontal Force=153932 lb

Driving Horizontal Force=121734 lb

Total Slice Area=4420.71 ft2

Global Minimum Coordinates

Method: bishop simplified

YX

722.43122586.2

706.80122604.1

702.1522614.7

702.70522627.3

701.81222648

701.79522677.1

706.58322695.4

712.93822705.6

719.71222713

745.77822730

Method: janbu simplified
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YX

722.43122586.2

706.80122604.1

702.1522614.7

702.70522627.3

701.81222648

701.79522677.1

706.58322695.4

712.93822705.6

719.71222713

745.77822730

Valid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 3252

Number of Invalid Surfaces: 1750

Error Codes:

Error Code -108 reported for 972 surfaces

Error Code -112 reported for 778 surfaces

Method: janbu simplified

Number of Valid Surfaces: 2819

Number of Invalid Surfaces: 2183

Error Codes:

Error Code -108 reported for 1675 surfaces

Error Code -112 reported for 508 surfaces

Error Codes

The following errors were encountered during the computation:

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if 

the driving force is very small (0.1 is an arbitrary number).

-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor 

calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep 

seated slip surfaces with many high negative base angle slices in the passive zone.

Slice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.33738

Effective 

Normal 
Pore 

Base 

Normal 
Shear Shear 

Base 

Friction 
Base 

Base Weight Width Slice 
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Stress 

[psf]
[psf]

Stress 

[psf]
[psf][psf]

Angle 

[degrees]
[psf]

Material[lbs][ft]Number

504.9960504.996515.557385.49832200FILL546.93.240291

2711.102711.130002243.1903000CL(1)5799.737.685012

2210.7902210.791000747.73101000CL(2)10903.96.995683

2587.4602587.461000747.73101000CL(2)12028.65.320824

3090.6803090.681000747.73101000CL(2)14706.15.320825

3285.0903285.091000747.73101000CL(2)20764.96.257786

3784.5103784.511000747.73101000CL(2)238906.257787

4405.7304405.73800598.1850800
Liquefied 

Sand(3)
30336.26.926088

5028.705028.7800598.1850800
Liquefied 

Sand(3)
346516.926089

5358.2305358.23800598.1850800
Liquefied 

Sand(3)
36818.76.9260810

5480.3705480.37800598.1850800
Liquefied 

Sand(3)
341.5660.06378411

5475.3105475.31800598.1850800
Liquefied 

Sand(3)
27790.85.1945612

5465.305465.3800598.1850800
Liquefied 

Sand(3)
27738.85.1945613

5455.2905455.29800598.1850800
Liquefied 

Sand(3)
27686.85.1945614

5445.305445.3800598.1850800
Liquefied 

Sand(3)
27634.85.1945615

5437.7805437.78800598.1850800
Liquefied 

Sand(3)
43548.88.197516

5185.0605185.06800598.1850800
Liquefied 

Sand(3)
31796.56.0951717

4993.5504993.55800598.1850800
Liquefied 

Sand(3)
30629.26.0951718

4802.0304802.03800598.1850800
Liquefied 

Sand(3)
294626.0951719

4208.0304208.031000747.73101000CL(2)23272.75.1179820

3826.7303826.731000747.73101000CL(2)21321.25.1179821

1612.7901612.7930002243.1903000CL(1)26148.77.362222

1459.4701459.471111.98831.46232200FILL14802.65.6788823

851.4710851.471732.058547.38232200FILL8881.575.6788824

243.4690243.469352.136263.30332200FILL2960.525.6788825

Global Minimum Query (janbu simplified) - Safety Factor: 1.2645

Effective 

Normal 

Stress 

[psf]

Pore 

Pressure 

[psf]

Base 

Normal 

Stress 

[psf]

Shear 

Strength 

[psf]

Shear 

Stress 

[psf]

Base 

Friction 

Angle 

[degrees]

Base 

Cohesion 

[psf]

Base 

Material

Weight 

[lbs]

Width 

[ft]

Slice 

Number

539.0530539.053536.838424.54632200FILL546.93.240291

2823.8702823.8730002372.4803000CL(1)5799.737.685012

2248.3902248.391000790.82601000CL(2)10903.96.995683

2606.2802606.281000790.82601000CL(2)12028.65.320824
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3109.503109.51000790.82601000CL(2)14706.15.320825

3283.1903283.191000790.82601000CL(2)20764.96.257786

3782.5903782.591000790.82601000CL(2)238906.257787

4407.204407.2800632.6610800
Liquefied 

Sand(3)
30336.26.926088

5030.1805030.18800632.6610800
Liquefied 

Sand(3)
346516.926089

5359.7205359.72800632.6610800
Liquefied 

Sand(3)
36818.76.9260810

5480.3905480.39800632.6610800
Liquefied 

Sand(3)
341.5660.06378411

5475.3305475.33800632.6610800
Liquefied 

Sand(3)
27790.85.1945612

5465.3205465.32800632.6610800
Liquefied 

Sand(3)
27738.85.1945613

5455.3105455.31800632.6610800
Liquefied 

Sand(3)
27686.85.1945614

5445.3105445.31800632.6610800
Liquefied 

Sand(3)
27634.85.1945615

5437.7905437.79800632.6610800
Liquefied 

Sand(3)
43548.88.197516

5176.0205176.02800632.6610800
Liquefied 

Sand(3)
31796.56.0951717

4984.5204984.52800632.6610800
Liquefied 

Sand(3)
30629.26.0951718

4793.0104793.01800632.6610800
Liquefied 

Sand(3)
294626.0951719

4181.2704181.271000790.82601000CL(2)23272.75.1179820

3799.9703799.971000790.82601000CL(2)21321.25.1179821

1493.8201493.8230002372.4803000CL(1)26148.77.362222

1417.7201417.721085.89858.7532200FILL14802.65.6788823

823.9830823.983714.882565.34832200FILL8881.575.6788824

230.2470230.247343.874271.94532200FILL2960.525.6788825

Interslice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.33738

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000722.43122586.21

002583.3719.60522589.42

0037007.6712.90222597.13

0053873.6706.80122604.14

0061824.2704.47622609.45

0070489.8702.1522614.76

0070727.7702.428226217

0070295.7702.70522627.38
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0070593.6702.40722634.29

0070343.5702.10922641.110

0069821.1701.8122264811

0069801.2701.81222648.112

0068189.1701.80922653.313

0066585.8701.80622658.514

0064991.2701.80322663.715

0063405.5701.822668.916

0060927.4701.79522677.117

0050893.4703.39122683.218

0041363.4704.98722689.319

0032337.5706.58322695.420

0018837.1709.76122700.521

006879.98712.93822705.622

008024.62719.7122271323

00-2450.95728.40122718.624

00-8250.45737.08922724.325

000745.7782273026

Global Minimum Query (janbu simplified) - Safety Factor: 1.2645

Interslice 

Force Angle 

[degrees]

Interslice 

Shear Force 

[lbs]

Interslice 

Normal Force 

[lbs]

Y 

coordinate - Bottom 

[ft]

X 

coordinate 

[ft]

Slice 

Number

000722.43122586.21

002806.07719.60522589.42

0038979.8712.90222597.13

0056376.7706.80122604.14

0064600.4704.47622609.45

0073539.1702.1522614.76

0074047.2702.428226217

0073885.5702.70522627.38

0074422.6702.40722634.29

0074411.7702.10922641.110

0074128.5701.8122264811

0074110.9701.81222648.112

0072677.8701.80922653.313

0071253.6701.80622658.514

0069838.2701.80322663.715

0068431.6701.822668.916

0066236.1701.79522677.117

0056426.6703.39122683.218

0047121.2704.98722689.319

0038319.9706.58322695.420

0025125709.76122700.521

0013473.5712.93822705.622

0016375.9719.7122271323

006418.11728.40122718.624

Page 7 of 12

SLIDEINTERPRET 6.016

MoorparkUC_Liq_Abut5.slim CH2M HILL   3/16/2011, 4:22:40 PM

00959.477737.08922724.325

000745.7782273026

List Of Coordinates

Water Table

YX

71522380

71522730

Line Load

YX

745.77822730

745.77822670.4

746.16522647.1

Block Search Window

YX

719.76622607

697.34622607

697.34622645.1

719.76622645.1

Block Search Window

YX

727.62822649.9

697.34622649.9

697.34622703.1

727.62822703.1

External Boundary

YX

668.70522730

674.90622730

687.822730

690.18722730

701.822730

706.56822730

712.90222730

719.822730

745.77822730
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745.77822670.4

746.16522647.1

745.67722640.5

726.37222613.2

722.3722601.3

722.75822504.8

727.0122493.2

749.04322460.7

750.06722456.4

750.38722450.9

750.71822424.3

750.71822380

725.88322380

712.90222380

703.122380

699.93322380

692.45722380

688.21522380

668.70522380

Material Boundary

YX

706.822648.4

706.79122625.6

705.67822620.2

704.56522620.3

703.63822622.7

702.64622628.6

701.822648.4

701.76822667.3

701.822730

Material Boundary

YX

712.90222380

712.90222510.5

Material Boundary

YX

711.58122426.4

710.35422483

709.90222511.7

71122557.8
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712.90222580.8

712.90222510.5

Material Boundary

YX

711.58122426.4

711.722448.3

712.90222510.5

Material Boundary

YX

703.122380

703.122448.3

702.90222511.7

702.522557.7

701.822648.4

701.822730

Material Boundary

YX

699.93322380

698.122448.3

697.15322483.6

696.40222511.7

695.522557.7

695.23522565.7

692.55622647.1

690.18722730

Material Boundary

YX

692.45722380

690.122448.3

689.7622460.9

688.40222511.7

689.522557.8

687.822648.4

687.822730

Material Boundary

YX
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688.21522380

684.122448.3

679.90222511.7

677.522557.8

672.822648.4

668.70522730

Material Boundary

YX

689.7622460.9

686.40222511.7

68422557.8

679.322648.4

674.90622730

Material Boundary

YX

725.88322380

723.122448.3

719.40222511.7

719.522557.8

719.822648.4

719.822730

Material Boundary

YX

697.15322483.6

697.87522480.2

698.522556.5

698.522577.3

697.04122584.7

695.50422577.6

695.23522565.7

Material Boundary

YX

712.90222580.8

712.90222730

Material Boundary

YX
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706.822648.4

706.73522651.6

706.64422658.4

706.56822666.3

706.56822730
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Settlement Calculations 



6
.0

9

0
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2

Material Name Color
Unit Weight

(kips/ft3)
Es (ksf) Cc Cr OCR e0

Cv
(ft2/d)

Cvr
(ft2/d)

CL(1) 0.125 525

CL(2) 0.125 0.13 0.021 1.4 0.67 0.3 1.5

SC/SM 0.12 240

CL(3) 0.12 0.12 0.0225 1.15 0.7 0.3 1.5

SM 0.13 1000

Moorpark Road

E
x
is

ti
n
g
 N

B
 R

o
u
te

 1
0
1
 

111.000

105.000

5
0

0
4

0
0

3
0

0
2

0
0

1
0

0
0

-1
0

0

-200 0 200

Total Settlement (in)

 0.00

 0.65

 1.30

 1.95

 2.60

 3.25

 3.90

 4.55

 5.20

 5.85

 6.50

max (stage): 6.09 in

max (all):   6.09 in

Data Type:  Total SettlementSliver Fill Placement = 1000 d

Analysis Description
Moorpark Road UC - Abutment 5

Company
CH2M HILL

Drawn By
J. Lee

File Name
Abut5.s3z

Date
5/7/12

Project

route 101/23 Interchange Improvement

SETTLE3D 2.014



Project 

Analysis Description: 

Drawn by Company

Date File Name 

Moorpark Road UC - Abutment 5

JL CH2M HILL

5/7/2012 Abut5.s3z

Query Lines 1 

Total Settlement at Depth = 0 ft  

Route 101/23 Interchange Improvement

0.38
0.65

0.81 0.93 1.01

0.40
0.18

0
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Distance vs. Total Settlement

Settlement Due to Existing Fill

Settlement due to Existing+Sliver Fill

Settlement due to Sliver Fill



Settle3D Analysis Information

route 101/23 Interchange Improvement

Project Settings

Document Name: Abut5.s3z

Project Title: route 101/23 Interchange Improvement

Analysis: Moorpark Road UC - Abutment 5

Author: J. Lee

Company: CH2M HILL

Date Created: 5/7/12

Stress Computation Method: Boussinesq

Time-dependent Consolidation Analysis

Time Units: days

Permeability Units: feet/day

Use average properties to calculate layered stresses

Groundwater method: Water Table

Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 6 [ft]

Stage Settings

Time [days]NameStage #

0Existing Fill Placement1

999Existing Fill2

1000Sliver Fill Placement3

103030 days4

2000Completion of Settlement5

Results

Time taken to compute: 1.35848 seconds

Stage: Existing Fill Placement = 0 d

MaximumMinimumData Type

1.735390Total Settlement [in]

00Consolidation Settlement [in]

1.735390Immediate Settlement [in]

00Secondary Settlement [in]

2.500010Loading Stress [ksf]

3.232390Effective Stress [ksf]

6.566680Total Stress [ksf]

0.01017490Total Strain

4.056280Pore Water Pressure [ksf]

2.497230Excess Pore Water Pressure [ksf]
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00Degree of Consolidation [%]

3.20640.0075Pre-consolidation Stress [ksf]

1.41Over-consolidation Ratio

0.70Void Ratio

0.0007227690Permeability [ft/d]

1.50Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

00Average Degree of Consolidation [%]

Stage: Existing Fill = 999 d

MaximumMinimumData Type

6.092080Total Settlement [in]

4.356690Consolidation Settlement [in]

1.735390Immediate Settlement [in]

00Secondary Settlement [in]

2.500010Loading Stress [ksf]

4.757080Effective Stress [ksf]

6.566680Total Stress [ksf]

0.03598930Total Strain

1.80960Pore Water Pressure [ksf]

1.4538e-013-6.88227e-019Excess Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

4.749020.0075Pre-consolidation Stress [ksf]

1.398561Over-consolidation Ratio

0.6998630Void Ratio

0.0007227690Permeability [ft/d]

1.50Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]

Stage: Sliver Fill Placement = 1000 d

MaximumMinimumData Type

6.093060Total Settlement [in]

4.356690Consolidation Settlement [in]

1.736370Immediate Settlement [in]

00Secondary Settlement [in]

2.510150Loading Stress [ksf]

4.757080Effective Stress [ksf]

6.571270Total Stress [ksf]

0.03598930Total Strain

2.022310Pore Water Pressure [ksf]

0.371113-0.0872084Excess Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

4.749020.00750001Pre-consolidation Stress [ksf]

1.398561Over-consolidation Ratio

0.6998630Void Ratio

0.0007227690Permeability [ft/d]
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1.50Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]

Stage: 30 days = 1030 d

MaximumMinimumData Type

6.094370Total Settlement [in]

4.3580Consolidation Settlement [in]

1.736370Immediate Settlement [in]

00Secondary Settlement [in]

2.510150Loading Stress [ksf]

4.761670Effective Stress [ksf]

6.571270Total Stress [ksf]

0.03599010Total Strain

1.80960Pore Water Pressure [ksf]

0.178718-1.44582e-013Excess Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

4.753560.00750001Pre-consolidation Stress [ksf]

1.397931Over-consolidation Ratio

0.6998150Void Ratio

0.0007227690Permeability [ft/d]

1.50Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]

Stage: Completion of Settlement = 2000 d

MaximumMinimumData Type

6.094490Total Settlement [in]

4.358130Consolidation Settlement [in]

1.736370Immediate Settlement [in]

00Secondary Settlement [in]

2.510150Loading Stress [ksf]

4.761670Effective Stress [ksf]

6.571270Total Stress [ksf]

0.03599010Total Strain

1.80960Pore Water Pressure [ksf]

1.90229e-014-3.29569e-019Excess Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

4.753560.00750001Pre-consolidation Stress [ksf]

1.397931Over-consolidation Ratio

0.6998150Void Ratio

0.0007227690Permeability [ft/d]

1.50Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]
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Embankments

1. Embankment

Center Line: (0, 0) to (0, 200)

Number of Layers: 1

Near End Angle: 33.7 degrees

Far End Angle: 90 degrees

Base Width: 210

Right Bench 

Width (ft)

Right 

Angle (deg)

Unit Weight 

(kips/ft3)

Height 

(ft)

Left Angle 

(deg)

Left Bench 

Width (ft)
StageLayer

026.60.1252026.60
Existing Fill 

Placement = 0 d
1

Soil Layers

Drained at BottomDepth [ft]Thickness [ft]TypeLayer #

No08CL(1)1

Yes810CL(2)2

No1810SC/SM3

Yes284CL(3)4

No323SM5

Ground Surface Drained: Yes

Soil Properties

SMCL(3)SC/SMCL(2)CL(1)Property

_______________Color

0.130.120.120.1250.125Unit Weight [kips/ft3]

0.130.120.120.1250.125Saturated Unit Weight [kips/ft3]

EnabledDisabledEnabledDisabledEnabledImmediate Settlement

1000240525Es [ksf]

1000670525Esur [ksf]

DisabledEnabledDisabledEnabledDisabledPrimary Consolidation

Non-LinearNon-LinearMaterial Type
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0.120.13Cc

0.02250.021Cr

0.70.67e0

11.1511.41OCR

0.30.3Cv [ft2/d]

11B-bar

Query Points

Number of Divisions(X,Y) LocationPoint #

Auto: 6965.007, 0.7051

Query Lines

Vertical DivisionsHorizontal DivisionsEnd LocationStart LocationLine #

Auto: 6920150, 24.4580, 24.45751
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Wing Wall Plan 



�"=1’-0"

�"=1’-0"

PLAN

ELEVATION
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T E C H N I C A L  M E M O R A N D U M    
 
Responses to Caltrans Review Comments on Final Foundation Report 
for Route 101/23 Interchange Improvements, Moorpark Road 
Undercrossing (Widen), Bridge No. 52-0237, Ventura County, 
California  
EA 1952U1; 07-VEN-101; SR-101 PM 4.06 

PREPARED FOR: Sharid Amiri/Caltrans  

PREPARED BY: 
 

Ping Tian/CH2M HILL 

CC: Khan Hossain/Caltrans  
Richard Hartzell/Caltrans 
Juan Carlos Velasquez /CH2M HILL 

DATE: May 3, 2012 

 
On April 27, 2012, CH2M HILL received Caltrans review comments, dated April 27, 2012, 
for the Final Foundation Report, Route 101/23 Interchange Improvements, Moorpark Road 
Undercrossing (Widen), Bridge No. 52-0237, Ventura County, California, dated October 12, 2011.  
A telephone call between Sharid Amiri of Caltrans and Ping Tian of CH2M HILL was 
conducted on May 1, 2012 to discuss and resolve the review comments. This technical 
memorandum summarizes CH2M HILL’s responses to the comments based on the 
discussion and resolution achieved from the call.  The original review comments are 
reproduced in italic with the responses followed for each comment. The original Caltrans 
review comments are also attached at the end of the memorandum. 

 
1. The text in Section 2.2 of the subject report should include triaxial testing. Revise accordingly. 
 
Response: We will revise it accordingly. 
 
2. A prudent design ground water elevation should be based at the elevation 723. Revise the 
liquefaction potential assessment based on the latter.  
 
Response: The existing ground surface is approximately at elevation of 723 feet. The 
historically high groundwater table based CGS Seismic Hazard Report is at about 10 feet 
below ground surface. Our recent groundwater table measurements from our field 
investigations at the site are close to the historically high groundwater at about elevation of 
713 feet.  Therefore, we have selected the design groundwater table at elevation of 713 feet 
corresponding to the historically high groundwater based on our experience. We agree that 
groundwater table may fluctuate slightly above the design groundwater table, however, the 
chance to have the groundwater at ground surface and the MCE earthquake at the same 
time is very low. Therefore, we agreed to increase the design groundwater table 2 feet to the 
elevation of 715 feet considering any fluctuating of the groundwater table in the future.  
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We will revise the liquefaction potential assessment based on the revised design 
groundwater table elevation. We expect that this revised design groundwater table will not 
change the liquefaction potential assessment for all supports except for the Bent 2 area. 
Based on boring R-11-008 at Bent 2, the potential impacted soil consists of medium dense 
Clayey Sand with fine content in the range of 37 to 42 percent. It is our experience that 
clayey sand with this amount of fines is not expected to be liquefiable. We will include the 
revised liquefaction assessment in the Revised Final Foundation Report. 
 
3. Revise the engineering calculations based on the revised design groundwater elevation, per the 
above cited comment. 
 
Response: We will revise the engineering calculations including the axial and lateral pile 
capacities based on the revised design groundwater table elevation per the above cited 
comment and response, and include them in the Revised Final Foundation Report. 
 
4. Assess the potential for lateral spreading given the revised groundwater elevation. Justify and 
provide documentation. 
 
Response: Because the potentially liquefiable soils are isolated and not in continuous layers 
crossing the site, lateral spreading of the bridge abutments due to liquefaction is not deemed 
to be a concern. We will include detail embankment slope stability analyses based on the 
revised design groundwater table elevation per the above cited comment and response in 
the Revised Final Foundation Report. 
 
5. Assess the impact of lateral spreading on the bridge pile foundations. Justify and provide 
documentation. 
 
Response: Because the lateral spreading is not a concern as discussed above, the impact of 
lateral spreading on the bridge pile foundations is not a concern.  
 
6. Revise Figure 4.2 
 
Response: We will revise Figure 4.2 accordingly, and include it in the Revised Final 
Foundation Report. 
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ATTACHMENT 

Caltrans Review Comments, Dated April 27, 2012 

 



DIVISION OF ENGINEERING SERVICES 

GEOTECHNICAL SERVICES 

 
 

TO: MR. JOHN FUJIMOTO     DATE:  April  27, 2012  

Office of Special Funded Projects (OSFP)   

Attention:  Mr. RICHARD HARTZELL    FILE:        07      VEN        101          4.06           

Fax:  (916) 227-8683        District  County    Route   Post mile 

 

FDN REPORT BY: CH2MHILL DATED: October 12, 2011        Moorpark Road UC    

     Structure Name 

 

GENERAL PLAN DATED: October 12, 2011   FDN PLAN DATED: October 12, 2011     07-1952U1             52-0237 

                     EA Number   Bridge Number 

 

Submittal (Check One):  1st  2
nd

 X 3
rd
  4th  Other: 

 

 

The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittals titled “Final 

Foundation Report For Route 101/23 Interchange Improvements, Moorpark Road Undercrossing 

(Widen), Bridge No. 52-0237, Ventura County, California, 07- VEN-101; EA 1952U1, SR 101, 

PM 4.06”, prepared by CH2MHILL dated October 12, 2011 and received by our office on March 

1, 2012. 

 

During our review, we made reference to the following: 

 

• Caltrans OGDS1 review comments dated February 27, 2012. 

 

• Engineering calculations contained in a CD submitted on December 8, 2011. 

 

• Response to Caltrans Review Comments On Foundation Report For Route 101/23 

Interchange Improvements, Moorpark Road Undercrossing (Widen), Bridge  

No. 52-0237, Ventura County, California, 07- VEN-101; EA 1952U1, SR 101, PM 4.06”, 

prepared by CH2MHILL dated August 24, 2011. 

 

• Over the shoulder review meeting with the geotechnical consultant on August 16, 2011 

 

• Caltrans OGDS1 review comments dated June 8, 2011. 

 

• Foundation Report, Route 101/23 Interchange Improvements, Moorpark Road 

Undercrossing (Widen), Bridge No. 52-0237, Ventura County, California”, prepared by 

CH2MHILL dated April 22, 2011. 

 

• Preliminary Foundation Report (PFR), Route 101/23 Interchange Improvements, 

Moorpark Road Undercrossing (Widen), Bridge No.52-0237, Ventura County, 

California, EA 07-195201”, prepared by CH2MHILL, dated November 17, 2010. 

 

• Bridge Type Selection and Seismic Retrofit Meeting dated December 13, 2010. 

  



• Technical Memorandum titled “Geotechnical Field Investigation Plan for Route 101/23 

Interchange Improvements, City of Thousand Oaks, Venture County, California”, 

prepared by CH2MHILL, dated December 17, 2010. The latter is a revised version of the 

original geotechnical filed investigation plan incorporating Caltrans review comments. 

 

• OGDS-1 over the shoulder review comments on the proposed scope of geotechnical 

 investigation submitted electronically to the consultants on December 14 and 

 December 17, 2010. 

 

• OGDS-1 over the shoulder review comments on analysis of pile lateral capacity 

 subject to lateral spread and the justification for ground improvement submitted 

 electronically to the consultants on December 14 and December 17, 2010. 

 

• Consultant responses to the above, submitted electronically to our office on 

 December 14 and December 17, 2010. 

 

• OGDS-1 review comment memorandum for the Preliminary Foundation Report dated 

January 20
th

, 2011. 

 

• Technical Memorandum titled “ Liquefaction Evaluation for Moorpark Road 

Undercrossing, Bridge No.52-0237, Route 101/23 Interchange Improvements, 

Ventura County, California”, prepared by CH2MHILL dated March 22, 2011. 

 

• Caltrans review comments for liquefaction evaluation, dated April 15, 2011. 

 

 We have the following comments: 

 

1. The text in Section 2.2 of the subject report should include triaxial testing. Revise 

accordingly. 

 

2. A prudent design ground water elevation should be based at the elevation 723. Revise the 

liquefaction potential assessment based on the latter. 
 

3. Revise the engineering calculations based on the revised design ground water elevation, 

per the above cited comment. 
 

4. Assess the potential for lateral spreading given the revised ground water elevation. Justify 

and provide documentation. 
 

5. Assess the impact of the lateral spreading on the bridge pile foundations. Justify and 

provide documentation. 
 

6. Revise Figure 4.2 

 

 

Please call Sharid Amiri at (949)724-2599, if you have any questions. 

 
Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                   

                    Geotechnical Design South-1 



(C3)  Not Approved 

Office of Special Funded projects      

               

   

   

Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates (All Reviews) OSC R.E Pending File 
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T E C H N I C A L  M E M O R A N D U M    

 

Response to Caltrans Review Comments on Foundation Report for 
Route 101/23 Interchange Improvements, Moorpark Road 
Undercrossing (Widen), Bridge No. 52-0237, Ventura County, 
California 
07-VEN-101; EA-1952U1; SR-101 PM 4.06 

PREPARED FOR: Sharid Amiri/Caltrans  

PREPARED BY: 

 

Ping Tian/CH2M HILL 

CC: Richard Hartzell/Caltrans 
Khan Hossain/Caltrans  
Juan Carlos Velasquez /CH2M HILL 

DATE: August 24, 2011 

 
CH2M HILL received Caltrans review comments, dated June 8, 2011, on the Foundation 
Report, Route 101/23 Interchange Improvements, Moorpark Road Undercrossing (Widen), Bridge 
No. 52-0237, Ventura County, California.  A meeting between Sharid Amiri of Caltrans and Ping 

Tian of CH2M HILL was conducted on August 16, 2011 to resolve the review comments. This 
technical memorandum summarizes CH2M HILL’s responses to the comments based on the 
agreement and resolution achieved from the meeting. The original review comments are 
reproduced in italic with the responses followed for each comment.  For reference, the 
original Caltrans review comments are also attached at the end of the memorandum. 

  

1. Provide two separate and stand alone documentation: Volume I should correspond to the 

Foundation Report and the Appendices and Volume II to the Calculation Volume. 

 

Response: Based on the discussion with Caltrans reviewer, one volume is appropriate considering the 

size of the report. Separate volumes for the report and the calculations are not necessary. 

 

2. Revise the Introduction Section of the subject report to only include subsections starting with 

Purpose and scope of work followed by project description, existing bridge information and 

limitations. 

 

Response: Comply – We will revise accordingly. 

 

3. The project description section of the subject report should start with and include a general 

description and aspects of the project. This includes the 101/23 improvements. Revise accordingly. 

 

Response: Comply – We will revise accordingly.  

 

4. Rename Table 1-1 to As-Built Foundation Data. 

 

Response: Comply – We will revise accordingly.  
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5. Revise “Location” to “Support” in Table 1-1. 
 

Response: Comply – We will revise accordingly. 

6. Revise Tables 2.1 and 2.2 to include, bottom of the boring elevation, date performed (Month, day 

and year) and exploration method. 

 

Response: Comply – For Table 2-1, bottom of the boring elevation can be obtained from Ground 

Surface Elevation subtracting Exploration Depth. We will add the actual date of the boring 

performed. Exploration method is already included. For Table 2-2, bottom of the boring elevation can 

be obtained from Ground Surface Elevation subtracting Exploration Depth. We will add the actual 

date of the boring performed and the exploration method. We will revise Depth of Groundwater to 

Groundwater Elevation.  

7. Revise “Site Characterization” to “Geology”. 

 

Response: Comply - We will revise accordingly. 

 

8. Geology Section should start with Physiography, followed by Geologic Structure, Stratigraphy and 

Geologic Hazards. 

 

Response: Comply - We will revise accordingly. 

 

9. In the subsection corresponding to Geologic Hazards, include a narrative about the susceptibility 

to tsunamis or lack of with a given reference. 

 

Response: Comply - We will include the information. 

 

10. Include a Section (i.e. Section 4) in the subject report for “Subsurface Conditions”. Revise 

accordingly. 

 

Response: Comply - We will revise accordingly. 

 

11. The newly created Section 4 should start with Subsurface Conditions, followed by Groundwater 

Conditions and Idealized Soil Profile. 

 

Response: Comply – We will revise accordingly. 

 

12. Insert a titled table in the Subsurface conditions section of the subject report, idealized soil profile 

subsection to include approximate elevation, predominant soil type, total unit weight, cohesion and 

friction angle categorized for each corresponding bridge support location. (i.e. abutment, bent). 

 

Response: Comply – We will include the Idealized Soil Profile Table. 

 

13. Insert a figure in the subsurface conditions of the subject report, to include the corresponding 

quadrangle for historically highest ground water contours from California Department of 

Conservation. Show the bridge location on the quadrangle. 

 

Response: Comply – This figure is included in Appendix C. We will move it out from Appendix C 

and insert it under the Section of Subsurface Conditions. 
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14. Insert a figure in the subsurface conditions of the subject report, to include the idealized soil 

profile with field groundwater table elevation, assumed designed groundwater table elevation and 

liquefaction layers if any. This figure should include the proposed structure alignment, support 

numbers and location, vertical and horizontal axis for elevation and stationing respectively. It should 

include the boring profile with the idealized strength, friction angle and field SPT numbers. 

 

Response: Comply – We will include the figure accordingly. 

 

15. Include a separate Section (i.e. Section 5) in the subject report for “Seismicity and Geo-Seismic 

Hazards” to include subsections for seismic study, ground rupture, Caltrans ARS curve, development 

of Vs30, development of Caltrans ARS curve, liquefaction, lateral spread and seismic settlement.  

 

Response: Comply – The information and discussion have been included in Section 4 of the report. 

We will include a separate Section (Section 5) to only discuss the Seismicity and Geo-Seismic 

Hazards as requested.   

 

16. Sections 6 and 7 of the subject report should correspond to Soil Corrosion and Scour 

respectively. Revise accordingly. 

 

Response: Consider the size of each section, we will add two subsections after the subsection of 

Idealized Soil Profile under Section 4 Subsurface Conditions to discuss Soil Corrosion and Scour, 

respectively. Separate Sections 6 and 7 correspond to Soil Corrosion and Scour are not necessary.  

 

17. Sections 8 and 9 should correspond to Foundation Recommendations and Construction 

Considerations respectively. 

 

Response: Sections 6 and 7 will correspond to Foundation Recommendations and Construction 

Considerations, respectively, based on the changes made for Comment No. 16. 

 

18. LOTB are already included in Appendix B, remove the boring record information in Appendix C.  

 

Response: The boring record information will still be included in Appendix C based on the discussion 

with Caltrans. No change is necessary. 

 

19. Appendix D: tabulate exclusively the unconsolidated undrained strength test results with Boring 

number, sample number, sample depth, predominant soil type, strength at 5% strain and at failure. 

 

Response: Comply – We will include the table accordingly.   

 

20. Appendix D: tabulate exclusively the corrosion test results with boring number, sample number, 

depth, predominant soil type, pH, sulfate content, chloride content and minimum resistivity. 

 

Response: Table 4-2 Summary of Laboratory Test Results for Corrosion Suits was already included 

in Section 4.3 of the report. A similar summary table in Appendix D is not necessary. However, we 

will add the Predominant Soil Type in Table 4-2 to include all of the information requested. 

   

21. Can the onsite material be used for the low expansion material specified at the abutments? Justify 

your response. 
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Response: Based on borings R-11-008 and R-11-009, the materials from the proposed excavation at 

the bents primarily consist of clayey sand, poorly graded sand with silt, and sandy lean clay within the 

top 10 feet from ground surface. The granular native soils generally have low potential for expansion. 

The sandy lean clay has PI of 20 and Clay Friction (CF) of 32% based on the lab data. Activity 

(A=PI/CF) of this clay soil is about 0.625. Based on Seed et al., 1962, the clay soil has low potential 

for expansion. Therefore, the on-site excavated material generally has low potential for expansion. 

However, considering material variance and the assurance to have uniform granular structural 

backfill, we recommend import, low expansive, granular materials be used as structural backfill for 

the abutments. We will add this requirement in the Section of Construction Considerations.   

 

22. Provide the engineering calculations, including all input files and spread sheets in a CD for our 

review. 

 

Response: Comply – We will provide a CD that contains the engineering calculations, including all 

input files and spread sheets.  

 

23. Sheet No. 21 of the subject project plan: Revise Plan view to include abutment and bent 

designations. 

 

Response: Comply – We will coordinate with the structural designer to revise accordingly.  

 

24. Provide documentation for the hammer efficiency and calibration. 

 

Response: Comply – Site specific calibration on the automatic hammer used for the field exploration 

was not conducted for this project. A document of CME Automatic Hammer Operations Bulletin was 

obtained from the manufacturer. Based on the document, hammer efficiency from 85 to 95% was 

recommended based on various research and testing data for the CME automatic hammer. A hammer 

efficiency of 75% was conservatively used this time for this project. We will ensure in the future 

projects that an annual calibration on the hammer efficiency is obtained prior to starting the field 

exploration. We will include the referenced document of CME Automatic Hammer Operations 

Bulletin in Appendix C.   

 

25. Include a figure in the subject report’s Section 2 (Geotechnical Investigation) for Boring Location 

Map. The latter must contain bridge support alignment lines, location and designation, bridge name 

and number, the scale and north arrow. 

 

Response: Figure 2-1 Boring Location Map is included in Section 2. We will add all of the 

information requested to Figure 2-1. 

 

26. Expand on the subject of expansive soil by referring to the related laboratory testing results.  

 

Response: Comply – We will expand the subject per our response to Comment No. 21.  

 

27. Show a sample engineering hand calculation for the pile settlement, pile axial capacity and 

liquefaction analysis. 

 

Response: Per discussion with Caltrans, commercial software currently available to Caltrans, 

including Apile, Lpile, and Slide, will not need to be hand checked. Commercial software used in this 

project, however, are not available to Caltrans, including Liquefy Pro and Settle 3D, will need to be 

hand checked only once for the project. Calculations performed by Mathcad will not need to be hand 

checked because Mathcad is similar as hand calculation.  For this foundation report, pile axial 
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capacity and settlement for single pile were calculated using Apile. Pile group settlement was 

calculated using Settle 3D. Liquefaction was analyzed using Liquefy Pro. Lateral pile capacity was 

calculated using Lpile. Abutment slope stability was analyzed using Slide. Approach embankment 

settlement at abutment was calculated using Settle 3D. Bearing capacity and settlement for wing wall 

spread footing were calculated using Mathcad and Settle 3D, respectively. Therefore, we will provide 

sample hand calculations only for liquefaction potential using SPT and CPT data, respectively, to 

compare with Liquefy Pro and hand calculations for pile group settlement and embankment 

settlement to compare with Settle 3D. The hand calculations will be included in Appendix E 

accordingly. Other bridge foundation reports and the GDR prepared for this project will not require 

any hand calculations.     

 

28. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. Include the 

reference. 

 

Response: The latest Caltrans SDC (Version 1.6, dated November 2010) recommends using an 

ultimate passive resistance of the soil equal to 5 ksf for a 5.5 feet high backwall. For a wall height 

exceeding 5.5 feet, Caltrans SDC recommends to multiply it by a wall height factor of H/5.5. 

However, Caltrans SDC does not provide the upper limit for the ultimate passive resistance when 

wall height exceeds 5.5 feet. We think that it is reasonable to have an upper limit for the ultimate 

passive resistance for walls exceeding 5.5 feet high, and we recommend 7.7 ksf be used as the upper 

limit based on our past experience with Caltrans.   

 

29. Explain why the soil type is designated as type D. Provide reference and justification. 

 

Response: Comply- A shear wave velocity Vs30 value of 269 m/s was obtained for the site based on 

the boring and CPT data. Per Caltrans SDC, Version 1.6, dated November 2010, Soil Profile Type D 

is defined as Stiff soil with 180 m/s < Vs30 < 360 m/s or with either Standard Penetration Resistance 

15 ≤ N ≤ 50 or undrained shear strength 1,000 < Su < 2,000 psf.  Based on the boring and laboratory 

data, the site should be classified as Soil Profile Type D. We will provide the reference and the 

justification in the report.  

 

30. Provide supporting documentation for the Caltrans ARS curve development per Caltrans 

Guidelines. This must include ARS online Fault Map, Basin Maps, Fault and Site data input sheet, 

Deterministic Fault Information and Seismic Procedure QC/QA Checklist, ARS on line output, 

estimation of Vs30, deterministic spread sheet calculation and comparison to ARS online, 

Probabilistic Spread Sheet Calculation and Comparison to ARS on-line and USGS 2008 Interactive 

Deaggregation (Beta) website.  

 

Response: Except for the Basin Maps and the Deterministic Fault Information and Seismic Procedure 

QC/QA Checklist, all of the other requested supporting documentations for the ARS curve 

development per Caltrans Guidelines are explained in Section 4.1 and included in Appendix E-1. We 

will include the missing Basin Maps and the Deterministic Fault Information and Seismic Procedure 

QC/QA Checklist in Appendix E-1.  

  

 31. Explain how the values for nominal driving resistance were calculated.  

 

Response: Comply – Because of the over-sized pre-drilling through fills at abutments and the isolated 

liquefaction down-drag load impacts at Bent 2, Bent 3, and Abutment 5, the nominal driving 

resistance values were developed as follows: For Abutment 1, it equals to the total pile capacity 

required to meet the ultimate load demand and the settlement criteria by ignoring the skin friction 

from the over-size predrilled length. For Abutment 5, it equals to the total pile capacity required to 
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meet the ultimate load demand including the liquefaction down-drag load and the settlement criteria 

by ignoring the skin friction from the over-size predrilled length.  For Bents 2 and 3, it equals to the 

nominal resistance in compression at Extreme Event Limit State (in control) including the 

liquefaction down-drag load and the settlement criteria by ignoring the skin friction above the 

liquefaction zone. For Bent 4, it equals to the nominal resistance in compression at Extreme Event 

Limit State (in control) and the settlement criteria. The explanation will be provided in the Section of 

Axial Capacity. Details on how the normal driving resistance values were developed are shown on the 

Apile output diagrams in Appendix E-3.  

 

32. Revise the Reference Section of the subject report to include the PFR, bullet items cited in this 

memorandum and other related documents.  

 

Response: Comply – We will include those cited documents in the reference. We will check the 

References Section to make sure that all of the references used in the report are included. 
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ATTACHMENT 

Caltrans Review Comments 

 



DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES 

 
 

TO: MR. LAM NGUYEN     DATE:  June 8, 2011  
Office of Special Funded Projects (OSFP)   
Attention:  Mr. RICHARD HARTZELL    FILE:        07      VEN        101          4.06           
Fax:  (916) 227-8683        District  County    Route   Post mile 
 
FDN REPORT BY: CH2MHILL DATED: April 22, 2011         Moorpark Road UC    

     Structure Name 
 
GENERAL PLAN DATED: April 22, 2011   FDN PLAN DATED: April 22, 2011     07-1952U1      52-0237 

                     EA Number   Bridge Number 
 

Submittal (Check One): x 1st  2nd  3rd  4th  Other: 

 
 

The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittal titled 
“Foundation Report, Route 101/23 Interchange Improvements, Moorpark Road Undercrossing 
(Widen), Bridge No. 52-0237, Ventura County, California”, prepared by CH2MHILL dated 
April 22, 2011 and received by our office on April 27, 2011. 
 
During our review, we made reference to the following: 
 

• Preliminary Foundation Report (PFR), Route 101/23 Interchange Improvements, 
Moorpark Road Undercrossing (Widen), Bridge No.52-0237, Ventura County, 
California, EA 07-195201”, prepared by CH2MHILL, dated November 17, 2010. 

 
• Bridge Type Selection and Seismic Retrofit Meeting dated December 13, 2010. 

  
• Technical Memorandum titled “Geotechnical Field Investigation Plan for Route 101/23 

Interchange Improvements, City of Thousand Oaks, Venture County, California”, 
prepared by CH2MHILL, dated December 17, 2010. The latter is a revised version of the 
original geotechnical filed investigation plan incorporating Caltrans review comments. 

 
• OGDS-1 over the shoulder review comments on the proposed scope of geotechnical 

 investigation submitted electronically to the consultants on December 14 and 
 December 17, 2010. 
 

• OGDS-1 over the shoulder review comments on analysis of pile lateral capacity 
 subject to lateral spread and the justification for ground improvement submitted 
 electronically to the consultants on December 14 and December 17, 2010. 
 

• Consultant responses to the above, submitted electronically to our office on 
 December 14 and December 17, 2010. 
 

• OGDS-1 review comment memorandum for the Preliminary Foundation Report dated 
January 20th, 2011. 
 



• Technical Memorandum titled “ Liquefaction Evaluation for Moorpark Road 
Undercrossing, Bridge No.52-0237, Route 101/23 Interchange Improvements, 
Ventura County, California”, prepared by CH2MHILL dated March 22, 2011. 

 
• Caltrans review comments for liquefaction evaluation, dated April 15, 2011. 

 
 We have the following comments: 
 

1. Provide two separate and stand alone documentation: Volume I should correspond to the 
Foundation Report and the Appendices and Volume II to the Calculation Volume. 
 

2. Revise the Introduction Section of the subject report to only include subsections starting 
with Purpose and scope of work followed by project description, existing bridge 
information and limitations. 

 
3. The project description section of the subject report should start with and include a 

general description and aspects of the project. This includes the 101/23 improvements. 
Revise accordingly. 
 

4. Rename Table 1-1 to As-Built Foundation Data. 
 

5. Revise “Location” to “Support” in Table 1-1. 
 

6. Revise Tables 2.1 and 2.2 to include, bottom of the boring elevation, date performed 
(Month, day and year) and exploration method. 
 

7. Section 3.0: Revise “Site Characterization” to “Geology”. 
 

8. Geology Section should start with Physiography, followed by Geologic Structure, 
Stratigraphy and Geologic Hazards. 
 

9. In the subsection corresponding to Geologic Hazards, include a narrative about the 
susceptibility to tsunamis or lack of with a given reference. 
 

10. Include a Section (i.e. Section 4) in the subject report for “Subsurface Conditions”. 
Revise accordingly. 
 

11. The newly created Section 4 should start with Subsurface Conditions, followed by 
Groundwater Conditions and Idealized Soil Profile. 
 

12. Insert a titled table in the Subsurface conditions section of the subject report, idealized 
soil profile subsection to include approximate elevation, predominant soil type, total unit 

 weight, cohesion and friction angle categorized for each corresponding bridge support 
 location. (i.e. abutment, bent). 
  

13. Insert a figure in the subsurface conditions of the subject report, to include the  
 corresponding quadrangle for historically highest ground water contours from California 
 Department of Conservation. Show the bridge location on the quadrangle. 
 



14. Insert a figure in the subsurface conditions of the subject report, to include the idealized 
  soil profile with field groundwater table elevation, assumed designed groundwater table 
 elevation and liquefaction layers if any. This figure should include the proposed structure 
 alignment, support numbers and location, vertical and horizontal axis for elevation and 
 stationing respectively. It should include the boring profile with the idealized strength,  
 friction angle and field SPT numbers. 
 

15. Include a separate Section (i.e. Section 5) in the subject report for “Seismicity and Geo-
Seismic Hazards” to include subsections for seismic study, ground rupture, Caltrans ARS 
curve, development of Vs30, development of Caltrans ARS curve, liquefaction, lateral 
spread  and seismic settlement. 

 
16. Sections 6 and 7 of the subject report should correspond to Soil Corrosion and Scour 

 respectively. Revise accordingly. 
 

17. Sections 8 and 9 should correspond to Foundation Recommendations and Construction 
Considerations respectively. 

 
18. LOTB are already included in Appendix B, remove the boring record information in 

Appendix C. 
 

19. Appendix D: tabulate exclusively the unconsolidated undrained strength test results with 
Boring number, sample number, sample depth, predominant soil type, strength at 5% 
strain and at failure.  
 

20. Appendix D: tabulate exclusively the corrosion test results with boring number, sample 
number, depth, predominant soil type, pH, sulfate content, chloride content and minimum 
resistivity. 
 

21. Can the onsite material be used for the low expansion material specified at the 
abutments? Justify your response. 
 

22. Provide the engineering calculations, including all input files and spread sheets in a CD 
for our review. 

 
23. Sheet No. 21 of the subject project plan: Revise Plan view to include abutment and bent 

designations. 
 

24. Provide documentation for the hammer efficiency and calibration. 
 

25. Include a figure in the subject report’s Section 2 (Geotechnical Investigation) for Boring 
Location Map. The latter must contain bridge support alignment lines, location and 
designation, bridge name and number, the scale and north arrow. 
 

26. Expand on the subject of expansive soil by referring to the related laboratory testing 
results. 
 

27. Show a sample engineering hand calculation for the pile settlement, pile axial capacity 
and liquefaction analysis. 
 



28. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. 
Include the reference. 
 

29. Explain why the soil type is designated as type D. Provide reference and justification.  
 
30. Provide supporting documentation for the Caltrans ARS curve development per Caltrans 

Guidelines. This must include ARS online Fault Map, Basin Maps, Fault and Site data 
input sheet, Deterministic Fault Information and Seismic Procedure QC/QA Checklist, 
ARS on line output, estimation of Vs30, deterministic spread sheet calculation and 
comparison to ARS online, Probabilistic Spread Sheet Calculation and Comparison to 
ARS on-line and USGS 2008 Interactive Deaggregation (Beta) website. 

 
31. Explain how the values for nominal driving resistance were calculated. 

 
32. Revise the Reference Section of the subject report to include the PFR, bullet items cited 

in this memorandum and other related documents. 
 

 
Please call Sharid Amiri at (949)724-2599, if you have any questions. 
 

Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                   
                    Geotechnical Design South-1 
(C3)  Not Approved 
Office of Special Funded projects      
               
   
   
Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates (All Reviews) OSC R.E Pending File 
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Lee, John/SCO

From: Sharid Amiri [sharid_amiri@dot.ca.gov]
Sent: Wednesday, September 07, 2011 1:44 PM
To: Tian, Ping/SCO
Cc: Chandran, C. Yoga/SCO; Velasquez, Juan Carlos/LAC; khan_a_hossain@dot.ca.gov; Desai, 

Milind/SCO; richard_hartzell@dot.ca.gov; xinghua_mo@dot.ca.gov
Subject: RE: CH2M HILL's Responses to Caltrans Review Comments on the 65% Foundation Report, 

Bridge No.52-0237, Moorpark  Road UC (Widen) for 101/23 Interchange Improvements (EA 
1952U1)

I am in receipt of your email and I concur. 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 

Geotechnical Services, District 12 Oversight 
3347 Michelson Dr., Suite 100 

Irvine, Ca.92612-1699 
Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-

8041" 
****************************************************************************** 

 
 
                                                                            

             <Ping.Tian@CH2M.c                                              
             om>                                                            

                                                                        To  
             09/07/2011 01:36          <sharid_amiri@dot.ca.gov>,           

             PM                        <richard_hartzell@dot.ca.gov>        
                                                                        cc  

                                       <CYoga.Chandran@CH2M.com>,           
                                       <xinghua_mo@dot.ca.gov>,             

                                       <khan_a_hossain@dot.ca.gov>,         
                                       <Milind.Desai@CH2M.com>,             
                                       <JuanCarlos.Velasquez@CH2M.com>      

                                                                   Subject  
                                       RE: CH2M HILL's Responses to         

                                       Caltrans Review Comments on the 65%  
                                       Foundation Report, Bridge            

                                       No.52-0237, Moorpark  Road UC        
                                       (Widen) for 101/23 Interchange       

                                       Improvements (EA 1952U1)             
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Sharid, 

 
Followings are CH2M HILL's responses to your comments on our responses to your 65% review 

comments for Moorpark Road UC (Widen) (Bridge No. 52-0237). 
 

21. Comply. We will add the ESEZ diagram to the Plan and FR. 
 
28. We will delete the 7.7 ksf as the upper limit for the ultimate passive resistance. We 

will refer to Caltrans SDC (Version 1.6, Dated November 2010), Section 7.8.1 (Eq. 7.44), for 
calculating the passive pressure force resisting the movement at the abutments. The bridge 

structure engineer will assess the resulting flexural and shear demand based on the soil 
pressure equations shown in SDC 1.6 and make sure the demand/capacity ratio is acceptable. 

 
Please let me know if you have any questions. 

 
Thanks, 

Ping Tian 
CH2M HILL 
 

-----Original Message----- 
From: Sharid Amiri [mailto:sharid_amiri@dot.ca.gov] 

Sent: Friday, September 02, 2011 3:00 PM 
To: Richard Hartzell 

Cc: Chandran, C. Yoga/SCO; Xinghua Mo; Khan A Hossain; Tian, Ping/SCO 
Subject: CH2M HILL's Responses to Caltrans Review Comments on the 65% Foundation Report, 

Bridge No.52-0237, Moorpark Road UC (Widen) for 101/23 Interchange Improvements (EA 1952U1) 
 

 
Richard 
 

I have the following comments (in blue) with regards to the responses to Caltrans Review 
comments No. 21 and 28  by the consultant as shown below: 

 
21. Can the onsite material be used for the low expansion material specified at the 

abutments? Justify your response. 
 

Response: Based on borings R-11-008 and R-11-009, the materials from the proposed excavation 
at the bents primarily consist of clayey sand, poorly graded sand with silt, and sandy lean 

clay within the top 10 feet from ground surface. The granular native soils generally have low 
potential for expansion. 
The sandy lean clay has PI of 20 and Clay Friction (CF) of 32% based on the lab data. 

Activity 
(A=PI/CF) of this clay soil is about 0.625. Based on Seed et al., 1962, the clay soil has low 

potential for expansion. Therefore, the on-site excavated material generally has low 
potential for expansion. 

However, considering material variance and the assurance to have uniform granular structural 
backfill, we recommend import, low expansive, granular materials be used as structural 

backfill for the abutments. We will add this requirement in the Section of Construction 
Considerations. 
 

Caltrans Geotech Comment: Also add/Include the ESEZ (Expansive Soil Exclusion Zone) diagram 
to the Plan and FR. 
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28. Revise the passive pressure on abutment diaphragm per the latest Caltrans guidelines. 

Include the reference. 
Response: The latest Caltrans SDC (Version 1.6, dated November 2010) recommends using an 

ultimate passive resistance of the soil equal to 5 ksf for a 5.5 feet high backwall. For a 
wall height exceeding 5.5 feet, Caltrans SDC recommends to multiply it by a wall height 

factor of H/5.5. 
However, Caltrans SDC does not provide the upper limit for the ultimate passive resistance 

when wall height exceeds 5.5 feet. We think that it is reasonable to have an upper limit for 
the ultimate passive resistance for walls exceeding 5.5 feet high, and we recommend 7.7 ksf 
be used as the upper limit based on our past experience with Caltrans. 

 
Caltrans Geotech Comment: the bridge structure engineer will assess the resulting flexural 

and shear demand based on the soil pressure equations shown in SDC 1.6.and make sure the 
demand/capacity ratio is acceptable. We do not concur with the response. 

 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

----- Forwarded by Sharid Amiri/D12/Caltrans/CAGov on 09/02/2011 02:50 PM 
----- 

 
             Sharid 

             Amiri/D12/Caltran 
             s/CAGov                                                    To 

                                       <Ping.Tian@CH2M.com> 
             08/26/2011 04:05                                           cc 
             PM                        CYoga.Chandran@CH2M.com, 

                                       JuanCarlos.Velasquez@CH2M.com, 
                                       Milind.Desai@CH2M.com, 

                                       Susan.Chau@CH2M.com, Xinghua 
                                       Mo/D07/Caltrans/CAGov@DOT, Khan A 

                                       Hossain/D07/Caltrans/CAGov@DOT, 
                                       Richard 

                                       Hartzell/HQ/Caltrans/CAGov@DOT 
                                                                   Subject 
                                       Re: CH2M HILL's Responses to 

                                       Caltrans Review Comments on the 65% 
                                       Foundation Reports and the GDR for 
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                                       101/23 Interchange Improvements (EA 
                                       1952U1)(Document link: Sharid 

                                       Amiri) 
 

 
 

 
 

 
 

 
 
Ping 

 
I am in receipt of the responses to our 1st review . We will review the responses and get 

back to you by next Friday. 
 

thanks 
 

 
 

 
 
 

 
Sharid Khan Amiri,Ph.D.,P.E. 

 
Senior Transportation Engineer 

California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 
*************************************************************** 

 
" For individuals with sensory disabilities, this document will be made available, upon 

request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 
these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 

write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

 
 
 

             <Ping.Tian@CH2M.c 
             om> 

                                                                        To 
             08/24/2011 11:33          <sharid_amiri@dot.ca.gov> 

             AM                                                         cc 
                                       <JuanCarlos.Velasquez@CH2M.com>, 

                                       <CYoga.Chandran@CH2M.com>, 
                                       <Milind.Desai@CH2M.com>, 
                                       <richard_hartzell@dot.ca.gov>, 

                                       <khan_a_hossain@dot.ca.gov>, 
                                       <xinghua_mo@dot.ca.gov>, 
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                                       <Susan.Chau@CH2M.com> 
                                                                   Subject 

                                       CH2M HILL's Responses to Caltrans 
                                       Review Comments on the 65% 

                                       Foundation Reports and the GDR for 
                                       101/23 Interchange Improvements (EA 

                                       1952U1) 
 

 
 

 
 
 

 
 

 
 

Sharid, 
 

Please see the attached CH2M Hill’s responses to your review comments on the 65% Draft 
Foundation Reports (3 Bridges) and the GDR for the 101/23 Interchange Improvements (EA 

1952U1) Project. 
 
CH2M HILL’s responses were based on the discussion, agreement, and resolution achieved from 

our comment resolution meeting conducted on August 16, 2011. We will incorporate all of the 
review comments based on the responses summarized in those memorandums in our final 

foundation reports and the GDR, which is scheduled for final submittal at late of this 
September. 

 
Please let me know if you have any questions, and thank you very much for your review and 

support on this project! 
 

Regards, 
 
Ping Tian 

Geotechnical Task Lead 
CH2M HILL 

 
 [attachment "Responses to Caltrans 06_01_2011 GDR Comments - Ver 1.pdf" 

deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR 
Comments_Moorpark - Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment 

"Responses to Caltrans 06_08_2011 FR Comments_Conejo - Ver 1.pdf" deleted by Sharid 
Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR Comments_Hampshire 

- Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] 
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1.0 Introduction 

1.1 Purpose and Scope of Work 

The City of Thousand Oaks has retained CH2M HILL to provide engineering services for 
the project plans, specifications, and estimates (PS&E) phase of the Route 101/State Route 
(SR) 23 Interchange Improvements project. The Route 101/SR 23 Interchange Improvements 
project has been developed to further reduce congestion along the busy Route 101 corridor 
near the SR 23 interchange. The project is located from Post Mile (PM) 0.1 to PM 4.5 along 
the Ventura (Route 101) Freeway corridor between Lakeview Canyon Road and Moorpark 
Road and from PM 3.3 to PM 3.8 along Hillcrest Drive (SR 23) in Ventura County, 
California. The location of the project is shown on Figure 1-1.  

The purpose of this Revised Final Geotechnical Design Report (GDR) is to document 
subsurface geotechnical conditions, provide analyses of anticipated site conditions as they 
pertain to the project described herein, and recommend design and construction criteria for 
the proposed roadway embankment, retaining wall, and soundwall improvements along 
the project alignments. The foundation design recommendations for the widening of the 
bridges are addressed separately in bridge foundation reports prepared by CH2M HILL 
(CH2M HILL, 2011a, 2011b, and 2012). Likewise, recommendations for the proposed 
pavement structural sections for the Route 101 lane, shoulder, and ramp improvements are 
presented in a separate materials report prepared by CH2M HILL (CH2M HILL, 2011c). 

The California Department of Transportation (Caltrans) 2010 Standard Plans and Standard 
Specifications are used for this project for Caltrans standard soundwall, retaining wall, and 
sign structure design and construction considerations (Caltrans, 2010c and d).  

Caltrans reviewed the Final GDR prepared for this project dated October 12, 2011, and 
provided review comments on February 27, 2012. CH2M HILL responded to the review 
comments in a technical memorandum dated April 27, 2012, after conference calls with 
Caltrans were conducted to resolve the review comments. Caltrans subsequently concurred 
with CH2M HILL’s responses to the review comments on April 27, 2012. The Caltrans 
review comments and CH2M HILL’s responses are included in Appendix H.  

The geotechnical scope of work for this Revised Final GDR included the following tasks: 

• Collection and review of existing geotechnical information pertinent to the project 
alignments 

• Field exploration consisting of drilling, sampling, and logging of 38 hollow-stem auger 
(HSA) borings and six rotary wash soil borings, as well as performing six cone 
penetration soundings 

• Laboratory testing of selected soil samples to characterize subsurface materials 

• Development of geotechnical recommendations for earthwork, embankment 
construction, soundwalls, and retaining walls 



1.0  INTRODUCTION 

TBG101011023944SCO/REVISED_FINAL-101_23_GDR.DOCX/121350003 1-2  

• Incorporation of the Caltrans review comments on the Final GDR and preparation of 
this Revised Final GDR presenting our findings, conclusions, and recommendations 

This Revised Final GDR supersedes the Final GDR prepared by CH2M HILL for the Route 
101/SR 23 Interchange Improvements project dated October 12, 2011. 

1.2 Limitations 

This Revised Final GDR has been prepared for the exclusive use of CH2M HILL design team 
members, the City of Thousand Oaks, and Caltrans for the PS&E of the Route 101/SR 23 
Interchange Improvements project. It has been prepared in accordance with the Guidelines 
for Preparing Geotechnical Design Reports, Version 1.3, dated December 2006 (Caltrans, 2006). 
No other warranty, express or implied, is made.  

The analyses and recommendations contained in this report are based on the data obtained 
from the review of available geological maps and documents, our site reconnaissance, soil 
borings, and laboratory testing. The logs of soil borings indicate subsurface conditions only 
at specific locations and times, and only to the depths penetrated. They do not necessarily 
reflect variations that may exist between locations or possible changes that may take place 
with time and depth. If variations in subsurface conditions from those described in this 
report are noted during construction, the recommendations presented in this report should 
be re-evaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
occurs, the conclusions and recommendations of this report should not be considered valid 
unless such changes are reviewed and the conclusions of this report are verified in writing 
by CH2M HILL. CH2M HILL is not responsible for any claims, damages, or liability 
associated with the reinterpretation or reuse of the subsurface data in this report by others. 
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2.0 Existing Facilities and Proposed 
Improvements 

2.1 Existing Facilities 

The alignment of Route 101 is a north-south-trending route that carries traffic between 
Los Angeles and Ventura counties, passing through the City of Thousand Oaks within 
Ventura County, California. Route 101 consists of an eight- to 10-lane conventional highway 
in urban terrain. From the Lakeview Canyon Road to Route 101/SR 23 interchange, Route 
101 is an eight-lane facility plus two auxiliary lanes between interchanges with 12-foot lanes 
(five in each direction), 10-foot outside shoulders, and 18-foot painted median. From the 
Route 101/SR 23 interchange to the Moorpark Road undercrossing (UC), northbound (NB) 
Route 101 consists of three lanes plus one auxiliary lane while southbound (SB) 101 consists 
of four lanes plus one auxiliary lane. The eight-lane section also consists of a 10-foot painted 
median along with four lanes in each direction at 12 feet and outside shoulders of 10 feet. 
The existing pavements consist of concrete and asphalt pavement on the travel way and 
shoulder, respectively. There are existing embankment fills up to about 30 feet high placed 
along Route 101, particularly at the bridge approaches for the three bridges (Hampshire 
Road UC, Conejo School Road UC, and Moorpark Road UC). 

Five bridge structures are located within the Route 101 project limits. The bridge structures 
include the Westlake Boulevard UC (Bridge No. 52-0268E), Hampshire Road UC (Bridge 
No. 52-0273), Conejo School Road UC (Bridge No. 52-0374), Rancho Road UC/SR 23 
connector (Bridge No. 53-0314/52-0315G/52-0316), and Moorpark Road UC (Bridge 
No. 52-0237). Additionally, several overhead sign and light structures are located along the 
project alignment. 

In addition to the aforementioned facilities, numerous above- and belowground utility 
facilities run parallel and transverse to Route 101 within the project limits. These utilities are 
discussed in Section 4.3 of this report. 

2.2 Proposed Improvements 

The proposed improvements generally include the addition of a lane on the NB side of 
Route 101. This requires the widening of the NB Hampshire Road UC (Bridge No. 52-0273), 
Conejo School Road UC (Bridge No. 52-0274), and Moorpark Road UC (Bridge No. 52-0237) 
to accommodate the additional NB lane. The proposed improvements also include 
constructing associated retaining walls and soundwalls for the widening and improving the 
on- and off-ramps; drainage modifications, primarily including adding pipes to connect to 
the existing drainage system, although no new culverts or major drainage structures are 
proposed; pavement construction, mainly consisting of replacing the existing hot-mixed 
asphalt (HMA) pavement with jointed plain concrete pavement (JPCP) at the median, 
constructing new JPCP for the NB 101 widening on the existing or new roadway 
embankment, and constructing HMA for the outside shoulder and the on- and off-ramps; 
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roadway striping and re-striping; landscaping for the new grading areas; and installing 
Caltrans standard overhead signs and lights within the project limits.  

Minor grading and earthwork are proposed to accommodate the improvements, as 
described previously. The earthwork includes several fill placements along both sides of the 
proposed alignment. Most of these are sliver fills at the bridge approach embankment 
locations associated with the proposed bridge widening. The side slopes of the fills are 
designed to be 2:1 (horizontal:vertical [H:V]) or flatter per the Caltrans Highway Design 
Manual (HDM) (Caltrans, 2009b). The maximum cut–and-fill heights are not expected to 
exceed 5 feet. The layout of the proposed improvements is shown in Appendix B, 
Exploratory Boring and Cone Penetration Test (CPT) Location Map. The summary of the 
proposed soundwall and retaining wall information is provided in Table 2-1.  

TABLE 2-1 

Summary of Proposed Soundwall and Retaining Wall Information 
Route 101/SR 23 Interchange Improvements 

Wall No.  
Approximate Station Limit  

(feet) 
Layout Line  

(feet) 

Wall Height (feet) 

Minimum Maximum 

SW 92 “A” 92+00.00 to “A” 95+87.29 10+00.00 to 13+87.29 14⅓ 14⅓ 

SW 97 “A” 97+20.00 to “A” 100+54.00 10+00.00 to 13+34.00 14⅓ 14⅓ 

SW 98 “A” 97+73.22 to “A” 101+10.00 9+81.06 to 13+17.84 14⅓ 14⅓ 

RW-99 “HM-4” 98+94.96 to “HM-4” 101+24.97 10+00.00 to 12+27.93 6 10 

RW 100 “HM-1” 98+92.00 to “HM-1” 103+25.00 10+00.00 to 14+29.77 8 14 

SW 101 “HM-4” 101+25.00 to “A” 112+55.16 10+00.00 to 21+29.29 14⅓ 16 

SW-102 “HM-1” 103+24.94 to “A” 116+60.00 10+00.00 to 23+33.40 14⅓ 14⅓ 

RW-105 “A” 104+44.30 to “A” 110+72.00 10+00.00 to 16+28.48 10 16 

RW 116 “A” 116+60.00 to “A” 125+00.00 10+00.00 to 18+40.00 8 14 

SW 126 “A” 125+00.00 to “A” 128+77.03 10+00.00 to 13+77.03 14⅓ 14⅓ 

SW 130  “A” 130+19.02 to “A” 131+65.00 9+79.86 to 11+25.84 12⅓ 12⅓ 

RW 132 “A” 131+65.00 to “A” 142+83.85 10+00.00 to 21+18.85 8 16 

RW 226 “A” 226+36.25 to “A” 231+18.25 10+00.00 to 14+73.84 6 10 

Notes: 

“A” = station of Route 101 
“HM-1” = station of NB on-ramp from Hampshire Road 
“HM-4” = station of SB off-ramp to Hampshire Road  
RW = retaining wall 
SW = soundwall 
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3.0 Pertinent Reports and Investigations 

3.1 Pertinent Reports 

Existing maps and documents were collected and reviewed for this geotechnical study. 
Pertinent documents included the following: 

• Caltrans. 1961. As-Built Plans, Moorpark Road Undercrossing, Bridge No. 52-0237, 
Ventura County. June 1. 

• Caltrans. 1964a. As-built Plans, Hampshire Road Undercrossing, Bridge No. 52-0273, 
Ventura County. August 10. 

• Caltrans. 1964b. As-Built Plans, Conejo School Road Undercrossing, Bridge No. 52-0274, 
Ventura County. August 10. 

• Caltrans. 1971a. As-Built Plans, Hampshire Road Undercrossing (Widen), Bridge No. 52-
0273, Ventura County, November 29. 

• Caltrans. 1971b. As-Built Plans, Conejo School Road Undercrossing (Widen), Bridge No. 
52-0274, Ventura County, November 29. 

• Caltrans. 1975. As-Built Plans, Moorpark Road Undercrossing (Widen), Bridge No. 52-
0237, Ventura County, April 10. 

• California Geological Survey (CGS). 2000. Seismic Hazard Report for the Thousand Oaks 
7.5-Minute Quadrangle, Ventura and Los Angeles Counties, California. Seismic Hazard 
Zone Report 042. 

• California Geological Survey (CGS). 2002. Seismic Hazard Report for the Newbury Park 
7.5-Minute Quadrangle, Ventura and Los Angeles Counties, California. Seismic Hazard 
Zone Report 055. 

• CH2M HILL. 2011a. Final Foundation Report, Route 101/23 Interchange Improvements, 
Conejo School Road Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California. 
October 12. 

• CH2M HILL. 2011b. Final Foundation Report, Route 101/23 Interchange Improvements, 
Hampshire Road Undercrossing (Widen), Bridge No. 53-0273, Ventura County, California. 
October 12. 

• CH2M HILL. 2011c. Final Materials Report, Route 101/23 Interchange Improvements, U.S. 
Route 101 from North of Lakeview Canyon Road to 0.4 Mile North of Moorpark Road 
Undercrossing, Ventura County, California. October 12. 

• CH2M HILL. 2012. Revised Final Foundation Report, Route 101/23 Interchange Improvements, 
Moorpark Road Undercrossing (Widen), Bridge No. 52-0237, Ventura County, California. May 
11. 
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• United States Department of Agriculture (USDA), Soil Conservation Service. 2011. Web 
site. March, Web Soil Survey 2.0. 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). 

• Yerkes R.F., and Showalter, P.K. 1991. Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California. United States Geological Survey Open File 
Report 91-288. 

• Yerkes, R.F., and Campbell, R.H. 2005. Preliminary Geologic Map of the Los Angeles 30’ 
x 60’ Quadrangle, Southern California. Version 1.0, United States Geological Survey Open 
File Report 2005-1019. 

3.2 Review of Existing Information 

Subsurface information used in this study includes review of the log of test boring (LOTB) 
sheets in the aforementioned as-built plans. Based on the as-built plans, a total of 26 borings 
and soundings were advanced within the project limits. These borings and soundings were 
advanced between 1960 and 1974 and included rotary borings and penetration soundings to 
depths ranging between 5 and 63 feet below ground surface (bgs). The as-built LOTBs are 
presented in Appendix A. Table 3-1 summarizes the information from the as-built LOTBs. 

TABLE 3-1 

Summary of As-Built Logs of Test Borings 
Route 101/SR 23 Interchange Improvements 

Exploration 
Number 

Date 
Performed 

Exploration 
Method 

Route-101  
Station

1
 

(feet) 
Offset 
(feet) 

Ground Surface 
Elevation

1,2
  

(feet) 

Depth of 
Boring 
(feet) 

Groundwater 
Elevation

2
  

(feet) 

Hampshire Road Undercrossing (Bridge No. 52-0273) 

Caltrans As-Built Plan – November 29, 1971 

B-1 6-24-69 Rotary Boring 96+14 76 LT 899.5 62 870.0 

B-2 6-24-69 Rotary Boring 97+03 74 RT 894.6 60 870.5 

B-3 6-24-69 2
1
/4-inch CP 97+18 78 LT 918.3 45 NE 

Caltrans As-Built Plan – August 10, 1964 

B-1 9-24-62 Rotary Boring 96+95 77 RT 890.3 50 NE 

B-2 9-24-62 Rotary Boring 96+09 69 LT 896.7 56 NE 

B-3 9-24-62 2
1
/4-inch CP 96+80 60 LT 898.5 30 NE 

B-4 9-24-62 2
1
/4-inch CP 96+61 0 898.5 45 NE 

B-5 9-24-62 2
1
/4-inch CP 96+41 76 RT 891.6 41 NE 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Caltrans As-Built Plan – November 29, 1971 

B-1 4-24-67 2
1
/4-inch CP 129+90 88 LT 880.8 5 NE 

B-2 4-24-67 2
1
/4-inch CP 128+79 98 RT 894.8 10 NE 
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TABLE 3-1 

Summary of As-Built Logs of Test Borings 
Route 101/SR 23 Interchange Improvements 

Exploration 
Number 

Date 
Performed 

Exploration 
Method 

Route-101  
Station

1
 

(feet) 
Offset 
(feet) 

Ground Surface 
Elevation

1,2
  

(feet) 

Depth of 
Boring 
(feet) 

Groundwater 
Elevation

2
  

(feet) 

Caltrans As-Built Plan – August 10, 1964 

B-1 9-14-62 Rotary Boring 130+07 80 RT 894.2 50 NE 

B-2 9-14-62 Rotary Boring 128+87 62 LT 896.5 35 NE 

B-3 9-23-62 2
1
/4-inch CP 130+16 73 LT 893.9 18 NE 

B-4 9-21-62 2
1
/4-inch CP 128+89 72 RT 896.0 29 NE 

B-5 9-26-62 2
1
/4-inch CP 130+12 1 RT 895.6 33 NE 

Moorpark Road Undercrossing (Bridge No. 52-0237) 

Caltrans As-Built Plan - April 10, 1975 

B-1 11-25-74 Rotary Boring 226+06 90 LT 723.8 60 701.3 

B-2 11-25-74 2
1
/4-inch CP 224+84 60 LT 745.2 63 NM 

B-3 11-26-74 2
1
/4-inch CP 225+04 69 LT 723.3 41 NM 

B-4 11-26-74 2
1
/4-inch CP 225+54 79 LT 724.0 42 701.0 

B-5 11-27-74 2
1
/4-inch CP 226+28 89 LT 725.2 43 NM 

Caltrans As-Built Plan - June 1, 1961  

B-1 8-30-60 Rotary Boring 226+11 64 RT 726.7 50 696.7 

B-2 8-30-60 2
1
/4-inch CP 224+97 70 RT 724.8 52 NM 

B-3 8-30-60 2
1
/4-inch CP 226+40 4 RT 724.2 46 NM 

B-4 8-31-60 2
1
/4-inch CP 225+97 66 LT 723.8 44 NM 

B-5 8-31-60 Rotary Boring 225+18 48 LT 727.3 52 NM 

B-6 8-31-60 2
1
/4-inch CP 224+67 4 LT 730.2 50 NM 

Notes: 

CP = cone penetrometer 
LT = left 
NE = not encountered 
NM = not measured  
RT = right 
1 

Station and elevation are referenced as presented in the as-built plans. 
2
 Elevation data based on LOTB datum (National Geodetic Vertical Datum of 1929 [NGVD 29]). 
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4.0 Physical Setting 

4.1 Climate 

The climate in the project area is typical of coastal regions in Southern California and 
classifies as Mediterranean because of its characteristically warm, dry summers and mild 
winters with moderate precipitation. The project site is located approximately 9.5 miles from 
the Pacific Ocean. The average annual precipitation is about 10.5 inches per year. Winter 
storms from the northwest account for 90 percent of the rainfall in the area, with summer 
thunderstorms from tropical depressions accounting for the rest. Average annual 
temperatures range from 74 degrees Fahrenheit (°F) to 51°F (Western Regional Climate 
Center, 2001). The highest temperature can reach over 100°F during the summer season. 
Snowfall is very rare and freeze-thaw conditions are not a concern in this area. 

4.2 Physiography 

The topography in the vicinity of the alignment varies from a gently sloping alluvial valley to 
rolling/hillside terrain. The physiography immediately south of the central portion of the 
alignment, approximately between Moorpark Road and South Skyline Drive, consists of rolling 
topography. These hills formed in association with the Transverse Ranges Geomorphic 
province discussed in the Regional Geology section of this report. Locally, the hills adjacent to 
the alignment generally drain towards the north into Arroyo Conejo, a major, gently sloping 
drainage that generally drains from southeast to northwest. The effects of this rolling 
topography have been essentially eliminated via the construction of cut slopes and 
embankment fills associated with the alignment. The remainder of the alignment is located 
within the Arroyo Conejo. The eastern portion of the alignment is located within Russell 
Valley, a low-lying area that also drains into Arroyo Conejo. Surficial weathering processes 
and human activities have yielded the current onsite conditions. The terrain of the project site 
area is gently sloping toward the north to northwest. The average ground surface elevation is 
955 feet at the intersection of Route 101 and Westlake Boulevard, and gently slopes down 
toward the north to about 710 feet at the end of the Moorpark Road on-ramp to Route 101.  

4.3 Human-Made and Natural Features of Engineering and 
Construction Significance 

4.3.1 Utilities 

The project area is designated as a right-of-way of the state highways. There are several 
existing utilities, including water lines, storm drain lines, sewer lines, gas lines, 
communication lines, electrical lines, and fiber optic lines. These existing utilities will be 
protected in place or relocated as necessary. Our understanding of the utilities in the vicinity 
of the project site is presented in Table 4-1. With the exception of vegetation on the slopes, 
there are no natural features of special engineering and construction significance. 
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TABLE 4-1 

Summary of Utilities 
Route 101/SR 23 Interchange Improvements  

Utility Name Owner or Agent Dimension and Type 
Approximate Location

 

(station in feet) 

Sanitary Sewer Unknown 18-inch sewer in 36-inch casing “A” Line Sta. 38+70, CL 

Gas Line So. Cal. Gas 10-inch Medium Pressure “A” Line Sta. 39+50, CL 

Telecom Line Verizon 6, 4-inch Conduit “A” Line Sta. 41+10, CL 

Electric Line So. Cal. Edison 2, 5-inch Conduit Along “HM” Line, 25RT 

Telecom Line Verizon 16, 4-inch Conduit Along “HM” Line, 20RT 

Water Line CTO 8-inch Abandoned Main Along “HM” Line, 15RT 

Sanitary Sewer CTO 8-inch Conduit Line Along “HM” Line, CL 

Gas Line So. Cal. Gas 4-inch Main Along “HM” Line, 20LT 

Water Line CTO 10-inch Main Along “HM” Line, 25LT 

Fiber Optic NEXTG Networks Conduit “A” Line Sta. 100+30, CL 

Cable TV Line Verizon 12-inch Casing “A” Line Sta. 108+90, CL 

Electric Line So. Cal. Edison 2, 5-inch Conduit Along “CO” Line, 20RT 

Telecom Line Verizon 4, 4-inch Conduit Along “CO” Line, 15RT 

Cable TV Line Time Warner Unknown Along “CO” Line, CL, 20LT 

Gas Line So. Cal. Gas 3-inch Main Along “CO” Line, 10LT 

Telecom Line Verizon 8, 4-inch Conduit in 36-inch Casing “A” Line Sta. 200+30, CL 

Electric Line So. Cal. Edison Overhead A” Line Sta. 200+80, CL 

Telecom Line Verizon Buried Cable “A” Line Sta. 201+00, CL 

Sanitary Sewer CTO 10-inch Abandoned Along “CR” Line, 40RT 

Electric Line So. Cal. Edison Unknown Along “CR” Line, 30RT 

Gas Line So. Cal. Gas 6-inch Medium Pressure Along “CR” Line, 35RT 

Water Line CTO 24-inch Main Along “CR” Line, 10RT 

TV Line Verizon 36-inch Casing Along “CR” Line, 25LT 

Sewer Line CTO Unknown Along “CR” Line, 30LT 

Electricity Line So. Cal. Edison 2, 4-inch Conduit Along “CR” Line, 40LT 

Notes: 

CL = centerline 
CTO = City of Thousand Oaks 
So. Cal. Edison = Southern California Edison 
So. Cal. Gas = Southern California Gas Company 
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4.3.2 Culverts 

No major streams are present within immediate proximity to the subject site. Roadway 
drainage will be collected within the curb and gutters or side ditches along both edges of the 
roadway and captured with drainage inlets. An existing network of storm drains and 
irrigation channels, as well as reinforced-concrete pipe (RCP), reinforced-concrete box 
culvert (RCB), and corrugated metal pipe (CMP) beneath the roadways, largely control local 
surface drainage. No new channels and culverts will be constructed within the project. 
However, drainage modifications primarily include constructing curb and gutters, side 
ditches, and adding connection pipes to connect the existing drainage system are proposed. 

4.3.3 Fills 

There are existing embankment fills up to about 30 feet high above the existing ground 
surface placed along Route 101, specifically for approach embankments at bridge locations. 
The elevation of the roadways generally parallels that of the surrounding ground surface, 
and gently slopes from south to north in the same manner. The side slopes of the artificial 
fill embankments were generally constructed at 2:1 to 2.5:1 grade (H:V).  

Minor fills are proposed to accommodate the proposed improvements for the roadway 
widening. Most of the proposed fills are sliver fills that will be placed along both sides of the 
roadway embankment and at the bridge approach locations associated with the proposed 
bridge widening. The maximum fill heights are not expected to exceed 5 feet. 

4.4 Regional Geology and Seismicity 

4.4.1 Regional Geology 

The site is located at the northern edge of the Santa Monica Mountains, within the 
Transverse Ranges Geomorphic Province of Southern California. The Santa Monica, 
San Gabriel, and San Bernardino Mountains are located within the Transverse Ranges 
Geomorphic Province, which is a generally east-west-trending series of mountain ranges 
and valleys that extend from offshore (the province includes the northern Channel Islands) 
to north of the Salton Sea in the east. Within the province, the San Gabriel and San 
Bernardino Mountains are separated by the San Andreas Fault Zone, which has offset the 
two mountain ranges in a right-lateral direction. The Transverse Ranges are being 
compressed in a north-south direction resulting in a continuous, relatively rapid uplift of 
the province. It is believed that this compression is a result of the San Andreas Fault’s 
“Big Bend.” The Transverse Ranges Province is bounded on the south by a series of low-
angle thrust faults, which on the south side of the Santa Monica Mountains includes the 
Malibu Coast and Santa Monica Faults. In the vicinity of the site, the Santa Monica 
Mountains are generally composed of middle Miocene-aged volcanic rocks and volcanic-
derived rocks, overlain locally by late Miocene aged sedimentary rocks. These sedimentary 
rocks have been locally eroded from the Santa Monica Mountains exposing the underlying 
volcanically derived units at the surface. Roughly 15 million years ago, this area and a good 
portion of the Los Angeles region were submerged by the Pacific Ocean. Tectonic evolution 
of western North America resulted in the extrusion of volcanic rocks and the uplift and 
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formation of the Los Angeles Basin and the Santa Monica Mountains. The geology in the 
vicinity of the project site is shown in Figure 4-1. 

4.4.2 Seismicity 

The project site is located within a seismically active area in Southern California, dominated 
by active northwest-trending reverse faults. Based on the Caltrans Deterministic Peak Ground 
Acceleration (PGA) Map (Caltrans, 2007), several active faults have been mapped within the 
general vicinity of the project site. The significant faults close to the project site include, but 
are not limited to, the Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa Section, Simi-Santa 
Rosa Section, and Springville Section), Chatsworth Fault, and Malibu Coast Fault. The 
location of the project sites relative to the nearby faults and the more distant faults is shown 
in Figure 4-2.  

The Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa Section and Springville Section) and 
Chatsworth Fault are reverse faults; the Malibu Coast Fault and Simi-Santa Rosa Section of 
the Simi-Santa Rosa Fault Zone are left-lateral strike-slip faults. The maximum moment 
magnitude (MMax) and distances from the approximate center of the Route 101 project 
limits to these seismic sources are summarized in Table 4-2.  

TABLE 4-2 

Distances to Controlling Faults 
Route 101/SR 23 Interchange Improvements 

Fault Name MMax 

Distance in Kilometers 

RRup
1
 RJB

2
 Rx

3
 

Simi Santa Rosa Fault Zone 
(Camarillo-Santa Rosa Section) 

7.0 8.73 8.67 8.58 

Simi Santa Rosa Fault Zone 
(Simi-Santa Rosa Section) 

7.0 9.81 9.76 9.76 

Simi Santa Rosa Fault Zone 
(Springville Section) 

7.0 19.11 19.09 14.11 

Chatsworth Fault  6.6 12.70 12.70 12.59 

Malibu Coast Fault  6.7 14.09 11.09 14.59 

Notes: 
1 

RRup = Closest distance to the fault rupture plane 
2 

RJB = Joyner-Boore distance measured as the shortest horizontal distance to the surface projection of the 
rupture area 

3 
Rx = Horizontal distance to the fault trace or surface projection 

4.5 Soil Survey Mapping 

Soil survey maps by the USDA Soil Conservation Service (USDA, 2011) were reviewed to 
obtain surface soil information. The source of the soil survey mapping for the project site is 
the USDA Soil Survey, Antelope Valley Area, California, available on the USDA Web site 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). The soil survey was used 
to generally classify the surficial soils, determine erodibility, and evaluate its suitability as 
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roadway fill material and subgrade. The findings are summarized in Table 4-3. The soils 
studied are the primary soil series encountered within the vicinity of the project site; the 
order of the soil series corresponds to the order that they are encountered close to further 
from the site.  

Generally, according to the soil survey, the predominant soil series encountered along the 
proposed alignment is not suited to be used as roadway fill and roadway subgrade. The 
soils are generally fine-grained (silts and clays). Shrink/swell potential is generally low to 
high. The erodibility generally ranges from slight to severe.  

TABLE 4-3 

Summary of Soil Survey Mapping 
Route 101/SR 23 Interchange Improvements 

Soil Series
1
 

Unified Soil 
Classification

2
 

Erodibility  
(top 5 feet) 

Shrink/Swell 
Potential 

Suitability as Source of 
Road Fill/Roadway 

Subgrade 

Hambright Rocky Clay 
Loam (HbF) 

SC Severe Low Poor 

Cropley Clay (CyC) ML Moderate High Poor 

Cropley Clay (CyA) ML Slight High Poor 

Huerhuero very fine 
Sandy Loam (HuB) 

ML Moderate Low Fair 

Gilroy Clay Loam (GtE) CL Severe Moderate Poor 

Notes:  
1
 Predominant soil series encountered  

2
 SC = clayey sand, ML = silt, CL = lean clay 

Reference: USDA, Soil Conservation Service. 2011. Web Soil Survey 2.0. 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) 
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Tm Modelo Formation, sedimentary rock; thinly bedded mudstone, 
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Fault ID Mmax Fault Name
1 6.4 Bailey Fault
15 7.3 Northridge Blind Thrust Fault
126 7.2 Mission Ridge Arroyo Parida Fault
144 7.5 Newport Inglewood – Rose Canyon Fault Zone (N. LA  Basin Section)
160 6.9 Ventura-Pitas Point Fault
161 7.0 Oak Ridge Fault
162 6.5 Holser Fault
165 6.6 Chatsworth Fault
247 6.7 Sierra Madre Fault Zone (San Fernando Section)
270 6.8 Mesa-Rincon Creek Fault
274 6.7 Sierra Madre Fault Zone (Santa Susana Section)
279 6.7 Malibu Coast Fault

Fault ID Mmax Fault Name
280 6.1 Santa Monica Fault
282 6.6 Hollywood Fault
363 6.4 Lion Canyon Fault Zone
370 6.2 Mission Hills Fault
371 6.7 Northridge Hills Fault
372 7.0 Simi-Santa Rosa Fault Zone (Camarillo-Santa Rosa Section)
373 7.0 Simi-Santa Rosa Fault Zone (Simi-Santa Rosa Section)
376 7.0 Simi-Santa Rosa Fault Zone (Springville Section)
383 6.6 Oak Ridge Mid Channel Structure
403 7.0 San Cayetano Fault
418 6.9 Verdugo Fault

SCO400486.01.04.01.07 seismic_hazard_map.ai 4/11

FIGURE 4-2
Seismic Hazard Map
Route 101/23 Interchange Improvements
Ventura County, California
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5.0 Exploration 

5.1 Drilling and Sampling 

Thirty-eight HSA soil borings, six rotary wash borings, and six CPT soundings were 
advanced within the project limit. Under subcontract to CH2M HILL, the HSA and rotary 
wash borings were drilled by WDC Drilling & Wells of Montclaire, California, and CPT 
soundings were performed by Kehoe Engineering and Testing of Huntington Beach, 
California.  

The borings were designated per Caltrans Standards as A-11-001 through A-11-044 for the 
HSA borings with R-11-002, R-11-005, and R-11-007 through R-11-010 in between for the 
rotary wash borings (Caltrans, 2010b). CPT soundings were designated as CPT-11-045 
through CPT-11-050. The borings were drilled at approximately 300-foot intervals and at 
designated locations along the proposed retaining walls and soundwalls. One boring was 
drilled for each bridge support location that did not have adequate prior investigation data. 
For pavement support assessments, borings were drilled at 1,000-foot intervals. The 
explorations were continuously observed and logged by CH2M HILL geotechnical 
specialists. Six cone soundings were performed to obtain continuous profile of cone tip 
resistance and sleeve friction for evaluation of liquefaction potential at the Moorpark Road 
UC site. Seismic shear wave velocities were also measured at 10-foot intervals in three of the 
six cone soundings. 

Soil boring information—including exploration number, figure number corresponding to 
the exploratory boring and CPT location map, date performed, exploration method, station, 
offset, ground surface elevation, exploration depth, groundwater table elevation, and boring 
and CPT locations corresponding to the mainline or ramps— is summarized in Table 5-1. 
The exploratory boring and CPT location map are presented in Appendix B. The detailed 
boring logs and CPT sounding logs are presented in Appendix C.  

Sampling procedures generally followed the ASTM International (ASTM) methods for 
standard penetration test (SPT) and split-barrel sampling of soils (ASTM D1586). 
Representative disturbed samples were obtained using an SPT sampler and relatively 
undisturbed samples were collected using a California modified (ring) sampler. Bulk samples 
were also taken at shallow depth in each of the borings. The ring samplers were used to retain 
relatively undisturbed samples for laboratory testing (e.g., direct shear tests). A few 
undisturbed Shelby tube samples were also obtained where soft clay soils were encountered. 

The borings were logged and sampled at intervals of about 5 feet. Typically, the California 
ring and SPT samplers were used alternately. The samplers were driven using an above-
hole 140-pound automatic hammer, falling freely for 30 inches for a total penetration of 
18 inches. Blow counts were noted on the boring logs for the last 12 inches of penetration. 
The drive samplers were used to provide blow counts that could be used to estimate soil 
strength through correlations, and to collect soil samples from discrete intervals for 
characterization and index testing. All samples were retained and transported to the 
laboratory for testing. 
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TABLE 5-1 

Summary of CH2M HILL’s Geotechnical Exploration Information 
Route 101/SR 23 Interchange Improvements 

Boring/CPT 
No. 

Location 
Map  

Figure No. 
Date 

Performed 
Exploration 

Method 
Station

1
  

(feet) 
Offset 
(feet) 

Ground 
Surface 

Elevation 
(feet)

2
 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevation

2
  

(feet) 

Boring/CPT 
Performed 

along  
Roadway 

A-11-001 GDR-7 1-26-11 HSA 95+89.3 72.4 RT 921.9 86.0 885.9 Mainline 

R-11-002 GDR-7 1-20-11 Mud Rotary 96+77.9 108.4 RT 896.7 70.8 NM Mainline 

A-11-003 GDR-7 1-26-11 HSA 97+68.6 72.4 RT 922.4 87.0 862.4 Mainline 

A-11-004 GDR-9 1-29-11 HSA 128+60.7 83.8 RT 900.7 70.5 835.7 Mainline 

R-11-005 GDR-9 1-19-11 Mud Rotary 129+44.0 128.9 RT 873.5 51.5 NM Mainline 

A-11-006 GDR-9 1-29-11 HSA 130+19.8 83.8 RT 896.2 70.2 NE Mainline 

R-11-007 GDR-19 2-4-11 Mud Rotary 224+49.5 46.7 RT 748.1 91.4 NM Mainline 

R-11-008 GDR-19 1-15-11 Mud Rotary 225+11.7 60.5 RT 722.9 80.3 713.4 (05-03-11) Mainline 

R-11-009 GDR-19 1-15-11 Mud Rotary 225+59.3 60.5 RT 723.5 80.3 713.3 (05-03-11) Mainline 

R-11-010 GDR-19 2-4-11 Mud Rotary 226+46.4 49.6 RT 743.8 96.5 NM Mainline 

A-11-011 GDR-6 1-31-11 HSA 92+03.3 97.2 RT 915.0 51.5 882.0 Off-Ramp 

A-11-012 GDR-7 1-26-11 HSA 99+43.0 156.5 RT 904.9 51.5 876.3 On-Ramp 

A-11-013 GDR-7 1-26-11 HSA 100+99.7 72.4 RT 920.3 31.5 NE Mainline 

A-11-014 GDR-7 1-27-11 HSA 104+01.6 96.8 RT 916.8 31.5 NE On Ramp 

A-11-015 GDR-7 1-27-11 HSA 107+05.3 86.3 RT 915.5 50.8 NE Mainline 

A-11-016 GDR-7 2-2-11 HSA 100+78.6 91.2 LT 920.0 31.5 NE Mainline 

A-11-017 GDR-7 2-1-11 HSA 102+50.4 110.6 LT 918.4 51.5 874.4 Off-Ramp 

A-11-018 GDR-7 2-2-11 HSA 105+84.6 85.1 LT 915.9 31.5 NE Off-Ramp 

A-11-019 GDR-8 2-1-11 HSA 109+37.8 82.7 LT 916.1 47.0 NE Mainline 

A-11-020 GDR-8 2-1-11 HSA 112+02.9 100.7 LT 914.6 31.5 898.3 Mainline 

A-11-021 GDR-8 1-27-11 HSA 109+97.8 100.6 RT 919.4 31.5 NE Mainline 

A-11-022 GDR-8 1-27-11 HSA 113+25.3 108.3 RT 913.3 31.5 NE Mainline 

A-11-023 GDR-8 1-27-11 HSA 115+98.0 84.5 RT 913.8 33.0 NE Mainline 

A-11-024 GDR-8 1-28-11 HSA 119+01.0 84.5 RT 912.0 30.0 NE Mainline 

A-11-025 GDR-9 1-27-11 HSA 121+95.6 84.4 RT 910.3 31.5 NE Mainline 

A-11-026 GDR-9 1-28-11 HSA 124+88.0 83.9 RT 908.4 51.5 NE Mainline 

A-11-027 GDR-9 1-27-11 HSA 133+15.6 83.8 RT 887.6 31.5 NE Mainline 

A-11-028 GDR-10 1-28-11 HSA 136+04.0 85 RT 882.5 36.0 NE Mainline 

A-11-029 GDR-10 2-1-11 HSA 139+02.1 85 RT 884.3 37.0 NE Mainline 

A-11-030 GDR-10 1-29-11 HSA 142+02.3 85 RT 889.3 21.5 NE Mainline 

A-11-031 GDR-19 2-1-11 HSA 229+50.9 63.3 RT 732.0 51.5 699.0 Mainline 

A-11-032 GDR-1 1-24-11 HSA 28+95.0 4 RT 947.6 11.5 NE Mainline 

A-11-033 GDR-2 1-24-11 HSA 38+99.3 9.3 RT 943.4 6.5 NE Mainline 

A-11-034 GDR-4 1-24-11 HSA 58+00.0 5 RT 923.4 11.5 NE Mainline 
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TABLE 5-1 

Summary of CH2M HILL’s Geotechnical Exploration Information 
Route 101/SR 23 Interchange Improvements 

Boring/CPT 
No. 

Location 
Map  

Figure No. 
Date 

Performed 
Exploration 

Method 
Station

1
  

(feet) 
Offset 
(feet) 

Ground 
Surface 

Elevation 
(feet)

2
 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevation

2
  

(feet) 

Boring/CPT 
Performed 

along  
Roadway 

A-11-035 GDR-4 2-4-11 HSA 63+00.1 99 RT 917.1 31.5 904.1 On-Ramp 

A-11-036 GDR-5 1-24-11 HSA 68+03.7 4.4 RT 919.5 11.5 NE Mainline 

A-11-037 GDR-5 1-26-11 HSA 77+98.3 4.4 RT 920.7 11.5 NE Mainline 

A-11-038 GDR-6 1-24-11 HSA 88+10.4 6.9 RT 915.0 11.5 NE Mainline 

A-11-039 GDR-11 1-25-11 HSA 148+96.9 6.5 RT 896.3 11.5 NE Mainline 

A-11-040 GDR-11 2-5-11 HSA 156+98.4 68.7 LT 877.5 30.3 NE Mainline 

A-11-041 GDR-14 1-25-11 HSA 181+26.5 383 RT 814.1 31.5 NE On-Ramp 

A-11-042 GDR-16 2-4-11 HSA 190+52.6 93.5 RT 803.5 30.9 NE On-Ramp 

A-11-043 GDR-18 1-31-11 HSA 220+71.5 55.1 RT 755.5 22.0 NE Mainline 

A-11-044 GDR-20 2-1-11 HSA 239+00.3 66.7 RT 708.0 31.5 699.0 On-Ramp 

CPT-11-045 GDR-19 1-11-11 CPT 225+10.5 73.9 RT 722.8 42.0 708.8 Mainline 

CPT-11-046 GDR-19 1-12-11 CPT 225+59.6 80.9 RT 723.3 41.0 711.3 Mainline 

CPT-11-047 GDR-19 1-12-11 CPT 225+95.3 58.9 RT 722.5 40.0 708.5 Mainline 

CPT-11-048 GDR-19 1-11-11 CPT 225+09.9 65.5 LT 724.5 43.0 709.5 Mainline 

CPT-11-049 GDR-19 1-12-11 CPT 225+56.5 63.9 LT 725.7 44.0 NM Mainline 

CPT-11-050 GDR-19 1-12-11 CPT 225+94.1 65.5 LT 724.6 43.0 707.6 Mainline 

Notes: 

CPT = cone penetration test 
HSA = hollow-stem auger 
NE = not encountered 
NM = not measured 
1 
All Stationing are “A”-Line (Route 101 Mainline) Stations. 

2 
Elevations are based on North American Vertical Datum 1988 (NAVD 88) datum. 

 
Site-specific calibration on the automatic hammer used for the field exploration was not 
conducted for this project. Review of the document of CME Automatic Hammer Operations 
Bulletin published by the U.S. Department of the Interior (USDOI) indicates that a hammer 
efficiency from 85 to 95 percent was recommended based on various research and testing 
data for the CME automatic hammer (USDOI, 1999). Therefore, a hammer efficiency of 75 
percent was conservatively used for this project. The CME Automatic Hammer Operations 
Bulletin is included in Appendix C. 

At the completion of the drilling, the HSA borings were backfilled with compacted soil 
cuttings with 2 feet of concrete from top to repair the existing shoulder pavement. The 
rotary wash borings were backfilled with cement bentonite grout and capped with 2 feet of 
concrete from top to repair the existing pavement. CPT soundings were backfilled with 
bentonite pellets and asphalt cold patch was used to repair the pavement surface. 
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5.2 Exploration Notes 

Minor caving and heaving sand were encountered during the drilling of HSA borings below 
the groundwater table. No other unusual occurrences were noted during the field 
exploration program that would impact the design and construction of the Route 101/ 
SR 23 Interchange Improvements project. 

5.3 Geologic Reconnaissance Mapping 

Field reconnaissance was performed for this project. During the reconnaissance, it was 
observed that the area within the project limits is highly urbanized. Thus, a field geologic 
map was not developed; rather, existing geologic mapping was used to identify geologic 
units for this project. The following map was used: 

• Yerkes R.F., and Showalter, P.K., 1991. Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California. United States Geological Survey Open File 
Report 91-288. 

The location of the proposed improvements on the geologic map (Yerkes et al., 2005) is 
presented in Figure 4-1. 

5.4 Geophysical Studies 

Geophysical studies were not required and so were not performed for this project. 

5.5 Instrumentation 

Instrumentation was not deemed necessary as part of the field investigation program. 
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6.0 Geotechnical Testing 

6.1 In Situ Testing 

Blow counts from the SPT sampler and California modified ring sampler were recorded 
during the explorations. Pocket penetrometer readings were obtained on fine-grained soil 
samples. Continuous profile of cone tip resistance and sleeve friction were obtained during 
the six cone penetration soundings advanced at the Moorpark Road UC location. Seismic 
shear wave velocities were also measured at 10-foot intervals in three of the six cone 
soundings. No other in situ testing was performed at the project site at the time this report 
was prepared, and none is anticipated in the future. 

6.2 Laboratory Testing 

A laboratory testing program was developed to provide data on relevant engineering 
properties of soils at the site. Selected soil samples were tested for relevant physical and 
engineering properties. The laboratory tests were performed by Leighton Consulting, Inc. 
(Leighton), of Irvine, California, under subcontract to CH2M HILL. All testing was 
performed in general accordance with applicable ASTM standards (ASTM, 2009) or 
California Test Methods (CTMs) (Caltrans, 1990). The laboratory results were checked for 
completeness and reasonableness by CH2M HILL geotechnical engineers. The tests 
performed on the geotechnical soil samples collected from the borings are summarized in 
Table 6-1. The laboratory test results by Leighton are presented in Appendix D.  

TABLE 6-1 

Summary of Laboratory Tests 
Route 101/SR 23 Interchange Improvements 

Type of Test 
Applicable Test 

Method Purpose 

Dry Density ASTM D 2937 Estimate in situ soil density 

Moisture Content ASTM D 2216 Estimate in situ soil moisture content 

Atterberg Limits ASTM D 4318 Confirm soil classification made in the field 

Grain Size Distribution (Sieve and 
Hydrometer) 

ASTM D 422 Confirm soil classification made in the field 

One-Dimensional Consolidation ASTM D 2435 Estimate soil consolidation characteristics 

Expansion Index ASTM D 4829 Estimate soil expansion potential 

Direct Shear Test ASTM D 3080 Estimate strength parameters of granular soil 

Unconsolidated-Undrained Triaxial 
Compressive Strength 

ASTM D 2850 Estimate strength parameters of fine-grained 
soil 

Soil pH CTM 532/643 Determine corrosion potential of site soil 

Minimum Electrochemical Resistivity CTM 532/643 Determine corrosion potential of site soil 

Sulfate Content CTM 417 Determine corrosion potential of site soil 

Chloride Content CTM 422 Determine corrosion potential of site soil 
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7.0 Geotechnical Conditions 

7.1 Site Geology 

The geology of the project alignments is generally composed of artificial fill and alluvial 
deposits. Generalized descriptions of the geologic groups are defined in the following 
(Yerkes, et al., 2005): 

• Artificial fill (Qaf)—Predominantly compacted fill for roadways and structure pads. 

• Young alluvial fan deposits (Qu)—Consists of Holocene-age unconsolidated, 
uncemented gravel, sand, silt, and clay. Thickness ranges from 0 to 100 feet. Age is less 
than 1,000 years. 

• Old alluvial fan deposits (Qof)—Consists of undifferentiated Holocene alluvium. Age is 
approximately 1,000 to 10,000 years. Thickness is up to more than 100 feet. 

7.1.1 Lithology 

The primary subsurface units at the project site are the artificial fill and alluvium deposits. 
Calabasas formational materials were encountered only in two borings drilled at the 
Hampshire Road UC. The bedrock was not encountered during the subsurface investigation 
at other locations to the maximum depth of 101.5 feet bgs. Design of the project is controlled 
by the artificial fill and alluvial soil at the site. Subsurface soil conditions are described 
further in Section 7.2. 

7.1.2 Geologic Structure 

The project site lies within an area consisting of artificial fill and thick alluvial soils. No 
geologic structure is presented within the project limits.  

7.1.3 Landslide and Natural Slope Stability 

Landslides could be generated in soil or rock when preexisting conditions inherent within 
the soil or the rock mass can initiate the sliding failure mechanism. In addition, landslides 
could be activated by natural events, such as earthquakes, rainfall, and erosion, or from 
human-made activities, such as removal of lateral supports near the base of unstable hillside 
areas.  

Based on the field reconnaissance and on the review of the available geologic maps, there 
are no known landslides mapped near or at the project site. According to the Seismic Hazard 
Zones Map for Thousand Oaks Quadrangle and Newbury Park Quadrangle prepared by State of 
California (CGS, 2000 and 2002), the project site is not within the vicinity of potential 
landslide areas. Therefore, the potential for landsliding is considered low for the project site. 

All the existing slopes within the northern segment are fill slopes that were graded during 
the initial construction of Route 101. The existing slopes are generally in a stable condition 
except for minor erosion at the surface. 
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7.1.4 Tsunamis 

Based on the Tsunami Inundation Map for Emergency Planning for Ventura County, 
California, published by California Emergency Management Agency (2009), the 
susceptibility to tsunamis at the project site is very low. 

7.2 Subsurface Conditions 

7.2.1 Stratigraphy 

Based on the information collected from the available as-built LOTBs for the bridge 
structures, the field investigations, and the geologic mapping along the project alignment, a 
generalized subsurface soil profile was outlined for the project site.  

The subsurface conditions vary throughout the project limits of Route 101. In general, there 
is approximately 20 to 30 feet of locally placed artificial fill (Qaf) for the roadway 
embankment over the native ground surface especially for the approach of the bridge 
structures. The elevation of the roadways generally parallels that of the surrounding ground 
surface. The Qaf generally consists of interbedded layers of stiff to hard silts and clays and 
medium-dense to very dense sandy and gravelly materials. 

Beneath the locally placed artificial fill, the native soil consists of alluvium fan deposits to a 
depth of approximately 100 feet. The alluvium deposits generally consist of interbedded 
layers of medium-dense to very dense sand, silty sand, clayey sand, clayey gravel and soft 
to hard sandy silt, sandy clay, fat clay, silty clay and lean clay.  

The subsurface profile at the Hampshire Road UC area close to the south end of the 
alignment consist of Qaf, young alluvium fan deposits (Qu) and old alluvium fan deposits 
(Qof). Calabasas formation (Tcb) materials were encountered below alluvium at few 
locations. Generally, all the geologic units at the bridge site predominately consists of 
medium stiff to hard sandy lean clay, fat clay, silt and clayey silt, medium to very dense 
clayey sand with varying degree of gravel, and shale of young alluvium deposits between 
elevations of about 900 and 850 feet. The field SPT N-values ranged from 9 to 66 for the 
young alluvium materials. Under the young alluvium materials, very dense silty sand, 
poorly graded sand, clayey gravel, and silty gravel of older alluvium with scattered gravels 
and cobbles were encountered below elevation 850 feet above mean sea level (msl). The field 
SPT N-values ranged from 62 to greater than 100 for the older alluvium materials. 

The profile underneath the proposed sound wall and retaining walls between Hampshire 
Road and Conejo School Road consisted of Qaf and alluvium deposits containing similar 
materials. Subsurface material primarily consists of stiff to hard sandy clay, silt and silty 
clay, and dense to very dense clayey sand and silty sand with varying amount of gravels. 
The uncorrected SPT N-values in this zone ranged from 9 to 50 for 3 inches of penetration. 
Refusal blow counts were encountered beginning from about 25 to 30 feet below the existing 
grades. 

The subsurface at the Conejo School Road UC consists of hard clayey silt or shale with 
varying degree of gravel of older alluvium deposits between elevations of 896 and 872 feet 
above msl. The field SPT N-values ranged from 34 to 62 for the alluvium materials. These 
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are underlain by very dense cobbles and gravels in a sand and clay matrix below elevation 
872 feet. Refusal field blow counts were indicated within the cobbles and gravels layer. 

The subsurface profile closer to the Moorpark Road UC generally consists of fill, Qof, and 
Qu. Bedrock was not encountered during the investigation to the maximum boring depth of 
96.5 feet (elevation of 647.3 feet). Below the existing ground surface, approximately 24 to 
25 feet of artificial fill was encountered at the abutment locations. The fill generally consists 
of stiff silty clay and medium dense to dense silty sand, clayey sand, poorly graded sand 
with silt. Below the fill, the younger alluvial deposits were encountered to approximate 
elevations of 673 to 684 feet above msl. The Qu generally consist of soft to stiff sandy lean 
clay, silt and lean clay interbedded with loose to medium dense silty sand to clayey sand. 
Below the Qu, Qof were encountered to the bottom of the exploration. The Qu generally 
consist of very dense clayey sand with gravel. 

7.2.2 Materials Strength Parameters 

Field investigation and laboratory test results were mainly used to develop the materials 
strength parameters of the subsurface materials. In addition to laboratory tests, SPT blow 
counts from various test borings were used to estimate equivalent friction angles for 
granular soils based on established correlations in literature (Federal Highway 
Administration [FHWA] Manual, 1996). Generalized subsurface soil profiles and material 
strength properties used for engineering analyses were developed specifically for each 
bridge structure included in the project (CH2M HILL, 2011a, 2011b and 2012). Subsurface 
soil profiles and materials strength properties used for design of the retaining walls were 
also developed and included in Appendix G.1. Generalized materials strength parameters 
including unit weight, cohesion, and friction angle used in the static and pseudo-static slope 
stability analyses for similar geologic units are shown in Table 7-1.  

TABLE 7-1 

Summary of Materials Strength Parameters 
Route 101/SR 23 Interchange Improvements 

Material Type 
Total Unit 

Weight (pcf) 
Friction Angle 

(degree) 
Cohesion 

(psf) 

Artificial Fill Qaf 120 32 200 

Young Alluvium Qu 120 30 0 

Old Alluvium Qof 125 35 0 

Calabasas Formation Tcb 125 42 0 

Notes:  

pcf = pound(s) per cubic foot 
psf = pound(s) per square foot 
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7.2.3 Expansion Potential 

Expansive and collapsing soils are characterized by their ability to undergo significant 
volume changes (shrink or swell) due to variations in moisture content even without an 
increase in external loads. Changes in soil moisture content can result from precipitation, 
landscape irrigation, utility leakage, roof drainage, perched groundwater, drought, or other 
factors and may result in unacceptable settlement or heave of structures or concrete slabs 
supported on grade. 

Based on the field exploration, the materials encountered in the project primarily consist of 
granular sandy soils and low to medium plastic fine-grained soils. Except in isolated area, 
fat clay or highly expansive materials are not expected to be encountered in the upper 10 
feet underlying pavements and structure foundations to support the bridge widening, 
retaining walls, soundwalls, and other minor structures proposed in this project. Therefore, 
expansion potential is generally expected to be low for the subsurface soils encountered in 
this project. Detail evaluation on the expansion potential of the foundation soils supporting 
the proposed retaining walls and pavements is included in Section 8.7 of this report.  

7.2.4 Settlement Potential 

There are no major cuts and fills proposed in this project. Minor cuts and fills are proposed 
to accommodate the proposed improvements as described previously. Most of the proposed 
fills are sliver fills that will be placed along the roadway alignment and at the bridge 
approach locations associated with the proposed bridge widening. The maximum fill 
heights are not expected to exceed 5 feet.  

Based on the field exploration, the materials encountered in the project site primarily consist 
of medium dense to dense granular sandy soils and low to medium plastic fine-grained 
soils. For the proposed sliver fills, a fill-induced settlement less than 1 inch is anticipated, 
and the settlement is expected to be completed within 1 month after fill placement. 
Therefore, settlement potential is generally expected to be low based on the proposed 
improvements and the subsurface soils encountered in this project. Detail evaluation of the 
embankment settlement is included in Section 8.3 of this report.  

7.3 Water 

7.3.1 Surface Water 

No permanent standing surface water was observed within the project limits. Temporary 
surface water may be encountered within surface swales, v-ditches, curbs, and gutters (refer 
to Section 4.3.2) during rainfall events. However, all were dry at the time of the field 
reconnaissance and investigation.  

Scour 

The project site is in an urban area where most surfaces are paved or landscaped with 
vegetation and drainage is controlled by engineered facilities. Therefore, the potential for 
scour is low at the proposed improvement areas. Also, none of the bridges within the 
proposed improvement areas span any water bodies such as rivers, creeks, etc. 
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Erosion 

Most of the existing fill slope surfaces are covered by landscaped or natural vegetation. With 
the exception of some locations along the alignment, the soils have low to moderate 
potential for erosion. Some of the proposed improvements along the project alignment may 
require re-grading and the construction of “sliver” fills to widen the existing roadway fill 
embankments. To minimize the long-term erosion of the soil in these areas, planting of a 
protective vegetative cover is recommended on all exposed ground within the right-of-way 
area and on the cut-and-fill slopes.  

7.3.2 Ground Water 

Groundwater information pertinent to the project limits was derived from the field 
investigations, bridge structure as-built LOTBs, CGS Seismic Hazard Zone Reports (CGS, 2000 
and 2002), and the California Department of Water Resources (DWR) monitoring well 
databases. Table 7-2 summarizes the groundwater table data obtained for the project. Table 
7-2 presents the groundwater data in terms of feet below the original ground surface, not 
below the artificial fill ground surface. 

TABLE 7-2 

Summary of Groundwater Table Data 
Route 101/SR 23 Interchange Improvements 

Location 

Sources of Groundwater Table Data 

Field 
Investigation

1
 

(feet bgs) 
As-Built LOTB

2
 

(feet bgs) 

CGS (Historical High 
Groundwater Depth)

3
 

(feet bgs) 

DWR Monitoring 
Wells

4
 

(feet bgs) 

Route 101 at 
Hampshire Road UC 

11 to 34 24 to 30 10 16 

Route 101 at Conejo 
School Road UC 

38 NE within upper 50 30 16 

Route 101 at Moorpark 
Road UC 

10 to 17 23 to 30 10 40 

Notes: 

bgs = below ground surface 
CGS = California Geological Survey 
DWR = California Department of Water Resources 
NE = not encountered 
UC = undercrossing 
1
 Refer to Table 5-1 and the Boring Location Map in Appendix B for CH2M HILL’s investigation details.  

2
 Refer to Section 3.2 for the as-built plan reference information. 

3 
CGS Seismic Hazard Zone Reports pertains to the Thousand Oaks and Newbury Park 7.5-minute 

quadrangles. 
4 

Closest available DWR Monitoring Wells – Distance from the actual location varies from 0.33 to 0.85 mile. 

Detail groundwater table elevations encountered from the Caltrans as-built logs of test 
borings and CH2M HILL’s field investigations were summarized in Tables 3-1 and 5-1, 
respectively.  

The CGS Seismic Hazard Zone Reports indicate that the historically high groundwater table 
is approximately at 10 feet bgs at the Hampshire Road UC and the Moorpark Road UC sites 
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(CGS, 2000 and 2002). In areas close to the Conejo School Road UC site, a design 
groundwater table depth of 30 feet bgs was conservatively assumed. 

Based on the groundwater data reviewed, it is recommended that the CGS historically high 
groundwater depth is assumed as the design groundwater table for the area near the 
Hampshire Road UC site. Considering the groundwater table data measured recently at the 
Moorpark Road UC site is close to the CGS historically high groundwater level and the 
potential fluctuation of groundwater table in the future, we recommend that a groundwater 
table at 2 feet higher than the CGS historically high groundwater level, corresponding to the 
elevation of 715 feet, be used as the design groundwater table for the area near the 
Moorpark Road UC site. It should be noted that the groundwater table may fluctuate due to 
seasonal variation, nearby construction, irrigation, and numerous other human-made and 
natural influences. 

7.4 Project Site Seismicity 

7.4.1 Ground Motions 

The seismic design methodology adopted for this study is based on the following Caltrans 
guidelines: 

1. Geotechnical Services Design Manual (Caltrans, 2009a) 
2. Seismic Design Criteria (Caltrans, 2010a) 
3. Caltrans Deterministic PGA Map (Caltrans, 2007) 

Site Soil Profile 

The site soil profile type is classified based on the average shear wave velocity (Vs30) in the 
upper 100 feet. In the field investigations by CH2M HILL, deep soil explorations were 
performed at each of the three bridge locations—Hampshire Road UC, Conejo School Road 
UC, and Moorpark Road UC—along Route 101 within the project limits. The SPT blow 
count values with applied energy correction (N60) were used to estimate the average shear 
wave velocity in the upper 100 feet below the original ground surface. Where the borings 
were not advanced to at least 100 feet bgs, the shear wave velocity was extrapolated to the 
average Vs30 in the upper 100 feet (Boore, 2004). The Vs30 values ranged from 269 to 
389 meters per second (m/sec). These Vs30 values were used to determine the design ground 
motion at the ground surface for soil profile Type D for the Hampshire Road UC and 
Moorpark Road UC locations and Type C for the Conejo School Road UC location. The Vs30 
calculations are presented in the Bridge Foundation Reports under separate covers 
(CH2M HILL, 2011a, 2011b, and 2012). 

Acceleration Response Spectrums 

Both the deterministic and probabilistic response spectrums at 5 percent damping were 
evaluated to determine the design spectrum at each of the three bridge sites. In the 
deterministic analyses, the response spectrum was calculated for each of the controlling 
faults using the arithmetic average of the median spectral values predicted from the ground 
motion prediction equations developed by Chiou and Young (2008) and Campbell and 
Bozorgnia (2008). The parameters for the site-source distance, Vs30, and the depth to the rock 
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used in the equations for the deterministic analysis at each bridge are presented in the 
bridge foundation reports under separate covers (CH2M HILL, 2011a, 2011b, and 2012).  

In the probabilistic analyses, the U.S. Geological Survey (USGS) model (Petersen et al., 2008) 
was used to calculate the response spectrum for the 975-year return period ground motion 
using the Vs30 value, determined for each bridge, in Atkinson and Boore (2008), Chiou and 
Young (2008), and Campbell and Bozorgnia (2008) attenuation relationships. The response 
spectrum was adjusted for the site shear wave velocity in the upper 100 feet using the soil 
amplification factors derived from the average of the three ground motion prediction 
equations. The response spectrums obtained from the deterministic and the probabilistic 
analyses were further modified to include the near-fault rupture directivity effect (Caltrans, 
2009a).  

Finally, the recommended design spectrum for each bridge was developed as the maximum 
spectral value from both the deterministic and probabilistic analyses across the period 
spectrum. All the spectral acceleration values calculated from the magnitudes and distances 
of the controlling faults were found to be greater than the spectral values of the minimum 
spectrum for a scenario MMax of 6.5 occurring at a distance of 12 kilometers. The 
recommended PGA at the bridge sites ranges from 0.48 to 0.53g (g being the acceleration 
due to gravity). The spectral value in the design spectrum for all periods is controlled by the 
ground motion from the probabilistic spectrum. The design spectrum, supporting 
documents, and worksheets for the seismic evaluations are presented in the Bridge 
Foundation Reports under separate covers (CH2M HILL, 2011a, 2011b, and 2012). 

7.4.2 Ground Rupture 

According to the official maps of earthquake fault zones in the Ventura County area (CGS, 
2000 and 2002), the project limits are not located within a State of California-designated 
Alquist-Priolo Earthquake Fault Zone. Therefore, ground surface rupture associated with 
known active faults does not pose a significant hazard.
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8.0 Geotechnical Analysis and Design 

8.1 Dynamic Analysis 

8.1.1 Parameter Selection 

As discussed in Section 7.4.1 of this report, the PGA within the project limits ranges from 
0.48 to 0.53g, with a MMax of 7.0. This range of acceleration was used in the liquefaction 
and seismic settlement analyses for the project. Additionally, the range of PGA values was 
used to determine the seismic coefficients used in the global pseudo-static slope stability 
analyses performed for the abutments at each of the three bridges—Hampshire Road UC, 
Conejo School Road UC, and Moorpark Road UC—within the project limits (refer to 
Section 8.3). 

8.1.2 Liquefaction Analysis 

Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when the following three general conditions exist: (1) shallow groundwater, (2) low-density 
sandy soils, and (3) high-intensity ground motion. Studies indicate that saturated, loose, and 
medium-dense, near-surface, cohesionless soils exhibit the highest liquefaction potential; 
whereas, dry, dense, cohesionless soils and cohesive soils exhibit low to negligible 
liquefaction potential. Effects of liquefaction on level ground include sand boils, settlement, 
and failures of bearing capacity beneath structural foundations.  

The deeper borings (at least about 50 feet deep) and the CPT soundings performed by 
CH2M HILL within the project limits were analyzed for liquefaction potential using the 
computer program Liquefy Pro Version 5.3 (CivilTech, 2006). The methodology used for 
liquefaction analysis is based on the reference of Liquefaction Resistance of Soils: Summary 
Report from the 1996 National Center for Earthquake Engineering Research (NCEER) and 1998 
NCEER/National Science Foundation (NSF) Workshops on Evaluation of Liquefaction Resistance of 
Soils (Youd, et al., 2001). As discussed in Section 7.3.2, the recommended design 
groundwater table elevations were used in the liquefaction analyses. The shallower borings, 
less than about 30 feet deep, were not analyzed for liquefaction potential because these 
borings consisted predominantly of Qaf material, and were not deep enough to encounter 
the historically high groundwater level. 

Based on the soil boring data associated with the liquefaction analyses, the project site is 
generally consists of low to medium plastic fine grained clayey soils and dense to very 
dense granular sandy soils below the design groundwater table and, therefore, is considered 
to have a low potential for liquefaction. Liquefiable soils were only found locally in isolated 
and not continuous layers at the Moorpark Road UC location. The detailed liquefaction 
evaluation and analysis for the bridge sites are presented in the Bridge Foundation Reports 
under separate cover (CH2M HILL, 2011a, 2011b, and 2012). Liquefaction analysis results 
for the borings and CPT soundings analyzed are included in Appendix G.1. 
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8.1.3 Seismic Settlement 

Liquefaction-induced settlement was calculated during the liquefaction potential evaluation 
using the computer program Liquefy Pro Version 5.3 (CivilTech, 2006). The seismically 
induced settlement was estimated using the method described by Tokimatsu and Seed 
(1987). The liquefaction induced settlement of the potentially liquefiable layers was 
estimated to be less than 1.0 inch for the roadway borings within the project limits and less 
than 1.5 inches in the Moorpark Road UC area. The liquefaction induced settlement 
calculations are included in Appendix G.1. 

Seismically induced settlement refers to the settlement of unsaturated granular materials as 
a result of densification and particle rearrangement (i.e., volumetric strain) due to 
earthquake shaking. Because of the shallow groundwater conditions at the site, the 
unsaturated soil zone is limited to about 8 feet bgs. The material in this zone is a 
combination of coarse- and fine-grained soils, including sandy lean clay, silty-clay, clayey 
sand, and silty sand. Based on the limited thickness of unsaturated coarse-grained soil, 
seismically induced settlement of those unsaturated granular layers is expected to be 
negligible.  

8.2 Cuts and Excavations 

8.2.1 Stability 

Based on a review of the proposed grading, no major cuts are proposed as part of the project 
improvements. Only minor excavations are proposed for the construction of the bridge 
widening foundations, soundwall foundations, and retaining wall foundations. The minor 
excavations will be laid back or supported by temporary shoring during construction, and 
backfilled to finished grade following construction. The proposed minor excavations are not 
considered significant factors for changes in stabilities of the existing slopes. Thus, the 
existing slopes with the minor cuts are expected to be grossly stable. 

8.2.2 Rippability 

The entire project site consists of alluvial soils and artificial fill that will not pose a 
rippability issue. It is anticipated that conventional earth moving equipment can be used for 
the entire project. 

8.2.3 Grading Factors 

Earthwork will be required as part of the proposed improvements. Estimates of shrinkage 
and bulking grading factors are provided for earthwork quantity calculations. Shrinkage 
occurs when soil is excavated and replaced at a density substantially different from its 
original density. For planning and estimating purposes, shrinkage factors of 5 to 10 percent 
for granular sandy soils and 10 to 15 percent for fine-grained clayey and silty soils should be 
used from truck-soil volume to compacted-in-place volume. Bulking occurs when an in-
place material is removed for hauling purposes. Excavated materials could be assumed to 
bulk 10 to 15 percent for granular sandy soils and 10 to 20 percent for fine-grained clayey 
and silty soils for hauling purposes. The grading factors are summarized in Table 8-1. 
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TABLE 8-1 

Summary of Shrinkage and Bulking Factors 
Route 101/SR 23 Interchange Improvements 

Material Type Shrinkage Factor (%) Bulking Factor (%) 

Granular Sandy Soils 5 to 10 10 to 15 

Fine-Grained Clayey and Silty Soils 10 to 15 10 to 20 

 

8.3 Embankments 

8.3.1 Description 

Minor fills are proposed to accommodate the proposed improvements for the roadway 
widening. Most of the proposed fills are sliver fills that will be placed along the sides and on 
top of the existing roadway embankment and at the bridge approach locations associated 
with the proposed bridge widening. The sliver fills are expected to be in the range of 2 to 
5 feet high with 2:1 (H:V) slope ratio within the project limits. 

8.3.2 Settlement 

Because the minor fills proposed along the roadway embankment for the proposed 
widening are sliver fills with a maximum height less than 5 feet, based on the subsurface 
soil conditions, settlement due the minor sliver fills along the roadway embankment is 
expected to be negligible. 

Settlement due to the sliver fills placed at the bridge locations is expected to be less than 
1 inch and completed within 1 month after fill placement. Detail evaluation of the 
embankment settlement at the bridge abutment locations is included in the Bridge 
Foundation Reports under separate covers (CH2M HILL, 2011a, 2011b, and 2012).  

8.3.3 Stability 

For the roadway embankment, because only minor sliver fills from 2 to 5 feet thick will be 
placed on top of the existing embankment for the roadway widening in this project, stability 
of the roadway embankments due to the added sliver fills is not a concern. The proposed 
additional sliver fills shall be placed and keyed into the existing embankments in 
accordance with Section 19 of Caltrans Standard Specifications (Caltrans, 2010d). 

Static and pseudo-static slope stability analyses were performed to analyze the global 
stability of the bridge abutments with the addition of the proposed sliver fills. In the 
pseudo-static analyses, a seismic force was applied to the soil mass based on a horizontal 
seismic acceleration coefficient kh equal to one-third of the PGA produced by the maximum 
credible earthquake (MCE) event. The computed factors of safety for the static and pseudo-
static cases were greater than 1.5 and 1.1, respectively, for all of the slopes analyzed at the 
bridge abutment locations. Therefore, the proposed abutment slopes are considered globally 
stable at static and pseudo-static loading conditions. The slope stability analyses for the 
bridge abutments are presented in the Bridge Foundation Reports under separate covers 
(CH2M HILL, 2011a, 2011b, and 2012). 
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8.4 Earth Retaining Systems 

Seven Caltrans standard plan soundwalls (Masonry Block on Type 736SV Barrier or on Pile 
Cap), four Caltrans standard plan retaining walls (Types 1 and 5), and four Caltrans 
soundwalls on retaining walls (Types 1SWB and 5SWB) are proposed in this project. The 
Caltrans 2010 Standard Plans were used for design of the standard plan soundwalls and the 
standard plan retaining walls. Foundation design recommendations for the proposed 
soundwalls and retaining walls are presented in the following two sections.  

8.4.1 Foundation Recommendation for Soundwalls  

The standard plan soundwalls will be supported by cast-in-drilled-hole (CIDH) piles as 
presented in the Caltrans Standard Plans B15-3 through 8 and 15 (Caltrans, 2010c). For 
reference, the soundwall plans are included in Appendix E.1.  

Geotechnical recommendations specific to each proposed standard plan soundwall are 
presented in Table 8-2. Information provided in this table includes the wall numbers, 
ground lines, beginning and ending stations, range of wall heights, and range of bottom of 
wall elevations. The foundation soil information columns in Table 8-2 provide a list of the 
test borings used for the geotechnical analysis of each wall and friction angles of the 
foundation soils. More detailed soil information is available in the LOTBs prepared for the 
soundwalls in Appendix F.1. 

The spacing and tip elevation of the CIDH piles for the standard plan soundwalls should be 
determined based on the soil information in Table 8-2 and Caltrans Standard Plans B15-3 
through 8 and 15 (Caltrans, 2010c). Based on the standard plan, the length of the CIDH piles 
to support the soundwalls is from 16 to 16.25 feet. Groundwater is not expected to be 
encountered during the installation of the CIDH piles based on the borings at the site.  

8.4.2 Foundation Recommendation for Retaining Walls  

The proposed retaining walls consist of Caltrans standard Types 1 and 5 retaining walls and 
Types 1SWB and 5SWB soundwalls on retaining walls supported on spread footings. The 
Caltrans standard Types 1 and 5 retaining walls are designed using Load and Resistance 
Factor Design (LRFD) in accordance with Caltrans Revised Standard Plans B3-1 and B3-4, 
respectively (Caltrans, 2010c). The heights of the Type 1 retaining walls range from 6 to 
16 feet and the Type 5 retaining wall range from 6 to 8 feet. The Caltrans Types 1SWB and 
5SWB soundwalls on retaining walls are designed using LRFD method per the modified 
Caltrans Standard Drawings xs14-220 and xs14-350, respectively (Caltrans, 2011a and 2011b). 
The heights of the Types 1SWB and 5SWB retaining walls range from 8 to 16 feet. The 
retaining wall information—including wall number, wall type, beginning and ending 
stations, range of wall heights, and a list of soil borings used for the foundation design—is 
summarized in Table 8-3. The retaining wall plans are presented in Appendix E.2. The 
detailed foundation soil information for the retaining walls is presented in the LOTBs 
included in Appendix F.2.  
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TABLE 8-2 

Summary of Proposed Soundwall Foundation Soil Information 
Route 101/SR 23 Interchange Improvements 

Wall No.  

Approximate 
Station Limit  

(feet) 

Wall Height  
(feet) 

Bottom  
of Wall Elevations  

(feet) Foundation Soil Information 

Min Max Highest Lowest Soil Boring 
Friction Angle 

(degree) 

SW 92 “A” 92+00.00 to “A” 
95+87.29 

14⅓ 14⅓ 921.69 918.74 A-11-001, A-11-011 30 

SW 97 “A” 97+20.00 to “A” 
100+54.00 

14⅓ 14⅓ 922.38 920.54 A-11-016 30 

SW 98 “A” 97+73.22 to “A” 
101+10.00 

14⅓ 14⅓ 921.80 919.87 A-11-003, A-11-013 30 

SW 101 “HM-4” 101+25.00 to 
“A” 112+55.16 

14⅓ 16 931.30 912.50 A-11-017, A-11-018 
A-11-019, A-11-020 

30 

SW 102 “HM-1” 103+24.94 to 
“A” 116+60.00 

14⅓ 14⅓ 919.16 915.85 A-11-014, A-11-015 
A-11-021, A-11-022 
A-11-023 

30 

SW 126 “A” 125+00.00 to “A” 
128+77.03 

14⅓ 14⅓ 907.82 899.73 A-11-004, A-11-026 30 

SW 130 “A” 130+19.02 to “A” 
131+65.00 

12⅓ 12⅓ 895.70 891.56 A-11-006, A-11-027 30 

Notes: 

“A” = station of Route 101 
“HM-1” = station of NB on-ramp from Hampshire Road 
“HM-4” = station of SB off-ramp to Hampshire Road 

 
 
TABLE 8-3 

Summary of Proposed Retaining Wall Information 
Route 101/SR 23 Interchange Improvements 

Wall No. Wall Type 
Approximate  

Station Limit (feet) 

Wall Height (feet) 

Soil Boring Minimum Maximum 

RW 99 Type 5 

Type 5SWB 

“HM-4” 98+94.96 to 100+14.68 

“HM-4” 100+14.68 to 101+24.97 

6 

8 

8 

10 

A-11-016 

RW 100 Type 1SWB “HM-1” 98+92.00 to 103+25.00 8 14 A-11-012, A-11-013,  
A-11-014 

RW 105 Type 1 “A” 104+44.30 to 110+72.00 10 16 A-11-018, A-11-019 

RW 116 Type 1SWB “A” 116+60.00 to 125+00.00 8 14 A-11-023, A-11-024,  
A-11-025, A-11-026 

RW 132 Type 1SWB 

Type 1 

“A” 131+65.00 to 137+80.33 

“A” 137+80.33 to 142+83.85 

8 

8 

16 

12 

A-11-027, A-11-028,  
A-11-029, A-11-030 

RW 226 Type 1 “A” 226+36.25 to 231+18.25 6 10 A-11-031, R-11-010 

Notes: 

“A” = station of Route 101 
“HM-1” = station of NB on-ramp from Hampshire Road 
“HM-4” = station of SB off-ramp to Hampshire Road 
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For the Caltrans standard Types 1 and 5 retaining walls and the Types 1SWB and 5SWB 
retaining walls with soundwalls, the foundation design is based on the wall height, the 
effective footing width, and the bearing stress for service, strength, and extreme event limit 
states as presented in the “Table of Reinforcing Steel, Dimensions and Data” within Caltrans 
Revised Standard Plans B3-1 and B3-4 (Caltrans, 2010c) and the Caltrans Standard Drawings 
xs14-220 and xs14-350 (Caltrans, 2011a and 2011b), respectively. For the maximum wall 
height of each retaining wall, the gross nominal bearing resistance for the strength limit 
state and the extreme event limit state were determined based on the foundation soil data 
and the corresponding effective footing width using the bearing resistance equation 
developed by Munfakh (Munfakh et al., 2001). The factored gross nominal bearing 
resistances for the strength limit state and the extreme event limit state were calculated by 

applying resistance factors (φ) of 0.45 and 1.0 to the gross nominal bearing resistance, 
respectively, per Section 10.5 of AASHTO LRFD Bridge Design Specifications (AASHTO, 
2008). 

The permissible net contact stress for the service limit state was determined based on a 
footing settlement less than 1-inch using the settlement calculation software, SETTLE 3D 
Version 2.0 (Rocscience, 2010).  

The calculated permissible net contact stress for the service limit state, and the factored 
gross nominal bearing resistances for the strength and the extreme event limit states are 
summarized in Table 8-4 for the Caltrans standard Types 1 and 5 retaining walls and in 
Table 8-5 for the Caltrans Types 1SWB and 5SWB retaining walls with soundwalls, 
respectively. Based on the calculations, the net bearing stress under the service limit state 
and the gross uniform bearing stress under the strength and the extreme event limit states 
as listed in the Caltrans Revised Standard Plans B3-1 and B3-4 and the Caltrans Standard 
Drawings xs14-220 and xs14-350 are less than those corresponding resistance values 
recommended in Table 8-4 and Table 8-5, respectively, for each type of retaining walls 
proposed in the project. 

The retaining wall profiles including the design soil parameters used in the calculations are 
presented in Appendix G.2. The bearing resistance and the settlement calculations for the 
retaining walls are presented in Appendices G.3 and G.4, respectively. 
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TABLE 8-4 

Foundation Design Recommendations for Caltrans Standard Types 1 and 5 Retaining Walls 
Route 101/SR 23 Interchange Improvements 

Retaining 
Wall No. 

Wall 
Type 

Maximum 
Wall Height 

(feet) 

Effective 
Footing 

Width (feet) 
Bottom of 
Footing 

Elevation 
(feet) 

LRFD Bearing Resistance (ksf) 

Permissible 
Net Contact 

Stress
a 

(Service) 

Factored Gross 
Nominal Bearing 

Resistance
b
 

(Strength φφφφ=0.45) 

Factored Gross 
Nominal Bearing 

Resistance
c
 

(Extreme φφφφ=1.0) H 

B’ (Service/ 
Strength/ 
Extreme) 

99 Type 5  
(Case 1) 

8 6.4/5.3/3.8 907.00 3.4 3.8 7.3 

105 Type 1 
(Case 2) 

16 16.6/14.3/7.6 908.84 8.1 9.7 14.8 

132 Type 1 
(Case 1) 

12 6.3/3.2/2.8 870.00 8.0 6.3 13.9 

226 Type 1 
(Case 1) 

10 6.0/3.0/2.9 719.00 5.2 5.3 11.8 

Notes: 

ksf = kilo pounds (kips) per square foot 
a
 The net bearing stress under the service limit state load combinations shall be less than the permissible net contact stress under 
the footing for a settlement less than 1 inch. 

b 
The gross uniform bearing stress under the strength limit state load combinations shall be less than the factored gross nominal 
bearing resistance for the strength limit state. 

c
 The gross uniform bearing stress under the extreme event limit state load combinations shall be less than the factored gross 
nominal bearing resistance for the extreme event limit state. 

 

TABLE 8-5 

Foundation Design Recommendations for Caltrans Types 1SWB and 5SWB Retaining Walls 
Route 101/SR 23 Interchange Improvements 

Retaining 
Wall No. 

Wall  
Type 

Maximum 

Wall Height 
(feet) 

Effective 
Footing 

Width (feet) 
Bottom of 
Footing 

Elevation 
(feet) 

LRFD Bearing Resistance (ksf) 

Permissible  
Net Contact 

Stress
a
 

(Service) 

Factored Gross 
Nominal Bearing 

Resistance
b
 

(Strength φφφφ=0.45) 

Factored Gross 
Nominal Bearing 

Resistance
c
 

(Extreme φφφφ=1.0) H 

B’ (Service/ 
Strength/ 
Extreme) 

99 Type 
5SWB 

10 7.2/5.5/2.5 905.5 3.1 3.9 10.2 

100 Type 
1SWB 

14 8.1/3.2/2.5 890.25 5.0 6.2 13.7 

116 Type 
1SWB 

14 8.1/3.2/2.5 895.25 10.4 7.5 16.7 

132 Type 
1SWB 

16 9.7/3.2/2.5 866.75 6.3 6.3 13.9 

Notes: 
ksf = kilo pounds (kips) per square foot 
a
 The net bearing stress under the service limit state load combinations shall be less than the permissible net contact stress under the 
footing for a settlement less than 1 inch. 

b 
The gross uniform bearing stress under the strength limit state load combinations shall be less than the factored gross nominal bearing 
resistance for the strength limit state. 

c
 The gross uniform bearing stress under the extreme event limit load combinations shall be less than the factored gross nominal 
bearing resistance for the extreme event limit state. 
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8.5 Culvert Foundations 

No new culverts will be constructed for the proposed Route 101/SR 23 Interchange 
Improvements project. No drainage structures that require geotechnical evaluation have 
been identified within the project limits. Recommendations for design and construction of 
culvert structures are therefore not provided in this GDR. 

8.6 Minor Structure Foundations 

A total of four Caltrans standard overhead signs that require foundation supports are 
proposed in the project. The proposed overhead sign structures include three single-post 
type and one two-post type with round pedestals. The standard sign structures will be 
supported by CIDH piles as presented in the Caltrans Standard Plans S8 and S15 for the 
single post type and the two post type signs, respectively (Caltrans, 2010c).  

Geotechnical evaluations and recommendations specific to each of the proposed overhead 
sign structures are presented in Table 8-6. Information provided in this table includes the 
sign number, sign type and locations, soil borings, CIDH pile length, foundation soil 
strength, corrosion, and groundwater data within the depth of the CIDH pile foundations. 

Although borings were not conducted at the exact sign locations, the nearby borings and the 
site geology provided sufficient information to adequately address the design assumptions 
and constructability concerns. A number of corrosion tests on clayey and sandy types of 
soils were conducted within the project limits and none of the tests shows a potential for 
corrosion. There is no concern on corrosion for the CIDH pile construction.  Refer to Section 
8.8 of this report for the detail information on the potential of corrosion. Based on the 
Caltrans Standard Plans, the lengths of the CIDH piles used to support the signs are in the 
range of 18 to 28 feet, which are relatively short. The CIDH piles will penetrate through new 
and/or existing embankment fills, and stiff to very stiff and/or dense native soils with 
average SPT N values in the range of 19 to 32. Therefore, we recommend that the minimum 
assumed design parameters in the Caltrans Standard Plans, an internal friction angle of 30 
degrees and soil unit weight of 120 pcf, be used for the foundation design of the sign 
structures. Detailed evaluation of the foundation soil conditions for the sign structures is 
included in a summary table in Appendix G.5.   

Based on the review of the nearby borings and the site geology, hard drilling and 
groundwater table are not expected to be encountered during the installation of the CIDH 
piles. Either the historically high groundwater table or the recently measured groundwater 
table elevation is below the tips of the CIDH piles. There is no concern on the 
constructability of the CIDH piles.  

No other minor structures that require geotechnical analyses have been identified within the 
project limits.  
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TABLE 8-6 

Summary of Proposed Overhead Signs 
Route 101/SR 23 Interchange Improvements 

Sign No. Sign Type 
Station

1
  

(feet) Soil Boring 
CIDH Length  

(feet) 
Average 
SPT N 

Corrosion 
Potential GWT 

Unit Weight 
(pcf) 

Friction Angle 
(degree) 

B Two Post 84+75.38 A-11-037    
A-11-038     
A-11-011 

28 19 No NE 120 30 

C Single Post 125+84.10 A-11-004    
A-11-026 

23 31 No NE 120 30 

F/G Single Post 130+73.00 A-11-006      
A-11-027 

18 32 No NE 120 30 

J Single Post 212+18.00 A-11-043 25 30 No NE 120 30 

Notes: 

CIDH = cast-in-drilled-hole 
SPT N = standard penetration test blow counts 
GWT = groundwater table 
NE = not encountered to the depth of the CIDH piles 
1 
All Stationing are “A”-Line (Route 101) Stations 

 

8.7 Expansion Potential 

Expansive and collapsing soils are characterized by their ability to undergo significant 
volume changes (shrink or swell) due to variations in moisture content even without an 
increase in external loads. Changes in soil moisture content can result from precipitation, 
landscape irrigation, utility leakage, perched groundwater, drought, or other factors and may 
result in unacceptable settlement or heave of structures or concrete slabs supported on grade.   

8.7.1 Expansion Potential for Retaining Walls  

Expansion potential of the foundation soils along the proposed retaining walls at the project 
site was evaluated using the soil information collected from the borings and the laboratory 
testing results. Geotechnical data used to evaluate the expansion potential of the foundation 
soils along the proposed retaining walls are presented in Table 8-7. Information provided in 
this table includes wall number, boring number, approximate bottom of footing elevation, 
foundation soil type, Plasticity Index (PI), Liquid Limit, Expansion Index (EI), and estimated 
expansion potential. Based on the data, the foundation soils supporting the proposed 
retaining walls primarily consist of medium dense to very dense granular soils including 
clayey sand with gravel and silty gravel, and low to medium plastic, stiff to hard fine-
grained soils including silty clay, and sandy lean clay. Fat clay or highly expansive soils 
were not encountered for the foundation soils at the proposed retaining wall locations. 
Based on review of the engineering experiences with expansive soils in highway subgrades 
as documented in the Federal Highway Administration (FHWA) report (FHWA, 1975), the 
expansion potential of the soils supporting the retaining wall footings is expected generally 
to be low, and special recommendations to remediate the expansion potential of foundation 
soils are not deemed necessary for the retaining wall foundations. Although unexpected, if 
any localized and isolated expansive soils are encountered during foundation preparations 
for retaining walls, the expansive materials should be removed and replaced with granular 
soils. The actual depth and extent of the removals will be determined in the field during 
construction based on the actual condition encountered.  
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TABLE 8-7  

Summary of Expansion Potential for Soils Supporting Retaining Wall Foundations 
Route 101/SR 23 Interchange Improvements 

Retaining 
Wall No. 

Boring 
No. 

Bottom of 
Footing 

Elevation (feet) Soil Type 
Plasticity 

Index 
Liquid 
Limit 

Expansion 
Index 

Expansion 
Potential 

99 A-11-016 907.67 SC NA NA NA Low 

100 A-11-012 895.25 CL 18 44 NA Low 

 A-11-013 898.25 ML NA NA NA Low 

 A-11-014 907.25 CL-ML NA NA NA Low 

105 A-11-018 911.17 CL-ML NA NA NA Low 

 A-11-019 911.17 SC NA NA NA Low 

116 A-11-023 904.00 CL 12 32 NA Low 

 A-11-024 902.00 SC NA NA NA Low 

 A-11-025 900.00 CL-ML NA NA NA Low 

 A-11-026 900.00 SC 19 42 54 Low to Medium 

132 A-11-027 879.25 SC NA NA NA Low 

 A-11-028 872.25 SC NA NA NA Low 

 A-11-029 873.25 GM NA NA NA Low 

 A-11-030 879.25 GM NA NA NA Low 

226 R-11-010 733.00 SC NA NA NA Low 

 A-11-031 723.00 CL 24 41 60 Low to Medium 

Note: 
NA = not available 

8.7.2 Expansion Potential for Pavement Subgrade 

Selected samples with high clay content were tested for EI and PI for the near-surface soils 
within the project area for evaluating the expansion potential of the onsite pavement 
subgrade. The laboratory testing results, including EI, PI, Liquid Limit, in-situ moisture 
content, and dry density, are summarized in Table 8-8. Based on the test results, the EI and 
PI values are ranged from 34 to 84 and from 14 to 29, respectively, for the existing onsite 
subgrade soils. According to the Caltrans HDM Section 614.4, the subgrade is considered as 
expansive if the PI is greater than 12 and special engineering or construction considerations 
will be required (Caltrans, 2009b). Therefore, the onsite excavated materials are not 
recommended for reuse as pavement subgrade within 4 feet from the finished subgrade and 
import borrow materials meet and compacted per Caltrans Standard Specifications are 
required (Caltrans, 2010d).  

As discussed in Section 7.3.2, the historically high groundwater table is at least 10 feet below 
the bottom of the Route 101 roadway embankment; therefore, the potential of subgrade 
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expansion due to moisture variation impacted by groundwater is not a concern. Surface 
water may impact the moisture content of subgrade to certain degree due to water 
infiltration through pavement joints and creaks, etc. However, surface water will not likely 
cause a saturation of subgrade because the subgrade is covered by asphalt and concrete 
pavement, and sufficient edge drains and ditches constructed along the pavement will 
rapidly remove any surface water off the pavement surface. Therefore, potential of subgrade 
saturation due to surface water infiltration is considered low.  

It should be noted that the EI testing was conducted using remolded samples that may not 
actually represent the in-situ soil conditions. Based on review of the consolidation test data 
conducted on this project for similar materials, the in-situ undisturbed samples experienced 
insignificant void ratio changes after the samples were inundated with water, which 
indicates a low expansive potential for the in-situ soils. To evaluate the swelling potential of 
the existing subgrade soils and their impacts on the pavement, swelling pressures for the 
onsite subgrade soils were estimated using an established correlation with Liquid Limit, in-
situ moisture content, and dry density as documented in the FHWA report (FWHA, 1975). 
Calculations of the estimated swelling pressures are included in Appendix G.6 and the 
results are summarized in Table 8-8. Based on the data, the estimated swelling pressures 
range from approximately 165 to 1,178 psf when the subgrade is close to saturation. A 
majority of the estimated swelling pressures are less than 576 psf with only one sample (B01 
of A-11-015) having a swelling pressure of 1,178 psf. The A-11-015 boring log shows that this 
sample is classified as sandy fat clay with gravel. Based on the EI and the swelling pressure 
values, this material as shown in boring A-11-015 is expected to have a high potential for 
expansion. Review of the borings drilled adjacent to boring A-11-015 indicates that this 
potentially high expansive material is isolated within the top 5 to 6 feet of the existing fill 
embankment in the area adjacent to boring A-11-015.  Therefore, based on the discussion 
presented above, we conclude that the expansive potential of the existing onsite subgrade 
within the project area is generally low with the exception of an isolated area adjacent to 
boring A-11-015, where the top 5 to 6 feet of the existing on-site materials have a high 
potential for expansion. Therefore, the following recommendations are provided for 
pavement subgrade construction: 

• In the isolated rectangular area, from Route 101 Mainline Station 105+50/Offset 65 to 
105 feet (right) to Station 108+50/Offset 65 to 100 feet (right), the top 5 feet of existing 
embankment materials shall be removed and replaced with import materials having EI 
less than 50, PI less than 12, R-value greater than 15, and non-corrosive as pavement 
subgrade materials and compacted per Caltrans Standard Specifications prior to pavement 
construction.        

• Other than the isolated area indicated above, for any other portion of pavement that will 
be constructed on the top of the existing embankment, scarification of the top 6 inches of 
subgrade and re-compacted to 95 percent relative compaction shall be performed on the 
exposed subgrade in accordance with Caltrans Standard Specification for subgrade 
preparation.    

• For any portion of pavement that will be constructed on top of new embankment fills, 
the onsite excavated materials are not recommended for reuse as pavement subgrade 
within 4 feet from the finished subgrade, and import fills with EI less than 50, PI less 
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than 12, R-value greater than 15, and non-corrosive to concrete and compacted per 
Caltrans Standard Specifications shall be used as pavement subgrade. 

TABLE 8-8 

Summary of Expansion Potential for Pavement Subgrade 
Route 101/SR 23 Interchange Improvements 

Boring  

 
 
 

Sample 

 
 

Depth 
(feet) 

Soil 
Type PI 

 
 
 

LL 

 
Dry 

Density 
(pcf) 

 
Moisture 
Content 

(%) 
Expansion 

Index 

Predicted 
Swelling 
Pressure 

(psf) 

A-11-004 B03 11.5 to 15 CL 20 42 97.7 12.4 50 576 

A-11-015 B01 1 to 5 CH 29 52 109.4 13.2 84 1,178 

A-11-026 B03 11.5 to 15 SC 19 42 98.7 14.2 54 528 

A-11-031 B03 11.5 to 15 CL/SC 24 41 102.6 20.0 60 386 

A-11-035 B01 1 to 5 SC/CH 14 34 95.6 25.6 34 165 

A-11-036 B01 2 to 8 SC 22 40 109.3 16.1 40 553 

     

8.8 Corrosion 

Selected soil samples collected at the project site were tested for minimum soil resistivity, soil 
pH, water-soluble sulfate content, and chloride content using the procedures described in 
CTM 417, 422, 532, and 634 (Caltrans, 1990). The results of those laboratory tests are 
presented in Appendix D. Caltrans Corrosion Guidelines define a corrosive environment as 
being a site where the soil has electrochemical resistivity of less than 1,000 ohm-centimeters 
(ohm-cm), a sulfate content greater than 2,000 parts per million (ppm), a chloride content 
greater than 500 ppm, or a pH less than 5.5 (Caltrans, 2003b). Comparison between the 
laboratory test results and the Caltrans corrosion criteria indicates that the onsite soils are not 
corrosive to concrete structures and steel structures. The results of the laboratory corrosion 
testing are summarized in Table 8-9. 

TABLE 8-9 

Summary of Corrosion Laboratory Test Results 
Route 101/SR 23 Interchange Improvements 

Boring 
Sample Depth  

(feet) Soil Type 

Minimum 
Resistivity 
(ohm-cm) pH 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

R-11-002 2.5 to 6 CL 850 6.6 312 47 

A-11-003 11.5 to 15 GM 1,280 6.46 253 36 

A-11-004 11.5 to 15 CL 885 6.21 116 71 

R-11-005 0 to 5 SM 3,055 7.28 80 32 

R-11-007 2 to 5 SM 3,000 7.81 111 22 

R-11-008 0 to 5 CL 1,025 6.72 137 37 
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TABLE 8-9 

Summary of Corrosion Laboratory Test Results 
Route 101/SR 23 Interchange Improvements 

Boring 
Sample Depth  

(feet) Soil Type 

Minimum 
Resistivity 
(ohm-cm) pH 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

A-11-011 6.5 to 10 SC 1,100 7.52 157 48 

A-11-014 11.5 to 15 SC 640 6.75 274 64 

A-11-016 11.5 to 15 SC 920 7.37 172 70 

A-11-017 11.5 to 15 CL 649 6.75 219 111 

A-11-019 16.5 to 20 CL 954 6.99 171 44 

A-11-020 6.5 to 10 SC 1,085 7.48 82 33 

A-11-021 6.5 to 10 SC 1,140 7.06 87 37 

A-11-026 11.5 to 15 SC 900 6.7 169 133 

A-11-027 6.5 to 10 SC 1,240 7.23 210 73 

A-11-029 6.5 to 10 SC 1,400 7.10 157 58 

A-11-030 6.5 to 10 SM 1,562 6.87 71 46 

A-11-031 11.5 to 15 SC 990 7.53 109 42 

 

Using the corrosivity test results from the field investigation and the CULVERT4 computer 
program developed by the University of Florida Transportation Research Center (1998), the 
following culvert material criteria are provided (CULVERT4 analyses were performed 
assuming continuous stream flow conditions with flow velocities of 5 to 7 feet per second, 
and abrasive conditions): 

• Type IP (MS) modified cement or Type II modified cement is suitable for concrete. 

• Standard RCP design should be suitable for the soils tested. Caltrans Standard 
Specifications (2010d), Section 90 shall be used in construction of all concrete structures or 
pipes. 

• Corrugated aluminum pipe (CAP) and corrugated aluminized steel pipe (CASP) are not 
recommended due to the site corrosion potential.  

• Plastic pipe may be used for a 50-year service life. However, abrasion must be evaluated 
by a civil engineer. Concrete headwalls and concrete or metal end treatments are 
recommended in areas where high fire potential exists. 
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9.0 Material Sources  

This section identifies sources within the project limits that will produce materials that can 
be put to a higher use than common borrow. The debris from structures demolished for the 
project improvements can be considered to be such a source. Demolished structures include 
the existing pavement that is to be removed prior to roadway widening. That debris may be 
recycled as aggregate or roadway base. The debris should be tested to ensure that it meets 
all applicable Caltrans criteria for processed miscellaneous base before being used for these 
purposes. For use as embankment fill, all excavated sandy material is considered suitable, 
but excavated clayey material is not considered suitable. Any import fill materials, either for 
structural backfills or roadway embankment fills, shall be tested and approved prior to 
import per Caltrans Standard Specifications (Caltrans, 2010d). 

The State Contract Act prohibits Caltrans from buying aggregate or any other mined 
materials from sources not exempt or not compliant with the Surface Mining and 
Reclamation Act of 1975 (SMARA). Mining operations determined to be in compliance are 
listed on the Assembly Bill (AB) 3098 SMARA-eligible list. This list can be obtained from the 
Caltrans Division of Construction or the Department of Conservation’s Web site at: 
http://www.consrv.ca.gov/omr/SMARA/. 
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10.0 Material Disposal  

Most of the excavated material will be used as embankment fill within the project area if it 
meets the project requirements as documented in the Materials Report prepared for this 
project (CH2M HILL, 2011c). The remaining material, including unsuitable materials for 
embankment fill, will be either disposed of by the contractor or temporarily stockpiled 
outside the project limits. The stockpiled material will be available for other project usage. If 
the contractor elects to dispose of any material outside the project limits, the contractor will 
be required to obtain any necessary permits for this activity.  

CH2M HILL has assumed that no hazardous waste conditions exist on the project site. As 
such, no hazardous waste consideration is provided in this report.  
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11.0 Construction Consideration 

11.1 Construction Advisories 

All work should be performed in accordance with the Caltrans Standard Specifications 
(Caltrans, 2010d) except as indicated in Special Provisions prepared for this project. 

Proposed additional fills and sliver fills for pavement widening should be keyed into the 
existing embankments and placed as specified in Section 19 of the Caltrans Standard 
Specifications (Caltrans, 2010d). 

Construction advisories for other components of the bridge widenings are provided in the 
corresponding bridge foundation reports (CH2M HILL, 2011a, 2011b, and 2012). 

11.2 Construction Considerations that Influence Design 

Although oversized materials were not encountered within borings performed within the 
existing fill embankments for this project, it is anticipated that they could potentially be 
encountered within localized areas. If such oversized materials are encountered during 
CIDH pile installation, the CH2M HILL geotechnical engineer of record should be contacted 
to provide the appropriate mitigation measures. The mitigation measures could include, but 
are not limited to, increase in diameter of drilled hole to allow excavation of oversized 
material, the use of cutting bits to penetrate oversized material, or alternate foundation 
systems such as trench footings with a moment slab. If shaft sizes are increased to allow 
excavation of oversized material, they shall subsequently be backfilled with a slurry-cement 
mix and redrilled to the specified diameters. 

No other construction considerations significantly influence the design of the items included 
in the scope of this report. 

11.3 Construction Considerations that Influence Specifications 

Excavation and construction of CIDH piles should be performed in accordance with 
Caltrans Standard Specifications Section 49 (Caltrans, 2010d). Construction of the CIDH piles 
should be observed on a full-time basis by a qualified inspector. We recommend following 
the guidelines presented in the Association of Drilled Shaft Contractors – International 
Association of Foundation Drilling’s (ADSC-IAFD’s) Drilled Shaft Inspector’s Manual (ADSC-
IAFD, 1989) for defining a “qualified inspector” and outlining recommended inspection 
procedures.  

As stated in Section 11.2, it is anticipated that some cobbles and/or construction debris may 
be encountered in localized areas during CIDH pile installations for sound walls and signs.  

No other construction considerations significantly influence the specifications of the items 
included in the scope of this report. 
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11.4 Construction Monitoring and Instrumentation 

As discussed in Sections 8.2 and 8.3, only minor excavation and sliver fills are proposed for 
the construction of the soundwalls and retaining walls. The addition of sliver fills and 
foundation loading at the bridge abutments does not adversely affect the global stability of 
the abutment fills. Additionally, fill-induced settlement is anticipated to occur during 
construction, and to be less than 1 inch. Therefore, no monitoring instrumentation is 
recommended. 

11.5 Hazardous Waste Considerations 

Evaluating the presence and level of hazardous materials is beyond CH2M HILL’s scope of 
work and therefore is not addressed in this report. CH2M HILL has assumed that no 
hazardous or contaminated materials exist within the project site. Therefore, no hazardous 
waste considerations are provided. If, for any reason, hazardous or toxic materials are 
believed to be present within the project area, an environmental consultant should be 
retained. Storage, transport, and disposal of hazardous materials should be performed in 
accordance with all applicable federal, state, and local requirements. 

11.6 Differing Site Conditions 

The analyses and recommendations contained in this report are based on the data obtained 
from the review of available geologic references, as-built logs, our site reconnaissance, soil 
borings, and laboratory testing. The soil boring logs indicate subsurface conditions only at 
specific locations and times drilled, and only to the depths penetrated. The logs do not 
necessarily reflect subsurface variations that could exist between such locations. If variations 
in subsurface conditions from those described in this report are noted during construction, 
the recommendations presented in this report must be re-evaluated. In the event that any 
changes in the nature, design, or location of the proposed facilities occur, the conclusions 
and recommendations of this report should not be considered valid unless the changes are 
reviewed and verified in writing by the designer. Therefore, upon encountering any site 
conditions that are perceived to differ materially from those conditions anticipated in this 
report, the resident engineer should contact the project geotechnical designer immediately. 

11.7 Site Preparation 

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2010d). 

Site preparation for the proposed NB widening will include the removal of surface 
vegetation, organic soil, and any trash or debris in the areas where structure foundations 
will be located. Loose, soft, or wet material also should be removed and replaced with 
competent backfill. Removed material should not be used as structure backfill and should 
be disposed of offsite. Existing utilities, drainage structures, and other existing structures 
may also need to be removed or protected prior to the construction. 
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11.8 Temporary Cuts  

Excavation of the temporary cut slopes greater than 5 feet in height should be no steeper 
than a gradient of 1:1 (H:V) or as the field conditions dictate to provide safe and stable 
slopes. All temporary excavations should be performed in accordance with the safety 
requirements of California Occupational Safety and Health Administration (Cal-OSHA). 
Shoring, if required, may be designed in accordance with methods presented in the Caltrans 
Trenching and Shoring Manual (Caltrans, 2000). It is the responsibility of the contractor to 
provide stable excavation for the temporary cuts within the project limits. 

11.9 Earthwork 

Earthwork should be performed in accordance with Caltrans Standard Specifications, 
Section 19 (Caltrans, 2010d). Backfill soil surrounding and above footings, behind walls, and 
beneath footings should be placed and compacted in accordance with Section 19 of the 
Caltrans Standard Specifications (Caltrans, 2010d).  

The material placed immediately behind the retaining walls shall consist of low-expansion 
material with an EI less than 50 as determined in accordance with ASTM D4829. 
Specifications for the structural backfill material should conform to Section 19 of Caltrans 
Standard Specifications (Caltrans, 2010d). The geotechnical engineer should approve all 
imported materials prior to placement.  

If unsuitable material is encountered within the retaining wall footing subgrades (soft 
material, organic material, construction debris, or oversized materials such as cobbles), the 
material shall be over-excavated to a minimum depth of 2 feet or until it is completely 
removed and the subgrade is firm and unyielding, whichever is less. Generally, the lateral 
extent of the over-excavation should be equal to the depth of the over-excavation. Either 
native granular material or imported granular material could be used as backfill such that it 
is free of organics, debris, oversized material, has an EI less than 50 as determined in 
accordance with ASTM D4829, is noncorrosive, and meets the requirements of structural 
backfill per Section 19 of Caltrans Standard Specifications (Caltrans, 2010d). The over-
excavation backfill should be placed in thin, loose lifts; moisture conditioned as necessary to 
near-optimum moisture content; and compacted to a minimum 95 percent relative 
compaction as determined by Section 19 of the Caltrans Standard Specifications (Caltrans, 
2010d).  

Native onsite granular material can be used for placement as compacted roadway and 
embankment fill. However, it should be free of organic material, debris, and oversized 
material. All roadway and embankment fill should be placed in thin, loose lifts; moisture-
conditioned, as necessary, to near-optimum moisture content; and compacted to a minimum 
95 percent relative compaction as determined by Section 19 of the Caltrans Standard 
Specifications (Caltrans, 2010d).  

Oversized materials defined as rock or other irreducible materials with a maximum 
dimension greater than 12 inches. Oversized material should not be buried or placed in fills 
unless the geotechnical engineer specifically approves the location of materials and disposal 
methods. Oversized material should be taken offsite or placed in accordance with 



11.0  CONSTRUCTION CONSIDERATION 

TBG101011023944SCO/REVISED_FINAL-101_23_GDR.DOCX/121350003 11-4  

recommendations of the geotechnical engineer in areas designated as suitable for rock 
disposal. Oversized material should not be placed within 10 feet vertically of finished grade 
or within 20 feet horizontally of slope faces. To facilitate future trenching, rock should not 
be placed within the range of foundation excavations, future utilities, or underground 
construction unless specifically approved by the geotechnical engineer. 

11.10 Dewatering 

As discussed in Section 7.3.2, the groundwater table was encountered in four of the as-built 
borings performed—two for the Hampshire Road UC and two for the Moorpark Road UC. 
It was encountered in 10 of the CH2M HILL’s borings. DWR monitoring well data indicate 
that the groundwater table ranges from 16 to 40 feet bgs within the project limits. However, 
the CGS historically high groundwater level within the project limits ranges from 10 to 30 
feet bgs. Even considering the historically high groundwater table, dewatering is not 
anticipated to be required for the construction of the retaining walls or soundwalls, as the 
pile cut-off elevations are all above the historically high level.  

11.11 Geotechnical Observation 

Variations in soil and geologic conditions may be encountered during construction. To 
permit correlation between the exploration data and the actual conditions encountered 
during construction, it is recommended that a qualified representative of the CH2M HILL 
geotechnical engineer of record perform observation during the following stages of 
construction: 

• CIDH pile installation 

• Preparation of retaining wall footing subgrades 

• Grading operations, including excavations and fill placement 

• When any unusual conditions are encountered 
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12.0 Recommendations and Specifications 

Following are recommendations developed for the components of the Route 101/SR 23 
Interchange Improvements project. If designers have questions relating to, or conflicts with, 
these recommendations, or if variations in subsurface conditions from those described in 
this report are noted during construction, the project geotechnical designer should be 
contacted. If such variations exist, the recommendations presented in this report must be 
re-evaluated. 

• The design PGA within the project limits ranges from 0.48 to 0.53g with a MMax of 7.0. 

• The standard plan soundwalls shall be supported by CIDH piles as presented in the 
Caltrans Standard Plans B15-6 through 8 and 15 (Caltrans, 2010c).  

• Excavation and construction of CIDH piles shall be performed in accordance with 
Caltrans Standard Specifications, Section 49 (Caltrans, 2010d). Construction of the CIDH 
piles shall be observed on a full-time basis by a qualified inspector. 

• The Caltrans Types 1SWB and 5SWB retaining walls shall be designed per Caltrans 
Standard Drawing xs14-220 and xs14-350, respectively (Caltrans, 2011a and 2011b).  

• Type IP Modified cement or Type II Modified cement shall be used for all concrete 
structures. 

• If unsuitable material is encountered within the retaining wall footing subgrades 
(expansive soil, soft material, organic material, construction debris, or oversized 
materials such as cobbles), the material shall be over-excavated to a minimum depth of 
2 feet or until it is completely removed and the subgrade is firm and unyielding, 
whichever is less. Generally, the lateral extent of the over-excavation should be equal to 
the depth of the over-excavation. Either native granular material or imported granular 
material could be used as backfill such that it is free of organics, debris, oversized 
material, has an EI less than 50 as determined in accordance with ASTM D4829, is non-
corrosive, and meets the requirements of structural backfill per Section 19 of Caltrans 
Standard Specifications (Caltrans, 2010d). The overexcavation backfill should be placed in 
thin, loose lifts; moisture conditioned as necessary to near-optimum moisture content; 
and compacted to a minimum 95 percent relative compaction as determined by Section 
19 of the Caltrans Standard Specifications (Caltrans, 2010d).  

• In the isolated rectangular area, from Route 101 Mainline Station 105+50/Offset 65 to 
105 feet (right) to Station 108+50/Offset 65 to 100 feet (right), the top 5 feet of existing 
embankment materials shall be removed and replaced with import materials having EI 
less than 50, PI less than 12, R-value greater than 15, and non-corrosive as pavement 
subgrade materials and compacted per Caltrans Standard Specifications prior to pavement 
construction.        

• Other than the isolated area indicated above, for any other portion of pavement that will 
be constructed on the top of the existing embankment, scarification of the top 6 inches of 
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subgrade and re-compacted to 95 percent relative compaction shall be performed on the 
exposed subgrade in accordance with Caltrans Standard Specification for subgrade 
preparation.    

• For any portion of pavement that will be constructed on top of new embankment fills, 
the onsite excavated materials are not recommended for reuse as pavement subgrade 
within 4 feet from the finished subgrade, and import fills with EI less than 50, PI less 
than 12, R-value greater than 15, and non-corrosive to concrete and compacted per 
Caltrans Standard Specifications shall be used as pavement subgrade. 

• Specifications for the structural backfill material shall conform to Section 19 of Caltrans 
Standard Specifications (Caltrans, 2010d). The geotechnical engineer should approve all 
imported materials prior to placement.  

• All earthwork shall be performed in accordance with Caltrans Standard Specifications 
(Caltrans, 2010d) except as indicated in the Special Provisions prepared for the project 
improvements. 

• Site clearing and grubbing shall be performed in accordance with Section 16 of Caltrans 
Standard Specifications (Caltrans, 2010d) 

• Compressible surficial materials including topsoil, loose alluvium, and unsuitable fill 
shall be completely removed prior to fill placement. Geotechnical personnel in the field 
during construction shall determine the actual depth and extent of removals. In areas 
where fill will be placed, the ground surface should be observed to be firm and 
unyielding prior to fill placement. 

• Where additional fill is to be placed on existing fill, the loose surficial fill materials 
should be removed to expose firm and unyielding ground. The existing fill surface 
should then be scarified, moisture conditioned, and recompacted in place prior to 
placement of additional fill. 

• The proposed additional fills and sliver fills shall be keyed into the existing 
embankments and placed as specified in Section 19 of Caltrans Standard Specifications 
(Caltrans, 2010d). 

• Over-excavation should be observed by qualified geotechnical personnel to verify that 
the bottom is firm and unyielding prior to placement of compacted fill. Over-excavated 
areas should be cleaned of any loose soils and debris before receiving fill. 

• For new roadways and shoulders, upon completion of the over-excavation, the exposed 
over-excavation bottom should be scarified to a minimum depth of 8 inches, moisture-
conditioned to near optimum moisture content, and compacted in place to 95 percent 
relative compaction per ASTM D1557. Finished subgrade shall be reestablished by 
properly placing remedial fill in loose lifts not exceeding 8 inches in height and 
compacted to at least 95 percent relative compaction. 

• Any temporary sloping, sheeting, or shoring shall be the responsibility of the contractor 
and should be in accordance with Caltrans guidelines. 
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• Estimates of shrinkage and bulking factors are provided for planning and estimating 
purposes. A shrinkage factor of 5 to 10 percent for granular sandy soils and 10 to 
15 percent for clayey and silty soils shall be used from truck-soil volume to compacted-
in-place volume. A bulking factor of 10 to 15 percent for granular sandy soils and 10 to 
20 percent for clayey and silty soils shall be used for hauling purpose.  

• To minimize potential erosion, all finished slopes or slopes denuded by the construction 
should be planted as soon as practical after grading. Local areas may require additional 
erosion control measures at the discretion of the geotechnical personnel. 

• Dewatering the site and controlling surface water shall be the responsibility of the 
contractor during construction. Free water shall not be allowed to stand in any 
excavations. If excavations become flooded, at least the bottom 6 inches of soil shall be 
removed and replaced or recompacted to 95 percent relative compaction. Additional 
removals may be required at the discretion of the project geotechnical personnel. 

• Construction debris from the demolition of the existing pavement removals shall be 
recycled wherever possible as aggregate and roadway base. The debris shall be tested to 
ensure that it meets all applicable Caltrans criteria before being used for these purposes. 

• The following culvert material criteria are recommended: 

– Type IP (MS) Modified cement or Type II Modified cement is suitable for concrete. 

– Standard RCP design should be suitable for the soils tested. Caltrans Standard 
Specifications (2010d), Section 90 shall be used in construction of all concrete 
structures or pipes. 

– CAP and CASP are not recommended due to corrosion concerns. 

– Plastic pipe may be used for 50-year service life. However, abrasion must be 
evaluated by a civil engineer. Concrete headwalls and concrete or metal end 
treatments are recommended in areas where high fire potential exists. 
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Appendix C 
CH2M HILL Boring Logs and CPT Logs 
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SANDY lean CLAY (CL); stiff; brown; moist; medium
plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; olive
brown; moist; some angular GRAVEL; fine SAND; some
medium plasticity fines [RECENT ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

CLAYEY SAND (SC); medium dense; grayish green;
moist; fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; wet; some GRAVEL; medium to fine SAND; some
medium plasticity fines.

SANDY lean CLAY (CL); stiff; pale olive; wet; fine SAND;
PP=1.5 tsf.

PP=2.0 tsf; UU=1.3 tsf.
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Brown; PP=1.5 - 2.0 tsf.
SANDY lean CLAY (CL) (continued).

Medium stiff; PP=0.75 - 1.0 tsf.

Stiff; PP=2.0 tsf.

CLAYEY GRAVEL (GC); very dense; brown; wet; coarse
to fine, angular GRAVEL; few medium plasticity fines
[OLDER ALLUVIUM].

Gray.

SILTY SAND (SM); very dense; gray; wet; few GRAVEL;
coarse to fine SAND; little low plasticity fines.
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SILTY SAND (SM) (continued).

Borehole terminated at 86' due to human error.
Bottom of borehole at 86.0 ft bgs

0S19 No Sample Recovery.
Lost the sampler in the hole.
Refusal due to the lost sampler.
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ASPHALT Pavement 7"; Base 10".

SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; medium to fine SAND; little fines [FILL].
Fat CLAY (CH); very stiff; dark gray; moist; trace
GRAVEL; trace cobbles.

PP=3.25 - 3.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; little GRAVEL; coarse to fine SAND; some
medium plasticity fines; lean clay interbed [RECENT
ALLUVIUM].

Lean CLAY with SAND (CL); medium stiff; grayish brown;
moist; little fine SAND; medium plasticity fines.

Very stiff; PP=3.5 - 4.0 tsf.
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PP =
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
896.7 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
1-19-11

COMPLETION DATE
1-20-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1883974.0 ft / 6308272.0 ft

HOLE ID

R-11-002
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.8 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
108.40' Rt  Sta 96+77.9
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SILT with SAND (ML); stiff; grayish brown; moist; fine
SAND; PP=1.5 tsf.

Very stiff; PP=2.0 - 2.25 tsf; UU=2.5 tsf.

Stiff; PP=1.5-1.75 tsf.

Lean CLAY with SAND (CL); stiff to very stiff; grayish
brown; moist; trace GRAVEL; fine SAND; medium
plasticity fines.

Very stiff; PP=2.25 tsf.

Lean CLAY (CL); hard; dark gray; moist; low  to medium
plasticity fines; little SHALE fragments [OLDER
ALLUVIUM].

CLAYEY GRAVEL (GC); very dense; dark gray; wet;
coarse to fine GRAVEL; little medium plasticity fines.

SEDIMENTARY ROCK (SANDSTONE), fine sand  silt,
thinly bedded, dark gray, slightly weathered, hard
[CALABASAS FORMATION].
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SEDIMENTARY ROCK (Sandstone) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 70.8 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; some
coarse to fine GRAVEL; fine SAND; some low plasticity
fines; trace mica [FILL].

Medium dense.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
some coarse to fine GRAVEL; trace fine SAND; low
plasticity fines.

PP=4.0 tsf.

SILTY GRAVEL with SAND (GM); very dense; olive;
moist; some SAND; little low plasticity fines.

Dense.

SILTY CLAY (CL-ML); very stiff; dark olive brown; moist;
few coarse to fine GRAVEL; little fine SAND; low plasticity
fines.

PP=2.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; brown;
moist; little GRAVEL; fine SAND; low plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
60.0 ft Not Measured

SURFACE ELEVATION
922.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
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COMPLETION DATE
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LOGGED BY
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BOREHOLE LOCATION (Lat/Long or North/East and Datum)
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HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
87.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
72.40' Rt  Sta 97+68.6
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SANDY lean CLAY with GRAVEL (CL) (continued).

SILTY CLAY (CL-ML); hard; brown; moist; few fine
GRAVEL; few fine SAND; low  to medium plasticity fines
[RECENT ALLUVIUM].

PP=4.0 tsf.

Fat CLAY (CH); hard; dark olive brown; moist; little fine
SAND.

Trace fine SAND.

SANDY lean CLAY (CL); hard; olive brown; little fine
GRAVEL; fine SAND; low plasticity fines.

PP=4.0 tsf; UU=2.9 tsf.

Olive; few fine SAND.

Gray; PP=4.5 tsf.

Fat CLAY with SAND (CH); very stiff; olive brown; moist;
little fine SAND; high plasticity fines.
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Fat CLAY with SAND (CH) (continued).

Lean CLAY with GRAVEL (CL); hard; gray; wet; little
GRAVEL; few fine SAND; medium plasticity fines.

PP=4.0 tsf.

SILTY SAND (SM); very dense; light olive gray; wet; few
GRAVEL; fine SAND; some low plasticity fines;
micaceous.

Lean CLAY (CL); very stiff; gray; wet; few fine SAND;
medium to high plasticity fines.

PP=3.0 tsf.

SILTY CLAY (CL-ML); very stiff; light gray; wet; few fine
SAND; medium to high plasticity fines.

Poorly graded SAND with GRAVEL (SP); very dense;
gray; wet; little GRAVEL; coarse to medium SAND; few
low plasticity fines [OLDER ALLUVIUM].

SEDIMENTARY ROCK (CLAYSTONE), Sandy, dark
gray, intensely weathered, soft, wet; micaceous.
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SEDIMENTARY ROCK (Claystone) (continued).

Refusal at 87'. Terminated due to auger refusal.
Bottom of borehole at 87.0 ft bgs

S18 50/3"
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILTY CLAY (CL-ML); olive brown; moist; few
GRAVEL; some fine SAND; low plasticity fines [FILL].

Medium stiff.

SANDY lean CLAY with GRAVEL (CL); stiff; dark brown;
moist; trace fine GRAVEL; some fine SAND.

Very stiff.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some medium plasticity fines [OLDER
ALLUVIUM].
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Medium dense.
CLAYEY SAND with GRAVEL (SC) (continued).

Very dense.

SILTY SAND with GRAVEL (SM); dense; light brown;
moist; some GRAVEL; coarse to fine SAND; little low
plasticity fines.

Very dense.

Dense.

SANDY lean CLAY (CL); hard; olive brown; moist; few
GRAVEL; some fine SAND; mostly low plasticity fines;
micaceous.
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Trace fine GRAVEL.
SANDY lean CLAY (CL) (continued).

Few large embedded gravel.

SANDY lean CLAY (CL); very stiff; olive brown; wet; trace
GRAVEL; fine SAND; medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense; grayish
brown; moist; some GRAVEL; coarse to fine SAND; some
medium plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 70.5 ft bgs
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ASPHALT Pavement 9"; Base 12".

CLAYEY SAND with GRAVEL (SC); brown; moist; some
angular GRAVEL; coarse to fine SAND; little fines
[OLDER ALLUVIUM].

Dense.

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
1-18-11

COMPLETION DATE
1-19-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1886050.0 ft / 6305751.0 ft

HOLE ID

R-11-005
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
6 in

SURFACE ELEVATION
873.5 ft

DURING DRILLING
Not Measured

AFTER DRILLING (DATE)

BOREHOLE LOCATION (Offset, Station, Line)
128.9' Rt  Sta  128+44.0

R
ec

ov
er

y 
(%

)

S
am

pl
e 

Lo
ca

tio
n

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-18-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER
52-0274

Department of Transportation
Division of Engineering Services
Geotechnical Services
Office of Geotechnical Design - West

HOLE ID
R-11-005

EA
07-195201

REPORT TITLE
BORING RECORD

DIST.
07

COUNTY
Ventura

ROUTE
101

POSTMILE
R0.1/R4.5

(continued)

SHEET
1  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

B
lo

w
s 

pe
r f

oo
t

E
LE

V
A

TI
O

N
 (f

t)

871.50

869.50

867.50

865.50

863.50

861.50

859.50

857.50

855.50

853.50

851.50

849.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

DESCRIPTION

M
at

er
ia

l
G

ra
ph

ic
s

C
A

LT
R

A
N

S
 B

O
R

IN
G

 R
E

C
O

R
D

 M
E

T+
E

N
G

 F
IX

E
D

  T
H

O
U

S
A

N
D

 O
A

K
S

 - 
R

T.
 1

01
-2

3 
IN

TE
R

C
H

A
N

G
E

 IM
P

R
O

V
E

M
E

N
TS

.G
P

J 
 C

A
LT

R
A

N
S

 L
IB

R
A

R
Y

 0
40

80
8.

G
LB

  3
/2

9/
11

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



35

70

50

100

S06

S07

S08

S09

S10

S11

11

24

20

PI

15
26
32

20
41
54

15
34
45

14
27
38

22
22
21

40
41
42

58

95

79

65

43

83

121

100

101

PP =
>4.5

PP =
>4.5

CLAYEY GRAVEL (GC); very dense; reddish brown;
moist; coarse to fine, angular GRAVEL; some CLAY.

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
CLAY.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
CLAY.

GRAVELLY lean CLAY (CL); hard; grayish brown; moist;
some subrounded GRAVEL; medium plasticity fines;
PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 5" (Shoulder).
SILTY SAND with GRAVEL (SM); dense; brown; moist;
few GRAVEL; coarse to fine SAND; some low plasticity
fines [FILL].

SANDY lean CLAY with GRAVEL (CL); hard; dark brown;
moist; little GRAVEL; some SAND; medium plasticity fines
[OLDER ALLUVIUM].

PP>4.5 tsf.

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings
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SURFACE ELEVATION
896.2 ft

DURING DRILLING
Not Encountered

AFTER DRILLING (DATE)

BOREHOLE LOCATION (Offset, Station, Line)
83.8' Rt  Sta  130+19.8
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SANDY lean CLAY with GRAVEL (CL) (continued).

Yellowish brown.

PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish
brown; moist; little GRAVEL; coarse to fine SAND; some
fines.
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CLAYEY SAND with GRAVEL (SC) (continued).

SANDY lean CLAY (CL); hard; brown; moist; medium to
fine SAND; medium plasticity fines.
PP>4.5 tsf.

Lean CLAY (CL); very stiff; grayish brown; moist; medium
plasticity fines.
PP=3.0 - 3.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish
brown; moist; little GRAVEL; coarse to fine SAND; some
fines.

Borehole terminated at planned depth.
Bottom of borehole at 70.2 ft bgs
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ASPHALT Pavement 8".
SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; coarse to fine SAND; some fines [FILL].

Dense.

Medium dense.

CLAYEY SAND with GRAVEL (SC); dense; dark gray;
moist; little GRAVEL; coarse to fine SAND; some fines.

Medium dense.

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
2-2-11
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2-4-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888117.0 ft / 6296655.0 ft

HOLE ID

R-11-007
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WDC Exploration & Wells
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
91.4 ft

BOREHOLE DIAMETER
6 in

SURFACE ELEVATION
748.1 ft

DURING DRILLING
Not Measured

AFTER DRILLING (DATE)

BOREHOLE LOCATION (Offset, Station, Line)
46.7' Rt  Sta  224+49.5
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SANDY lean CLAY (CL); very stiff; dark brown; moist; few
fine SAND [RECENT ALLUVIUM].
PP=2.25 - 2.5 tsf; UU=2.6 tsf.

PP=2.0 tsf.

CLAYEY SAND (SC); medium dense; brown; moist; few
GRAVEL; coarse to fine SAND; some fines; PP=1.0 tsf.
Lean CLAY (CL); medium stiff; dark brown; moist.

SANDY lean CLAY (CL); soft; dark brown; wet; trace
GRAVEL; fine SAND; PP=0.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; wet; little GRAVEL; coarse to fine SAND; some
fines.

SANDY lean CLAY (CL); soft; brown; wet; trace GRAVEL;
coarse to fine SAND.
PP=0.5 tsf.
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SANDY lean CLAY (CL) (continued).

Medium stiff; gray; UU=0.9 tsf.

CLAYEY GRAVEL with SAND (GC); very dense; gray;
wet; some coarse to fine SAND; little medium plasticity
fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish
brown; wet; some GRAVEL; coarse to fine SAND; some
fines [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 91.4 ft bgs
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ASPHALT Pavement 9"; Base 6".

SILTY CLAY (CL-ML); dark brown; moist; low plasticity
fines [FILL].

CLAYEY SAND (SC); medium dense; grayish brown;
moist; few GRAVEL; coarse to fine SAND; some medium
plasticity fines; occasional clay interbeds [RECENT
ALLUVIUM].

SANDY lean CLAY (CL); medium stiff; dark brown; moist;
few GRAVEL; coarse to fine SAND; medium plasticity
fines.

CLAYEY SAND with GRAVEL (SC); loose; brown; wet;
little GRAVEL; coarse to fine SAND; little medium
plasticity fines.

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
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LOGGED BY
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BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888138.0 ft / 6296594.0 ft

HOLE ID

R-11-008
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WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
80.3 ft

BOREHOLE DIAMETER
6 in

SURFACE ELEVATION
722.9 ft
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SILTY SAND with GRAVEL (SM); medium dense; dark
brown; moist; some GRAVEL; coarse to fine SAND; little
low plasticity fines.

SANDY SILT (ML); loose; dark gray; moist; fine SAND.

SILTY SAND (SM); medium dense; dark brown; moist;
few GRAVEL; coarse to fine SAND; some low plasticity
fines.

CLAYEY GRAVEL (GC); very dense; reddish brown; wet;
coarse to fine GRAVEL; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; moist;
little coarse to fine, angular GRAVEL; coarse to fine
SAND; some medium plasticity fines; purple, green and
gray; few COBBLES; intact mixture [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 80.3 ft bgs
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ASPHALT Pavement 6", Base 12".

Poorly graded SAND with SILT (SP-SM); brown; moist;
fine GRAVEL; medium to fine SAND; low plasticity fines
[FILL].

SANDY lean CLAY (CL); very stiff; dark gray; moist; trace
GRAVEL; some coarse to fine SAND; PP=2.0 tsf
[RECENT ALLUVIUM].

SILTY SAND (SM); medium dense; dark gray; moist;
trace GRAVEL; coarse to fine SAND; some fines.

SANDY lean CLAY (CL); medium stiff; brown; wet; few
GRAVEL; some coarse to fine SAND; medium plasticity
fines.

PP=0.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense; wet;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
1-13-11

COMPLETION DATE
1-15-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888141.0 ft / 6296547.0 ft
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
80.3 ft

BOREHOLE DIAMETER
5.5 in

SURFACE ELEVATION
723.5 ft

DURING DRILLING
Not Measured

AFTER DRILLING (DATE)

BOREHOLE LOCATION (Offset, Station, Line)
60.5' Rt  Sta  225+59.3
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SILTY SAND with GRAVEL (SM); medium dense; wet;
some GRAVEL; coarse to fine SAND; little low plasticity
fines.

CLAYEY SAND (SC); medium dense; dark gray; wet; fine
SAND; some medium plasticity fines; trace micaceous.

Well-graded SAND with SILT and GRAVEL (SW-SM);
dense; gray; wet; some GRAVEL; few low plasticity fines.

Poorly graded GRAVEL (GP); very dense; gray; wet;
coarse to fine GRAVEL; few coarse to fine SAND; trace
fines.

CLAYEY SAND with GRAVEL (SC); olive gray; moist;
some GRAVEL; coarse to fine SAND; some medium
plasticity fines [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 80.3 ft bgs

R
ec

ov
er

y 
(%

)

S
am

pl
e 

Lo
ca

tio
n

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
Karthik R.

DATE
1-13-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER
52-0237

Department of Transportation
Division of Engineering Services
Geotechnical Services
Office of Geotechnical Design - West

HOLE ID
R-11-009

EA
07-195201

REPORT TITLE
BORING RECORD

DIST.
07

COUNTY
Ventura

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
3  of  3

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

B
lo

w
s 

pe
r f

oo
t

E
LE

V
A

TI
O

N
 (f

t)

667.50

665.50

663.50

661.50

659.50

657.50

655.50

653.50

651.50

649.50

647.50

645.50

643.50

641.50

639.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

DESCRIPTION
M

at
er

ia
l

G
ra

ph
ic

s

C
A

LT
R

A
N

S
 B

O
R

IN
G

 R
E

C
O

R
D

 M
E

T+
E

N
G

 F
IX

E
D

  T
H

O
U

S
A

N
D

 O
A

K
S

 - 
R

T.
 1

01
-2

3 
IN

TE
R

C
H

A
N

G
E

 IM
P

R
O

V
E

M
E

N
TS

.G
P

J 
 C

A
LT

R
A

N
S

 L
IB

R
A

R
Y

 0
40

80
8.

G
LB

  3
/2

9/
11

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85



30

50

30

30

B01

S02

S03

S04

S05

8

9

PA

6
12
19

15
35
38

7
9
13

10
11
10

31

73

22

21

121

114

ASPHALT Pavement 8"; Base (Gravel) 16".

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines [FILL].

Very dense; encountered large GRAVEL and COBBLES.

Medium dense.

SANDY lean CLAY (CL); stiff; dark gray; moist; few
GRAVEL; some coarse to fine SAND; medium plasticity

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill
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AFTER DRILLING (DATE)

BOREHOLE LOCATION (Offset, Station, Line)
49.6' Rt  Sta  226+46.4
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fines [RECENT ALLUVIUM].
SANDY lean CLAY (CL) (continued).

SANDY lean CLAY (CL); very soft; dark gray; moist; trace
GRAVEL; some coarse to fine SAND; medium plasticity
fines.

SILTY SAND with GRAVEL (SM); gray; wet; little fine
GRAVEL; coarse to fine SAND; little low plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; wet;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.

SANDY lean CLAY (CL); stiff; dark gray; wet; some fine
SAND; medium plasticity fines.
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SANDY lean CLAY (CL) (continued).

SILTY SAND (SM); dense; brown; wet; few coarse to fine
GRAVEL; mostly fine SAND; some low plasticity fines.

Little fine GRAVEL.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
very dense; brown; wet; mostly coarse GRAVEL; some
fine SAND; few low plasticity fines.

CLAYEY SAND (SC); very dense; dark gray; wet; few
GRAVEL; coarse to fine SAND; some medium plasticity
fines [OLDER ALLUVIUM].
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CLAYEY SAND (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 96.5 ft bgs
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ASPHALT Pavement 6".
SILTY SAND with GRAVEL (SM); brown; moist; few
GRAVEL; coarse to fine SAND; little fines [FILL].

CLAYEY SAND with GRAVEL (SC); medium dense; dark
brown; moist; little GRAVEL; coarse to fine SAND; some
fines.

Dense.

Lean CLAY (CL); very stiff; very dark brown; moist;
medium plasticity fines [RECENT ALLUVIUM].

PP=3.25 tsf.

PP=3.75 tsf; UU=3.7 tsf.

DRILLING METHOD
Hollow-Stem Auger
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97.2' Rt  Sta  92+03.3
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Groundwater at 33'.

No sample recovery.

Sample No. S11 includes SP
sample (small amount) in a
separate bag.
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Lean CLAY (CL) (continued).

SANDY lean CLAY (CL); hard; grayish brown; moist; trace
fine GRAVEL; fine SAND; medium plasticity fines; PP>4.5
tsf.

Poorly graded SAND (SP); loose; grayish brown; wet;
coarse to fine SAND.

Lean CLAY (CL); hard; grayish brown; wet; medium
plasticity fines; PP>4.5 tsf.

Lean CLAY with SAND (CL); very stiff; grayish brown;
wet; trace coarse GRAVEL; medium plasticity fines;
occasional gravelly layer interbedded; PP=3.25 tsf.

Lean CLAY (CL); very stiff; brown; wet; medium plasticity
fines.

PP=2.5 - 2.75 tsf.

SILTY CLAY (CL-ML); hard; grayish brown; wet; low
plasticity fines.

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 3".
CONCRETE Base 7".
CLAYEY SAND with GRAVEL (SC); dark brown to brown;
moist; little coarse GRAVEL; coarse to fine SAND; some
fines [FILL].

GRAVELLY lean CLAY (CL); stiff; dark brown; moist; little
coarse GRAVEL; medium plasticity fines; PP=1.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; very
dark gray; moist; little GRAVEL; coarse to fine SAND;
medium plasticity fines [RECENT ALLUVIUM].

PP=4.0 tsf; UU=4.4 tsf.

Hard; PP>4.5 tsf.
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Grayish brown; PP>4.5 tsf.
SANDY lean CLAY with GRAVEL (CL) (continued).

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little fine
GRAVEL; mostly fine SAND; some low plasticity fines
[FILL].

Medium dense.

Dense.

SILTY SAND (SM); medium dense; brown; few GRAVEL;
fine SAND; some low plasticity fines [FILL].

With large GRAVEL (>1.5").

GRAVELLY fat CLAY with SAND (CH); stiff; dark brown;
moist; some GRAVEL; little fine SAND.

SANDY SILT (ML); very stiff; brown; moist; trace
GRAVEL; some fine SAND; low plasticity fines; trace clay;
micaceous.
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SANDY SILT (ML) (continued).

CLAYEY SAND (SC); dense; olive brown; moist; trace
GRAVEL; mostly fine SAND; some medium plasticity
fines.

SILT (ML); very stiff; brown; moist; trace GRAVEL; few
fine SAND; low plasticity fines.

Hard; PP>4.5 tsf.

SANDY elastic SILT (MH); stiff; olive brown; wet; fine
SAND; high plasticity fines; micaceous.

Lean CLAY (CL); hard; brown; wet; few fine SAND;
medium plasticity fines; micaceous.

PP=4.0 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 4"; Base (Gravel) 20".

SANDY SILT with GRAVEL (ML); brown; moist; little fine
GRAVEL; fine SAND; low plasticity fines [FILL].

Very stiff.

SILTY CLAY with SAND (CL-ML); hard; brown; moist;
little GRAVEL; little fine SAND; low  to medium plasticity
fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some medium plasticity fines.

SILTY SAND (SM); very dense; brown; moist; trace
GRAVEL; fine SAND; some low plasticity fines.

SANDY lean CLAY (CL); hard; yellowish brown; moist;
few fine GRAVEL; fine SAND; medium plasticity fines.
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PP>4.5 tsf.
SANDY lean CLAY (CL) (continued).

SILTY SAND (SM); dense; brown; moist; medium to fine
SAND; some low plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 4".
Lean CLAY with GRAVEL (CL); pale brown; moist; few
coarse to fine GRAVEL; medium plasticity fines; trace
ASPHALT fragments [FILL].

PP>4.5 tsf.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines [RECENT ALLUVIUM].

GRAVELLY lean CLAY (CL); hard; yellowish brown;
moist; little coarse to fine, angular GRAVEL; medium
plasticity fines.
PP>4.5 tsf.

CLAYEY GRAVEL (GC); very dense; light brown; moist;
coarse to fine, angular GRAVEL; some CLAY; few
COBBLES.

SANDY lean CLAY (CL); hard; brown; moist; few fine
GRAVEL; coarse to fine SAND; medium plasticity fines.

PP>4.5 tsf.
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Drilling action indicated gravelly
layers on occasion from 22' - 23.5'.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
915.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
1-27-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1884605.0 ft / 6307461.0 ft

HOLE ID

A-11-015
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
50.8 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
86.30' Rt  Sta 107+05.3
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No sample recovery. Drilling action
and sampling indicated cobble or
boulder in the hole bottom.
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3.25

CLAYEY SAND with GRAVEL (SC); very dense; olive
brown; moist; little angular GRAVEL; coarse to fine SAND;
some medium plasticity fines [OLDER ALLUVIUM].

Lean CLAY with GRAVEL (CL); very stiff; brown; moist;
few GRAVEL; medium plasticity fines.
PP=3.25 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; olive
brown; moist; little angular GRAVEL; coarse to fine SAND;
some medium plasticity fines [OLDER ALLUVIUM].

Borehole terminated at planned depth.
Bottom of borehole at 50.8 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

CLAYEY SAND with GRAVEL (SC); olive yellow; moist;
few fine GRAVEL; fine SAND; some medium plasticity
fines [FILL].

Very stiff.

PP=3.5 tsf; UU=2.5 tsf.

Lean CLAY (CL); medium stiff; grayish brown; few fine
SAND.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some medium plasticity fines.

SANDY lean CLAY (CL); hard; olive yellow; moist; trace
GRAVEL; coarse to fine SAND; medium plasticity fines.
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SANDY lean CLAY (CL) (continued).

PP>4.0 tsf.

SILTY CLAY (CL-ML); hard; brown; moist; trace
GRAVEL; little SAND; low  to medium plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILT (ML); brown; moist; few coarse to fine
GRAVEL; fine SAND; low plasticity fines [FILL].

Hard.

SILTY CLAY (CL-ML); hard; brown; moist; few GRAVEL;
few fine SAND; low  to medium plasticity fines.

PP>4.0 tsf.

SANDY fat CLAY (CH); very stiff; brown; few GRAVEL;
fine SAND.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; little
GRAVEL; few SAND; medium plasticity fines.

PP>4.5 tsf.

SANDY SILT (ML); very stiff; brown; moist; trace fine
GRAVEL; fine SAND; low plasticity fines.
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SANDY SILT (ML) (continued).

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
little GRAVEL; low plasticity fines.

PP>4.0 tsf.

SANDY lean CLAY (CL); very stiff; brown; moist; few
GRAVEL; fine SAND.

SANDY SILT (ML); hard; brown; moist; few GRAVEL; fine
SAND; low plasticity fines.

PP>4.0 tsf.

Hard; olive brown; wet.

Few coarse GRAVEL; becomes multicolored; possible
sandy SILTSTONE.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement (Shoulder) 5".
SILTY SAND (SM); olive brown; moist; coarse to fine
SAND; little fines [FILL].

SILTY CLAY (CL-ML); hard; brown; moist; low plasticity
fines [OLDER ALLUVIUM].

PP>4.5 tsf.

Lean CLAY (CL); hard; brown; moist; trace SAND;
medium plasticity fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.

Fat CLAY (CH); hard; brown; moist; trace SAND.

PP>4.5 tsf.
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Fat CLAY (CH) (continued).

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 6".
CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines [OLDER ALLUVIUM].

Fat CLAY with SAND (CH); hard; brown; moist; trace
GRAVEL; little SAND.

PP>4.5 tsf.

PP>4.5 tsf; UU=4.7 tsf.

PP>4.5 tsf.
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CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some medium plasticity fines.

Refusal at 47'. Terminated due to auger refusal.
Bottom of borehole at 47.0 ft bgs
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ASPHALT Pavement (Shoulder) 6".
CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; few GRAVEL; coarse to fine SAND; some
medium plasticity fines [RECENT ALLUVIUM].

Fat CLAY with GRAVEL (CH); soft; very dark brown;
moist; few GRAVEL.

SILTY GRAVEL with SAND (GM); dense; brown; wet; fine
GRAVEL; little coarse to fine SAND; some low plasticity
fines.

Lean CLAY with GRAVEL (CL); hard; gray; wet; few
GRAVEL; medium plasticity fines; PP>4.5 tsf.
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CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; wet; little GRAVEL; coarse to fine SAND;
some medium plasticity fines [OLDER ALLUVIUM].

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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Top Soil 8"; Base (Gravel) and Top Soil 16".

SANDY SILT (ML); brown; moist; trace fine GRAVEL;
some fine SAND; low plasticity fines [FILL].

Stiff.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; little GRAVEL; fine SAND; some medium
plasticity fines.

SILTY SAND (SM); very dense; brown; moist; trace
GRAVEL; fine SAND; some low plasticity fines.

SANDY lean CLAY with GRAVEL (CL); hard; yellowish
brown; moist; little GRAVEL; coarse to fine SAND;
medium plasticity fines.

PP>4.5 tsf.

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; few fine SAND; low plasticity fines.

PP>4.5 tsf.

Lean CLAY with SAND (CL); hard; brown; moist; trace
fine GRAVEL; little fine SAND.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
919.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.
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Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS
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BOREHOLE DIAMETER
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BOREHOLE LOCATION (Offset, Station, Line)
100.60' Rt  Sta 109+97.8
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Lean CLAY with SAND (CL) (continued).

SILT with GRAVEL (ML); hard; brown; moist; little fine
GRAVEL; few fine SAND; low plasticity fines.

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs

90S06

S07 21

PI6
14
15

18
37

50/5"

99 PP =
>4.5

M
at

er
ia

l
G

ra
ph

ic
s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
Karthik R.

DATE
1-27-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

Department of Transportation
Division of Engineering Services
Geotechnical Services
Office of Geotechnical Design - West

HOLE ID
A-11-021

EA
07-195201

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
2  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

893.40

891.40

889.40

887.40

885.40

883.40

881.40

879.40

877.40

875.40

873.40

871.40

869.40

867.40

865.40

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
_L

IB
R

A
R

Y
_D

E
C

09
.G

LB
  4

/5
/1

1

29

87/11

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



SILTY SAND with GRAVEL (SM); brown; moist; little fine
GRAVEL; coarse to fine SAND; some fines [FILL].

Medium dense.

CLAYEY SAND with GRAVEL (SC); dense; yellowish
brown; moist; little fine GRAVEL; coarse to fine SAND;
some fines [OLDER ALLUVIUM].

Very dense.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
913.3 ft

DRILLING METHOD
Hollow-Stem Auger
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CLAYEY SAND with GRAVEL (SC) (continued).

Dense.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 4".
SILTY SAND (SM); brown; moist; trace fine GRAVEL;
coarse to fine SAND; some fines [FILL].

CLAYEY SAND with GRAVEL (SC); dense; yellowish
brown; moist; some GRAVEL; coarse to fine SAND; little
fines [OLDER ALLUVIUM].

Lean CLAY (CL); hard; very dark brown; moist.

PP=4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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No sample recovery; a piece of rock
in the shoe.

No sample recovery; log based on
cuttings.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
913.8 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
1-27-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
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DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
33.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
84.50' Rt  Sta 115+98.0

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-27-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

Department of Transportation
Division of Engineering Services
Geotechnical Services
Office of Geotechnical Design - West

HOLE ID
A-11-023

EA
07-195201

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

(continued)

SHEET
1  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

911.80

909.80

907.80

905.80

903.80

901.80

899.80

897.80

895.80

893.80

891.80

889.80

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
_L

IB
R

A
R

Y
_D

E
C

09
.G

LB
  4

/5
/1

1

35

31

REF

REF

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



CLAYEY SAND with GRAVEL (SC) (continued).

Refusal at 33'. Terminated due to auger refusal.
Bottom of borehole at 33.0 ft bgs
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No sample recovery.

50/3"

50/3"

M
at

er
ia

l
G

ra
ph

ic
s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-27-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

Department of Transportation
Division of Engineering Services
Geotechnical Services
Office of Geotechnical Design - West

HOLE ID
A-11-023

EA
07-195201

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
2  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

887.80

885.80

883.80

881.80

879.80

877.80

875.80

873.80

871.80

869.80

867.80

865.80

863.80

861.80

859.80

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
_L

IB
R

A
R

Y
_D

E
C

09
.G

LB
  4

/5
/1

1

REF

REF

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



ASPHALT Pavement (Shoulder) 4".
CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines [OLDER ALLUVIUM].

CLAYEY GRAVEL with SAND (GC); dense; moist; some
coarse to fine SAND; little medium plasticity fines.

Lean CLAY (CL); very dark brown; moist; medium
plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
912.0 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-28-11

COMPLETION DATE
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
30.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
84.50' Rt  Sta 119+01.0
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 30.0 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little
coarse to fine GRAVEL; fine SAND; some low plasticity
fines [FILL].

Dense.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
little GRAVEL; few fine SAND; low plasticity fines; PP>4.5
tsf.

SILT (ML); hard; brown; moist; trace GRAVEL; trace fine
SAND; mostly low plasticity fines.

PP>4.5 tsf.

SANDY lean CLAY (CL); hard; yellowish brown; moist;
few fine GRAVEL; medium plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
910.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
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1-27-11
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TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
84.40' Rt  Sta 121+95.6
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SANDY lean CLAY (CL) (continued).

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; little SAND; low plasticity fines.

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel & Top Soil) 16".

SANDY SILT (ML); brown; moist; few coarse to fine
GRAVEL; some fine SAND; low plasticity fines [FILL].

Hard.

CLAYEY SAND with GRAVEL (SC); dense; light olive
brown; moist; little GRAVEL; fine SAND; some medium
plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; few SAND; low plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some low plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
908.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
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LOGGED BY
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75%
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SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
83.90' Rt  Sta 124+88.0
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CLAYEY SAND with GRAVEL (SC) (continued).

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; few fine SAND; low plasticity fines [RECENT
ALLUVIUM].

PP>4.0 tsf.

PP>4.5 tsf.

Olive brown; no GRAVEL.

Little GRAVEL.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILT (ML); brown; moist; few fine GRAVEL;
some fine SAND; low plasticity fines [FILL].

Hard; olive brown.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some medium plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; trace fine SAND; mostly low plasticity fines;
PP>4.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; dark
brown; moist; little fine GRAVEL; medium to fine SAND.

PP=3.0 tsf.

SILTY CLAY with GRAVEL (CL-ML); very stiff; brown;
moist; little fine GRAVEL; few fine SAND; low  to medium
plasticity fines.

SANDY SILT (ML); hard; brown; moist; trace fine
GRAVEL; fine SAND; low plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
887.6 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
1-27-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1886250.0 ft / 6305434.0 ft

HOLE ID

A-11-027
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
83.80' Rt  Sta 133+15.6
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SANDY SILT (ML) (continued).

Little GRAVEL; little SAND.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 5".
SILTY SAND with GRAVEL (SM); brown; moist; coarse to
fine SAND; some fines [FILL].

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
fines [OLDER ALLUVIUM].

Medium dense.

Dense.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
882.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-28-11
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LOGGED BY
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SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
36.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
85.00' Rt  Sta 136+04.0
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Very dense.
CLAYEY SAND with GRAVEL (SC) (continued).

Lean CLAY with GRAVEL (CL); hard; very dark brown;
moist; few coarse to fine GRAVEL.

Dark gray.

Borehole terminated at planned depth.
Bottom of borehole at 36.0 ft bgs
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ASPHALT Pavement (Shoulder) 6".
SILTY GRAVEL (GM); very dense; brown; moist; coarse
to fine GRAVEL; some fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
884.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
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BOREHOLE DIAMETER
8 in
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CLAYEY SAND with GRAVEL (SC) (continued).

SEDIMENTARY ROCK (SANDSTONE), Silty, dark gray,
hard, massive; course to fine SAND; few GRAVEL.

Refusal at 37'. Terminated due to auger refusal.
Bottom of borehole at 37.0 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY GRAVEL with SAND (GM); brown; moist; fine
GRAVEL; some fine SAND; little low plasticity fines
[FILL].

Medium dense.

Very dense.

Auger refusal at 21.5'.
Bottom of borehole at 21.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILTY CLAY (CL-ML); gray; moist; few coarse to
fine GRAVEL; some fine SAND; medium plasticity fines
[FILL].

Very stiff.

SANDY lean CLAY (CL); very stiff; dark olive gray; moist;
fine SAND; medium plasticity fines.

PP=3.0 tsf.

CLAYEY SAND (SC); medium dense; brown; moist; few
coarse to fine GRAVEL; fine SAND; some low plasticity
fines.

SANDY lean CLAY (CL); very stiff; yellowish brown;
moist; trace fine GRAVEL; fine SAND; medium plasticity
fines [RECENT ALLUVIUM].

PP=2.5 tsf.
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SANDY lean CLAY (CL) (continued).

CLAYEY SAND with GRAVEL (SC); medium dense; dark
olive brown; moist; little GRAVEL; fine SAND; some high
plasticity fines.

Lean CLAY with SAND (CL); stiff; dark grayish brown;
wet; some fine SAND; medium plasticity fines.

PP=1.25 tsf.

Yellowish brown.

SILTY SAND (SM); medium dense; brown; wet; trace
GRAVEL; fine SAND; little low plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 6".
SILTY SAND (SM); brown; moist; coarse to fine SAND;
little fines [FILL].

Fat CLAY with GRAVEL (CH); stiff; dark brown; moist;
few GRAVEL.

PP=1.75 tsf.

Lean CLAY with SAND (CL); stiff; brown; moist; trace
GRAVEL; little coarse to fine SAND; medium plasticity
fines.

PP=1.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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ASPHALT Pavement 8"; Base Material 16".

SILTY SAND with GRAVEL (SM); brown; moist; little
coarse to fine GRAVEL; fine SAND; little low plasticity
fines; micaceous [FILL].

Very dense.

Borehole terminated at 6.5'.
Bottom of borehole at 6.5 ft bgs
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Auger chattering at 6'; possible
concrete at 6.5'.
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AFTER DRILLING (DATE)DURING DRILLING
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DRILLING METHOD
Hollow-Stem Auger
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ASPHALT AC Pavement 6".

CLAYEY SAND with GRAVEL (SC); dark brown; moist;
little GRAVEL; coarse to fine SAND; some fines.

Dense.

Lean CLAY (CL); very stiff; grayish brown; moist; medium
plasticity fines.

PP=3.25 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
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SURFACE ELEVATION
923.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
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1-24-11

LOGGED BY
J. Lee
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SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
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BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
5.00' Rt  Sta 58+22.0
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ASPHALT Pavement (Shoulder) 8".
CLAYEY SAND with GRAVEL (SC); light brown; moist;
little GRAVEL; coarse to fine SAND; some fines [FILL].

Fat CLAY (CH); very stiff; very dark gray; moist; high
plasticity fines [RECENT ALLUVIUM].

PP=2.5 - 2.75 tsf.

CLAYEY SAND (SC); medium dense; brown; moist;
coarse to fine SAND; some fines.

SANDY lean CLAY (CL); very stiff; grayish brown; wet;
few GRAVEL; fine SAND.

PP=2.5 - 2.75 tsf.

PP=3.25 tsf.

PP=2.25 - 2.5 tsf.
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DRILLING METHOD
Hollow-Stem Auger
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CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.
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BOREHOLE LOCATION (Offset, Station, Line)
99.00' Rt  Sta 63+00.1
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Yellowish brown; PP=3.5 tsf.
SANDY lean CLAY (CL) (continued).

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; wet; little GRAVEL; coarse to fine SAND;
some fines [OLDER ALLUVIUM].
Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base Material 12".

CLAYEY SAND (SC); light olive brown; moist; few
GRAVEL; fine SAND; some medium plasticity fines
[FILL].

Medium dense.

Fat CLAY (CH); hard; dark gray; moist; few GRAVEL; few
fine SAND; high plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little coarse to fine GRAVEL; fine SAND; some medium
plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
919.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS
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BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
4.40' Rt  Sta 68+03.7
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ASPHALT Pavement 8"; Base 16".

SANDY lean CLAY (CL); dark gray; moist; trace
GRAVEL; fine SAND; medium plasticity fines; micaceous.

Medium stiff; dark gray; no gravel.

Hard; brown; PP>4.0 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
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DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
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SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
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BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
4.40' Rt  Sta 77+98.3
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; fine SAND; some low plasticity fines;
micaceous [FILL].

Medium dense.

SILTY CLAY with GRAVEL (CL-ML); stiff; brown; moist;
little GRAVEL; trace fine SAND; low  to medium plasticity
fines.

PP=1.5 - 2.0 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
915.0 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
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1-24-11
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11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
6.90' Rt  Sta 88+10.4
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ASPHALT AC Pavement 8"; Base Material (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little fine
GRAVEL; coarse to fine SAND; some low plasticity fines.

Very dense.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
896.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
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COMPLETION DATE
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LOGGED BY
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
6.50' Rt  Sta 148+96.9
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ASPHALT Pavement (Shoulder) 6"; Base 12".

CLAYEY SAND with GRAVEL (SC); medium dense;
greenish gray; moist; some GRAVEL; coarse to fine
SAND; little medium plasticity fines.

GRAVELLY lean CLAY (CL); stiff; dark gray; moist;
medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
877.5 ft

DRILLING METHOD
Hollow-Stem Auger
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8 in

BOREHOLE LOCATION (Offset, Station, Line)
68.70' Lt  Sta 156+98.4
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 30.3 ft bgs
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CLAYEY GRAVEL with SAND (GC); dense; brown; moist;
coarse to fine, angular GRAVEL; some coarse to fine
SAND; some medium plasticity fines; occasional
COBBLES [OLDER ALLUVIUM].

Lean CLAY with GRAVEL (CL); hard; brown; moist; little
GRAVEL; medium plasticity fines; PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
814.1 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
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COMPLETION DATE
1-25-11
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BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
383.00' Rt  Sta 181+26.5
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CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist; little fine GRAVEL; coarse to fine SAND; little fines;
crushable.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 6".
CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some fines [OLDER
ALLUVIUM].

Very dense.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines.

PP=4.5 tsf.

CLAYEY SAND (SC); dense; brown; coarse to fine
SAND; some fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
803.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.
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Soil Cuttings
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SILTY CLAY (CL-ML); very stiff; brown; moist; low
plasticity fines; PP=3.0 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist; little GRAVEL; coarse to fine SAND; some fines.

Borehole terminated at planned depth.
Bottom of borehole at 30.9 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); dark brown; moist; little
GRAVEL; mostly fine SAND; some low plasticity fines
[FILL].

Dense.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; some coarse to fine GRAVEL; coarse to
fine SAND; little medium plasticity fines.

Very dense.

Auger refusal at 22.0'.
Bottom of borehole at 22.0 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
755.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-31-11

COMPLETION DATE
1-31-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888089.0 ft / 6297032.0 ft

HOLE ID

A-11-043
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
22.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
55.10' Rt  Sta 220+71.5

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
Karthik R.

DATE
1-31-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

Department of Transportation
Division of Engineering Services
Geotechnical Services
Office of Geotechnical Design - West

HOLE ID
A-11-043

EA
07-195201

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
1  of  1

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

753.50

751.50

749.50

747.50

745.50

743.50

741.50

739.50

737.50

735.50

733.50

731.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
_L

IB
R

A
R

Y
_D

E
C

09
.G

LB
  4

/5
/1

1

45

54

20

76/10

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



ASPHALT Pavement 8"; Base (Gravel) 16".

Lean CLAY with SAND (CL); light brownish gray; moist;
trace fine GRAVEL; little fine SAND; low plasticity fines.

Very stiff.

Lean CLAY with SAND (CL); stiff; brown; wet; some fine
SAND.

PP=1.5 tsf.

SANDY SILT (ML); very stiff; olive; wet; trace fine
GRAVEL; fine SAND; low plasticity fines.

SILTY SAND with GRAVEL (SM); dense; brown; wet; little
fine GRAVEL; medium to fine SAND; some low plasticity
fines.
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SILTY SAND with GRAVEL (SM) (continued).

SEDIMENTARY ROCK (SILTSTONE), olive gray,
intensely weathered, soft, wet.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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SUMMARY 
 

OF 

CONE PENETRATION TEST DATA 

 
 
 

1. INTRODUCTION 
 
This report presents the results of a Cone Penetration Test (CPT) program carried out for the 
Interchange Improvement Project located at Moorpark Road in Thousand Oaks, California.  
The work was performed by Kehoe Testing & Engineering (KTE) on January 11-12, 2011.  The 
scope of work was performed as directed by CH2M Hill, Inc. personnel. 
 

2. SUMMARY OF FIELD WORK 
 
The fieldwork consisted of performing CPT soundings at six locations to determine the soil 
lithology.  Groundwater measurements and hole collapse depths provided in TABLE 2.1 are 
for information only.  The readings indicate the apparent depth to which the hole is open and 
the apparent water level (if encountered) in the CPT probe hole at the time of measurement 
upon completion of the CPT.  KTE does not warranty the accuracy of the measurements and 
the reported water levels may not represent the true or stabilized groundwater levels. 
 

 

 

LOCATION 

 

DEPTH OF 

 CPT (ft) 

 

 

COMMENTS/NOTES: 

CPT-11-045 42 Refusal, groundwater @ 14 ft 

CPT-11-046 41 Refusal, groundwater @ 12 ft 

CPT-11-047 40 Refusal, groundwater @ 14 ft 

CPT-11-048 43 Refusal, groundwater @ 15 ft 

CPT-11-049 44 Refusal, hole open to 5 ft (dry) 

CPT-11-050 43 Refusal, groundwater @ 17 ft 

TABLE 2.1  -  Summary of CPT Soundings 

 

3. FIELD EQUIPMENT & PROCEDURES 

 
The CPT soundings were carried out by KTE using an integrated electronic cone system 
manufactured by Vertek.  The CPT soundings were performed in accordance with ASTM 
standards (D5778).  The cone penetrometers were pushed using a 30-ton CPT rig.  The cone 
used during the program was a 15 cm^2 cone and recorded the following parameters at 
approximately 2.5 cm depth intervals: 
 

• Cone Resistance (qc) • Inclination 

• Sleeve Friction (fs) • Penetration Speed 

• Dynamic Pore Pressure (u) • Pore Pressure Dissipation (at selected depths) 
 



 

    

 

At location CPT-11-045 & CPT-11-050, shear wave measurements were obtained at 
approximately 10-foot intervals.  The shear wave is generated using an air-actuated hammer, 
which is located inside the front jack of the CPT rig.  The cone has a triaxial geophone, which 
recorded the shear wave signal generated by the air hammer. 
 
The above parameters were recorded and viewed in real time using a portable computer and 
stored on a diskette for future analysis and reference.  A complete set of baseline readings 
was taken prior to each sounding to determine temperature shifts and any zero load offsets.  
Monitoring base line readings ensures that the cone electronics are operating properly.  
 

4. CONE PENETRATION TEST DATA & INTERPRETATION 
 
The Cone Penetration Test data is presented in graphical form in the attached Appendix.  
Penetration depths are referenced to ground surface.  The soil classification on the CPT plots 
is derived from the CPT Classification Chart (Robertson, 1986) and presents major soil 
lithologic changes.  The stratigraphic interpretation is based on relationships between cone 
resistance (qc), sleeve friction (fs), and penetration pore pressure (u).  The friction ratio (Rf), 
which is sleeve friction divided by cone resistance, is a calculated parameter that is used to 
infer soil behavior type.  Generally, cohesive soils (clays) have high friction ratios, low cone 
resistance and generate excess pore water pressures.  Cohesionless soils (sands) have lower 
friction ratios, high cone bearing and generate little (or negative) excess pore water pressures. 
 
Output from the interpretation program CPTINT provides averaged CPT data over one-foot 
intervals.  The CPTINT output includes Soil Classification Zones, SPT N Values and Undrained 
Shear Strength (Su).  A summary of the equations used for the tabulated parameters is 
provided in the CPTINT Correlation Table in the Appendix.  
 
The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al, 1986.  It should be noted that it is not always possible to clearly 
identify a soil type based on qc, fs and u.  In these situations, experience, judgment and an 
assessment of the pore pressure data should be used to infer the soil behavior type. 
 
If you have any questions regarding this information, please do not hesitate to call our office at 
(714) 901-7270. 
  
Sincerely, 
 

KEHOE TESTING & ENGINEERING 
 
 
 
 
Richard W. Koester, Jr.   
General Manager             
 
01/19/11-at-9-1177 
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INPUT FILE: C:\temp\CPT-11-045.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 343.167 6.168 1.797 8 82 123 9E9
1.500 200.817 1.878 0.935 9 38 57 9E9
2.500 39.283 1.165 2.964 6 15 23 2.610
3.500 24.283 1.102 4.537 3 23 35 1.604
4.500 22.050 1.048 4.776 3 21 32 1.445
5.500 24.900 1.208 4.872 3 24 36 1.630
6.500 31.383 1.302 4.148 4 20 30 2.065
7.500 32.467 1.268 3.907 4 21 32 2.133
8.500 28.100 1.198 4.265 4 18 27 1.838
9.500 27.983 1.373 4.914 3 27 40 1.824
10.500 35.514 1.393 3.927 5 17 24 2.321
11.500 24.950 0.913 3.658 5 12 15 1.617
12.500 25.433 0.823 3.235 5 12 15 1.645
13.500 19.417 0.443 2.281 5 9 11 1.239
14.500 9.650 0.237 2.448 4 6 7 0.584
15.500 6.500 0.165 2.519 4 4 5 0.372
16.500 6.233 0.095 1.512 1 3 3 0.351
17.500 9.283 0.125 1.335 5 4 4 0.553
18.500 9.450 0.110 1.152 5 5 5 0.561
19.500 22.633 0.602 2.645 5 11 11 1.437
20.500 45.429 2.090 4.609 4 29 29 2.939
21.500 25.033 0.965 3.873 4 16 16 1.573
22.500 39.533 1.303 3.308 5 19 18 2.534
23.500 34.033 1.507 4.440 4 22 21 2.166
24.500 36.250 1.317 3.646 5 17 16 2.307
25.500 93.517 1.700 1.820 7 30 27 9E9
26.500 72.133 0.902 1.252 8 17 15 9E9
27.500 15.683 0.523 3.369 4 10 9 0.923
28.500 19.200 0.328 1.725 6 7 6 1.152
29.500 12.317 0.147 1.204 6 5 4 0.691
30.500 16.683 0.153 0.925 6 6 5 0.981
31.500 20.114 0.434 2.170 6 8 6 1.205
32.500 28.750 0.627 2.176 6 11 9 1.787
33.500 35.750 0.852 2.371 6 14 11 2.257
34.500 77.583 1.905 2.453 6 30 23 5.036
35.500 93.417 2.208 2.364 7 30 23 9E9
36.500 241.217 3.508 1.455 8 58 43 9E9
37.500 347.433 4.135 1.190 9 67 49 9E9
38.500 486.533 6.322 1.299 9 93 67 9E9
39.500 407.250 7.080 1.738 8 98 69 9E9
40.500 162.967 3.465 2.128 7 52 36 9E9
41.499 349.314 4.983 1.426 9 67 46 9E9



INPUT FILE: C:\temp\CPT-11-046.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 363.350 7.157 1.970 8 87 131 9E9
1.500 287.117 3.882 1.352 9 55 83 9E9
2.500 42.150 0.695 1.646 7 13 20 9E9
3.500 13.517 0.598 4.405 3 13 20 0.891
4.500 13.033 0.653 4.981 3 13 20 0.856
5.500 17.650 0.782 4.412 3 17 26 1.158
6.500 22.117 1.145 5.165 3 21 32 1.451
7.500 25.233 1.367 5.402 3 24 36 1.656
8.500 26.150 1.332 5.083 3 25 38 1.711
9.500 28.533 1.523 5.329 3 27 40 1.866
10.500 27.371 1.691 6.163 3 26 36 1.786
11.500 29.433 1.638 5.557 3 28 36 1.918
12.500 35.117 1.342 3.817 5 17 21 2.291
13.500 18.500 1.130 6.092 3 18 21 1.181
14.500 10.200 0.638 6.218 3 10 12 0.624
15.500 9.917 0.533 5.360 3 10 11 0.599
16.500 7.783 0.383 4.894 3 8 9 0.454
17.500 8.333 0.360 4.303 3 8 9 0.486
18.500 10.583 0.437 4.113 3 10 10 0.631
19.500 24.783 1.240 4.997 3 24 25 1.574
20.500 30.214 1.883 6.226 3 29 29 1.932
21.500 26.100 1.002 3.828 4 17 17 1.656
22.500 25.917 1.382 5.328 3 25 24 1.636
23.500 25.500 1.178 4.612 3 24 22 1.606
24.500 32.250 1.218 3.772 5 15 14 2.052
25.500 41.033 1.818 4.428 4 26 23 2.632
26.500 26.967 0.982 3.634 5 13 11 1.691
27.500 32.467 1.010 3.103 5 16 14 2.056
28.500 29.000 0.825 2.835 5 14 12 1.822
29.500 11.867 0.380 3.193 4 8 7 0.671
30.500 13.117 0.350 2.652 5 6 5 0.754
31.500 17.243 0.477 2.758 5 8 6 1.023
32.500 29.900 0.902 3.014 5 14 11 1.860
33.500 126.883 1.950 1.536 8 30 23 9E9
34.500 438.050 3.775 0.862 10 70 53 9E9
35.500 432.000 4.635 1.073 9 83 62 9E9
36.500 393.983 4.177 1.060 9 75 55 9E9
37.500 249.417 2.032 0.814 9 48 35 9E9
38.500 250.133 1.887 0.754 9 48 34 9E9
39.500 310.917 1.995 0.641 10 50 35 9E9
40.500 371.300 3.450 0.929 9 71 49 9E9



INPUT FILE: C:\temp\CPT-11-047.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 26.633 0.705 2.647 6 10 15 1.773
1.500 309.033 4.112 1.330 9 59 89 9E9
2.500 69.850 2.753 3.942 5 33 50 4.646
3.500 28.067 1.258 4.483 4 18 27 1.857
4.500 30.467 1.098 3.607 5 15 23 2.011
5.500 32.467 1.537 4.733 3 31 47 2.142
6.500 33.633 1.440 4.286 4 21 32 2.213
7.500 45.000 1.572 3.491 5 22 33 2.970
8.500 37.333 1.752 4.692 4 24 36 2.453
9.500 31.350 1.420 4.530 4 20 30 2.050
10.500 27.686 1.446 5.230 3 26 36 1.799
11.500 27.083 1.420 5.250 3 26 34 1.755
12.500 33.233 1.237 3.725 5 16 20 2.161
13.500 19.283 0.817 4.235 3 18 21 1.229
14.500 30.017 0.520 1.732 6 12 14 1.941
15.500 9.517 0.410 4.316 3 9 10 0.569
16.500 6.883 0.260 3.777 3 7 8 0.390
17.500 8.783 0.348 3.966 3 8 9 0.513
18.500 26.200 0.953 3.643 5 13 14 1.668
19.500 30.033 1.493 4.972 3 29 30 1.921
20.500 28.800 1.420 4.945 3 28 28 1.829
21.500 16.717 0.637 3.824 4 11 11 1.021
22.500 27.850 1.517 5.462 3 27 26 1.758
23.500 37.783 1.890 5.007 3 36 33 2.419
24.500 31.533 1.635 5.185 3 30 27 2.001
25.500 32.317 1.737 5.377 3 31 28 2.048
26.500 41.617 2.198 5.291 3 40 35 2.660
27.500 84.417 1.495 1.772 7 27 23 9E9
28.500 51.883 1.242 2.395 6 20 17 3.339
29.500 13.633 0.527 3.877 4 9 7 0.784
30.500 11.483 0.432 3.781 3 11 9 0.635
31.500 13.886 0.477 3.447 4 9 7 0.793
32.500 26.883 0.707 2.635 6 10 8 1.653
33.500 15.017 0.490 3.274 4 10 8 0.859
34.500 58.217 0.967 1.661 7 19 14 9E9
35.500 204.450 1.933 0.946 9 39 29 9E9
36.500 282.450 5.397 1.910 8 68 50 9E9
37.500 206.517 1.488 0.720 9 40 29 9E9
38.500 192.233 2.325 1.209 9 37 26 9E9
39.500 395.433 2.898 0.733 10 63 44 9E9
40.500 491.700 0.000 0.000 10 9E9 9E9 9E9



INPUT FILE: C:\temp\CPT-11-048.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 142.183 1.352 0.950 9 27 41 9E9
1.500 111.450 1.112 0.997 8 27 41 9E9
2.500 20.383 0.847 4.157 4 13 20 1.347
3.500 16.983 0.833 4.921 3 16 24 1.114
4.500 21.583 1.132 5.264 3 21 32 1.415
5.500 28.517 1.160 4.075 4 18 27 1.875
6.500 28.850 0.908 3.148 5 14 21 1.896
7.500 28.033 0.440 1.569 6 11 17 1.839
8.500 22.583 0.363 1.608 6 9 14 1.471
9.500 17.950 0.635 3.538 4 11 17 1.157
10.500 14.086 0.686 4.868 3 13 18 0.896
11.500 17.400 0.673 3.877 4 11 14 1.110
12.500 23.733 0.733 3.090 5 11 14 1.531
13.500 21.733 0.663 3.050 5 10 12 1.394
14.500 9.783 0.337 3.430 3 9 10 0.595
15.500 10.383 0.390 3.756 3 10 11 0.628
16.500 21.617 1.002 4.645 3 21 23 1.370
17.500 29.750 1.477 4.989 3 28 30 1.901
18.500 49.533 0.793 1.605 7 16 17 9E9
19.500 11.533 0.122 1.066 6 4 4 0.681
20.500 12.271 0.283 2.332 5 6 6 0.724
21.500 23.433 0.968 4.156 4 15 15 1.465
22.500 22.467 0.838 3.762 4 14 13 1.393
23.500 49.233 1.268 2.583 6 19 18 3.177
24.500 67.017 1.640 2.451 6 26 24 4.359
25.500 113.167 2.290 2.026 7 36 32 9E9
26.500 51.883 0.928 1.794 7 17 15 9E9
27.500 29.183 0.960 3.307 5 14 12 1.823
28.500 63.067 1.815 2.885 6 24 20 4.077
29.500 45.183 1.392 3.088 6 17 14 2.883
30.500 65.283 0.930 1.428 7 21 17 9E9
31.500 39.457 0.866 2.203 6 15 12 2.491
32.500 48.967 1.093 2.240 6 19 15 3.121
33.500 32.300 0.810 2.518 6 12 9 2.007
34.500 57.433 0.865 1.509 7 18 14 9E9
35.500 68.017 1.492 2.197 7 22 16 9E9
36.500 55.483 1.472 2.660 6 21 15 3.539
37.500 59.633 0.797 1.339 7 19 14 9E9
38.500 64.233 0.613 0.957 8 15 11 9E9
39.500 124.167 0.943 0.760 9 24 17 9E9
40.500 174.317 1.812 1.040 9 33 23 9E9
41.499 239.271 8.690 3.634 12 115 79 9E9
42.499 403.017 7.260 1.802 8 96 65 9E9
43.499 463.600 0.000 0.000 10 9E9 9E9 9E9



INPUT FILE: C:\temp\CPT-11-049.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 178.033 1.703 0.957 9 34 51 9E9
1.500 293.300 2.202 0.751 9 56 84 9E9
2.500 69.317 0.832 1.200 8 17 26 9E9
3.500 22.483 0.762 3.388 5 11 17 1.484
4.500 25.300 0.542 2.141 6 10 15 1.668
5.500 22.467 1.113 4.955 3 22 33 1.475
6.500 21.867 1.267 5.793 3 21 32 1.431
7.500 29.200 1.047 3.587 5 14 21 1.914
8.500 51.750 0.968 1.871 7 17 26 9E9
9.500 50.333 0.735 1.460 7 16 24 9E9
10.500 24.386 0.646 2.649 5 12 17 1.581
11.500 11.733 0.782 6.662 3 11 14 0.735
12.500 16.700 1.002 5.998 3 16 20 1.062
13.500 28.867 0.818 2.835 5 14 17 1.869
14.500 23.000 0.583 2.538 5 11 13 1.472
15.500 22.983 0.552 2.400 6 9 10 1.468
16.500 4.367 0.230 5.267 3 4 4 0.223
17.500 2.717 0.162 5.951 3 3 3 0.109
18.500 12.033 0.502 4.169 3 12 13 0.726
19.500 16.717 0.833 4.995 3 16 16 1.032
20.500 26.129 1.523 5.828 3 25 25 1.657
21.500 25.817 1.307 5.061 3 25 24 1.632
22.500 28.367 1.210 4.266 4 18 17 1.798
23.500 33.250 1.477 4.443 4 21 20 2.118
24.500 27.583 1.773 6.429 3 26 24 1.737
25.500 14.683 0.433 2.955 5 7 6 0.872
26.500 23.283 1.323 5.684 3 22 19 1.443
27.500 60.033 1.488 2.479 6 23 20 3.888
28.500 102.017 1.945 1.907 7 33 28 9E9
29.500 52.783 1.897 3.593 5 25 21 3.397
30.500 92.683 1.582 1.706 7 30 24 9E9
31.500 106.500 1.943 1.824 7 34 27 9E9
32.500 51.267 1.575 3.069 6 20 16 3.287
33.500 12.550 0.370 2.933 4 8 6 0.703
34.500 14.933 0.377 2.520 5 7 5 0.854
35.500 15.733 0.372 2.357 5 8 6 0.905
36.500 10.367 0.228 2.192 5 5 4 0.544
37.500 11.733 0.283 2.411 5 6 4 0.629
38.500 15.817 0.347 2.187 5 8 6 0.898
39.500 18.500 0.500 2.703 5 9 6 1.071
40.500 70.433 0.907 1.287 7 22 15 9E9
41.499 264.657 3.699 1.397 8 63 43 9E9
42.499 278.367 9.363 3.363 12 133 90 9E9
43.499 492.000 11.360 2.308 12 236 157 9E9



INPUT FILE: C:\temp\CPT-11-050.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 381.067 6.663 1.749 8 91 137 9E9
1.500 376.667 2.993 0.795 10 60 90 9E9
2.500 91.433 1.713 1.874 7 29 44 9E9
3.500 67.283 1.533 2.278 6 26 39 4.472
4.500 31.300 0.948 3.030 5 15 23 2.068
5.500 23.933 1.107 4.627 3 23 35 1.572
6.500 24.167 1.027 4.251 4 15 23 1.583
7.500 29.267 1.052 3.591 5 14 21 1.921
8.500 58.783 1.310 2.229 6 23 35 3.883
9.500 39.117 1.150 2.939 6 15 22 2.569
10.500 22.357 1.027 4.594 3 21 29 1.447
11.500 21.800 1.035 4.759 3 21 27 1.402
12.500 31.033 1.300 4.198 4 20 25 2.012
13.500 28.200 0.982 3.481 5 14 17 1.824
14.500 26.433 0.570 2.156 6 10 12 1.702
15.500 30.300 0.572 1.885 6 12 13 1.958
16.500 11.350 0.330 2.899 4 7 8 0.690
17.500 15.933 0.490 3.072 5 8 9 0.991
18.500 18.750 0.507 2.712 5 9 9 1.169
19.500 9.833 0.198 2.017 5 5 5 0.575
20.500 17.771 0.491 2.767 5 9 9 1.099
21.500 58.033 2.325 4.011 5 28 27 3.776
22.500 21.917 0.825 3.790 4 14 13 1.358
23.500 43.667 1.742 4.002 5 21 20 2.804
24.500 20.833 0.442 2.130 6 8 7 1.281
25.500 30.400 0.987 3.256 5 15 13 1.915
26.500 56.000 1.972 3.529 5 27 24 3.615
27.500 56.600 1.222 2.162 6 22 19 3.653
28.500 84.017 1.102 1.313 8 20 17 9E9
29.500 63.667 1.673 2.632 6 24 20 4.117
30.500 53.633 1.885 3.526 5 26 21 3.438
31.500 44.500 1.427 3.218 5 21 17 2.826
32.500 18.300 0.298 1.644 6 7 5 1.076
33.500 20.900 0.455 2.195 6 8 6 1.244
34.500 24.267 0.563 2.334 6 9 7 1.466
35.500 22.783 0.450 1.988 6 9 7 1.362
36.500 37.900 0.647 1.705 7 12 9 9E9
37.500 24.550 0.628 2.540 6 9 7 1.494
38.500 224.550 3.813 1.698 8 54 38 9E9
39.500 289.267 2.357 0.815 9 55 39 9E9
40.500 341.217 4.338 1.272 9 65 45 9E9
41.499 258.143 7.436 2.883 7 82 56 9E9
42.499 247.800 8.240 3.327 12 119 80 9E9



Moorpark RD

Thousand Oaks, CA

CPT Shear Wave Measurements

S-Wave Interval

Travel S-Wave Velocity S-Wave

Depth Distance Arrival from Surface Velocity

CPT-11-045 (ft) (ft) (msec) (ft/sec) (ft/sec)

10.79 11.89 14.11 843

20.11 20.72 25.65 808 765

30.05 30.46 38.66 788 749

40.03 40.34 50.67 796 822

42.13 42.43 52.75 804 1002

CPT-11-050 5.13 7.16 5.64 1270

15.14 15.94 16.72 954 792

25.04 25.53 28.76 888 797

35.09 35.44 40.71 871 829

42.87 43.16 48.07 898 1048

Shear Wave Source Offset = 5 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival

Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)



    CPTCP.TBL - CPTINT Correlation and Parameters Table File       Page 1/10 
    -------------with NOTES & References at end------------- 
 
    Program:        CPTINT - CPT Cone Interpretation Program 
    Version:        5.2 
    Table File by:  Dr. R. G. (DICK) Campanella, P.Eng. 
    Rev. Dated:     April 3, 2002 
 
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦       Methods              ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦ Depth average ¦ Depth averaged over speci- ¦       ¦   All   ¦    All     ¦ 
¦  see NOTE #1  ¦ fied range (see menu)      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Parameter     ¦ Averaged over range        ¦       ¦         ¦            ¦ 
¦ Averaging     ¦ specified for depth. If no ¦       ¦   All   ¦    All     ¦ 
¦               ¦ values exist, your choice  ¦       ¦         ¦            ¦ 
¦               ¦ is zero's or no value      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Qc, Tip Stress¦ measured tip force/area    ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qt        ¦ Qt = Qc + (1 - a) x U2 and ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦ corrtd for U2 ¦  a = tip area ratio        ¦       ¦         ¦            ¦ 
¦               ¦ Defaults to U2 if given or ¦       ¦         ¦            ¦ 
¦  see NOTE #2  ¦ uses U1 or U3 times Const. ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, not calculated ]  ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Q         ¦       Qt - sv              ¦       ¦         ¦            ¦ 
¦(Qt Normalized)¦   Q = -------              ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦         sv'                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Fs        ¦ measured sleeve force/area ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Rf        ¦          Fs                ¦       ¦         ¦            ¦ 
¦ Friction Ratio¦     Rf = -- x 100%         ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦(if Rf>8, Rf=8)¦          Qt                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      F        ¦          Fs                ¦       ¦         ¦            ¦ 
¦(Rf Normalized)¦   F = --------- x 100%     ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦       (Qt - sv)            ¦       ¦         ¦            ¦ 
+---------------+------------------------------------+---------+------------¦ 
¦     Gamma     ¦ Based on Rf or Bq Classif. Zone    ¦         ¦            ¦ 
¦               ¦ Zone #     Gamma = kN/m^3  ¦       ¦         ¦            ¦ 
¦     Total     ¦    1      Qt<4bar   15.70  ¦       ¦         ¦            ¦ 
¦  Unit Weight  ¦    1      Qt=4bar   17.30  ¦       ¦         ¦            ¦ 
¦(Soil + Water) ¦    2      Rf<5%     13.36  ¦       ¦         ¦            ¦ 
¦               ¦    2      Rf=5%     11.80  ¦       ¦         ¦            ¦ 
¦               ¦    2      Bq Zone   12.58  ¦       ¦         ¦            ¦ 
¦  see NOTE #3  ¦    3      Qt<10bar  18.86  ¦       ¦   All   ¦    All     ¦ 
¦               ¦    3      Qt=10bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt<20bar  18.86  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt=20bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦    7                18.86  ¦       ¦         ¦            ¦ 
¦               ¦  8 & 9              19.65  ¦       ¦         ¦            ¦ 
¦               ¦   10                20.44  ¦       ¦         ¦            ¦ 
¦               ¦ 11 & 12             21.22  ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 



                                                     Page 2/10 
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦       U       ¦ U1,measured on Face of tip ¦       ¦         ¦            ¦ 
¦  Penetration  ¦ U2,measured Behind Tip at  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦    shoulder (std location) ¦       ¦   All   ¦    All     ¦ 
¦               ¦ U3,measured Behind Friction¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦    Sleeve                  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Water Table   ¦ Depth below ground surface ¦       ¦         ¦            ¦ 
¦               ¦ to where pore pressure = 0 ¦       ¦   All   ¦    All     ¦ 
¦               ¦ Make negative if water     ¦       ¦         ¦            ¦ 
¦               ¦ level is above ground      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       Uo      ¦ Uo = water depth,Hw x unit ¦       ¦         ¦            ¦ 
¦  Hydrostatic  ¦    weight water, Gamma or  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦ Uo=Hw=depth-depth to water ¦       ¦   All   ¦    All     ¦ 
¦               ¦       table                ¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦ if depth<water table,Uo = 0¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       dU      ¦ dU = U2 - Uo               ¦       ¦         ¦            ¦ 
¦     Excess    ¦ Defaults to U2 if given    ¦       ¦   All   ¦    All     ¦ 
¦ Pore Pressure ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      DPPR     ¦        dU   U - Uo         ¦       ¦         ¦            ¦ 
¦ (Differential ¦ DPPR = -- = ------         ¦ #6,#8 ¦         ¦            ¦ 
¦ Pore Pressure ¦        Qt     Qt           ¦       ¦   All   ¦    All     ¦ 
¦        Ratio) ¦ Defaults to U2 if given    ¦       ¦         ¦            ¦ 
¦               ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦        dU                  ¦ # 4   ¦         ¦            ¦ 
¦      Bq       ¦ Bq = -------               ¦ # 8   ¦   All   ¦    All     ¦ 
¦               ¦      Qt - sv               ¦ # 13  ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ OS (Overburden¦ OS = sv = S (Gamma x Depth)¦       ¦   All   ¦    All     ¦ 
¦     Stress)   ¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ EOS (Effective¦ EOS = sv' = OS - Uo        ¦       ¦         ¦            ¦ 
¦Overburden Stress)         = sv - Uo        ¦       ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Rf Zone    ¦ Classification chart for   ¦ #6    ¦         ¦            ¦ 
¦               ¦       Qc and Rf            ¦       ¦         ¦            ¦ 
¦     Soil      ¦Zone # =  Soil Behavior Type¦ #8,   ¦         ¦            ¦ 
¦ Behavior Type ¦ 1=sensitive fine grained   ¦ Fig4.3¦         ¦            ¦ 
¦               ¦ 2=organic material         ¦       ¦         ¦            ¦ 
¦  see NOTE #5  ¦ 3=clay                     ¦       ¦         ¦            ¦ 
¦               ¦ 4=silty clay               ¦       ¦         ¦            ¦ 
¦               ¦ 5=clayey silt              ¦       ¦   All   ¦1<Qt<1000bar¦ 
¦               ¦ 6=sandy silt               ¦       ¦         ¦0<Rf<8%     ¦ 
¦               ¦ 7=silty sand               ¦       ¦         ¦            ¦ 
¦               ¦ 8=fine sand                ¦       ¦         ¦            ¦ 
¦               ¦ 9=sand                     ¦       ¦         ¦            ¦ 
¦               ¦10=gravelly sand            ¦       ¦         ¦            ¦ 
¦               ¦11=very stiff fine grained ¥¦       ¦         ¦            ¦ 
¦               ¦12=sand to clayey sand ¥    ¦       ¦         ¦            ¦ 
¦               ¦ ¥ overconsolidated or cemented     ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Bq Zone    ¦ Classification chart for   ¦       ¦         ¦0<Qt<1000bar¦ 
¦     Soil      ¦        Qc and Bq           ¦ #8    ¦   All   ¦ -0.1<Bq<1.4¦ 
¦ Behavior Type ¦(same zone #'s as Rf above) ¦Fig 4.3¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦   Qt/N ratio per zone      ¦ # 7   ¦         ¦            ¦ 
¦   Standard    ¦Zone #  Qt/N    Zone #  Qt/N¦       ¦         ¦            ¦ 
¦  Penetration  ¦    1    2          7    3  ¦ # 8   ¦         ¦            ¦ 
¦     Test      ¦    2    1          8    4  ¦Fig 4.2¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦    3    1          9    5  ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦    4    1.5       10    6  ¦       ¦         ¦            ¦ 
¦After R&C(1983)¦    5    2         11    1  ¦       ¦         ¦            ¦ 
¦  see NOTE #6  ¦    6    2.5       12    2  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦  Spt N1(60)   ¦ Spt N1(60) = Cn x Spt N(60)¦       ¦         ¦            ¦ 
¦ Normalized for¦ where Cn = (sv')^(-0.77)   ¦ # 8   ¦   All   ¦ 0.5<Cn<1.5 ¦ 
¦ Overburden str¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Dr       ¦ Specific Sands:            ¦ # 8   ¦         ¦            ¦ 
¦   Relative    ¦                            ¦       ¦         ¦            ¦ 
¦   Density     ¦      100      +    Qc    + ¦       ¦         ¦            ¦ 
¦               ¦ Dr = --- * ln ¦ -------- ¦ ¦       ¦         ¦            ¦ 
¦  see NOTE #7  ¦      C2       ¦       C1 ¦ ¦       ¦         ¦            ¦ 
¦               ¦               + C0 sv'   + ¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦  All are NC & UNAGED       ¦       ¦         ¦            ¦ 
¦Compressibility¦ Sand      ¦ C0  ¦ C1 ¦ C2  ¦       ¦         ¦            ¦ 
¦               ¦ ----------+-----+----+---- ¦       ¦         ¦            ¦ 
¦   moderate    ¦ Ticino    ¦17.37¦.558¦2.58 ¦ # 1   ¦       / ¦  7 to 10   ¦ 
¦     high      ¦Schmertmann¦15.32¦.520¦2.75 ¦ # 1   ¦   Sand--¦ 0<Qt<500bar¦ 
¦               ¦                            ¦       ¦       \ ¦ 0<sv'<5bar ¦ 
¦               ¦ -------------------------- ¦       ¦         ¦            ¦ 
¦     all       ¦ ALL SANDS:                 ¦       ¦         ¦            ¦ 
¦               ¦  NC, OC, ALL TESTS         ¦ # 5   ¦         ¦            ¦ 
¦               ¦                +  + Qc +  +¦       ¦         ¦            ¦ 
¦               ¦                ¦  ¦ -- ¦  ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦  + C1 +  ¦¦       ¦         ¦            ¦ 
¦               ¦ Dr=C3 + C4log  ¦ -------- ¦¦       ¦         ¦            ¦ 
¦               ¦              10¦ + sv'+C2 ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦ ¦ ---¦   ¦¦       ¦         ¦            ¦ 
¦               ¦                + + C0 +   +¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦  C0  ¦  C1  ¦ C2 ¦ C3 ¦ C4 ¦       ¦         ¦            ¦ 
¦               ¦ -----+------+----+----+--- ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ 0.100¦0.0981¦ 0.5¦ -98¦ 66 ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Phi      ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ 1) Robertson & Campanella  ¦#6, #8 ¦         ¦ 7 to 10 & 6¦ 
¦ Friction Angle¦ 2) Durgunoglu & Mitchell   ¦  # 2  ¦       / ¦ 0<Qt<500bar¦ 
¦               ¦ 3) Janbu beta = +15 degree ¦#6, #8 ¦   Sand--¦ 0<sv'<4bar ¦ 
¦               ¦ 4) Janbu beta =  0  degree ¦#6, #8 ¦       \ ¦ 29<phi<49  ¦ 
¦               ¦ 5) Janbu beta = -15 degree ¦#6, #8 ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Gmax       ¦ Clay:                      ¦       ¦         ¦            ¦ 
¦ Maximum Shear ¦                            ¦ # 8   ¦         ¦            ¦ 
¦   Modulus at  ¦ Gmax = alpha x Qt          ¦Fig4.18¦   Clay  ¦   1 to 6   ¦ 
¦   very small  ¦                            ¦       ¦         ¦            ¦ 
¦    strains    ¦ Sand:                      ¦ # 6   ¦         ¦            ¦ 
¦               ¦ Digitized figure of Qc vs  ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ Gmax with interpolation    ¦Fig4.13¦   Sand  ¦  7 to 10   ¦ 
¦               ¦between sv'curves,R&C method¦       ¦         ¦.25<sv'<8bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Qc), t/s  ¦ Seed's CSR vs N1(60) graph ¦ # 11  ¦         ¦            ¦ 
¦ LEVEL ground  + for specified equake Magni-¦ # 12  ¦         ¦            ¦ 
¦ Liquefaction  ¦ tude.Can include silty sand¦       ¦   Sand  ¦  7 to 10   ¦ 
¦SAND Resistance¦ corr. for Zone 7. N1(60)   ¦       ¦         ¦(6 possible)¦ 
¦ see NOTE #8   ¦ from CPT correlations.     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Eq), t/s  ¦              Amax   sv     ¦       ¦         ¦            ¦ 
¦ Cyclic Stress ¦CSR(Eq) = 0.65 ---- ---- rd ¦ # 12  ¦         ¦            ¦ 
¦ Ratio applied ¦               g    svo'    ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦by design quake¦Amax=max surface acceleratn ¦ # 3   ¦         ¦(6 possible)¦ 
¦               ¦including Amplification     ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, & not calculated] ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      rd       ¦ Digitized graph to use     ¦       ¦         ¦(6 possible)¦ 
¦   Reduction   ¦ for depth vs rd:           ¦       ¦         ¦  7 to 10   ¦ 
¦Factor to find ¦ 1) Seed's mean             ¦ # 12  ¦   Sand  ¦ 0<depth<30m¦ 
¦    CSR(Eq)    ¦ 2) Fraser Delta            ¦ # 3   ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦FL,Safety Factor    FL = CSR(Qc)/CSR(Eq)    ¦ # 3   ¦   Sand  ¦  7 to 10   ¦ 
¦against Liquefaction                        ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qcr       ¦ Qcr backcalculated from    ¦       ¦         ¦            ¦ 
¦Critical Bearng¦ CSR(Eq) for a specified FL.¦ # 12  ¦   Sand  ¦  7 to 10   ¦ 
¦required to    ¦ Qcr is only for the given  ¦       ¦         ¦(6 possible)¦ 
¦resist Liquefctn GWT,EOS,OS,Amax/g & Eq.Mag ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Su,      ¦            Qc - st         ¦ # 8   ¦         ¦            ¦ 
¦   Undrained   ¦ Nk:   Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦     Shear     ¦              Nk            ¦       ¦         ¦            ¦ 
¦   Strength    ¦                            ¦       ¦         ¦            ¦ 
¦      of       ¦            Qt - U2         ¦       ¦         ¦            ¦ 
¦     CLAY      ¦ Nke:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nke           ¦       ¦         ¦            ¦ 
¦   METHODS:    ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt - sv         ¦       ¦         ¦            ¦ 
¦               ¦ Nkt:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nkt           ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt              ¦       ¦         ¦            ¦ 
¦               ¦ Nc:   Su = --              ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            Nc              ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            dU2 (dU1 or dU3)¦       ¦         ¦            ¦ 
¦  see NOTE #9  ¦ NdU:  Su = ---             ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            NdU             ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 



                                                     Page 5/10    
+---------------------------------------------------------------------------+ 
¦  Parameter    ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦               ¦           Su               ¦       ¦         ¦            ¦ 
¦    Su/EOS     ¦ Su/EOS = ----              ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦           sv'              ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (NC)    ¦                            ¦       ¦         ¦            ¦ 
¦    Normally   ¦ (Ko)NC = 1 - Sin( f )      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦     see NOTE #10           ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (OC)    ¦                      0.42  ¦       ¦         ¦            ¦ 
¦     Over      ¦ (Ko)OC = (Ko)NC x OCR      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦                            ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      E25      ¦ E25 = alpha x Qt           ¦ # 8   ¦   Sand  ¦(6) 7 to 10 ¦ 
¦ Youngs Modulus¦ where user input alpha     ¦4.11&12¦         ¦ 0<Qt<500bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       M       ¦ CLAY:                      ¦ # 8   ¦         ¦            ¦ 
¦  Constrained  ¦ M = alpha x Qt             ¦Tabl4.3¦   Clay  ¦   1 to 6   ¦ 
¦    Modulus    ¦ where user input alpha     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ SAND:                      ¦       ¦         ¦            ¦ 
¦               ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ Qt:                        ¦       ¦         ¦            ¦ 
¦               ¦       M = alpha x Qt       ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Baldi:                     ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ M            + sv' +C1     ¦Fig4.10¦         ¦            ¦ 
¦               ¦ -- = C0 x pa ¦ --- ¦   x   ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Qt           + pa  +       ¦       ¦         ¦            ¦ 
¦               ¦         C2                 ¦       ¦         ¦            ¦ 
¦               ¦      OCR   x exp( C3 Dr )  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦       +    Su      +1.25   ¦       ¦         ¦            ¦ 
¦    Over-      ¦       ¦    ----    ¦       ¦ # 6   ¦         ¦            ¦ 
¦ Consolidation ¦       ¦    svo'    ¦       ¦       ¦         ¦            ¦ 
¦    Ratio      ¦ OCR = ¦ ---------- ¦       ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦       ¦ +  Su  +   ¦       ¦Fig4.19¦         ¦            ¦ 
¦  see NOTE #11 ¦       ¦ ¦ ---- ¦   ¦       ¦       ¦         ¦            ¦ 
¦               ¦       + + svo' +NC +       ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦      + +                +2 ¦       ¦         ¦            ¦ 
¦     Ic        ¦ Ic = ¦ ¦3-log  (Q(1-Bq))¦  ¦       ¦         ¦            ¦ 
¦               ¦      + +     10         +  ¦       ¦         ¦            ¦ 
¦   Material    ¦                            ¦ # 13  ¦   All   ¦     All    ¦ 
¦    Index      ¦      +             +2+0.5  ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦    + ¦1.5+1.3log  F¦ ¦     ¦ # 17  ¦         ¦            ¦ 
¦  see NOTE #18 ¦      +          10 + +     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦                            ¦       ¦         ¦            ¦ 
¦   Standard    ¦                            ¦       ¦         ¦            ¦ 
¦  Penetration  ¦  Qc/N = 8.5(1-(Ic/4.75))   ¦       ¦         ¦            ¦ 
¦     Test      ¦                            ¦ # 13  ¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦   where Qc in bars         ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦                            ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #16 ¦                            ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦State Parameter¦          +           +     ¦       ¦         ¦            ¦ 
¦               ¦          ¦3M + 8.5M/F¦     ¦       ¦         ¦            ¦ 
¦State,(e-units)¦        ln¦-----------¦     ¦       ¦         ¦            ¦ 
¦               ¦          +  Q(1-Bq)  +     ¦       ¦         ¦            ¦ 
¦Current Void   ¦State =  ---------------    ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦           11.9 - 1.33F     ¦ # 14  ¦   All   ¦    All     ¦ 
¦     minus     ¦                            ¦       ¦         ¦            ¦ 
¦Critical       ¦          6 Sin fcv         ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦     M = -------------      ¦       ¦         ¦            ¦ 
¦               ¦          3 - Sin fcv       ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ fcv = const. vol. Phi angle¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Fines Content ¦                            ¦       ¦         ¦            ¦ 
¦               ¦FC(%) = 42.4179(Ic) - 54.8574       ¦         ¦            ¦ 
¦     FC(%)     ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ FC(%) =   0% if Ic < 1.2933¦ # 15  ¦   All   ¦    All     ¦ 
¦Percent        ¦                            ¦       ¦         ¦            ¦ 
¦  less than    ¦ FC(%) = 100% if Ic > 3.6508¦       ¦         ¦            ¦ 
¦     #200 Sieve¦                            ¦       ¦         ¦            ¦ 
¦After Davies,99¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦ OCR = 0.5 + 1.50(PPD)      ¦       ¦         ¦            ¦ 
¦Overcons. Ratio¦                            ¦       ¦         ¦            ¦ 
¦by Pore Press. ¦ PPD = (U1 - U2)/Uo or      ¦       ¦         ¦            ¦ 
¦U1 & U2        ¦ PPD = (U1 - U3)/Uo         ¦ # 16  ¦   Clay  ¦   1 to 6   ¦ 
¦   or U1 & U3  ¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #17 ¦ and default 0.5 & 1.5      ¦       ¦         ¦            ¦ 
¦               ¦       are settable         ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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1. Depth averaging may be in 0.5, 1, 2.5 or 5 ft. intervals or 
0.1, 0.25, 0.5 or 1.0 m intervals, or no depth averaging if 
zero is selected. The average is the mean value of the readings  
in the interval. The depth value is the mid-depth of the  
averaged interval. It is convenient to start at half the depth 
averaging interval.  For example, if you want "even" depths and 
the depth averaging is set at 0.50 m then start at 0.25 to get 
values of depth of 0.5, 1.0, 1.5, etc. 
 
2. Basic input CPTU data columns are for Depth, Qc, Fs, U1, U2, 
U3, INC and TEMP may be selected.  In addition the following 
parameters may also be specified as an INPUT data column:  Qt, 
Gamma, Uo, Spt N, Rf Zone, Bq Zone and CSR(EQ).  These values 
will be used where required to obtain other interpreted 
parameters.  If they are not specified the program will 
estimate them when they are required.  For example, you can 
create an OUTPUT data file of any of the above parameters and 
then edit some or all of the values to suite your measurements 
or your desires to specify their values.  You can do that with 
"Gamma" values to input your measurements of unit weight, or 
with "Uo" if you want to input values of pore water pressure 
other than hydrostatic, or with any of the other input 
parameters.  You would use your edited file of adjusted data as 
your new INPUT data file.  Thus, you can specify these 
parameters if you want to override the Program's values. 
 
   You can also use the designated value of "9E9" to denote an 
unknown value. 
 
   You can use the "OTHER" designation to input other data that 
exists on your input file and identify its units. This allows 
you to output it, without operating on it, if you choose. 
 
   It is best NOT to use depth averaging when using input data 
that is not continuous at regular depth intervals.  Always use 
DEPTH AVERAGING with extreme caution since the program averages 
ALL INPUT parameters over the interval chosen irregardless of 
soil type. Careful use of start and end depth choises can make 
depth averaging very effective. 
 
3. Since there is no data in the file within the initial depth 
interval, a default Gamma (unit weight) must be specified from 
the surface to the starting depth.  This is done in the "Param" 
Menu in units of kN/m^3 (1kN/m^3=6.36pcf).  Also, you can specify 
the values of Gamma to be used by the program as in NOTE #2 above. 
 
4. If pore pressures are not measured by the cone then the 
program will take Qc as being equal to Qt for all interpretations 
requiring Qt.  Also, Uo may be specified in the input file as a 
column of Uo vs depth values, if the water pressures are not 
hydrostatic. See NOTE #2 for more info on customizing input data. 
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5. You can choose to use either the Rf classif. Zone or the Bq 
classif. Zone to divide soil into Undrained Parameters (Zones 1 
to 6) and Drained Parameters (Zones 7 to 10) in the "Param" 
Menu. (However, in order to use the Bq Zone you must have Pore 
Pressure, U2, data.)  Also, you may choose to switch Zone 6 to 
a Drained Zone from its Undrained Zone status.  This is done if 
you feel that the soil identified as Zone 6 (sandy silt) is 
really coaser (using other sources of information) and/or you 
want it analyzed as a Drained rather than Undrained soil. 
Finally, the soil behavior names in each zone were shortened in 
version 5.0 for simplicity.  For example, Zone 6 was named 
"sandy silt to clayey silt" but was shortened to "sandy silt". 
 
6. Spt N is the same as Spt N(60) for 60% transferred energy. 
This value is calculated from the Qt/N ratios given for each 
Soil Zone (you can specify either Rf or Bq Zone) and these 
values are used in the Level Ground Liquefaction analysis. 
Values of Spt N may be specified in the Input File, if 
indepedently measured values are to be used.  We suggest that 
you not use depth averaging if you only have selected 
Spt N values at a few depths. You may use "9E9" for missing data. 
 
7. If Dr values are negative then soil is very loose or likely 
more of an undrained soil like a silty sand rather than a 
drained soil for which the Dr correlations were developed. 
Use Dr interpretations very cautiously since they also assume 
the soil is free draining, uncemented, unaged and has the same 
compressibility of grains as the soil used for the correlations 
in chamber calibration tests. 
 
8. The simplified sand liquefaction analysis for level ground 
according to Seed et al requires Spt N1(60) and earthquake 
magnitude to obtain the cyclic stress ratio to cause 
liquefaction, CSR(Qc).  The design maximum ground acceleration, 
the depth-reduction factor, Rd, and overburden total and 
effective stresses are required to calculate the cyclic stress 
ratio applied by the design earthquake, CSR(EQ).  The program 
estimates the N1(60) values from the cone stresses, the operator 
identifies the earthquake magnitude and Seed et al chart is used 
to get CSR(Qc).  The program also calculates CSR(EQ) from the 
user specified maximum ground acceleration including any 
amplification factors, the calculated overburden stresses and 
either Seed's mean or the Fraser Delta Rd factor.  The Fraser 
Delta is used only when amplification factors of the order of 
2 or more are used.  See Reference Nos. 3, 6, 11 and 12 for more 
information.  The user can INPUT specific values for Spt N, 
CSR(EQ), Soil Zones, Gamma's, etc. in order to customize the 
analysis for the existing data base of information.  It is 
recommended that you do not use depth averaging when using 
specific input data but make calculations at specific depths 
where external input data exists. The calculated value of Qcr 
is the minimum value of cone bearing stress required at a given 
depth such that the factor of safety against liquefaction, or 
the ratio FL = CSR(Qc)/CSR(EQ) have the specified value for a 
given earthquake magnitude, max. ground acceleration, depth 
reduction factor, and calculated overburden stresses.  This 
value of Qcr is useful to identify the required minimum level 
of soil improvement for a given design condition. 



                                                     Page 9/10 
9. The NdU method to calculate undrained shear strength has been 
extended to allow the user to choose either dU1, or dU2 or dU3 
provided such pore pressure measurements exist. 
 
10. The Overconsolidation Ratio, OCR, for the sand must be 
estimated by the user in the "Param" menu if you want to 
estimate Ko in the sand layers.  For the typical normally 
consolidated sand, OCR = 1.0. 
 
11. It is currently only possible to estimate the OCR for a 
clay, which makes use of the correlations obtained from 
extensive laboratory tests. 
 
12. An improved calculation and print routine was added to 
version 5.0 which uses swap routines to reduce memory 
requirements, but slows down the calculations. 
 
13. The classification charts for Rf has been extended at all 
boundaries such that values of Rf>8 and values of Qc<1.00 are 
possible. The Bq classification chart which requires dU2 and 
can now accept values of Bq>1.2 and Qt<1.  Unfortunately, this 
feature does not work. 
 
14. Version 5.1ppd added several enhancements to the program. 
You may input an average vertical flow gradient, which is  
applied over the entire profile depth to be analysed so adjust 
the depth of interest accordingly. Zero gives hydrostatic and  
no flow, a negative gradient is upward flow which increases  
pore pressure and reduces vertical effective stress.  A  
positive gradient gives downward flow. 
 
15. A State Parameter or current void ratio minus critical 
void ratio is calculated according to the paper by Ref. 14, 
Plewes, Davies and Jefferies, 1994. 
 
16. An alternate method to estimate SPT from CPT is provided  
according to Ref. 13, Jefferies and Davies, 1993 in ASTM.  
 
17. An alternate method to estimate OCR in clays is provided 
which uses the measured pore pressure difference, ppd, so  
both U1 and U2 or U1 and U3 must be measured at the same time. 
(see Ref. 16) 
 
18. Version 5.2 added the value Ic (Material Index) according  
to Jefferies & Davies, 1993, 1991 (Ref. 13 & 17) which combines  
all Normalized parameters Q, F and Bq.  
(Note: QtN was changed to Q and RfN to F.) 
 
18A. In Version 5.2, if at any depth the value of Bq>1 (in very  
sensitive saturated soil)then Bq is made equal to 0.99.  Also,  
if Rf>8 it is made 7.99.  These changes have a negligable  
effect on the results. 
 
19. FC(%) or percent of dry weight less than #200 sieve (.074mm) 
was also added according to Davies, 1999 Ref.#15) 
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1

Purpose

This bulletin provides an update on the proper use of the Central Mine Equipment (CME)
automatic Standard Penetration Test (SPT) hammer based on recent drop height and drill rod
energy measurement studies.  Recent observations of the testing by government crews and
contract drilling has shown these hammers are not always operated correctly.  The CME hammer
system, when operated according to manufacturer’s instructions, can result in N values up to a
factor of 1.5 times lower than the SPT N values obtained by conventional rope and cat-head
safety hammer systems.  The hammer is rate dependent and can deliver drill rod energy ratios
varying from 60 to 90 percent.  This guide will show engineers how to evaluate the hammer
performance and how the operation can be adjusted.  The information in this bulletin can  be
used to estimate SPT drill rod energy for this hammer system based on hammer rate and drop
height observations.

Background

The Central Mine Equipment Company has been selling an automatic hammer for over 15 years. 
Figure 1 shows the exterior of the hammer system.  This hammer uses a cylindrical hammer of
lead encased in steel enclosed in a guide tube.  The hammer is lifted by a chain cam mechanism. 
On the chain is a finger cam which picks up the hammer.  The cam carries the hammer upward
and, at the end of its travel, the hammer is “flung” farther into the air.  The distance the hammer
is flung, in excess of the top of the chain travel, is a function of the speed of the chain.  There-
fore, the drop height of the hammer is a function of the speed of the chain.

In an important paper on the influence of SPT procedures in liquefaction analysis, Seed et al. [1]1

recommended 30 to 40 blows per minute (bpm).  In addition, the recently released American
Society for Testing and Materials (ASTM) Practice D 6066-97 for determining normalized
penetration resistance in sands recommends 20 to 40 bpm [2].  Consequently, there have been
numerous occurrences where a slower hammer rate has been used.  However, the rate required to
develop a 30-inch drop using the CME hammer equipped with a standard anvil is 50 to 55 bpm.

It should be stated clearly here that a blow count rate of 50 to 55 bpm is acceptable for most
geotechnical explorations, and the reduced rate is considered to be an issue only with
liquefaction investigations of sands.  There have been numerous occurrences where the hammer
has not been operated according to instructions, and the rate has been slower.  Because of these
slower rates, there have been questions regarding the energy transfer and effect on SPT blow
counts.  

Recently, the Los Angeles District Army Corps of Engineers evaluated the effect of blow count
rate on the efficiency of the CME  hammer used in their investigations of Whittier Narrows Dam. 
This report will summarize the results of this rate study and make recommendations on energy
delivered under these variable rate conditions. 
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Figure 1.—CME automatic hammer system.

There have been numerous SPT energy transfer measurements on the CME automatic hammer. 
A compilation of energy measurement data from our files is shown in table 1 [3-10].  Energy
measurements performed prior to 1990 were performed in accordance with ASTM standard 
D 4633 [11].  This method consists of measuring the force-time history of the first compression
pulse in the rods and integration of the square of the force.  This method will be denoted as EF2. 
The EF2 measurement provides the drill rod energy ratio (ERi) by using a force transducer
housed in the drill rods below the impact anvil.  Early work by Schmertmann and continued
measurements have shown that the penetration resistance “N” is inversely proportional to ERi.
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The energy transfer of SPT hammers is especially important in liquefaction evaluation of soils. 
In 1997, the ASTM developed a practice for determination of normalized penetration resistance
of sands [2].  In this practice, the effects of hammer systems are discussed.  Automatic hammers
are very desirable from the standpoint of energy transfer reproducibility.  The practice states that
for hammers used in these investigations, energy can be measured during the investigation, or an
assumed value can be used if there is reliable data from others and the hammer is operated
correctly.  

Proper Hammer Operation

The CME factory operating instructions and instructions for adjusting the hammer speed are
given in the appendix.  CME has designed the automatic hammer with a viewing slot so that the
drop height of the hammer can be easily checked.  The CME automatic hammer is designed to
operate at a speed of 50 to 55 bpm.  The chain-cam motor is hydraulic, and there are flow control
settings to adjust the blow count rate.  All drills are adjusted at the factory to provide the
recommended rate.  However, with time, these settings may change and should be checked.

The rate of the hammer depends on the engine revolutions per minute (rpm).  This is because 
the chain cam system is driven by a hydraulic motor.  The power of the motor depends on the
hydraulic fluid pressure in the drill system, and the hydraulic supply pressure varies with engine
rpm.  The hammer will not operate correctly at idle speed.  Typically, the hammer is adjusted to
operate at a set throttle detent speed of 1,500 to 2,000 rpm, or full throttle.

The flow control setting is accomplished according to the instructions in the appendix.  The
viewing slot allows for observation of the drop height.  The hammer is equipped with an anvil
that projects into the guide tube 11.75 inches.  The viewing slot is about 39 to 43 inches above
the base of the guide tube (refer to figure 1 in the appendix).  When the hammer is operated 
at about 50 to 55 bpm, the base of the hammer will be visible at a height of 41½ inches above the
base of the guide tube.  If hammer rates are set too high, the falling hammer will impact the
returning cam prior to anvil impact and may damage the equipment.  This occurs when the rate is
set near or above 60 bpm. 

Therefore, the easy way to check for proper operation is to look at the viewing slot and count the
blow count rate during testing.  The base of the hammer should be about 41½ inches above the
base of the guide tube.  

It is important that the drill operator understand what throttle speed is to be used during testing.
Field observations have shown that when the hammer is operated at idle speed or at a speed
slower than that for proper flow control, the drop height is significantly reduced.  Therefore,
during testing, if the operator fails to engage throttle detent speed, the SPT test will be invalid
unless the rate is recorded.
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Operation at slower speeds.—ASTM procedures for testing of liquefaction state that the
rate of blows should range from 20-40 bpm [2].  If it is desired to operate the hammer at 40 bpm,
the energy will be reduced.  Another approach is to add a spacer ring  to the anvil.  Based on the
properties of this hammer system, the spacer ring will allow for a 30-inch hammer drop.  Based
on theoretical calculations, the height of the spacer ring should be about 3 inches at 40 bpm.  Our
study, to follow, shows that at 40 bpm, the ring may need to be only 2 inches.  When a spacer
ring is to be used, the viewing slot must be cut and lowered 3 inches so that the hammer can be
observed, assuring proper operation.

The effect of blow count rate on SPT liquefaction data in sands is not known.  In a clean sand of
high permeability, there could be almost no difference between the N value for a hammer of 
30-inch drop performed at 50 and 20 bpm.  The rate effect is more likely a problem for dirty
sands.  In our data to follow, the rate effect on the drop height is significant when a spacer ring
is not used to maintain the 30-inch drop height. 

Maintenance.—As with any hammer system, the hammer should be maintained to ensure that
it operates correctly.  The guide sleeve and chain should be cleaned and lubricated periodically 
to ensure that the hammer is dropping freely.  You can measure the hammer efficiency by
measuring the velocity at impact with radar or a displacement transducer.  Our measurements
indicate that the hammer drops at 95 to 97 percent efficiency in a clean guide tube.  In some
cases, where we have measured low drill rod energy, the hammer velocity is slower than normal,
pointing to a situation such as a rusted or dirty guide tube interior.

Other Operation Considerations

The hammer assembly weighs about 230 lbs.  This assembly weight is significantly greater than
rope and cathead operated hammers which weigh from 75 to 100 lbs [10].  When testing very
soft soils, the hammer assembly may sink under the weight of the assembly.  The SPT data in
soft, fine-grained soils may differ significantly between the automatic and rope-cathead
hammers, so it is important to report the assembly mass on the drill log [12].  The hydraulic
cylinder that controls vertical movement of the assembly is a one-way piston, made only to lift
the assembly.  If the assembly sinks quickly, the A valve may be used to catch the hammer (see
appendix). 

In hard driving conditions, the assembly may cause secondary impacts to the anvil shoulder.  In
these conditions, valve C (hammer restricted fall) should be used.

Summary of Energy Measurements  

In the mid 1980s, after collection of EF2 drill rod energy data in the U.S. and other countries, 
H. Bolton Seed et al. recommended that SPT N values be corrected to N60 for liquefaction
analysis [1].  The correction takes the form of:

N60 = Nm * (ERi / 60) EQN (1)
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Where:

Nm = measured N value
ERi = drill rod energy ratio, expressed as a percent, of maximum theoretical energy for

the system used

The EF2 data form the basis of the 60 percent recommendation.  Seed assumed that safety
hammers deliver ERi of 60 percent.  Table 1 shows the EF2 data that were collected prior to
1992.  In this table, EF2 ERi, ranges from 83 percent to over 100 percent, and the data that are
considered reliable generally average around 85 to 95 percent.

In the 1990s, accelerometers began to find use in SPT energy measurement, and a new method
called the EFV method was developed.  Table 1 summarizes EF2 and EFV data that have been
collected since 1992.  The first EFV data were collected by Goble in 1989.  Virtually all the new
EFV data for the CME automatic hammer have been collected using equipment provided by
Goble, Rausche, Likins and Associates, Inc. (GRL).  This company has adapted their pile driving
analysis equipment for SPT energy measurements.

Review of the new GRL data in table 1 indicates the new EFV data for the CME hammer range
from 74 to 86 percent.  EFV data, where the hammer is operated at a correct rate, generally range
from 80 to 85 percent.  There is also an appreciable difference between EF2 and EFV data.  In
some cases, EFV data are higher than EF2 data, while in other cases, EFV is lower than EF2. 
There is a very wide variability in the reported EF2 data.  The reasons for the variability are not
well explained [9, 13].  Due to limited funding, GRL measurements have not been well
documented.  That is, they have been on a project to project basis.  GRL does not adjust EF2 data
for short rod lengths, and this could explain some of the lower EF2 data.   GRL believes that, due
to reflections in the stress waves near the transducers, EF2 data are not always reliable.  Also,
they believe that older, pre-1990 EF2 data could be biased toward the high side (90-95 percent)
because of errors with piezoelectric load cells.  It is well accepted that EFV measurements, if
collected correctly, are more fundamentally correct than EF2 measurements because true, one-
dimensional wave equation conditions are not met in SPT drill rod.

Measuring ERi is more difficult with the CME automatic hammer than with most hammers.  This
is because the hammer anvil aspect ratio is such that a very fast rise and fall time and a very
large, sharp peak in force and velocity can develop in the drill rods [8].  This rapidly peaking
large force results in very severe loading conditions for both accelerometers and strain
transducers.  Additional studies are planned to try to explain the lower energy levels being
measured with GRL equipment.  

An engineer who must decide on how to apply this energy data has some difficult decisions to
make.  EF2 data were originally reported as high as 90 percent.  According to equation (1) above,
CME automatic hammer N values would be lower than rope and cathead safety hammer data by a
factor of 90/60 = 1.5 using EF2 data.  Using new EFV data, a correction of 80/60 = 1.3 would be
applied.

Reclamation had the opportunity to test the difference in hammer systems at Jackson Lake Dam. 
Dynamic compaction ground improvement was performed in two phases.  SPT drilling of the
first phase was with a rope and cathead safety hammer, while in the second phase, CME
automatic hammers were used.  Over 4,000 SPT N values were analyzed [14].  The results
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indicate that N values from the CME automatic hammers differed by a factor of approximately
1.8.  The factor was surprisingly constant through a wide range of soil types, from gravel to clay. 
This larger factor could also be attributed to other effects, such as drilling method and systematic
disturbance, amount of gravels, prestress effects, etc.  But the data show there is a significant
difference in SPT N values between the automatic hammer and safety hammer.  Physical
comparison data published in many sources also show much larger differences in N values
collected with automatic and safety hammers than those predicted by EFV energy measurements
[12].  The differences are much larger than could be explained by a 20 percent energy difference
(i.e., a factor of 80/60 = 1.3) implied by the GRL data.

Even with the larger differences shown in some of the field data, the engineer who is using the
new EFV data will likely err toward conservatism and would likely apply the factor of 1.3.  This
low correction factor gives little incentive to using automatic hammers on a project if low con-
servative N values requiring costly ground modifications would result.

Even though GRL data appear to be erratic and possibly lower than the older EF2 data, GRL is
the only active SPT energy measurement contractor in the U.S.  The Army Corps of Engineers
had questions regarding past drilling at Whittier Narrows Dam.  We decided we would use the
GRL equipment to study the rate effects of the CME automatic hammer. 

Rate Effect Study

The Los Angeles District of the Army Corps of Engineers had questions regarding CME hammer
operations during their liquefaction investigation at Whittier Narrows Dam.  The CME automatic
hammer was used exclusively, and in most of the investigation, the same hammer and operator
were used.  Drop height and rate effect studies where performed to evaluate the CME hammer.

In a series of field studies on a CME 75HT drill, the rate of the hammer was varied, and the drop
height was measured through the viewing window.  Drop height was also monitored on the
second hammer in a second round of drilling.  The results of this study are summarized in 
figure 2.  When the hammer rate was slowed to about 40 bpm, the drop height was reduced to 
28 inches.  This reduction in drop height equates to a theoretical reduction in input energy of 
7 percent.

Next, a field study and energy measurements were performed by GRL [15]. Measurements were
performed in three drill holes.  The results of this study are shown in table 2 and figure 3.  Test
depths ranged from 4.5 to 35.5 feet.  GRL reports EF2 data without correction for short rod
length.  In order to compare EFV data, which are equivalent to a nominal hammer energy, it is
necessary to correct the EF2 data by the K2 factor described in the old ASTM D 4633 standard. 
This is because the hammer input energy is prematurely terminated by the reflected tensile wave
in short drill rods.  This effect can easily be seen in table 2 in the column "Average EF2."  The
shorter the rod length, the lower the value of EF2.  Once rod length is about 40 feet, the full
energy content can be delivered.
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Figure 2.—Summary of CME hammer drop height and rate measurements
(Whittier Narrows Dam investigation).
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To correct for short rod length, we first estimated the rod length during the test (table 2).  Then,
we calculated the estimated wave travel time:

wave travel time, t  = 2l’/c

Where:

l’ = length of rods, distance from transducer to bottom of rods
  c = stress wave velocity in steel, 16,800 ft/sec

For our new standard in ASTM, the short rod factor is now called the K1 factor, and we have
developed tables of K1 for different rod sizes/lengths.  The K1 factor for AW rods used in this
study is shown in table 2.  We took the average EF2 energy and multiplied it by the K1 factor to
get a nominal energy.

Table 2 and figure 3 summarize the results of the rate study.  Rates from 30 to 58 bpm were
measured.  When the rate of the hammer is slowed to around 30 bpm, drill rod energy drops 
10 to 15 percent.  These data agree fairly well with the drop height data summarized in figure 1. 
The drop height study indicates that a reduction to 40 bpm resulted in a drop height of 28 inches,
equivalent to about 7 percent energy.  Assuming a linear relationship, further reduction to 
30 bpm results in an energy loss of 14 percent, which would equate to a drop height reduction to
26 inches.  A drop height of 26 inches may well be the minimum with this hammer system and
may reflect the distance between the chain cam sprockets.

Using figure 3 and the drop height data, one could estimate the energy delivery of the CME
hammer if the blow count rate is recorded.

For the nominal energy of the Los Angeles study, which is summarized in the last row of table 1,
we averaged seven series of data at rates ranging from 50-57 bpm.  EFV ERi averaged 81 percent
while K2 corrected EF2 ERi averaged 75 percent.  The difference in EF2 and EFV data again has
not been explained.  It is not known why, in this case, the EF2 data are lower than EFV data. 
Additional controlled research is needed to explain these differences.

The assumed drill rod energy for the CME hammer, when operated at 50 to 55 bpm, should be on
the order of ERi =  85 to 95 percent based on most of the measurements made to date.  The value
used in design depends on the analysis being performed.  For the Whittier study, EF2 data were
even lower, at 75 percent.

Conclusions

In this report, energy measurements for the CME automatic hammer are reviewed.  Operational
guidelines of the CME automatic hammer are given to avoid operation at incorrect speeds. 
Finally, the effects of slowing the blow rate are measured.  The following conclusions can be
drawn from this study:
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C�!�0�� ,1�1 $* ,$ *$ *, *$ 7/ 0$ 1�.. ��.$ 7) 7) 7/

C�!�,�� 1�1 �* ,,�1 *, *1 *� 0* �$ ��0, ��,1 7, 0* 07

C�!�,�� �.�1 / ,$�1 7* 7* 77 1/ �* $�.$ ���* 7/ 1) 1*
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C�!�,�� $.�1 ,7 ,/�7 *1 ** *$ 7) $* ,�$� ��.1 *$ *. 77

C�!�,�� $1�1 $) 0��/ */ /$ *1 7* ,$ ,�/� ��., 7) 7) 77

C�!�,�� ,.�1 �$ 0.�* *1 /7 *� 77 ,* 0�0. ��.$ 7* 77 71

C�!�,�� ,1�1 ,, 0.�* *7 // 7� *, 0$ 1�.. � *, *0 *.

C�!�$�� 1�1 / 1* /0 /* /� 11 �$ ��0, ��,1 *0 11 10

C�!�$�� �.�1 7 1*�0 *, /� 77 77 �* $�.$ ���* ** 7* 71

C�!�$�� �1�1 �. 17�0 /� ). 11 7* $$ $�7$ ��.) *, 7/ 7*

C�!�$�� $.�1 $1 17�0 /$ ). *1 *, $* ,�$� ��.1 ** *1 *$

C�!�$�� $1�1 $* 1$�) /1 )$ ** *� ,$ ,�/� ��., *, *, *.

C�!�$�� ,.�1 0/ 1.�$ */ /1 7/ *� ,* 0�0. ��.$ *$ *, 7)

C�!�$�� ,1�1 7, 17�1 /� ), *, ** 0$ 1�.. � ** /. *1
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Figure 3.—Summary of drill rod energy and rate data
(Whittier Narrows Dam investigation).
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• The CME automatic hammer delivers more energy than typical rope-cathead safety
hammer systems.  The hammer is much more consistent in energy delivery than manually
operated hammers.  The use of this automatic hammer is highly desirable, but it must be
checked to assure it is operating correctly.

• The hammer is designed to operate at 50-55 bpm.  The speed is controlled by the
hydraulics of the drill and, therefore, the flow control valves must be adjusted correctly
and the drop height should be checked to assure proper operation.  The operator should
be sure that proper engine speed is reached during testing.  The hammer is simple to
check—simply count the rate and check the position of the hammer in the viewing slot. 
The hammer speed and drop height should be reported on the drill logs.

• Numerous investigators have measured drill rod energy on the CME automatic hammer. 
Prior to the 1990s, the measurements were made according to ASTM D 4633 using the
force squared (EF2) method.  These measurements indicated that the hammer, when
operated at the correct speed, would deliver 90 to 95 percent ERi.  In the 1990s,
accelerometers came into use, and the product of force and velocity (EFV) was
measured.  The recent EFV ERi data range from 80 to 85 percent.  Reported EF2 data are
more variable, and there are differences of as high has 10 percent ERi between EF2 and
EFV data.  The reason for these differences have not been explained.  The new EFV data
appear about 10 percent lower than the older EF2 data.  Limited field comparisons
between CME automatic and safety hammers indicate larger differences in actual blow
counts than would be expected using the EFV or even older EF2 data.

• Given the new EFV data and any uncertainties with the older EF2 data, the recom-
mended drill rod energy for the CME automatic hammer operated at the correct speed of
50 to 55 bpm is 85 to 95 percent.  This assumed energy could be used for liquefaction
investigations in accordance with ASTM D 6066, method B, and thus alleviate the need
for project-specific energy measurements.  If there is uncertainty, smaller energy
corrections could be used. 

• Studying the rate of the CME automatic hammer and measuring the energy indicates that
when the hammer is operated at 30 bpm, drill rod energy loss was almost 15 percent. 
Using the information in this report, an observer could estimate energy delivery of the
CME automatic hammer from information on the speed and drop height.

• Additional studies are needed.  There needs to be a systematic study of the various
energy measurement equipment available.  This study should be performed under the
most extreme loading conditions.  The CME hammer provides a good test for response
under extreme loading.  It would also be helpful to look at additional field studies,
comparing safety hammer data and CME automatic hammer data.  Some data exist in the
literature but were not reviewed for this report.
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Appendix

Operation Instructions for the CME Automatic Hammer
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ASTM D 
2216
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ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 
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Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-001 B01 0-5

S02 5.0 8.7 115.6 (SC)g*

S03 10.0

S04 15.0 17.0 98.7 27:41:32 (SC)g

S05 20.0

S06 25.0 14.0 100.3 37:37:26 (SC)g

S07 30.0

S08 35.0 37.27 @ 20.8 SC*

S09 40.0 44,23,21 33:35:32 (SC)g

S10 45.0 30.1 87.9 15:51:34 (SC)g

S11 50.0

U12 52-54 36,19,17 0:35:65 36.88 @ 27.8 s(CL)

S13 55.0 22.7 105.1 CL*

S14 60.0

S15 65.0

S16 70.0

S17 75.0 26.9 92.4 10:67:23 SM

S18 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-002 B01 2.5-6 6.62 47 312 850 @ 36.1 SC*

S02 6.0 51,23,28 (CH)s

S03 10.0 14:42:44 SC

S04 15.0

S05 20.0 29.2 90.9 0:18:82 (CL)s

S06 25.0

U07 27-29 37,29,8 0:28:72 35.13 @ 17.4 (ML)s

S08 30.0

S09 35.0 1:20:79 (CL)s

S10 40.0 27.7 94.1 CL*

S11 45.0

S12 50.0

S13 55.0

S14 60.0

S15 65.0 Combined NonPlastic 13:49:38 SM

S16 70.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-003 S01 5.0

S02 10.0 10.5 109.4 (CL-ML)g*

B03 11.5-15 48:32:20 6.46 36 253 1280 @ 27.3 (GM)s

S04 15.0

S05 20.0 21.6 94.7 CL-ML*

S06 25.0 17:32:51 s(CL)g

S07 30.0 21.1 100.3 CL-ML*

S08 35.0 53,26,27 CH

S09 40.0 14:26:60 79.51 @ 20.8 s(CL)

S10 45.0

S11 50.0 32.7 88.0 CL*

S12 55.0 54,26,28 0:16:84 (CH)s

S13 60.0 21.0 103.7 (CL)g*

S14 65.0

S15 70.0 32.6 87.3 CL*

S16 75.0

S17 80.0 18.2 99.1 (SP)g*

S18 85.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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Undrained 

Triax. 
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Strength
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(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-004 S01 5.0

S02 10.0 12.4 97.7 (CL-ML)g*

B03 11.5-15 6.21 71 116 885 @ 32.7 (SC)g*

S04 15.0 42,22,20 17:28:55 s(CL)g

S05 20.0 21:36:43 (SC)g

S06 25.0

S07 30.0 8.6 101.7 s(ML)g*

S08 35.0 36:47:17 (SM)g

S09 40.0 13.6 102.7 SM*

S10 45.0

S11 50.0

S12 55.0

S13 60.0 25.7 96.3 CL*

S14 65.0 1:32:67 s(CL)

S15 70.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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ASTM D 
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ASTM D 
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ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 
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Sulfate Content 
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ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-005 B01 0-5 7.28 32 80 3055 @ 24.5 (SM)g*

S02 5.0 33:40:27 (SC)g

S03 10.0

S04 15.0

S05 20.0 40,25,15 16:42:42 (SC)g

S06 25.0

S07 30.0 11.1 120.5 (SC)g*

S08 35.0

S09 40.0 24.3 99.9 40,21,19 (CL)s

S10 45.0

S11 50.0 20.3 101.2 (CL)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-006 S01 5.0 17.3 104.7 SC*

S02 10.0

S03 15.0 11.5 101.7 (SM)g*

S04 20.0

S05 25.0 19:28:53 72.60 @ 13.9 s(CL)g

S06 30.0

S07 35.0 37,23,14 s(CL)g

S08 40.0

S09 45.0 19.8 102.6 (SC-SM)g*

S10 50.0

S11 55.0 16.4 105.7 (SC)g*

S12 60.0

S13 65.0 21.0 101.9 (CL)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-007 B01 2-5 7.81 22 111 3000 @ 18.4 SM*

S02 6.0 11.6 121.4 (SC)g*

S03 11.0

S04 16.0 13.3 118.4 (SC)g*

S05 21.0 21:54:25 (SC)g

S06 26.0 41,21,20 35.94 @ 13.9 s(CL)

S07 31.0

S08 36.0 20.5 104.6 41,23,18 7:50:43 SC

S09 41.0 35,21,14 SC

S10 46.0 32,21,11 18:47:35 (SC)g

S11 51.0 41,23,18 2:33:65 s(CL)

S12 56.0 12.60 @ 27.8 SM*

S13 61.0 47:39:14 (GC)s

S14 66.0 10.1 123.1 (SC)g*

S15 71.0

S16 76.0

S17 81.0

S18 86.0

S19 91.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-008 B01 0-5 6.72 37 137 1025 @ 31.3 s(CL)*

S02 5.0 14.0 111.7 9:49:42 SC

S03 10.0 9:54:37 SC

S04 15.0 7:41:52 s(CL)

S05 20.0 23:56:21 (SC)g

S06 25.0 26:55:19 (SC)g

S07 30.0 31,25,6 0:42:58 s(ML)

S08 35.0 22.5 101.2 6:68:26 SM

S09 40.0

S10 45.0 21.3 113.3 (SC)g*

S11 50.0 24:49:27 (SC)g

S12 55.0

S13 60.0

S14 65.0

S15 70.0

S17 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-009 B01 0-5

S02 5.0 43,23,20 4:26:70 s(CL)

S03 10.0 32,26,6 3:67:30 SM

S04 15.0 5:42:53 s(CL)

S05 20.0 20:53:27 (SC)g

S06 25.0 33:46:21 (SM)g

S07 30.0 24.3 101.6 0:55:45 SC

S08 35.0 44:45:11 (SW-SM)g

S09 40.0 12.1 144.4 GP*

S10 45.0

S11 50.0 44,24,20 28:43:29 (SC)g

S12 55.0

S13 60.0

S14 65.0

S15 70.0

S16 75.0

S17 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
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DOT CA Test 

532/643DOT CA 
Test 

532/643



17781 Cowan , Suite 150, Irvine, CA 92614                      Leighton Consulting, Inc.     Tel.No. (949) 253-5922   Fax. No. (949) 724-1557

Project Name:     101/23 Interchange Improvements LCI No.:                           603141001  

Project No.:         400486.01.04.02.09.SC Tabulated by: JHW

Client:                  CH2M Hill Date: 03/15/11

Page 10

ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-010 B01 0-5

S02 5.0

S03 10.0 7.8 120.9 (SC)g*

S04 15.0 23:44:33 (SC)g

S05 20.0 8.9 114.2 (SM)g*

S06 25.0 11:36:53 s(CL)

S07 30.0 21.8 98.9 SC*

S08 35.0 3:35:62 s(CL)

U09 40-42 32,24,8 21:53:26 24.23 @ 20.8 (SM)g

S10 45.0 17:55:28 (SC)g

S11 50.0 32,21,11 16:54:30 (SC)g

S12 55.0 0:35:65 s(CL)

S13 60.0 20.0 138.2 (SM)g*

S14 65.0

S15 70.0

S16 75.0

S17 80.0

S18 85.0 Combined 10:52:38 SC

S19 90.0

S20 95.0
¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-011 S01 5.0 12.1 108.3 (SC)g*

B02 6.5-10 7.52 48 157 1100 @ 28.7 SC*

S03 10.0

S05 16.5

S06 20.0 47,21,26 51.40 @ 10.4 CL

S07 25.0

B08 27-30

S09 30.0 3:46:51 s(CL)

S11 36.5

S12 40.0 19.4 108.2 31,20,11 (CL)s

S13 45.0

S14 50.0 21.6 104.6 CL-ML*

A-11-012 B01 1-5

S02 5.0 24.3 97.7 (CL)g*

S03 10.0

S04 15.0 15:35:50 61.42 @ 10.4 s(CL)g

S05 20.0 44,26,18 CL

S06 25.0 28.2 92.9 CL*

S07 30.0
¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-013 S01 5.0

B02 6.5-10

S03 10.0 13.0 104.7 (SM)g*

S04 15.0

S05 20.0 9.9 106.8 56,24,32 30:17:53 g(CH)s

S06 25.0

S07 30.0 52.39 @ 17.4 SC*

S08 35.0

S09 40.0 23.2 100.6 ML*

S10 45.0

S11 50.0 29.6 90.5 CL*

A-11-014 S01 5.0

S02 10.0 20.2 100.4 (CL-ML)s*

B03 11.5-15 6.75 64 274 640 @ 34.6 (SC)g*

S04 15.0

S05 20.0 17.7 106.3 SM*

S06 25.0 5:37:58 s(CL)

S07 30.0 17.2 105.2 SM*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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R-Value Corrosion Suite (Soils) DOT CA Test 532/643
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Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 
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Test 
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-015 B01 1-5 28 (SC)g*

S02 5.0 13.2 109.4 (SC)g*

S03 10.0

S04 15.0

S06 20.0 6:37:57 s(CL)

S07 25.0 17.2 103.8 (SC)g*

S08 30.0

S09 35.0 16.6 107.8 (SC)g*

S10 40.0

S11 45.0 12.3 112.9 (SC)g*

A-11-016 S01 5.0 15:41:44 (SC)g

S02 10.0 15.9 97.4 (SC)g*

B03 11.5-15 7.37 70 172 920 @ 44.8 SC*

S04 15.0 49,21,28 CL

S05 20.0 20.9 99.0 (SC)g*

S06 25.0 1:30:69 s(CL)

S07 30.0 23.0 99.2 CL-ML*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-017 S01 5.0

S02 10.0 19.2 103.2 CL-ML*

B03 11.5-15 6.75 111 219 649 @ 45.3 SM*

S04 15.0 51,26,25 5:40:55 s(CH)

S05 20.0 19.9 104.2 (CL-ML)g*

S06 25.0

S07 30.0 22.2 100.5 (CL-ML)g*

S08 35.0 49,23,26 6:33:61 s(CL)

S09 40.0

S10 45.0

S11 50.0 17.5 104.4 ML*

A-11-018 S01 5.0 21.3 99.4 s(CL)*

S02 10.0

S03 15.0 15.1 105.2 CL* & (SC)g*

S04 20.0 51,22,29 CH

S05 25.0 16.5 107.3 (SC)g*

S06 30.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-019 S01 5.0 14.9 91.2 (SC)g*

S02 10.0 52,22,30 CH

S03 15.0 65.22 @ 10.4 SC*

B04 16.5-20 6.99 44 171 954 @ 39.8 SC*

S05 20.0

S06 25.0 16.8 100.1 (SC)g*

S07 30.0

S08 35.0 23.9 103.5 (SC)g*

S09 40.0 18:48:34 (SC)g

S10 45.0 14.6 103.4 (SC)g*

A-11-020 S01 5.0 19:33:48 (SC)g

B02 6.5-10 39 7.48 33 82 1085 @ 33.0 (SC)g*

S04 13.0

S05 15.0 16.4 106.9 36,26,10 (GM)s

S06 20.0

S07 25.0 18.6 103.1 (SC)g*

S08 30.0 19:56:25 (SC)g

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-021 S01 5.0

B02 6.5-10 7.06 37 87 1140 @ 33.3 (SC)g*

S03 10.0 18.6 101.3 SM*

S04 15.0 18:30:52 s(CL)g

S05 20.0 22.6 95.2 (ML)g*

S06 25.0 43,24,19 (CL)s

S07 30.0 21.3 99.1 (ML)g*

A-11-022 B01 1-5 77 (SM)g

S02 5.0 18.3 105.4 (SC)g*

S03 10.0 19:42:39 (SC)g

S04 15.0 13.2 101.3 (SC)g*

S05 20.0

S06 25.0 14.3 101.3 (SC)g*

S07 30.0

A-11-023 S01 5.0 39:46:15 (SC)g

S02 10.0 18.5 105.7 32,20,12 CL

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643



17781 Cowan , Suite 150, Irvine, CA 92614                      Leighton Consulting, Inc.     Tel.No. (949) 253-5922   Fax. No. (949) 724-1557

Project Name:     101/23 Interchange Improvements LCI No.:                           603141001  

Project No.:         400486.01.04.02.09.SC Tabulated by: JHW

Client:                  CH2M Hill Date: 03/15/11

Page 17

ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-024 B01 1-5

S02 5.0 10.5 107.2 (SC)g*

S03 10.0

S04 15.0 19.4 100.2 41:34:25 (GC)s

S05 20.0 23:29:48 (SC)g

S06 25.0 10.4 107.8 s(CL)g*

A-11-025 S01 5.0

B02 6.5-10 61 (SM)g

S03 10.0 15.2 122.0 (CL-ML)g*

S04 15.0

S05 20.0 17.3 101.9 ML*

S06 25.0 8:33:59 s(CL)

S07 30.0 15.9 104.2 (ML)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-026 S01 5.0

S02 10.0 42,23,19 51.32 @ 10.4 (SC)g

B03 11.5-15 6.70 133 169 900 @ 35.3 (SC)g*

S04 15.0

S05 20.0 15.0 102.8 (ML)g*

S06 25.0 24:38:38 (SC)g

S07 30.0 12.4 104.0 (ML)g*

S08 35.0

S09 40.0 10.8 106.6 (ML)g*

S10 45.0

S11 50.0 15.6 107.2 (ML)g*

A-11-027 S01 5.0

B02 6.5-10 7.23 73 210 1240 @ 30.8 (SC)g*

S03 10.0 18.2 100.0 (ML)g*

S04 15.0 40,20,20 16:33:51 s(CL)g

S05 20.0 8.0 113.0 (CL-ML)g*

S06 25.0

S07 30.0 15.5 107.8 (ML)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-028 S01 5.0 10.3 113.5 (SC)g*

S02 10.0 28:33:39 (SC)g

S03 15.0 11.7 110.3 (SC)g*

S04 20.0

S05 25.0 12.5 114.3 (SC)g*

S06 30.0 38,20,18 CL

S07 35.0 13.9 103.3 (SC)g*

A-11-029 S01 5.0 8.9 104.7 (SC)g*

B02 6.5-10 7.10 58 157 1400 @ 39.2 SC*

S03 10.0

S05 20.0

S06 25.0 12.2 68.5 (SC)g*

S07 30.0

S08 35.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
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@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643



17781 Cowan , Suite 150, Irvine, CA 92614                      Leighton Consulting, Inc.     Tel.No. (949) 253-5922   Fax. No. (949) 724-1557

Project Name:     101/23 Interchange Improvements LCI No.:                           603141001  

Project No.:         400486.01.04.02.09.SC Tabulated by: JHW

Client:                  CH2M Hill Date: 03/16/11

Page 20

ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-030 S01 5.0 58:28:14 (GM)s

B02 6.5-10 6.87 46 71 1562 @ 30.5 (SM)g*

S03 10.0

S04 15.0

S05 20.0

A-11-031 S01 5.0

S02 10.0 20.0 102.6 41,17,24 0:32:68 s(CL)

B03 11.5-15 7.53 42 109 990 @ 36.3 SC*

S04 15.0 6:46:48 SC

S05 20.0 20.6 102.8 1:35:64 s(CL)

S06 25.0

S07 30.0 26.9 93.6 51,24,27 (SC)g

S08 35.0 9:55:36 SC

S09 40.0

S10 45.0 0:24:76 (CL)s

S11 50.0 3:82:15 SM

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-032 B01 0-5

S02 5.0 25.6 92.5 51,23,28 (GC)s

S03 10.0

A-11-033 B01 2-6.5 21:58:21 62 (SM)g

S02 5.0

S03 10.0

A-11-034 B01 1-5

S02 5.0 9.4 111.9 (SC)g*

S03 10.0

A-11-035 B01 1-5

S02 5.0 25.6 95.6 62,21,41 s(CH)

S03 10.0

U04 15-17 47,22,25 7:46:47 SC

S05 17.0

S06 20.0 24.4 99.7 CL*

S07 25.0

S08 30.0 21.8 96 (SC)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-036 B01 2-8 14:46:40 44 SC

S02 5.0

S03 10.0 16.1 109.3 (SC)g*

A-11-037 B01 2-8

S02 5.0 1:46:53 s(CL)

S03 10.0 20.1 100.8 CL*

A-11-038 B01 2-8 74 (SM)g*

S02 5.0

S03 10.0 18.4 98.0 (CL-ML)g*

A-11-039 B01 2-8 71 (SM)g*

S02 5.0

S03 10.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-040 B01 1-5 61 (SC)g*

S02 5.0 15.1 107.5 (SC)g*

S03 10.0 25:49:26 (SC)g

S04 15.0 12.5 101.3 (SC)g*

S05 20.0

S06 25.0 11.4 111.9 (SC)g*

S07 30.0

A-11-041 B01 0-5

S02 5.0 9.7 112.8 46:27:27 (GC)s

S03 10.0

S04 15.0 13.1 107.0 (CL-ML)g*

S05 20.0

S06 25.0 6.7 115.7 (SC)g*

S07 30.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-042 S01 5.0

S02 10.0 12.1 112.3 (SC)g*

B03 11.5-15 27 SC*

S04 15.0 46,21,25 CL

S05 20.0 18.1 105.5 SC*

S06 25.0

S07 30.0 9.7 109.8 (SC)g*

A-11-043 S01 5.0

S02 10.0 8.4 107.0 (SM)g*

B03 11.5-15 61 (SM)g*

S04 15.0 33:47:20 (SC)g

S05 20.0 14.0 112.5 (SC)g*

A-11-044 S01 5.0 2:23:75 (CL)s

S02 10.0 26.0 95.7 43,21,22 (CL)s

S03 15.0

S04 20.0

S05 25.0 20.4 105.1 (SM)g*

S06 30.0
¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution



A-11-001 A-11-001 A-11-001 A-11-001 A-11-001 A-11-001

S02 S04 S06 S10 S13 S17

5.0 15.0 25.0 45.0 55.0 75.0

Drive Drive Drive Drive Drive Drive

4.25 >4.50 >4.50 1.00 2.50 >4.50

978.18 917.13 728.25 1091.92 1197.36 927.42

222.00 222.00 177.60 266.40 266.40 222.00

5.00 5.00 4.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416 2.416 2.416

190.78 1039.00 321.20 1109.88 255.72 1080.23

178.53 917.60 286.41 910.37 215.53 898.01

38.12 204.50 38.68 246.73 38.32 220.20

Container No.

125.7 115.5 114.4 114.3 128.9 117.2

8.7 17.0 14.0 30.1 22.7 26.9

115.6 98.7 100.3 87.9 105.1 92.4

51.4 65.0 55.7 88.5 101.4 88.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
clayey sand 
with gravel 

(SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown lean 
clay (CL)

Gray silty 
sand (SM)

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown clayey 

sand with 
gravel (SC)g

M&D A-11-001, S02, S04, S06, S10, S13, S17



R-11-002 R-11-002

S05 S10

20.0 40.0

Drive Drive

3.75 1.75

1114.24 1134.59

266.40 266.40

6.00 6.00

2.416 2.416

250.02 268.16

201.97 218.00

37.54 37.17

Container No.

117.4 120.2

29.2 27.7

90.9 94.1

92.3 94.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive lean clay 
with sand 

(CL)s

Olive gray 
lean clay (CL)

M&D R-11-002, S05 @ 20 and S10 @ 40



A-11-003 A-11-003 A-11-003 A-11-003 A-11-003 A-11-003 A-11-003

S02 S05 S07 S11 S13 S15 S17

10.0 20.0 30.0 50.0 60.0 70.0 80.0

Drive Drive Drive Drive Drive Drive Drive

>4.50 3.00 >4.50 >4.50 4.00 3.25 <0.25

949.25 1098.17 952.86 1110.10 1172.11 1102.23 741.65

222.00 266.40 222.00 266.40 266.40 266.40 177.60

5.00 6.00 5.00 6.00 6.00 6.00 4.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416

302.44 215.35 240.37 239.78 286.05 269.70 434.80

277.36 183.89 205.25 190.24 243.10 213.08 373.81

38.24 38.28 38.54 38.86 38.65 39.60 38.71

Container No.

120.9 115.2 121.5 116.8 125.4 115.8 117.2

10.5 21.6 21.1 32.7 21.0 32.6 18.2

109.4 94.7 100.3 88.0 103.7 87.3 99.1

52.4 74.8 83.6 96.6 90.6 94.6 70.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

Brown silty 
clay (CL-ML)

Gray lean clay 
with gravel 

(CL)g

Gray lean clay 
(CL)

Gray lean clay 
(CL)

Gray poorly-
graded sand 
with gravel 
(SP)g, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay (CL-ML)

M&D A-11-003, S02, S05, S07, S11, S13, S15, S17



A-11-004 A-11-004 A-11-004 A-11-004

S02 S07 S09 S13

10.0 30.0 40.0 60.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 >4.50

1059.28 532.12 924.09 950.85

266.40 133.20 222.00 222.00

6.00 3.00 5.00 5.00

2.416 2.416 2.416 2.416

254.87 234.49 213.29 210.59

230.87 218.95 192.40 174.81

38.06 38.27 38.88 35.80

Container No.

109.8 110.5 116.7 121.1

12.4 8.6 13.6 25.7

97.7 101.7 102.7 96.3

46.3 35.4 57.3 92.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

Brown sandy 
silt with gravel 

s(ML)g

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
sand (SM)

M&D A-11-004, S02, S07, S09, S13



R-11-005 R-11-005 R-11-005

S07 S09 S11

30.0 40.0 50.0

Drive Drive Drive

3.00 >4.50 >4.50

1027.64 775.47 954.21

222.00 177.60 222.00

5.00 4.00 5.00

2.416 2.416 2.416

240.86 280.56 322.62

220.55 233.26 274.88

38.11 38.84 39.18

Container No.

133.9 124.2 121.7

11.1 24.3 20.3

120.5 99.9 101.2

75.3 95.6 82.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown lean 

clay with sand 
(CL)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown lean 
clay with 

gravel (CL)g

M&D R-11-005, S07 @ 30, S09 @ 40, S11 @ 50



A-11-006 A-11-006 A-11-006 A-11-006 A-11-006

S01 S03 S09 S11 S13

5.0 15.0 45.0 55.0 65.0

Drive Drive Drive Drive Drive

4.25 >4.50 >4.50 >4.50 3.50

1152.77 904.27 1153.89 1155.34 1156.23

266.40 222.00 266.40 266.40 266.40

6.00 5.00 6.00 6.00 6.00

2.416 2.416 2.416 2.416 2.416

283.25 234.58 250.02 243.68 262.90

247.15 214.43 215.11 214.76 223.92

38.06 38.87 39.02 38.91 38.26

Container No.

122.8 113.4 122.9 123.1 123.2

17.3 11.5 19.8 16.4 21.0

104.7 101.7 102.6 105.7 101.9

76.4 47.2 83.2 74.7 86.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand (SC)

Brown silty 
sand with 

gravel (SM)g

Brown lean 
clay with 

gravel (CL)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty, 
clayey sand 
with gravel 
(SC-SM)g

M&D A-11-006, S01, S03, S09, S11, S13



R-11-007 R-11-007 R-11-007 R-11-007

S02 S04 S08 S14

6.0 16.0 36.0 66.0

Drive Drive Drive Drive

>4.50 >4.50 3.25 >4.50

1037.67 1029.11 980.55 1037.53

222.00 222.00 222.00 222.00

5.00 5.00 5.00 5.00

2.416 2.416 2.416 2.416

306.15 266.18 738.96 366.03

278.31 239.45 637.09 335.85

38.78 37.95 140.04 38.31

Container No.

135.6 134.1 126.1 135.5

11.6 13.3 20.5 10.1

121.4 118.4 104.6 123.1

80.9 84.6 90.6 74.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
clayey sand 

(SC)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

M&D R-11-007, S02, S04, S08, S14



R-11-008 R-11-008 R-11-008

S02 S08 S10

5.0 35.0 45.0

Drive Drive Drive

>4.50 1.75 1.50

1185.84 1161.69 629.09

266.40 266.40 133.20

6.00 6.00 3.00

2.416 2.416 2.416

423.06 1135.98 208.87

375.64 964.63 179.06

36.69 204.57 38.88

Container No.

127.3 124.0 137.4

14.0 22.5 21.3

111.7 101.2 113.3

74.2 91.4 117.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/19/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Yellowish 
brown clayey 

sand (SC)

Brown silty 
sand (SM)

M&D R-11-008, S02 @ 5, S08 @ 35, S10 @ 45



R-11-009 R-11-009

S07 S09

30.0 40.0

Drive Drive

2.50 <0.25

982.07 1195.93

222.00 222.00

5.00 5.00

2.416 2.416

337.59 373.60

279.15 337.48

38.67 38.69

Container No.

126.3 161.9

24.3 12.1

101.6 144.4

99.6 195.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand (SC)

Brown poorly-
graded gravel 

(GP), very 
loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D R-11-009, S07 @ 30 and S09 @ 40



R-11-010 R-11-010 R-11-010 R-11-010

S03 S05 S07 S13

10.0 20.0 30.0 60.0

Drive Drive Drive Drive

4.25 >4.50 3.00 <0.25

603.62 582.28 1136.04 975.96

133.20 133.20 266.40 177.60

3.00 3.00 6.00 4.00

2.416 2.416 2.416 2.416

440.90 205.98 214.29 402.16

411.99 192.29 182.79 341.61

39.36 38.90 38.19 38.38

Container No.

130.3 124.4 120.4 165.9

7.8 8.9 21.8 20.0

120.9 114.2 98.9 138.2

53.2 50.6 83.5 245.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand (SC)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown silty 
sand with 

gravel (SM)g, 
wet, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown silty 
sand with 

gravel (SM)g

M&D R-11-010, S03, S05, S07, S13



A-11-011 A-11-011 A-11-011

S01 S12 S14

5.0 40.0 50.0

Drive Drive Drive

3.25 2.75 >4.50

952.41 999.46 1184.39

222.00 222.00 266.40

5.00 5.00 6.00

2.416 2.416 2.416

312.95 341.50 201.33

283.36 292.38 172.42

38.41 38.97 38.45

Container No.

121.4 129.2 127.1

12.1 19.4 21.6

108.3 108.2 104.6

58.6 93.9 95.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown lean 

clay with sand 
(CL)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
silty clay (CL-

ML)

M&D A-11-011, S01, S12, S14



A-11-012 A-11-012

S02 S06

5.0 25.0

Drive Drive

2.00 >4.50

952.28 1126.70

222.00 266.40

5.00 6.00

2.416 2.416

309.50 201.40

256.61 165.76

38.73 39.60

Container No.

121.4 119.1

24.3 28.2

97.7 92.9

90.3 93.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay with 

gravel (CL)g

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-012, S02 @ 5 and S06 @ 25



A-11-013 A-11-013 A-11-013 A-11-013

S03 S05 S09 S11

10.0 20.0 40.0 50.0

Drive Drive Drive Drive

4.00 1.50 >4.50 >4.50

747.41 556.65 1161.18 927.90

177.60 133.20 266.40 222.00

4.00 3.00 6.00 5.00

2.416 2.416 2.416 2.416

259.13 366.87 205.26 260.23

233.59 337.46 173.33 209.47

37.38 39.23 35.86 37.97

Container No.

118.4 117.3 123.9 117.3

13.0 9.9 23.2 29.6

104.7 106.8 100.6 90.5

57.7 46.0 92.8 92.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
(ML)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
sand with 

gravel (SM)g

Dark brown 
gravelly fat 

clay with sand 
g(CH)s

M&D A-11-013 S03, S05, S09, S11



A-11-014 A-11-014 A-11-014

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

948.41 1169.92 964.01

222.00 266.40 222.00

5.00 6.00 5.00

2.416 2.416 2.416

281.64 210.55 302.52

240.73 184.73 263.79

38.59 38.82 38.40

Container No.

120.7 125.1 123.3

20.2 17.7 17.2

100.4 106.3 105.2

80.5 81.6 77.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with sand 

(CL-ML)s

Brown silty 
sand (SM)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
sand (SM)

M&D A-11-014, S02 @ 10, S05 @ 20, S07 @ 30



A-11-015 A-11-015 A-11-015 A-11-015

S02 S07 S09 S11

5.0 25.0 35.0 45.0

Drive Drive Drive Drive

4.50 >4.50 >4.50 >4.50

1160.25 954.09 1173.95 984.52

266.40 222.00 266.40 222.00

6.00 5.00 6.00 5.00

2.416 2.416 2.416 2.416

208.70 189.70 222.60 333.86

188.78 167.60 196.41 301.59

37.74 38.88 39.02 38.87

Container No.

123.8 121.7 125.7 126.7

13.2 17.2 16.6 12.3

109.4 103.8 107.8 112.9

65.8 74.4 79.6 67.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-015, S02, S07, S09, S11



A-11-016 A-11-016 A-11-016

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

1081.69 1130.16 1148.17

266.40 266.40 266.40

6.00 6.00 6.00

2.416 2.416 2.416

213.43 255.18 282.68

189.39 217.85 236.74

37.94 38.85 37.39

Container No.

112.9 119.6 122.1

15.9 20.9 23.0

97.4 99.0 99.2

58.7 80.1 89.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay (CL-ML)

M&D A-11-016, S02, S05, S07



A-11-017 A-11-017 A-11-017 A-11-017

S02 S05 S07 S11

10.0 20.0 30.0 50.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 >4.50

1154.48 1168.89 1153.40 960.05

266.40 266.40 266.40 222.00

6.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416

263.18 239.72 246.59 221.06

226.91 206.33 208.78 193.89

37.80 38.94 38.46 39.02

Container No.

123.0 125.0 122.8 122.7

19.2 19.9 22.2 17.5

103.2 104.2 100.5 104.4

81.8 87.2 88.6 77.0

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay (CL-ML)

Brown silty 
clay with 

gravel (CL-
ML)g

Gray silt'stone' 
(ML)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay with 

gravel (CL-
ML)g

M&D A-11-017, S02, S05, S07, S11



A-11-018 A-11-018 A-11-018

S01 S03 S05

5.0 15.0 25.0

Drive Drive Drive

>4.50 3.25 4.00

1137.05 1141.40 974.33

266.40 266.40 222.00

6.00 6.00 5.00

2.416 2.416 2.416

270.31 243.21 202.99

229.51 216.24 179.63

38.28 38.18 38.37

Container No.

120.6 121.2 125.0

21.3 15.1 16.5

99.4 105.2 107.3

82.7 68.0 78.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-018, S01 @ 5, S03 @ 15, S05 @ 25



A-11-019 A-11-019 A-11-019 A-11-019

S01 S06 S08 S10

5.0 25.0 35.0 45.0

Drive Drive Drive Drive

>4.50 4.00 >4.50 >4.50

682.09 925.15 993.75 935.15

177.60 222.00 222.00 222.00

4.00 5.00 5.00 5.00

2.416 2.416 2.416 2.416

240.63 355.20 213.98 286.10

214.40 309.74 180.14 254.38

38.27 38.95 38.48 37.82

Container No.

104.8 116.9 128.3 118.5

14.9 16.8 23.9 14.6

91.2 100.1 103.5 103.4

47.4 66.2 102.7 62.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-019, S01, S06, S08, S10



A-11-020 A-11-020

S05 S07

15.0 25.0

Drive Drive

3.50 4.00

970.62 1149.22

222.00 266.40

5.00 6.00

2.416 2.416

402.34 266.78

351.03 231.10

37.41 39.61

Container No.

124.4 122.3

16.4 18.6

106.9 103.1

76.6 79.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
gravel with 
sand (GM)s

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-020, S05 @ 15 and S07 @ 25



A-11-021 A-11-021 A-11-021

S03 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

1133.18 739.34 1134.86

266.40 177.60 266.40

6.00 4.00 6.00

2.416 2.416 2.416

251.65 191.38 211.48

218.31 163.24 181.04

38.70 38.55 38.26

Container No.

120.0 116.7 120.3

18.6 22.6 21.3

101.3 95.2 99.1

75.4 79.1 82.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
sand (SM)

Brown silt 
with gravel 

(ML)g

M&D A-11-021, S03 @ 10, S05 @ 20, S07 @ 30



A-11-022 A-11-022 A-11-022

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

>4.50 >4.50 >4.50

1166.21 911.60 1102.82

266.40 222.00 266.40

6.00 5.00 6.00

2.416 2.416 2.416

245.13 242.66 231.71

213.34 218.88 207.46

39.20 38.05 38.19

Container No.

124.6 114.6 115.8

18.3 13.2 14.3

105.4 101.3 101.3

82.2 53.5 58.3

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-022, S02, S04, S06



A-11-023

S02

10.0

Drive

>4.50

1170.39

266.40

6.00

2.416

254.17

220.70

39.75

Container No.

125.2

18.5

105.7

83.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark olive 
lean clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-023, S02 @ 10



A-11-024 A-11-024 A-11-024

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

3.25 >4.50 >4.50

747.94 1130.04 937.99

177.60 266.40 222.00

4.00 6.00 5.00

2.416 2.416 2.416

331.70 1190.35 246.22

303.92 1037.97 226.67

38.77 251.22 39.13

Container No.

118.5 119.6 119.0

10.5 19.4 10.4

107.2 100.2 107.8

49.5 76.7 49.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
gravel with 
sand (GC)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown sandy 
lean clay with 
gravel s(CL)g

M&D A-11-024, S02, S04, S06



A-11-025 A-11-025 A-11-025

S03 S05 S07

10.0 20.0 30.0

Drive Drive Drive

<0.25 >4.50 >4.50

854.01 1129.88 759.01

177.60 266.40 177.60

4.00 6.00 4.00

2.416 2.416 2.416

220.88 193.61 197.39

196.74 170.75 175.65

38.15 38.80 38.80

Container No.

140.5 119.6 120.8

15.2 17.3 15.9

122.0 101.9 104.2

107.5 71.6 69.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g, very 

soft

Brown silt 
(ML)

M&D A-11-025, S03 @ 10, S05 @ 20, S07 @ 30



A-11-026 A-11-026 A-11-026 A-11-026

S05 S07 S09 S11

20.0 30.0 40.0 50.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 3.50

933.18 925.33 933.02 1160.99

222.00 222.00 222.00 266.40

5.00 5.00 5.00 6.00

2.416 2.416 2.416 2.416

258.69 211.16 187.11 233.68

229.96 192.20 172.59 207.30

38.03 39.76 38.64 38.44

Container No.

118.2 116.9 118.2 123.9

15.0 12.4 10.8 15.6

102.8 104.0 106.6 107.2

63.2 54.0 50.4 73.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silt 
with gravel 

(ML)g

Brown silt 
with gravel 

(ML)g

Brown silt 
with gravel 

(ML)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

M&D A-11-026, S05, S07, S09, S11



A-11-027 A-11-027 A-11-027

S03 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

1120.00 956.13 776.96

266.40 222.00 177.60

6.00 5.00 4.00

2.416 2.416 2.416

223.93 226.74 188.91

195.34 212.77 168.71

38.10 38.30 38.69

Container No.

118.2 122.0 124.5

18.2 8.0 15.5

100.0 113.0 107.8

71.7 43.9 74.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silt 
with gravel 

(ML)g

Brown silty 
clay with 

gravel (CL-
ML)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

M&D A-11-027, S03 @ 10, S05 @ 20, S07 @ 30



A-11-028 A-11-028 A-11-028 A-11-028

S01 S03 S05 S07

5.0 15.0 25.0 35.0

Drive Drive Drive Drive

3.75 >4.50 >4.50 >4.50

1170.36 770.31 1194.85 1116.13

266.40 177.60 266.40 266.40

6.00 4.00 6.00 6.00

2.416 2.416 2.416 2.416

290.46 377.58 242.14 217.74

266.99 342.11 219.48 195.84

38.19 38.41 37.75 38.34

Container No.

125.2 123.1 128.6 117.7

10.3 11.7 12.5 13.9

113.5 110.3 114.3 103.3

57.2 59.6 71.0 59.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

Gray clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-028, S01, S03, S05, S07



A-11-029 A-11-029

S01 S06

5.0 25.0

Drive Drive

4.00 <0.25

544.87 410.52

133.20 133.20

3.00 3.00

2.416 2.416

297.83 318.22

276.58 287.84

37.80 38.18

Container No.

114.0 76.8

8.9 12.2

104.7 68.5

39.4 22.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Orange brown 
silt'stone' (ML)

Orange brown 
clayey sand 
with gravel 
(SC)g, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-029, S01 @ 5 and  S06 @ 25



A-11-031 A-11-031 A-11-031

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

1.50 2.50 1.50

962.74 1161.47 1123.73

222.00 266.40 266.40

5.00 6.00 6.00

2.416 2.416 2.416

411.21 401.91 233.80

349.12 339.84 192.36

38.82 38.08 38.09

Container No.

123.1 124.0 118.7

20.0 20.6 26.9

102.6 102.8 93.6

84.0 86.8 90.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark olive 
gray sandy 
lean clay 

s(CL)

Yellowish 
brown sandy 

lean clay 
s(CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Dark olive 
brown clayey 

sand with 
gravel (SC)g

M&D A-11-031, S02, S05, S07



A-11-032

S02

5.0

Drive

2.25

1105.51

266.40

6.00

2.416

234.09

193.65

35.77

Container No.

116.2

25.6

92.5

84.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark brown 
clayey gravel 

with sand 
(GC)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-032, S02 @ 5



A-11-034

S02

5.0

Drive

>4.50

766.91

177.60

4.00

2.416

357.32

329.98

38.84

Container No.

122.4

9.4

111.9

50.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-034, S02 @ 5



A-11-035 A-11-035 A-11-035

S02 S06 S08

5.0 20.0 30.0

Drive Drive Drive

2.50 3.50 >4.50

1134.02 1161.40 925.70

266.40 266.40 222.00

6.00 6.00 5.00

2.416 2.416 2.416

248.98 268.49 321.20

206.00 223.59 270.71

38.28 39.26 39.16

Container No.

120.2 124.0 117.0

25.6 24.4 21.8

95.6 99.7 96.0

90.8 95.2 77.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark olive 
gray sandy fat 

clay (CH), 
claystone 

noted

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-035, S02, S06, S08



A-11-036

S03

10.0

Drive

>4.50

985.94

222.00

5.00

2.416

300.39

263.96

38.11

Container No.

127.0

16.1

109.3

80.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-036, S03 @ 10



A-11-037

S03

10.0

Drive

>4.50

760.25

177.60

4.00

2.416

210.31

181.50

38.03

Container No.

121.0

20.1

100.8

80.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-037, S03 @ 10



A-11-038

S03

10.0

Drive

3.00

735.67

177.60

4.00

2.416

287.66

249.05

38.68

Container No.

115.9

18.4

98.0

68.8

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

M&D A-11-038, S03 @ 10



A-11-040 A-11-040 A-11-040

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

>4.50 <0.25 2.75

1159.87 1088.78 388.92

266.40 266.40 88.80

6.00 6.00 2.00

2.416 2.416 2.416

251.75 217.42 225.18

223.81 197.68 206.07

38.83 39.58 38.28

Container No.

123.7 113.9 124.7

15.1 12.5 11.4

107.5 101.3 111.9

71.8 50.7 60.8

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g, 
very loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-040, S02, S04, S06



A-11-041 A-11-041 A-11-041

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

>4.50 >4.50 >4.50

966.36 759.93 964.51

222.00 177.60 222.00

5.00 4.00 5.00

2.416 2.416 2.416

395.65 245.93 330.30

363.80 221.88 312.07

35.87 37.97 38.64

Container No.

123.7 121.0 123.4

9.7 13.1 6.7

112.8 107.0 115.7

53.0 61.3 39.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark yellowish 
brown clayey 
gravel with 
sand (GC)s

Brown silty 
clay with 

gravel (CL-
ML)g

M&D A-11-041, S02, S04, S06



A-11-042 A-11-042 A-11-042

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

3.50 4.00 4.00

979.43 1166.23 757.66

222.00 266.40 177.60

5.00 6.00 4.00

2.416 2.416 2.416

269.64 256.99 382.69

244.55 223.37 352.16

37.26 37.98 38.46

Container No.

125.9 124.6 120.5

12.1 18.1 9.7

112.3 105.5 109.8

65.2 81.9 49.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand (SC)

M&D A-11-042, S02 @ 10, S05 @ 20, S07 @ 30



A-11-043 A-11-043

S02 S05

10.0 20.0

Drive Drive

>4.50 >4.50

735.70 993.21

177.60 222.00

4.00 5.00

2.416 2.416

259.69 322.46

242.64 287.61

38.90 38.12

Container No.

115.9 128.2

8.4 14.0

107.0 112.5

39.3 75.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark brown 
silty sand with 
gravel (SM)g

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-043, S02 @ 10, S05 @ 20



A-11-044 A-11-044

S02 S05

10.0 25.0

Drive Drive

1.25 >4.50

947.91 1180.03

222.00 266.40

5.00 6.00

2.416 2.416

370.87 226.98

302.29 195.16

38.74 39.27

Container No.

120.6 126.5

26.0 20.4

95.7 105.1

92.4 91.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay with sand 

(CL)s

Brown silty 
sand with 

gravel (SM)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-044, S02 @ 10 and S05 @ 25



Project Name: Tested By: G. Bathala Date: 02/24/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 24 17

23.87 25.06 21.63 24.48 24.75

21.94 22.90 19.22 21.10 21.15

13.59 13.56 13.50 13.49 13.56

23.11 23.13 42.13 44.42 47.43

44
23
21
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S09 40.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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CL- ML
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Project Name: Tested By: G. Bathala Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 15

25.39 25.96 26.44 24.45 24.98

23.54 24.01 23.13 21.60 21.86

13.59 13.48 13.48 13.58 13.49

18.59 18.52 34.30 35.54 37.28

36
19
17
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

U12 52.0-54.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 01/31/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

7.34 7.13 14.87 13.76 17.09

6.18 6.02 10.32 9.50 11.60

1.06 1.08 1.04 1.07 1.10

22.66 22.47 49.03 50.53 52.29

51
23
28
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Very dark gray fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S02 6.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Project Name: Tested By: V. Juliano Date: 02/01/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

27 21 15

7.68 9.09 12.24 11.28 11.75

6.17 7.27 9.23 8.46 8.68

1.03 1.09 1.05 1.06 1.08

29.38 29.45 36.80 38.11 40.39

37
29
8
ML

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown silt with sand (ML)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

U07 27.0-29.0
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Project Name: Tested By: V. Juliano Date: 01/27/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

6

Cannot be rolled: 15.63 Cannot get more than 6 blows:

NonPlastic 11.52 NonPlastic

1.06

39.29

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)   =   

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Very dark gray silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S14, S15, S16 combined 60.0-70.0
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Project Name: Tested By: A. Santos Date: 02/27/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 22

9.84 9.52 20.05 18.29 20.67

8.03 7.78 13.72 12.37 13.80

1.05 1.02 1.04 1.03 1.04

25.93 25.74 49.92 52.20 53.84

53
26
27
CH

PI at "A" - Line  =  0.73(LL-20)  24.09

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S08 35.0
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grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 20 15

24.37 24.71 24.72 24.42 24.49 25.62

22.15 22.38 20.83 20.61 20.64 21.30

13.50 13.47 13.48 13.48 13.56 13.47

25.66 26.15 52.93 53.44 54.38 55.17

54
26
28
CH

PI at "A" - Line  =  0.73(LL-20)  24.82

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S12 55.0
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/26/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 24 19

24.37 25.38 25.07 25.01 25.11 25.68

22.44 23.27 21.70 21.62 21.66 22.00

13.53 13.50 13.48 13.53 13.57 13.49

21.66 21.60 41.00 41.90 42.65 43.24

42
22
20
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S04 15.0
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Project Name: Tested By: V. Juliano Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

8.60 8.34 14.29 12.61 14.05

7.08 6.89 10.62 9.33 10.24

1.07 1.12 1.04 1.05 1.12

25.29 25.13 38.31 39.61 41.78

40
25
15
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S05 20.0
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Project Name: Tested By: V. Juliano Date: 01/31/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 27 18

7.62 7.68 12.46 13.58 13.81

6.46 6.51 9.29 10.03 10.05

1.04 1.04 1.06 1.12 1.12

21.40 21.39 38.52 39.84 42.11

40
21
19
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S09 40.0
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Project Name: Tested By: A. Santos Date: 02/25/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 27 21

9.71 9.63 23.99 24.71 23.42

8.09 8.04 17.92 18.36 17.30

1.07 1.07 1.04 1.05 1.03

23.08 22.81 35.96 36.68 37.62

37
23
14
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-006

S07 35.0
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grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

35

36

37

38

10 100

M
oi

st
ur

e 
C

on
te

nt
 (%

)

Number of Blows

20            25          30                 40             50          60       70     80     90     



Project Name: Tested By: G. Bathala Date: 02/23/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 15

25.39 23.81 25.86 25.09 25.94

23.33 22.01 22.38 21.74 22.19

13.55 13.55 13.53 13.53 13.48

21.06 21.28 39.32 40.80 43.05

41
21
20
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S06 26.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 15

26.03 26.20 26.35 24.46 27.01

23.66 23.82 22.66 21.25 22.94

13.56 13.55 13.53 13.49 13.53

23.47 23.17 40.42 41.37 43.25

41
23
18
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S08 36.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown clayey sand (SC)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: A. Santos Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 20

10.05 9.44 21.74 22.60 19.51

8.46 7.97 16.51 17.08 14.70

1.06 1.05 1.08 1.01 1.08

21.49 21.24 33.90 34.35 35.32

35
21
14
CL

PI at "A" - Line  =  0.73(LL-20)  10.95

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S09 41.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 25 20 15

27.81 25.46 25.74 25.57 24.70 23.89

25.32 23.36 22.88 22.69 21.98 21.30

13.56 13.56 13.49 13.59 13.59 13.49

21.17 21.43 30.46 31.65 32.42 33.16

32
21
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S10 46.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21 15

25.10 24.45 24.55 23.33 23.80 25.05

22.90 22.38 21.51 20.56 20.80 21.53

13.50 13.57 13.56 13.56 13.59 13.55

23.40 23.50 38.24 39.57 41.61 44.11

41
23
18
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S11 51.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 01/27/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

9.68 9.16 13.34 16.48 16.18

7.95 7.54 10.51 12.85 12.53

1.04 1.07 1.07 1.05 1.12

25.04 25.04 29.98 30.76 31.99

31
25
6
ML

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark gray sandy silt s(ML)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S07 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
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"A" Line

7
4

CH or OH

CL- ML

29

30

31

32

33

10 100

Number of Blows

M
oi

st
ur

e 
C

on
te

nt
 (%

)

       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

23.30 23.59 26.73 27.36 25.05

21.48 21.72 22.81 23.20 21.52

13.49 13.49 13.52 13.56 13.53

22.78 22.72 42.20 43.15 44.18

43
23
20
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S02 5.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 15

9.01 9.19 11.86 16.38 13.33

7.39 7.53 9.27 12.61 10.19

1.05 1.06 1.07 1.08 1.00

25.55 25.66 31.59 32.70 34.17

32
26
6
ML

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Dark brown silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S03 10.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 19

27.09 26.48 27.45 26.39 27.10

24.44 23.94 23.26 22.44 22.85

13.55 13.56 13.49 13.47 13.49

24.33 24.47 42.89 44.04 45.41

44
24
20
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S11 50.0

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 10

P
la

st
ic

ity
 In

de
x 

(P
I)

Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 21 16

25.18 25.53 24.08 24.22 26.10 25.66

23.18 23.47 21.64 21.64 22.98 22.57

13.56 13.50 13.57 13.53 13.56 13.53

20.79 20.66 30.24 31.81 33.12 34.18

32
21
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S11 50.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 24 18

23.46 24.10 24.23 26.16 26.23

21.51 22.03 21.67 23.05 23.04

13.49 13.52 13.47 13.49 13.49

24.31 24.32 31.22 32.53 33.40

32
24
8
ML

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

U09 40.0-42.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown silty sand with gravel (SM)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 25 20

10.24 10.29 21.11 21.83 23.65

8.63 8.66 14.83 15.22 16.26

1.06 1.03 1.04 1.06 1.08

21.27 21.36 45.54 46.68 48.68

47
21
26
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-011

S06 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 26 21 15

25.11 26.41 25.46 25.11 13.26 13.07

23.19 24.28 22.73 22.40 10.30 10.09

13.54 13.49 13.59 13.61 1.01 1.11

19.90 19.74 29.87 30.83 31.86 33.18

31
20
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-011

S12 40.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay with sand (CL)s

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Project Name: Tested By: A. Santos Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 24 16

8.98 9.93 21.85 22.77 21.14

7.33 8.09 15.55 16.11 14.74

1.06 1.10 1.06 1.09 1.01

26.32 26.32 43.48 44.34 46.61

44
26
18
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-012

S05 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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7
4

CH or OH
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Project Name: Tested By: G. Bathala Date: 02/17/11

Project No. : Input By: J. Ward Date: 02/23/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 30 23 15

22.34 21.62 24.74 25.03 24.50 25.28

20.62 20.05 20.84 20.94 20.51 20.88

13.51 13.62 13.56 13.53 13.56 13.56

24.19 24.42 53.57 55.20 57.41 60.11

56
24
32
CH

PI at "A" - Line  =  0.73(LL-20)  26.28

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-013

S05 20.0

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Dark brown gravelly fat clay with sand g(CH)s

TEST

NO.

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: F. Tabibkhoei Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 15

12.52 12.59 12.95 13.31 15.84 20.21

10.53 10.59 9.13 9.29 10.95 13.65

1.11 1.05 1.01 0.99 1.09 1.09

21.13 20.96 47.04 48.43 49.59 52.23

49
21
28
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-016

S04 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Grayish brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 20 15

26.37 25.05 25.68 25.41 24.02 25.24

23.69 22.64 21.71 21.43 20.41 21.14

13.52 13.49 13.55 13.52 13.56 13.58

26.35 26.34 48.65 50.32 52.70 54.23

51
26
25
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy fat clay s(CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S04 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: F. Tabibkhoei Date: 02/25/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 25 20

15.14 12.74 19.44 16.86 19.57

12.51 10.57 13.47 11.69 13.49

1.10 1.08 1.00 1.02 1.08

23.05 22.87 47.87 48.45 48.99

49
23
26
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S08 35.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: F. Tabibkhoei Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 29 21 15

13.81 14.10 15.24 15.99 19.31 22.98

11.53 11.70 10.58 10.98 13.01 15.13

1.11 1.08 1.04 1.06 1.03 1.11

21.88 22.60 48.85 50.50 52.59 55.99

51
22
29
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-018

S04 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown fat clay (CH)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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4

CH or OH

CL- ML
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Project Name: Tested By: F. Tabibkhoei Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 22

11.70 12.14 14.29 14.19 14.47

9.75 10.15 9.90 9.75 9.81

1.05 1.09 1.04 1.06 1.05

22.41 21.96 49.55 51.09 53.20

52
22
30
CH

PI at "A" - Line  =  0.73(LL-20)  23.36

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-019

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown fat clay (CH)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 10

P
la

st
ic

ity
 In

de
x 

(P
I)

Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/26/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 20 15

27.43 25.52 25.57 23.69 24.14 26.47

24.59 23.06 22.47 21.02 21.28 22.87

13.55 13.58 13.47 13.48 13.50 13.49

25.72 25.95 34.44 35.41 36.76 38.38

36
26
10
ML

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

(GP-GM)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-020

S05 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CL- ML
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Project Name: Tested By: V. Juliano Date: 02/07/11

Project No. : Input By: J. Ward Date: 02/21/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

7.40 7.62 16.06 12.87 14.10

6.15 6.35 11.71 9.36 10.09

1.00 1.09 1.03 1.05 1.05

24.27 24.14 40.73 42.24 44.36

43
24
19
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-021

S06 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Strong brown lean clay with sand (CL)s

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 17

10.57 11.11 23.52 22.30 23.86

9.00 9.45 18.21 17.16 18.19

1.06 1.05 1.06 1.05 1.04

19.77 19.76 30.96 31.91 33.06

32
20
12
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-023

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CH or OH

CL- ML

30

31

32

33

34

10 100

M
oi

st
ur

e 
C

on
te

nt
 (%

)

Number of Blows

20            25          30                 40             50          60       70     80     90     



Project Name: Tested By: A. Santos Date: 02/27/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 23 18

9.77 9.61 24.23 22.35 20.11

8.14 8.01 17.50 15.96 14.28

1.06 1.03 1.05 1.01 1.03

23.02 22.92 40.91 42.74 44.00

42
23
19
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-026

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Light olive brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 02/08/11

Project No. : Input By: J. Ward Date: 02/21/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 24 17

6.63 6.61 10.20 9.29 14.10

5.69 5.67 7.66 6.91 10.24

1.05 1.04 1.10 1.00 1.09

20.26 20.30 38.72 40.27 42.19

40
20
20
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-027

S04 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 03/04/11

Project No. : Input By: J. Ward Date: 03/07/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 24 16

10.03 9.78 21.75 20.21 21.33

8.53 8.31 16.17 14.90 15.54

1.06 1.02 1.05 1.04 1.06

20.08 20.16 36.90 38.31 39.99

38
20
18
CL

PI at "A" - Line  =  0.73(LL-20)  13.14

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-028

S06 30.0
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grained soils and fine-
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grained soils
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 24 15

24.32 26.33 25.79 24.88 27.36

22.77 24.50 22.32 21.56 23.19

13.56 13.56 13.58 13.49 13.56

16.83 16.73 39.70 41.14 43.30

41
17
24
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive gray sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

39
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Project Name: Tested By: A. Santos Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 24 17

10.04 9.68 21.20 22.13 20.26

8.29 7.99 14.56 15.00 13.64

1.02 1.01 1.02 1.00 1.07

24.07 24.21 49.04 50.93 52.67

51
24
27
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S07 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 19

25.98 26.66 24.41 25.27 24.60

23.62 24.18 20.80 21.28 20.73

13.56 13.53 13.47 13.49 13.49

23.46 23.29 49.25 51.22 53.45

51
23
28
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown clayey gravel with sand (GC)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-032

S02 5.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21 16

24.29 24.23 25.02 23.74 23.65 25.61

22.40 22.35 20.69 19.85 19.73 20.87

13.50 13.55 13.55 13.53 13.50 13.53

21.24 21.36 60.64 61.55 62.92 64.58

62
21
41
CH

PI at "A" - Line  =  0.73(LL-20)  30.66

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive gray sandy fat clay s(CH), claystone noted

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-035

S02 5.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/23/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 24 18

27.19 25.21 25.10 25.46 25.24

24.76 23.14 21.50 21.65 21.40

13.50 13.49 13.47 13.57 13.55

21.58 21.45 44.83 47.15 48.92

47
22
25
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-035

U04 15.0-17.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive clayey sand (SC)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: F. Tabibkhoei Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

28 20 15

12.68 13.52 15.43 19.15 20.05

10.65 11.38 10.96 13.41 13.96

1.04 1.07 1.05 1.05 1.07

21.12 20.76 45.11 46.44 47.25

46
21
25
CL

PI at "A" - Line  =  0.73(LL-20)  18.98

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-042

S04 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 27 18

9.05 8.56 11.41 13.10 14.12

7.66 7.24 8.41 9.50 10.05

1.05 1.05 1.06 1.08 1.06

21.03 21.32 40.82 42.76 45.27

43
21
22
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-044

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay with sand (CL)s

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/23/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: A-11-001 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

B-1 0.00

917.60 0.00

204.50 1.00

713.10 0.00

B-1

690.00

204.50

485.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 27 %
SAND: 41 %
FINES: 32 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

121.10

191.90

92.7

293.30

83.0

73.1

58.9

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

484.20

44.8

PAN

393.90

52.4339.70

32.1

446.00 37.5

65.7244.80

52.10

100.0



Project Name:

27 : 41 : 32

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-001 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 37 Soil Type

% Sand 37

% Fines 26

2.70 0.00 195.06

0.99 0.00 190.10 103.57

892.80 1.00 64.82 72.94

148.20 0.00 3.96

744.60 30.63

3" 0.00 100.0 0.00 100.0 54.0

1½" 0.00 100.0 4.33 92.5 49.9

3/4" 131.99 82.3 10.77 81.4 43.9

3/8" 213.30 71.4 17.90 69.0 37.3

No. 4 275.24 63.0 24.60 57.5 31.0

No. 10 342.86 54.0 29.73 48.6 26.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.11             Wt. of Dry Soil (g) 57.82

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:30 0

9:32 2 20.2 32.0 23.1 0.0317

9:35 5 20.2 29.0 20.4 0.0204

9:45 15 20.3 26.5 18.1 0.0120

10:00 30 20.3 24.0 15.7 0.0086

10:30 60 20.4 22.0 13.9 0.0062

11:30 120 20.8 21.0 13.0 0.0044

13:40 250 21.4 19.0 11.1 0.0031

18-Feb-11 8:44 1394 19.9 16.0 8.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S06

Olive brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-001, S06 @ 25



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

37 : 37 : 26

S06

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Bathala Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 33 Soil Type

% Sand 35

% Fines 32

2.70 0.00 58.94

0.99 0.00 58.60 122.25

367.65 1.00 39.17 72.92

140.89 0.00 1.75

226.76 49.33

3" 0.00 100.0 0.00 100.0 66.5

1½" 0.00 100.0 7.63 91.6 60.9

3/4" 0.00 100.0 20.70 77.2 51.3

3/8" 45.09 80.1 30.07 66.8 44.5

No. 4 75.41 66.7 38.86 57.2 38.0

No. 10 75.94 66.5 47.48 47.6 31.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 92.28             Wt. of Dry Soil (g) 90.69

Deflocculant  125 cc of 4% Solution

28-Feb-11 9:58 0

10:00 2 19.3 42.0 25.1 0.0295

10:03 5 19.4 38.0 22.2 0.0193

10:13 15 19.5 34.5 19.6 0.0115

10:28 30 19.6 32.5 18.2 0.0082

10:58 60 19.8 30.0 16.4 0.0059

11:58 120 20.3 29.0 15.6 0.0042

14:08 250 21.2 27.0 14.2 0.0029

01-Mar-11 10:22 1464 20.2 23.5 11.6 0.0012

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S09

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-001, S09 @ 40



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

33 : 35 : 32

S09

Mar-11

(SC)gDepth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-001, S09 @ 40



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-001 Depth (feet): 45.0

Sample No.: S10

Soil Identification: Brown clayey sand with gravel (SC)g

HA 0.00

910.37 0.00

246.73 1.00

663.64 0.00

HA

687.75

246.73

441.02

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 15 %
SAND: 51 %
FINES: 34 %
GROUP SYMBOL: (SC)g

Remarks:

77.9146.70

0.00

PAN

323.80

63.4242.80

33.9

390.30 41.2

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

438.60

51.2

Cc = (D30)²/(D60*D10) =

30.20

98.70

100.0

188.60

95.4

85.1

71.6

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 45.0 Soil Type :

Project Name:

15 : 51 : 34

S10

Feb-11

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA A-11-001, S10 @ 45



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     52.0-54.0

% Gravel 0 Soil Type

% Sand 35

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 112.93

1315.70 1.00 1.00 76.16

109.60 0.00 0.00

1206.10 36.77

3" 0.00 100.0 0.00 100.0 99.3

1½" 0.00 100.0 0.62 99.4 98.7

3/4" 0.00 100.0 3.57 96.4 95.8

3/8" 1.11 99.9 10.52 89.5 88.9

No. 4 3.45 99.7 20.60 79.5 79.0

No. 10 8.37 99.3 35.06 65.1 64.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.50             Wt. of Dry Soil (g) 100.50

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:40 0

9:42 2 20.4 47.0 39.2 0.0279

9:45 5 20.5 41.5 33.8 0.0185

9:55 15 20.5 36.0 28.4 0.0112

10:10 30 20.6 33.0 25.5 0.0081

10:40 60 20.8 31.0 23.5 0.0058

11:40 120 21.3 29.0 21.6 0.0041

13:50 250 21.7 26.5 19.1 0.0029

25-Feb-11 9:40 1440 20.7 23.0 15.7 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

U12

Pale olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-001, U12 @ 52-54



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

0 : 35 : 65

U12

Mar-11

s(CL)Depth (feet) :  52.0-54.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-001, U12 @ 52-54



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-001 Depth (feet): 75.0

Sample No.: S17

Soil Identification: Gray silty sand (SM)

VI 0.00

898.01 0.00

220.20 1.00

677.81 0.00

VI

745.80

220.20

525.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 10 %
SAND: 67 %
FINES: 23 %
GROUP SYMBOL: SM

Remarks:

84.4105.60

0.00

PAN

344.40

67.6219.80

23.0

461.70 31.9

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

522.10

49.2

Cc = (D30)²/(D60*D10) =

33.30

70.50

100.0

147.20

95.1

89.6

78.3

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Gray silty sand (SM)

SM

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 75.0 Soil Type :

Project Name:

10 : 67 : 23

S17

Feb-11
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SA A-11-001, S17 @ 75



Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/08/11

Exploration No.: R-11-002 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Brown clayey sand (SC)

PHD 0.00

965.96 0.00

215.48 1.00

750.48 0.00

PHD

635.78

215.48

420.30

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 14 %
SAND: 42 %
FINES: 44 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

51.60

104.10

98.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

417.20

60.1

PAN

299.10

66.7250.20

206.10

44.4

356.20 52.5

93.1

86.1

72.5

78.8159.20

15.20

100.0



Project Name:

14 : 42 : 44

S03

Feb-11

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-002 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/26/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 18

% Fines 82

2.70 0.00 110.52

0.99 0.00 109.64 91.43

353.43 1.00 58.20 82.58

133.07 0.00 1.71

220.36 8.85

3" 0.00 100.0 0.00 100.0 99.6

1½" 0.00 100.0 0.23 99.5 99.2

3/4" 0.00 100.0 0.73 98.6 98.2

3/8" 0.00 100.0 1.87 96.3 95.9

No. 4 0.39 99.8 4.34 91.4 91.0

No. 10 0.83 99.6 8.67 82.8 82.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 51.22             Wt. of Dry Soil (g) 50.36

Deflocculant  125 cc of 4% Solution

27-Jan-11 9:54 0

9:56 2 21.7 41.0 68.7 0.0291

9:59 5 21.7 37.0 60.8 0.0190

10:09 15 21.7 34.0 54.9 0.0112

10:24 30 21.7 32.0 51.0 0.0081

10:54 60 21.8 30.0 47.1 0.0058

11:54 120 21.8 28.0 43.2 0.0041

14:04 250 21.7 27.0 41.2 0.0029

28-Jan-11 9:37 1423 20.6 24.0 35.3 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S05

Olive lean clay with sand (CL)s

SA & Hyd R-11-002, S05 @ 20



0 : 18 : 82

S05

Feb-11

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-002, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 1 Soil Type

% Sand 20

% Fines 79

2.70 0.00 0.00

0.99 0.00 0.00 87.36

191.65 1.00 1.00 75.29

38.90 0.00 0.00

152.75 12.07

3" 0.00 100.0 0.00 100.0 97.4

1½" 0.00 100.0 0.45 99.3 96.7

3/4" 0.00 100.0 2.17 96.5 94.0

3/8" 0.00 100.0 5.14 91.7 89.3

No. 4 2.18 98.6 8.36 86.4 84.2

No. 10 3.99 97.4 11.72 81.0 78.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.58             Wt. of Dry Soil (g) 61.58

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:34 0

10:36 2 20.7 50.0 65.9 0.0271

10:39 5 20.7 47.0 61.2 0.0176

10:49 15 20.6 44.0 56.5 0.0105

11:04 30 20.7 41.0 51.8 0.0076

11:34 60 20.8 38.0 47.1 0.0055

12:34 120 21.2 35.0 42.4 0.0039

14:44 250 21.7 31.0 36.1 0.0028

26-Jan-11 9:36 1382 20.6 25.0 26.7 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S09

Olive lean clay with sand (CL)s

SA & Hyd R-11-002, S09 @ 35



1 : 20 : 79

S09

Feb-11

Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     60.0-70.0

% Gravel 13 Soil Type

% Sand 49

% Fines 38

2.70 0.00 0.00

0.99 0.00 0.00 258.18

753.19 1.00 1.00 219.45

201.51 0.00 0.00

551.68 38.73

3" 0.00 100.0 0.00 100.0 83.8

1½" 0.00 100.0 0.47 99.3 83.2

3/4" 10.09 98.2 2.14 96.8 81.1

3/8" 47.87 91.3 9.17 86.3 72.3

No. 4 73.57 86.7 25.51 61.9 51.8

No. 10 89.49 83.8 36.68 45.1 37.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.87             Wt. of Dry Soil (g) 66.87

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:46 0

9:48 2 20.4 30.0 27.3 0.0321

9:51 5 20.4 26.5 23.0 0.0208

10:01 15 20.4 23.0 18.6 0.0123

10:16 30 20.6 20.5 15.5 0.0088

10:46 60 20.6 18.0 12.4 0.0063

11:46 120 20.9 16.0 9.9 0.0045

13:56 250 21.3 14.0 7.5 0.0031

25-Jan-11 8:53 1387 20.6 12.0 5.0 0.0014

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S14, S15, S16 combined

Very dark gray silty sand (SM)

SA & Hyd R-11-002, S14, S15, S16 combined @ 60-70



13 : 49 : 38

S14, S15, S16 combined

Feb-11

Depth (feet) :  60.0-70.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Very dark gray silty sand (SM)

400486.01.04.02.09.SC
Exploration No.:

SM

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-002, S14, S15, S16 combined @ 60-70



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : V. Juliano Date: 02/01/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     27.0-29.0

% Gravel 0 Soil Type

% Sand 28

% Fines 72

2.70 0.00 0.00

0.99 0.00 0.00 99.67

852.30 1.00 1.00 76.65

0.00 0.00 0.00

852.30 23.02

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.04 100.0 100.0

3/4" 0.00 100.0 0.11 99.9 99.9

3/8" 0.00 100.0 0.33 99.6 99.6

No. 4 0.00 100.0 4.09 95.0 95.0

No. 10 0.00 100.0 22.91 72.0 72.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 81.83             Wt. of Dry Soil (g) 81.83

Deflocculant  125 cc of 4% Solution

02-Feb-11 7:30 0

7:32 2 20.4 40.0 41.8 0.0296

7:35 5 20.3 33.5 33.9 0.0198

7:45 15 20.2 29.5 29.1 0.0117

8:00 30 20.2 26.5 25.5 0.0085

8:30 60 20.0 24.0 22.4 0.0061

9:30 120 19.9 23.0 21.2 0.0044

11:40 250 20.3 20.5 18.2 0.0031

03-Feb-11 7:30 1440 19.7 16.0 12.7 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

5.5

5.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

5.5

5.5

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(ML)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

5.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

5.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

5.5

5.5

5.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

U07

Yellowish brown silt with sand (ML)s

SA & Hyd R-11-002, U07 @ 27-29



0 : 28 : 72

U07

Feb-11

Depth (feet) :  27.0-29.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silt with sand (ML)s

400486.01.04.02.09.SC
Exploration No.:

(ML)s

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-002, U07 @ 27-29



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/01/11

Exploration No.: A-11-003 Depth (feet): 11.5-15.0

Sample No.: B03

Soil Identification: Olive silty gravel with sand (GM)s

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

F 4-C Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

10197.40 621.00 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

232.10 108.90 Wt. of Container No._____(g) 1.00 1.00

9965.30 512.10 Moisture Content (%) 0.00 0.00

4-C

427.80

108.90

318.90

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 48 %
SAND: 32 %
FINES: 20 %
GROUP SYMBOL: (GM)s

Remarks:

of SOILS USING SIEVE ANALYSIS

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

Wt. of Container            (g)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

Moisture ContentsCalculation of Dry Weights

Wt. Air-Dried Soil + Cont.(g)

65.6

100.0

52.5

46.3

20.0

98.9

83.7

29.5

23.9

19.000

9.500

Whole Sample

40.4

35.1

Percent Passing       
(%)

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

0.00

105.40

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

60.90

118.40

1620.70

3432.70

4735.60

317.20

169.60

224.70

279.40



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-003 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive silty gravel with sand (GM)s

(GM)s

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 11.5-15.0 Soil Type :

Project Name:

48 : 32 : 20

B03

Mar-11
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SA A-11-003, B03 @ 11.5-15.0



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 17 Soil Type

% Sand 32

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 94.72

290.40 1.00 1.00 76.18

39.68 0.00 0.00

250.72 18.54

3" 0.00 100.0 0.00 100.0 77.0

1½" 0.00 100.0 1.94 96.4 74.3

3/4" 12.18 95.1 4.67 91.4 70.4

3/8" 30.90 87.7 8.26 84.8 65.3

No. 4 41.60 83.4 13.14 75.8 58.4

No. 10 57.60 77.0 18.12 66.6 51.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.20             Wt. of Dry Soil (g) 54.20

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:52 0

9:54 2 20.5 35.5 40.2 0.0308

9:57 5 20.5 32.5 35.9 0.0199

10:07 15 20.6 29.5 31.7 0.0117

10:22 30 20.7 27.5 28.9 0.0084

10:52 60 20.9 26.0 26.8 0.0060

11:52 120 21.3 24.0 24.0 0.0043

14:02 250 21.7 22.0 21.1 0.0030

25-Feb-11 9:52 1440 20.7 18.0 15.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S06

Olive brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S06 @ 25



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

17 : 32 : 51

S06

Mar-11

s(CL)gDepth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-003, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/15/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 14 Soil Type

% Sand 26

% Fines 60

2.70 0.00 0.00

0.99 0.00 0.00 91.22

676.00 1.00 1.00 77.07

108.39 0.00 0.00

567.61 14.15

3" 0.00 100.0 0.00 100.0 81.8

1½" 0.00 100.0 1.21 97.6 79.9

3/4" 0.00 100.0 3.04 94.1 77.0

3/8" 48.80 91.4 5.53 89.2 73.0

No. 4 76.90 86.5 9.28 81.9 67.0

No. 10 103.20 81.8 13.75 73.1 59.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 51.17             Wt. of Dry Soil (g) 51.17

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:18 0

9:20 2 20.2 37.0 47.6 0.0304

9:23 5 20.2 33.5 42.0 0.0198

9:33 15 20.2 30.0 36.5 0.0117

9:48 30 20.3 28.5 34.1 0.0084

10:18 60 20.4 26.5 30.9 0.0060

11:18 120 20.7 24.5 27.8 0.0043

13:28 250 21.4 23.0 25.4 0.0030

18-Feb-11 8:35 1397 19.9 18.0 17.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S09

Olive brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S09 @ 40
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71

##

14 : 26 : 60

S09

Mar-11

s(CL)Depth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-003, S09 @ 40



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 16

% Fines 84

2.70 0.00 0.00

0.99 0.00 0.00 87.09

423.99 1.00 1.00 76.02

74.64 0.00 0.00

349.35 11.07

3" 0.00 100.0 0.00 100.0 99.4

1½" 0.00 100.0 0.11 99.8 99.2

3/4" 0.00 100.0 0.55 99.1 98.5

3/8" 0.00 100.0 1.71 97.2 96.6

No. 4 0.80 99.8 4.65 92.4 91.8

No. 10 2.09 99.4 9.65 84.1 83.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.80             Wt. of Dry Soil (g) 60.80

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:54 0

8:56 2 20.1 48.0 66.5 0.0276

8:59 5 20.1 43.0 58.4 0.0182

9:09 15 20.1 39.0 51.9 0.0109

9:24 30 20.1 35.5 46.2 0.0080

9:54 60 20.1 33.0 42.2 0.0057

10:54 120 20.4 30.0 37.3 0.0041

13:04 250 21.0 28.0 34.1 0.0029

24-Feb-11 8:31 1417 20.1 23.0 25.9 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S12

Olive brown fat clay with sand (CH)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CH)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S12 @ 55
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##

0 : 16 : 84

S12

Mar-11

(CH)sDepth (feet) :  55.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown fat clay with sand (CH)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-003, S12 @ 55



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 17 Soil Type

% Sand 28

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 95.44

751.43 1.00 1.00 77.42

110.50 0.00 0.00

640.93 18.02

3" 0.00 100.0 0.00 100.0 76.7

1½" 0.00 100.0 2.30 96.3 73.8

3/4" 28.04 95.6 5.37 91.3 70.0

3/8" 78.10 87.8 8.67 86.0 65.9

No. 4 110.12 82.8 12.87 79.2 60.7

No. 10 149.65 76.7 17.56 71.6 54.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.92             Wt. of Dry Soil (g) 61.92

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:58 0

11:00 2 19.8 43.0 43.6 0.0292

11:03 5 19.9 39.0 38.7 0.0192

11:13 15 20.0 35.0 33.8 0.0113

11:28 30 20.2 32.0 30.1 0.0082

11:58 60 20.3 30.0 27.6 0.0059

12:58 120 20.6 28.0 25.2 0.0042

15:08 250 21.4 26.0 22.7 0.0029

01-Mar-11 10:59 1441 20.5 24.0 20.3 0.0012

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S04

Brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-004, S04 @ 15



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

17 : 28 : 55

S04

Mar-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-004 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-004, S04 @ 15



Project Name: Tested By: A. Santos Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/01/11

Exploration No.: A-11-004 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

935 0.00

786.80 0.00

108.90 1.00

677.90 0.00

935

499.90

108.90

391.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 21 %
SAND: 36 %
FINES: 43 %
GROUP SYMBOL: (SC)g

Remarks:

72.1188.80

0.00

300.30

61.9258.20

42.8

346.90 48.8

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

387.90

55.7

PAN

Cc = (D30)²/(D60*D10) =

76.60

140.90

100.0

223.40

88.7

79.2

67.0

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-004 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 20.0 Soil Type :

Project Name:

21 : 36 : 43

S05

Mar-11
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SA A-11-004, S05 @ 20



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-004 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown silty sand with gravel (SM)g

ZK 0.00

804.93 0.00

249.97 1.00

554.96 0.00

ZK

713.30

249.97

463.33

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 36 %
SAND: 47 %
FINES: 17 %
GROUP SYMBOL: (SM)g

Remarks:

52.7262.30

41.80

100.0

PAN

400.50

36.0355.40

16.8

436.90 21.3

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

461.50

27.8

Cc = (D30)²/(D60*D10) =

0.00

112.20

202.20

92.5

310.30

79.8

63.6

44.1

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-004 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 35.0 Soil Type :

Project Name:

36 : 47 : 17

S08

Feb-11
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     65.0

% Gravel 1 Soil Type

% Sand 32

% Fines 67

2.70 0.00 0.00

0.99 0.00 0.00 96.96

724.68 1.00 1.00 75.77

108.98 0.00 0.00

615.70 21.19

3" 0.00 100.0 0.00 100.0 98.0

1½" 0.00 100.0 0.41 99.3 97.4

3/4" 0.00 100.0 1.19 98.1 96.1

3/8" 0.00 100.0 4.00 93.5 91.6

No. 4 4.42 99.3 11.14 81.8 80.2

No. 10 12.24 98.0 19.26 68.5 67.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.24             Wt. of Dry Soil (g) 61.24

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:02 0

10:04 2 19.4 39.0 50.0 0.0303

10:07 5 19.4 34.0 42.1 0.0199

10:17 15 19.5 30.0 35.7 0.0119

10:32 30 19.6 27.0 31.0 0.0086

11:02 60 19.9 24.5 27.0 0.0062

12:02 120 20.3 22.0 23.0 0.0044

14:12 250 21.2 19.0 18.3 0.0031

01-Mar-11 10:23 1461 20.2 15.0 11.9 0.0013

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S14

Olive yellow sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-004, S14 @ 65



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

1 : 32 : 67

S14

Mar-11

s(CL)Depth (feet) :  65.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-004 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-004, S14 @ 65



Project Name: Tested By: S. Felter Date: 01/21/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-005 Depth (feet): 5.0

Sample No.: S02

Soil Identification: Brown clayey sand with gravel (SC)g

G 0.00

517.18 0.00

142.25 1.00

374.93 0.00

G

418.70

142.25

276.45

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 40 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

80.0

67.3

53.4

59.8150.60

24.10

100.0

46.9199.10

174.80

26.6

249.90 33.3

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

275.20

39.9

PAN

225.30

93.6

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

74.90

122.60

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-005 Sample No.:

400486.01.04.02.09.SC

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements
Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

33 : 40 : 27

S02

Feb-11

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA R-11-005, S02 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/28/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 16 Soil Type

% Sand 42

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 102.60

419.17 1.00 1.00 74.98

38.69 0.00 0.00

380.48 27.62

3" 0.00 100.0 0.00 100.0 75.6

1½" 0.00 100.0 2.68 95.6 72.3

3/4" 0.00 100.0 7.13 88.4 66.8

3/8" 24.61 93.5 12.51 79.6 60.2

No. 4 59.92 84.3 19.74 67.8 51.3

No. 10 92.82 75.6 27.13 55.7 42.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.28             Wt. of Dry Soil (g) 61.28

Deflocculant  125 cc of 4% Solution

27-Jan-11 10:02 0

10:04 2 21.7 33.0 33.0 0.0310

10:07 5 21.6 30.0 29.4 0.0201

10:17 15 21.7 26.0 24.5 0.0119

10:32 30 21.7 24.0 22.0 0.0085

11:02 60 21.8 22.0 19.6 0.0061

12:02 120 21.8 20.0 17.1 0.0044

14:12 250 21.7 18.0 14.7 0.0031

28-Jan-11 9:41 1419 20.5 14.0 9.8 0.0013

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S05

Yellowish brown clayey sand with gravel (SC)g

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd R-11-005, S05 @ 20



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-005 Sample No.:

101/23 Interchange Improvements

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

(SC)g

GR:SA:FI : (%)

Depth (feet) :  20.0 Soil Type :

Project Name:

16 : 42 : 42

S05

Feb-11
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 19 Soil Type

% Sand 28

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 106.91

673.80 1.00 1.00 75.91

109.00 0.00 0.00

564.80 31.00

3" 0.00 100.0 0.00 100.0 75.7

1½" 0.00 100.0 2.41 97.6 73.8

3/4" 30.80 94.5 7.34 92.7 70.1

3/8" 77.70 86.2 13.78 86.2 65.2

No. 4 105.80 81.3 21.82 78.2 59.2

No. 10 137.50 75.7 30.44 69.6 52.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.10             Wt. of Dry Soil (g) 100.10

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:48 0

9:50 2 20.5 58.5 38.6 0.0246

9:53 5 20.5 53.0 34.5 0.0166

10:03 15 20.6 47.0 30.0 0.0102

10:18 30 20.7 43.0 27.0 0.0074

10:48 60 20.9 39.0 24.0 0.0055

11:48 120 21.3 35.0 21.0 0.0039

13:58 250 21.7 31.0 18.0 0.0028

25-Feb-11 9:48 1440 20.7 24.5 13.1 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-006

S05

Olive brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-006, S05 @ 25
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##

19 : 28 : 53

S05

Mar-11

s(CL)gDepth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-006 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-006, S05 @ 25



Project Name: Tested By: S. Felter Date: 02/17/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: R-11-007 Depth (feet): 21.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

N 0.00

456.70 0.00

133.07 1.00

323.63 0.00

N

376.20

133.07

243.13

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 21 %
SAND: 54 %
FINES: 25 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

39.20

68.40

92.9

136.70

87.9

78.9

57.8

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

241.90

38.8

PAN

197.90

47.7169.10

25.3

222.80 31.2

67.9103.80

23.10

100.0



Project Name:

21 : 54 : 25

S05

Feb-11

Exploration No.:

Depth (feet): 21.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-007 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-007, S05 @ 21



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     36.0

% Gravel 7 Soil Type

% Sand 50

% Fines 43

2.70 0.00 0.00

0.99 0.00 0.00 105.40

650.20 1.00 1.00 77.42

140.00 0.00 0.00

510.20 27.98

3" 0.00 100.0 0.00 100.0 83.7

1½" 0.00 100.0 3.69 93.5 78.3

3/4" 0.00 100.0 10.00 82.3 68.9

3/8" 13.61 97.3 15.56 72.5 60.7

No. 4 37.38 92.7 22.03 61.1 51.1

No. 10 82.99 83.7 27.86 50.8 42.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.61             Wt. of Dry Soil (g) 56.61

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:20 0

9:22 2 19.4 28.0 30.8 0.0329

9:25 5 19.4 24.5 25.7 0.0213

9:35 15 19.5 22.0 22.0 0.0125

9:50 30 19.6 21.0 20.5 0.0089

10:20 60 19.9 19.5 18.3 0.0064

11:20 120 20.7 18.0 16.1 0.0045

13:30 250 21.4 17.0 14.7 0.0031

23-Feb-11 9:20 1440 19.9 15.5 12.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S08

Olive brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-007, S08 @ 36



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  36.0 Soil Type :

Project Name:

7 : 50 : 43

S08

Feb-11

SC
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     46.0

% Gravel 18 Soil Type

% Sand 47

% Fines 35

2.70 0.00 199.06

0.99 0.00 197.35 137.71

1010.80 1.00 38.78 87.74

202.70 0.00 1.08

808.10 49.97

3" 0.00 100.0 0.00 100.0 81.4

1½" 0.00 100.0 7.18 91.6 74.5

3/4" 32.56 96.0 18.32 78.5 63.9

3/8" 82.11 89.8 29.53 65.4 53.2

No. 4 147.43 81.8 40.00 53.1 43.2

No. 10 150.51 81.4 48.69 42.9 34.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 86.18             Wt. of Dry Soil (g) 85.26

Deflocculant  125 cc of 4% Solution

25-Feb-11 9:26 0

9:28 2 20.8 35.0 26.5 0.0310

9:31 5 20.8 31.0 22.7 0.0201

9:41 15 20.9 26.5 18.5 0.0120

9:56 30 20.9 24.0 16.1 0.0086

10:26 60 20.8 22.0 14.2 0.0062

11:26 120 20.8 20.0 12.3 0.0044

13:36 250 21.0 18.0 10.4 0.0031

26-Feb-11 9:34 1448 19.3 15.0 7.6 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S10

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-007, S10 @ 46
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##

18 : 47 : 35

S10

Mar-11

(SC)gDepth (feet) :  46.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA & Hyd R-11-007, S10 @ 46



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     51.0

% Gravel 2 Soil Type

% Sand 33

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 93.06

381.20 1.00 1.00 76.48

39.10 0.00 0.00

342.10 16.58

3" 0.00 100.0 0.00 100.0 93.6

1½" 0.00 100.0 1.79 96.7 90.5

3/4" 0.00 100.0 4.12 92.4 86.4

3/8" 3.54 99.0 6.66 87.7 82.0

No. 4 7.78 97.7 10.67 80.3 75.1

No. 10 22.01 93.6 16.37 69.7 65.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.08             Wt. of Dry Soil (g) 54.08

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:28 0

9:30 2 19.5 34.5 47.2 0.0314

9:33 5 19.5 30.5 40.3 0.0205

9:43 15 19.6 27.0 34.3 0.0121

9:58 30 19.7 25.0 30.9 0.0087

10:28 60 19.9 23.0 27.5 0.0062

11:28 120 20.8 21.0 24.0 0.0044

13:38 250 21.4 19.5 21.5 0.0030

23-Feb-11 9:28 1440 19.9 17.0 17.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S11

Olive brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-007, S11 @ 51
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  51.0 Soil Type :

Project Name:

2 : 33 : 65

S11

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     61.0

% Gravel 47 Soil Type

% Sand 39

% Fines 14

2.70 0.00 0.00

0.99 0.00 0.00 143.98

410.10 1.00 1.00 76.86

39.31 0.00 0.00

370.79 67.12

3" 0.00 100.0 0.00 100.0 41.2

1½" 0.00 100.0 12.73 87.4 36.0

3/4" 41.80 88.7 30.43 69.9 28.8

3/8" 118.40 68.1 45.20 55.2 22.8

No. 4 172.50 53.5 57.29 43.3 17.8

No. 10 218.10 41.2 66.59 34.1 14.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 101.00             Wt. of Dry Soil (g) 101.00

Deflocculant  125 cc of 4% Solution

24-Feb-11 10:04 0

10:06 2 20.6 31.5 9.9 0.0317

10:09 5 20.6 27.5 8.3 0.0207

10:19 15 20.7 24.5 7.1 0.0122

10:34 30 20.8 22.0 6.1 0.0087

11:04 60 20.9 20.0 5.3 0.0063

12:04 120 21.3 18.0 4.4 0.0044

14:14 250 21.7 16.0 3.6 0.0031

25-Feb-11 10:04 1440 20.7 13.0 2.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S13

Gray clayey gravel with sand (GC)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(GC)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-007, S13 @ 61
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##

47 : 39 : 14

S13

Mar-11

(GC)sDepth (feet) :  61.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Gray clayey gravel with sand (GC)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 9 Soil Type

% Sand 49

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 107.50

383.40 1.00 1.00 75.64

36.65 0.00 0.00

346.75 31.86

3" 0.00 100.0 0.00 100.0 81.0

1½" 0.00 100.0 3.15 95.1 77.0

3/4" 0.00 100.0 9.78 84.7 68.7

3/8" 5.58 98.4 16.61 74.1 60.0

No. 4 32.59 90.6 23.85 62.8 50.9

No. 10 65.76 81.0 30.87 51.8 42.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.05             Wt. of Dry Soil (g) 64.05

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:38 0

10:40 2 20.7 31.5 29.5 0.0317

10:43 5 20.7 27.0 23.8 0.0207

10:53 15 20.7 24.0 20.1 0.0122

11:08 30 20.7 22.0 17.6 0.0087

11:38 60 21.0 20.0 15.1 0.0062

12:38 120 21.2 18.5 13.2 0.0044

14:48 250 21.7 17.0 11.3 0.0031

26-Jan-11 9:38 1380 20.5 15.0 8.8 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S02

Yellowish brown clayey sand (SC)

SA & Hyd R-11-008, S02 @ 5



9 : 49 : 42

S02

Feb-11

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
R-11-008 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-008, S02 @ 5



Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Brown clayey sand (SC)

GE 0.00

805.28 0.00

251.20 1.00

554.08 0.00

GE

603.70

251.20

352.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 9 %
SAND: 54 %
FINES: 37 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

23.30

51.80

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

350.20

55.6

PAN

245.80

64.7195.40

145.30

36.8

297.90 46.2

95.8

90.7

73.8

82.596.80

0.00



Project Name:

9 : 54 : 37

S03

Feb-11

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-008, S03 @ 10



Project Name: Tested By: S. Felter Date: 01/21/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Olive brown sandy lean clay s(CL)

CT 0.00

951.40 0.00

244.60 1.00

706.80 0.00

CT

589.77

244.60

345.17

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 7 %
SAND: 41 %
FINES: 52 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

35.60

51.50

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

341.20

74.6

PAN

179.30

81.6129.90

95.20

51.7

259.20 63.3

95.0

92.7

86.5

90.170.00

0.00



Project Name:

7 : 41 : 52

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
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SA R-11-008, S04 @ 15



Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

HA 0.00

757.95 0.00

246.70 1.00

511.25 0.00

HA

650.70

246.70

404.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 23 %
SAND: 56 %
FINES: 21 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

53.50

119.50

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

402.90

34.7

PAN

333.90

43.2290.20

238.60

21.2

369.80 27.7

89.5

76.6

53.3

64.6181.20

0.00



Project Name:

23 : 56 : 21

S05

Feb-11

Exploration No.:

Depth (feet): 20.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-008, S05 @ 20



Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 25.0

Sample No.: S06

Soil Identification: Brown clayey sand with gravel (SC)g

PH 0.00

1019.12 0.00

202.74 1.00

816.38 0.00

PH

870.70

202.74

667.96

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 26 %
SAND: 55 %
FINES: 19 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

91.40

214.50

96.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

665.70

29.7

PAN

574.10

36.9515.10

437.80

18.5

620.80 24.0

88.8

73.7

46.4

58.7337.30

30.90

100.0



Project Name:

26 : 55 : 19

S06

Feb-11

Exploration No.:

Depth (feet): 25.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-008, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 0 Soil Type

% Sand 42

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 103.83

362.15 1.00 1.00 75.83

38.13 0.00 0.00

324.02 28.00

3" 0.00 100.0 0.00 100.0 99.8

1½" 0.00 100.0 0.12 99.8 99.6

3/4" 0.00 100.0 0.56 99.1 98.9

3/8" 0.00 100.0 3.10 95.0 94.8

No. 4 0.00 100.0 11.62 81.1 81.0

No. 10 0.60 99.8 25.46 58.6 58.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.49             Wt. of Dry Soil (g) 61.49

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:46 0

10:48 2 20.7 30.5 36.2 0.0320

10:51 5 20.6 26.0 29.0 0.0208

11:01 15 20.7 23.0 24.2 0.0123

11:16 30 20.8 21.5 21.7 0.0088

11:46 60 20.9 20.0 19.3 0.0063

12:46 120 21.2 19.0 17.7 0.0044

14:56 250 21.7 17.5 15.3 0.0031

26-Jan-11 9:46 1380 20.5 16.0 12.9 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(ML)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S07

Dark gray sandy silt s(ML)

SA & Hyd R-11-008, S07 @ 30



0 : 42 : 58

S07

Feb-11

Depth (feet) :  30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark gray sandy silt s(ML)

400486.01.04.02.09.SC
Exploration No.:

s(ML)

GR:SA:FI : (%)

Project No.:
R-11-008 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown silty sand (SM)

B-1 0.00

964.63 0.00

204.57 1.00

760.06 0.00

B-1

776.90

204.57

572.33

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 6 %
SAND: 68 %
FINES: 26 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

28.20

48.00

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

561.20

72.3

PAN

210.50

85.1113.60

86.40

26.2

423.40 44.3

96.3

93.7

88.6

90.968.90

0.00



Project Name:

6 : 68 : 26

S08

Feb-11

Exploration No.:

Depth (feet): 35.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-008, S08 @ 35



Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 50.0

Sample No.: S11

Soil Identification: Brown clayey sand with gravel (SC)g

YK 0.00

604.93 0.00

252.16 1.00

352.77 0.00

YK

512.00

252.16

259.84

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 24 %
SAND: 49 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

43.80

83.60

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

257.30

43.7

PAN

198.70

51.1172.40

145.20

27.1

228.50 35.2

87.6

76.3

58.8

67.5114.70

0.00



Project Name:

24 : 49 : 27

S11

Feb-11

Exploration No.:

Depth (feet): 50.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 4 Soil Type

% Sand 26

% Fines 70

2.70 0.00 0.00

0.99 0.00 0.00 91.54

324.77 1.00 1.00 77.97

37.44 0.00 0.00

287.33 13.57

3" 0.00 100.0 0.00 100.0 91.7

1½" 0.00 100.0 1.22 97.8 89.8

3/4" 0.00 100.0 3.84 93.2 85.5

3/8" 6.37 97.8 6.69 88.2 80.9

No. 4 12.72 95.6 9.71 82.8 76.0

No. 10 23.76 91.7 13.17 76.7 70.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.53             Wt. of Dry Soil (g) 56.53

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:30 0

10:32 2 20.8 45.5 60.4 0.0283

10:35 5 20.7 41.0 53.1 0.0186

10:45 15 20.7 37.0 46.7 0.0111

11:00 30 20.7 34.5 42.7 0.0080

11:30 60 20.9 32.5 39.4 0.0058

12:30 120 21.2 30.5 36.2 0.0041

14:40 250 21.8 29.0 33.8 0.0028

26-Jan-11 9:32 1382 20.6 26.5 29.8 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S02

Brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S02 @ 5



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  5.0 Soil Type :

Project Name:

4 : 26 : 70

S02

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 3 Soil Type

% Sand 67

% Fines 30

2.70 0.00 0.00

0.99 0.00 0.00 296.85

445.22 1.00 1.00 224.26

39.14 0.00 0.00

406.08 72.59

3" 0.00 100.0 0.00 100.0 88.0

1½" 0.00 100.0 7.60 92.9 81.8

3/4" 0.00 100.0 25.61 76.1 67.0

3/8" 0.00 100.0 43.89 59.1 52.0

No. 4 13.60 96.7 58.96 45.1 39.7

No. 10 48.54 88.0 70.17 34.6 30.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 107.35             Wt. of Dry Soil (g) 107.35

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:42 0

9:44 2 20.5 36.0 22.8 0.0307

9:47 5 20.4 32.0 19.5 0.0200

9:57 15 20.4 28.5 16.7 0.0118

10:12 30 20.5 26.0 14.6 0.0085

10:42 60 20.7 23.0 12.2 0.0061

11:42 120 20.9 21.0 10.6 0.0044

13:52 250 21.3 19.0 8.9 0.0031

25-Jan-11 8:49 1387 20.6 17.0 7.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S03

Dark brown silty sand (SM)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S03 @ 10



S03 10

297
445 224
39

7.6
26

0 44
14 59
49 70

107

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown silty sand (SM)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

3 : 67 : 30

S03

Feb-11

SM
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SA & Hyd R-11-009, S03 @ 10



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 5 Soil Type

% Sand 42

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 101.36

243.82 1.00 1.00 75.69

38.24 0.00 0.00

205.58 25.67

3" 0.00 100.0 0.00 100.0 88.3

1½" 0.00 100.0 3.05 95.2 84.0

3/4" 0.00 100.0 9.28 85.3 75.3

3/8" 2.68 98.7 15.36 75.6 66.8

No. 4 10.64 94.8 20.77 67.0 59.2

No. 10 24.04 88.3 25.34 59.7 52.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.94             Wt. of Dry Soil (g) 62.94

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:42 0

10:44 2 20.7 37.0 40.4 0.0304

10:47 5 20.7 33.0 34.8 0.0199

10:57 15 20.7 28.0 27.8 0.0119

11:12 30 20.8 26.0 25.1 0.0085

11:42 60 20.9 23.0 20.9 0.0061

12:42 120 21.2 21.0 18.1 0.0044

14:52 250 21.7 19.0 15.3 0.0031

26-Jan-11 9:41 1379 20.5 17.0 12.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S04

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S04 @ 15



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

5 : 42 : 53

S04

Feb-11

s(CL)
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SA & Hyd R-11-009, S04 @ 15



Project Name: Tested By: S. Felter Date: 01/27/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-009 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

GE 0.00

709.60 0.00

251.10 1.00

458.50 0.00

GE

589.60

251.10

338.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 20 %
SAND: 53 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

88.5

80.3

60.1

70.6134.60

31.30

100.0

49.3232.60

182.80

26.5

311.80 32.0

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

336.80

39.7

PAN

276.40

93.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

52.90

90.50

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements
Exploration No.:

Depth (feet): 20.0 Soil Type :

Project Name:

20 : 53 : 27

S05

Feb-11
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Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11

Exploration No.: R-11-009 Depth (feet): 25.0

Sample No.: S06

Soil Identification: Brown silty sand with gravel (SM)g

WR 0.00

456.56 0.00

237.97 1.00

218.59 0.00

WR

411.69

237.97

173.72

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 46 %
FINES: 21 %
GROUP SYMBOL: (SM)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

39.00

72.40

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

173.00

31.5

PAN

149.70

37.7136.10

118.80

20.9

162.10 25.8

82.2

66.9

45.7

55.298.00

0.00



33 : 46 : 21

S06

Feb-11

Exploration No.:

Depth (feet): 25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-009, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 0 Soil Type

% Sand 55

% Fines 45

2.70 0.00 0.00

0.99 0.00 0.00 267.58

280.08 1.00 1.00 226.44

38.64 0.00 0.00

241.44 41.14

3" 0.00 100.0 0.00 100.0 99.3

1½" 0.00 100.0 0.39 99.4 98.8

3/4" 0.00 100.0 2.00 97.2 96.5

3/8" 0.00 100.0 7.82 88.9 88.3

No. 4 0.26 99.9 22.93 67.5 67.0

No. 10 1.65 99.3 38.38 45.6 45.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 70.50             Wt. of Dry Soil (g) 70.50

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:50 0

9:52 2 20.5 29.0 29.3 0.0322

9:55 5 20.4 26.5 25.9 0.0208

10:05 15 20.5 24.0 22.4 0.0122

10:20 30 20.5 22.0 19.6 0.0087

10:50 60 20.7 21.0 18.2 0.0062

11:50 120 20.9 20.0 16.8 0.0044

14:00 250 21.2 18.0 14.0 0.0031

25-Jan-11 8:56 1386 20.6 16.0 11.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S07

Brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S07 @ 30



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  30.0 Soil Type :

Project Name:

0 : 55 : 45

S07

Feb-11

SC
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SA & Hyd R-11-009, S07 @ 30



Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11

Exploration No.: R-11-009 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown well-graded sand with silt and gravel (SW-SM)g

XY 0.00

604.92 0.00

249.00 1.00

355.92 0.00

XY

568.32

249.00

319.32

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 44 %
SAND: 45 %
FINES: 11 %
GROUP SYMBOL: (SW-SM)g 86.76

1.68

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

104.80

156.20

81.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

317.90

20.9

PAN

281.40

27.1259.50

233.70

10.7

303.10 14.8

70.6

56.1

34.3

43.8199.90

66.80

100.0



44 : 45 : 11

S08

Feb-11

Exploration No.:

Depth (feet): 35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown well-graded sand with silt and gravel (SW-SM)g

(SW-SM)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-009, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     50.0

% Gravel 28 Soil Type

% Sand 43

% Fines 29

2.70 0.00 135.65

0.99 0.00 134.23 112.05

858.50 1.00 56.59 77.09

244.60 0.00 1.83

613.90 34.96

3" 0.00 100.0 0.00 100.0 63.1

1½" 0.00 100.0 4.83 92.4 58.3

3/4" 48.32 92.1 12.02 81.0 51.2

3/8" 125.03 79.6 19.08 69.9 44.1

No. 4 170.21 72.3 26.89 57.6 36.4

No. 10 226.34 63.1 34.18 46.1 29.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.59             Wt. of Dry Soil (g) 63.43

Deflocculant  125 cc of 4% Solution

27-Jan-11 9:58 0

10:00 2 21.7 31.0 24.7 0.0314

10:03 5 21.7 27.0 20.7 0.0205

10:13 15 21.7 23.0 16.8 0.0121

10:28 30 21.7 20.0 13.8 0.0087

10:58 60 21.7 18.0 11.8 0.0063

11:58 120 21.8 16.5 10.4 0.0045

14:08 250 21.7 15.0 8.9 0.0031

28-Jan-11 9:39 1421 20.5 12.0 5.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S11

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd R-11-009, S11 @ 50



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  50.0 Soil Type :

Project Name:

28 : 43 : 29

S11

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 23 Soil Type

% Sand 44

% Fines 33

2.70 0.00 0.00

0.99 0.00 0.00 103.34

249.30 1.00 1.00 76.35

38.86 0.00 0.00

210.44 26.99

3" 0.00 100.0 0.00 100.0 67.3

1½" 0.00 100.0 3.49 93.4 62.9

3/4" 0.00 100.0 9.90 81.2 54.7

3/8" 29.13 86.2 16.00 69.7 46.9

No. 4 48.09 77.1 22.13 58.1 39.1

No. 10 68.76 67.3 27.11 48.6 32.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 52.76             Wt. of Dry Soil (g) 52.76

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:32 0

9:34 2 19.5 26.0 24.1 0.0333

9:37 5 19.5 23.0 20.3 0.0215

9:47 15 19.6 21.0 17.7 0.0126

10:02 30 19.7 20.0 16.5 0.0090

10:32 60 19.9 18.0 13.9 0.0064

11:32 120 20.9 16.5 12.0 0.0045

13:42 250 21.4 15.5 10.8 0.0031

23-Feb-11 9:32 1440 19.9 14.0 8.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S04

Grayish olive clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S04 @ 15
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Grayish olive clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

23 : 44 : 33

S04

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 11 Soil Type

% Sand 36

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 102.40

277.30 1.00 1.00 82.91

38.26 0.00 0.00

239.04 19.49

3" 0.00 100.0 0.00 100.0 83.0

1½" 0.00 100.0 1.94 96.4 80.0

3/4" 0.00 100.0 6.16 88.4 73.4

3/8" 13.67 94.3 10.51 80.3 66.6

No. 4 26.42 88.9 15.37 71.1 59.0

No. 10 40.70 83.0 19.44 63.5 52.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 53.24             Wt. of Dry Soil (g) 53.24

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:24 0

9:26 2 19.4 33.5 41.0 0.0316

9:29 5 19.5 30.0 35.6 0.0206

9:39 15 19.5 27.0 30.9 0.0121

9:54 30 19.7 25.0 27.8 0.0087

10:24 60 19.9 23.0 24.7 0.0062

11:24 120 20.8 21.5 22.4 0.0044

13:34 250 21.4 20.0 20.1 0.0030

23-Feb-11 9:24 1440 19.9 18.5 17.8 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S06

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S06 @ 25
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

11 : 36 : 53

S06

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 3 Soil Type

% Sand 35

% Fines 62

2.70 0.00 0.00

0.99 0.00 0.00 90.61

264.50 1.00 1.00 72.50

38.30 0.00 0.00

226.20 18.11

3" 0.00 100.0 0.00 100.0 92.0

1½" 0.00 100.0 1.80 96.7 89.0

3/4" 0.00 100.0 5.19 90.4 83.2

3/8" 3.36 98.5 9.16 83.0 76.4

No. 4 7.42 96.7 13.08 75.7 69.7

No. 10 18.00 92.0 17.63 67.3 61.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 53.90             Wt. of Dry Soil (g) 53.90

Deflocculant  125 cc of 4% Solution

24-Feb-11 10:00 0

10:02 2 20.6 35.0 47.4 0.0310

10:05 5 20.6 31.5 41.5 0.0201

10:15 15 20.7 28.0 35.6 0.0119

10:30 30 20.8 26.0 32.2 0.0085

11:00 60 20.9 23.0 27.1 0.0061

12:00 120 21.3 22.0 25.4 0.0043

14:10 250 21.7 20.5 22.9 0.0030

25-Feb-11 10:00 1440 20.7 18.0 18.6 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S08

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S08 @ 35
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##

3 : 35 : 62

S08

Mar-11

s(CL)Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     50.0

% Gravel 16 Soil Type

% Sand 54

% Fines 30

2.70 0.00 203.18

0.99 0.00 200.31 113.88

1163.90 1.00 38.07 74.96

244.51 0.00 1.77

919.39 38.92

3" 0.00 100.0 0.00 100.0 73.3

1½" 0.00 100.0 5.52 91.5 67.1

3/4" 19.28 97.9 13.42 79.2 58.1

3/8" 72.33 92.1 21.70 66.4 48.7

No. 4 150.38 83.6 30.85 52.3 38.4

No. 10 245.05 73.3 38.00 41.2 30.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.81             Wt. of Dry Soil (g) 64.67

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:46 0

8:48 2 19.4 28.0 23.6 0.0329

8:51 5 19.4 25.0 20.3 0.0213

9:01 15 19.4 22.0 16.9 0.0125

9:16 30 19.4 20.0 14.6 0.0090

9:46 60 19.6 19.0 13.5 0.0064

10:46 120 20.2 17.0 11.3 0.0045

12:56 250 21.1 16.0 10.1 0.0031

22-Feb-11 8:39 1433 19.2 14.0 7.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S11

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S11 @ 50
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  50.0 Soil Type :

Project Name:

16 : 54 : 30

S11

Feb-11

(SC)g

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 35

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 114.43

299.10 1.00 1.00 77.38

39.22 0.00 0.00

259.88 37.05

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.12 99.9 99.7

3/4" 0.00 100.0 0.52 99.5 99.4

3/8" 0.00 100.0 4.09 96.0 95.9

No. 4 0.00 100.0 17.87 82.5 82.4

No. 10 0.37 99.9 36.08 64.8 64.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 102.40             Wt. of Dry Soil (g) 102.40

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:56 0

9:58 2 20.5 47.5 39.2 0.0277

10:01 5 20.6 41.5 33.4 0.0185

10:11 15 20.7 37.0 29.0 0.0111

10:26 30 20.8 35.0 27.1 0.0080

10:56 60 20.9 33.0 25.2 0.0057

11:56 120 21.3 30.5 22.7 0.0041

14:06 250 21.7 28.0 20.3 0.0029

25-Feb-11 9:56 1440 20.7 25.0 17.4 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S12

Dark olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S12 @ 55
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##

0 : 35 : 65

S12

Mar-11

s(CL)Depth (feet) :  55.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-010, S12 @ 55



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     40.0-42.0

% Gravel 21 Soil Type

% Sand 53

% Fines 26

2.70 0.00 184.21

0.99 0.00 182.61 111.19

853.44 1.00 38.67 75.72

220.23 0.00 1.11

633.21 35.47

3" 0.00 100.0 0.00 100.0 68.8

1½" 0.00 100.0 4.32 92.2 63.4

3/4" 29.55 95.3 12.21 78.0 53.6

3/8" 69.76 89.0 20.41 63.3 43.5

No. 4 130.26 79.4 28.46 48.8 33.5

No. 10 197.80 68.8 34.60 37.7 25.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.17             Wt. of Dry Soil (g) 55.55

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:26 0

9:28 2 20.2 23.5 20.3 0.0335

9:31 5 20.2 20.5 16.6 0.0216

9:41 15 20.2 19.0 14.7 0.0126

9:56 30 20.3 17.0 12.3 0.0090

10:26 60 20.4 15.5 10.4 0.0064

11:26 120 20.7 14.5 9.2 0.0046

13:36 250 21.4 13.5 8.0 0.0032

18-Feb-11 8:41 1395 19.9 12.0 6.1 0.0014

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

U09

Olive brown silty sand with gravel (SM)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SM)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, U09 @ 40-42
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown silty sand with gravel (SM)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  40.0-42.0 Soil Type :

Project Name:

21 : 53 : 26

U09

Feb-11

(SM)g
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SA & Hyd R-11-010, U09 @ 40-42



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 3 Soil Type

% Sand 46

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 108.50

425.91 1.00 1.00 76.01

38.23 0.00 0.00

387.68 32.49

3" 0.00 100.0 0.00 100.0 97.0

1½" 0.00 100.0 0.27 99.6 96.6

3/4" 0.00 100.0 1.68 97.4 94.5

3/8" 6.20 98.4 8.17 87.3 84.7

No. 4 10.03 97.4 20.82 67.7 65.7

No. 10 11.48 97.0 30.66 52.5 50.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.49             Wt. of Dry Soil (g) 64.49

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:54 0

9:56 2 20.0 35.0 41.8 0.0310

9:59 5 20.1 31.0 35.8 0.0201

10:09 15 20.2 28.0 31.3 0.0119

10:24 30 20.2 26.0 28.4 0.0085

10:54 60 20.4 25.0 26.9 0.0061

11:54 120 20.6 24.0 25.4 0.0043

14:04 250 21.2 22.0 22.4 0.0030

24-Feb-11 9:37 1423 20.4 20.0 19.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-011

S09

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-011, S09 @ 30
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##

3 : 46 : 51

S09

Mar-11

s(CL)Depth (feet) :  30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-011 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA & Hyd A-11-011, S09 @ 30



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 15 Soil Type

% Sand 35

% Fines 50

2.70 0.00 0.00

0.99 0.00 0.00 111.70

795.50 1.00 1.00 75.25

111.20 0.00 0.00

684.30 36.45

3" 0.00 100.0 0.00 100.0 78.0

1½" 0.00 100.0 3.51 96.5 75.3

3/4" 13.20 98.1 8.89 91.1 71.1

3/8" 57.00 91.7 15.82 84.2 65.7

No. 4 99.40 85.5 25.46 74.6 58.2

No. 10 150.40 78.0 35.54 64.5 50.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.20             Wt. of Dry Soil (g) 100.20

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:44 0

9:46 2 20.5 56.0 37.8 0.0253

9:49 5 20.5 50.5 33.6 0.0170

9:59 15 20.5 45.0 29.4 0.0104

10:14 30 20.7 42.0 27.0 0.0075

10:44 60 20.9 39.0 24.7 0.0055

11:44 120 21.3 36.0 22.4 0.0039

13:54 250 21.7 33.5 20.5 0.0028

25-Feb-11 9:44 1440 20.7 29.0 17.0 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-012

S04

Olive sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-012, S04 @ 15
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##

15 : 35 : 50

S04

Mar-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-012 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-012, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/23/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 30 Soil Type

% Sand 17

% Fines 53

2.70 0.00 175.35

0.99 0.00 170.03 86.46

784.90 1.00 38.64 76.07

137.90 0.00 4.05

647.00 10.39

3" 0.00 100.0 0.00 100.0 67.3

1½" 0.00 100.0 1.16 97.6 65.7

3/4" 111.66 82.7 2.63 94.5 63.6

3/8" 177.08 72.6 4.30 91.1 61.3

No. 4 192.95 70.2 6.87 85.7 57.7

No. 10 211.44 67.3 10.12 79.0 53.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 50.10             Wt. of Dry Soil (g) 48.15

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:34 0

9:36 2 20.2 40.5 46.5 0.0295

9:39 5 20.2 38.0 43.0 0.0191

9:49 15 20.3 35.0 38.8 0.0113

10:04 30 20.4 33.5 36.8 0.0081

10:34 60 20.4 32.0 34.7 0.0058

11:34 120 20.8 31.0 33.3 0.0041

13:44 250 21.4 30.0 31.9 0.0028

18-Feb-11 8:46 1392 19.8 28.0 29.1 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-013

S05

Dark brown gravelly fat clay with sand g(CH)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

g(CH)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-013, S05 @ 20
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##

30 : 17 : 53

S05

Feb-11

g(CH)sDepth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown gravelly fat clay with sand g(CH)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-013 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-013, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 5 Soil Type

% Sand 37

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 98.05

261.54 1.00 1.00 75.64

37.71 0.00 0.00

223.83 22.41

3" 0.00 100.0 0.00 100.0 90.5

1½" 0.00 100.0 1.93 96.8 87.6

3/4" 0.00 100.0 5.34 91.2 82.5

3/8" 6.29 97.2 9.74 84.0 76.0

No. 4 12.02 94.6 15.51 74.5 67.4

No. 10 21.36 90.5 21.67 64.3 58.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.77             Wt. of Dry Soil (g) 60.77

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:26 0

9:28 2 20.6 37.5 45.0 0.0303

9:31 5 20.6 33.0 38.4 0.0199

9:41 15 20.6 30.0 34.0 0.0117

9:56 30 20.8 28.0 31.0 0.0084

10:26 60 20.9 26.0 28.1 0.0060

11:26 120 21.0 24.0 25.1 0.0043

13:36 250 21.8 22.0 22.1 0.0030

10-Feb-11 9:44 1458 21.5 18.0 16.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-014

S06

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

SA & Hyd A-11-014, S06 @ 25



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-014 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

5 : 37 : 58

S06

Feb-11

s(CL)
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SA & Hyd A-11-014, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 6 Soil Type

% Sand 37

% Fines 57

2.70 0.00 0.00

0.99 0.00 0.00 105.04

357.09 1.00 1.00 82.60

82.69 0.00 0.00

274.40 22.44

3" 0.00 100.0 0.00 100.0 87.2

1½" 0.00 100.0 1.70 97.2 84.8

3/4" 0.00 100.0 5.15 91.6 79.9

3/8" 0.73 99.7 9.58 84.4 73.7

No. 4 16.21 94.1 15.51 74.8 65.3

No. 10 35.02 87.2 21.45 65.2 56.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.56             Wt. of Dry Soil (g) 61.56

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:50 0

10:52 2 19.7 40.5 46.4 0.0299

10:55 5 19.8 36.5 40.8 0.0195

11:05 15 19.9 33.0 35.8 0.0116

11:20 30 20.1 30.0 31.6 0.0083

11:50 60 20.3 28.5 29.5 0.0059

12:50 120 20.6 27.0 27.4 0.0042

15:00 250 21.4 25.0 24.6 0.0029

01-Mar-11 10:57 1447 20.5 21.0 19.0 0.0013

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-015

S06

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-015, S06 @ 20
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##

6 : 37 : 57

S06

Mar-11

s(CL)Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-015 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 15 Soil Type

% Sand 41

% Fines 44

2.70 0.00 0.00

0.99 0.00 0.00 103.80

306.55 1.00 1.00 76.37

38.54 0.00 0.00

268.01 27.43

3" 0.00 100.0 0.00 100.0 76.6

1½" 0.00 100.0 3.40 94.6 72.5

3/4" 0.00 100.0 9.26 85.3 65.3

3/8" 23.83 91.1 15.41 75.5 57.8

No. 4 40.91 84.7 21.43 65.9 50.5

No. 10 62.64 76.6 26.63 57.6 44.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.84             Wt. of Dry Soil (g) 62.84

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:38 0

8:40 2 20.6 37.0 36.3 0.0304

8:43 5 20.6 33.0 31.5 0.0199

8:53 15 20.7 30.0 27.8 0.0117

9:08 30 20.8 27.0 24.2 0.0085

9:38 60 20.8 26.0 23.0 0.0060

10:38 120 20.8 24.0 20.6 0.0043

12:48 250 21.0 22.0 18.1 0.0030

26-Feb-11 9:04 1466 19.3 19.0 14.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-016

S01

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-016, S01 @ 5
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##

15 : 41 : 44

S01

Mar-11

(SC)gDepth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-016 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-016, S01 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 1 Soil Type

% Sand 30

% Fines 69

2.70 0.00 0.00

0.99 0.00 0.00 95.14

241.48 1.00 1.00 75.88

37.45 0.00 0.00

204.03 19.26

3" 0.00 100.0 0.00 100.0 97.2

1½" 0.00 100.0 0.56 99.1 96.3

3/4" 0.00 100.0 1.73 97.2 94.4

3/8" 0.77 99.6 3.75 93.9 91.2

No. 4 1.49 99.3 9.42 84.6 82.2

No. 10 5.75 97.2 18.07 70.5 68.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.26             Wt. of Dry Soil (g) 61.26

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:42 0

8:44 2 20.6 39.0 50.4 0.0299

8:47 5 20.6 35.0 44.1 0.0196

8:57 15 20.7 32.0 39.3 0.0116

9:12 30 20.8 30.0 36.2 0.0083

9:42 60 20.9 28.0 33.0 0.0059

10:42 120 20.8 26.0 29.9 0.0043

12:52 250 21.0 24.0 26.8 0.0030

26-Feb-11 9:06 1464 19.3 20.0 20.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-016

S06

Olive yellow sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-016, S06 @ 25
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##

1 : 30 : 69

S06

Mar-11

s(CL)Depth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-016 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 5 Soil Type

% Sand 40

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 98.25

579.58 1.00 1.00 72.95

75.55 0.00 0.00

504.03 25.30

3" 0.00 100.0 0.00 100.0 88.2

1½" 0.00 100.0 2.35 96.3 84.9

3/4" 0.00 100.0 6.43 89.8 79.2

3/8" 7.95 98.4 11.48 81.7 72.1

No. 4 24.60 95.1 17.92 71.5 63.1

No. 10 59.29 88.2 24.04 61.8 54.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.90             Wt. of Dry Soil (g) 62.90

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:02 0

9:04 2 20.0 39.0 44.5 0.0299

9:07 5 20.1 36.0 40.4 0.0194

9:17 15 20.1 32.5 35.5 0.0115

9:32 30 20.0 30.5 32.7 0.0083

10:02 60 20.1 28.0 29.2 0.0059

11:02 120 20.4 26.0 26.4 0.0043

13:12 250 21.0 24.0 23.7 0.0030

24-Feb-11 8:35 1413 20.1 20.0 18.1 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S04

Brown sandy fat clay s(CH)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CH)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-017, S04 @ 15
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##

5 : 40 : 55

S04

Mar-11

s(CH)Depth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy fat clay s(CH)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-017 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-017, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 6 Soil Type

% Sand 33

% Fines 61

2.70 0.00 0.00

0.99 0.00 0.00 97.07

507.29 1.00 1.00 75.87

76.80 0.00 0.00

430.49 21.20

3" 0.00 100.0 0.00 100.0 89.8

1½" 0.00 100.0 1.30 97.9 87.9

3/4" 0.00 100.0 3.57 94.2 84.5

3/8" 7.68 98.2 6.75 89.0 79.9

No. 4 24.50 94.3 12.60 79.4 71.3

No. 10 43.98 89.8 19.81 67.6 60.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.22             Wt. of Dry Soil (g) 61.22

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:50 0

8:52 2 20.1 40.0 48.0 0.0296

8:55 5 20.1 35.0 40.7 0.0196

9:05 15 20.1 31.0 34.9 0.0116

9:20 30 20.1 29.5 32.7 0.0083

9:50 60 20.0 27.0 29.1 0.0060

10:50 120 20.4 25.0 26.2 0.0043

13:00 250 21.0 23.0 23.3 0.0030

24-Feb-11 8:28 1418 20.1 19.0 17.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S08

Brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-017, S08 @ 35
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##

6 : 33 : 61

S08

Mar-11

s(CL)Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-017 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-017, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 18 Soil Type

% Sand 48

% Fines 34

2.70 0.00 0.00

0.99 0.00 0.00 110.29

239.10 1.00 1.00 77.27

37.42 0.00 0.00

201.68 33.02

3" 0.00 100.0 0.00 100.0 73.2

1½" 0.00 100.0 3.43 94.3 69.1

3/4" 8.12 96.0 10.13 83.3 61.0

3/8" 24.09 88.1 18.13 70.1 51.3

No. 4 36.99 81.7 26.19 56.7 41.6

No. 10 54.00 73.2 32.20 46.8 34.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.55             Wt. of Dry Soil (g) 60.55

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:06 0

9:08 2 20.1 31.0 28.8 0.0318

9:11 5 20.1 28.0 25.2 0.0206

9:21 15 20.1 26.0 22.8 0.0120

9:36 30 20.1 24.0 20.4 0.0086

10:06 60 20.1 22.5 18.6 0.0062

11:06 120 20.4 21.0 16.8 0.0044

13:16 250 21.0 19.0 14.4 0.0031

24-Feb-11 8:36 1410 20.1 16.5 11.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-019

S09

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-019, S09 @ 40



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

18 : 48 : 34

S09

Mar-11

(SC)gDepth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-019 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-019, S09 @ 40



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-020 Depth (feet): 5.0

Sample No.: S01

Soil Identification: Olive brown clayey sand with gravel (SC)g

57 0.00

825.40 0.00

107.60 1.00

717.80 0.00

57

485.10

107.60

377.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 19 %
SAND: 33 %
FINES: 48 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

89.40

138.10

95.7

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

375.60

61.2

PAN

278.70

67.0237.10

203.90

47.7

329.80 54.1

87.5

80.8

71.6

75.7174.70

30.70

100.0



19 : 33 : 48

S01

Mar-11

Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-020 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-020, S01 @ 5



Project Name: Tested By: S. Felter Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-020 Depth (feet): 30.0

Sample No.: S08

Soil Identification: Brown clayey sand with gravel (SC)g

733 0.00

296.24 0.00

76.45 1.00

219.79 0.00

733

243.10

76.45

166.65

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 19 %
SAND: 56 %
FINES: 25 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

15.00

40.70

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

166.00

38.7

PAN

134.80

47.7114.90

94.20

24.5

153.70 30.1

93.2

81.5

57.1

68.569.20

0.00



19 : 56 : 25

S08

Mar-11

Exploration No.:

Depth (feet): 30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-020 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-020, S08 @ 30



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 18 Soil Type

% Sand 30

% Fines 52

2.70 0.00 0.00

0.99 0.00 0.00 99.47

366.73 1.00 1.00 77.93

38.79 0.00 0.00

327.94 21.54

3" 0.00 100.0 0.00 100.0 77.3

1½" 0.00 100.0 2.50 96.1 74.3

3/4" 22.55 93.1 6.35 90.1 69.7

3/8" 47.50 85.5 10.42 83.8 64.8

No. 4 58.32 82.2 15.81 75.4 58.3

No. 10 74.38 77.3 21.00 67.3 52.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.19             Wt. of Dry Soil (g) 64.19

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:22 0

9:24 2 20.5 42.5 42.4 0.0290

9:27 5 20.6 38.5 37.6 0.0190

9:37 15 20.6 35.0 33.5 0.0113

9:52 30 20.7 33.5 31.7 0.0081

10:22 60 20.9 31.0 28.7 0.0058

11:22 120 20.9 29.0 26.3 0.0042

13:32 250 21.8 26.0 22.7 0.0029

10-Feb-11 9:42 1460 21.5 21.0 16.7 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-021

S04

Yellowish brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-021, S04 @ 15



18 : 30 : 52

S04

Feb-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-021 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-021, S04 @ 15



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-022 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Olive brown clayey sand with gravel (SC)g

915 0.00

760.20 0.00

107.60 1.00

652.60 0.00

915

510.20

107.60

402.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 19 %
SAND: 42 %
FINES: 39 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

63.40

126.30

98.3

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

398.20

52.8

PAN

308.00

60.7256.60

216.10

39.0

362.70 44.4

90.3

80.6

66.9

73.0176.30

11.20

100.0



19 : 42 : 39

S03

Mar-11

Exploration No.:

Depth (feet): 10.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-022 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-022, S03 @ 10



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-023 Depth (feet): 5.0

Sample No.: S01

Soil Identification: Dark olive brown clayey sand with gravel (SC)g

929 0.00

747.00 0.00

108.60 1.00

638.40 0.00

929

654.80

108.60

546.20

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 39 %
SAND: 46 %
FINES: 15 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

154.60

246.10

91.7

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

544.70

26.1

PAN

471.80

34.3419.30

371.30

14.7

517.50 18.9

75.8

61.5

41.8

50.4316.50

52.80

100.0



39 : 46 : 15

S01

Mar-11

Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Dark olive brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-023 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-023, S01 @ 5



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-024 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Brown clayey gravel with sand (GC)s

GE 0.00

1037.97 0.00

251.22 1.00

786.75 0.00

GE

843.65

251.22

592.43

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 41 %
SAND: 34 %
FINES: 25 %
GROUP SYMBOL: (GC)s

Remarks:

53.5365.80

92.00

100.0

PAN

502.70

43.4445.30

25.2

554.50 29.5

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

588.80

36.1

Cc = (D30)²/(D60*D10) =

0.00

245.90

321.80

88.3

403.80

68.7

59.1

48.7

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-024 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey gravel with sand (GC)s

(GC)s

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 15.0 Soil Type :

Project Name:

41 : 34 : 25

S04

Feb-11
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SA A-11-024, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 23 Soil Type

% Sand 29

% Fines 48

2.70 0.00 0.00

0.99 0.00 0.00 98.12

681.89 1.00 1.00 77.31

76.39 0.00 0.00

605.50 20.81

3" 0.00 100.0 0.00 100.0 71.8

1½" 0.00 100.0 1.94 96.8 69.5

3/4" 58.09 90.4 5.40 91.1 65.3

3/8" 96.95 84.0 9.47 84.3 60.5

No. 4 137.08 77.4 14.50 76.0 54.5

No. 10 170.93 71.8 19.89 67.0 48.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.36             Wt. of Dry Soil (g) 60.36

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:54 0

10:56 2 19.8 40.0 38.3 0.0300

10:59 5 19.8 35.0 32.4 0.0198

11:09 15 19.9 32.0 28.9 0.0117

11:24 30 20.1 30.0 26.5 0.0083

11:54 60 20.3 28.0 24.2 0.0059

12:54 120 20.6 25.5 21.2 0.0043

15:04 250 21.4 24.0 19.5 0.0030

01-Mar-11 10:58 1444 20.5 19.0 13.6 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-024

S05

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

SA & Hyd A-11-024, S05 @ 20
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280 226
39
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1.7 38
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-024 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  20.0 Soil Type :

Project Name:

23 : 29 : 48

S05

Mar-11

(SC)g
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SA & Hyd A-11-024, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 8 Soil Type

% Sand 33

% Fines 59

2.70 0.00 0.00

0.99 0.00 0.00 96.23

241.31 1.00 1.00 75.70

38.95 0.00 0.00

202.36 20.53

3" 0.00 100.0 0.00 100.0 87.2

1½" 0.00 100.0 1.60 97.4 84.9

3/4" 0.00 100.0 4.48 92.7 80.8

3/8" 8.54 95.8 8.35 86.4 75.3

No. 4 15.63 92.3 13.91 77.4 67.5

No. 10 25.96 87.2 19.83 67.8 59.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.56             Wt. of Dry Soil (g) 61.56

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:34 0

9:36 2 20.6 41.0 47.8 0.0295

9:39 5 20.6 37.0 42.1 0.0192

9:49 15 20.7 34.0 37.9 0.0114

10:04 30 20.8 31.5 34.4 0.0082

10:34 60 21.0 29.5 31.6 0.0058

11:34 120 21.1 27.0 28.1 0.0042

13:44 250 21.8 24.5 24.6 0.0029

10-Feb-11 9:47 1453 21.5 19.0 16.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-025

S06

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-025, S06 @ 25



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-025 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

8 : 33 : 59

S06

Feb-11

s(CL)
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SA & Hyd A-11-025, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 24 Soil Type

% Sand 38

% Fines 38

2.70 0.00 0.00

0.99 0.00 0.00 102.57

185.62 1.00 1.00 72.92

37.75 0.00 0.00

147.87 29.65

3" 0.00 100.0 0.00 100.0 67.2

1½" 0.00 100.0 4.23 93.7 63.0

3/4" 0.00 100.0 10.04 84.9 57.1

3/8" 15.91 89.2 15.94 76.1 51.1

No. 4 35.87 75.7 22.73 65.9 44.3

No. 10 48.47 67.2 29.16 56.2 37.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.64             Wt. of Dry Soil (g) 66.64

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:30 0

9:32 2 20.6 38.5 31.5 0.0301

9:35 5 20.6 34.0 27.0 0.0197

9:45 15 20.7 31.0 24.0 0.0116

10:00 30 20.8 28.0 21.0 0.0084

10:30 60 21.0 26.0 19.0 0.0059

11:30 120 21.1 23.5 16.5 0.0043

13:40 250 21.8 22.0 15.0 0.0030

10-Feb-11 9:46 1456 21.5 18.5 11.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-026

S06

Yellowish brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-026, S06 @ 25



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-026 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

24 : 38 : 38

S06

Feb-11

(SC)g
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SA & Hyd A-11-026, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 16 Soil Type

% Sand 33

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 98.06

300.37 1.00 1.00 75.89

39.11 0.00 0.00

261.26 22.17

3" 0.00 100.0 0.00 100.0 79.2

1½" 0.00 100.0 3.05 95.0 75.2

3/4" 0.00 100.0 6.89 88.6 70.2

3/8" 30.78 88.2 11.22 81.4 64.5

No. 4 42.98 83.5 16.45 72.8 57.6

No. 10 54.30 79.2 21.73 64.0 50.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.40             Wt. of Dry Soil (g) 60.40

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:38 0

9:40 2 20.6 40.0 42.9 0.0296

9:43 5 20.6 35.5 37.1 0.0195

9:53 15 20.7 32.0 32.5 0.0116

10:08 30 20.7 30.0 29.9 0.0083

10:38 60 20.9 28.0 27.3 0.0059

11:38 120 21.2 25.5 24.1 0.0042

13:48 250 21.8 24.0 22.1 0.0030

10-Feb-11 9:48 1450 21.5 21.0 18.2 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-027

S04

Dark brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-027, S04 @ 15



16 : 33 : 51

S04

Feb-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-027 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-027, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 28 Soil Type

% Sand 33

% Fines 39

2.70 0.00 0.00

0.99 0.00 0.00 103.34

258.13 1.00 1.00 77.65

79.26 0.00 0.00

178.87 25.69

3" 0.00 100.0 0.00 100.0 65.3

1½" 0.00 100.0 3.39 94.5 61.8

3/4" 10.87 93.9 8.65 86.1 56.2

3/8" 37.07 79.3 13.84 77.7 50.8

No. 4 49.78 72.2 19.34 68.8 45.0

No. 10 62.02 65.3 24.60 60.4 39.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.07             Wt. of Dry Soil (g) 62.07

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:06 0

10:08 2 19.4 38.0 31.8 0.0306

10:11 5 19.4 33.5 27.1 0.0200

10:21 15 19.5 30.0 23.5 0.0119

10:36 30 19.6 28.0 21.4 0.0085

11:06 60 19.9 26.0 19.3 0.0061

12:06 120 20.4 24.0 17.2 0.0043

14:16 250 21.2 22.0 15.1 0.0030

01-Mar-11 10:24 1458 20.3 19.0 12.0 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-028

S02

Yellowish brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

SA & Hyd A-11-028, S02 @ 10



S07 30

268
280 226
39

0.4
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0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-028 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

28 : 33 : 39

S02

Mar-11

(SC)g
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SA & Hyd A-11-028, S02 @ 10



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-030 Depth (feet): 5.0

Sample No.: S01

Soil Identification: Brown silty gravel with sand (GM)s

EZ 0.00

480.75 0.00

140.04 1.00

340.71 0.00

EZ

436.30

140.04

296.26

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 58 %
SAND: 28 %
FINES: 14 %
GROUP SYMBOL: (GM)s

Remarks:

36.3217.10

111.90

100.0

PAN

264.10

27.4247.30

13.6

280.90 17.6

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

294.30

22.5

Cc = (D30)²/(D60*D10) =

0.00

165.60

195.90

67.2

232.10

51.4

42.5

31.9

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-030 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty gravel with sand (GM)s

(GM)s

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

58 : 28 : 14

S01

Feb-11
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SA A-11-030, S01 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 0 Soil Type

% Sand 32

% Fines 68

2.70 0.00 0.00

0.99 0.00 0.00 95.80

355.72 1.00 1.00 74.93

38.76 0.00 0.00

316.96 20.87

3" 0.00 100.0 0.00 100.0 98.8

1½" 0.00 100.0 0.74 98.8 97.6

3/4" 0.00 100.0 3.18 94.8 93.6

3/8" 0.00 100.0 7.39 87.8 86.8

No. 4 1.26 99.6 12.96 78.7 77.7

No. 10 3.84 98.8 19.08 68.6 67.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.76             Wt. of Dry Soil (g) 60.76

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:58 0

10:00 2 20.1 40.0 53.2 0.0296

10:03 5 20.1 36.0 46.8 0.0194

10:13 15 20.2 33.0 41.9 0.0115

10:28 30 20.2 31.0 38.7 0.0082

10:58 60 20.4 29.5 36.3 0.0059

11:58 120 20.6 28.0 33.9 0.0042

14:08 250 21.3 27.0 32.3 0.0029

24-Feb-11 9:38 1420 20.4 25.0 29.0 0.0012

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S02

Dark olive gray sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S02 @ 10
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark olive gray sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

0 : 32 : 68

S02

Mar-11

s(CL)
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SA & Hyd A-11-031, S02 @ 10



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 6 Soil Type

% Sand 46

% Fines 48

2.70 0.00 0.00

0.99 0.00 0.00 105.14

267.54 1.00 1.00 77.03

77.43 0.00 0.00

190.11 28.11

3" 0.00 100.0 0.00 100.0 86.3

1½" 0.00 100.0 2.90 95.2 82.1

3/4" 0.00 100.0 9.26 84.7 73.0

3/8" 2.45 98.7 15.38 74.5 64.3

No. 4 11.04 94.2 21.47 64.4 55.6

No. 10 26.08 86.3 27.04 55.2 47.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.34             Wt. of Dry Soil (g) 60.34

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:10 0

10:12 2 19.5 34.5 38.3 0.0314

10:15 5 19.5 30.0 31.9 0.0206

10:25 15 19.5 27.0 27.7 0.0121

10:40 30 19.7 25.5 25.5 0.0086

11:10 60 20.0 23.5 22.7 0.0061

12:10 120 20.4 22.0 20.6 0.0044

14:20 250 21.2 20.0 17.7 0.0030

01-Mar-11 10:26 1456 20.3 18.0 14.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S04

Brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

SA & Hyd A-11-031, S04 @ 15
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

6 : 46 : 48

S04

Mar-11

SC
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SA & Hyd A-11-031, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 1 Soil Type

% Sand 35

% Fines 64

2.70 0.00 0.00

0.99 0.00 0.00 97.72

345.82 1.00 1.00 75.72

38.04 0.00 0.00

307.78 22.00

3" 0.00 100.0 0.00 100.0 97.0

1½" 0.00 100.0 1.57 97.5 94.6

3/4" 0.00 100.0 5.87 90.5 87.8

3/8" 0.00 100.0 10.81 82.5 80.1

No. 4 3.65 98.8 15.80 74.5 72.3

No. 10 9.15 97.0 21.07 66.0 64.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.92             Wt. of Dry Soil (g) 61.92

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:58 0

9:00 2 20.0 39.0 49.7 0.0299

9:03 5 20.1 35.0 43.5 0.0196

9:13 15 20.1 31.0 37.3 0.0116

9:28 30 20.1 28.0 32.6 0.0084

9:58 60 20.0 25.5 28.8 0.0060

10:58 120 20.4 24.0 26.4 0.0043

13:08 250 21.0 22.0 23.3 0.0030

24-Feb-11 8:33 1415 20.1 19.0 18.7 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S05

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S05 @ 20
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  20.0 Soil Type :

Project Name:

1 : 35 : 64

S05

Mar-11

s(CL)
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SA & Hyd A-11-031, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 9 Soil Type

% Sand 55

% Fines 36

2.70 0.00 0.00

0.99 0.00 0.00 111.49

278.05 1.00 1.00 76.13

38.67 0.00 0.00

239.38 35.36

3" 0.00 100.0 0.00 100.0 80.3

1½" 0.00 100.0 4.60 92.6 74.3

3/4" 0.00 100.0 11.75 81.0 65.0

3/8" 10.12 95.8 18.81 69.6 55.9

No. 4 20.73 91.3 26.72 56.8 45.6

No. 10 47.24 80.3 33.83 45.3 36.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.88             Wt. of Dry Soil (g) 61.88

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:46 0

8:48 2 20.6 28.0 27.0 0.0325

8:51 5 20.7 24.5 22.5 0.0211

9:01 15 20.7 22.0 19.3 0.0124

9:16 30 20.8 19.5 16.1 0.0089

9:46 60 20.9 18.0 14.2 0.0063

10:46 120 20.8 16.0 11.6 0.0045

12:56 250 21.0 15.5 10.9 0.0031

26-Feb-11 9:07 1461 19.3 13.5 8.4 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S08

Yellowish brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S08 @ 35
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  35.0 Soil Type :

Project Name:

9 : 55 : 36

S08

Mar-11

SC
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SA & Hyd A-11-031, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     45.0

% Gravel 0 Soil Type

% Sand 24

% Fines 76

2.70 0.00 0.00

0.99 0.00 0.00 96.10

236.65 1.00 1.00 77.25

38.76 0.00 0.00

197.89 18.85

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.18 99.7 99.6

3/4" 0.00 100.0 0.58 99.1 99.0

3/8" 0.00 100.0 1.89 97.1 96.9

No. 4 0.00 100.0 6.28 90.2 90.1

No. 10 0.26 99.9 15.54 75.8 75.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.19             Wt. of Dry Soil (g) 64.19

Deflocculant  125 cc of 4% Solution

25-Feb-11 9:22 0

9:24 2 20.8 41.0 52.5 0.0295

9:27 5 20.8 37.0 46.3 0.0192

9:37 15 20.8 33.0 40.1 0.0115

9:52 30 20.9 30.0 35.5 0.0083

10:22 60 20.8 28.0 32.4 0.0059

11:22 120 20.8 26.0 29.3 0.0043

13:32 250 21.0 24.0 26.2 0.0030

26-Feb-11 9:33 1451 19.3 20.0 20.1 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S10

Yellowish brown lean clay with sand (CL)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CL)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S10 @ 45
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  45.0 Soil Type :

Project Name:

0 : 24 : 76

S10

Mar-11

(CL)s
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SA & Hyd A-11-031, S10 @ 45



Project Name: Tested By: S. Felter Date: 02/17/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-031 Depth (feet): 50.0

Sample No.: S11

Soil Identification: Brown silty sand (SM)

HA 0.00

809.56 0.00

246.73 1.00

562.83 0.00

HA

728.10

246.73

481.37

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 3 %
SAND: 82 %
FINES: 15 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

7.10

15.00

100.0

36.10

98.7

97.3

93.6

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

479.20

40.3

PAN

336.10

76.8130.40

14.9

432.40 23.2

96.420.00

0.00



Project Name:

3 : 82 : 15

S11

Feb-11

Exploration No.:

Depth (feet): 50.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-031 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-031, S11 @ 50



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-033 Depth (feet): 2.0-6.5

Sample No.: B01

Soil Identification: Brown silty sand with gravel (SM)g

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

SP-04 1-A-1 Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

5765.80 690.70 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

794.80 178.30 Wt. of Container No._____(g) 1.00 1.00

4971.00 512.40 Moisture Content (%) 0.00 0.00

1-A-1

561.00

178.30

382.70

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 21 %
SAND: 58 %
FINES: 21 %
GROUP SYMBOL: (SM)g

Remarks:

of SOILS USING SIEVE ANALYSIS

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

Wt. of Container            (g)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

Moisture ContentsCalculation of Dry Weights

Wt. Air-Dried Soil + Cont.(g)

89.3

79.3

69.9

20.6

100.0

99.5

37.7

27.6

19.000

9.500

Whole Sample

59.7

49.2

Percent Passing       
(%)

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500 0.00

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

60.70

126.40

26.60

530.30

1028.70

379.00

194.70

268.50

333.80



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-033 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 2.0-6.5 Soil Type :

Project Name:

21 : 58 : 21

B01

Feb-11
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/18/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0-17.0

% Gravel 7 Soil Type

% Sand 46

% Fines 47

2.70 0.00 259.88

0.99 0.00 257.02 108.23

1222.90 1.00 38.85 75.88

238.10 0.00 1.31

984.80 32.35

3" 0.00 100.0 0.00 100.0 91.5

1½" 0.00 100.0 1.10 98.3 90.0

3/4" 27.42 97.2 4.28 93.4 85.5

3/8" 48.85 95.0 12.97 80.1 73.3

No. 4 66.89 93.2 23.73 63.6 58.2

No. 10 83.72 91.5 31.65 51.5 47.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.11             Wt. of Dry Soil (g) 65.25

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:22 0

9:24 2 20.2 36.0 40.3 0.0307

9:27 5 20.2 33.0 36.2 0.0199

9:37 15 20.2 31.0 33.4 0.0116

9:52 30 20.3 30.0 32.0 0.0083

10:22 60 20.4 28.5 29.9 0.0059

11:22 120 20.7 27.0 27.8 0.0042

13:32 250 21.4 26.0 26.4 0.0029

18-Feb-11 8:39 1397 19.9 23.0 22.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-035

U04

Pale olive clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-035, U04 @ 15-17
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-035 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0-17.0 Soil Type :

Project Name:

7 : 46 : 47

U04

Mar-11

SC
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SA & Hyd A-11-035, U04 @ 15-17



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/23/11

Exploration No.:

Sample No.: Depth (feet) :     2.0-8.0

% Gravel 14 Soil Type

% Sand 46

% Fines 40

2.70 0.00 0.00

0.99 0.00 0.00 105.02

1311.50 1.00 1.00 75.28

206.80 0.00 0.00

1104.70 29.74

3" 0.00 100.0 0.00 100.0 75.6

1½" 0.00 100.0 3.69 94.1 71.1

3/4" 0.00 100.0 10.17 83.6 63.2

3/8" 68.56 93.8 17.24 72.3 54.6

No. 4 159.24 85.6 24.11 61.2 46.3

No. 10 269.92 75.6 29.19 53.1 40.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.18             Wt. of Dry Soil (g) 62.18

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:54 0

8:56 2 19.4 34.0 32.6 0.0315

8:59 5 19.4 31.0 28.9 0.0204

9:09 15 19.4 28.0 25.3 0.0120

9:24 30 19.5 26.0 22.9 0.0086

9:54 60 19.6 25.0 21.7 0.0061

10:54 120 20.2 23.0 19.3 0.0043

13:04 250 21.1 21.0 16.9 0.0030

22-Feb-11 8:54 1440 19.2 19.0 14.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-036

B01

Light olive brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-036, B01 @ 2-8
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##

14 : 46 : 40

B01

Feb-11

SCDepth (feet) :  2.0-8.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-036 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 03/04/11

Project No. : Data Input By: J. Ward Date: 03/07/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 1 Soil Type

% Sand 46

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 167.50

696.40 1.00 1.00 142.72

108.90 0.00 0.00

587.50 24.78

3" 0.00 100.0 0.00 100.0 96.8

1½" 0.00 100.0 0.85 98.4 95.3

3/4" 0.00 100.0 4.89 91.1 88.1

3/8" 0.50 99.9 12.85 76.5 74.0

No. 4 8.50 98.6 19.64 64.1 62.0

No. 10 18.90 96.8 24.50 55.2 53.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.64             Wt. of Dry Soil (g) 54.64

Deflocculant  125 cc of 4% Solution

04-Mar-11 9:30 0

9:32 2 20.9 29.5 40.4 0.0322

9:35 5 20.9 26.0 34.3 0.0208

9:45 15 20.9 23.0 29.0 0.0123

10:00 30 21.0 21.5 26.4 0.0087

10:30 60 21.2 20.0 23.7 0.0062

12:22 172 21.3 19.0 22.0 0.0037

13:40 250 22.3 18.0 20.2 0.0030

05-Mar-11 9:30 1440 20.2 17.0 18.4 0.0013

6.5

6.5

Pan

No. 30

No. 50

No. 100

6.5

6.5

6.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.5

6.5

6.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-037

S02

Dark grayish olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-037, S02 @ 5
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##

1 : 46 : 53

S02

Mar-11

s(CL)Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark grayish olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-037 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 25 Soil Type

% Sand 49

% Fines 26

2.70 0.00 0.00

0.99 0.00 0.00 111.53

299.49 1.00 1.00 75.28

37.00 0.00 0.00

262.49 36.25

3" 0.00 100.0 0.00 100.0 62.9

1½" 0.00 100.0 5.04 91.7 57.6

3/4" 0.00 100.0 13.63 77.6 48.8

3/8" 37.44 85.7 22.61 62.8 39.5

No. 4 65.62 75.0 30.45 49.9 31.4

No. 10 97.51 62.9 35.84 41.0 25.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.77             Wt. of Dry Soil (g) 60.77

Deflocculant  125 cc of 4% Solution

23-Feb-11 10:02 0

10:04 2 20.1 28.5 22.1 0.0324

10:07 5 20.1 25.0 18.5 0.0210

10:17 15 20.2 22.5 15.9 0.0123

10:32 30 20.3 20.5 13.9 0.0088

11:02 60 20.4 19.0 12.3 0.0063

12:02 120 20.6 17.0 10.3 0.0045

14:12 250 21.3 16.0 9.2 0.0031

24-Feb-11 9:40 1418 20.5 14.0 7.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-040

S03

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-040, S03 @ 10
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-040 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

25 : 49 : 26

S03

Mar-11

(SC)g
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SA & Hyd A-11-040, S03 @ 10



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/23/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 46 Soil Type

% Sand 27

% Fines 27

2.70 0.00 0.00

0.99 0.00 0.00 104.52

1038.51 1.00 1.00 76.05

215.38 0.00 0.00

823.13 28.47

3" 0.00 100.0 0.00 100.0 45.5

1½" 0.00 100.0 3.95 94.1 42.8

3/4" 204.33 75.2 9.65 85.6 38.9

3/8" 291.44 64.6 14.99 77.7 35.3

No. 4 378.63 54.0 20.92 68.9 31.3

No. 10 448.74 45.5 27.65 58.8 26.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 67.16             Wt. of Dry Soil (g) 67.16

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:50 0

8:52 2 19.4 38.0 20.8 0.0306

8:55 5 19.4 32.5 17.1 0.0202

9:05 15 19.4 28.0 14.1 0.0120

9:20 30 19.5 25.0 12.1 0.0087

9:50 60 19.6 23.0 10.7 0.0062

10:50 120 20.2 20.5 9.1 0.0044

13:00 250 21.1 18.0 7.4 0.0031

22-Feb-11 8:41 1431 19.2 16.0 6.0 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-041

S02

Dark yellowish brown clayey gravel with sand (GC)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(GC)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-041, S02 @ 5
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##

46 : 27 : 27

S02

Feb-11

(GC)sDepth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark yellowish brown clayey gravel with sand (GC)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-041 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-041, S02 @ 5



Project Name: Tested By: S. Felter Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: A-11-043 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Brown clayey sand with gravel (SC)g

544 0.00

289.91 0.00

77.70 1.00

212.21 0.00

544

247.80

77.70

170.10

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 47 %
FINES: 20 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

53.70

70.30

94.7

106.90

74.7

66.9

49.6

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

168.90

34.2

PAN

139.60

41.9123.40

20.4

156.50 26.3

57.490.50

11.30

100.0



Project Name:

33 : 47 : 20

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-043 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 2 Soil Type

% Sand 23

% Fines 75

2.70 0.00 0.00

0.99 0.00 0.00 93.15

245.25 1.00 1.00 77.47

39.00 0.00 0.00

206.25 15.68

3" 0.00 100.0 0.00 100.0 96.9

1½" 0.00 100.0 0.18 99.7 96.6

3/4" 0.00 100.0 0.71 98.9 95.8

3/8" 2.94 98.6 2.27 96.4 93.3

No. 4 5.15 97.5 6.90 89.0 86.2

No. 10 6.47 96.9 13.80 77.9 75.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.46             Wt. of Dry Soil (g) 62.46

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:34 0

8:36 2 20.6 46.0 60.0 0.0282

8:39 5 20.6 43.0 55.4 0.0182

8:49 15 20.6 40.0 50.8 0.0108

9:04 30 20.7 38.5 48.5 0.0078

9:34 60 20.8 37.0 46.2 0.0055

10:34 120 20.8 35.0 43.1 0.0040

12:44 250 21.0 32.0 38.5 0.0028

26-Feb-11 8:54 1460 19.3 25.0 27.7 0.0012

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-044

S01

Light brownish gray lean clay with sand (CL)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CL)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-044, S01 @ 5



S08 35

111
278 76
39

0

4.6
12

10 19
21 27
47 34

62

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-044 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light brownish gray lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  5.0 Soil Type :

Project Name:

2 : 23 : 75

S01

Mar-11

(CL)s
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SA & Hyd A-11-044, S01 @ 5



Project Name: Tested By: G. Bathala Date: 02/08/11
Project No.: Checked By: J. Ward Date: 02/26/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Shelby
Soil Identification:

2.871
1.000
297.62
82.40
0.9624

421.83
356.47
38.02
20.52
105.1

92
0.2782

333.40
297.10
38.00
20.54
108.0

99
0.2385
2.70
62.43

0.10 0.2777 0.9995 0.00 0.05 0.603 0.05 2/11/11 8:00:00 0.0 0.0 0.2651
0.25 0.2740 0.9958 0.06 0.42 0.598 0.36 2/11/11 8:00:06 0.1 0.3 0.2634
0.50 0.2702 0.9920 0.09 0.80 0.593 0.71 2/11/11 8:00:15 0.2 0.5 0.2633
1.00 0.2644 0.9862 0.14 1.39 0.584 1.25 2/11/11 8:00:30 0.5 0.7 0.2631
1.00 0.2651 0.9869 0.14 1.31 0.585 1.17 2/11/11 8:01:00 1.0 1.0 0.2629
2.00 0.2607 0.9825 0.20 1.76 0.579 1.56 2/11/11 8:02:00 2.0 1.4 0.2627
4.00 0.2519 0.9737 0.30 2.64 0.567 2.34 2/11/11 8:04:00 4.0 2.0 0.2625
8.00 0.2368 0.9586 0.46 4.15 0.545 3.69 2/11/11 8:08:00 8.0 2.8 0.2623
16.00 0.2143 0.9361 0.65 6.40 0.512 5.74 2/11/11 8:15:00 15.0 3.9 0.2622
4.00 0.2201 0.9419 0.43 5.81 0.518 5.38 2/11/11 8:30:00 30.0 5.5 0.2620
1.00 0.2288 0.9506 0.28 4.94 0.529 4.66 2/11/11 9:00:00 60.0 7.7 0.2619
0.25 0.2385 0.9603 0.21 3.97 0.544 3.76 2/11/11 10:00:00 120.0 11.0 0.2617

2/11/11 12:00:00 240.0 15.5 0.2615
2/11/11 16:00:00 480.0 21.9 0.2612
2/13/11 8:15:00 2895.0 53.8 0.2608
2/14/11 8:40:00 4360.0 66.0 0.2607

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Pale olive sandy lean clay s(CL)

52.0-54.0
U12
A-11-001

0.500

0.520

0.540

0.560

0.580

0.600

0.620

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Time Readings @ 2.0 ksf

0.544 92 99105.1

Degree of 
Saturation (%)Dry Density (pcf)  

0.604

Void Ratio

52.0-54.0 20.5

Soil Identification: Pale olive sandy lean clay s(CL)

Project No.:

101/23 Interchange Improvements

02-11

400486.01.04.02.09.SC

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

20.5 108.0A-11-001 U12

0.2600

0.2605

0.2610

0.2615

0.2620

0.2625

0.2630

0.2635

0.2640

0.2645

0.2650

0.2655
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0.2650

0.2655
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Square Root of Time (min.1/2)
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Project Name: Tested By: G. Bathala Date: 02/04/11
Project No.: Checked By: J. Ward Date: 03/02/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
191.96
42.66
0.9725

365.61
319.06
39.34
16.6
106.4

77
0.3764

232.36
206.65
39.11
20.59
106.7

96
0.3468
2.70
62.43

0.10 0.3762 0.9998 0.00 0.02 0.584 0.02 2/8/11 7:45:00 0.0 0.0 0.3684
0.25 0.3738 0.9974 0.04 0.26 0.581 0.22 2/8/11 7:45:06 0.1 0.3 0.3664
0.50 0.3707 0.9943 0.07 0.57 0.577 0.50 2/8/11 7:45:15 0.2 0.5 0.3662
1.00 0.3679 0.9915 0.09 0.86 0.573 0.77 2/8/11 7:45:30 0.5 0.7 0.3661
1.00 0.3684 0.9920 0.09 0.81 0.573 0.72 2/8/11 7:46:00 1.0 1.0 0.3660
2.00 0.3640 0.9876 0.15 1.25 0.567 1.10 2/8/11 7:47:00 2.0 1.4 0.3659
4.00 0.3576 0.9812 0.28 1.88 0.559 1.60 2/8/11 7:49:00 4.0 2.0 0.3658
8.00 0.3466 0.9702 0.52 2.98 0.546 2.46 2/8/11 7:53:00 8.0 2.8 0.3657
16.00 0.3273 0.9509 0.71 4.91 0.518 4.20 2/8/11 8:00:00 15.0 3.9 0.3655
4.00 0.3322 0.9558 0.42 4.42 0.521 4.00 2/8/11 8:30:00 45.0 6.7 0.3653
1.00 0.3385 0.9621 0.28 3.79 0.529 3.51 2/8/11 8:45:00 60.0 7.7 0.3652
0.25 0.3468 0.9704 0.21 2.97 0.541 2.76 2/8/11 9:45:00 120.0 11.0 0.3650

2/8/11 11:45:00 240.0 15.5 0.3648
2/8/11 15:45:00 480.0 21.9 0.3646
2/9/11 7:45:00 1440.0 37.9 0.3642
2/10/11 7:25:00 2860.0 53.5 0.3640
2/10/11 8:35:00 2930.0 54.1 0.3640

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown sandy lean clay with gravel s(CL)g

35.0
S07
A-11-006

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

0.510
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0.530

0.540

0.550

0.560

0.570

0.580

0.590

0.10 1.00 10.00 100.
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id
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at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

20.6 106.7A-11-006 S07 16.6

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.541 77 96106.4

Degree of 
Saturation (%)Dry Density (pcf)  

0.585

Void Ratio

35.0

0.3630

0.3640

0.3650

0.3660

0.3670

0.3680

0.3690

0.1 1.0 10.0 100.0 1000.0 10000.0

D
ef

or
m

at
io

n 
D

ia
l R

ea
di

ng
 (i

n.
)

Log of Time (min.)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50
0.10 1.00 10.00 100.00

D
ef

or
m

at
io

n 
(%

)

Pressure, p (ksf)

0.3630

0.3640

0.3650

0.3660

0.3670

0.3680

0.3690

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Square Root of Time (min.1/2)

Inundate with  
Tap water



Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 02/26/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Shelby
Soil Identification:

2.865
1.000
303.50
83.40
0.9510

298.21
260.66
39.20
16.96
111.2

89
0.3722

347.50
317.40
50.10
16.37
114.3

93
0.3206
2.70
62.43

0.10 0.3703 0.9981 0.00 0.19 0.513 0.19 2/18/11 8:40:00 0.0 0.0 0.3455
0.25 0.3654 0.9932 0.07 0.68 0.507 0.61 2/18/11 8:40:06 0.1 0.3 0.3413
0.50 0.3613 0.9891 0.10 1.10 0.501 1.00 2/18/11 8:40:15 0.2 0.5 0.3405
1.00 0.3544 0.9822 0.15 1.78 0.491 1.63 2/18/11 8:40:30 0.5 0.7 0.3398
2.00 0.3458 0.9736 0.23 2.65 0.479 2.42 2/18/11 8:41:00 1.0 1.0 0.3391
2.00 0.3455 0.9733 0.23 2.67 0.479 2.44 2/18/11 8:42:00 2.0 1.4 0.3386
4.00 0.3347 0.9625 0.35 3.75 0.464 3.40 2/18/11 8:44:00 4.0 2.0 0.3381
8.00 0.3232 0.9510 0.52 4.91 0.449 4.39 2/18/11 8:48:00 8.0 2.8 0.3377
16.00 0.3069 0.9347 0.76 6.53 0.428 5.77 2/18/11 8:55:00 15.0 3.9 0.3373
4.00 0.3121 0.9399 0.51 6.01 0.432 5.50 2/18/11 9:10:00 30.0 5.5 0.3370
1.00 0.3171 0.9449 0.35 5.51 0.438 5.16 2/18/11 9:51:00 71.0 8.4 0.3365
0.25 0.3206 0.9484 0.26 5.16 0.441 4.90 2/18/11 11:05:00 145.0 12.0 0.3361

2/18/11 13:04:00 264.0 16.2 0.3358
2/18/11 16:57:00 497.0 22.3 0.3355
2/20/11 8:40:00 2880.0 53.7 0.3349
2/21/11 8:40:00 4320.0 65.7 0.3347

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown silty sand with gravel (SM)g

40.0-42.0
U09
R-11-010

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 4.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

0.420

0.430

0.440

0.450

0.460

0.470

0.480

0.490

0.500

0.510

0.520

0.10 1.00 10.00 100.

Vo
id
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at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

16.4 114.3R-11-010 U09 17.0

Soil Identification: Olive brown silty sand with gravel (SM)g

Project No.:

101/23 Interchange Improvements

02-11

400486.01.04.02.09.SC

Time Readings @ 4.0 ksf

0.441 89 93111.2

Degree of 
Saturation (%)Dry Density (pcf)  

0.516

Void Ratio

40.0-42.0
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Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 03/03/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
194.73
42.84
0.9296

184.35
156.20
37.09
23.6
102.1

98
0.3793

227.45
203.23
38.21
19.82
109.2

99
0.3065
2.70
62.43

0.10 0.3770 0.9977 0.00 0.23 0.647 0.23 2/18/11 8:45:00 0.0 0.0 0.3595
0.25 0.3724 0.9931 0.04 0.70 0.640 0.66 2/18/11 8:45:06 0.1 0.3 0.3585
0.50 0.3672 0.9879 0.08 1.21 0.632 1.13 2/18/11 8:45:15 0.2 0.5 0.3580
1.00 0.3597 0.9804 0.13 1.96 0.621 1.83 2/18/11 8:45:30 0.5 0.7 0.3576
1.00 0.3595 0.9802 0.13 1.98 0.621 1.85 2/18/11 8:46:00 1.0 1.0 0.3571
2.00 0.3481 0.9688 0.20 3.12 0.603 2.92 2/18/11 8:47:00 2.0 1.4 0.3563
4.00 0.3344 0.9551 0.33 4.50 0.582 4.17 2/18/11 8:49:00 4.0 2.0 0.3552
8.00 0.3139 0.9346 0.49 6.54 0.551 6.05 2/18/11 8:53:00 8.0 2.8 0.3540
16.00 0.2904 0.9111 0.67 8.89 0.515 8.22 2/18/11 9:00:00 15.0 3.9 0.3528
4.00 0.2958 0.9165 0.46 8.35 0.521 7.89 2/18/11 9:15:00 30.0 5.5 0.3517
1.00 0.3020 0.9227 0.32 7.74 0.529 7.42 2/18/11 9:45:00 60.0 7.7 0.3508
0.25 0.3065 0.9272 0.24 7.29 0.535 7.05 2/18/11 11:06:00 141.0 11.9 0.3500

2/18/11 13:05:00 260.0 16.1 0.3495
2/18/11 16:56:00 491.0 22.2 0.3490
2/20/11 8:45:00 2880.0 53.7 0.3483
2/21/11 8:45:00 4320.0 65.7 0.3481

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Dark grayish brown lean clay with sand (CL)s

40.0
S09
A-11-031

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

0.500

0.520

0.540

0.560

0.580

0.600

0.620

0.640

0.660

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

19.8 109.2A-11-031 S09 23.6

Soil Identification: Dark grayish brown lean clay with sand (CL)s

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.535 98 99102.1

Degree of 
Saturation (%)Dry Density (pcf)  

0.651

Void Ratio

40.0

0.3460

0.3480

0.3500

0.3520

0.3540

0.3560

0.3580

0.3600
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Pressure, p (ksf)

0.3460
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0.3600

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

Square Root of Time (min.1/2)

Inundate with  
Tap water



Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 03/03/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.865
1.000
284.93
82.78
0.9750

296.40
249.42
38.18
22.2
97.7
83

0.2999

323.09
282.34
38.36
25.28
97.7
94

0.2728
2.70
62.43

0.10 0.2997 0.9998 0.00 0.02 0.725 0.02 2/17/11 8:45:00 0.0 0.0 0.2927
0.25 0.2976 0.9977 0.06 0.23 0.722 0.17 2/17/11 8:45:06 0.1 0.3 0.2914
0.50 0.2956 0.9957 0.08 0.44 0.719 0.36 2/17/11 8:45:15 0.2 0.5 0.2911
1.00 0.2926 0.9927 0.11 0.73 0.714 0.62 2/17/11 8:45:30 0.5 0.7 0.2907
1.00 0.2927 0.9928 0.11 0.72 0.714 0.61 2/17/11 8:46:00 1.0 1.0 0.2904
2.00 0.2873 0.9874 0.18 1.26 0.706 1.08 2/17/11 8:47:00 2.0 1.4 0.2902
4.00 0.2768 0.9769 0.29 2.31 0.690 2.02 2/17/11 8:49:00 4.0 2.0 0.2899
8.00 0.2601 0.9602 0.47 3.98 0.664 3.51 2/17/11 8:53:00 8.0 2.8 0.2897
16.00 0.2354 0.9355 0.73 6.45 0.626 5.72 2/17/11 9:00:00 15.0 3.9 0.2894
4.00 0.2474 0.9475 0.44 5.25 0.642 4.81 2/17/11 9:15:00 30.0 5.5 0.2891
1.00 0.2622 0.9623 0.28 3.78 0.665 3.49 2/17/11 9:45:00 60.0 7.7 0.2888
0.25 0.2728 0.9729 0.21 2.71 0.682 2.50 2/17/11 10:45:00 120.0 11.0 0.2886

2/17/11 12:45:00 240.0 15.5 0.2883
2/17/11 16:45:00 480.0 21.9 0.2882
2/18/11 8:45:00 1440.0 37.9 0.2878
2/20/11 8:45:00 4320.0 65.7 0.2874
2/21/11 8:45:00 5760.0 75.9 0.2873

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Pale olive clayey sand (SC)

15.0-17.0
U04
A-11-035

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

0.620

0.640

0.660

0.680

0.700

0.720

0.740

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

25.3 97.7A-11-035 U04 22.2

Soil Identification: Pale olive clayey sand (SC)

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.682 83 9497.7

Degree of 
Saturation (%)Dry Density (pcf)  

0.725

Void Ratio

15.0-17.0

0.2870

0.2880

0.2890

0.2900

0.2910

0.2920

0.2930
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Square Root of Time (min.1/2)

Inundate with  
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Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

4240

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 50

1.0

0.3980
04/18/11 7:50 1.0 4310 0.3980
04/18/11 6:40 1.0

Add Distilled Water to the Specimen
04/15/11 12:15 1.0 255 0.3950

10
04/15/11 7:50 1.0 0 0.3510

0.348004/15/11 8:00

Degree of Saturation (%) [ S meas] 50.4 88.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.420 0.446
Pore Volume                  (cc)  86.9 96.6

Dry Density                    (pcf) 97.8 93.4
Void Ratio   0.724 0.805

Moisture Content            (%) 13.51 26.41
Wet Density                   (pcf) 111.0 118.1

Dry Wt. of Soil + Cont.    (g) 646.20 514.53
Wt. of Container             (g) 0.00 190.30

Container No. O O
Wet Wt. of Soil + Cont.   (g) 733.50 600.17

Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0470
Wt. Comp. Soil + Mold    (g) 558.30 409.87

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

11.5-15.0
Sample No. : B03
Soil Identification: Dark brown clayey sand with gravel (SC)g

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-004

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements



Tested By: S. Felter Date: 04/14/11
Checked By: J. Ward Date: 04/15/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-015

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

1.0-5.0
Sample No. : B01
Soil Identification: Brown clayey sand with gravel (SC)g

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0835
Wt. Comp. Soil + Mold    (g) 543.80 402.11
Wt. of Mold                    (g) 191.90 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 701.10 594.01
Dry Wt. of Soil + Cont.    (g) 606.50 496.31
Wt. of Container             (g) 0.00 191.90
Moisture Content            (%) 15.60 32.09
Wet Density                   (pcf) 106.1 111.9
Dry Density                    (pcf) 91.8 84.7
Void Ratio   0.836 0.989
Total Porosity 0.455 0.497
Pore Volume                  (cc)  94.2 111.5
Degree of Saturation (%) [ S meas] 50.4 87.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/14/11 10:05 1.0 0 0.4640

0.464004/14/11 10:15
Add Distilled Water to the Specimen

04/14/11 13:35 1.0 200 0.5420

1.0

0.5475
04/15/11 7:15 1.0 1260 0.5475
04/15/11 6:40 1.0 1225

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 84



Tested By: S. Felter Date: 04/14/11
Checked By: J. Ward Date: 04/15/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

1061

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 54

1.0

0.4475
04/15/11 6:50 1.0 1090 0.4475
04/15/11 6:21 1.0

Add Distilled Water to the Specimen
04/14/11 13:40 1.0 60 0.4400

10
04/14/11 12:30 1.0 0 0.3935

0.393504/14/11 12:40

Degree of Saturation (%) [ S meas] 50.1 92.4

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.397 0.428
Pore Volume                  (cc)  82.1 93.3

Dry Density                    (pcf) 101.7 96.5
Void Ratio   0.658 0.747

Moisture Content            (%) 12.20 25.57
Wet Density                   (pcf) 114.1 121.2

Dry Wt. of Soil + Cont.    (g) 673.60 503.67
Wt. of Container             (g) 0.00 166.50

Container No. O O
Wet Wt. of Soil + Cont.   (g) 755.80 589.90

Wt. of Mold                    (g) 166.50 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0540
Wt. Comp. Soil + Mold    (g) 544.80 423.40

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

11.5-15.0
Sample No. : B03
Soil Identification: Brown clayey sand with gravel (SC)g

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-026

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements



Tested By: S. Felter Date: 04/14/11
Checked By: J. Ward Date: 04/15/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

1145

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 60

1.0

0.3525
04/15/11 7:25 1.0 1180 0.3525
04/15/11 6:50 1.0

Add Distilled Water to the Specimen
04/14/11 13:45 1.0 120 0.3460

10
04/14/11 11:35 1.0 0 0.2930

0.293004/14/11 11:45

Degree of Saturation (%) [ S meas] 50.9 89.9

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.385 0.419
Pore Volume                  (cc)  79.6 92.0

Dry Density                    (pcf) 103.7 97.9
Void Ratio   0.625 0.722

Moisture Content            (%) 11.79 24.04
Wet Density                   (pcf) 116.0 121.4

Dry Wt. of Soil + Cont.    (g) 682.50 534.13
Wt. of Container             (g) 0.00 190.30

Container No. O O
Wet Wt. of Soil + Cont.   (g) 763.00 616.80

Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0595
Wt. Comp. Soil + Mold    (g) 574.70 426.50

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

11.5-15.0
Sample No. : B03
Soil Identification: Dark olive clayey sand (SC)

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-031

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements



Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-035

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

1.0-5.0
Sample No. : B01
Soil Identification: Dark olive gray clayey sand (SC)

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0330
Wt. Comp. Soil + Mold    (g) 598.40 430.17
Wt. of Mold                    (g) 205.20 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 778.10 635.37
Dry Wt. of Soil + Cont.    (g) 701.10 559.39
Wt. of Container             (g) 0.00 205.20
Moisture Content            (%) 10.98 21.45
Wet Density                   (pcf) 118.6 125.6
Dry Density                    (pcf) 106.9 103.4
Void Ratio   0.577 0.630
Total Porosity 0.366 0.386
Pore Volume                  (cc)  75.8 82.6
Degree of Saturation (%) [ S meas] 51.3 91.9

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/15/11 9:23 1.0 0 0.3710

0.370504/15/11 9:33
Add Distilled Water to the Specimen

04/15/11 13:20 1.0 227 0.4020

1.0

0.4040
04/18/11 8:00 1.0 4227 0.4040
04/18/11 6:47 1.0 4154

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 34



Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-036

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

2.0-8.0
Sample No. : B01
Soil Identification: Light olive brown clayey sand (SC)

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0390
Wt. Comp. Soil + Mold    (g) 581.50 424.02
Wt. of Mold                    (g) 191.90 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 768.60 615.92
Dry Wt. of Soil + Cont.    (g) 689.30 541.32
Wt. of Container             (g) 0.00 191.90
Moisture Content            (%) 11.50 21.35
Wet Density                   (pcf) 117.5 123.1
Dry Density                    (pcf) 105.4 101.4
Void Ratio   0.600 0.662
Total Porosity 0.375 0.398
Pore Volume                  (cc)  77.6 85.7
Degree of Saturation (%) [ S meas] 51.8 87.1

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/15/11 8:40 1.0 0 0.3380

0.337504/15/11 8:50
Add Distilled Water to the Specimen

04/15/11 13:55 1.0 305 0.3740

1.0

0.3770
04/18/11 7:55 1.0 4265 0.3770
04/18/11 6:42 1.0 4192

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 40



Project Name: 101/23 Interchange Improvements Tested By: G. Bathala Date: 01/24/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 10.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
183.90 184.99 188.83
42.36 44.10 41.97

Before Shearing
253.32 253.32 253.32
216.40 216.40 216.40
38.17 38.17 38.17
0.0000 0.0000 0.0000
-0.0036 -0.0071 -0.0141

After Shearing
179.50 177.41 184.80
152.46 144.72 159.31
35.50 36.29 37.04
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S03
R-11-005

Yellowish brown lean clay with sand (CL)s
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS R-11-005, S03 @ 10



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s 76.8

0.9964
23.1

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

84.0
0.9859
20.8

1.000
1.506
0.560
0.0017

1.000
2.415

1.000
2.415

2.000
1.716
1.437
0.0017

4.000
4.398
2.745
0.0017

75.9
0.9929
30.1

Soil Identification: 20.71
97.1

20.71
97.5 101.2

1.000
2.415
20.71

Boring No.
Sample No.
Depth (ft)

R-11-005
S03
10

0.00

1.00

2.00

3.00

4.00

5.00

0 0.1 0.2 0.3

Horizontal Deformation (in.)
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DS R-11-005, S03 @ 10



Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 02/21/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 46.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
206.70 209.40 209.90
44.40 44.60 43.20

Before Shearing
493.50 493.50 493.50
430.35 430.35 430.35
37.30 37.30 37.30
0.0000 0.2428 0.2540
-0.0378 0.2832 0.3059

After Shearing
196.90 198.40 200.90
172.94 175.96 178.46
38.80 38.40 39.20
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S10
R-11-007

Brown clayey sand with gravel (SC)g
Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS R-11-007, S10 @ 46



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

R-11-007
S10
46

119.4

1.000
2.415
16.07

101.5
0.9596

1.000
2.415

16.3

Soil Identification: 16.07
118.1

16.07
116.3

6.000
5.407
4.892
0.0025

4.000
4.637
3.380
0.0025

1.000
2.415

2.000
2.260
2.012
0.0025

96.5
0.9622
17.9

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.5
0.9481
16.1

02-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Brown clayey sand with 
gravel (SC)g
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DS R-11-007, S10 @ 46



Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 01/19/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
194.30 195.40 197.70
43.20 43.80 43.60

Before Shearing
192.50 192.50 192.50
161.30 161.30 161.30
38.80 38.80 38.80
0.0000 0.0000 0.0000
-0.0372 -0.0471 -0.0767

After Shearing
184.66 183.08 183.56
158.46 157.91 159.29
38.96 37.26 38.19
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S04
R-11-008

Olive brown sandy lean clay s(CL)
Sample Diameter(in):

DS R-11-008, S04 @ 15



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

R-11-008
S04
15

102.1

1.000
2.415
25.47

101.5
0.9529
20.9

Soil Identification: 25.47
100.5

25.47
100.2

4.000
2.936
2.745
0.0017

2.000
1.606
1.512
0.0017

1.000
2.415

1.000
2.415

1.000
0.814
0.682
0.0017

100.7
0.9628
21.9

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.8
0.9233
20.0

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Olive brown sandy lean clay 
s(CL)
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Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 01/25/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 20.0
Soil Identification:

2.415 2.415
1.000 1.000
207.80 209.30
44.20 43.70

Before Shearing
245.50 245.50
215.42 215.42
38.00 38.00
0.0000 0.0000
-0.0155 -0.0297

After Shearing
198.70 200.50
174.66 178.09
36.30 38.10
2.70 2.70
62.43 62.43

Brown clayey sand with gravel (SC)g
Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S05
R-11-009

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

DS R-11-009, S05 @ 20



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Brown clayey sand with 
gravel (SC)g 102.0

0.9845
17.4

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

1.000
2.415

1.000
1.314
0.912
0.0017

4.0004.000
4.291
4.254
0.0017

16.0

Soil Identification: 16.95
117.8

16.95
116.3

106.1
0.9703

1.000
2.415

Boring No.
Sample No.
Depth (ft)

R-11-009
S05
20
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DS R-11-009, S05 @ 20



Project Name: Tested by: A. Santos Date: 02/15/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: A-11-001 Sample Type: Drive
Sample No.: S08 Depth(ft): 35.0
Sample Description:

1 2.414
2 2.415
3 2.415

Average 2.415
1 4.843
2 4.844
3 4.849

Average 4.845

691.30
0.00

801.30
654.00
110.60
2.70
20.8
0.045

27.11 37.27
93.4 20.80
0.804 58.07
91.0 15.07

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish olive clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: A-11-001 Sample Type: Shelby
Sample No.: U12 Depth(ft): 52.0-54.0
Sample Description:

1 2.880
2 2.885
3 2.886

Average 2.884
1 5.996
2 5.993
3 5.998

Average 5.996

1279.30
0.00

1387.90
1139.30
109.90
2.70
27.8
0.045

24.15 36.88
100.2 27.80
0.681 64.68
95.8 14.84

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Pale olive sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 01/31/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/08/11
Boring No.: R-11-002 Sample Type: Shelby
Sample No.: U07 Depth(ft): 27.0-29.0
Sample Description:

1 2.890
2 2.883
3 2.887

Average 2.887
1 6.002
2 5.998
3 6.009

Average 6.003

1156.10
0.00

1262.70
960.90
109.10
2.70
17.4
0.045

35.43 35.13
82.8 17.40
1.035 52.53
92.4 11.49

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown silt with sand (ML)s

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 02/14/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/01/11
Boring No.: A-11-003 Sample Type: Drive
Sample No.: S09 Depth(ft): 40.0
Sample Description:

1 2.416
2 2.416
3 2.418

Average 2.417
1 4.758
2 4.760
3 4.755

Average 4.758

703.30
0.00

811.00
676.00
108.39
2.70
20.8
0.045

23.78 79.51
99.2 20.80
0.699 100.31
91.9 14.92

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/02/11
Boring No.: A-11-006 Sample Type: Drive
Sample No.: S05 Depth(ft): 25.0
Sample Description:

1 2.412
2 2.413
3 2.415

Average 2.413
1 4.590
2 4.589
3 4.593

Average 4.591

676.90
0.00

785.70
673.80
109.20
2.70
13.9
0.045

19.82 72.60
102.5 13.90
0.644 86.50
83.1 6.53

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown sandy lean clay with gravel s(CL)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/16/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-007 Sample Type: Drive
Sample No.: S06 Depth(ft): 25.0
Sample Description:

1 2.416
2 2.414
3 2.413

Average 2.414
1 5.235
2 5.244
3 5.240

Average 5.240

803.20
0.00

911.00
770.30
108.40
2.70
13.9
0.045

21.26 35.94
105.2 13.90
0.602 49.84
95.4 14.89

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-007 Sample Type: Drive
Sample No.: S12 Depth(ft): 56.0
Sample Description:

1 2.416
2 2.418
3 2.415

Average 2.416
1 5.443
2 5.440
3 5.439

Average 5.441

1062.10
268.70
900.30
725.00
108.60
2.70
27.8
0.045

28.44 12.60
94.3 27.80
0.786 40.40
97.7 15.07

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish olive silty sand (SM)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation
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Project Name: Tested by: A. Santos Date: 02/16/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-010 Sample Type: Drive
Sample No.: U09 Depth(ft): 40.0-42.0
Sample Description:

1 2.890
2 2.895
3 2.893

Average 2.893
1 5.993
2 5.999
3 5.998

Average 5.997

1710.20
369.20
1619.40
1373.50
108.60
2.70
20.8
0.045

19.44 24.23
108.5 20.80
0.552 45.03
95.0 15.01

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown silty sand with gravel (SM)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation
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Project Name: Tested by: A. Santos Date: 02/22/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/03/11
Boring No.: A-11-011 Sample Type: Drive
Sample No.: S06 Depth(ft): 20.0
Sample Description:

1 2.412
2 2.415
3 2.416

Average 2.414
1 5.475
2 5.473
3 5.476

Average 5.475

823.80
0.00

932.90
782.50
109.50
2.70
10.4
0.045

22.35 51.40
102.3 10.40
0.646 61.80
93.4 14.61

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive brown lean clay (CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/20/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/02/11
Boring No.: A-11-012 Sample Type: Drive
Sample No.: S04 Depth(ft): 15
Sample Description:

1 2.414
2 2.415
3 2.415

Average 2.415
1 5.527
2 5.519
3 5.523

Average 5.523

829.80
0.00

940.40
795.50
111.40
2.70
10.4
0.045

21.18 61.42
103.1 10.40
0.633 71.82
90.3 14.67

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive sandy lean clay with gravel s(CL)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/20/11
Project No: Checked by: J. Ward Date: 02/23/11
Boring No.: A-11-013 Sample Type: Drive
Sample No.: S07 Depth(ft): 30.0
Sample Description:

Note: height-to-diameter ratio is 1.9
1 2.413
2 2.416
3 2.417

Average 2.415
1 4.585
2 4.586
3 4.590

Average 4.587

680.20
0.00

754.90
631.20
75.20
2.70
17.4
0.045

22.25 52.39
100.9 17.40
0.671 69.79
89.6 15.04

* Stress values have been corrected for membrane effects

400486.01.04.02.09.SC

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/22/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/03/11
Boring No.: A-11-019 Sample Type: Drive
Sample No.: S03 Depth(ft): 15.0
Sample Description:

1 2.415
2 2.414
3 2.412

Average 2.414
1 5.274
2 5.275
3 5.275

Average 5.275

779.40
0.00

885.50
752.40
106.90
2.70
10.4
0.045

20.62 65.22
102.0 10.40
0.652 75.62
85.4 10.62

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/15/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/03/11
Boring No.: A-11-026 Sample Type: Drive
Sample No.: S02 Depth(ft): 10.0
Sample Description:

Note: Height-to-diameter ratio is 1.9
1 2.416
2 2.414
3 2.413

Average 2.414
1 4.618
2 4.615
3 4.616

Average 4.616

894.10
268.60
912.40
812.00
105.26
2.70
10.4
0.045

14.21 51.32
98.7 10.40
0.707 61.72
54.3 4.98

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Light olive brown clayey sand with gravel (SC)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 04/08/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 04/12/11

Boring No. R-11-002

Sample No. B01

Sample Depth (ft) 2.5-6.0

178.55

163.87

60.63

14.22

100.10

11

3

840

7:25/8:10

45

18.5351

18.5286

0.0065

267.47

312

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 47

6.62

19.5

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Very dark gray 
(SC), asphalt 

particles noted

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Very dark gray (SC), asphalt particles noted

B01

101/23 Interchange Improvements 04/11/11

04/12/11

2.5-6.0

400486.01.04.02.09

R-11-002

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

951

883

163.87

60.63

850 36.1 312 47 6.62 19.5

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.003 130

15049.36

40.58

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

270

140

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

31.79

Dry Wt. of Soil + Cont. (g)

1019

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)23.01 1835

14.22

178.55
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/01/11

Boring No. A-11-003

Sample No. B03

Sample Depth (ft) 11.5-15.0

160.10

146.10

56.00

15.54

100.50

8

15

830

7:40/8:25

45

20.3213

20.3161

0.0052

213.98

253

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 36

6.46

20.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Olive brown 
(GM)s

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.54 3400

15.54

160.10

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

24.43

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3400

1400

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 150033.31

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

146.10

56.00

1280 27.3 253 36 6.46 20.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1400

1500

B03

101/23 Interchange Improvements 02/15/11

03/01/11

11.5-15.0

400486.01.04.02.09

A-11-003

Olive brown (GM)s
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/01/11

Boring No. A-11-004

Sample No. B03

Sample Depth (ft) 11.5-15.0

189.20

172.90

64.10

14.98

100.60

9

18

830

7:40/8:25

45

19.7388

19.7364

0.0024

98.76

116

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 71

6.21

20.5

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
(SC)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Dark brown (SC)g

B03

101/23 Interchange Improvements 02/17/11

03/01/11

11.5-15.0

400486.01.04.02.09

A-11-004

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1010

885

172.90

64.10

885 32.7 116 71 6.21 20.5

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 885

92041.52

32.67

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3900

1010

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

23.83

Dry Wt. of Soil + Cont. (g)

920

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)14.98 3900

14.98

189.20
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 04/08/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 04/12/11

Boring No. R-11-005

Sample No. B01

Sample Depth (ft) 0.0-5.0

194.10

185.14

68.55

7.69

100.27

14

4

840

7:25/8:10

45

19.3113

19.3095

0.0018

74.07

80

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 32

7.28

19.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Yellowish 
brown (SM)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.97 3737

7.69

194.10

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

24.25

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

550

450

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 52032.54

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

185.14

68.55

3055 24.5 80 32 7.28 19.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

3058

3533

Yellowish brown (SM)g

B01

101/23 Interchange Improvements 04/11/11

04/12/11

0.0-5.0

400486.01.04.02.09

R-11-005
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/02/11

Boring No. R-11-007

Sample No. B01

Sample Depth (ft) 2.0-5.0

189.01

180.50

59.90

7.06

100.10

14

21

830

8:00/8:45

45

18.8062

18.8037

0.0025

102.88

111

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.4

PPM of Chloride (C -0.2) * 100 * 30 / B 20

PPM of Chloride, Dry Wt. Basis 22

7.81

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
(SM)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)7.06 10800

7.06

189.01

3800

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

15.29

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

10800

3600

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 3400

380031.76

23.53

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

180.50

59.90

3000 18.4 111 22 7.81 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

3600

3400

B01

Dark brown (SM)

101/23 Interchange Improvements 02/25/11

03/02/11

2.0-5.0R-11-007

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 01/19/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/09/11

Boring No. R-11-008

Sample No. B01

Sample Depth (ft) 0.0-5.0

173.70

156.00

61.60

18.75

100.30

8

23

830

7:35/8:20

45

18.4203

18.4176

0.0027

111.11

137

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 37

6.72

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
s(CL)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)18.75 4553

18.75

173.70

1427

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

100

200

300

27.88

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

670

190

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 180

21046.15

37.02

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

156.00

61.60

1025 31.3 137 37 6.72 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1291

1223

B01

Dark brown s(CL)

101/23 Interchange Improvements 01/20/11

02/09/11

0.0-5.0R-11-008

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-011

Sample No. B02

Sample Depth (ft) 6.5-10.0

179.00

162.00

55.20

15.92

100.60

16

23

830

8:00/8:45

45

18.4212

18.4180

0.0032

131.68

157

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 48

7.52

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Very dark 
brown (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.92 3400

15.92

179.00

1500

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

24.83

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3400

1300

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1200

150042.67

33.75

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

162.00

55.20

1100 28.7 157 48 7.52 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1300

1200

B02

101/23 Interchange Improvements 02/25/11

03/03/11

6.5-10.0A-11-011

400486.01.04.02.09.SC

Very dark brown (SC)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/21/11

Boring No. A-11-014

Sample No. B03

Sample Depth (ft) 11.5-15.0

181.10

159.30

59.90

21.93

100.40

11

20

830

7:40/8:25

45

21.2336

21.2284

0.0052

213.98

274

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 50

PPM of Chloride, Dry Wt. Basis 64

6.75

20.5

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)21.93 2150

21.93

181.10

790

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

31.31

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2150

750

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 730

79050.07

40.69

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

159.30

59.90

640 34.6 274 64 6.75 20.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

750

730

B03

Brown (SC)g

101/23 Interchange Improvements 02/17/11

02/21/11

11.5-15.0A-11-014

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-016

Sample No. B03

Sample Depth (ft) 11.5-15.0

170.30

156.80

58.30

13.71

100.50

22

31

830

8:00/8:45

45

18.9845

18.9809

0.0036

148.14

172

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 70

7.37

18.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Olive (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)31.20 1700

13.71

170.30

1750

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

20

30

40

50

39.95

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1700

1020

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1000

175057.44

48.69

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

156.80

58.30

920 44.8 172 70 7.37 18.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1020

1000

B03

Olive (SC)

101/23 Interchange Improvements 02/28/11

03/03/11

11.5-15.0A-11-016

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-017

Sample No. B03

Sample Depth (ft) 11.5-15.0

169.50

151.40

57.00

19.17

100.40

17

27

830

8:00/8:45

45

17.6469

17.6426

0.0043

176.94

219

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 1.1

PPM of Chloride (C -0.2) * 100 * 30 / B 90

PPM of Chloride, Dry Wt. Basis 111

6.75

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Reddish brown 
(SM)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)28.34 720

19.17

169.50

700

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

10

20

30

40

37.51

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

720

670

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 650

70055.84

46.68

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

151.40

57.00

649 45.3 219 111 6.75 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

670

650

B03

101/23 Interchange Improvements 02/25/11

03/03/11

11.5-15.0A-11-017

400486.01.04.02.09.SC

Reddish brown (SM)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-019

Sample No. B04

Sample Depth (ft) 16.5-20.0

206.00

194.90

68.30

8.77

100.20

23

32

830

8:00/8:45

45

19.1719

19.1681

0.0038

156.37

171

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 44

6.99

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Reddish brown 
(SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)25.50 1050

8.77

206.00

1070

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

20

30

40

50

33.87

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1050

975

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 960

107050.60

42.23

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

194.90

68.30

954 39.8 171 44 6.99 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

975

960

B04

101/23 Interchange Improvements 02/28/11

03/03/11

16.5-20.0A-11-019

400486.01.04.02.09.SC

Reddish brown (SC)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/04/11

Boring No. A-11-020

Sample No. B02

Sample Depth (ft) 6.5-10.0

166.20

154.50

36.60

9.92

100.30

18

28

830

8:00/8:45

45

21.1456

21.1438

0.0018

74.07

82

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 33

7.48

18.6

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Brown (SC)g

B02

101/23 Interchange Improvements 02/28/11

03/04/11

6.5-10.0

400486.01.04.02.09

A-11-020

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1200

1100

154.50

36.60

1085 33.0 82 33 7.48 18.6

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 1100

140043.75

35.29

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1750

1200

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

10

20

30

40

26.83

Dry Wt. of Soil + Cont. (g)

1400

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)18.38 1750

9.92

166.20
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/21/11

Boring No. A-11-021

Sample No. B02

Sample Depth (ft) 6.5-10.0

177.60

158.20

60.60

19.88

100.20

16

23

830

7:40/8:25

45

18.4197

18.4180

0.0017

69.95

87

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 37

7.06

20.4

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. : B02

Brown (SC)g

101/23 Interchange Improvements 02/17/11

02/21/11

6.5-10.0A-11-021

400486.01.04.02.09.SC

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1300

1200

158.20

60.60

1140 33.3 87 37 7.06 20.4

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 1200

140047.54

38.32

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2800

1300

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

29.10

Dry Wt. of Soil + Cont. (g)

1400

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)19.88 2800

19.88

177.60

1000

1200

1400
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1800
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-026

Sample No. B03

Sample Depth (ft) 11.5-15.0

170.10

153.40

56.70

17.27

100.30

17

27

830

7:40/8:25

45

17.6456

17.6422

0.0034

139.91

169

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 1.3

PPM of Chloride (C -0.2) * 100 * 30 / B 110

PPM of Chloride, Dry Wt. Basis 133

6.70

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)17.27 2700

17.27

170.10

950

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

26.29

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2700

920

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 900

95044.33

35.31

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

153.40

56.70

900 35.3 169 133 6.70 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

920

900

B03

Brown (SC)g

101/23 Interchange Improvements 02/17/11

03/03/11

11.5-15.0A-11-026

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/21/11

Boring No. A-11-027

Sample No. B02

Sample Depth (ft) 6.5-10.0

184.60

168.00

74.70

17.79

100.20

14

21

830

7:40/8:25

45

18.8079

18.8037

0.0042

172.83

210

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 73

7.23

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Brown (SC)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)17.79 3000

17.79

184.60

1400

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

26.85

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3000

1400

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1300

140044.97

35.91

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

168.00

74.70

1240 30.8 210 73 7.23 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1400

1300

B02

Brown (SC)g

101/23 Interchange Improvements 02/17/11

02/21/11

6.5-10.0A-11-027

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-029

Sample No. B02

Sample Depth (ft) 6.5-10.0

188.80

175.30

74.70

13.42

100.40

19

29

830

8:00/8:45

45

20.7411

20.7378

0.0033

135.79

157

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 50

PPM of Chloride, Dry Wt. Basis 58

7.10

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)22.14 1600

13.42

188.80

1550

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

10

20

30

40

30.87

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1600

1500

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1400

155048.32

39.59

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

175.30

74.70

1400 39.2 157 58 7.10 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1500

1400

B02

101/23 Interchange Improvements 02/28/11

03/03/11

6.5-10.0A-11-029

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 03/02/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/05/11

Boring No. A-11-030

Sample No. B02

Sample Depth (ft) 6.5-10.0

170.20

156.80

56.90

13.41

100.20

8

21

830

7:30/8:15

45

18.8050

18.8035

0.0015

61.73

71

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 46

6.87

20.4

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SM)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Brown (SM)g

400486.01.04.02.09.SC

B02

101/23 Interchange Improvements 03/02/11

03/05/11

6.5-10.0A-11-030

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1563

1767

156.80

56.90

1562 30.5 71 46 6.87 20.4

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.003 26039.59

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

250

230

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

30.86

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)22.14 1699

13.41

170.20
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-031

Sample No. B03

Sample Depth (ft) 11.5-15.0

184.90

178.50

60.60

5.43

100.50

20

30

830

8:00/8:45

45

21.5746

21.5721

0.0025

102.88

109

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 42

7.53

18.3

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark olive (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)21.65 1500

5.43

184.90

1250

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

20

30

40

50

29.76

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1500

1100

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1000

125045.98

37.87

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

178.50

60.60

990 36.3 109 42 7.53 18.3

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1100

1000

B03

101/23 Interchange Improvements 02/28/11

03/03/11

11.5-15.0A-11-031

400486.01.04.02.09.SC

Dark olive (SC)
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Appendix E 
Structural Plans 
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Appendix E.1 
Soundwall Plans 
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RETAINING WALL TYPE 5SWB

3

Concrete:

Reinforced

Varied surcharge on level ground surface

Q=1.00DC+1.00EV+1.00EH+1.00CT

 

Q=1.00DC+1.00EV+1.00EH+1.00EQD+1.00EQE

 

Q=aDC+BEV+1.50EH+1.35LS+0.40WS

 

Q=aDC+BEV+1.50EH+1.40WS

 

Q=aDC+BEV+1.50EH+1.75LS

 

Q=1.00DC+1.00EV+1.00EH+1.00WS

 

Q=1.00DC+1.00EV+1.00EH+1.00LS+0.30WS

Extreme II

 

Extreme I

 

Strength V

 

Strength III

 

Strength I

 

Service II

 

Service I

Load Combinations and Limit States

CT:

WS:

 

EQD:

EQE:

LS:

EV:

DC:

B:

a:

Q:

S S S

TOE

PLAN

c BAR

S S S

TOE

NO SCALE

NOTES:

c BAR

S S

FOOTING

TOP OF

FOOTING

BOTTOM OF

b BAR

ELEVATION

NOTES:

A

STEM HEIGHT

PER 10’ OF WALL

   OFFSET = �"
* *

WALL OFFSET

by the engineer 

forms to be determined 

Values for offsetting 

Vehicular Collision Force

Wind Load on Sound Wall and Barrier

Soil inertia ignored for stem design

Soil and Structure Components Inertia.

Seismic Earth Pressure

Live Load Surcharge

Vertical Earth Fill Pressure

Dead Load of Structure Components

1.35 or 1.00, which ever Controls Design

1.25 or 0.90, Which ever Controls Design

Force Effects

      

#5 @ 12

2’-6"

F

W

#5 @ 18

F

1’-0"

JOINT

CONSTRUCTION

KEY SHAPE

OPTIONAL

SPREAD FOOTING SECTION

#5 @ 18 Max

#5 Tot 5

#5     @ 8 

DETAIL A

1 : 1

1’-8"

DESIGN DATA

D
E

S
I

G
N
 

H

FACE OF WALL

RW LOL =

Design:

K

K

h

v

/

= 120 pcf

= 0.0

0 = 34°

Mononabe-Okabe Method

= 0.3

Soil:

WS:

LS:

CT:

EQE:

Where:

A

DETAIL A

No scale

BATTER BACKFACE

b BAR

c BAR

B3-5  
NOTES:

#5 @ 30

#5 @ 15

#5 Tot 5

#5 x 6’-0" @ 8

#5    @ 8

SOUNDWALL

No scale

NO SCALE

1’-0" 6"

1’-0"

1
’
-
0
"

3
’
-
0
"

2" Clr

1
’
-
6
"

6"

1
’
-
0
"

6" Clr

1
0
"

�" = 1’-0"

�" = 1’-0"

"S" is c bar spacing, see table

Only c bars shown 

2"
RW LOL

VERTICAL

#5 @ 15 Cont

2
"
 

C
l
r

FACE OF WALL

RW LOL =

 

"S" is b bar spacing, see table.

H=8’

barrier and 1:1 distribution down and outward

distributed over 10 feet at top of the 

54 kip maximum traffic impact loading evenly

 

4.

3.

2.

 

1.

0

0

0

0

0

0

0

0

0

0

0

DESIGN  H

W

8’

BARSb

BARSc

�:12

1’-3"

9’-0"

F SPREAD FOOTING

7.1, 1.9

#8 @ 12

#8 @ 12

EXT II: B’(ft), q (ksf)

STR Ia: B’(ft), q (ksf)

STR Ib: B’(ft), q (ksf)

STR IIIa: B’(ft), q (ksf)

STR IIIb: B’(ft), q (ksf)

STR Va: B’(ft), q (ksf)

STR Vb: B’(ft), q (ksf)

EXT I: B’(ft), q (ksf)

7.4, 3.3

5.5, 2.5

6.0, 3.0

5.2, 2.8

7.1, 3.2

5.3, 2.6

3.0, 4.7

4.3, 3.5

STEM WITH HAUNCH, BATTER

LEGEND:

SER I: B’(ft), q’(ksf)

DIMENSIONS AND DATA
TABLE OF REINFORCING STEEL 

fy  = 60,000 psi

f’c = 3,600 psi

H=8’

M
i

n

FG

 

 

q :

q’:

B’:

EXT:

STR:

SER:

 

gross uniform bearing stress (ksf)

net bearing stress (ksf)

effective footing width (ft)

extreme event limit state

strength limit state

service limit state

FACE OF WALL

RW LOL =

 #5 @ 30 Cont

3
"
 

C
l
r

�:12

1’-3"

9’-6"

7.2, 2.2

#7 @ 12

7.4, 3.7

5.6, 2.9

6.4, 3.4

5.5, 3.1

7.2, 3.5

5.4, 3.0

2.5, 6.5

5.1, 3.5

10’

#7 @ 6

(Extreme, ` = 1.0) = 10.2 ksf

Nominal Gross Bearing Resistance

(Strength, ` = 45°) = 3.9 ksf

Factored Gross Bearing Resistance

(Service) = 3.1 ksf

Permissible Net Contact Stress

LRFD Bearing Resistance:

S
O

U
N

D
W

A
L

L
 

&
 

B
A

R
R
I

E
R
 
-
 
1
4
’
-
4
"

33 psf on SoundWall and Barrier

RSP

4th Edition with California Amendments

AASHTO LRFD Bridge Design Specifications

 

 

For H = 8’, extend b bars into Barrier for stem with haunch.

"SOUNDWALL - MASONRY BLOCK WITH BARRIER ON RETAINING WALL" sheet.

For sound wall and barrier reinforcement details, see 

Footing cover, 1’-6" minimum.

 

For Details not shown and Drainage Notes, see

(Mod)

TYPE 736A 

BARRIER

CONCRETE 

TYPE 736A (Mod)

CONCRETE BARRIER

C71463

JOHN W. POWELL

12/31/13

5/18/12

DEPARTMENT OF TRANSPORTATION
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STATE OF CALIFORNIA
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BEFORE ORDERING OR FABRICATING 
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THE CONTRACTOR SHALL VERIFY ALL 

N. Morales

J. Powell
Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS
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DATUM Elev 860.00

10+00 11+00 13+00

Ret WALL DESIGN H

Exp Jt SPACING

WEAKENED PLANE SPACING

B0-3  

3-1   Typ

WEEP HOLES,
B0-3  

3-2   PLANE, Typ
WEAKENED 

STEP, Typ
FOOTING 

B0-3  

3-4   

NOTES:

      

STANDARD PLAN SHEET NO.

Sheet No. Title

INDEX TO PLANS

1"=20’

PLAN

DETAIL NO.

T =
L =
  =
R =

T =
L =
  =
R =

RW LOL1 RW LOL2

1

DEVELOPED ELEVATION

T =
L =
  =
R =

3

CURVE DATA

GENERAL PLAN

R/W

R/W

"HM-1" LINE

12+00

"HM-1" 100+23.18 BC

1"=20’

RETAINING WALL TYPE 1SWB

LOG OF TEST BORINGS 4 OF 4
 
LOG OF TEST BORINGS 3 OF 4
 
LOG OF TEST BORINGS 2 OF 4
 
LOG OF TEST BORINGS 1 OF 4
 
SOUNDWALL DETAILS
 
BARRIER ON RETAINING WALL DETAILS NO. 2
SOUNDWALL - MASONRY BLOCK WITH
 
BARRIER ON RETAINING WALL DETAILS NO. 1
SOUNDWALL - MASONRY BLOCK WITH
 
RETAINING WALL TYPE 1SWB
 
TYPICAL SECTION
 
GENERAL PLAN

10
 
9
 
8
 
7
 
6
 
 
5
 
 
4
 
3
 
2
 
1

910

FIBER OPTIC OH, SEE UTILITY PLANS

Elect OH, SEE UTILITY PLANS

ROAD PLANS
TO BE REMOVED, SEE
Exist RETAINING WALL

    see Drainage Plans.

5.   For drainage system and details,

    wall construction.

    utility locations prior to retaining 

4.   Contractor to field verify all 

    SECTION" sheet.

    WALL ELEVATION TABLE" see "TYPICAL 

3.   For "TYPICAL SECTION" and "RETAINING

    Barrier and 1’ below finished grade.

2.   Extend waterstop 6" into Concrete 

    "ROAD PLANS".

    utility locations and details, see

    approximate. For new and existing

1.   Utility locations shown are 

EASEMENT
CONSTRUCTION 
TEMPORARY

24’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’

96’ 96’ 96’

B0-3  

3-4   
Exp Jt

10+00
Beg RW No. 100

34.76’ Rt "HM-1" 103+25.00

RW LOL 14+29.77 EC =

END RW No. 100

SW No. 102, SEE SOUNDWALL PLANS

FROM HAMPSHIRE Rd35.67’ Rt "HM-1" 98+92.00

RW LOL 10+00.00 =

Beg RW No. 100
35.67’ Rt "HM-1" 100+23.18

RW LOL 11+31.18 BC =

ETW 35.67’ Rt "HM-1" 101+47.60

RW LOL 12+54.11 PCC =

RW No. 100 LOL

NB ON-RAMP

SEE "NOTE 2"

Exp Jt, Typ

RSP

Exist 36" CMP

61.47’
122.93’
02°22’34"
2964.33’

34.48’
68.95’
01°19’51"
2968.66’

33.35’ Rt "HM-1" 102+17.13

RW LOL 13+23.06 EC =

37.35’ Rt "HM-1" 102+47.32

RW LOL 13+52.98 BC =

45’-9�"96’

21’-9�"

TOTAL LENGTH = 429’-9�" (MEASURED ALONG RW LOL)

H=8’

24’

PLANS
SOUNDWALL
102, SEE 
SW No.

14+29.77
No. 100
END RW

Elev 908.25

+29.77

Elev 905.25

+85

Elev 908.25

+85

Elev 901.25

+37

Elev 905.25

+37

Elev 901.25

+17

Elev 898.25

+17

Elev 894.25

+89
Elev 898.25

+89

Elev 894.25

+73

Elev 890.25

+73

Elev 890.25

+55

Elev 894.25

+55

Elev 894.25

+00

14+00

B11-56

B3-6

B3-5

B0-3

A62B

A10E

A10D

A10C

A10B

A10A

CONCRETE BARRIER TYPE 736

RETAINING WALL DETAILS No. 2

RETAINING WALL DETAILS No. 1

BRIDGE DETAILS

BACKFILL-BRIDGE SURCHARGE AND WALL
LIMITS OF PAYMENT FOR EXCAVATION AND 

LINES AND SYMBOLS (SHEET 2 OF 3)

LINES AND SYMBOLS (SHEET 2 OF 3)

LINES AND SYMBOLS (SHEET 1 OF 3)

ABBREVIATIONS (SHEET 2 OF 2)

ABBREVIATIONS (SHEET 1 OF 2)

B3-5  

      

48’

H=10’

72’

H=12’

16’

H=14’

16’

H=10’

32’

H=8’

45’-9�"

H=10’

48’

H=12’

176’

T =
L =
  =
R =

4

242.63’
484.21’
09°14’52"
3000.00’

38.40’
76.79’
01?29’05"
2963.66’

3

2

FL Elev 912.89–

Exist 24" CMP

FL Elev 892.53–

Exist 36" CMP

UTILITY OPENING

RETAINING WALL
B3-6  

 

B3-6  

 

RW LOL

4

UTILITY OPENING

RETAINING WALL

TOP OF SOUNDWALL

TYPE 736A (Mod)
TOP OF BARRIER

TOP OF Ret WALL

ALONG RW LOL
Approx OG

FROM FACE OF WALL
FG AT 3’ OFFSET

Bot OF Ftg

PLANS
SEE DRAINAGE
DOUBLE 48" RCP,
Exist

"HM-1" LINE

RSP

STANDARD PLANS (DATED 2010)

SYSTEM, SEE ROAD PLANS
ALTERNATIVE FLAKE TERMINAL

DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA
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1.67

Milind Desai

NOTE:

ANY MATERIALS.

BEFORE ORDERING OR FABRICATING 

CONTROLLING FIELD DIMENSIONS

THE CONTRACTOR SHALL VERIFY ALL 

J. Powell

N. Morales N. Morales

Richard Hartzell

 

J. Powell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS

LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR

CH2M HILL
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C71463

JOHN W. POWELL

12/31/13

5/18/12

891.2  

891.3  

893.   

900

900.8  

CONC

UB

UV

905.6  

ASPH

908.4  

909.3  

UB

910 UV

DIKE

913.3  

913.6  

915.3  

CONC

919.3  
919.3  

UV

11+00
12+00

13+00

14+00

10+00

100
9

1

2

3



TYPICAL SECTION

OG

TYPICAL SECTION
NO SCALE

TOP OF BARRIER

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
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.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

1’-8"

BACKFILL

PERVIOUS

HOLES AND

WEEP

 

VARIES

S
O

U
N

D
W

A
L

L
 

H
 

=
 
1
4
’
-
4
"

D
E

S
I

G
N
 

H

B0-3  

3-1   

B11-56

      

RETAINING WALL ELEVATIONS

  STATION
RW LOL

2

WALL Elev
TOP OF Ret

TOP OF Ret WALL

R/W

AND VARIES

TOP OF SOUNDWALL

VARIES

10’-0"

TCE

R
E

T
A
I

N
I

N
G
 

W
A

L
L
 

T
Y

P
E
 
1

S
W

B

DRAIN
GRADE TO

FG

3’-0"

ROAD PLANS
FS, SEE

TYPE 736A (Mod)

Conc BARRIER

3’-1" Min

FACE OF WALL
RW LOL=

14+29.77

14+25

14+00

13+75

13+50

13+25

13+00

12+75

12+50

12+25

12+00

11+75

11+50

11+25

11+00

10+75

10+50

10+25

10+00

915.77

915.74

915.49

915.17

914.80

914.54

914.00

913.36

912.66

911.88

911.03

910.10

909.09

908.01

906.86

905.63

904.33

902.95

901.49

"HM-1" LINE
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N. Morales

J. Powell
Richard Hartzell
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2100 THOUSAND OAKS BLVD
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LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR
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RETAINING WALL TYPE 1SWB
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0

0

LEGEND:

 

gross uniform bearing stress (ksf)

 

net bearing stress (ksf)

effective footing width (ft)

extreme event limit state

strength limit state

service limit state

 

q :

 

q’ :

B’ :

EXT:

STR:

SER:  

#5 @ 12

F

W/4

1’
-

0
"

A

No Scale

hy

#5 @ 15

#5 @ 30

SOUNDWALL

NOTES:

*

STEM HEIGHT

PER 10’ OF WALL

A  OFFSET = �"

be determined by the Engineer

Values for offsetting forms to

BATTER BACKFACE

b BAR

c BAR

JOINT

CONSTRUCTION

KEY SHAPE

OPTIONAL

DETAIL A

K

K

h

v

/

= 120 pcf

= 0.0

0 = 34°

Design:

Mononabe-Okabe Method

= 0.3

Soil:

Concrete:

Reinforced

WS:

LS:

CT:

EQE:

Varied surcharge on level ground surface

Q=1.00DC+1.00EV+1.00EH+1.00CT

 

Q=1.00DC+1.00EV+1.00EH+1.00EQD+1.00EQE

 

Q=aDC+BEV+1.50EH+1.35LS+0.40WS

 

Q=aDC+BEV+1.50EH+1.40WS

 

Q=aDC+BEV+1.50EH+1.75LS

 

Q=1.00DC+1.00EV+1.00EH+1.00WS

 

Q=1.00DC+1.00EV+1.00EH+1.00LS+0.30WS

Extreme II

 

Extreme I

 

Strength V

 

Strength III

 

Strength I

 

Service II

 

Service I

Where:

33 psf on Soundwall and Barrier

Load Combinations and Limit States

and 1:1 distribution down and outward

distributed over 10 feet at top of the barrier

54 kip maximum traffic impact loading evenly

CT:

WS:

 

EQD:

EQE:

LS:

EV:

DC:

B:

a:

Q:
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Clr

#5 @ 18 Max

SOUNDWALL

*

WALL OFFSET

B3-5  

      

6"

TYPE 736A (MOD)

CONCRETE BARRIER

� SOUNDWALL

#5    @ 8

#5 Tot 5

� = 1’-0"

DETAIL A

1’-8"

DESIGN DATA

NOTES:

SPREAD FOOTING SECTION
No Scale

Vehicular Collision Force

Wind Load on Sound Wall and Barrier

Soil inertia ignored for stem design

Soil and Structure Components Inertia.

Seismic Earth Pressure

Live Load Surcharge

Vertical Earth Fill Pressure

Dead Load of Structure Components

1.35 or 1.00, which ever Controls Design

1.25 or 0.90, Which ever Controls Design

Force Effects

#5 x 6’-0" @ 8
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#5 Tot 4
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DIMENSIONS AND DATA

TABLE OF REINFORCING STEEL 

 

 

4.

 

3.

 

2.

 

1.

WALL

FACE OF 

RW LOL =

No ScaleNo Scale

ELEVATION

h
a

h
a

S S

S S S

H=10’, 12’, 14’

b BAR

SHORT b BAR

FOOTING

TOP OF

FOOTING

BOTTOM OF

 0
SER I: B’(ft), q’ (ksf)

0

8’

1’-3"

10’

1’-3"

12’ 14’

#7 @ 12

#8 @ 12

#5 @ 6 #6 @ 6 #7 @ 6

�:12 �:12 �:12 �:12

10’-0"

3’-4"

6’-8"

1’-6"

8’-9"

2’-11"

5’-10"

8’-0"

2’-8"

5’-4"

1’-3"

7’-3"

2’-5"

4’-10"

2’-4" 2’-0" 2’-4"

7’-0"6’-0"5’-0"

1’-8"

#7 @ 6 #7 @ 6 #7 @ 6

6.3, 2.3 6.7, 2.5 7.0, 2.9 8.1, 3.1

4.3, 2.0 4.3, 2.4 4.3, 2.8 4.3, 2.9

4.3, 2.4 4.3, 2.5 4.3, 2.8 4.3, 2.9

3.2, 2.3 3.2, 2.4 3.2, 2.6 3.2, 2.7

5.9, 2.3 5.9, 2.6 5.9, 2.9 5.9, 3.1

3.8, 2.93.8, 2.1 3.8, 2.5 3.8, 2.8

1.4, 2.51.4, 3.5 1.4, 2.8 1.4, 2.7

2.5, 4.3 2.5, 6.4 2.5, 10.9 2.5, 13.3

3’-1"

6.0, 1.4 6.5, 1.6 7.0, 1.8 8.1, 1.9

W

C

B

hz

ha

hy

DESIGN H

F SPREAD FOOTING

b  BARS

c  BARS

STEM WITH HAUNCH, BATTER

STR Ia: B’(ft), q (ksf)

EXT II: B’(ft), q (ksf)

STR Ib: B’(ft), q (ksf)

STR IIIa: B’(ft), q (ksf)

STR IIIb: B’(ft), q (ksf)

STR Va: B’(ft), q (ksf)

STR Vb: B’(ft), q (ksf)

EXT I: B’(ft), q (ksf)

0

0

0

0

0

0

0

N/A

N/A N/AN/A

fy  = 60,000 psi

f’c = 3,600 psi

hz

1
4
’
-
4
"

FG

1
’
-
6
"

M
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n

H=8’

(Extreme, ` = 1.0) = 13.7 ksf

Nominal Gross Bearing Resistance

(Strength, ` = 45°) = 6.2 ksf

Factored Gross Bearing Resistance

(Service) = 5.0 ksf

Permissible Net Contact Stress

LRFD Bearing Resistance:

"S" is b bar spacing, see table.

to upper end of short b bars, see table.

"ha" indicates distance from top of footing

RSP

 

stem with haunch.

For H = 8’ through 14’, extend b bars into Barrier for 

 

sheet.

"SOUNDWALL - MASONRY BLOCK WITH BARRIER ON RETAINING WALL" 

For sound wall and barrier reinforcement details, see

 

Footing cover, 1’-6" minimum.

 

For details not shown and drainage notes, see

4th Edition with California Amendments

AASHTO LRFD Bridge Design Specifications,

C71463
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5/18/12
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R/W
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N46°01’02"W  213.18’

91.81’ Lt "A" 106+56.71

RW LOL 12+13.18 ˘ Pt =

DRAINAGE PLANS

Exist 24" CMP, SEE

DATUM Elev 880.00

SCALE AS SHOWN

RW No. 105 

R-1

RW No. 105 LOL

"A" LINE

Exp Jt SPACING

DESIGN H

Ret WALL 

SPACING

WEAKENED PLANE 

10+00 11+00 13+0012+00 14+00

ELEVATION
1"=20’

1"=20’

PLAN

RETAINING WALL TYPE 1

B0-3  

3-1   
Typ
WEEP HOLES,

B0-3  

3-2   

PLANE, Typ
WEAKENED 

N50°53’28"W

ES

ETW

DRAINAGE PLANS

Exist 18" CMP, SEE

64’ 112’ 72’ 40’ 40’ 144’

H=10’ H=12’ H=10’ H=12’ H=14’ H=16’

TOP OF GUTTER

TOP OF Ret WALL

ALONG RW LOL
Approx OG 

TOP OF Ftg

Bot OF Ftg

B3-6  

      

B0-3  

3-4   

Exp Jt, Typ

96’96’96’96’

24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’ 24’

96’

TOTAL LENGTH = 628.48’  (MEASURED ALONG RW LOL)

RW LOL
FG ALONG 

NOTES:

SB ROUTE 101

DRAINAGE PLANS

Exist INLET, SEE

N46°01’02"W

R/W

"HM-4" LINE

SEE DRAINAGE PLANS

DRAINAGE INLET, 

DRAINAGE PLANS

18" RCP, SEE

RAILING
CABLE B11-47

      

SEE DRAINAGE PLANS

Exist 12" CMP TO BE REMOVED, 

DRAINAGE PLANS

Exist 30" CMP, SEE

N50°53’28"W    415.29’

DRAINAGE PLAN

Exist 18" RCP, SEE

SEE ELECTRICAL PLANS

TO BE RELOCATED,

Exist ELECTROLIER

R
W
 

L
O

L
 
1
0

+
0
0

B
e
g
 

R
W
 

N
O
.
 
1
0
5

32.81’ Lt "HM-4" 104+40.00

109.92’ Lt "A" 104+44.30 =

RW LOL 10+00.00 =

Beg RW No. 105

SW No. 101, SEE SOUNDWALL PLANS

SB OFF-RAMP TO HAMPSHIRE Rd

S
E

E
 

S
H

E
E

T
 

R
-
2

M
A

T
C

H
 

L
I

N
E
 
1
4

+
5
0
.
0
0

S
E

E
 

S
H

E
E

T
 

R
-
2

M
A

T
C

H
 

L
I

N
E
 
1
4

+
5
0
.
0
0(TYPE 60D)

TOP OF BARRIER

    ELEVATIONS ON SHEET R-2.
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    TO RETAINING WALL CONSTRUCTION.

    ALL UTILITY LOCATIONS PRIOR

1.   CONTRACTOR TO FIELD VERIFY
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R/W

15+00 16+00 17+00

SB ROUTE 101

DRAINAGE PLANS

Exist 24" CMP, SEE

RW No. 105 LOL

N50°53’28"W

DATUM Elev 880.00

"A" LINE

SCALE AS SHOWN

RETAINING WALL PLAN

RW No. 105

R-2

ELEVATION

Exp Jt SPACING

DESIGN H

Ret WALL 

SPACING

WEAKENED PLANE 

1"=20’

1"=20’

PLAN

DRAINAGE PLANS

Exist 30" CMP, SEE

A76A  

      

B3-6  

      

B0-3  

  3-1 

TOP OF FOOTING

B3-1B 

      

B11-47

      

CABLE RAILING

SEE "ROAD PLANS"

TYPE 60D
Conc BARRIER

TYPE 1
Ret WALL
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TOP OF Ftg

Bot OF Ftg

H=16’

144’

H=14’

96’ 60.48’
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TOTAL LENGTH = 628.48’ (MEASURED ALONG RW LOL)
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GENERAL PLAN NO. 1
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+71

Elev 904.00

+23 Elev 902.00
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DETAIL NO.

Elev 904.00
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N50°53’28"W

NB ROUTE 101
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Inv Elev 891.28–

Exist 18" CMP
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ETW

RETAINING WALL TYPE 1SWB

LOG OF TEST BORINGS 4 OF 4
 
LOG OF TEST BORINGS 3 OF 4
 
LOG OF TEST BORINGS 2 OF 4
 
LOG OF TEST BORINGS 1 OF 4
 
SOUNDWALL DETAILS
 
BARRIER ON RETAINING WALL DETAILS NO. 2
SOUNDWALL - MASONRY BLOCK WITH
 
BARRIER ON RETAINING WALL DETAILS NO. 1
SOUNDWALL - MASONRY BLOCK WITH
 
RETAINING WALL TYPE 1SWB
 
GENERAL PLAN NO. 2
 
GENERAL PLAN NO. 1
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1

90
0
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TOTAL LENGTH = 840’-0"  (MEASURED ALONG RW LOL)

 

Inv Elev 898.00

DRAINAGE INLET

N50°53’28"W  840.00’

DRAINAGE PLANS

DRAINAGE INLET, SEE

DRAINAGE PLANS

Exist 24" CMP, SEE

DRAINAGE PLANS

Exist 30" CMP, SEE

DRAINAGE PLANS

Exist 18" CMP, SEE
DRAINAGE PLANS

Exist 18" CSP, SEE

Elev 900.00
+09

DRAINAGE PLANS

DRAINAGE INLET, SEE

24’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’

24’ 248’

96’ 96’ 96’ 96’

48’ 24’

16’ 16’104’

B0-3  

3-4   
Exp Jt

SEE DRAINAGE PLANS

Abn Exist CULVERT,

DRAINAGE PLANS

24" ACP, SEE

10+00

Beg RW No. 116

PLANS

SEE SOUNDWALL

SW No. 102,

101.67’ Rt "A" 116+60.00

RW LOL 10+00.00 =

Beg RW No. 116

NOTES:

    see DRAINAGE PLANS.
5.   For drainage system and details,
 
    locations prior to retaining wall construction.
4.   Contractor to field verify all utility 
 
    ELEVATION TABLE" see "TYPICAL SECTION" sheet.
3.   For "TYPICAL SECTION" and "RETAINING WALL 
 
    Barrier and 1’ below finished grade.
2.   Extend waterstop 6" into Concrete 
 
    details, see ROAD PLANS.
    For new and existing utility locations and 
1.   Utility locations shown are approximate. SOUNDWALL PLANS

SW No. 102, SEE

Elev 898.00
+71

Elev 898.00

+75

Elev 895.25
+93

Elev 898.00
+93

Elev 895.25

+75

Elev 898.00
+09

RSP

CONCRETE BARRIER TYPE 736

RETAINING WALL DETAILS No. 2

RETAINING WALL DETAILS No. 1

BRIDGE DETAILS

BACKFILL-BRIDGE SURCHARGE AND WALL
LIMITS OF PAYMENT FOR EXCAVATION AND 

LINES AND SYMBOLS (SHEET 3 OF 3)

LINES AND SYMBOLS (SHEET 2 OF 3)

LINES AND SYMBOLS (SHEET 1 OF 3)

ABBREVIATIONS (SHEET 2 OF 2)

ABBREVIATIONS (SHEET 1 OF 2)

B11-56

B3-6

B3-5

B0-3

A62B

A10E

A10D

A10C

A10B

A10A

RW No. 116 LOL

TOP OF SOUNDWALL

ALONG RW LOL
Approx OG

TOP OF Ret WALL

TYPE 736A (Mod)
TOP OF  BARRIER

B0-3  

3-4   SEE "NOTE 2"

Exp Jt, Typ

UTILITY OPENING

RETAINING WALL

FROM FACE OF WALL

FG AT 3’ OFFSET

Inv Elev 907.85

DRAINAGE INLET B3-6  
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GENERAL PLAN NO. 2
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TOTAL LENGTH = 840’-0"  (MEASURED ALONG RW LOL)

DRAINAGE PLANS
Exist 30" CMP, SEE

N50°53’28"W  840.00’

DRAIN
GRADE TO

1.   For "NOTES" see "GENERAL PLAN NO. 1" sheet.

100’-0"

ROAD PLANS

FS, SEE 

24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’

96’ 96’ 96’ 72’

16’152’

48’

3’-0"

B0-3  

3-4   
Exp Jt 18+40

END RW No. 116

101.67’ Rt "A" 125+00.00

RW LOL 18+40.00 =

END RW No. 116
PLANS

SOUNDWALL

SW No. 126, SEE

PLANS

SEE SOUNDWALL

SW No. 126,

"A" LINE

TYPE 736A (Mod)

Conc BARRIER

FACE OF WALL
RW LOL=

32.13’ Min

FROM FACE OF WALL
FG AT 3’ OFFSET

TOP OF Ret WALL

TYPE 736A (Mod)
TOP OF BARRIER

TOP OF SOUNDWALL

REMOVED. SEE DRAINAGE PLANS

OVERSIDE DRAIN TO BE

RW No. 116 LOL

ALONG RW LOL
Approx OGFG

SEE "NOTE 2"
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RETAINING WALL TYPE 1SWB

3

0

0

LEGEND:

 

gross uniform bearing stress (ksf)

 

net bearing stress (ksf)

effective footing width (ft)

extreme event limit state

strength limit state

service limit state

 

q :

 

q’ :

B’ :

EXT:

STR:

SER:  

#5 @ 12

F

W/4

1’
-

0
"

A

No Scale

hy

#5 @ 15

#5 @ 30

SOUNDWALL

NOTES:

*

STEM HEIGHT

PER 10’ OF WALL

A  OFFSET = �"

be determined by the Engineer

Values for offsetting forms to

BATTER BACKFACE

b BAR

c BAR

JOINT

CONSTRUCTION

KEY SHAPE

OPTIONAL

DETAIL A

K

K

h

v

/

= 120 pcf

= 0.0

0 = 34°

Design:

Mononabe-Okabe Method

= 0.3

Soil:

Concrete:

Reinforced

WS:

LS:

CT:

EQE:

Varied surcharge on level ground surface

Q=1.00DC+1.00EV+1.00EH+1.00CT

 

Q=1.00DC+1.00EV+1.00EH+1.00EQD+1.00EQE

 

Q=aDC+BEV+1.50EH+1.35LS+0.40WS

 

Q=aDC+BEV+1.50EH+1.40WS

 

Q=aDC+BEV+1.50EH+1.75LS

 

Q=1.00DC+1.00EV+1.00EH+1.00WS

 

Q=1.00DC+1.00EV+1.00EH+1.00LS+0.30WS

Extreme II

 

Extreme I

 

Strength V

 

Strength III

 

Strength I

 

Service II

 

Service I

Where:

Load Combinations and Limit States

and 1:1 distribution down and outward

distributed over 10 feet at top of the barrier

54 kip maximum traffic impact loading evenly

CT:

WS:

 

EQD:

EQE:

LS:

EV:

DC:

B:

a:

Q:

3
’
-
0
"

1
’
-
4
"

1
’
-
0
"

1’-0"

1’-0"

W

BC

3
"

C
l
r

2"

Clr

#5 @ 18 Max

SOUNDWALL

*

WALL OFFSET

B3-5  

      

6"

TYPE 736A (MOD)

CONCRETE BARRIER

� SOUNDWALL

#5    @ 8

#5 Tot 5

� = 1’-0"

DETAIL A

1’-8"

DESIGN DATA

NOTES:

SPREAD FOOTING SECTION
No Scale

Vehicular Collision Force

Wind Load on Sound Wall and Barrier

Soil inertia ignored for stem design

Soil and Structure Components Inertia.

Seismic Earth Pressure

Live Load Surcharge

Vertical Earth Fill Pressure

Dead Load of Structure Components

1.35 or 1.00, which ever Controls Design

1.25 or 0.90, Which ever Controls Design

Force Effects

#5 x 6’-0" @ 8

1’-0"

#5 Tot 4

1 : 1

D
E

S
I

G
N
 

H

#5      @ 8 

RW LOL

VERTICAL

FACE OF WALL

RW LOL =

2"

#5 @ 15 Cont#5 @ 30 Cont

FACE OF WALL

RW LOL =

S
O

U
N

D
W

A
L

L
 

&
 

B
A

R
R
I

E
R

DIMENSIONS AND DATA

TABLE OF REINFORCING STEEL 

 

 

4.

 

3.

 

2.

 

1.

WALL

FACE OF 

RW LOL =

No ScaleNo Scale

ELEVATION

H=6’, 8’

h
a

h
a

S S

S S S

H=10’, 12’, 14’

b BAR

SHORT b BAR

FOOTING

TOP OF

FOOTING

BOTTOM OF

 0
SER I: B’(ft), q’ (ksf)

0

8’

1’-3"

10’

1’-3"

12’ 14’

#7 @ 12

#8 @ 12

#5 @ 6 #6 @ 6 #7 @ 6

�:12 �:12 �:12 �:12

10’-0"

3’-4"

6’-8"

1’-6"

8’-9"

2’-11"

5’-10"

8’-0"

2’-8"

5’-4"

1’-3"

7’-3"

2’-5"

4’-10"

2’-4" 2’-0" 2’-4"

7’-0"6’-0"5’-0"

1’-8"

#7 @ 6 #7 @ 6 #7 @ 6

6.3, 2.3 6.7, 2.5 7.0, 2.9 8.1, 3.1

4.3, 2.0 4.3, 2.4 4.3, 2.8 4.3, 2.9

4.3, 2.4 4.3, 2.5 4.3, 2.8 4.3, 2.9

3.2, 2.3 3.2, 2.4 3.2, 2.6 3.2, 2.7

5.9, 2.3 5.9, 2.6 5.9, 2.9 5.9, 3.1

3.8, 2.93.8, 2.1 3.8, 2.5 3.8, 2.8

1.4, 2.51.4, 3.5 1.4, 2.8 1.4, 2.7

2.5, 4.3 2.5, 6.4 2.5, 10.9 2.5, 13.3

3’-1"

6.0, 1.4 6.5, 1.6 7.0, 1.8 8.1, 1.9

W

C

B

hz

ha

hy

DESIGN H

F SPREAD FOOTING

b  BARS

c  BARS

STEM WITH HAUNCH, BATTER

STR Ia: B’(ft), q (ksf)

EXT II: B’(ft), q (ksf)

STR Ib: B’(ft), q (ksf)

STR IIIa: B’(ft), q (ksf)

STR IIIb: B’(ft), q (ksf)

STR Va: B’(ft), q (ksf)

STR Vb: B’(ft), q (ksf)

EXT I: B’(ft), q (ksf)

0

0

0

0

0

0

0

 

stem with haunch.

For H = 8’ through 14’, extend b bars into Barrier for 

 

sheet.

"SOUNDWALL - MASONRY BLOCK WITH BARRIER ON RETAINING WALL" 

For sound wall and barrier reinforcement details, see

 

Footing cover, 1’-6" minimum.

 

For details not shown and drainage notes see

N/A

N/A N/AN/A

fy  = 60,000 psi

f’c = 3,600 psi

hz

1
2
’
-
4
"

FG

1
’
-
6
"

M
i

n

(Extreme, ` = 1.0) = 16.7 ksf

Nominal Gross Bearing Resistance

(Strength, ` = 45°) = 7.5 ksf

Factored Gross Bearing Resistance

(Service) = 10.4 ksf

Permissible Net Contact Stress

LRFD Bearing Resistance:

"S" is b bar spacing, see table.

to upper end of short b bars, see table.

"ha" indicates distance from top of footing

4th Edition with California Amendments

AASHTO LRFD Bridge Design Specifications,

33 psf on Soundwall and Barrier

RSP
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GENERAL PLAN NO. 1

DATUM Elev 840.00

10+00 11+00 13+0012+00 14+00

ELEVATION

1"=20’

PLAN

Ret WALL

TOP OF 

SOUNDWALL

TOP OF 

Ret WALL DESIGN H

Exp Jt SPACING

WEAKENED PLANE SPACING

B3-5  

      STEP, Typ

FOOTING 
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Elev 883.25
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TitleSheet No.

INDEX TO PLANS

14+00

Typ

WEEP HOLES, B0-3  

3-1   

B0-3  

3-2   PLANE, Typ

WEAKENED 

96’

48’

164’

"A" LINE

Elev 883.25

+15

N50°53’28"W

Elev 881.25

+15

Elev 881.25

+47

Elev 879.25

+47
Elev 879.25

+95

Elev 877.25

+95

Elev 877.25

+83

Elev 875.25

+83

Elev 875.25

+55

Elev 873.25

+55

R/W

R/W

SEE "NOTE 2"

Exp Jt, Typ

NB ROUTE 101

1"=20’

1
2
+
3
3
.
0
3

Inv Elev 838.90–

Exist 54" CMP

ETW

ES

11
 
10
 
9
 
8
 
7
 
 
6
 
 
5
 
4
 
3
 
2
 
1

ALONG RW LOL

Approx OG

N50°53’28"W 1118.85’

DRAINAGE PLANS
Exist 54" CMP, SEE

24’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’

96’ 96’ 96’ 96’

NOTES:

      

      

FROM FACE OF WALL

FG AT 3’ OFFSET

16’ 32’ 48’ 88’ 72’ 44’

H=10’

Elev 873.25

+99

Elev 866.75

+99

H=16’

B0-3  

3-4   
Exp Jt

 

LOG OF TEST BORINGS 4 OF 4

LOG OF TEST BORINGS 3 OF 3
 
LOG OF TEST BORINGS 2 OF 3
 
LOG OF TEST BORINGS 1 OF 3
 
SOUNDWALL DETAILS
 
BARRIER ON RETAINING WALL DETAILS NO. 2
SOUNDWALL - MASONRY BLOCK WITH
 
BARRIER ON RETAINING WALL DETAILS NO. 1
SOUNDWALL - MASONRY BLOCK WITH
 
RETAINING WALL TYPE 1SWB
 
GENERAL PLAN NO. 3
 
GENERAL PLAN NO. 2

GENERAL PLAN NO. 1

SOUNDWALL PLANS

SW No. 130, SEE

SOUNDWALL PLANS

SW No. 130, SEE

10+00

Beg RW No. 132

TYPE 736A (Mod)

TOP OF BARRIER

RETAINING WALL TYPE 1SWB

TOTAL LENGTH = 1118’-10�"  (MEASURED ALONG RW LOL)

615’-4"

101.67’ Rt "A" 131+65.00

RW LOL 10+00.00 =

Beg SW on Ret WALL

Beg TYPE 1SWB Ret WALL

Beg RW No. 132

RW No. 132 LOL DETAIL NO.

STANDARD PLAN SHEET NO.

RSP

RSP

For drainage system and details, see Drainage Plans.5.

retaining wall construction.

Contractor to field verify all utility locations prior to 4.

"GENERAL PLAN No. 3" sheet.

sheets. For "RETAINING WALL ELEVATION TABLE" see

For "TYPICAL SECTIONS" see "GENERAL PLAN No. 2 AND No.3" 3.

finished grade.

Extend waterstop 6" into Concrete Barrier and 1’ below 2.

existing utility locations and details, see "ROAD PLANS".

Utility locations shown are approximate. For new and 1.

B11-56

B3-6

B3-5

B3-1A

B0-3

A62B

A10E

A10D

A10C

A10B

A10A

CONCRETE BARRIER TYPE 736

RETAINING WALL DETAILS No. 2

RETAINING WALL DETAILS No. 1

RETAINING WALL TYPE 1 (CASE 1)

BRIDGE DETAILS

BACKFILL-BRIDGE SURCHARGE AND WALL
LIMITS OF PAYMENT FOR EXCAVATION AND 

LINES AND SYMBOLS (SHEET 3 OF 3)

LINES AND SYMBOLS (SHEET 2 OF 3)

LINES AND SYMBOLS (SHEET 1 OF 3)

ABBREVIATIONS (SHEET 2 OF 2)

ABBREVIATIONS (SHEET 1 OF 2)

RSP

Bot OF Ftg
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GENERAL PLAN NO. 2
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Ret WALL DESIGN H

Exp Jt SPACING

B3-5  

      STEP, Typ

FOOTING 

B0-3  

3-4   

H=10’H=12’H=10’

Typ

WEEP HOLES,
B0-3  

3-1   

B0-3  

3-2   PLANE, Typ

WEAKENED 

96’

120’

DATUM Elev 840.00

16+00 18+0017+00

H=10’H=12’

SPACING

WEAKENED PLANE 

96’

48’ 24’

14+00

14+00
15+00

ELEVATION

1"=20’

PLAN

"A" LINE

N50°53’28"W

Elev 871.25

+21

NOTE:

R/W

R/W

NB ROUTE 101

2

1"=20’

Inv Elev 878.49

DRAINAGE INLET

Inv Elev 878.18

DRAINAGE INLET
1
4
+
9
0
.
9
7

1
5
+
1
0
.
8
1

1
5
+
3
0
.
8
3

1
5
+
5
8
.
2
6

1
4
+
2
0
.
2
8

RETAINING WALL TYPE 1SWB

ETW

ES

SEE "SIGN PLANS"

TO BE RELOCATED, 

SIGN STRUCTURE

Exist OVERHEAD 

Inv Elev 851.85–

Exist 24" CMP

PLANS

SEE DRAINAGE 

Exist 24" CMP

PLANS

SEE DRAINAGE 

Exist 24" CMP

DRAINAGE PLANS

18" RCP SEE 

DRAINAGE PLANS

Exist 18" RCP SEE 

N50°53’28"W  1118.85’

24’ 24’ 48’ 24’ 24’ 48’ 24’

96’ 96’

    PLAN NO. 1" sheet.

1.   For "NOTES" see "GENERAL 

PLANS

SEE DRAINAGE 

Exist 18" CMP

DRAINAGE PLANS

18" ACP, SEE 

40’56’128’56’

H=12’

164’

H=16’

OG

FG

TYPICAL SECTION
NO SCALE

TOP OF BARRIER
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1’-8"
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HOLES AND

WEEP
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S
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H

B0-3  

3-1   

B11-56

      

"A" LINE
R/W

AND VARIES

TOP OF Ret WALL

R
E

T
A
I

N
I

N
G
 

W
A

L
L
 

T
Y

P
E
 
1

S
W

B

DRAIN

GRADE TO

101’-8"

3’-0"

TOP OF SOUNDWALL

ROAD PLANS

FS, SEE 

18+58.80 TO 21+18.85

AND

10+00.00 TO 15+72.20

13’-0"– Min

PROTECT IN PLACE

Exist RETAINING WALL,

(CALTRANS)

CONDUITS

2-2" UTILITY 

TYPE 736A (Mod)

Conc BARRIER

FACE OF WALL

RW LOL =

TOTAL LENGTH = 1118’-10�"  (MEASURED ALONG RW LOL)

615’-4" 503’-6�"

RETAINING WALL TYPE 1

39’-4" 96’

95’-4"

Elev 873.17

+44.33

Elev 870.00

+44.33 Elev 873.00

+40.33

Elev 875.17

+40.33

15’-4" 24’

TO 16+15.33 ONLY)

SOUNDWALL (10+00

RW No. 132 LOL

24’ 48’ 24’24’ 48’

101.67’ Rt "A" 137+80.33

RW LOL 16+15.33 =

Beg TYPE 1 Ret WALL

END SW ON Ret WALL

END TYPE 1SWB Ret WALL

Elev 867.25

+21
Elev 867.25

+64

Elev 866.75

+64

Elev 871.25

+15.33

Elev 870.00

+15.33

Elev 873.17

+99.33

Elev 873.00

+99.33

DRAINAGE PLANS

18" CSP, SEE

Inv Elev 871.32

DRAINAGE INLET

Inv Elev 871.60

FLOW SPLITTER

OPENING

UTILITY 

Ret WALL

SEE "NOTE 2"

Exp Jt, Typ

TOP OF Ret WALL

Bot OF Ftg

OF WALL

FROM FACE

OFFSET

FG AT 3’

TYPE 736A (Mod)

TOP OF BARRIER

TOP OF SOUNDWALL
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Approx OG
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GENERAL PLAN NO. 3
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N50°53’28"W

NOTE:

SEE "NOTE 2"
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TOP OF Ret
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AND VARIES
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R/W

R/W
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ALONG RW LOL

Approx OG 

N50°53’28"W  1118.85’

96’ 96’

MBGR, SEE ROAD PLANS

DRAIN

GRADE TO

    PLAN NO. 1" sheet.

1.   For "NOTES" see "GENERAL 

FROM FACE OF WALL

FG AT 3’ OFFSET

DRAINAGE PLANS

18" RCP, SEE 

101’-8"

3’-0"

TOP OF SOUNDWALL

ROAD PLANS

FS, SEE 

56’ 24’ 32’ 32’

15+72.20 TO 18+58.80

PROTECT IN PLACE

Exist RETAINING WALL, 

AND VARIES

Approx LOL

Exist RW

PROTECT IN PLACE

Exist RETAINING WALL, 

(CALTRANS)

CONDUITS

2-2" UTILITY 

21+18.85

END RW No. 132

TYPE 736A (Mod)

TOP OF BARRIER

TYPE 736A (Mod)

Conc BARRIER

13’-0"– Min

12’-2�"– Min

FACE OF WALL

RW LOL =

TO 16+15.33 ONLY)

SOUNDWALL (10+00

TOTAL LENGTH = 1118’-10�"  (MEASURED ALONG RW LOL)

503’-6�"

RETAINING WALL TYPE 1

Elev 883.17
+04.33

Elev 881.17
+04.33

Elev 881.17
+72.33

Elev 879.17
+72.33

Elev 879.17
+40.33

Elev 877.00
+40.33Elev 877.17

+60.33

Elev 875.17
+60.33

101.67’ Rt "A" 142+83.85

RW LOL 21+18.85 =

END TYPE 1 Ret WALL

END RW No. 132

24’

23’-6�"

15’-6�"

24’ 48’ 24’ 24’ 48’ 24’ 24’ 47’-6 �"

RW No. 132 LOL

Elev 883.17
21+18.85

Elev 877.17
+15.33

Elev 877.00
+15.33
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RSP

DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I

M
E
 

P
L

O
T

T
E

D
 

=
>

D
A

T
E
 

P
L

O
T

T
E

D
 

=
>

1
1
:
3
3

1
7
-

M
A

Y
-
2
0
1
2

U
S

E
R

N
A

M
E
 

=
>

p
w
a
l
k
e
r

PROJECT ENGINEER

DESIGN OVERSIGHT

SIGN OFF DATE

DESIGN

DETAILS

QUANTITIES

BY CHECKED

SPECIFICATIONS

CHECKED

PLANS AND SPECS

COMPARED

BY

BY

LAYOUT

BRIDGE NO.

CHECKED

CHECKEDBY

BY

        

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

POST MILES

DATE

DESIGN GENERAL PLAN SHEET (ENGLISH) (REV.7/16/10)

7

No.

Exp.

CIVIL

R
E

G
I
S

T
E

R
E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIF

ORN
IA

VEN 101, 23
R0.1/R4.5
3.3/3.8

 

2.28

Milind Desai

NOTE:

ANY MATERIALS.

BEFORE ORDERING OR FABRICATING 

CONTROLLING FIELD DIMENSIONS

THE CONTRACTOR SHALL VERIFY ALL 

N. Morales

Richard Hartzell

 

J. Powell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD
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CH2M HILL

RETAINING WALL NO. 132

132xxxx-a-gp03.dgnFILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES                                        10/12/11                 

SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 11

M. Desai/E. Coates

M. Desai/E. Coates

J. Powell

N. Morales

J. Powell

M. Remolador M. DesaiE. Coates/J. Reguyal

05/11/12

2
n
d
 

P
S

&
E
 

S
U

B
M
I
T

T
A

L
 
-
 

N
O

T
 

F
O

R
 

C
O

N
S

T
R

U
C

T
I
O

N

19+00 20+00 21+00

870

880

886
.9 
 

886
.9 
 

887
.0 
 

VEN - 101

CBX

888
.9 
 

889
.4 
 

890

891
.2 
 

891
.2 
 

1 2 3

C71463

JOHN W. POWELL

12/31/13

5/18/12



RETAINING WALL TYPE 1SWB

4

#5 @ 12

F

W/4

1’
-

0
"

A

No Scale

hy

#5 @ 15

#5 @ 30

SOUNDWALL

*

STEM HEIGHT

PER 10’ OF WALL

A  OFFSET = �"

be determined by the Engineer

Values for offsetting forms to

BATTER BACKFACE

b BAR

c BAR

JOINT

CONSTRUCTION

KEY SHAPE

OPTIONAL

DETAIL A

K

K

h

v

/

= 120 pcf

= 0.0

0 = 34°

Design:

Mononabe-Okabe Method

= 0.3

Soil:

Concrete:

Reinforced

WS:

LS:

CT:

EQE:

Varied surcharge on level ground surface

Q=1.00DC+1.00EV+1.00EH+1.00CT

 

Q=1.00DC+1.00EV+1.00EH+1.00EQD+1.00EQE

 

Q=aDC+BEV+1.50EH+1.35LS+0.40WS

 

Q=aDC+BEV+1.50EH+1.40WS

 

Q=aDC+BEV+1.50EH+1.75LS

 

Q=1.00DC+1.00EV+1.00EH+1.00WS

 

Q=1.00DC+1.00EV+1.00EH+1.00LS+0.30WS

Extreme II

 

Extreme I

 

Strength V

 

Strength III

 

Strength I

 

Service II

 

Service I

Where:

Load Combinations and Limit States

and 1:1 distribution down and outward

distributed over 10 feet at top of the barrier

54 kip maximum traffic impact loading evenly

CT:

WS:

 

EQD:

EQE:

LS:

EV:

DC:

B:

a:

Q:

3
’
-
0
"

1
’
-
4
"

1
’
-
0
"

1’-0"

1’-0"

W

BC

3
"

C
l
r

2"

Clr

#5 @ 18 Max

SOUNDWALL

*

WALL OFFSET

B3-5  

      

6"

TYPE 736A (MOD)

CONCRETE BARRIER

� SOUNDWALL

#5    @ 8

#5 Tot 5

� = 1’-0"

DETAIL A

1’-8"

DESIGN DATA

NOTES:

SPREAD FOOTING SECTION
No Scale

Vehicular Collision Force

Wind Load on Sound Wall and Barrier

Soil inertia ignored for stem design

Soil and Structure Components Inertia.

Seismic Earth Pressure

Live Load Surcharge

Vertical Earth Fill Pressure

Dead Load of Structure Components

1.35 or 1.00, which ever Controls Design

1.25 or 0.90, Which ever Controls Design

Force Effects

#5 x 6’-0" @ 8

1’-0"

#5 Tot 4

1 : 1

D
E

S
I

G
N
 

H

#5      @ 8 

RW LOL

VERTICAL

FACE OF WALL

RW LOL =

2"

#5 @ 15 Cont#5 @ 30 Cont

FACE OF WALL

RW LOL =

S
O

U
N

D
W

A
L

L
 

&
 

B
A

R
R
I

E
R

WALL

FACE OF 

RW LOL =

fy  = 60,000 psi

f’c = 3,600 psi

hz

1
2
’
-
4
"

FG

1
’
-
6
"

M
i

n

 

 

5.

4.

 

3.

 

2.

 

1.

h
b

h
b

a BAR

H=6’, 8’

h
a

h
a

h
a

h
a

SHORT b BAR

FOOTING

TOP OF

FOOTING

BOTTOM OF

NOTES:

S S

S S S

S S S

H=10’, 12’, 14’

b BAR

No Scale

ELEVATION

0

 0
SER I: B’(ft), q’ (ksf)

0

0

8’

1’-3"

10’

1’-3"

12’ 14’ 16’

#7 @ 12

#8 @ 12

#5 @ 6 #6 @ 6 #7 @ 6

#7 @ 15

#8 @ 7.5

�:12 �:12 �:12 �:12 �:12

11’-6"

3’-10"

7’-8"

1’-9"

10’-0"

3’-4"

6’-8"

1’-6"

8’-9"

2’-11"

5’-10"

8’-0"

2’-8"

5’-4"

1’-3"

7’-3"

2’-5"

4’-10"

2’-4" 2’-0" 2’-4" 2’-10"

7’-0"7’-0"6’-0"5’-0"

11’-6"

1’-8"

#7 @ 6 #7 @ 6 #7 @ 6 #9 @ 7.5

6.3, 2.3 6.7, 2.5 7.0, 2.9 8.1, 3.1 9.5, 3.2

4.3, 2.0 4.3, 2.4 4.3, 2.8 4.3, 2.9 4.3, 2.9

4.3, 2.4 4.3, 2.5 4.3, 2.8 4.3, 2.9 4.3, 3.0

3.2, 2.3 3.2, 2.4 3.2, 2.6 3.2, 2.7 3.2, 2.7

5.9, 2.3 5.9, 2.6 5.9, 2.9 5.9, 3.1 5.9, 3.2

3.8, 2.9 3.8, 2.93.8, 2.1 3.8, 2.5 3.8, 2.8

1.4, 2.5 1.4, 2.51.4, 3.5 1.4, 2.8 1.4, 2.7

2.5, 4.3 2.5, 6.4 2.5, 10.9 2.5, 13.3 2.5, 12.4

3’-7"3’-1"

6.0, 1.4 6.5, 1.6 7.0, 1.8 8.1, 1.9 9.7, 2.0

W

C

B

hz

ha

hy

hb

DESIGN H

F SPREAD FOOTING

a  BARS

b  BARS

c  BARS

STEM WITH HAUNCH, BATTER

STR Ia: B’(ft), q (ksf)

EXT II: B’(ft), q (ksf)

STR Ib: B’(ft), q (ksf)

STR IIIa: B’(ft), q (ksf)

STR IIIb: B’(ft), q (ksf)

STR Va: B’(ft), q (ksf)

STR Vb: B’(ft), q (ksf)

EXT I: B’(ft), q (ksf)

0

0

0

0

0

0

0

LEGEND:

N/A N/A N/A N/A

N/A

N/A N/A N/A N/A

N/A N/A N/A

 

q :

 

q’ :

B’ :

EXT:

STR:

SER:  

 

gross uniform bearing stress (ksf)

 

net bearing stress (ksf)

effective footing width (ft)

extreme event limit state

strength limit state

service limit state

DIMENSIONS AND DATA
TABLE OF REINFORCING STEEL 

H=16’

a BAR

SHORT b BAR

(Extreme, ` = 1.0) = 13.9 ksf
Nominal Gross Bearing Resistance

(Strength, ` = 45°) = 6.3 ksf
Factored Gross Bearing Resistance

(Service) = 6.3 ksf
Permissible Net Contact Stress

LRFD Bearing Resistance:

"S" is b bar spacing, see table.

of footing to upper end of short b bars, see table.

"ha" and "hb" above b bars indicate distance from top

4th Edition with California Amendments

AASHTO LRFD Bridge Design Specifications,

33 psf on Soundwall and Barrier

 

stem with haunch.

For H = 16’, extend b bars into Barrier for 

stem with haunch.

For H = 6’ through 14’, extend b bars into Barrier for 

 

sheet.

"SOUND WALL - MASONRY BLOCK WITH BARRIER ON RETAINING WALL" 

For soundwall and barrier reinforcement details, see

 

Footing cover, 1’-6" minimum.

 

For details not shown and drainage notes see

RSP

C71463
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TYPICAL SECTION
NO SCALE

FG

  

 

TYPE 1

Ret WALL 

B0-3  

3-1   BACKFILL

AND PERVIOUS

WEEP HOLE 

TOP OF Ftg

TOP OF RW

NOTES:

B0-3  

3-1   

B0-3  

3-2   

69.00’

D
E

S
I

G
N
 

H

96’

24’

B0-3  

3-4   

SPACING

Exp Jt

SPACING

WEAKENED PLANE

DESIGN HEIGHT

11+00 12+00 13+0010+00

3

2

1"=20’

3000.00’2 1343.64’

ETW ES

M
O

O
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P
A

R
K
 

R
d

2000.00’3 459.89’

683.28’

230.96’

"A" LINE

B11-56

      

32’ 32’ 24’ 48’ 24’ 24’ 24’ 32’ 32’ 24’

96’ 96’ 96’

24’ 24’ 24’ 48’ 24’ 24’ 48’ 24’ 24’ 48’ 24’

H=10’H=10’ H=10’ H=10’ H=10’ H=10’ H=10’ H=10’ H=10’ H=10’

227+71.91 EC

N84°30’30"W

11+35.66 BC

Elev 733.00

+47

Elev 731.00

+47

Elev 731.00

+79

Elev 730.00

+79

Elev 730.00

+11

Elev 729.00

+11

Elev 729.00

+35

Elev 728.00

+35

Elev 728.00

+83

Elev 727.00

+83

Elev 726.00

+07

Elev 722.00

+43

Elev 721.00

+43

Elev 723.00

+19

Elev 722.00

+19

Elev 724.00

+87

Elev 723.00

+87
Elev 725.00

 +31

Elev 726.00
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Elev 724.00

+55

Elev 725.00

+55
Elev 727.00

+07
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TOP OF Ret WALL

Approx OG ALONG RW LOL

Exp Jt, Typ

FACE OF WALL

FG AT 

24’ 24’

H=10’H=6’

Elev 737.00

+00

Elev 737.00

+24

Elev 733.00

+24

Typ

STEP,

Ftg 

B0-3  

3-4   Jt

Exp

    (AERIALLY DEPOSITED LEAD) ON SHEET R-7.

    STRUCTURE EXCAVATION (TYPE Y-1)
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Appendix F 
CH2M HILL Logs of Test Borings 
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Appendix F.1 
Logs of Test Borings for Soundwalls 
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Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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SIGN OFF DATE
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CHECKED BY

FIELD INVESTIGATION BY:

DATE:

Exp.

EG
OTECHNICAL

No.

GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS

LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR

CH2M HILL

N. MORALES
K. RADHAKRISHNAN & J. LEE

01/15/11 & 02/04/11
J. Lee

    elevation was not measured.

    borings R-11-007 and R-11-008, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 

GE2660

PING TIAN

12/31/13
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P
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BRIDGE NO.
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Milind Desai

7195201rz003.dgnFILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES                                        10/12/11 05/11/12         

SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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NOTES:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

02/02/11

TO LOS ANGELES

TO VENTURA

    boring A-11-016.

2.   Groundwater was not encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 

4 105
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SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE:

Exp.

EG
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GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS

LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR

CH2M HILL

PROFILE

Vert: 1"=10’

Horz:1"=50’

PLAN

1"=50’

N. MORALES

J. LEE

K. RADHAKRISHNAN & J. LEE

BENCHMARKS AND DATUM

PING TIAN

GE2660

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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DISREGARD PRINTS BEARING
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REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 05/11/12

10+00 11+00 12+00 13+00

7 8 9 100 1 2

100

1
2

SB ROUTE 101

8"

A-11-016

ASPHALT Pavement 8"; Base (Gravel) 16".

Very stiff.

PP=3.5 tsf; UU=2.5 tsf.

Lean CLAY (CL); medium stiff; grayish brown; few fine SAND.

PP>4.0 tsf.

02-02-11

Terminated at Elev 888.50

A-11-016

8"
Elev 920.00

PA

UW UUM

CR

PI

M UW

PA

M UW

19

19

8

49

23

51

1.4

2.5

1.4

2.5

1.4

2.5

fine SAND; some medium plasticity fines [FILL].

CLAYEY SAND with GRAVEL (SC); olive yellow; moist; few fine GRAVEL; 

fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL;

low to medium plasticity fines.

SILTY CLAY (CL-ML); hard; brown; moist; trace GRAVEL; little SAND;

coarse to fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); hard; olive yellow; moist; trace GRAVEL; 

Hammer Efficiency Ratio ERi = 75%

9
1
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0
’
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t
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J. Lee
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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01/15/11 & 02/04/11
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    elevation was not measured.

    borings R-11-007 and R-11-008, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 

GE2660
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DISREGARD PRINTS BEARING
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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840 840

N50°53’28"W

"HM-1" LINE

100 1

NOTE:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

01/26/11

TO LOS ANGELES

TO VENTURA

64 1056 9 1 2100

   and Presentation Manual (June 2010).

   and Rock Logging, Classification,

   accordance with the Caltrans Soil 

1.  This LOTB sheet was prepared in 
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88.00’ Rt "A" 101+10.00

END SW NO. 98 LOL 13+17.84 =

88.00’ Rt "A" 97+73.22

Beg SW NO. 98 LOL 9+81.06 =
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PREPARED FOR THE

STATE OF CALIFORNIADESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE: X

Exp.

EG
OTECHNICAL

No.

GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS

LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR

CH2M HILL

PROFILE

Vert: 1"=10’

Horz:1"=50’

PLAN

1"=50’

N. MORALES

J. LEE

K. RADHAKRISHNAN & J. LEE

BENCHMARKS AND DATUM

PING TIAN

GE2660

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 05/11/12

10+00 11+00 12+00 13+00

8"

A-11-003

8"

A-11-013

7 8 9 100 1 2

1

2

13+00

01-26-11

Hammer Efficiency Ratio (ERi) = 75%

A-11-013

8"Elev 920.30

S
t
a
 
1
0
0

+
9
9
.
7
0

GWS

01-26-11

 Elev 876.30

ASPHALT Pavement 8"; Base (Gravel) 16".

Medium dense.

Dense.

With large GRAVEL (>1.5").

Hard; PP>4.5 tsf.

PP=4.0 tsf.

24

59

21

14

20

37

19

42

12

17

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5 M UW

UWM

M UW UU

M UW

PIPA

M UW

plasticity fines; micaceous.

SANDY elastic SILT (MH); stiff; olive brown; wet; fine SAND; high 

fines; micaceous.

Lean CLAY (CL); hard; brown; wet; few fine SAND; medium plasticity 

plasticity fines.

SILT (ML); very stiff; brown; moist; trace GRAVEL; few fine SAND; low 

SAND; some medium plasticity fines.

CLAYEY SAND (SC); dense; olive brown; moist; trace GRAVEL; mostly fine 

low plasticity fines; trace clay; micaceous.

SANDY SILT (ML); very stiff; brown; moist; trace GRAVEL; some fine SAND; 

little fine SAND.

GRAVELLY fat CLAY with SAND (CH); stiff; dark brown; moist; some GRAVEL; 

plasticity fines [FILL].

SILTY SAND (SM); medium dense; brown; few GRAVEL; fine SAND; some low 

fine SAND; some low plasticity fines [FILL].

SILTY SAND with GRAVEL (SM); brown; moist; little fine GRAVEL; mostly 

Terminated at Elev 868.80

7
2
.
4
0
’
 
R
t
 
"

A
"
 
L
I

N
E

01-26-11

Hammer Efficiency Ratio (ERi) = 75%

A-11-003

10

50/6

27

12

20

45

25

49

37

50

24

46

50

66

22

67

50/3

M

PA CR

M

PA

M

PI

PA

M

PA

M

M

M

UW

UW

UW

UU

UW

PI

UW

UW

UW

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

8"Elev 922.40

Terminated at Elev 835.40

ASPHALT Pavement 8"; Base (Gravel) 16".

Medium dense.

PP=4.0 tsf.

Dense.

PP=2.5 tsf.

PP=4.0 tsf.

Trace fine SAND.

PP=4.0 tsf; UU=2.9 tsf.

Gray; PP=4.5 tsf.

PP=4.0 tsf.

PP=3.0 tsf.

fine SAND; some low plasticity fines; trace mica [FILL].

SILTY SAND with GRAVEL (SM); brown; moist; some coarse to fine GRAVEL; 

to fine GRAVEL; trace fine SAND; low plasticity fines.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist; some coarse

low plasticity fines.

SILTY GRAVEL with SAND (GM); very dense; olive; moist; some SAND; little 

low plasticity fines.

SANDY lean CLAY (CL); hard; olive brown; little fine GRAVEL; fine SAND;

fine SAND; low plasticity fines.

SANDY lean CLAY with GRAVEL (CL); very stiff; brown; moist; little GRAVEL; 

SAND; high plasticity fines.

Fat CLAY with SAND (CH); very stiff; olive brown; moist; little fine 

SAND; medium plasticity fines.

Lean CLAY with GRAVEL (CL); hard; gray; wet; little GRAVEL; few fine 

to high plasticity fines.

SILTY CLAY (CL-ML); very stiff; light gray; wet; few fine SAND; medium

plasticity fines.

Lean CLAY (CL); very stiff; gray; wet; few fine SAND; medium to high 

GRAVEL; coarse to medium SAND; few low plasticity fines [OLDER ALLUVIUM].

Poorly graded SAND with GRAVEL (SP); very dense; gray; wet; little 

soft, wet; micaceous.

SEDIMENTARY ROCK (CLAYSTONE), Sandy, dark gray, intensely weathered, 

GWS

01-26-11

 Elev 862.40

Fat CLAY (CH); hard; dark olive brown; moist; little fine SAND.

7
2
.
4
0
’
 
R
t
 
"

A
"
 
L
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E
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t
a
 
 
9
7

+
6
8
.
6
0

Olive; few fine SAND.

SAND; low  to medium plasticity fines [RECENT ALLUVIUM].

SILTY CLAY (CL-ML); hard; brown; moist; few fine GRAVEL; few fine 

fine GRAVEL; little fine SAND; low plasticity fines.

SILTY CLAY (CL-ML); very stiff; dark olive brown; moist; few coarse to 

GRAVEL; fine SAND; some low plasticity fines; micaceous.

SILTY SAND (SM); very dense; light olive gray; wet; few 
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SIGN OFF DATE
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FIELD INVESTIGATION BY:

DATE:

Exp.
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GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS

LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR

CH2M HILL

N. MORALES
K. RADHAKRISHNAN & J. LEE

01/15/11 & 02/04/11
J. Lee

GE2660

PING TIAN
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DISREGARD PRINTS BEARING
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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101, 23VEN7

Richard Hartzell
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CH2M HILL

PROFILE

Vert: 1"=10’

Horz:1"=50’

K. RADHAKRISHNAN & J. LEE
N. MORALES

J. LEE

BENCHMARKS AND DATUM

GE2660

PING TIAN

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 710/12/11

SOUND WALL NO. 101

05/11/12

SB OFF-RAMP

"A" LINE

A-11-018
8"

A-11-018 8"

A-11-019

8"

A-11-020

8" A-11-017

10+00
11+00

12+00
13+00

14+00 15+00 16+00 17+00 18+00

19+00 20+00 21+00

100 1 2 3 4 105 6 7 8 9 110 1 2

100

1
2

3
4

105

2.565

40 1.4

2.555

27 1.4

2.555

63 1.4

A-11-018

Elev 915.90

S
t
a
 
1
0
5

+
8
4
.
6
0

8
5
.
1
0
’
 
L
t
 
"

A
"
 
L
I

N
E

ASPHALT Pavement (Shoulder) 5".

Fat CLAY (CH); hard; brown; moist; trace SAND.

PP>4.5 tsf.

02-02-11

Hammer Efficiency Ratio ERi = 75%

Terminated at Elev 884.40

8"

M UW

UWM

PI

M UW

SILTY SAND (SM); olive brown; moist; coarse to fine SAND;

little fines [FILL].

SILTY CLAY (CL-ML); hard; brown; moist; low plasticity fines 

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 
little GRAVEL; coarse to fine SAND; some fines.

little GRAVEL; coarse to fine SAND; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

[OLDER ALLUVIUM]. PP>4.5 tsf.

Lean CLAY (CL); hard; brown; moist; trace SAND; medium plasticity

fines. PP>4.5 tsf.

30 1.4

69 2.5

A-11-017
Elev 918.40

24

70/10

20

55

20

36

44

50/6

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1
1
0
.
6
0
’
 
L
t
 
"

A
"
 
L
I

N
E

S
t
a
 
1
0
2

+
5
0
.
4
0

Terminated at Elev 866.90

02-01-11

Hammer Efficiency Ratio ERi = 75%

UW

8"

M UW

CR

PA PI

M

UWM

PA PI

M UW Few coarse GRAVEL; becomes multicolored; possible sandy SILTSTONE.

Hard; olive brown; wet.

SANDY lean CLAY (CL); very stiff; brown; moist; few GRAVEL; fine SAND.

SANDY fat CLAY (CH); very stiff; brown; few GRAVEL; fine SAND.

Hard.

ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILT (ML); hard; brown; moist; few GRAVEL; fine SAND; 

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist; little GRAVEL; 

SANDY SILT (ML); very stiff; brown; moist; trace fine GRAVEL; 
fine SAND; low plasticity fines.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; little GRAVEL; few SAND; 

SANDY SILT (ML); brown; moist; few coarse to fine GRAVEL; 

fine SAND; low plasticity fines [FILL].

SILTY CLAY (CL-ML); hard; brown; moist; few GRAVEL; few fine SAND; 
low  to medium plasticity fines. PP>4.0 tsf.

medium plasticity fines. PP>4.5 tsf.

low plasticity fines. PP>4.0 tsf.

low plasticity fines. PP>4.0 tsf.

GWS

02-01-11

 Elev 874.40
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830

840

NOTE:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

1 3 4

   and Presentation Manual (June 2010).

   and Rock Logging, Classification,

   accordance with the Caltrans Soil 

1.  This LOTB sheet was prepared in 
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BENCHMARKS AND DATUM

FOR PLAN VIEW, SEE "LOG OF TEST BORINGS 1 OF 4" SHEET.

GE2660

PING TIAN

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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SOUND WALL NO. 101

05/11/12
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Elev  914.60

18

5

7

26

37

20

2.5

1.4

1.4

2.5

1.4

2.5

1.4

58/6

02-01-11

Terminated at Elev 883.10

Hammer Efficiency Ratio ERi = 75%

8"

PA

CR R

M UW PI

UWM

PA

Fat CLAY with GRAVEL (CH); soft; very dark brown; moist; few GRAVEL.

ASPHALT Pavement (Shoulder) 6".

CLAYEY SAND with GRAVEL (SC); medium dense; brown; moist; few GRAVEL; 

coarse to fine SAND; some medium plasticity fines [RECENT ALLUVIUM].

SILTY GRAVEL with SAND (GM); dense; brown; wet; fine GRAVEL; 

little coarse to fine SAND; some low plasticity fines.

Lean CLAY with GRAVEL (CL); hard; gray; wet; few GRAVEL; 

medium plasticity fines; PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; wet; 

little GRAVEL; coarse to fine SAND; some medium plasticity fines 

[OLDER ALLUVIUM].

GWS

02-01-11

 Elev 898.30

A-11-019

8
2
.
7
0
’
 
L
t
 
"

A
"
 
L
I

N
E

S
t
a
 
 
1
0
9

+
3
7
.
8
0

Elev 916.10

50/3

30

60

42

50/6

53

68

35

50/3

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

Terminated at Elev 869.10

Hammer Efficiency Ratio ERi = 75%

02-01-11

ASPHALT Pavement (Shoulder) 6".

Fat CLAY with SAND (CH); hard; brown; moist; trace GRAVEL; little SAND.

PP>4.5 tsf.

PP>4.5 tsf; UU=4.7 tsf.

PP>4.5 tsf.

8"

M UW

PI

M UW UU

CR

M UW

M UW

PA

M UW

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

little GRAVEL; coarse to fine SAND; some fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

little GRAVEL; coarse to fine SAND; some medium plasticity fines.
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 10/12/11

SOUND WALL NO. 101

05/11/12

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)



LOG OF TEST BORINGS 4 OF 402/01/11 & 02/02/11 SW-28

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

DIST COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No

TOTAL

SHEETS

GEOTECHNICAL PROFESSIONAL

PLANS APPROVAL DATE R
E

G
I
S

T
E

R
E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIF
ORN

IA

D
A

T
E
 

P
L

O
T

T
E

D
 

=
>

1
0
-

M
A

Y
-
2
0
1
2

T
I

M
E
 

P
L

O
T

T
E

D
 

=
>

1
2
:
5
8

             

                   

DEPARTMENT OF TRANSPORTATION LOG OF TEST BORINGS

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

U
S

E
R

N
A

M
E
 

=
>

h
a
n
d
e
r
s
3

PREPARED FOR THE

STATE OF CALIFORNIADESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE:

Exp.

EG
OTECHNICAL

No.

GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS

LOS ANGELES, CA 90017

1000 WILSHIRE BLVD, 21ST FLOOR

CH2M HILL

    elevation was not measured.

    borings A-____ and A-_____, but 

2.   Groundwater was encountered in 
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CONTRACT NO.:

3573

0700000201 07-1952U1 10/12/11

SOUND WALL NO. 101

05/11/12

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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NB ROUTE 101
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LOG OF TEST BORINGS 1 OF 5

SOUNDWALL NO. 102

1"=50’

PLAN

NOTES:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

910

900

890

880

870

860

920

930

940

950

860

870

880

890

900

910

920

930

940

950

43 105 2198 110

"HM-1" LINE

01/27/11

9

TO LOS ANGELES

TO VENTURA

    borings A-11-014 and A-11-015.

2.   Groundwater was not encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 

4

SW-29

"A" LINE

NB ON-RAMP

3

2

33.09’ Rt "HM-1" 103+24.94

Beg SW NO. 102 LOL 10+00.00 = 100.00’ Rt "A" 116+60.00

END SW NO. 102 LOL 23+33.40 =
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FIELD INVESTIGATION BY:

DATE: X

Exp.

EG
OTECHNICAL
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GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362

2100 THOUSAND OAKS BLVD

CITY OF THOUSAND OAKS
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CH2M HILL

PROFILE

Vert: 1"=10’

Horz:1"=50’

N. MORALES

J. LEE

K. RADHAKRISHNAN & J. LEE

BENCHMARKS AND DATUM

PING TIAN

GE2660

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 1005/11/12

NB ON-RAMP

8"

A-11-014

8"

A-11-015

8"

A-11-021

8"

A-11-022 8"

A-11-023

8"

A-11-014

8"

A-11-015

8"

A-11-021

8"

A-11-022 8"

A-11-023

2 3 4 105 6 7 8 9 110 1 2 3 4 115 6 7

105

2

4
6 7 8

M

M

M

PI

M

UW

CR

UW

UW

01-27-11

Hammer Efficiency Ratio (ERi) = 75%

A-11-014

8"
Elev 916.80

S
t
a
 
1
0
4

+
0
1
.
6
0

ASPHALT Pavement 4"; Base (Gravel) 20".

Very stiff.

PP>4.5 tsf.

PP>4.5 tsf.

26 1.4

2.567

30 1.4

2.575/12

1.422

2.547

fine SAND; low plasticity fines [FILL].

SANDY SILT with GRAVEL (ML); brown; moist; little fine GRAVEL; 

little fine SAND; low  to medium plasticity fines.

SILTY CLAY with SAND (CL-ML); hard; brown; moist; little GRAVEL; 

fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

some low plasticity fines.

SILTY SAND (SM); very dense; brown; moist; trace GRAVEL; fine SAND; 

some low plasticity fines.

SILTY SAND (SM); dense; brown; moist; medium to fine SAND; 

fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); hard; yellowish brown; moist; few fine GRAVEL; 

Terminated at Elev 885.30

9
6
.
8
0
’
 
R
t
 
"

A
"
 
L
I

N
E

01-27-11

Hammer Efficiency Ratio (ERi) = 75%

A-11-015

Elev 915.50

S
t
a
 
1
0
7

+
0
5
.
3
0

ASPHALT Pavement (Shoulder) 4".

PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.

PP=3.25 tsf.

8"

2.554

41 1.4

50/6 2.5

43 1.4

63 2.5

53

92/11

1.4
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PA
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angular GRAVEL; some CLAY; few COBBLES.

CLAYEY GRAVEL (GC); very dense; light brown; moist; coarse to fine, 

fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); hard; brown; moist; few fine GRAVEL; coarse to

[OLDER ALLUVIUM].
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ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.
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16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P
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(S)

(S)

Date measured

30
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GWS Elev. 
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Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91
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60

43

113
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Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
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a
t
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n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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NOTES:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

01/28/11 & 01/29/11

TO LOS ANGELES

TO VENTURA

    boring A-11-026.

2.   Groundwater was not encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 
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CH2M HILL

PROFILE

Vert: 1"=10’

Horz:1"=50’

PLAN

1"=50’

N. MORALES

J. LEE

K. RADHAKRISHNAN & J. LEE

BENCHMARKS AND DATUM

PING TIAN

GE2660

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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DISREGARD PRINTS BEARING
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 1005/11/12

10+00 11+00 12+00 13+00

8"

A-11-026

8"

A-11-004

125 6 7 8 9

1
2

"
C

O
"
 
L
I

N
E

18+00 18+4018+40

ASPHALT Pavement 8"; Base (Gravel & Top Soil) 16".

Hard.

PP>4.0 tsf.

PP>4.5 tsf.

Olive brown; no GRAVEL.

Little GRAVEL.

01-28-11

Terminated at Elev 856.90

A-11-026

8"
Elev 908.40

UWM

CR

PI UU

UWM

UWM

UW

UW

PA

M

M

47

63

51

55

34

45

59

65

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

78/12

74/11

SAND; low plasticity fines [FILL].

SANDY SILT (ML); brown; moist; few coarse to fine GRAVEL; some fine 

GRAVEL; fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; light olive brown; moist; little 

low plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; few SAND; 

fine SAND; some low plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

SAND; low plasticity fines [RECENT ALLUVIUM].

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; few fine 

Hammer Efficiency Ratio ERi = 75%

8
3
.
9
0
’
 
R
t
 
"

A
"
 
L
I

N
E

S
t
a
 
1
2
4

+
8
8
.
0
0

EI

A-11-004

01-29-11

Hammer Efficiency Ratio (ERi) = 75%

8

22

20

68

27

50/6

41

50/5

40

55

53

92/10

29

50/3

GWS

01-29-11

M

CR

PA

PA

M

PA

M

M

PA

UW

PI

UW

UW

UW

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

8"Elev 900.70

 Elev 835.70

Terminated at Elev 830.20

ASPHALT Pavement 8"; Base (Gravel) 16".

Medium stiff.

Very stiff.

Medium dense.

Very dense.

Very dense.

Dense.

Trace fine GRAVEL.

Few large embedded gravel.

GRAVEL; some fine SAND; low plasticity fines [FILL].

SANDY SILTY CLAY (CL-ML); olive brown to olive gray; moist; few 

trace fine GRAVEL; some fine SAND.

SANDY lean CLAY with GRAVEL (CL); stiff; dark brown; moist;

[OLDER ALLUVIUM].

little GRAVEL; coarse to fine SAND; some medium plasticity fines 

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

coarse to fine SAND; little low plasticity fines.

SILTY SAND with GRAVEL (SM); dense; light brown; moist; some GRAVEL; 

some fine SAND; mostly low plasticity fines; micaceous.

SANDY lean CLAY (CL); hard; olive brown; moist; few GRAVEL; 

fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); very stiff; olive brown; wet; trace GRAVEL; 

some GRAVEL; coarse to fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense; grayish brown; wet; 

8
3
.
8
0
’
 
R
t
 
"

A
"
 
L
I

N
E

S
t
a
 
1
2
8

+
6
0
.
7
0

EI
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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    elevation was not measured.

    borings R-11-007 and R-11-008, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 
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SHEET OFUNIT:
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REVISION DATES

CONTRACT NO.:
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0700000201 07-1952U1 04/22/11

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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A multiplication factor 0.65 was used 
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TO VENTURA

    borings A-11-006 and A-11-027.

2.   Groundwater was not encountered in 
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PLAN
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BENCHMARKS AND DATUM

PING TIAN

GE2660

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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10+00 11+00

8"

A-11-006

8"

A-11-027

130 1 2

1
2

"
C

O
"
 
L
I

N
E

10+00

ASPHALT Pavement 8"; Base (Gravel) 16".

Hard; olive brown.

PP=3.0 tsf.

Little GRAVEL; little SAND.

01-27-11

Terminated at Elev 856.10

A-11-027

8"
Elev 887.60

UWM

M UW

PIPA

M UW

CRM
34

27

18

32

34

70

1.4

2.5

1.4

2.5

1.4

2.5

low plasticity fines [FILL].

SANDY SILT (ML); brown; moist; few fine GRAVEL; some fine SAND; 

low plasticity fines.

SANDY SILT (ML); hard; brown; moist; trace fine GRAVEL; fine SAND; 

GRAVEL; few fine SAND; low  to medium plasticity fines.

SILTY CLAY with GRAVEL (CL-ML); very stiff; brown; moist; little fine 

little fine GRAVEL; medium to fine SAND.

SANDY lean CLAY with GRAVEL (CL); very stiff; dark brown; moist;

SAND; mostly low plasticity fines; PP>4.5 tsf.

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; trace fine 

fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

Hammer Efficiency Ratio ERi = 75%

8
3
.
8
0
’
 
R
t
 
"

A
"
 
L
I

N
E

S
t
a
 
1
3
3

+
1
5
.
6
0

A-11-006

01-29-11

Hammer Efficiency Ratio (ERi) = 75%

49

30

55

43

58

51

58

36

52/6

74

50/4

52

50/6

50/2

M

M

PA

M

M

M

M

UW

UW

UU

UW

UW

UW

UW

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

C PI

8"Elev 896.20

Terminated at Elev 826.00

ASPHALT Pavement 5" (Shoulder).

PP>4.5 tsf.

UU=5.2 tsf.

Yellowish brown.

PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.

PP=3.0 - 3.5 tsf.

coarse to fine SAND; some low plasticity fines [FILL].

SILTY SAND with GRAVEL (SM); dense; brown; moist; few GRAVEL; 

GRAVEL; some SAND; medium plasticity fines [OLDER ALLUVIUM].

SANDY lean CLAY with GRAVEL (CL); hard; dark brown; moist; little 

little GRAVEL; coarse to fine SAND; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist;

moist; little GRAVEL; coarse to fine SAND; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; 

medium plasticity fines.

SANDY lean CLAY (CL); hard; brown; moist; medium to fine SAND; 

plasticity fines.

Lean CLAY (CL); very stiff; grayish brown; moist; medium 

8
3
.
8
0
’
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A
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3
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+
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UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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    elevation was not measured.

    borings R-11-007 and R-11-008, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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Appendix F.2 
Logs of Test Borings for Retaining Walls 
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TO VENTURA

STATIONING "HM-4" Line

3 4

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

7

RW NO. 99 LOL

940

950

"A" LINE
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41.69’ Lt "HM-4" 98+94.96

RW LOL 10+00.00 =

Beg RW NO. 99
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02/01/11 & 02/02/11

"HM-4" LINE

NB ROUTE 101

SB ROUTE 101

44.42’ Lt "HM-4" 101+24.97

RW LOL 12+27.93 =

END RW NO. 99

NOTE:

N46°54’11"W

100 2 1059

N42°12’34"W

N50°53’28"W
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NOTES:

    elevation was not measured.

    borings A-____ and A-_____, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 

K. RADHAKRISHNAN & J. LEE
N. MORALES

J. LEE

BENCHMARKS AND DATUM

GE2660

PING TIAN

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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SB OFF-RAMP

A-11-016
8"

8 9 100 1 2

8

9

100

1
2

10+00
11+00

12+00

ASPHALT Pavement 8"; Base (Gravel) 16".

Very stiff.

PP=3.5 tsf; UU=2.5 tsf.

Lean CLAY (CL); medium stiff; grayish brown; few fine SAND.

PP>4.0 tsf.

02-02-11

Terminated at Elev 888.50

A-11-016

8"
Elev 920.00

PA

UW UUM

CR

PI

M UW

PA

M UW

19

19

8

49

23

51

1.4

2.5

1.4

2.5

1.4

2.5

fine SAND; some medium plasticity fines [FILL].

CLAYEY SAND with GRAVEL (SC); olive yellow; moist; few fine GRAVEL; 

fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL;

low to medium plasticity fines.

SILTY CLAY (CL-ML); hard; brown; moist; trace GRAVEL; little SAND;

coarse to fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); hard; olive yellow; moist; trace GRAVEL; 

Hammer Efficiency Ratio ERi = 75%
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UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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    elevation was not measured.

    borings A-____ and A-_____, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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    boring A-11-012.

2.   Groundwater was not encountered in 

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 
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A-11-012

8"
Elev 904.90

ASPHALT Pavement 3".

CONCRETE Base 7".

18 2.5 M UW medium plasticity fines; PP=1.5 tsf.

GRAVELLY lean CLAY (CL); stiff; dark brown; moist; little coarse GRAVEL; 

coarse GRAVEL; coarse to fine SAND; some fines [FILL].

CLAYEY SAND with GRAVEL (SC); dark brown to brown; moist; little 

PP=4.0 tsf; UU=4.4 tsf.

1.423

40 2.5 UWM PA UU

[RECENT ALLUVIUM].

little GRAVEL; coarse to fine SAND; medium plasticity fines 

SANDY lean CLAY with GRAVEL (CL); very stiff; very dark gray; moist; 

Hard; PP>4.5 tsf.

Grayish brown; PP>4.5 tsf.

PP>4.5 tsf.

1.431

42 2.5

1.424

PI

M UW

01-26-11

Hammer Efficiency Ratio (ERi) = 75%

Terminated at Elev 873.40
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A-11-013

8"Elev 920.30

24

59

1.4

2.5 M UW

 Elev 876.30

ASPHALT Pavement 8"; Base (Gravel) 16".

Medium dense.

Dense.

With large GRAVEL (>1.5").

Hard; PP>4.5 tsf.

21

14

20

37

19

42

12

17

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

UWM

M UW UU

PIPA

M UW

plasticity fines; micaceous.

SANDY elastic SILT (MH); stiff; olive brown; wet; fine SAND; high 

fines; micaceous.

Lean CLAY (CL); hard; brown; wet; few fine SAND; medium plasticity 

plasticity fines.

SILT (ML); very stiff; brown; moist; trace GRAVEL; few fine SAND; low 

SAND; some medium plasticity fines.

CLAYEY SAND (SC); dense; olive brown; moist; trace GRAVEL; mostly fine 

low plasticity fines; trace clay; micaceous.

SANDY SILT (ML); very stiff; brown; moist; trace GRAVEL; some fine SAND; 

little fine SAND.

GRAVELLY fat CLAY with SAND (CH); stiff; dark brown; moist; some GRAVEL; 

plasticity fines [FILL].

SILTY SAND (SM); medium dense; brown; few GRAVEL; fine SAND; some low 

fine SAND; some low plasticity fines [FILL].

SILTY SAND with GRAVEL (SM); brown; moist; little fine GRAVEL; mostly 

GWS

01-26-11

PP=4.0 tsf.M UW

01-26-11

Hammer Efficiency Ratio (ERi) = 75%

Terminated at Elev 868.80
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9 1008
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2

RW NO. 100 LOL

"HM-1" LINE
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TO VENTURA

4
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RW LOL 14+29.77 EC =

END RW NO. 100
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CR
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UW

01-27-11

Hammer Efficiency Ratio (ERi) = 75%

A-11-014

8"
Elev 916.80
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0
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+
0
1
.
6
0

ASPHALT Pavement 4"; Base (Gravel) 20".

Very stiff.

PP>4.5 tsf.

PP>4.5 tsf.

26 1.4

2.567

30 1.4

2.575/12

1.422

2.547

fine SAND; low plasticity fines [FILL].

SANDY SILT with GRAVEL (ML); brown; moist; little fine GRAVEL; 

little fine SAND; low  to medium plasticity fines.

SILTY CLAY with SAND (CL-ML); hard; brown; moist; little GRAVEL; 

fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

some low plasticity fines.

SILTY SAND (SM); very dense; brown; moist; trace GRAVEL; fine SAND; 

some low plasticity fines.

SILTY SAND (SM); dense; brown; moist; medium to fine SAND; 

fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); hard; yellowish brown; moist; few fine GRAVEL; 

Terminated at Elev 885.30
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UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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DISREGARD PRINTS BEARING

EARLIER REVISION DATES                                        10/12/11         

SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 04/22/11 1005/11/12

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and



N50°53’28"W

34 2

910

900

890

880

870

920

860

850

910

900

890

880

870

920

840

N50°53’28"W

100 1

NOTE:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

TO VENTURA

4 1056 8 9

   and Presentation Manual (June 2010).

   and Rock Logging, Classification,

   accordance with the Caltrans Soil 

1.  This LOTB sheet was prepared in 
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SB ROUTE 101TO LOS ANGELES

"HM-4" LINE

860

850

840

930 930

3

32.81’ Lt "HM-4" 104+40.00

109.92’ Lt "A" 104+44.30 =

Beg RW No. 105 LOL 10+00.00 =

N46°01’02"W

N46°01’02"W

NB ROUTE 101

02/01/11 & 02/02/11

9105 7 110

91.81’ Lt "A" 110+72.00

END RW No. 105 LOL 16+28.48 =

16+00

10+00
11+00

12+00 13+00 14+00 15+00

RW No. 105 LOL
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PROFILE

Vert: 1"=10’

Horz:1"=50’

PLAN

1"=50’

K. RADHAKRISHNAN & J. LEE
N. MORALES

J. LEE

BENCHMARKS AND DATUM

GE2660

PING TIAN

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 

STATIONING "A" Line

12/31/13
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 510/12/11

SB OFF-RAMP

"A" LINE

8"

A-11-018

8"

A-11-019

3 4 105 6 7 8 9 110 1 2

3
4

105

2.565

40 1.4

2.555

27 1.4

2.555

63 1.4

A-11-018

Elev 915.90

S
t
a
 
1
0
5

+
8
4
.
6
0

8
5
.
1
0
’
 
L
t
 
"

A
"
 
L
I

N
E

ASPHALT Pavement (Shoulder) 5".

Fat CLAY (CH); hard; brown; moist; trace SAND.

PP>4.5 tsf.

02-02-11

Hammer Efficiency Ratio ERi = 75%

Terminated at Elev 884.40

8"

M UW

UWM

PI

M UW

SILTY SAND (SM); olive brown; moist; coarse to fine SAND;

little fines [FILL].

SILTY CLAY (CL-ML); hard; brown; moist; low plasticity fines 

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 
little GRAVEL; coarse to fine SAND; some fines.

little GRAVEL; coarse to fine SAND; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

[OLDER ALLUVIUM]. PP>4.5 tsf.

Lean CLAY (CL); hard; brown; moist; trace SAND; medium plasticity

fines. PP>4.5 tsf.

A-11-019

8
2
.
7
0
’
 
L
t
 
"

A
"
 
L
I

N
E

S
t
a
 
 
1
0
9

+
3
7
.
8
0

Elev 916.10

50/3

30

60

42

50/6

53

68

35

50/3

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

Terminated at Elev 869.10

Hammer Efficiency Ratio ERi = 75%

02-01-11

ASPHALT Pavement (Shoulder) 6".

Fat CLAY with SAND (CH); hard; brown; moist; trace GRAVEL; little SAND.

PP>4.5 tsf.

PP>4.5 tsf; UU=4.7 tsf.

PP>4.5 tsf.

8"

M UW

PI

M UW UU

CR

M UW

M UW

PA

M UW

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

little GRAVEL; coarse to fine SAND; some fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

little GRAVEL; coarse to fine SAND; some medium plasticity fines.
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SHEET OFUNIT:

PROJECT NUMBER & PHASE:

REVISION DATES

CONTRACT NO.:

3573

0700000201 07-1952U1 510/12/11

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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PROJECT NUMBER & PHASE:
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CONTRACT NO.:

3573

0700000201 07-1952U1 510/12/11

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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    borings A-11-023 and A-11-024.

2.   Groundwater was not encountered in 
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NOTES:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

    elevation was not measured.

    borings A-____ and A-_____, but 
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published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 
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(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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10+00 11+00 12+00 13+00 14+00 15+00 16+00 17+00 18+00

6 7 8 9 120 1 2 3 4 125

10+00 11+00 12+00 13+00 14+00 15+00 16+00 17+00 18+00 18+4018+40

8"

A-11-023

8"

A-11-024

SW No. 102

RW No. 116

NB ROUTE 101

SB ROUTE 101

"A" LINE

8" 8"

A-11-025 A-11-026

RW No. 116

ASPHALT Pavement (Shoulder) 4".

Lean CLAY (CL); hard; very dark brown; moist.

PP=4.5 tsf.

01-27-11

Terminated at Elev 880.80

A-11-023

8"
Elev 913.80

UWM PI

PA35

31

1.4

2.5

1.4

2.5

1.4

2.5

little GRAVEL; coarse to fine SAND; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

SAND; some fines [FILL].

SILTY SAND (SM); brown; moist; trace fine GRAVEL; coarse to fine 

some GRAVEL; coarse to fine SAND; little fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); dense; yellowish brown; moist; 

Hammer Efficiency Ratio ERi = 75%

50/5

50/5

50/3

50/3

8
4
.
5
0
’
 
R
t
 
"

A
"
 
L
I

N
E

S
t
a
 
1
1
5

+
9
8
.
0
0

ASPHALT Pavement (Shoulder) 4".

Lean CLAY (CL); very dark brown; moist; medium plasticity fines.

01-28-11

Terminated at Elev 882.00

A-11-024

8"
Elev 912.00

UWM

UWM PA

PA

UWM

65

68

41

27

2.5

1.4

2.5

1.4
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1.450/0

84/11

little GRAVEL; coarse to fine SAND; some fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist; 

SAND; little medium plasticity fines.

CLAYEY GRAVEL with SAND (GC); dense; moist; some coarse to fine 

coarse to fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

Hammer Efficiency Ratio ERi = 75%
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NOTES:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

    elevation was not measured.
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American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.
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ASPHALT Pavement 8"; Base (Gravel & Top Soil) 16".

Hard.

PP>4.0 tsf.

PP>4.5 tsf.

Olive brown; no GRAVEL.

Little GRAVEL.

01-28-11

Terminated at Elev 856.90

A-11-026

8"
Elev 908.40

UWM

CR

PI UU

UWM

UWM

UW

UW

PA

M

M

47

63

51

55

34

45

59

65

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

78/12

74/11

SAND; low plasticity fines [FILL].

SANDY SILT (ML); brown; moist; few coarse to fine GRAVEL; some fine 

GRAVEL; fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; light olive brown; moist; little 

low plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; few SAND; 

fine SAND; some low plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

SAND; low plasticity fines [RECENT ALLUVIUM].

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; few fine 

Hammer Efficiency Ratio ERi = 75%
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ASPHALT Pavement 8"; Base (Gravel) 16".

Dense.

PP>4.5 tsf.

PP>4.5 tsf.

01-27-11

Terminated at Elev 878.80

A-11-025

8"
Elev 910.30

UWM

UW

UW

M

M

PA

38

42

41

54

29

1.4

2.5

1.4

2.5

1.4

2.576/11

GRAVEL; fine SAND; some low plasticity fines [FILL].

SILTY SAND with GRAVEL (SM); brown; moist; little coarse to fine 

few fine SAND; low plasticity fines; PP>4.5 tsf.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist; little GRAVEL; 

mostly low plasticity fines.

SILT (ML); hard; brown; moist; trace GRAVEL; trace fine SAND; 

medium plasticity fines.

SANDY lean CLAY (CL); hard; yellowish brown; moist; few fine GRAVEL; 

low plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; little SAND; 

Hammer Efficiency Ratio ERi = 75%
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2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 
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0700000201 07-1952U1 04/22/11 1005/11/12

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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    elevation was not measured.

    borings A-____ and A-_____, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,
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1.   This LOTB sheet was prepared in 
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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PLAN

1"=50’
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Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

CORRECTION FACTOR:

NOTES:

LOG OF TEST BORINGS 1 OF 4
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    borings A-11-027 and A-11-028.

2.   Groundwater was not encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 
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Horz:1"=50’
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BENCHMARKS AND DATUM

FOR PLAN VIEW, SEE "LOG OF TEST BORINGS 1 OF 4" SHEET.

GE2660

PING TIAN

of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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10+00 11+00 12+00 13+00 14+00 15+00 16+00 17+00 18+00 19+00 20+00 21+00

2 3 4 135 6 7 8 9 140 1 2 3

8"

A-11-027

SW No. 130

RW No. 132

8" 8" 8"

A-11-028 A-11-029 A-11-030

RW No. 132

ASPHALT Pavement (Shoulder) 5".

Medium dense.

Dense.

Very dense.

Dark gray.

01-28-11

Terminated at Elev 846.50

A-11-028

8"
Elev 882.50

UWM

UW

UW

UW

M

PA

M

M

PI

86/10

23

44

45

60

26

60/6

2.5

1.4

2.5

1.4

2.5

1.4

2.5

some fines [FILL].

SILTY SAND with GRAVEL (SM); brown; moist; coarse to fine SAND; 

little GRAVEL; coarse to fine SAND; some fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); very dense; reddish brown; moist; 

few coarse to fine GRAVEL.

Lean CLAY with GRAVEL (CL); hard; very dark brown; moist; 

Hammer Efficiency Ratio ERi = 75%
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ASPHALT Pavement 8"; Base (Gravel) 16".

Hard; olive brown.

PP=3.0 tsf.

Little GRAVEL; little SAND.

01-27-11

Terminated at Elev 856.10

A-11-027

8"
Elev 887.60

UWM

M UW

PIPA

M UW

CRM
34

27

18

32

34

70

1.4

2.5

1.4

2.5

1.4

2.5

low plasticity fines [FILL].

SANDY SILT (ML); brown; moist; few fine GRAVEL; some fine SAND; 

low plasticity fines.

SANDY SILT (ML); hard; brown; moist; trace fine GRAVEL; fine SAND; 

GRAVEL; few fine SAND; low  to medium plasticity fines.

SILTY CLAY with GRAVEL (CL-ML); very stiff; brown; moist; little fine 

little fine GRAVEL; medium to fine SAND.

SANDY lean CLAY with GRAVEL (CL); very stiff; dark brown; moist;

SAND; mostly low plasticity fines; PP>4.5 tsf.

SILT with GRAVEL (ML); hard; brown; moist; little GRAVEL; trace fine 

fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

Hammer Efficiency Ratio ERi = 75%
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    borings A-11-029 and A-11-030.

2.   Groundwater was not encountered in 
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Horz:1"=50’

NOTES:

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

    elevation was not measured.

    borings A-____ and A-_____, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 
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J. LEE

BENCHMARKS AND DATUM

FOR PLAN VIEW, SEE "LOG OF TEST BORINGS 1 OF 4" SHEET.
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of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
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ASPHALT Pavement 8"; Base (Gravel) 16".

Medium dense.

Very dense.
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Terminated at Elev 867.80
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little GRAVEL; coarse to fine SAND; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; yellowish brown; moist;
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UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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LOG OF TEST BORINGS 4 OF 401/29/11 & 02/01/11
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GS GEOTECHNICAL LOG OF TEST BORINGS SHEET (ENGLISH) (REV. 7/16/10)

DATE

3.3/3.8
           
R0.1/R4.5

101, 23VEN7

Richard Hartzell

THOUSAND OAKS, CA 91362
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1000 WILSHIRE BLVD, 21ST FLOOR
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and



RETAINING WALL NO. 226

02/01/11 & 02/04/11

53

R-8LOG OF TEST BORINGS 1 OF 3

NB ROUTE 101

CORRECTION FACTOR:

Penetration Test Sampler blow count.

Sampler blow count to equivalent Standard 

to convert from California Modified Ring 

A multiplication factor 0.65 was used 

PLAN

1"=50’

"MR-1" LINE

TO LOS ANGELES

TO VENTURA

    was not measured.

    boring R-11-010, but elevation 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,
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1.   This LOTB sheet was prepared in 
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of the bridge deck.

and  2 ft northeast of the southwest end 

Freeway 101 and Hampshire Rd on top of 

Survey Disk  at the intersection of 

 

AA3346    Elev  922.40  (Adj 1995)

AA3205    Elev  747.56  (Adj 1995)

AA3348    Elev  953.66  (Adj 1995)

AA3344    Elev  830.93  (Adj 1995)

 

published by the National Geodetic Survey.

locally determined by the following  benchmarks  

American Vertical Datum of 1988 (NAVD88) 

Vertical control is based on the North 

 

Caltrans Survey Request 94-156.

by points 5434,5433,5435, and 5441 from 

Zone 5 epoch 1991.35, locally determined 

(NAD83) California Coordinate System 

on the North American Datum of 1983 

The horizontal coordinates are based 
NOTES:

BENCHMARKS AND DATUM

9 2230 1

740

730

720

710

700

690

680

670

660

650

740

730

720

710

700

690

680

670

660

650

640640

536 98 1225 7 230

02-04-11

Hammer Efficiency Ratio (ERi) = 75%

PI

31

73

22

21

11

20

0

push

8

30

14

65

62

50/3

50/3

50/2

50/4

50/3

50/4

M

PA

M

PA

M

PA

M

UU

PA

PA

M

PA

UW

UW

UW

UW

PI

UW

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.9

1.4

2.5

1.4

2.5

1.4

2.5

1.4

2.5

1.4

1.4

1.4

C PA

6"Elev 743.80

Terminated at Elev 647.30

ASPHALT Pavement 8"; Base (Gravel) 16".

Very dense; encountered large GRAVEL and COBBLES.

Medium dense.

Little fine GRAVEL.

coarse to fine SAND; some medium plasticity fines [FILL].

CLAYEY SAND with GRAVEL (SC); dense; brown; moist; little GRAVEL; 

some coarse to fine SAND; medium plasticity fines.

SANDY lean CLAY (CL); very soft; dark gray; moist; trace GRAVEL; 

[RECENT ALLUVIUM].

some coarse to fine SAND; medium plasticity fines 

SANDY lean CLAY (CL); stiff; dark gray; moist; few GRAVEL; 

coarse to fine SAND; little low plasticity fines.

SILTY SAND with GRAVEL (SM); gray; wet; little fine GRAVEL; 

coarse to fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; wet; little GRAVEL; 

medium plasticity fines.

SANDY lean CLAY (CL); stiff; dark gray; wet; some fine SAND; 

mostly fine SAND; some low plasticity fines.

SILTY SAND (SM); dense; brown; wet; few coarse to fine GRAVEL; 

coarse to fine SAND; some medium plasticity fines [OLDER ALLUVIUM].

CLAYEY SAND (SC); very dense; dark gray; wet; few GRAVEL; 

wet; mostly coarse GRAVEL; some fine SAND; few low plasticity fines.

Poorly graded GRAVEL with SILT and SAND (GP-GM); very dense; brown; 

A-11-031

Terminated at Elev 680.50

02-01-11

Elev 699.00

02-01-11

GWS

Elev 732.00
ASPHALT Pavement 8"; Base (Gravel) 16".

Very stiff.

PP=3.0 tsf.

PP=2.5 tsf.

Yellowish brown.

PP=1.25 tsf.

some fine SAND; medium plasticity fines [FILL].

SANDY SILTY CLAY (CL-ML); gray; moist; few coarse to fine GRAVEL; 

little low plasticity fines.

SILTY SAND (SM); medium dense; brown; wet; trace GRAVEL; fine SAND;

SAND; medium plasticity fines.

Lean CLAY with SAND (CL); stiff; dark grayish brown; wet; some fine 

little GRAVEL; fine SAND; some high plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; dark olive brown; moist;

medium plasticity fines.

SANDY lean CLAY (CL); very stiff; dark olive gray; moist; fine SAND; 

GRAVEL; fine SAND; some low plasticity fines.

CLAYEY SAND (SC); medium dense; brown; moist; few coarse to fine

GRAVEL; fine SAND; medium plasticity fines [RECENT ALLUVIUM].

SANDY lean CLAY (CL); very stiff; yellowish brown; moist; trace fine 
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UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

or as noted

P = push sample,

(per ASTM 1586-99),

SPT N-Value

Casing driven

Top Hole El.

L
o
c
a
t
i
o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
t
i
o
n
 

Hole I.D.

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
t
i
o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o
c
a
t
i
o
n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

on tip element.

pressure measured

area) divided by 

element (34.88 in

along sleeve friction

Pressure measured

Pressure measured

(2.33 in  area)

Terminated at Elev
Terminated at Elev

(inches)

Size of Sampler 

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

little finger pressure.

Crumbles or breaks with handling or 

finger pressure.

Crumbles or breaks with considerable 

pressure.

Will not crumble or break with finger 

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol Description

A 

D

O

Type

Hole

BOREHOLE IDENTIFICATION

S
i
z
e

S
i
z
e

Size

CPT

HA

HD 

Hand Auger

Hand driven (1-inch soil tube)

Rotary drilled diamond coreR

Other (note on LOTB)

bucket)

Auger Boring (hollow or solid stem 
Size

P

RC

RW

R 

Rotary percussion boring (air)

Rotary core with continuously-sampled, self-casing wire-line

Rotary drilled with self-casing wire-line

Rotary drilled boring (conventional)
Less than 0.25 Less than 0.12

3 1

(tsf)

Shear Strength

0.12 - 0.25

Less than 0.12

drop or as noted)

hammer with a 12 in.

(Using 28 lb hand 

Blows per 12 in.

cone, or as noted)

hammer and a 2.2 in.

MB 156 percussion

(using a Stanley

seconds per 12 in.

Driving rate in

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Measurement, PP, (tsf)

Penetrometer

Pocket

Measurement, TV, (tsf)

Torvane

Measurement, VS, (tsf)

Vane Shear

Tip Bearing (Tsf)
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    elevation was not measured.

    borings R-11-007 and R-11-008, but 

2.   Groundwater was encountered in 

 

    and Presentation Manual (June 2010).

    and Rock Logging, Classification,

    accordance with the Caltrans Soil 

1.   This LOTB sheet was prepared in 
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ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

TESTING

FIELD AND LABORATORY

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

(CTM 643, CTM 422, CTM 417)

Corrosivity Testing 

Triaxial (ASTM D 4767)

Consolidated Undrained 

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Liquid Limit (AASHTO T 89)

Plasticity Index (AASHTO T 90) 

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Triaxial (ASTM D 2850)

Unconsolidated Undrained 

Unit Weight (ASTM D 4767)

UC
(ASTM D 2166)

Unconfined Compression-Soil

(ASTM D 2938)

Unconfined Compression-Rock

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

be less than 5%

Particles are present but estimated to 

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

50

30

10

5

30

10

5

0

-

-

-

-

Greater than 50Very Dense

Dense

Medium Dense

Loose

Very Loose

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and



 

TBG101011023944SCO/REVISED_FINAL-101_23_GDR.DOCX/121350003   

Appendix G 
Engineering Calculations 
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Appendix G.1 
Liquefaction and Seismic Settlement Calculations 
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CH2M HILL

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Hampshire Road UC Plate A-1

Hole No.=A-11-001    Water Depth=34.9 ft    Surface Elev.=921.9 Magnitude=7

Acceleration=0.48g

(ft)
0

15

30

45

60

75

90

105

clayey sand

clay

clayey sand

clayey sand

clayey sand

sandy clay

clayey gravel

silty sand

Shear Stress Ratio

CRR              CSR  fs1
Shaded Zone has Liquefaction Potential

0 1
Soil DescriptionFactor of Safety

0 51
Settlement

Saturated
Unsaturat.

S = 0.00 in.

0 (in.) 1

fs1=1



A-11-001.cal
    
************************************************************************************
*******************
                                    LIQUEFACTION ANALYSIS CALCULATION DETAILS       
        
                                          Copyright by CivilTech Software     
                                               www.civiltechsoftware.com            
    
    
************************************************************************************
*******************

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 10/20/2011 11:28:58 AM

Input File Name: 
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Hampshire Rd UC\Analysis\Liquefaction\A-11-001.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Hampshire Road UC

 Input Data:
Surface Elev.=921.9
Hole No.=A-11-001
Depth of Hole=85.00 ft
Water Table during Earthquake= 34.90 ft
Water Table during In-Situ Testing= 38.00 ft
Max. Acceleration=0.48 g
Earthquake Magnitude=7.00
No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   
1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu/Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Average two input data between two Depths: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT Gamma Fines
ft pcf %
__________________________________
0.00 13.00 115.00 26.00
10.00 10.00 115.00 26.00
15.00 13.00 115.00 26.00
20.00 9.00 115.00 NoLiq
25.00 19.00 125.00 NoLiq
30.00 15.00 125.00 NoLiq
35.00 16.00 125.00 NoLiq
40.00 20.00 120.00 NoLiq
45.00 9.00 120.00 NoLiq
50.00 10.00 120.00 NoLiq
55.00 12.00 120.00 NoLiq
60.00 9.00 120.00 NoLiq
65.00 100.00 120.00 NoLiq
70.00 62.00 125.00 NoLiq
75.00 49.00 125.00 25.00
80.00 78.00 125.00 23.00
85.00 100.00 125.00 23.00

Page 1

A-11-001.cal
__________________________________

 Output Results:
Calculation segment, dz=0.050 ft
User defined Print Interval, dp=0.50 ft

Acceleration Amplification:
  a(z)=a_max-mZ=a0+m(H-z),  a_max=a0+mH,  m=(a_max-a0)/H
User defined a0 (acceleration at bottom of profile) = 0.000 g
Maximum acceleration on surface, a_max = 0.480 g
amplification factor, m = 0.000
Depth of a0,  H = 85.00

CSR Calculation:
Depth gamma sigma gamma' sigma'  rd mZ a(z) CSR x 

fs1 =CSRfs
ft pcf atm pcf atm  g g

____________________________________________________________________________________
_

0.00 115.00 0.000 115.00 0.000 1.00 0.000 0.480 0.31 1.00
0.31

0.50 115.00 0.027 115.00 0.027 1.00 0.000 0.480 0.31 1.00
0.31

1.00 115.00 0.054 115.00 0.054 1.00 0.000 0.480 0.31 1.00
0.31

1.50 115.00 0.082 115.00 0.082 1.00 0.000 0.480 0.31 1.00
0.31

2.00 115.00 0.109 115.00 0.109 1.00 0.000 0.480 0.31 1.00
0.31

2.50 115.00 0.136 115.00 0.136 0.99 0.000 0.480 0.31 1.00
0.31

3.00 115.00 0.163 115.00 0.163 0.99 0.000 0.480 0.31 1.00
0.31

3.50 115.00 0.190 115.00 0.190 0.99 0.000 0.480 0.31 1.00
0.31

4.00 115.00 0.217 115.00 0.217 0.99 0.000 0.480 0.31 1.00
0.31

4.50 115.00 0.245 115.00 0.245 0.99 0.000 0.480 0.31 1.00
0.31

5.00 115.00 0.272 115.00 0.272 0.99 0.000 0.480 0.31 1.00
0.31

5.50 115.00 0.299 115.00 0.299 0.99 0.000 0.480 0.31 1.00
0.31

6.00 115.00 0.326 115.00 0.326 0.99 0.000 0.480 0.31 1.00
0.31

6.50 115.00 0.353 115.00 0.353 0.98 0.000 0.480 0.31 1.00
0.31

7.00 115.00 0.380 115.00 0.380 0.98 0.000 0.480 0.31 1.00
0.31

7.50 115.00 0.408 115.00 0.408 0.98 0.000 0.480 0.31 1.00
0.31

8.00 115.00 0.435 115.00 0.435 0.98 0.000 0.480 0.31 1.00
0.31

8.50 115.00 0.462 115.00 0.462 0.98 0.000 0.480 0.31 1.00
0.31

9.00 115.00 0.489 115.00 0.489 0.98 0.000 0.480 0.31 1.00
0.31

9.50 115.00 0.516 115.00 0.516 0.98 0.000 0.480 0.31 1.00
0.31

10.00 115.00 0.543 115.00 0.543 0.98 0.000 0.480 0.30 1.00
0.30
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10.50 115.00 0.571 115.00 0.571 0.98 0.000 0.480 0.30 1.00

0.30
11.00 115.00 0.598 115.00 0.598 0.97 0.000 0.480 0.30 1.00

0.30
11.50 115.00 0.625 115.00 0.625 0.97 0.000 0.480 0.30 1.00

0.30
12.00 115.00 0.652 115.00 0.652 0.97 0.000 0.480 0.30 1.00

0.30
12.50 115.00 0.679 115.00 0.679 0.97 0.000 0.480 0.30 1.00

0.30
13.00 115.00 0.706 115.00 0.706 0.97 0.000 0.480 0.30 1.00

0.30
13.50 115.00 0.734 115.00 0.734 0.97 0.000 0.480 0.30 1.00

0.30
14.00 115.00 0.761 115.00 0.761 0.97 0.000 0.480 0.30 1.00

0.30
14.50 115.00 0.788 115.00 0.788 0.97 0.000 0.480 0.30 1.00

0.30
15.00 115.00 0.815 115.00 0.815 0.97 0.000 0.480 0.30 1.00

0.30
15.50 115.00 0.842 115.00 0.842 0.96 0.000 0.480 0.30 1.00

0.30
16.00 115.00 0.869 115.00 0.869 0.96 0.000 0.480 0.30 1.00

0.30
16.50 115.00 0.897 115.00 0.897 0.96 0.000 0.480 0.30 1.00

0.30
17.00 115.00 0.924 115.00 0.924 0.96 0.000 0.480 0.30 1.00

0.30
17.50 115.00 0.951 115.00 0.951 0.96 0.000 0.480 0.30 1.00

0.30
18.00 115.00 0.978 115.00 0.978 0.96 0.000 0.480 0.30 1.00

0.30
18.50 115.00 1.005 115.00 1.005 0.96 0.000 0.480 0.30 1.00

0.30
19.00 115.00 1.033 115.00 1.033 0.96 0.000 0.480 0.30 1.00

0.30
19.50 115.00 1.060 115.00 1.060 0.95 0.000 0.480 0.30 1.00

0.30
20.00 115.00 1.087 115.00 1.087 0.95 0.000 0.480 0.30 1.00

0.30
20.50 116.00 1.114 116.00 1.114 0.95 0.000 0.480 0.30 1.00

0.30
21.00 117.00 1.142 117.00 1.142 0.95 0.000 0.480 0.30 1.00

0.30
21.50 118.00 1.169 118.00 1.169 0.95 0.000 0.480 0.30 1.00

0.30
22.00 119.00 1.197 119.00 1.197 0.95 0.000 0.480 0.30 1.00

0.30
22.50 120.00 1.226 120.00 1.226 0.95 0.000 0.480 0.30 1.00

0.30
23.00 121.00 1.254 121.00 1.254 0.95 0.000 0.480 0.30 1.00

0.30
23.50 122.00 1.283 122.00 1.283 0.95 0.000 0.480 0.29 1.00

0.29
24.00 123.00 1.312 123.00 1.312 0.94 0.000 0.480 0.29 1.00

0.29
24.50 124.00 1.341 124.00 1.341 0.94 0.000 0.480 0.29 1.00

0.29
25.00 125.00 1.370 125.00 1.370 0.94 0.000 0.480 0.29 1.00

0.29
25.50 125.00 1.400 125.00 1.400 0.94 0.000 0.480 0.29 1.00

0.29
26.00 125.00 1.429 125.00 1.429 0.94 0.000 0.480 0.29 1.00
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26.50 125.00 1.459 125.00 1.459 0.94 0.000 0.480 0.29 1.00
0.29

27.00 125.00 1.488 125.00 1.488 0.94 0.000 0.480 0.29 1.00
0.29

27.50 125.00 1.518 125.00 1.518 0.94 0.000 0.480 0.29 1.00
0.29

28.00 125.00 1.547 125.00 1.547 0.93 0.000 0.480 0.29 1.00
0.29

28.50 125.00 1.577 125.00 1.577 0.93 0.000 0.480 0.29 1.00
0.29

29.00 125.00 1.607 125.00 1.607 0.93 0.000 0.480 0.29 1.00
0.29

29.50 125.00 1.636 125.00 1.636 0.93 0.000 0.480 0.29 1.00
0.29

30.00 125.00 1.666 125.00 1.666 0.93 0.000 0.480 0.29 1.00
0.29

30.50 125.00 1.695 125.00 1.695 0.93 0.000 0.480 0.29 1.00
0.29

31.00 125.00 1.725 125.00 1.725 0.92 0.000 0.480 0.29 1.00
0.29

31.50 125.00 1.754 125.00 1.754 0.92 0.000 0.480 0.29 1.00
0.29

32.00 125.00 1.784 125.00 1.784 0.91 0.000 0.480 0.29 1.00
0.29

32.50 125.00 1.813 125.00 1.813 0.91 0.000 0.480 0.28 1.00
0.28

33.00 125.00 1.843 125.00 1.843 0.91 0.000 0.480 0.28 1.00
0.28

33.50 125.00 1.872 125.00 1.872 0.90 0.000 0.480 0.28 1.00
0.28

34.00 125.00 1.902 125.00 1.902 0.90 0.000 0.480 0.28 1.00
0.28

34.50 125.00 1.931 125.00 1.931 0.89 0.000 0.480 0.28 1.00
0.28

35.00 125.00 1.961 62.60 1.959 0.89 0.000 0.480 0.28 1.00
0.28

35.50 124.50 1.990 62.10 1.974 0.89 0.000 0.480 0.28 1.00
0.28

36.00 124.00 2.020 61.60 1.989 0.88 0.000 0.480 0.28 1.00
0.28

36.50 123.50 2.049 61.10 2.003 0.88 0.000 0.480 0.28 1.00
0.28

37.00 123.00 2.078 60.60 2.018 0.87 0.000 0.480 0.28 1.00
0.28

37.50 122.50 2.107 60.10 2.032 0.87 0.000 0.480 0.28 1.00
0.28

38.00 122.00 2.136 59.60 2.046 0.86 0.000 0.480 0.28 1.00
0.28

38.50 121.50 2.165 59.10 2.060 0.86 0.000 0.480 0.28 1.00
0.28

39.00 121.00 2.193 58.60 2.074 0.86 0.000 0.480 0.28 1.00
0.28

39.50 120.50 2.222 58.10 2.088 0.85 0.000 0.480 0.28 1.00
0.28

40.00 120.00 2.250 57.60 2.102 0.85 0.000 0.480 0.28 1.00
0.28

40.50 120.00 2.279 57.60 2.115 0.84 0.000 0.480 0.28 1.00
0.28

41.00 120.00 2.307 57.60 2.129 0.84 0.000 0.480 0.28 1.00
0.28

41.50 120.00 2.336 57.60 2.142 0.84 0.000 0.480 0.28 1.00
0.28
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42.00 120.00 2.364 57.60 2.156 0.83 0.000 0.480 0.28 1.00

0.28
42.50 120.00 2.392 57.60 2.170 0.83 0.000 0.480 0.28 1.00

0.28
43.00 120.00 2.421 57.60 2.183 0.82 0.000 0.480 0.29 1.00

0.29
43.50 120.00 2.449 57.60 2.197 0.82 0.000 0.480 0.29 1.00

0.29
44.00 120.00 2.477 57.60 2.210 0.82 0.000 0.480 0.29 1.00

0.29
44.50 120.00 2.506 57.60 2.224 0.81 0.000 0.480 0.29 1.00

0.29
45.00 120.00 2.534 57.60 2.238 0.81 0.000 0.480 0.29 1.00

0.29
45.50 120.00 2.562 57.60 2.251 0.80 0.000 0.480 0.29 1.00

0.29
46.00 120.00 2.591 57.60 2.265 0.80 0.000 0.480 0.29 1.00

0.29
46.50 120.00 2.619 57.60 2.278 0.80 0.000 0.480 0.29 1.00

0.29
47.00 120.00 2.647 57.60 2.292 0.79 0.000 0.480 0.29 1.00

0.29
47.50 120.00 2.676 57.60 2.306 0.79 0.000 0.480 0.29 1.00

0.29
48.00 120.00 2.704 57.60 2.319 0.78 0.000 0.480 0.28 1.00

0.28
48.50 120.00 2.732 57.60 2.333 0.78 0.000 0.480 0.28 1.00

0.28
49.00 120.00 2.761 57.60 2.347 0.78 0.000 0.480 0.28 1.00

0.28
49.50 120.00 2.789 57.60 2.360 0.77 0.000 0.480 0.28 1.00

0.28
50.00 120.00 2.818 57.60 2.374 0.77 0.000 0.480 0.28 1.00

0.28
50.50 120.00 2.846 57.60 2.387 0.76 0.000 0.480 0.28 1.00

0.28
51.00 120.00 2.874 57.60 2.401 0.76 0.000 0.480 0.28 1.00

0.28
51.50 120.00 2.903 57.60 2.415 0.75 0.000 0.480 0.28 1.00

0.28
52.00 120.00 2.931 57.60 2.428 0.75 0.000 0.480 0.28 1.00

0.28
52.50 120.00 2.959 57.60 2.442 0.75 0.000 0.480 0.28 1.00

0.28
53.00 120.00 2.988 57.60 2.455 0.74 0.000 0.480 0.28 1.00

0.28
53.50 120.00 3.016 57.60 2.469 0.74 0.000 0.480 0.28 1.00

0.28
54.00 120.00 3.044 57.60 2.483 0.73 0.000 0.480 0.28 1.00

0.28
54.50 120.00 3.073 57.60 2.496 0.73 0.000 0.480 0.28 1.00

0.28
55.00 120.00 3.101 57.60 2.510 0.73 0.000 0.480 0.28 1.00

0.28
55.50 120.00 3.129 57.60 2.523 0.72 0.000 0.480 0.28 1.00

0.28
56.00 120.00 3.158 57.60 2.537 0.72 0.000 0.480 0.28 1.00

0.28
56.50 120.00 3.186 57.60 2.551 0.71 0.000 0.480 0.28 1.00

0.28
57.00 120.00 3.214 57.60 2.564 0.71 0.000 0.480 0.28 1.00

0.28
57.50 120.00 3.243 57.60 2.578 0.71 0.000 0.480 0.28 1.00
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58.00 120.00 3.271 57.60 2.591 0.70 0.000 0.480 0.28 1.00
0.28

58.50 120.00 3.300 57.60 2.605 0.70 0.000 0.480 0.28 1.00
0.28

59.00 120.00 3.328 57.60 2.619 0.69 0.000 0.480 0.28 1.00
0.28

59.50 120.00 3.356 57.60 2.632 0.69 0.000 0.480 0.27 1.00
0.27

60.00 120.00 3.385 57.60 2.646 0.69 0.000 0.480 0.27 1.00
0.27

60.50 120.00 3.413 57.60 2.660 0.68 0.000 0.480 0.27 1.00
0.27

61.00 120.00 3.441 57.60 2.673 0.68 0.000 0.480 0.27 1.00
0.27

61.50 120.00 3.470 57.60 2.687 0.67 0.000 0.480 0.27 1.00
0.27

62.00 120.00 3.498 57.60 2.700 0.67 0.000 0.480 0.27 1.00
0.27

62.50 120.00 3.526 57.60 2.714 0.67 0.000 0.480 0.27 1.00
0.27

63.00 120.00 3.555 57.60 2.728 0.66 0.000 0.480 0.27 1.00
0.27

63.50 120.00 3.583 57.60 2.741 0.66 0.000 0.480 0.27 1.00
0.27

64.00 120.00 3.611 57.60 2.755 0.65 0.000 0.480 0.27 1.00
0.27

64.50 120.00 3.640 57.60 2.768 0.65 0.000 0.480 0.27 1.00
0.27

65.00 120.00 3.668 57.60 2.782 0.65 0.000 0.480 0.27 1.00
0.27

65.50 120.50 3.696 58.10 2.796 0.64 0.000 0.480 0.26 1.00
0.26

66.00 121.00 3.725 58.60 2.809 0.64 0.000 0.480 0.26 1.00
0.26

66.50 121.50 3.754 59.10 2.823 0.63 0.000 0.480 0.26 1.00
0.26

67.00 122.00 3.782 59.60 2.837 0.63 0.000 0.480 0.26 1.00
0.26

67.50 122.50 3.811 60.10 2.851 0.62 0.000 0.480 0.26 1.00
0.26

68.00 123.00 3.840 60.60 2.866 0.62 0.000 0.480 0.26 1.00
0.26

68.50 123.50 3.869 61.10 2.880 0.62 0.000 0.480 0.26 1.00
0.26

69.00 124.00 3.899 61.60 2.895 0.61 0.000 0.480 0.26 1.00
0.26

69.50 124.50 3.928 62.10 2.909 0.61 0.000 0.480 0.26 1.00
0.26

70.00 125.00 3.957 62.60 2.924 0.60 0.000 0.480 0.26 1.00
0.26

70.50 125.00 3.987 62.60 2.939 0.60 0.000 0.480 0.25 1.00
0.25

71.00 125.00 4.017 62.60 2.954 0.60 0.000 0.480 0.25 1.00
0.25

71.50 125.00 4.046 62.60 2.968 0.59 0.000 0.480 0.25 1.00
0.25

72.00 125.00 4.076 62.60 2.983 0.59 0.000 0.480 0.25 1.00
0.25

72.50 125.00 4.105 62.60 2.998 0.58 0.000 0.480 0.25 1.00
0.25

73.00 125.00 4.135 62.60 3.013 0.58 0.000 0.480 0.25 1.00
0.25
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73.50 125.00 4.164 62.60 3.027 0.58 0.000 0.480 0.25 1.00

0.25
74.00 125.00 4.194 62.60 3.042 0.57 0.000 0.480 0.25 1.00

0.25
74.50 125.00 4.223 62.60 3.057 0.57 0.000 0.480 0.24 1.00

0.24
75.00 125.00 4.253 62.60 3.072 0.56 0.000 0.480 0.24 1.00

0.24
75.50 125.00 4.282 62.60 3.087 0.56 0.000 0.480 0.24 1.00

0.24
76.00 125.00 4.312 62.60 3.101 0.56 0.000 0.480 0.24 1.00

0.24
76.50 125.00 4.341 62.60 3.116 0.56 0.000 0.480 0.24 1.00

0.24
77.00 125.00 4.371 62.60 3.131 0.56 0.000 0.480 0.24 1.00

0.24
77.50 125.00 4.400 62.60 3.146 0.56 0.000 0.480 0.24 1.00

0.24
78.00 125.00 4.430 62.60 3.161 0.55 0.000 0.480 0.24 1.00

0.24
78.50 125.00 4.460 62.60 3.175 0.55 0.000 0.480 0.24 1.00

0.24
79.00 125.00 4.489 62.60 3.190 0.55 0.000 0.480 0.24 1.00

0.24
79.50 125.00 4.519 62.60 3.205 0.55 0.000 0.480 0.24 1.00

0.24
80.00 125.00 4.548 62.60 3.220 0.55 0.000 0.480 0.24 1.00

0.24
80.50 125.00 4.578 62.60 3.235 0.55 0.000 0.480 0.24 1.00

0.24
81.00 125.00 4.607 62.60 3.249 0.55 0.000 0.480 0.24 1.00

0.24
81.50 125.00 4.637 62.60 3.264 0.55 0.000 0.480 0.24 1.00

0.24
82.00 125.00 4.666 62.60 3.279 0.54 0.000 0.480 0.24 1.00

0.24
82.50 125.00 4.696 62.60 3.294 0.54 0.000 0.480 0.24 1.00

0.24
83.00 125.00 4.725 62.60 3.309 0.54 0.000 0.480 0.24 1.00

0.24
83.50 125.00 4.755 62.60 3.323 0.54 0.000 0.480 0.24 1.00

0.24
84.00 125.00 4.784 62.60 3.338 0.54 0.000 0.480 0.24 1.00

0.24
84.50 125.00 4.814 62.60 3.353 0.54 0.000 0.480 0.24 1.00

0.24
85.00 125.00 4.844 62.60 3.368 0.54 0.000 0.480 0.24 1.00

0.24

____________________________________________________________________________________
_

CSR is based on water table at 34.90 during earthquake

CRR Calculation from SPT or BPT data:
Depth SPT Cebs Cr sigma' Cn (N1)60 Fines d(N1)60

(N1)60f CRR7.5
ft atm %

____________________________________________________________________________________
_

0.00 13.00 1.05 0.75 0.000 1.70 17.40 26.00 5.04
22.44 0.25

0.50 12.85 1.05 0.75 0.027 1.70 17.20 26.00 5.04
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22.24 0.24

1.00 12.70 1.05 0.75 0.054 1.70 17.00 26.00 5.04
22.04 0.24

1.50 12.55 1.05 0.75 0.082 1.70 16.80 26.00 5.04
21.84 0.24

2.00 12.40 1.05 0.75 0.109 1.70 16.60 26.00 5.04
21.64 0.24

2.50 12.25 1.05 0.75 0.136 1.70 16.40 26.00 5.04
21.44 0.23

3.00 12.10 1.05 0.75 0.163 1.70 16.20 26.00 5.04
21.24 0.23

3.50 11.95 1.05 0.75 0.190 1.70 16.00 26.00 5.04
21.04 0.23

4.00 11.80 1.05 0.75 0.217 1.70 15.80 26.00 5.04
20.84 0.23

4.50 11.65 1.05 0.75 0.245 1.70 15.60 26.00 5.04
20.64 0.22

5.00 11.50 1.05 0.75 0.272 1.70 15.40 26.00 5.04
20.44 0.22

5.50 11.35 1.05 0.75 0.299 1.70 15.19 26.00 5.04
20.23 0.22

6.00 11.20 1.05 0.75 0.326 1.70 14.99 26.00 5.04
20.03 0.22

6.50 11.05 1.05 0.75 0.353 1.68 14.64 26.00 5.04
19.68 0.21

7.00 10.90 1.05 0.75 0.380 1.62 13.92 26.00 5.04
18.96 0.20

7.50 10.75 1.05 0.75 0.408 1.57 13.26 26.00 5.04
18.30 0.20

8.00 10.60 1.05 0.75 0.435 1.52 12.66 26.00 5.04
17.70 0.19

8.50 10.45 1.05 0.85 0.462 1.47 13.72 26.00 5.04
18.76 0.20

9.00 10.30 1.05 0.85 0.489 1.43 13.14 26.00 5.04
18.18 0.20

9.50 10.15 1.05 0.85 0.516 1.39 12.61 26.00 5.04
17.65 0.19

10.00 10.00 1.05 0.85 0.543 1.36 12.11 26.00 5.04
17.15 0.19

10.50 10.30 1.05 0.85 0.571 1.32 12.17 26.00 5.04
17.21 0.19

11.00 10.60 1.05 0.85 0.598 1.29 12.24 26.00 5.04
17.28 0.19

11.50 10.90 1.05 0.85 0.625 1.26 12.31 26.00 5.04
17.35 0.19

12.00 11.20 1.05 0.85 0.652 1.24 12.38 26.00 5.04
17.42 0.19

12.50 11.50 1.05 0.85 0.679 1.21 12.45 26.00 5.04
17.49 0.19

13.00 11.80 1.05 0.85 0.706 1.19 12.53 26.00 5.04
17.57 0.19

13.50 12.10 1.05 0.85 0.734 1.17 12.61 26.00 5.04
17.65 0.19

14.00 12.40 1.05 0.85 0.761 1.15 12.69 26.00 5.04
17.73 0.19

14.50 12.70 1.05 0.85 0.788 1.13 12.77 26.00 5.04
17.81 0.19

15.00 13.00 1.05 0.95 0.815 1.11 14.36 26.00 5.04
19.40 0.21

15.50 12.60 1.05 0.95 0.842 1.09 13.69 33.50 6.84
20.53 0.22

16.00 12.20 1.05 0.95 0.869 1.07 13.05 41.00 7.20
20.25 0.22
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16.50 11.80 1.05 0.95 0.897 1.06 12.43 48.50 7.20

19.63 0.21
17.00 11.40 1.05 0.95 0.924 1.04 11.83 56.00 7.20

19.03 0.21
17.50 11.00 1.05 0.95 0.951 1.03 11.25 63.50 7.20

18.45 0.20
18.00 10.60 1.05 0.95 0.978 1.01 10.69 NoLiq 7.20

17.89 0.19
18.50 10.20 1.05 0.95 1.005 1.00 10.15 NoLiq 7.20

17.35 0.19
19.00 9.80 1.05 0.95 1.033 0.98 9.62 NoLiq 7.20

16.82 0.18
19.50 9.40 1.05 0.95 1.060 0.97 9.11 NoLiq 7.20

16.31 0.18
20.00 9.00 1.05 0.95 1.087 0.96 8.61 NoLiq 7.20

15.81 0.17
20.50 10.00 1.05 0.95 1.114 0.95 9.45 NoLiq 7.20

16.65 0.18
21.00 11.00 1.05 0.95 1.142 0.94 10.27 NoLiq 7.20

17.47 0.19
21.50 12.00 1.05 0.95 1.169 0.92 11.07 NoLiq 7.20

18.27 0.20
22.00 13.00 1.05 0.95 1.197 0.91 11.85 NoLiq 7.20

19.05 0.21
22.50 14.00 1.05 0.95 1.226 0.90 12.61 NoLiq 7.20

19.81 0.21
23.00 15.00 1.05 0.95 1.254 0.89 13.36 NoLiq 7.20

20.56 0.22
23.50 16.00 1.05 0.95 1.283 0.88 14.09 NoLiq 7.20

21.29 0.23
24.00 17.00 1.05 0.95 1.312 0.87 14.81 NoLiq 7.20

22.01 0.24
24.50 18.00 1.05 0.95 1.341 0.86 15.51 NoLiq 7.20

22.71 0.25
25.00 19.00 1.05 0.95 1.370 0.85 16.19 NoLiq 7.20

23.39 0.26
25.50 18.60 1.05 0.95 1.400 0.85 15.68 NoLiq 7.20

22.88 0.25
26.00 18.20 1.05 0.95 1.429 0.84 15.19 NoLiq 7.20

22.39 0.25
26.50 17.80 1.05 0.95 1.459 0.83 14.70 NoLiq 7.20

21.90 0.24
27.00 17.40 1.05 0.95 1.488 0.82 14.23 NoLiq 7.20

21.43 0.23
27.50 17.00 1.05 0.95 1.518 0.81 13.76 NoLiq 7.20

20.96 0.23
28.00 16.60 1.05 1.00 1.547 0.80 14.01 NoLiq 7.20

21.21 0.23
28.50 16.20 1.05 1.00 1.577 0.80 13.55 NoLiq 7.20

20.75 0.22
29.00 15.80 1.05 1.00 1.607 0.79 13.09 NoLiq 7.20

20.29 0.22
29.50 15.40 1.05 1.00 1.636 0.78 12.64 NoLiq 7.20

19.84 0.21
30.00 15.00 1.05 1.00 1.666 0.77 12.20 NoLiq 7.20

19.40 0.21
30.50 15.10 1.05 1.00 1.695 0.77 12.18 NoLiq 7.20

19.38 0.21
31.00 15.20 1.05 1.00 1.725 0.76 12.15 NoLiq 7.20

19.35 0.21
31.50 15.30 1.05 1.00 1.754 0.76 12.13 NoLiq 7.20

19.33 0.21
32.00 15.40 1.05 1.00 1.784 0.75 12.11 NoLiq 7.20
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19.31 0.21

32.50 15.50 1.05 1.00 1.813 0.74 12.09 NoLiq 7.20
19.29 0.21

33.00 15.60 1.05 1.00 1.843 0.74 12.07 NoLiq 7.20
19.27 0.21

33.50 15.70 1.05 1.00 1.872 0.73 12.05 NoLiq 7.20
19.25 0.21

34.00 15.80 1.05 1.00 1.902 0.73 12.03 NoLiq 7.20
19.23 0.21

34.50 15.90 1.05 1.00 1.931 0.72 12.01 NoLiq 7.20
19.21 0.21

35.00 16.00 1.05 1.00 1.961 0.71 12.00 NoLiq 7.20
19.20 0.21

35.50 16.40 1.05 1.00 1.990 0.71 12.21 NoLiq 7.20
19.41 0.21

36.00 16.80 1.05 1.00 2.020 0.70 12.41 NoLiq 7.20
19.61 0.21

36.50 17.20 1.05 1.00 2.049 0.70 12.62 NoLiq 7.20
19.82 0.21

37.00 17.60 1.05 1.00 2.078 0.69 12.82 NoLiq 7.20
20.02 0.22

37.50 18.00 1.05 1.00 2.107 0.69 13.02 NoLiq 7.20
20.22 0.22

38.00 18.40 1.05 1.00 2.136 0.68 13.22 NoLiq 7.20
20.42 0.22

38.50 18.80 1.05 1.00 2.152 0.68 13.46 NoLiq 7.20
20.66 0.22

39.00 19.20 1.05 1.00 2.165 0.68 13.70 NoLiq 7.20
20.90 0.23

39.50 19.60 1.05 1.00 2.179 0.68 13.94 NoLiq 7.20
21.14 0.23

40.00 20.00 1.05 1.00 2.193 0.68 14.18 NoLiq 7.20
21.38 0.23

40.50 18.90 1.05 1.00 2.207 0.67 13.36 NoLiq 7.20
20.56 0.22

41.00 17.80 1.05 1.00 2.220 0.67 12.54 NoLiq 7.20
19.74 0.21

41.50 16.70 1.05 1.00 2.234 0.67 11.73 NoLiq 7.20
18.93 0.20

42.00 15.60 1.05 1.00 2.247 0.67 10.93 NoLiq 7.20
18.13 0.20

42.50 14.50 1.05 1.00 2.261 0.67 10.13 NoLiq 7.20
17.33 0.19

43.00 13.40 1.05 1.00 2.275 0.66 9.33 NoLiq 7.20
16.53 0.18

43.50 12.30 1.05 1.00 2.288 0.66 8.54 NoLiq 7.20
15.74 0.17

44.00 11.20 1.05 1.00 2.302 0.66 7.75 NoLiq 7.20
14.95 0.16

44.50 10.10 1.05 1.00 2.315 0.66 6.97 NoLiq 7.20
14.17 0.15

45.00 9.00 1.05 1.00 2.329 0.66 6.19 NoLiq 7.20
13.39 0.14

45.50 9.10 1.05 1.00 2.343 0.65 6.24 NoLiq 7.20
13.44 0.15

46.00 9.20 1.05 1.00 2.356 0.65 6.29 NoLiq 7.20
13.49 0.15

46.50 9.30 1.05 1.00 2.370 0.65 6.34 NoLiq 7.20
13.54 0.15

47.00 9.40 1.05 1.00 2.383 0.65 6.39 NoLiq 7.20
13.59 0.15

47.50 9.50 1.05 1.00 2.397 0.65 6.44 NoLiq 7.20
13.64 0.15
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48.00 9.60 1.05 1.00 2.411 0.64 6.49 NoLiq 7.20

13.69 0.15
48.50 9.70 1.05 1.00 2.424 0.64 6.54 NoLiq 7.20

13.74 0.15
49.00 9.80 1.05 1.00 2.438 0.64 6.59 NoLiq 7.20

13.79 0.15
49.50 9.90 1.05 1.00 2.452 0.64 6.64 NoLiq 7.20

13.84 0.15
50.00 10.00 1.05 1.00 2.465 0.64 6.69 NoLiq 7.20

13.89 0.15
50.50 10.20 1.05 1.00 2.479 0.64 6.80 NoLiq 7.20

14.00 0.15
51.00 10.40 1.05 1.00 2.492 0.63 6.92 NoLiq 7.20

14.12 0.15
51.50 10.60 1.05 1.00 2.506 0.63 7.03 NoLiq 7.20

14.23 0.15
52.00 10.80 1.05 1.00 2.520 0.63 7.14 NoLiq 7.20

14.34 0.16
52.50 11.00 1.05 1.00 2.533 0.63 7.26 NoLiq 7.20

14.46 0.16
53.00 11.20 1.05 1.00 2.547 0.63 7.37 NoLiq 7.20

14.57 0.16
53.50 11.40 1.05 1.00 2.560 0.62 7.48 NoLiq 7.20

14.68 0.16
54.00 11.60 1.05 1.00 2.574 0.62 7.59 NoLiq 7.20

14.79 0.16
54.50 11.80 1.05 1.00 2.588 0.62 7.70 NoLiq 7.20

14.90 0.16
55.00 12.00 1.05 1.00 2.601 0.62 7.81 NoLiq 7.20

15.01 0.16
55.50 11.70 1.05 1.00 2.615 0.62 7.60 NoLiq 7.20

14.80 0.16
56.00 11.40 1.05 1.00 2.628 0.62 7.38 NoLiq 7.20

14.58 0.16
56.50 11.10 1.05 1.00 2.642 0.62 7.17 NoLiq 7.20

14.37 0.16
57.00 10.80 1.05 1.00 2.656 0.61 6.96 NoLiq 7.20

14.16 0.15
57.50 10.50 1.05 1.00 2.669 0.61 6.75 NoLiq 7.20

13.95 0.15
58.00 10.20 1.05 1.00 2.683 0.61 6.54 NoLiq 7.20

13.74 0.15
58.50 9.90 1.05 1.00 2.696 0.61 6.33 NoLiq 7.20

13.53 0.15
59.00 9.60 1.05 1.00 2.710 0.61 6.12 NoLiq 7.20

13.32 0.14
59.50 9.30 1.05 1.00 2.724 0.61 5.92 NoLiq 7.20

13.12 0.14
60.00 9.00 1.05 1.00 2.737 0.60 5.71 NoLiq 7.20

12.91 0.14
60.50 18.09 1.05 1.00 2.751 0.60 11.45 NoLiq 7.20

18.65 0.20
61.00 27.19 1.05 1.00 2.765 0.60 17.17 NoLiq 7.20

24.37 0.27
61.50 36.29 1.05 1.00 2.778 0.60 22.86 NoLiq 7.20

30.06 0.47
62.00 45.39 1.05 1.00 2.792 0.60 28.52 NoLiq 7.20

35.72 2.00
62.50 54.49 1.05 1.00 2.805 0.60 34.16 NoLiq 7.20

41.36 2.00
63.00 63.59 1.05 1.00 2.819 0.60 39.77 NoLiq 7.20

46.97 2.00
63.50 72.69 1.05 1.00 2.833 0.59 45.35 NoLiq 7.20
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52.55 2.00

64.00 81.79 1.05 1.00 2.846 0.59 50.90 NoLiq 7.20
58.10 2.00

64.50 90.89 1.05 1.00 2.860 0.59 56.43 NoLiq 7.20
63.63 2.00

65.00 99.99 1.05 1.00 2.873 0.59 61.94 NoLiq 7.20
69.14 2.00

65.50 96.20 1.05 1.00 2.887 0.59 59.45 NoLiq 7.20
66.65 2.00

66.00 92.40 1.05 1.00 2.901 0.59 56.97 NoLiq 7.20
64.17 2.00

66.50 88.60 1.05 1.00 2.915 0.59 54.49 NoLiq 7.20
61.69 2.00

67.00 84.80 1.05 1.00 2.929 0.58 52.03 NoLiq 7.20
59.23 2.00

67.50 81.00 1.05 1.00 2.943 0.58 49.58 NoLiq 7.20
56.78 2.00

68.00 77.20 1.05 1.00 2.957 0.58 47.14 NoLiq 7.20
54.34 2.00

68.50 73.40 1.05 1.00 2.972 0.58 44.71 NoLiq 7.20
51.91 2.00

69.00 69.60 1.05 1.00 2.986 0.58 42.29 NoLiq 7.20
49.49 2.00

69.50 65.80 1.05 1.00 3.001 0.58 39.89 NoLiq 7.20
47.09 2.00

70.00 62.00 1.05 1.00 3.015 0.58 37.49 NoLiq 7.20
44.69 2.00

70.50 60.70 1.05 1.00 3.030 0.57 36.61 93.40 7.20
43.81 2.00

71.00 59.40 1.05 1.00 3.045 0.57 35.74 85.80 7.20
42.94 2.00

71.50 58.10 1.05 1.00 3.060 0.57 34.88 78.20 7.20
42.08 2.00

72.00 56.80 1.05 1.00 3.075 0.57 34.01 70.60 7.20
41.21 2.00

72.50 55.50 1.05 1.00 3.089 0.57 33.16 63.00 7.20
40.36 2.00

73.00 54.20 1.05 1.00 3.104 0.57 32.30 55.40 7.20
39.50 2.00

73.50 52.90 1.05 1.00 3.119 0.57 31.45 47.80 7.20
38.65 2.00

74.00 51.60 1.05 1.00 3.134 0.56 30.61 40.20 7.20
37.81 2.00

74.50 50.30 1.05 1.00 3.148 0.56 29.77 32.60 6.62
36.39 2.00

75.00 49.00 1.05 1.00 3.163 0.56 28.93 25.00 4.80
33.73 2.00

75.50 51.90 1.05 1.00 3.178 0.56 30.57 24.80 4.75
35.32 2.00

76.00 54.80 1.05 1.00 3.193 0.56 32.20 24.60 4.70
36.91 2.00

76.50 57.70 1.05 1.00 3.208 0.56 33.83 24.40 4.66
38.48 2.00

77.00 60.60 1.05 1.00 3.222 0.56 35.45 24.20 4.61
40.05 2.00

77.50 63.50 1.05 1.00 3.237 0.56 37.06 24.00 4.56
41.62 2.00

78.00 66.40 1.05 1.00 3.252 0.55 38.66 23.80 4.51
43.17 2.00

78.50 69.30 1.05 1.00 3.267 0.55 40.26 23.60 4.46
44.72 2.00

79.00 72.20 1.05 1.00 3.282 0.55 41.85 23.40 4.42
46.27 2.00
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79.50 75.10 1.05 1.00 3.296 0.55 43.43 23.20 4.37

47.80 2.00
80.00 78.00 1.05 1.00 3.311 0.55 45.01 23.00 4.32

49.33 2.00
80.50 80.20 1.05 1.00 3.326 0.55 46.18 23.00 4.32

50.50 2.00
81.00 82.40 1.05 1.00 3.341 0.55 47.34 23.00 4.32

51.66 2.00
81.50 84.60 1.05 1.00 3.356 0.55 48.49 23.00 4.32

52.81 2.00
82.00 86.80 1.05 1.00 3.370 0.54 49.65 23.00 4.32

53.97 2.00
82.50 89.00 1.05 1.00 3.385 0.54 50.79 23.00 4.32

55.11 2.00
83.00 91.20 1.05 1.00 3.400 0.54 51.93 23.00 4.32

56.25 2.00
83.50 93.40 1.05 1.00 3.415 0.54 53.07 23.00 4.32

57.39 2.00
84.00 95.60 1.05 1.00 3.429 0.54 54.21 23.00 4.32

58.53 2.00
84.50 97.80 1.05 1.00 3.444 0.54 55.33 23.00 4.32

59.65 2.00
85.00 100.00 1.05 1.00 3.459 0.54 56.46 23.00 4.32

60.78 2.00

____________________________________________________________________________________
_

CRR is based on water table at 38.00 during In-Situ Testing

Factor of Safety,  - Earthquake Magnitude= 7.00:
Depth sigC' CRR7.5 x Ksig =CRRv x MSF =CRRm CSRfs

F.S.=CRRm/CSRfs
ft atm
________________________________________________________________________
0.00 0.00 0.25 1.00 0.25 1.19 0.29 0.31 5.00
0.50 0.02 0.24 1.00 0.24 1.19 0.29 0.31 5.00
1.00 0.04 0.24 1.00 0.24 1.19 0.29 0.31 5.00
1.50 0.05 0.24 1.00 0.24 1.19 0.28 0.31 5.00
2.00 0.07 0.24 1.00 0.24 1.19 0.28 0.31 5.00
2.50 0.09 0.23 1.00 0.23 1.19 0.28 0.31 5.00
3.00 0.11 0.23 1.00 0.23 1.19 0.28 0.31 5.00
3.50 0.12 0.23 1.00 0.23 1.19 0.27 0.31 5.00
4.00 0.14 0.23 1.00 0.23 1.19 0.27 0.31 5.00
4.50 0.16 0.22 1.00 0.22 1.19 0.27 0.31 5.00
5.00 0.18 0.22 1.00 0.22 1.19 0.26 0.31 5.00
5.50 0.19 0.22 1.00 0.22 1.19 0.26 0.31 5.00
6.00 0.21 0.22 1.00 0.22 1.19 0.26 0.31 5.00
6.50 0.23 0.21 1.00 0.21 1.19 0.25 0.31 5.00
7.00 0.25 0.20 1.00 0.20 1.19 0.24 0.31 5.00
7.50 0.26 0.20 1.00 0.20 1.19 0.24 0.31 5.00
8.00 0.28 0.19 1.00 0.19 1.19 0.23 0.31 5.00
8.50 0.30 0.20 1.00 0.20 1.19 0.24 0.31 5.00
9.00 0.32 0.20 1.00 0.20 1.19 0.23 0.31 5.00
9.50 0.34 0.19 1.00 0.19 1.19 0.23 0.31 5.00
10.00 0.35 0.19 1.00 0.19 1.19 0.22 0.30 5.00
10.50 0.37 0.19 1.00 0.19 1.19 0.22 0.30 5.00
11.00 0.39 0.19 1.00 0.19 1.19 0.22 0.30 5.00
11.50 0.41 0.19 1.00 0.19 1.19 0.22 0.30 5.00
12.00 0.42 0.19 1.00 0.19 1.19 0.22 0.30 5.00
12.50 0.44 0.19 1.00 0.19 1.19 0.23 0.30 5.00
13.00 0.46 0.19 1.00 0.19 1.19 0.23 0.30 5.00
13.50 0.48 0.19 1.00 0.19 1.19 0.23 0.30 5.00
14.00 0.49 0.19 1.00 0.19 1.19 0.23 0.30 5.00
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14.50 0.51 0.19 1.00 0.19 1.19 0.23 0.30 5.00
15.00 0.53 0.21 1.00 0.21 1.19 0.25 0.30 5.00
15.50 0.55 0.22 1.00 0.22 1.19 0.27 0.30 5.00
16.00 0.57 0.22 1.00 0.22 1.19 0.26 0.30 5.00
16.50 0.58 0.21 1.00 0.21 1.19 0.25 0.30 5.00
17.00 0.60 0.21 1.00 0.21 1.19 0.24 0.30 5.00
17.50 0.62 0.20 1.00 0.20 1.19 0.24 0.30 5.00
18.00 0.64 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
18.50 0.65 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
19.00 0.67 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
19.50 0.69 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
20.00 0.71 0.17 1.00 0.17 1.19 2.00 0.30 5.00 ^
20.50 0.72 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
21.00 0.74 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
21.50 0.76 0.20 1.00 0.20 1.19 2.00 0.30 5.00 ^
22.00 0.78 0.21 1.00 0.21 1.19 2.00 0.30 5.00 ^
22.50 0.80 0.21 1.00 0.21 1.19 2.00 0.30 5.00 ^
23.00 0.82 0.22 1.00 0.22 1.19 2.00 0.30 5.00 ^
23.50 0.83 0.23 1.00 0.23 1.19 2.00 0.29 5.00 ^
24.00 0.85 0.24 1.00 0.24 1.19 2.00 0.29 5.00 ^
24.50 0.87 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
25.00 0.89 0.26 1.00 0.26 1.19 2.00 0.29 5.00 ^
25.50 0.91 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
26.00 0.93 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
26.50 0.95 0.24 1.00 0.24 1.19 2.00 0.29 5.00 ^
27.00 0.97 0.23 1.00 0.23 1.19 2.00 0.29 5.00 ^
27.50 0.99 0.23 1.00 0.23 1.19 2.00 0.29 5.00 ^
28.00 1.01 0.23 1.01 0.23 1.19 2.00 0.29 5.00 ^
28.50 1.03 0.22 1.00 0.23 1.19 2.00 0.29 5.00 ^
29.00 1.04 0.22 1.00 0.22 1.19 2.00 0.29 5.00 ^
29.50 1.06 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
30.00 1.08 0.21 0.99 0.21 1.19 2.00 0.29 5.00 ^
30.50 1.10 0.21 0.99 0.21 1.19 2.00 0.29 5.00 ^
31.00 1.12 0.21 0.99 0.21 1.19 2.00 0.29 5.00 ^
31.50 1.14 0.21 0.98 0.21 1.19 2.00 0.29 5.00 ^
32.00 1.16 0.21 0.98 0.20 1.19 2.00 0.29 5.00 ^
32.50 1.18 0.21 0.98 0.20 1.19 2.00 0.28 5.00 ^
33.00 1.20 0.21 0.98 0.20 1.19 2.00 0.28 5.00 ^
33.50 1.22 0.21 0.97 0.20 1.19 2.00 0.28 5.00 ^
34.00 1.24 0.21 0.97 0.20 1.19 2.00 0.28 5.00 ^
34.50 1.26 0.21 0.97 0.20 1.19 2.00 0.28 5.00 ^
35.00 1.27 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
35.50 1.29 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
36.00 1.31 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
36.50 1.33 0.21 0.96 0.20 1.19 2.00 0.28 5.00 ^
37.00 1.35 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
37.50 1.37 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
38.00 1.39 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
38.50 1.40 0.22 0.95 0.21 1.19 2.00 0.28 5.00 ^
39.00 1.41 0.23 0.95 0.21 1.19 2.00 0.28 5.00 ^
39.50 1.42 0.23 0.94 0.22 1.19 2.00 0.28 5.00 ^
40.00 1.43 0.23 0.94 0.22 1.19 2.00 0.28 5.00 ^
40.50 1.43 0.22 0.94 0.21 1.19 2.00 0.28 5.00 ^
41.00 1.44 0.21 0.94 0.20 1.19 2.00 0.28 5.00 ^
41.50 1.45 0.20 0.94 0.19 1.19 2.00 0.28 5.00 ^
42.00 1.46 0.20 0.94 0.18 1.19 2.00 0.28 5.00 ^
42.50 1.47 0.19 0.94 0.18 1.19 2.00 0.28 5.00 ^
43.00 1.48 0.18 0.94 0.17 1.19 2.00 0.29 5.00 ^
43.50 1.49 0.17 0.93 0.16 1.19 2.00 0.29 5.00 ^
44.00 1.50 0.16 0.93 0.15 1.19 2.00 0.29 5.00 ^
44.50 1.51 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
45.00 1.51 0.14 0.93 0.13 1.19 2.00 0.29 5.00 ^
45.50 1.52 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
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46.00 1.53 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
46.50 1.54 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
47.00 1.55 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
47.50 1.56 0.15 0.93 0.14 1.19 2.00 0.29 5.00 ^
48.00 1.57 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
48.50 1.58 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
49.00 1.58 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
49.50 1.59 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
50.00 1.60 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
50.50 1.61 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
51.00 1.62 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
51.50 1.63 0.15 0.92 0.14 1.19 2.00 0.28 5.00 ^
52.00 1.64 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
52.50 1.65 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
53.00 1.66 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
53.50 1.66 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
54.00 1.67 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
54.50 1.68 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
55.00 1.69 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
55.50 1.70 0.16 0.91 0.15 1.19 2.00 0.28 5.00 ^
56.00 1.71 0.16 0.91 0.14 1.19 2.00 0.28 5.00 ^
56.50 1.72 0.16 0.90 0.14 1.19 2.00 0.28 5.00 ^
57.00 1.73 0.15 0.90 0.14 1.19 2.00 0.28 5.00 ^
57.50 1.74 0.15 0.90 0.14 1.19 2.00 0.28 5.00 ^
58.00 1.74 0.15 0.90 0.13 1.19 2.00 0.28 5.00 ^
58.50 1.75 0.15 0.90 0.13 1.19 2.00 0.28 5.00 ^
59.00 1.76 0.14 0.90 0.13 1.19 2.00 0.28 5.00 ^
59.50 1.77 0.14 0.90 0.13 1.19 2.00 0.27 5.00 ^
60.00 1.78 0.14 0.90 0.13 1.19 2.00 0.27 5.00 ^
60.50 1.79 0.20 0.90 0.18 1.19 2.00 0.27 5.00 ^
61.00 1.80 0.27 0.90 0.24 1.19 2.00 0.27 5.00 ^
61.50 1.81 0.47 0.89 0.42 1.19 2.00 0.27 5.00 ^
62.00 1.81 2.00 0.89 1.79 1.19 2.00 0.27 5.00 ^
62.50 1.82 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
63.00 1.83 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
63.50 1.84 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
64.00 1.85 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
64.50 1.86 2.00 0.89 1.78 1.19 2.00 0.27 5.00 ^
65.00 1.87 2.00 0.89 1.77 1.19 2.00 0.27 5.00 ^
65.50 1.88 2.00 0.89 1.77 1.19 2.00 0.26 5.00 ^
66.00 1.89 2.00 0.88 1.77 1.19 2.00 0.26 5.00 ^
66.50 1.89 2.00 0.88 1.77 1.19 2.00 0.26 5.00 ^
67.00 1.90 2.00 0.88 1.77 1.19 2.00 0.26 5.00 ^
67.50 1.91 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
68.00 1.92 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
68.50 1.93 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
69.00 1.94 2.00 0.88 1.76 1.19 2.00 0.26 5.00 ^
69.50 1.95 2.00 0.88 1.75 1.19 2.00 0.26 5.00 ^
70.00 1.96 2.00 0.88 1.75 1.19 2.00 0.26 5.00 ^
70.50 1.97 2.00 0.88 1.75 1.19 2.09 0.25 5.00
71.00 1.98 2.00 0.87 1.75 1.19 2.09 0.25 5.00
71.50 1.99 2.00 0.87 1.75 1.19 2.08 0.25 5.00
72.00 2.00 2.00 0.87 1.74 1.19 2.08 0.25 5.00
72.50 2.01 2.00 0.87 1.74 1.19 2.08 0.25 5.00
73.00 2.02 2.00 0.87 1.74 1.19 2.07 0.25 5.00
73.50 2.03 2.00 0.87 1.74 1.19 2.07 0.25 5.00
74.00 2.04 2.00 0.87 1.74 1.19 2.07 0.25 5.00
74.50 2.05 2.00 0.87 1.73 1.19 2.07 0.24 5.00
75.00 2.06 2.00 0.87 1.73 1.19 2.06 0.24 5.00
75.50 2.07 2.00 0.86 1.73 1.19 2.06 0.24 5.00
76.00 2.08 2.00 0.86 1.73 1.19 2.06 0.24 5.00
76.50 2.08 2.00 0.86 1.72 1.19 2.06 0.24 5.00
77.00 2.09 2.00 0.86 1.72 1.19 2.05 0.24 5.00
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77.50 2.10 2.00 0.86 1.72 1.19 2.05 0.24 5.00
78.00 2.11 2.00 0.86 1.72 1.19 2.05 0.24 5.00
78.50 2.12 2.00 0.86 1.72 1.19 2.05 0.24 5.00
79.00 2.13 2.00 0.86 1.71 1.19 2.05 0.24 5.00
79.50 2.14 2.00 0.86 1.71 1.19 2.04 0.24 5.00
80.00 2.15 2.00 0.86 1.71 1.19 2.04 0.24 5.00
80.50 2.16 2.00 0.85 1.71 1.19 2.04 0.24 5.00
81.00 2.17 2.00 0.85 1.71 1.19 2.04 0.24 5.00
81.50 2.18 2.00 0.85 1.70 1.19 2.03 0.24 5.00
82.00 2.19 2.00 0.85 1.70 1.19 2.03 0.24 5.00
82.50 2.20 2.00 0.85 1.70 1.19 2.03 0.24 5.00
83.00 2.21 2.00 0.85 1.70 1.19 2.03 0.24 5.00
83.50 2.22 2.00 0.85 1.70 1.19 2.02 0.24 5.00
84.00 2.23 2.00 0.85 1.69 1.19 2.02 0.24 5.00
84.50 2.24 2.00 0.85 1.69 1.19 2.02 0.24 5.00
85.00 2.25 2.00 0.85 1.69 1.19 2.02 0.24 5.00
________________________________________________________________________
* F.S.<1: Liquefaction Potential Zone.  (If above water table: F.S.=5)
^ No-liquefiable Soils or above Water Table.
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

CPT convert to SPT for Settlement Analysis:
Fines Correction for Settlement Analysis:
Depth Ic qc/N60 qc1 (N1)60 Fines d(N1)60 (N1)60s
ft atm %
________________________________________________________________
0.00 - - - 22.44 26.00 0.00 22.44
0.50 - - - 22.24 26.00 0.00 22.24
1.00 - - - 22.04 26.00 0.00 22.04
1.50 - - - 21.84 26.00 0.00 21.84
2.00 - - - 21.64 26.00 0.00 21.64
2.50 - - - 21.44 26.00 0.00 21.44
3.00 - - - 21.24 26.00 0.00 21.24
3.50 - - - 21.04 26.00 0.00 21.04
4.00 - - - 20.84 26.00 0.00 20.84
4.50 - - - 20.64 26.00 0.00 20.64
5.00 - - - 20.44 26.00 0.00 20.44
5.50 - - - 20.23 26.00 0.00 20.23
6.00 - - - 20.03 26.00 0.00 20.03
6.50 - - - 19.68 26.00 0.00 19.68
7.00 - - - 18.96 26.00 0.00 18.96
7.50 - - - 18.30 26.00 0.00 18.30
8.00 - - - 17.70 26.00 0.00 17.70
8.50 - - - 18.76 26.00 0.00 18.76
9.00 - - - 18.18 26.00 0.00 18.18
9.50 - - - 17.65 26.00 0.00 17.65
10.00 - - - 17.15 26.00 0.00 17.15
10.50 - - - 17.21 26.00 0.00 17.21
11.00 - - - 17.28 26.00 0.00 17.28
11.50 - - - 17.35 26.00 0.00 17.35
12.00 - - - 17.42 26.00 0.00 17.42
12.50 - - - 17.49 26.00 0.00 17.49
13.00 - - - 17.57 26.00 0.00 17.57
13.50 - - - 17.65 26.00 0.00 17.65
14.00 - - - 17.73 26.00 0.00 17.73
14.50 - - - 17.81 26.00 0.00 17.81
15.00 - - - 19.40 26.00 0.00 19.40
15.50 - - - 20.53 33.50 0.00 20.53
16.00 - - - 20.25 41.00 0.00 20.25
16.50 - - - 19.63 48.50 0.00 19.63
17.00 - - - 19.03 56.00 0.00 19.03
17.50 - - - 18.45 63.50 0.00 18.45
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18.00 - - - 17.89 NoLiq 0.00 17.89
18.50 - - - 17.35 NoLiq 0.00 17.35
19.00 - - - 16.82 NoLiq 0.00 16.82
19.50 - - - 16.31 NoLiq 0.00 16.31
20.00 - - - 15.81 NoLiq 0.00 15.81
20.50 - - - 16.65 NoLiq 0.00 16.65
21.00 - - - 17.47 NoLiq 0.00 17.47
21.50 - - - 18.27 NoLiq 0.00 18.27
22.00 - - - 19.05 NoLiq 0.00 19.05
22.50 - - - 19.81 NoLiq 0.00 19.81
23.00 - - - 20.56 NoLiq 0.00 20.56
23.50 - - - 21.29 NoLiq 0.00 21.29
24.00 - - - 22.01 NoLiq 0.00 22.01
24.50 - - - 22.71 NoLiq 0.00 22.71
25.00 - - - 23.39 NoLiq 0.00 23.39
25.50 - - - 22.88 NoLiq 0.00 22.88
26.00 - - - 22.39 NoLiq 0.00 22.39
26.50 - - - 21.90 NoLiq 0.00 21.90
27.00 - - - 21.43 NoLiq 0.00 21.43
27.50 - - - 20.96 NoLiq 0.00 20.96
28.00 - - - 21.21 NoLiq 0.00 21.21
28.50 - - - 20.75 NoLiq 0.00 20.75
29.00 - - - 20.29 NoLiq 0.00 20.29
29.50 - - - 19.84 NoLiq 0.00 19.84
30.00 - - - 19.40 NoLiq 0.00 19.40
30.50 - - - 19.38 NoLiq 0.00 19.38
31.00 - - - 19.35 NoLiq 0.00 19.35
31.50 - - - 19.33 NoLiq 0.00 19.33
32.00 - - - 19.31 NoLiq 0.00 19.31
32.50 - - - 19.29 NoLiq 0.00 19.29
33.00 - - - 19.27 NoLiq 0.00 19.27
33.50 - - - 19.25 NoLiq 0.00 19.25
34.00 - - - 19.23 NoLiq 0.00 19.23
34.50 - - - 19.21 NoLiq 0.00 19.21
35.00 - - - 19.20 NoLiq 0.00 19.20
35.50 - - - 19.41 NoLiq 0.00 19.41
36.00 - - - 19.61 NoLiq 0.00 19.61
36.50 - - - 19.82 NoLiq 0.00 19.82
37.00 - - - 20.02 NoLiq 0.00 20.02
37.50 - - - 20.22 NoLiq 0.00 20.22
38.00 - - - 20.42 NoLiq 0.00 20.42
38.50 - - - 20.66 NoLiq 0.00 20.66
39.00 - - - 20.90 NoLiq 0.00 20.90
39.50 - - - 21.14 NoLiq 0.00 21.14
40.00 - - - 21.38 NoLiq 0.00 21.38
40.50 - - - 20.56 NoLiq 0.00 20.56
41.00 - - - 19.74 NoLiq 0.00 19.74
41.50 - - - 18.93 NoLiq 0.00 18.93
42.00 - - - 18.13 NoLiq 0.00 18.13
42.50 - - - 17.33 NoLiq 0.00 17.33
43.00 - - - 16.53 NoLiq 0.00 16.53
43.50 - - - 15.74 NoLiq 0.00 15.74
44.00 - - - 14.95 NoLiq 0.00 14.95
44.50 - - - 14.17 NoLiq 0.00 14.17
45.00 - - - 13.39 NoLiq 0.00 13.39
45.50 - - - 13.44 NoLiq 0.00 13.44
46.00 - - - 13.49 NoLiq 0.00 13.49
46.50 - - - 13.54 NoLiq 0.00 13.54
47.00 - - - 13.59 NoLiq 0.00 13.59
47.50 - - - 13.64 NoLiq 0.00 13.64
48.00 - - - 13.69 NoLiq 0.00 13.69
48.50 - - - 13.74 NoLiq 0.00 13.74
49.00 - - - 13.79 NoLiq 0.00 13.79
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49.50 - - - 13.84 NoLiq 0.00 13.84
50.00 - - - 13.89 NoLiq 0.00 13.89
50.50 - - - 14.00 NoLiq 0.00 14.00
51.00 - - - 14.12 NoLiq 0.00 14.12
51.50 - - - 14.23 NoLiq 0.00 14.23
52.00 - - - 14.34 NoLiq 0.00 14.34
52.50 - - - 14.46 NoLiq 0.00 14.46
53.00 - - - 14.57 NoLiq 0.00 14.57
53.50 - - - 14.68 NoLiq 0.00 14.68
54.00 - - - 14.79 NoLiq 0.00 14.79
54.50 - - - 14.90 NoLiq 0.00 14.90
55.00 - - - 15.01 NoLiq 0.00 15.01
55.50 - - - 14.80 NoLiq 0.00 14.80
56.00 - - - 14.58 NoLiq 0.00 14.58
56.50 - - - 14.37 NoLiq 0.00 14.37
57.00 - - - 14.16 NoLiq 0.00 14.16
57.50 - - - 13.95 NoLiq 0.00 13.95
58.00 - - - 13.74 NoLiq 0.00 13.74
58.50 - - - 13.53 NoLiq 0.00 13.53
59.00 - - - 13.32 NoLiq 0.00 13.32
59.50 - - - 13.12 NoLiq 0.00 13.12
60.00 - - - 12.91 NoLiq 0.00 12.91
60.50 - - - 18.65 NoLiq 0.00 18.65
61.00 - - - 24.37 NoLiq 0.00 24.37
61.50 - - - 30.06 NoLiq 0.00 30.06
62.00 - - - 35.72 NoLiq 0.00 35.72
62.50 - - - 41.36 NoLiq 0.00 41.36
63.00 - - - 46.97 NoLiq 0.00 46.97
63.50 - - - 52.55 NoLiq 0.00 52.55
64.00 - - - 58.10 NoLiq 0.00 58.10
64.50 - - - 63.63 NoLiq 0.00 63.63
65.00 - - - 69.14 NoLiq 0.00 69.14
65.50 - - - 66.65 NoLiq 0.00 66.65
66.00 - - - 64.17 NoLiq 0.00 64.17
66.50 - - - 61.69 NoLiq 0.00 61.69
67.00 - - - 59.23 NoLiq 0.00 59.23
67.50 - - - 56.78 NoLiq 0.00 56.78
68.00 - - - 54.34 NoLiq 0.00 54.34
68.50 - - - 51.91 NoLiq 0.00 51.91
69.00 - - - 49.49 NoLiq 0.00 49.49
69.50 - - - 47.09 NoLiq 0.00 47.09
70.00 - - - 44.69 NoLiq 0.00 44.69
70.50 - - - 43.81 93.40 0.00 43.81
71.00 - - - 42.94 85.80 0.00 42.94
71.50 - - - 42.08 78.20 0.00 42.08
72.00 - - - 41.21 70.60 0.00 41.21
72.50 - - - 40.36 63.00 0.00 40.36
73.00 - - - 39.50 55.40 0.00 39.50
73.50 - - - 38.65 47.80 0.00 38.65
74.00 - - - 37.81 40.20 0.00 37.81
74.50 - - - 36.39 32.60 0.00 36.39
75.00 - - - 33.73 25.00 0.00 33.73
75.50 - - - 35.32 24.80 0.00 35.32
76.00 - - - 36.91 24.60 0.00 36.91
76.50 - - - 38.48 24.40 0.00 38.48
77.00 - - - 40.05 24.20 0.00 40.05
77.50 - - - 41.62 24.00 0.00 41.62
78.00 - - - 43.17 23.80 0.00 43.17
78.50 - - - 44.72 23.60 0.00 44.72
79.00 - - - 46.27 23.40 0.00 46.27
79.50 - - - 47.80 23.20 0.00 47.80
80.00 - - - 49.33 23.00 0.00 49.33
80.50 - - - 50.50 23.00 0.00 50.50
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81.00 - - - 51.66 23.00 0.00 51.66
81.50 - - - 52.81 23.00 0.00 52.81
82.00 - - - 53.97 23.00 0.00 53.97
82.50 - - - 55.11 23.00 0.00 55.11
83.00 - - - 56.25 23.00 0.00 56.25
83.50 - - - 57.39 23.00 0.00 57.39
84.00 - - - 58.53 23.00 0.00 58.53
84.50 - - - 59.65 23.00 0.00 59.65
85.00 - - - 60.78 23.00 0.00 60.78
________________________________________________________________
(N1)60s has been fines corrected in liquefaction analysis, therefore 

d(N1)60=0.
Fines=NoLiq means the soils are not liquefiable.

Settlement of Saturated Sands:
Settlement Analysis Method: Tokimatsu/Seed
Depth CSRsf / MSF* =CSRm F.S. Fines (N1)60s Dr ec dsz

dsp S
ft % % % in.

in. in.

____________________________________________________________________________________
__________

84.95 0.24 1.00 0.24 5.00 23.00 60.67 100.00 0.000
0.0E0 0.000 0.000

84.50 0.24 1.00 0.24 5.00 23.00 59.65 100.00 0.000
0.0E0 0.000 0.000

84.00 0.24 1.00 0.24 5.00 23.00 58.53 100.00 0.000
0.0E0 0.000 0.000

83.50 0.24 1.00 0.24 5.00 23.00 57.39 100.00 0.000
0.0E0 0.000 0.000

83.00 0.24 1.00 0.24 5.00 23.00 56.25 100.00 0.000
0.0E0 0.000 0.000

82.50 0.24 1.00 0.24 5.00 23.00 55.11 100.00 0.000
0.0E0 0.000 0.000

82.00 0.24 1.00 0.24 5.00 23.00 53.97 100.00 0.000
0.0E0 0.000 0.000

81.50 0.24 1.00 0.24 5.00 23.00 52.81 100.00 0.000
0.0E0 0.000 0.000

81.00 0.24 1.00 0.24 5.00 23.00 51.66 100.00 0.000
0.0E0 0.000 0.000

80.50 0.24 1.00 0.24 5.00 23.00 50.50 100.00 0.000
0.0E0 0.000 0.000

80.00 0.24 1.00 0.24 5.00 23.00 49.33 100.00 0.000
0.0E0 0.000 0.000

79.50 0.24 1.00 0.24 5.00 23.20 47.80 100.00 0.000
0.0E0 0.000 0.000

79.00 0.24 1.00 0.24 5.00 23.40 46.27 100.00 0.000
0.0E0 0.000 0.000

78.50 0.24 1.00 0.24 5.00 23.60 44.72 100.00 0.000
0.0E0 0.000 0.000

78.00 0.24 1.00 0.24 5.00 23.80 43.17 100.00 0.000
0.0E0 0.000 0.000

77.50 0.24 1.00 0.24 5.00 24.00 41.62 100.00 0.000
0.0E0 0.000 0.000

77.00 0.24 1.00 0.24 5.00 24.20 40.05 100.00 0.000
0.0E0 0.000 0.000

76.50 0.24 1.00 0.24 5.00 24.40 38.48 100.00 0.000
0.0E0 0.000 0.000

76.00 0.24 1.00 0.24 5.00 24.60 36.91 100.00 0.000
0.0E0 0.000 0.000

75.50 0.24 1.00 0.24 5.00 24.80 35.32 100.00 0.000
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0.0E0 0.000 0.000

75.00 0.24 1.00 0.24 5.00 25.00 33.73 99.17 0.000
0.0E0 0.000 0.000

74.50 0.24 1.00 0.24 5.00 32.60 36.39 100.00 0.000
0.0E0 0.000 0.000

74.00 0.25 1.00 0.25 5.00 40.20 37.81 100.00 0.000
0.0E0 0.000 0.000

73.50 0.25 1.00 0.25 5.00 47.80 38.65 100.00 0.000
0.0E0 0.000 0.000

73.00 0.25 1.00 0.25 5.00 55.40 39.50 100.00 0.000
0.0E0 0.000 0.000

72.50 0.25 1.00 0.25 5.00 63.00 40.36 100.00 0.000
0.0E0 0.000 0.000

72.00 0.25 1.00 0.25 5.00 70.60 41.21 100.00 0.000
0.0E0 0.000 0.000

71.50 0.25 1.00 0.25 5.00 78.20 42.08 100.00 0.000
0.0E0 0.000 0.000

71.00 0.25 1.00 0.25 5.00 85.80 42.94 100.00 0.000
0.0E0 0.000 0.000

70.50 0.25 1.00 0.25 5.00 93.40 43.81 100.00 0.000
0.0E0 0.000 0.000

70.00 0.26 1.00 0.26 5.00 NoLiq 44.69 100.00 0.000
0.0E0 0.000 0.000

69.50 0.26 1.00 0.26 5.00 NoLiq 47.09 100.00 0.000
0.0E0 0.000 0.000

69.00 0.26 1.00 0.26 5.00 NoLiq 49.49 100.00 0.000
0.0E0 0.000 0.000

68.50 0.26 1.00 0.26 5.00 NoLiq 51.91 100.00 0.000
0.0E0 0.000 0.000

68.00 0.26 1.00 0.26 5.00 NoLiq 54.34 100.00 0.000
0.0E0 0.000 0.000

67.50 0.26 1.00 0.26 5.00 NoLiq 56.78 100.00 0.000
0.0E0 0.000 0.000

67.00 0.26 1.00 0.26 5.00 NoLiq 59.23 100.00 0.000
0.0E0 0.000 0.000

66.50 0.26 1.00 0.26 5.00 NoLiq 61.69 100.00 0.000
0.0E0 0.000 0.000

66.00 0.26 1.00 0.26 5.00 NoLiq 64.17 100.00 0.000
0.0E0 0.000 0.000

65.50 0.26 1.00 0.26 5.00 NoLiq 66.65 100.00 0.000
0.0E0 0.000 0.000

65.00 0.27 1.00 0.27 5.00 NoLiq 69.14 100.00 0.000
0.0E0 0.000 0.000

64.50 0.27 1.00 0.27 5.00 NoLiq 63.63 100.00 0.000
0.0E0 0.000 0.000

64.00 0.27 1.00 0.27 5.00 NoLiq 58.10 100.00 0.000
0.0E0 0.000 0.000

63.50 0.27 1.00 0.27 5.00 NoLiq 52.55 100.00 0.000
0.0E0 0.000 0.000

63.00 0.27 1.00 0.27 5.00 NoLiq 46.97 100.00 0.000
0.0E0 0.000 0.000

62.50 0.27 1.00 0.27 5.00 NoLiq 41.36 100.00 0.000
0.0E0 0.000 0.000

62.00 0.27 1.00 0.27 5.00 NoLiq 35.72 100.00 0.000
0.0E0 0.000 0.000

61.50 0.27 1.00 0.27 5.00 NoLiq 30.06 90.19 0.000
0.0E0 0.000 0.000

61.00 0.27 1.00 0.27 5.00 NoLiq 24.37 78.52 0.333
0.0E0 0.000 0.000

60.50 0.27 1.00 0.27 5.00 NoLiq 18.65 68.10 1.446
0.0E0 0.000 0.000

60.00 0.27 1.00 0.27 5.00 NoLiq 12.91 57.06 2.188
0.0E0 0.000 0.000

Page 20



A-11-001.cal
59.50 0.27 1.00 0.27 5.00 NoLiq 13.12 57.49 2.163

0.0E0 0.000 0.000
59.00 0.28 1.00 0.28 5.00 NoLiq 13.32 57.91 2.138

0.0E0 0.000 0.000
58.50 0.28 1.00 0.28 5.00 NoLiq 13.53 58.34 2.112

0.0E0 0.000 0.000
58.00 0.28 1.00 0.28 5.00 NoLiq 13.74 58.77 2.087

0.0E0 0.000 0.000
57.50 0.28 1.00 0.28 5.00 NoLiq 13.95 59.19 2.062

0.0E0 0.000 0.000
57.00 0.28 1.00 0.28 5.00 NoLiq 14.16 59.61 2.036

0.0E0 0.000 0.000
56.50 0.28 1.00 0.28 5.00 NoLiq 14.37 60.04 2.011

0.0E0 0.000 0.000
56.00 0.28 1.00 0.28 5.00 NoLiq 14.58 60.46 1.984

0.0E0 0.000 0.000
55.50 0.28 1.00 0.28 5.00 NoLiq 14.80 60.88 1.956

0.0E0 0.000 0.000
55.00 0.28 1.00 0.28 5.00 NoLiq 15.01 61.30 1.928

0.0E0 0.000 0.000
54.50 0.28 1.00 0.28 5.00 NoLiq 14.90 61.09 1.943

0.0E0 0.000 0.000
54.00 0.28 1.00 0.28 5.00 NoLiq 14.79 60.87 1.957

0.0E0 0.000 0.000
53.50 0.28 1.00 0.28 5.00 NoLiq 14.68 60.65 1.972

0.0E0 0.000 0.000
53.00 0.28 1.00 0.28 5.00 NoLiq 14.57 60.43 1.986

0.0E0 0.000 0.000
52.50 0.28 1.00 0.28 5.00 NoLiq 14.46 60.21 2.001

0.0E0 0.000 0.000
52.00 0.28 1.00 0.28 5.00 NoLiq 14.34 59.98 2.014

0.0E0 0.000 0.000
51.50 0.28 1.00 0.28 5.00 NoLiq 14.23 59.76 2.028

0.0E0 0.000 0.000
51.00 0.28 1.00 0.28 5.00 NoLiq 14.12 59.53 2.042

0.0E0 0.000 0.000
50.50 0.28 1.00 0.28 5.00 NoLiq 14.00 59.30 2.056

0.0E0 0.000 0.000
50.00 0.28 1.00 0.28 5.00 NoLiq 13.89 59.07 2.069

0.0E0 0.000 0.000
49.50 0.28 1.00 0.28 5.00 NoLiq 13.84 58.97 2.075

0.0E0 0.000 0.000
49.00 0.28 1.00 0.28 5.00 NoLiq 13.79 58.87 2.081

0.0E0 0.000 0.000
48.50 0.28 1.00 0.28 5.00 NoLiq 13.74 58.77 2.087

0.0E0 0.000 0.000
48.00 0.28 1.00 0.28 5.00 NoLiq 13.69 58.67 2.093

0.0E0 0.000 0.000
47.50 0.29 1.00 0.29 5.00 NoLiq 13.64 58.57 2.099

0.0E0 0.000 0.000
47.00 0.29 1.00 0.29 5.00 NoLiq 13.59 58.47 2.105

0.0E0 0.000 0.000
46.50 0.29 1.00 0.29 5.00 NoLiq 13.54 58.37 2.111

0.0E0 0.000 0.000
46.00 0.29 1.00 0.29 5.00 NoLiq 13.49 58.26 2.117

0.0E0 0.000 0.000
45.50 0.29 1.00 0.29 5.00 NoLiq 13.44 58.16 2.123

0.0E0 0.000 0.000
45.00 0.29 1.00 0.29 5.00 NoLiq 13.39 58.06 2.129

0.0E0 0.000 0.000
44.50 0.29 1.00 0.29 5.00 NoLiq 14.17 59.64 2.035

0.0E0 0.000 0.000
44.00 0.29 1.00 0.29 5.00 NoLiq 14.95 61.18 1.938
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0.0E0 0.000 0.000

43.50 0.29 1.00 0.29 5.00 NoLiq 15.74 62.70 1.839
0.0E0 0.000 0.000

43.00 0.29 1.00 0.29 5.00 NoLiq 16.53 64.20 1.739
0.0E0 0.000 0.000

42.50 0.28 1.00 0.28 5.00 NoLiq 17.33 65.68 1.638
0.0E0 0.000 0.000

42.00 0.28 1.00 0.28 5.00 NoLiq 18.13 67.15 1.536
0.0E0 0.000 0.000

41.50 0.28 1.00 0.28 5.00 NoLiq 18.93 68.61 1.450
0.0E0 0.000 0.000

41.00 0.28 1.00 0.28 5.00 NoLiq 19.74 70.08 1.373
0.0E0 0.000 0.000

40.50 0.28 1.00 0.28 5.00 NoLiq 20.56 71.55 1.294
0.0E0 0.000 0.000

40.00 0.28 1.00 0.28 5.00 NoLiq 21.38 73.03 1.215
0.0E0 0.000 0.000

39.50 0.28 1.00 0.28 5.00 NoLiq 21.14 72.59 1.236
0.0E0 0.000 0.000

39.00 0.28 1.00 0.28 5.00 NoLiq 20.90 72.16 1.257
0.0E0 0.000 0.000

38.50 0.28 1.00 0.28 5.00 NoLiq 20.66 71.72 1.279
0.0E0 0.000 0.000

38.00 0.28 1.00 0.28 5.00 NoLiq 20.42 71.29 1.300
0.0E0 0.000 0.000

37.50 0.28 1.00 0.28 5.00 NoLiq 20.22 70.93 1.317
0.0E0 0.000 0.000

37.00 0.28 1.00 0.28 5.00 NoLiq 20.02 70.57 1.335
0.0E0 0.000 0.000

36.50 0.28 1.00 0.28 5.00 NoLiq 19.82 70.21 1.352
0.0E0 0.000 0.000

36.00 0.28 1.00 0.28 5.00 NoLiq 19.61 69.84 1.370
0.0E0 0.000 0.000

35.50 0.28 1.00 0.28 5.00 NoLiq 19.41 69.47 1.388
0.0E0 0.000 0.000

35.00 0.28 1.00 0.28 5.00 NoLiq 19.20 69.09 1.406
0.0E0 0.000 0.000

34.95 0.28 1.00 0.28 5.00 NoLiq 19.20 69.09 1.405
0.0E0 0.000 0.000

No Settlement of Saturated Sands

____________________________________________________________________________________
__________

Settlement of Saturated Sands=0.000 in.
qc1 and (N1)60 is after fines correction in liquefaction analysis
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Settlement of Unsaturated Sands:
Settlement of Unsaturated Sands=0 due to Option 5, Calculation settlement 

only in liquefied zone.
Depth sigma' sigC' (N1)60s CSRsf Gmax   g*Ge/Gm g_eff ec7.5 Cec

ec dsz dsp S
ft atm atm atm %

% in. in. in.

____________________________________________________________________________________
____________________________

34.90 1.96 1.27 19.20 0.28 1348.62 4.0E-4 0.1144 0.1188 0.93
0.1103 0.00E0 0.000 0.000

34.50 1.93 1.26 19.21 0.28 1340.75 4.0E-4 0.1136 0.1179 0.93
0.1095 0.00E0 0.000 0.000
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34.00 1.90 1.24 19.23 0.28 1330.84 4.0E-4 0.1126 0.1167 0.93

0.1084 0.00E0 0.000 0.000
33.50 1.87 1.22 19.25 0.28 1320.87 4.0E-4 0.1115 0.1154 0.93

0.1072 0.00E0 0.000 0.000
33.00 1.84 1.20 19.27 0.28 1310.84 4.0E-4 0.1104 0.1142 0.93

0.1060 0.00E0 0.000 0.000
32.50 1.81 1.18 19.29 0.28 1300.74 4.0E-4 0.1093 0.1129 0.93

0.1048 0.00E0 0.000 0.000
32.00 1.78 1.16 19.31 0.29 1290.57 3.9E-4 0.1082 0.1115 0.93

0.1036 0.00E0 0.000 0.000
31.50 1.75 1.14 19.33 0.29 1280.34 3.9E-4 0.1070 0.1101 0.93

0.1023 0.00E0 0.000 0.000
31.00 1.72 1.12 19.35 0.29 1270.02 3.9E-4 0.1058 0.1087 0.93

0.1009 0.00E0 0.000 0.000
30.50 1.70 1.10 19.38 0.29 1259.64 3.9E-4 0.1045 0.1072 0.93

0.0996 0.00E0 0.000 0.000
30.00 1.67 1.08 19.40 0.29 1249.18 3.9E-4 0.1033 0.1058 0.93

0.0982 0.00E0 0.000 0.000
29.50 1.64 1.06 19.84 0.29 1247.29 3.8E-4 0.0994 0.0989 0.93

0.0919 0.00E0 0.000 0.000
29.00 1.61 1.04 20.29 0.29 1245.19 3.8E-4 0.0957 0.0925 0.93

0.0859 0.00E0 0.000 0.000
28.50 1.58 1.03 20.75 0.29 1242.86 3.7E-4 0.0922 0.0865 0.93

0.0804 0.00E0 0.000 0.000
28.00 1.55 1.01 21.21 0.29 1240.32 3.6E-4 0.0888 0.0810 0.93

0.0752 0.00E0 0.000 0.000
27.50 1.52 0.99 20.96 0.29 1223.63 3.6E-4 0.0878 0.0813 0.93

0.0755 0.00E0 0.000 0.000
27.00 1.49 0.97 21.43 0.29 1220.51 3.6E-4 0.0846 0.0762 0.93

0.0707 0.00E0 0.000 0.000
26.50 1.46 0.95 21.90 0.29 1217.17 3.5E-4 0.0815 0.0713 0.93

0.0662 0.00E0 0.000 0.000
26.00 1.43 0.93 22.39 0.29 1213.60 3.5E-4 0.0785 0.0668 0.93

0.0620 0.00E0 0.000 0.000
25.50 1.40 0.91 22.88 0.29 1209.81 3.4E-4 0.0756 0.0625 0.93

0.0580 0.00E0 0.000 0.000
25.00 1.37 0.89 23.39 0.29 1205.77 3.3E-4 0.0728 0.0585 0.93

0.0543 0.00E0 0.000 0.000
24.50 1.34 0.87 22.71 0.29 1181.02 3.3E-4 0.0729 0.0608 0.93

0.0565 0.00E0 0.000 0.000
24.00 1.31 0.85 22.01 0.29 1155.99 3.3E-4 0.0730 0.0635 0.93

0.0589 0.00E0 0.000 0.000
23.50 1.28 0.83 21.29 0.29 1130.68 3.3E-4 0.0732 0.0664 0.93

0.0617 0.00E0 0.000 0.000
23.00 1.25 0.82 20.56 0.30 1105.04 3.4E-4 0.0734 0.0697 0.93

0.0648 0.00E0 0.000 0.000
22.50 1.23 0.80 19.81 0.30 1079.05 3.4E-4 0.0737 0.0735 0.93

0.0683 0.00E0 0.000 0.000
22.00 1.20 0.78 19.05 0.30 1052.68 3.4E-4 0.0742 0.0778 0.93

0.0723 0.00E0 0.000 0.000
21.50 1.17 0.76 18.27 0.30 1025.90 3.4E-4 0.0747 0.0828 0.93

0.0769 0.00E0 0.000 0.000
21.00 1.14 0.74 17.47 0.30 998.66 3.4E-4 0.1359 0.1595 0.93

0.1482 0.00E0 0.000 0.000
20.50 1.11 0.72 16.65 0.30 970.90 3.4E-4 0.1386 0.1732 0.93

0.1608 0.00E0 0.000 0.000
20.00 1.09 0.71 15.81 0.30 942.57 3.4E-4 0.1419 0.1896 0.93

0.1761 0.00E0 0.000 0.000
19.50 1.06 0.69 16.31 0.30 940.36 3.4E-4 0.1304 0.1673 0.93

0.1554 0.00E0 0.000 0.000
19.00 1.03 0.67 16.82 0.30 937.83 3.3E-4 0.1200 0.1479 0.93

0.1374 0.00E0 0.000 0.000
18.50 1.01 0.65 17.35 0.30 934.97 3.2E-4 0.1106 0.1310 0.93
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0.1216 0.00E0 0.000 0.000

18.00 0.98 0.64 17.89 0.30 931.77 3.1E-4 0.1020 0.1161 0.93
0.1079 0.00E0 0.000 0.000

17.50 0.95 0.62 18.45 0.30 928.22 3.1E-4 0.0943 0.1031 0.93
0.0958 0.00E0 0.000 0.000

17.00 0.92 0.60 19.03 0.30 924.34 3.0E-4 0.0873 0.0917 0.93
0.0851 0.00E0 0.000 0.000

16.50 0.90 0.58 19.63 0.30 920.09 2.9E-4 0.0809 0.0816 0.93
0.0758 0.00E0 0.000 0.000

16.00 0.87 0.57 20.25 0.30 915.48 2.9E-4 0.0751 0.0727 0.93
0.0675 0.00E0 0.000 0.000

15.50 0.84 0.55 20.53 0.30 905.25 2.8E-4 0.0709 0.0675 0.93
0.0627 0.00E0 0.000 0.000

15.00 0.82 0.53 19.40 0.30 873.88 2.8E-4 0.0717 0.0734 0.93
0.0682 0.00E0 0.000 0.000

14.50 0.79 0.51 17.81 0.30 835.01 2.8E-4 0.0744 0.0852 0.93
0.0791 0.00E0 0.000 0.000

14.00 0.76 0.49 17.73 0.30 819.24 2.8E-4 0.0713 0.0821 0.93
0.0762 0.00E0 0.000 0.000

13.50 0.73 0.48 17.65 0.30 803.27 2.8E-4 0.0682 0.0790 0.93
0.0733 0.00E0 0.000 0.000

13.00 0.71 0.46 17.57 0.30 787.09 2.7E-4 0.0651 0.0759 0.93
0.0705 0.00E0 0.000 0.000

12.50 0.68 0.44 17.49 0.30 770.68 2.7E-4 0.0622 0.0729 0.93
0.0677 0.00E0 0.000 0.000

12.00 0.65 0.42 17.42 0.30 754.04 2.6E-4 0.0593 0.0699 0.93
0.0649 0.00E0 0.000 0.000

11.50 0.62 0.41 17.35 0.30 737.14 2.6E-4 0.0565 0.0670 0.93
0.0622 0.00E0 0.000 0.000

11.00 0.60 0.39 17.28 0.30 719.97 2.5E-4 0.0538 0.0641 0.93
0.0595 0.00E0 0.000 0.000

10.50 0.57 0.37 17.21 0.30 702.51 2.5E-4 0.0511 0.0612 0.93
0.0568 0.00E0 0.000 0.000

10.00 0.54 0.35 17.15 0.30 684.75 2.4E-4 0.0486 0.0584 0.93
0.0542 0.00E0 0.000 0.000

9.50 0.52 0.34 17.65 0.31 673.84 2.3E-4 0.0559 0.0648 0.93
0.0602 0.00E0 0.000 0.000

9.00 0.49 0.32 18.18 0.31 662.44 2.3E-4 0.0498 0.0554 0.93
0.0515 0.00E0 0.000 0.000

8.50 0.46 0.30 18.76 0.31 650.52 2.2E-4 0.0451 0.0482 0.93
0.0448 0.00E0 0.000 0.000

8.00 0.43 0.28 17.70 0.31 618.97 2.2E-4 0.0441 0.0509 0.93
0.0473 0.00E0 0.000 0.000

7.50 0.41 0.26 18.30 0.31 606.01 2.1E-4 0.0406 0.0449 0.93
0.0417 0.00E0 0.000 0.000

7.00 0.38 0.25 18.96 0.31 592.37 2.0E-4 0.0389 0.0411 0.93
0.0382 0.00E0 0.000 0.000

6.50 0.35 0.23 19.68 0.31 578.00 1.9E-4 0.0362 0.0364 0.93
0.0338 0.00E0 0.000 0.000

6.00 0.33 0.21 20.03 0.31 558.62 1.8E-4 0.0339 0.0333 0.93
0.0309 0.00E0 0.000 0.000

5.50 0.30 0.19 20.23 0.31 536.61 1.7E-4 0.0318 0.0308 0.93
0.0286 0.00E0 0.000 0.000

5.00 0.27 0.18 20.44 0.31 513.33 1.6E-4 0.0297 0.0284 0.93
0.0264 0.00E0 0.000 0.000

4.50 0.24 0.16 20.64 0.31 488.57 1.5E-4 0.0276 0.0261 0.93
0.0242 0.00E0 0.000 0.000

4.00 0.22 0.14 20.84 0.31 462.12 1.5E-4 0.0279 0.0260 0.93
0.0242 0.00E0 0.000 0.000

3.50 0.19 0.12 21.04 0.31 433.66 1.4E-4 0.0253 0.0233 0.93
0.0217 0.00E0 0.000 0.000

3.00 0.16 0.11 21.24 0.31 402.76 1.3E-4 0.0232 0.0211 0.93
0.0196 0.00E0 0.000 0.000
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2.50 0.14 0.09 21.44 0.31 368.83 1.1E-4 0.0243 0.0218 0.93

0.0203 0.00E0 0.000 0.000
2.00 0.11 0.07 21.64 0.31 330.92 1.0E-4 0.0206 0.0183 0.93

0.0170 0.00E0 0.000 0.000
1.50 0.08 0.05 21.84 0.31 287.47 8.8E-5 0.0163 0.0143 0.93

0.0133 0.00E0 0.000 0.000
1.00 0.05 0.04 22.04 0.31 235.44 7.2E-5 0.0120 0.0104 0.93

0.0096 0.00E0 0.000 0.000
0.50 0.03 0.02 22.24 0.31 167.00 5.1E-5 0.0071 0.0061 0.93

0.0057 0.00E0 0.000 0.000
0.00 0.00 0.00 22.44 0.31 3.21 9.7E-7 0.0010 0.0009 0.93

0.0008 0.00E0 0.000 0.000
Settlement of Unsaturated Sands

____________________________________________________________________________________
____________________________

Settlement of Unsaturated Sands=0.000 in.
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Total Settlement of Saturated and Unsaturated Sands=0.000 in.
Differential Settlement=0.000 to 0.000 in.

Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = 
pcf; Depth = ft; Settlement = in. 

____________________________________________________________________________________
_____________

1 atm (atmosphere) = 1.0581 tsf(1 tsf = 1 ton/ft2 = 2 kip/ft2)
1 atm (atmosphere) = 101.325 kPa(1 kPa = 1 kN/m2 = 0.001 Mpa)
SPT Field data from Standard Penetration Test (SPT)
BPT Field data from Becker Penetration Test (BPT)
qc Field data from Cone Penetration Test (CPT) [atm (tsf)]
fs Friction from CPT testing [atm (tsf)]
Rf Ratio of fs/qc (%)
gamma Total unit weight of soil
gamma' Effective unit weight of soil
Fines Fines content [%]  
D50 Mean grain size       
Dr   Relative Density
sigma Total vertical stress [atm]
sigma' Effective vertical stress [atm]
sigC' Effective confining pressure [atm] 
rd  Acceleration reduction coefficient by Seed
a_max. Peak Ground Acceleration (PGA) in ground surface
mZ  Linear acceleration reduction coefficient X depth
a_min. Minimum acceleration under linear reduction, mZ
CRRv  CRR after overburden stress correction, CRRv=CRR7.5 * Ksig
  CRR7.5 Cyclic resistance ratio (M=7.5)
  Ksig Overburden stress correction factor for CRR7.5
CRRm After magnitude scaling correction CRRm=CRRv * MSF
  MSF  Magnitude scaling factor from M=7.5 to user input M 
CSR Cyclic stress ratio induced by earthquake
CSRfs CSRfs=CSR*fs1 (Default fs1=1)
  fs1 First CSR curve in graphic defined in #9 of Advanced page
  fs2 2nd CSR curve in graphic defined in #9 of Advanced page
F.S. Calculated factor of safety against liquefaction 

F.S.=CRRm/CSRsf
Cebs Energy Ratio, Borehole Dia., and Sampling Method Corrections
Cr Rod Length Corrections
Cn  Overburden Pressure Correction
(N1)60 SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
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d(N1)60 Fines correction of SPT
(N1)60f (N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Cq  Overburden stress correction factor
qc1 CPT after Overburden stress correction
dqc1 Fines correction of CPT
qc1f CPT after Fines and Overburden correction, qc1f=qc1 + dqc1
qc1n CPT after normalization in Robertson's method
Kc  Fine correction factor in Robertson's Method
qc1f CPT after Fines correction in Robertson's Method
Ic  Soil type index in Suzuki's and Robertson's Methods
(N1)60s (N1)60 after settlement fines corrections
CSRm After magnitude scaling correction for Settlement 

calculation  CSRm=CSRsf / MSF*
  CSRfs Cyclic stress ratio induced by earthquake with user 

inputed fs
  MSF*  Scaling factor from CSR, MSF*=1, based on Item 2 of 

Page C.
ec Volumetric strain for saturated sands
dz  Calculation segment, dz=0.050 ft
dsz    Settlement in each segment, dz
dp    User defined print interval
dsp    Settlement in each print interval, dp
Gmax Shear Modulus at low strain
g_eff gamma_eff, Effective shear Strain
g*Ge/Gm gamma_eff * G_eff/G_max, Strain-modulus ratio
ec7.5 Volumetric Strain for magnitude=7.5
Cec Magnitude correction factor for any magnitude
ec Volumetric strain for unsaturated sands, ec=Cec * ec7.5
NoLiq No-Liquefy Soils

References:

____________________________________________________________________________________
1. NCEER Workshop on Evaluation of Liquefaction Resistance of Soils. Youd, 

T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.
   SP117. Southern California Earthquake Center. Recommended Procedures for 

Implementation of DMG Special Publication 117, Guidelines for
   Analyzing and Mitigating Liquefaction in California. University of 

Southern California. March 1999.
2. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING AND SEISMIC SITE 

RESPONSE EVALUATION, Paper No. SPL-2, PROCEEDINGS: Fourth
   International Conference on Recent Advances in Geotechnical Earthquake 

Engineering and Soil Dynamics, San Diego, CA, March 2001.
3. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING: A UNIFIED AND 

CONSISTENT FRAMEWORK, Earthquake Engineering Research Center,
   Report No. EERC 2003-06 by R.B Seed and etc. April 2003.

Note: Print Interval you selected does not show complete results. To get 
complete results, you should select 'Segment' in Print Interval (Item 12, Page C).
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CH2M HILL

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Hampshire Road UC Plate A-1

Hole No.=A-11-003    Water Depth=34.9 ft    Surface Elev.=922.4 Magnitude=7

Acceleration=0.48g
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************************************************************************************
*******************
                                    LIQUEFACTION ANALYSIS CALCULATION DETAILS       
        
                                          Copyright by CivilTech Software     
                                               www.civiltechsoftware.com            
    
    
************************************************************************************
*******************

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 10/20/2011 12:10:52 PM

Input File Name: 
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Hampshire Rd UC\Analysis\Liquefaction\A-11-003.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Hampshire Road UC

 Input Data:
Surface Elev.=922.4
Hole No.=A-11-003
Depth of Hole=84.00 ft
Water Table during Earthquake= 34.90 ft
Water Table during In-Situ Testing= 60.00 ft
Max. Acceleration=0.48 g
Earthquake Magnitude=7.00
No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   
1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu/Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Average two input data between two Depths: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT Gamma Fines
ft pcf %
__________________________________
0.00 10.00 115.00 25.00
10.00 100.00 115.00 NoLiq
15.00 27.00 115.00 25.00
20.00 8.00 115.00 NoLiq
25.00 20.00 125.00 NoLiq
30.00 28.00 125.00 NoLiq
35.00 25.00 125.00 NoLiq
40.00 30.00 120.00 NoLiq
45.00 37.00 120.00 NoLiq
50.00 31.00 120.00 NoLiq
55.00 24.00 120.00 NoLiq
60.00 29.00 120.00 NoLiq
65.00 50.00 120.00 25.00
70.00 41.00 125.00 NoLiq
76.00 22.00 125.00 NoLiq
79.90 40.00 125.00 NoLiq
80.00 42.00 125.00 8.00
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 Output Results:
Calculation segment, dz=0.050 ft
User defined Print Interval, dp=0.50 ft

Acceleration Amplification:
  a(z)=a_max-mZ=a0+m(H-z),  a_max=a0+mH,  m=(a_max-a0)/H
User defined a0 (acceleration at bottom of profile) = 0.000 g
Maximum acceleration on surface, a_max = 0.480 g
amplification factor, m = 0.000
Depth of a0,  H = 84.00

CSR Calculation:
Depth gamma sigma gamma' sigma'  rd mZ a(z) CSR x 

fs1 =CSRfs
ft pcf atm pcf atm  g g

____________________________________________________________________________________
_

0.00 115.00 0.000 115.00 0.000 1.00 0.000 0.480 0.31 1.00
0.31

0.50 115.00 0.027 115.00 0.027 1.00 0.000 0.480 0.31 1.00
0.31

1.00 115.00 0.054 115.00 0.054 1.00 0.000 0.480 0.31 1.00
0.31

1.50 115.00 0.082 115.00 0.082 1.00 0.000 0.480 0.31 1.00
0.31

2.00 115.00 0.109 115.00 0.109 1.00 0.000 0.480 0.31 1.00
0.31

2.50 115.00 0.136 115.00 0.136 0.99 0.000 0.480 0.31 1.00
0.31

3.00 115.00 0.163 115.00 0.163 0.99 0.000 0.480 0.31 1.00
0.31

3.50 115.00 0.190 115.00 0.190 0.99 0.000 0.480 0.31 1.00
0.31

4.00 115.00 0.217 115.00 0.217 0.99 0.000 0.480 0.31 1.00
0.31

4.50 115.00 0.245 115.00 0.245 0.99 0.000 0.480 0.31 1.00
0.31

5.00 115.00 0.272 115.00 0.272 0.99 0.000 0.480 0.31 1.00
0.31

5.50 115.00 0.299 115.00 0.299 0.99 0.000 0.480 0.31 1.00
0.31

6.00 115.00 0.326 115.00 0.326 0.99 0.000 0.480 0.31 1.00
0.31

6.50 115.00 0.353 115.00 0.353 0.98 0.000 0.480 0.31 1.00
0.31

7.00 115.00 0.380 115.00 0.380 0.98 0.000 0.480 0.31 1.00
0.31

7.50 115.00 0.408 115.00 0.408 0.98 0.000 0.480 0.31 1.00
0.31

8.00 115.00 0.435 115.00 0.435 0.98 0.000 0.480 0.31 1.00
0.31

8.50 115.00 0.462 115.00 0.462 0.98 0.000 0.480 0.31 1.00
0.31

9.00 115.00 0.489 115.00 0.489 0.98 0.000 0.480 0.31 1.00
0.31

9.50 115.00 0.516 115.00 0.516 0.98 0.000 0.480 0.31 1.00
0.31

10.00 115.00 0.543 115.00 0.543 0.98 0.000 0.480 0.30 1.00
0.30
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10.50 115.00 0.571 115.00 0.571 0.98 0.000 0.480 0.30 1.00

0.30
11.00 115.00 0.598 115.00 0.598 0.97 0.000 0.480 0.30 1.00

0.30
11.50 115.00 0.625 115.00 0.625 0.97 0.000 0.480 0.30 1.00

0.30
12.00 115.00 0.652 115.00 0.652 0.97 0.000 0.480 0.30 1.00

0.30
12.50 115.00 0.679 115.00 0.679 0.97 0.000 0.480 0.30 1.00

0.30
13.00 115.00 0.706 115.00 0.706 0.97 0.000 0.480 0.30 1.00

0.30
13.50 115.00 0.734 115.00 0.734 0.97 0.000 0.480 0.30 1.00

0.30
14.00 115.00 0.761 115.00 0.761 0.97 0.000 0.480 0.30 1.00

0.30
14.50 115.00 0.788 115.00 0.788 0.97 0.000 0.480 0.30 1.00

0.30
15.00 115.00 0.815 115.00 0.815 0.97 0.000 0.480 0.30 1.00

0.30
15.50 115.00 0.842 115.00 0.842 0.96 0.000 0.480 0.30 1.00

0.30
16.00 115.00 0.869 115.00 0.869 0.96 0.000 0.480 0.30 1.00

0.30
16.50 115.00 0.897 115.00 0.897 0.96 0.000 0.480 0.30 1.00

0.30
17.00 115.00 0.924 115.00 0.924 0.96 0.000 0.480 0.30 1.00

0.30
17.50 115.00 0.951 115.00 0.951 0.96 0.000 0.480 0.30 1.00

0.30
18.00 115.00 0.978 115.00 0.978 0.96 0.000 0.480 0.30 1.00

0.30
18.50 115.00 1.005 115.00 1.005 0.96 0.000 0.480 0.30 1.00

0.30
19.00 115.00 1.033 115.00 1.033 0.96 0.000 0.480 0.30 1.00

0.30
19.50 115.00 1.060 115.00 1.060 0.95 0.000 0.480 0.30 1.00

0.30
20.00 115.00 1.087 115.00 1.087 0.95 0.000 0.480 0.30 1.00

0.30
20.50 116.00 1.114 116.00 1.114 0.95 0.000 0.480 0.30 1.00

0.30
21.00 117.00 1.142 117.00 1.142 0.95 0.000 0.480 0.30 1.00

0.30
21.50 118.00 1.169 118.00 1.169 0.95 0.000 0.480 0.30 1.00

0.30
22.00 119.00 1.197 119.00 1.197 0.95 0.000 0.480 0.30 1.00

0.30
22.50 120.00 1.226 120.00 1.226 0.95 0.000 0.480 0.30 1.00

0.30
23.00 121.00 1.254 121.00 1.254 0.95 0.000 0.480 0.30 1.00

0.30
23.50 122.00 1.283 122.00 1.283 0.95 0.000 0.480 0.29 1.00

0.29
24.00 123.00 1.312 123.00 1.312 0.94 0.000 0.480 0.29 1.00

0.29
24.50 124.00 1.341 124.00 1.341 0.94 0.000 0.480 0.29 1.00

0.29
25.00 125.00 1.370 125.00 1.370 0.94 0.000 0.480 0.29 1.00

0.29
25.50 125.00 1.400 125.00 1.400 0.94 0.000 0.480 0.29 1.00

0.29
26.00 125.00 1.429 125.00 1.429 0.94 0.000 0.480 0.29 1.00
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26.50 125.00 1.459 125.00 1.459 0.94 0.000 0.480 0.29 1.00
0.29

27.00 125.00 1.488 125.00 1.488 0.94 0.000 0.480 0.29 1.00
0.29

27.50 125.00 1.518 125.00 1.518 0.94 0.000 0.480 0.29 1.00
0.29

28.00 125.00 1.547 125.00 1.547 0.93 0.000 0.480 0.29 1.00
0.29

28.50 125.00 1.577 125.00 1.577 0.93 0.000 0.480 0.29 1.00
0.29

29.00 125.00 1.607 125.00 1.607 0.93 0.000 0.480 0.29 1.00
0.29

29.50 125.00 1.636 125.00 1.636 0.93 0.000 0.480 0.29 1.00
0.29

30.00 125.00 1.666 125.00 1.666 0.93 0.000 0.480 0.29 1.00
0.29

30.50 125.00 1.695 125.00 1.695 0.93 0.000 0.480 0.29 1.00
0.29

31.00 125.00 1.725 125.00 1.725 0.92 0.000 0.480 0.29 1.00
0.29

31.50 125.00 1.754 125.00 1.754 0.92 0.000 0.480 0.29 1.00
0.29

32.00 125.00 1.784 125.00 1.784 0.91 0.000 0.480 0.29 1.00
0.29

32.50 125.00 1.813 125.00 1.813 0.91 0.000 0.480 0.28 1.00
0.28

33.00 125.00 1.843 125.00 1.843 0.91 0.000 0.480 0.28 1.00
0.28

33.50 125.00 1.872 125.00 1.872 0.90 0.000 0.480 0.28 1.00
0.28

34.00 125.00 1.902 125.00 1.902 0.90 0.000 0.480 0.28 1.00
0.28

34.50 125.00 1.931 125.00 1.931 0.89 0.000 0.480 0.28 1.00
0.28

35.00 125.00 1.961 62.60 1.959 0.89 0.000 0.480 0.28 1.00
0.28

35.50 124.50 1.990 62.10 1.974 0.89 0.000 0.480 0.28 1.00
0.28

36.00 124.00 2.020 61.60 1.989 0.88 0.000 0.480 0.28 1.00
0.28

36.50 123.50 2.049 61.10 2.003 0.88 0.000 0.480 0.28 1.00
0.28

37.00 123.00 2.078 60.60 2.018 0.87 0.000 0.480 0.28 1.00
0.28

37.50 122.50 2.107 60.10 2.032 0.87 0.000 0.480 0.28 1.00
0.28

38.00 122.00 2.136 59.60 2.046 0.86 0.000 0.480 0.28 1.00
0.28

38.50 121.50 2.165 59.10 2.060 0.86 0.000 0.480 0.28 1.00
0.28

39.00 121.00 2.193 58.60 2.074 0.86 0.000 0.480 0.28 1.00
0.28

39.50 120.50 2.222 58.10 2.088 0.85 0.000 0.480 0.28 1.00
0.28

40.00 120.00 2.250 57.60 2.102 0.85 0.000 0.480 0.28 1.00
0.28

40.50 120.00 2.279 57.60 2.115 0.84 0.000 0.480 0.28 1.00
0.28

41.00 120.00 2.307 57.60 2.129 0.84 0.000 0.480 0.28 1.00
0.28

41.50 120.00 2.336 57.60 2.142 0.84 0.000 0.480 0.28 1.00
0.28
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42.00 120.00 2.364 57.60 2.156 0.83 0.000 0.480 0.28 1.00

0.28
42.50 120.00 2.392 57.60 2.170 0.83 0.000 0.480 0.28 1.00

0.28
43.00 120.00 2.421 57.60 2.183 0.82 0.000 0.480 0.29 1.00

0.29
43.50 120.00 2.449 57.60 2.197 0.82 0.000 0.480 0.29 1.00

0.29
44.00 120.00 2.477 57.60 2.210 0.82 0.000 0.480 0.29 1.00

0.29
44.50 120.00 2.506 57.60 2.224 0.81 0.000 0.480 0.29 1.00

0.29
45.00 120.00 2.534 57.60 2.238 0.81 0.000 0.480 0.29 1.00

0.29
45.50 120.00 2.562 57.60 2.251 0.80 0.000 0.480 0.29 1.00

0.29
46.00 120.00 2.591 57.60 2.265 0.80 0.000 0.480 0.29 1.00

0.29
46.50 120.00 2.619 57.60 2.278 0.80 0.000 0.480 0.29 1.00

0.29
47.00 120.00 2.647 57.60 2.292 0.79 0.000 0.480 0.29 1.00

0.29
47.50 120.00 2.676 57.60 2.306 0.79 0.000 0.480 0.29 1.00

0.29
48.00 120.00 2.704 57.60 2.319 0.78 0.000 0.480 0.28 1.00

0.28
48.50 120.00 2.732 57.60 2.333 0.78 0.000 0.480 0.28 1.00

0.28
49.00 120.00 2.761 57.60 2.347 0.78 0.000 0.480 0.28 1.00

0.28
49.50 120.00 2.789 57.60 2.360 0.77 0.000 0.480 0.28 1.00

0.28
50.00 120.00 2.818 57.60 2.374 0.77 0.000 0.480 0.28 1.00

0.28
50.50 120.00 2.846 57.60 2.387 0.76 0.000 0.480 0.28 1.00

0.28
51.00 120.00 2.874 57.60 2.401 0.76 0.000 0.480 0.28 1.00

0.28
51.50 120.00 2.903 57.60 2.415 0.75 0.000 0.480 0.28 1.00

0.28
52.00 120.00 2.931 57.60 2.428 0.75 0.000 0.480 0.28 1.00

0.28
52.50 120.00 2.959 57.60 2.442 0.75 0.000 0.480 0.28 1.00

0.28
53.00 120.00 2.988 57.60 2.455 0.74 0.000 0.480 0.28 1.00

0.28
53.50 120.00 3.016 57.60 2.469 0.74 0.000 0.480 0.28 1.00

0.28
54.00 120.00 3.044 57.60 2.483 0.73 0.000 0.480 0.28 1.00

0.28
54.50 120.00 3.073 57.60 2.496 0.73 0.000 0.480 0.28 1.00

0.28
55.00 120.00 3.101 57.60 2.510 0.73 0.000 0.480 0.28 1.00

0.28
55.50 120.00 3.129 57.60 2.523 0.72 0.000 0.480 0.28 1.00

0.28
56.00 120.00 3.158 57.60 2.537 0.72 0.000 0.480 0.28 1.00

0.28
56.50 120.00 3.186 57.60 2.551 0.71 0.000 0.480 0.28 1.00

0.28
57.00 120.00 3.214 57.60 2.564 0.71 0.000 0.480 0.28 1.00

0.28
57.50 120.00 3.243 57.60 2.578 0.71 0.000 0.480 0.28 1.00
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0.28

58.00 120.00 3.271 57.60 2.591 0.70 0.000 0.480 0.28 1.00
0.28

58.50 120.00 3.300 57.60 2.605 0.70 0.000 0.480 0.28 1.00
0.28

59.00 120.00 3.328 57.60 2.619 0.69 0.000 0.480 0.28 1.00
0.28

59.50 120.00 3.356 57.60 2.632 0.69 0.000 0.480 0.27 1.00
0.27

60.00 120.00 3.385 57.60 2.646 0.69 0.000 0.480 0.27 1.00
0.27

60.50 120.00 3.413 57.60 2.660 0.68 0.000 0.480 0.27 1.00
0.27

61.00 120.00 3.441 57.60 2.673 0.68 0.000 0.480 0.27 1.00
0.27

61.50 120.00 3.470 57.60 2.687 0.67 0.000 0.480 0.27 1.00
0.27

62.00 120.00 3.498 57.60 2.700 0.67 0.000 0.480 0.27 1.00
0.27

62.50 120.00 3.526 57.60 2.714 0.67 0.000 0.480 0.27 1.00
0.27

63.00 120.00 3.555 57.60 2.728 0.66 0.000 0.480 0.27 1.00
0.27

63.50 120.00 3.583 57.60 2.741 0.66 0.000 0.480 0.27 1.00
0.27

64.00 120.00 3.611 57.60 2.755 0.65 0.000 0.480 0.27 1.00
0.27

64.50 120.00 3.640 57.60 2.768 0.65 0.000 0.480 0.27 1.00
0.27

65.00 120.00 3.668 57.60 2.782 0.65 0.000 0.480 0.27 1.00
0.27

65.50 120.50 3.696 58.10 2.796 0.64 0.000 0.480 0.26 1.00
0.26

66.00 121.00 3.725 58.60 2.809 0.64 0.000 0.480 0.26 1.00
0.26

66.50 121.50 3.754 59.10 2.823 0.63 0.000 0.480 0.26 1.00
0.26

67.00 122.00 3.782 59.60 2.837 0.63 0.000 0.480 0.26 1.00
0.26

67.50 122.50 3.811 60.10 2.851 0.62 0.000 0.480 0.26 1.00
0.26

68.00 123.00 3.840 60.60 2.866 0.62 0.000 0.480 0.26 1.00
0.26

68.50 123.50 3.869 61.10 2.880 0.62 0.000 0.480 0.26 1.00
0.26

69.00 124.00 3.899 61.60 2.895 0.61 0.000 0.480 0.26 1.00
0.26

69.50 124.50 3.928 62.10 2.909 0.61 0.000 0.480 0.26 1.00
0.26

70.00 125.00 3.957 62.60 2.924 0.60 0.000 0.480 0.26 1.00
0.26

70.50 125.00 3.987 62.60 2.939 0.60 0.000 0.480 0.25 1.00
0.25

71.00 125.00 4.017 62.60 2.954 0.60 0.000 0.480 0.25 1.00
0.25

71.50 125.00 4.046 62.60 2.968 0.59 0.000 0.480 0.25 1.00
0.25

72.00 125.00 4.076 62.60 2.983 0.59 0.000 0.480 0.25 1.00
0.25

72.50 125.00 4.105 62.60 2.998 0.58 0.000 0.480 0.25 1.00
0.25

73.00 125.00 4.135 62.60 3.013 0.58 0.000 0.480 0.25 1.00
0.25
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73.50 125.00 4.164 62.60 3.027 0.58 0.000 0.480 0.25 1.00

0.25
74.00 125.00 4.194 62.60 3.042 0.57 0.000 0.480 0.25 1.00

0.25
74.50 125.00 4.223 62.60 3.057 0.57 0.000 0.480 0.24 1.00

0.24
75.00 125.00 4.253 62.60 3.072 0.56 0.000 0.480 0.24 1.00

0.24
75.50 125.00 4.282 62.60 3.087 0.56 0.000 0.480 0.24 1.00

0.24
76.00 125.00 4.312 62.60 3.101 0.56 0.000 0.480 0.24 1.00

0.24
76.50 125.00 4.341 62.60 3.116 0.56 0.000 0.480 0.24 1.00

0.24
77.00 125.00 4.371 62.60 3.131 0.56 0.000 0.480 0.24 1.00

0.24
77.50 125.00 4.400 62.60 3.146 0.56 0.000 0.480 0.24 1.00

0.24
78.00 125.00 4.430 62.60 3.161 0.55 0.000 0.480 0.24 1.00

0.24
78.50 125.00 4.460 62.60 3.175 0.55 0.000 0.480 0.24 1.00

0.24
79.00 125.00 4.489 62.60 3.190 0.55 0.000 0.480 0.24 1.00

0.24
79.50 125.00 4.519 62.60 3.205 0.55 0.000 0.480 0.24 1.00

0.24
80.00 125.00 4.548 62.60 3.220 0.55 0.000 0.480 0.24 1.00

0.24
80.50 125.00 4.578 62.60 3.235 0.55 0.000 0.480 0.24 1.00

0.24
81.00 125.00 4.607 62.60 3.249 0.55 0.000 0.480 0.24 1.00

0.24
81.50 125.00 4.637 62.60 3.264 0.55 0.000 0.480 0.24 1.00

0.24
82.00 125.00 4.666 62.60 3.279 0.54 0.000 0.480 0.24 1.00

0.24
82.50 125.00 4.696 62.60 3.294 0.54 0.000 0.480 0.24 1.00

0.24
83.00 125.00 4.725 62.60 3.309 0.54 0.000 0.480 0.24 1.00

0.24
83.50 125.00 4.755 62.60 3.323 0.54 0.000 0.480 0.24 1.00

0.24
84.00 125.00 4.784 62.60 3.338 0.54 0.000 0.480 0.24 1.00

0.24

____________________________________________________________________________________
_

CSR is based on water table at 34.90 during earthquake

CRR Calculation from SPT or BPT data:
Depth SPT Cebs Cr sigma' Cn (N1)60 Fines d(N1)60

(N1)60f CRR7.5
ft atm %

____________________________________________________________________________________
_

0.00 10.00 1.05 0.75 0.000 1.70 13.39 25.00 4.80
18.19 0.20

0.50 14.50 1.05 0.75 0.027 1.70 19.41 28.80 5.71
25.12 0.28

1.00 19.00 1.05 0.75 0.054 1.70 25.44 32.60 6.62
32.06 2.00

1.50 23.50 1.05 0.75 0.082 1.70 31.46 36.40 7.20
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38.66 2.00

2.00 28.00 1.05 0.75 0.109 1.70 37.48 40.20 7.20
44.68 2.00

2.50 32.50 1.05 0.75 0.136 1.70 43.51 44.00 7.20
50.71 2.00

3.00 37.00 1.05 0.75 0.163 1.70 49.53 47.80 7.20
56.73 2.00

3.50 41.50 1.05 0.75 0.190 1.70 55.56 51.60 7.20
62.76 2.00

4.00 46.00 1.05 0.75 0.217 1.70 61.58 55.40 7.20
68.78 2.00

4.50 50.50 1.05 0.75 0.245 1.70 67.61 59.20 7.20
74.81 2.00

5.00 55.00 1.05 0.75 0.272 1.70 73.63 63.00 7.20
80.83 2.00

5.50 59.50 1.05 0.75 0.299 1.70 79.66 66.80 7.20
86.86 2.00

6.00 64.00 1.05 0.75 0.326 1.70 85.68 70.60 7.20
92.88 2.00

6.50 68.50 1.05 0.75 0.353 1.68 90.76 74.40 7.20
97.96 2.00

7.00 73.00 1.05 0.75 0.380 1.62 93.21 78.20 7.20
100.41 2.00

7.50 77.50 1.05 0.75 0.408 1.57 95.60 82.00 7.20
102.80 2.00

8.00 82.00 1.05 0.75 0.435 1.52 97.94 85.80 7.20
105.14 2.00

8.50 86.50 1.05 0.85 0.462 1.47 113.59 89.60 7.20
120.79 2.00

9.00 91.00 1.05 0.85 0.489 1.43 116.13 93.40 7.20
123.33 2.00

9.50 95.50 1.05 0.85 0.516 1.39 118.62 97.20 7.20
125.82 2.00

10.00 100.00 1.05 0.85 0.543 1.36 121.07 NoLiq 7.20
128.27 2.00

10.50 92.70 1.05 0.85 0.571 1.32 109.53 93.40 7.20
116.73 2.00

11.00 85.40 1.05 0.85 0.598 1.29 98.58 85.80 7.20
105.78 2.00

11.50 78.10 1.05 0.85 0.625 1.26 88.17 78.20 7.20
95.37 2.00

12.00 70.80 1.05 0.85 0.652 1.24 78.25 70.60 7.20
85.45 2.00

12.50 63.50 1.05 0.85 0.679 1.21 68.76 63.00 7.20
75.96 2.00

13.00 56.20 1.05 0.85 0.706 1.19 59.68 55.40 7.20
66.88 2.00

13.50 48.90 1.05 0.85 0.734 1.17 50.95 47.80 7.20
58.15 2.00

14.00 41.60 1.05 0.85 0.761 1.15 42.57 40.20 7.20
49.77 2.00

14.50 34.30 1.05 0.85 0.788 1.13 34.49 32.60 6.62
41.11 2.00

15.00 27.00 1.05 0.95 0.815 1.11 29.83 25.00 4.80
34.63 2.00

15.50 25.10 1.05 0.95 0.842 1.09 27.28 32.60 6.62
33.90 2.00

16.00 23.20 1.05 0.95 0.869 1.07 24.82 40.20 7.20
32.02 2.00

16.50 21.30 1.05 0.95 0.897 1.06 22.44 47.80 7.20
29.64 0.41

17.00 19.40 1.05 0.95 0.924 1.04 20.13 55.40 7.20
27.33 0.33
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17.50 17.50 1.05 0.95 0.951 1.03 17.90 63.00 7.20

25.10 0.28
18.00 15.60 1.05 0.95 0.978 1.01 15.73 70.60 7.20

22.93 0.25
18.50 13.70 1.05 0.95 1.005 1.00 13.63 78.20 7.20

20.83 0.23
19.00 11.80 1.05 0.95 1.033 0.98 11.58 85.80 7.20

18.78 0.20
19.50 9.90 1.05 0.95 1.060 0.97 9.59 93.40 7.20

16.79 0.18
20.00 8.00 1.05 0.95 1.087 0.96 7.65 NoLiq 7.20

14.85 0.16
20.50 9.20 1.05 0.95 1.114 0.95 8.69 NoLiq 7.20

15.89 0.17
21.00 10.40 1.05 0.95 1.142 0.94 9.71 NoLiq 7.20

16.91 0.18
21.50 11.60 1.05 0.95 1.169 0.92 10.70 NoLiq 7.20

17.90 0.19
22.00 12.80 1.05 0.95 1.197 0.91 11.67 NoLiq 7.20

18.87 0.20
22.50 14.00 1.05 0.95 1.226 0.90 12.61 NoLiq 7.20

19.81 0.21
23.00 15.20 1.05 0.95 1.254 0.89 13.54 NoLiq 7.20

20.74 0.22
23.50 16.40 1.05 0.95 1.283 0.88 14.44 NoLiq 7.20

21.64 0.24
24.00 17.60 1.05 0.95 1.312 0.87 15.33 NoLiq 7.20

22.53 0.25
24.50 18.80 1.05 0.95 1.341 0.86 16.19 NoLiq 7.20

23.39 0.26
25.00 20.00 1.05 0.95 1.370 0.85 17.04 NoLiq 7.20

24.24 0.27
25.50 20.80 1.05 0.95 1.400 0.85 17.54 NoLiq 7.20

24.74 0.28
26.00 21.60 1.05 0.95 1.429 0.84 18.02 NoLiq 7.20

25.22 0.29
26.50 22.40 1.05 0.95 1.459 0.83 18.50 NoLiq 7.20

25.70 0.29
27.00 23.20 1.05 0.95 1.488 0.82 18.97 NoLiq 7.20

26.17 0.30
27.50 24.00 1.05 0.95 1.518 0.81 19.43 NoLiq 7.20

26.63 0.31
28.00 24.80 1.05 1.00 1.547 0.80 20.93 NoLiq 7.20

28.13 0.35
28.50 25.60 1.05 1.00 1.577 0.80 21.40 NoLiq 7.20

28.60 0.36
29.00 26.40 1.05 1.00 1.607 0.79 21.87 NoLiq 7.20

29.07 0.38
29.50 27.20 1.05 1.00 1.636 0.78 22.33 NoLiq 7.20

29.53 0.40
30.00 28.00 1.05 1.00 1.666 0.77 22.78 NoLiq 7.20

29.98 0.45
30.50 27.70 1.05 1.00 1.695 0.77 22.34 NoLiq 7.20

29.54 0.40
31.00 27.40 1.05 1.00 1.725 0.76 21.91 NoLiq 7.20

29.11 0.38
31.50 27.10 1.05 1.00 1.754 0.76 21.48 NoLiq 7.20

28.68 0.36
32.00 26.80 1.05 1.00 1.784 0.75 21.07 NoLiq 7.20

28.27 0.35
32.50 26.50 1.05 1.00 1.813 0.74 20.66 NoLiq 7.20

27.86 0.34
33.00 26.20 1.05 1.00 1.843 0.74 20.27 NoLiq 7.20
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27.47 0.33

33.50 25.90 1.05 1.00 1.872 0.73 19.87 NoLiq 7.20
27.07 0.32

34.00 25.60 1.05 1.00 1.902 0.73 19.49 NoLiq 7.20
26.69 0.31

34.50 25.30 1.05 1.00 1.931 0.72 19.11 NoLiq 7.20
26.31 0.31

35.00 25.00 1.05 1.00 1.961 0.71 18.75 NoLiq 7.20
25.95 0.30

35.50 25.50 1.05 1.00 1.990 0.71 18.98 NoLiq 7.20
26.18 0.30

36.00 26.00 1.05 1.00 2.020 0.70 19.21 NoLiq 7.20
26.41 0.31

36.50 26.50 1.05 1.00 2.049 0.70 19.44 NoLiq 7.20
26.64 0.31

37.00 27.00 1.05 1.00 2.078 0.69 19.67 NoLiq 7.20
26.87 0.32

37.50 27.50 1.05 1.00 2.107 0.69 19.89 NoLiq 7.20
27.09 0.32

38.00 28.00 1.05 1.00 2.136 0.68 20.12 NoLiq 7.20
27.32 0.33

38.50 28.50 1.05 1.00 2.165 0.68 20.34 NoLiq 7.20
27.54 0.33

39.00 29.00 1.05 1.00 2.193 0.68 20.56 NoLiq 7.20
27.76 0.34

39.50 29.50 1.05 1.00 2.222 0.67 20.78 NoLiq 7.20
27.98 0.34

40.00 30.00 1.05 1.00 2.250 0.67 21.00 NoLiq 7.20
28.20 0.35

40.50 30.70 1.05 1.00 2.279 0.66 21.35 NoLiq 7.20
28.55 0.36

41.00 31.40 1.05 1.00 2.307 0.66 21.71 NoLiq 7.20
28.91 0.37

41.50 32.10 1.05 1.00 2.336 0.65 22.05 NoLiq 7.20
29.25 0.39

42.00 32.80 1.05 1.00 2.364 0.65 22.40 NoLiq 7.20
29.60 0.41

42.50 33.50 1.05 1.00 2.392 0.65 22.74 NoLiq 7.20
29.94 0.45

43.00 34.20 1.05 1.00 2.421 0.64 23.08 NoLiq 7.20
30.28 2.00

43.50 34.90 1.05 1.00 2.449 0.64 23.42 NoLiq 7.20
30.62 2.00

44.00 35.60 1.05 1.00 2.477 0.64 23.75 NoLiq 7.20
30.95 2.00

44.50 36.30 1.05 1.00 2.506 0.63 24.08 NoLiq 7.20
31.28 2.00

45.00 37.00 1.05 1.00 2.534 0.63 24.41 NoLiq 7.20
31.61 2.00

45.50 36.40 1.05 1.00 2.562 0.62 23.88 NoLiq 7.20
31.08 2.00

46.00 35.80 1.05 1.00 2.591 0.62 23.35 NoLiq 7.20
30.55 2.00

46.50 35.20 1.05 1.00 2.619 0.62 22.84 NoLiq 7.20
30.04 0.47

47.00 34.60 1.05 1.00 2.647 0.61 22.33 NoLiq 7.20
29.53 0.40

47.50 34.00 1.05 1.00 2.676 0.61 21.82 NoLiq 7.20
29.02 0.38

48.00 33.40 1.05 1.00 2.704 0.61 21.33 NoLiq 7.20
28.53 0.36

48.50 32.80 1.05 1.00 2.732 0.60 20.84 NoLiq 7.20
28.04 0.34
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49.00 32.20 1.05 1.00 2.761 0.60 20.35 NoLiq 7.20

27.55 0.33
49.50 31.60 1.05 1.00 2.789 0.60 19.87 NoLiq 7.20

27.07 0.32
50.00 31.00 1.05 1.00 2.818 0.60 19.39 NoLiq 7.20

26.59 0.31
50.50 30.30 1.05 1.00 2.846 0.59 18.86 NoLiq 7.20

26.06 0.30
51.00 29.60 1.05 1.00 2.874 0.59 18.33 NoLiq 7.20

25.53 0.29
51.50 28.90 1.05 1.00 2.903 0.59 17.81 NoLiq 7.20

25.01 0.28
52.00 28.20 1.05 1.00 2.931 0.58 17.30 NoLiq 7.20

24.50 0.27
52.50 27.50 1.05 1.00 2.959 0.58 16.79 NoLiq 7.20

23.99 0.27
53.00 26.80 1.05 1.00 2.988 0.58 16.28 NoLiq 7.20

23.48 0.26
53.50 26.10 1.05 1.00 3.016 0.58 15.78 NoLiq 7.20

22.98 0.25
54.00 25.40 1.05 1.00 3.044 0.57 15.29 NoLiq 7.20

22.49 0.25
54.50 24.70 1.05 1.00 3.073 0.57 14.80 NoLiq 7.20

22.00 0.24
55.00 24.00 1.05 1.00 3.101 0.57 14.31 NoLiq 7.20

21.51 0.23
55.50 24.50 1.05 1.00 3.129 0.57 14.54 NoLiq 7.20

21.74 0.24
56.00 25.00 1.05 1.00 3.158 0.56 14.77 NoLiq 7.20

21.97 0.24
56.50 25.50 1.05 1.00 3.186 0.56 15.00 NoLiq 7.20

22.20 0.24
57.00 26.00 1.05 1.00 3.214 0.56 15.23 NoLiq 7.20

22.43 0.25
57.50 26.50 1.05 1.00 3.243 0.56 15.45 NoLiq 7.20

22.65 0.25
58.00 27.00 1.05 1.00 3.271 0.55 15.67 NoLiq 7.20

22.87 0.25
58.50 27.50 1.05 1.00 3.300 0.55 15.90 NoLiq 7.20

23.10 0.25
59.00 28.00 1.05 1.00 3.328 0.55 16.12 NoLiq 7.20

23.32 0.26
59.50 28.50 1.05 1.00 3.356 0.55 16.33 NoLiq 7.20

23.53 0.26
60.00 29.00 1.05 1.00 3.385 0.54 16.55 NoLiq 7.20

23.75 0.26
60.50 31.10 1.05 1.00 3.400 0.54 17.71 NoLiq 7.20

24.91 0.28
61.00 33.20 1.05 1.00 3.413 0.54 18.87 NoLiq 7.20

26.07 0.30
61.50 35.30 1.05 1.00 3.427 0.54 20.02 NoLiq 7.20

27.22 0.32
62.00 37.40 1.05 1.00 3.440 0.54 21.17 NoLiq 7.20

28.37 0.35
62.50 39.50 1.05 1.00 3.454 0.54 22.31 NoLiq 7.20

29.51 0.40
63.00 41.60 1.05 1.00 3.468 0.54 23.45 55.41 7.20

30.65 2.00
63.50 43.70 1.05 1.00 3.481 0.54 24.59 47.81 7.20

31.79 2.00
64.00 45.80 1.05 1.00 3.495 0.53 25.72 40.21 7.20

32.92 2.00
64.50 47.90 1.05 1.00 3.509 0.53 26.85 32.61 6.63
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33.48 2.00

65.00 50.00 1.05 1.00 3.522 0.53 27.97 25.01 4.80
32.77 2.00

65.50 49.10 1.05 1.00 3.536 0.53 27.42 32.59 6.62
34.04 2.00

66.00 48.20 1.05 1.00 3.550 0.53 26.86 40.19 7.20
34.06 2.00

66.50 47.30 1.05 1.00 3.563 0.53 26.31 47.79 7.20
33.51 2.00

67.00 46.40 1.05 1.00 3.577 0.53 25.76 55.39 7.20
32.96 2.00

67.50 45.50 1.05 1.00 3.592 0.53 25.21 62.99 7.20
32.41 2.00

68.00 44.60 1.05 1.00 3.606 0.53 24.66 NoLiq 7.20
31.86 2.00

68.50 43.70 1.05 1.00 3.620 0.53 24.12 NoLiq 7.20
31.32 2.00

69.00 42.80 1.05 1.00 3.635 0.52 23.57 NoLiq 7.20
30.77 2.00

69.50 41.90 1.05 1.00 3.649 0.52 23.03 NoLiq 7.20
30.23 2.00

70.00 41.00 1.05 1.00 3.664 0.52 22.49 NoLiq 7.20
29.69 0.42

70.50 39.42 1.05 1.00 3.679 0.52 21.58 NoLiq 7.20
28.78 0.37

71.00 37.83 1.05 1.00 3.694 0.52 20.67 NoLiq 7.20
27.87 0.34

71.50 36.25 1.05 1.00 3.708 0.52 19.77 NoLiq 7.20
26.97 0.32

72.00 34.67 1.05 1.00 3.723 0.52 18.86 NoLiq 7.20
26.06 0.30

72.50 33.08 1.05 1.00 3.738 0.52 17.97 NoLiq 7.20
25.17 0.29

73.00 31.50 1.05 1.00 3.753 0.52 17.07 NoLiq 7.20
24.27 0.27

73.50 29.92 1.05 1.00 3.768 0.52 16.18 NoLiq 7.20
23.38 0.26

74.00 28.33 1.05 1.00 3.782 0.51 15.30 NoLiq 7.20
22.50 0.25

74.50 26.75 1.05 1.00 3.797 0.51 14.41 NoLiq 7.20
21.61 0.24

75.00 25.17 1.05 1.00 3.812 0.51 13.53 NoLiq 7.20
20.73 0.22

75.50 23.58 1.05 1.00 3.827 0.51 12.66 NoLiq 7.20
19.86 0.21

76.00 22.00 1.05 1.00 3.842 0.51 11.79 NoLiq 7.20
18.99 0.20

76.50 24.31 1.05 1.00 3.856 0.51 13.00 NoLiq 7.20
20.20 0.22

77.00 26.62 1.05 1.00 3.871 0.51 14.20 NoLiq 7.20
21.40 0.23

77.50 28.92 1.05 1.00 3.886 0.51 15.41 NoLiq 7.20
22.61 0.25

78.00 31.23 1.05 1.00 3.901 0.51 16.60 NoLiq 7.20
23.80 0.26

78.50 33.54 1.05 1.00 3.916 0.51 17.80 NoLiq 7.20
25.00 0.28

79.00 35.85 1.05 1.00 3.930 0.50 18.99 NoLiq 7.20
26.19 0.30

79.50 38.16 1.05 1.00 3.945 0.50 20.17 NoLiq 7.20
27.37 0.33

80.00 42.00 1.05 1.00 3.960 0.50 22.16 8.00 0.72
22.88 0.25
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80.50 42.00 1.05 1.00 3.975 0.50 22.12 8.00 0.72

22.84 0.25
81.00 42.00 1.05 1.00 3.989 0.50 22.08 8.00 0.72

22.80 0.25
81.50 42.00 1.05 1.00 4.004 0.50 22.04 8.00 0.72

22.76 0.25
82.00 42.00 1.05 1.00 4.019 0.50 22.00 8.00 0.72

22.72 0.25
82.50 42.00 1.05 1.00 4.034 0.50 21.96 8.00 0.72

22.68 0.25
83.00 42.00 1.05 1.00 4.049 0.50 21.92 8.00 0.72

22.64 0.25
83.50 42.00 1.05 1.00 4.063 0.50 21.88 8.00 0.72

22.60 0.25
84.00 42.00 1.05 1.00 4.078 0.50 21.84 8.00 0.72

22.56 0.25

____________________________________________________________________________________
_

CRR is based on water table at 60.00 during In-Situ Testing

Factor of Safety,  - Earthquake Magnitude= 7.00:
Depth sigC' CRR7.5 x Ksig =CRRv x MSF =CRRm CSRfs

F.S.=CRRm/CSRfs
ft atm
________________________________________________________________________
0.00 0.00 0.20 1.00 0.20 1.19 0.23 0.31 5.00
0.50 0.02 0.28 1.00 0.28 1.19 0.34 0.31 5.00
1.00 0.04 2.00 1.00 2.00 1.19 2.39 0.31 5.00
1.50 0.05 2.00 1.00 2.00 1.19 2.39 0.31 5.00
2.00 0.07 2.00 1.00 2.00 1.19 2.39 0.31 5.00
2.50 0.09 2.00 1.00 2.00 1.19 2.39 0.31 5.00
3.00 0.11 2.00 1.00 2.00 1.19 2.39 0.31 5.00
3.50 0.12 2.00 1.00 2.00 1.19 2.39 0.31 5.00
4.00 0.14 2.00 1.00 2.00 1.19 2.39 0.31 5.00
4.50 0.16 2.00 1.00 2.00 1.19 2.39 0.31 5.00
5.00 0.18 2.00 1.00 2.00 1.19 2.39 0.31 5.00
5.50 0.19 2.00 1.00 2.00 1.19 2.39 0.31 5.00
6.00 0.21 2.00 1.00 2.00 1.19 2.39 0.31 5.00
6.50 0.23 2.00 1.00 2.00 1.19 2.39 0.31 5.00
7.00 0.25 2.00 1.00 2.00 1.19 2.39 0.31 5.00
7.50 0.26 2.00 1.00 2.00 1.19 2.39 0.31 5.00
8.00 0.28 2.00 1.00 2.00 1.19 2.39 0.31 5.00
8.50 0.30 2.00 1.00 2.00 1.19 2.39 0.31 5.00
9.00 0.32 2.00 1.00 2.00 1.19 2.39 0.31 5.00
9.50 0.34 2.00 1.00 2.00 1.19 2.39 0.31 5.00
10.00 0.35 2.00 1.00 2.00 1.19 2.39 0.30 5.00
10.50 0.37 2.00 1.00 2.00 1.19 2.39 0.30 5.00
11.00 0.39 2.00 1.00 2.00 1.19 2.39 0.30 5.00
11.50 0.41 2.00 1.00 2.00 1.19 2.39 0.30 5.00
12.00 0.42 2.00 1.00 2.00 1.19 2.39 0.30 5.00
12.50 0.44 2.00 1.00 2.00 1.19 2.39 0.30 5.00
13.00 0.46 2.00 1.00 2.00 1.19 2.39 0.30 5.00
13.50 0.48 2.00 1.00 2.00 1.19 2.39 0.30 5.00
14.00 0.49 2.00 1.00 2.00 1.19 2.39 0.30 5.00
14.50 0.51 2.00 1.00 2.00 1.19 2.39 0.30 5.00
15.00 0.53 2.00 1.00 2.00 1.19 2.39 0.30 5.00
15.50 0.55 2.00 1.00 2.00 1.19 2.39 0.30 5.00
16.00 0.57 2.00 1.00 2.00 1.19 2.39 0.30 5.00
16.50 0.58 0.41 1.00 0.41 1.19 0.49 0.30 5.00
17.00 0.60 0.33 1.00 0.33 1.19 0.39 0.30 5.00
17.50 0.62 0.28 1.00 0.28 1.19 0.34 0.30 5.00
18.00 0.64 0.25 1.00 0.25 1.19 0.30 0.30 5.00
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18.50 0.65 0.23 1.00 0.23 1.19 0.27 0.30 5.00
19.00 0.67 0.20 1.00 0.20 1.19 0.24 0.30 5.00
19.50 0.69 0.18 1.00 0.18 1.19 0.22 0.30 5.00
20.00 0.71 0.16 1.00 0.16 1.19 0.19 0.30 5.00
20.50 0.72 0.17 1.00 0.17 1.19 2.00 0.30 5.00 ^
21.00 0.74 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
21.50 0.76 0.19 1.00 0.19 1.19 2.00 0.30 5.00 ^
22.00 0.78 0.20 1.00 0.20 1.19 2.00 0.30 5.00 ^
22.50 0.80 0.21 1.00 0.21 1.19 2.00 0.30 5.00 ^
23.00 0.82 0.22 1.00 0.22 1.19 2.00 0.30 5.00 ^
23.50 0.83 0.24 1.00 0.24 1.19 2.00 0.29 5.00 ^
24.00 0.85 0.25 1.00 0.25 1.19 2.00 0.29 5.00 ^
24.50 0.87 0.26 1.00 0.26 1.19 2.00 0.29 5.00 ^
25.00 0.89 0.27 1.00 0.27 1.19 2.00 0.29 5.00 ^
25.50 0.91 0.28 1.00 0.28 1.19 2.00 0.29 5.00 ^
26.00 0.93 0.29 1.00 0.29 1.19 2.00 0.29 5.00 ^
26.50 0.95 0.29 1.00 0.29 1.19 2.00 0.29 5.00 ^
27.00 0.97 0.30 1.00 0.30 1.19 2.00 0.29 5.00 ^
27.50 0.99 0.31 1.00 0.31 1.19 2.00 0.29 5.00 ^
28.00 1.01 0.35 1.01 0.35 1.19 2.00 0.29 5.00 ^
28.50 1.03 0.36 1.00 0.36 1.19 2.00 0.29 5.00 ^
29.00 1.04 0.38 1.00 0.38 1.19 2.00 0.29 5.00 ^
29.50 1.06 0.40 1.00 0.40 1.19 2.00 0.29 5.00 ^
30.00 1.08 0.45 0.99 0.45 1.19 2.00 0.29 5.00 ^
30.50 1.10 0.40 0.99 0.40 1.19 2.00 0.29 5.00 ^
31.00 1.12 0.38 0.99 0.37 1.19 2.00 0.29 5.00 ^
31.50 1.14 0.36 0.98 0.36 1.19 2.00 0.29 5.00 ^
32.00 1.16 0.35 0.98 0.34 1.19 2.00 0.29 5.00 ^
32.50 1.18 0.34 0.98 0.33 1.19 2.00 0.28 5.00 ^
33.00 1.20 0.33 0.98 0.32 1.19 2.00 0.28 5.00 ^
33.50 1.22 0.32 0.97 0.31 1.19 2.00 0.28 5.00 ^
34.00 1.24 0.31 0.97 0.30 1.19 2.00 0.28 5.00 ^
34.50 1.26 0.31 0.97 0.30 1.19 2.00 0.28 5.00 ^
35.00 1.27 0.30 0.96 0.29 1.19 2.00 0.28 5.00 ^
35.50 1.29 0.30 0.96 0.29 1.19 2.00 0.28 5.00 ^
36.00 1.31 0.31 0.96 0.29 1.19 2.00 0.28 5.00 ^
36.50 1.33 0.31 0.96 0.30 1.19 2.00 0.28 5.00 ^
37.00 1.35 0.32 0.95 0.30 1.19 2.00 0.28 5.00 ^
37.50 1.37 0.32 0.95 0.31 1.19 2.00 0.28 5.00 ^
38.00 1.39 0.33 0.95 0.31 1.19 2.00 0.28 5.00 ^
38.50 1.41 0.33 0.95 0.31 1.19 2.00 0.28 5.00 ^
39.00 1.43 0.34 0.94 0.32 1.19 2.00 0.28 5.00 ^
39.50 1.44 0.34 0.94 0.32 1.19 2.00 0.28 5.00 ^
40.00 1.46 0.35 0.94 0.33 1.19 2.00 0.28 5.00 ^
40.50 1.48 0.36 0.94 0.34 1.19 2.00 0.28 5.00 ^
41.00 1.50 0.37 0.93 0.35 1.19 2.00 0.28 5.00 ^
41.50 1.52 0.39 0.93 0.36 1.19 2.00 0.28 5.00 ^
42.00 1.54 0.41 0.93 0.38 1.19 2.00 0.28 5.00 ^
42.50 1.55 0.45 0.93 0.41 1.19 2.00 0.28 5.00 ^
43.00 1.57 2.00 0.92 1.85 1.19 2.00 0.29 5.00 ^
43.50 1.59 2.00 0.92 1.84 1.19 2.00 0.29 5.00 ^
44.00 1.61 2.00 0.92 1.84 1.19 2.00 0.29 5.00 ^
44.50 1.63 2.00 0.92 1.83 1.19 2.00 0.29 5.00 ^
45.00 1.65 2.00 0.91 1.83 1.19 2.00 0.29 5.00 ^
45.50 1.67 2.00 0.91 1.82 1.19 2.00 0.29 5.00 ^
46.00 1.68 2.00 0.91 1.82 1.19 2.00 0.29 5.00 ^
46.50 1.70 0.47 0.91 0.42 1.19 2.00 0.29 5.00 ^
47.00 1.72 0.40 0.90 0.36 1.19 2.00 0.29 5.00 ^
47.50 1.74 0.38 0.90 0.34 1.19 2.00 0.29 5.00 ^
48.00 1.76 0.36 0.90 0.32 1.19 2.00 0.28 5.00 ^
48.50 1.78 0.34 0.90 0.31 1.19 2.00 0.28 5.00 ^
49.00 1.79 0.33 0.90 0.30 1.19 2.00 0.28 5.00 ^
49.50 1.81 0.32 0.89 0.29 1.19 2.00 0.28 5.00 ^
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50.00 1.83 0.31 0.89 0.28 1.19 2.00 0.28 5.00 ^
50.50 1.85 0.30 0.89 0.27 1.19 2.00 0.28 5.00 ^
51.00 1.87 0.29 0.89 0.26 1.19 2.00 0.28 5.00 ^
51.50 1.89 0.28 0.88 0.25 1.19 2.00 0.28 5.00 ^
52.00 1.91 0.27 0.88 0.24 1.19 2.00 0.28 5.00 ^
52.50 1.92 0.27 0.88 0.24 1.19 2.00 0.28 5.00 ^
53.00 1.94 0.26 0.88 0.23 1.19 2.00 0.28 5.00 ^
53.50 1.96 0.25 0.88 0.22 1.19 2.00 0.28 5.00 ^
54.00 1.98 0.25 0.87 0.22 1.19 2.00 0.28 5.00 ^
54.50 2.00 0.24 0.87 0.21 1.19 2.00 0.28 5.00 ^
55.00 2.02 0.23 0.87 0.20 1.19 2.00 0.28 5.00 ^
55.50 2.03 0.24 0.87 0.21 1.19 2.00 0.28 5.00 ^
56.00 2.05 0.24 0.87 0.21 1.19 2.00 0.28 5.00 ^
56.50 2.07 0.24 0.86 0.21 1.19 2.00 0.28 5.00 ^
57.00 2.09 0.25 0.86 0.21 1.19 2.00 0.28 5.00 ^
57.50 2.11 0.25 0.86 0.21 1.19 2.00 0.28 5.00 ^
58.00 2.13 0.25 0.86 0.22 1.19 2.00 0.28 5.00 ^
58.50 2.14 0.25 0.86 0.22 1.19 2.00 0.28 5.00 ^
59.00 2.16 0.26 0.85 0.22 1.19 2.00 0.28 5.00 ^
59.50 2.18 0.26 0.85 0.22 1.19 2.00 0.27 5.00 ^
60.00 2.20 0.26 0.85 0.22 1.19 2.00 0.27 5.00 ^
60.50 2.21 0.28 0.85 0.24 1.19 2.00 0.27 5.00 ^
61.00 2.22 0.30 0.85 0.26 1.19 2.00 0.27 5.00 ^
61.50 2.23 0.32 0.85 0.27 1.19 2.00 0.27 5.00 ^
62.00 2.24 0.35 0.85 0.30 1.19 2.00 0.27 5.00 ^
62.50 2.25 0.40 0.85 0.34 1.19 2.00 0.27 5.00 ^
63.00 2.25 2.00 0.84 1.69 1.19 2.02 0.27 5.00
63.50 2.26 2.00 0.84 1.69 1.19 2.01 0.27 5.00
64.00 2.27 2.00 0.84 1.69 1.19 2.01 0.27 5.00
64.50 2.28 2.00 0.84 1.68 1.19 2.01 0.27 5.00
65.00 2.29 2.00 0.84 1.68 1.19 2.01 0.27 5.00
65.50 2.30 2.00 0.84 1.68 1.19 2.00 0.26 5.00
66.00 2.31 2.00 0.84 1.68 1.19 2.00 0.26 5.00
66.50 2.32 2.00 0.84 1.68 1.19 2.00 0.26 5.00
67.00 2.33 2.00 0.84 1.68 1.19 2.00 0.26 5.00
67.50 2.33 2.00 0.84 1.67 1.19 2.00 0.26 5.00
68.00 2.34 2.00 0.84 1.67 1.19 2.00 0.26 5.00 ^
68.50 2.35 2.00 0.84 1.67 1.19 2.00 0.26 5.00 ^
69.00 2.36 2.00 0.83 1.67 1.19 2.00 0.26 5.00 ^
69.50 2.37 2.00 0.83 1.67 1.19 2.00 0.26 5.00 ^
70.00 2.38 0.42 0.83 0.35 1.19 2.00 0.26 5.00 ^
70.50 2.39 0.37 0.83 0.30 1.19 2.00 0.25 5.00 ^
71.00 2.40 0.34 0.83 0.28 1.19 2.00 0.25 5.00 ^
71.50 2.41 0.32 0.83 0.26 1.19 2.00 0.25 5.00 ^
72.00 2.42 0.30 0.83 0.25 1.19 2.00 0.25 5.00 ^
72.50 2.43 0.29 0.83 0.24 1.19 2.00 0.25 5.00 ^
73.00 2.44 0.27 0.83 0.22 1.19 2.00 0.25 5.00 ^
73.50 2.45 0.26 0.83 0.21 1.19 2.00 0.25 5.00 ^
74.00 2.46 0.25 0.83 0.20 1.19 2.00 0.25 5.00 ^
74.50 2.47 0.24 0.82 0.19 1.19 2.00 0.24 5.00 ^
75.00 2.48 0.22 0.82 0.19 1.19 2.00 0.24 5.00 ^
75.50 2.49 0.21 0.82 0.18 1.19 2.00 0.24 5.00 ^
76.00 2.50 0.20 0.82 0.17 1.19 2.00 0.24 5.00 ^
76.50 2.51 0.22 0.82 0.18 1.19 2.00 0.24 5.00 ^
77.00 2.52 0.23 0.82 0.19 1.19 2.00 0.24 5.00 ^
77.50 2.53 0.25 0.82 0.20 1.19 2.00 0.24 5.00 ^
78.00 2.54 0.26 0.82 0.22 1.19 2.00 0.24 5.00 ^
78.50 2.55 0.28 0.82 0.23 1.19 2.00 0.24 5.00 ^
79.00 2.55 0.30 0.82 0.25 1.19 2.00 0.24 5.00 ^
79.50 2.56 0.33 0.82 0.27 1.19 2.00 0.24 5.00 ^
80.00 2.57 0.25 0.81 0.20 1.19 0.24 0.24 1.01
80.50 2.58 0.25 0.81 0.20 1.19 0.24 0.24 1.01
81.00 2.59 0.25 0.81 0.20 1.19 0.24 0.24 1.00
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81.50 2.60 0.25 0.81 0.20 1.19 0.24 0.24 1.00
82.00 2.61 0.25 0.81 0.20 1.19 0.24 0.24 1.00 *
82.50 2.62 0.25 0.81 0.20 1.19 0.24 0.24 1.00 *
83.00 2.63 0.25 0.81 0.20 1.19 0.24 0.24 0.99 *
83.50 2.64 0.25 0.81 0.20 1.19 0.24 0.24 0.99 *
84.00 2.65 0.25 0.81 0.20 1.19 0.24 0.24 0.99 *
________________________________________________________________________
* F.S.<1: Liquefaction Potential Zone.  (If above water table: F.S.=5)
^ No-liquefiable Soils or above Water Table.
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

CPT convert to SPT for Settlement Analysis:
Fines Correction for Settlement Analysis:
Depth Ic qc/N60 qc1 (N1)60 Fines d(N1)60 (N1)60s
ft atm %
________________________________________________________________
0.00 - - - 18.19 25.00 0.00 18.19
0.50 - - - 25.12 28.80 0.00 25.12
1.00 - - - 32.06 32.60 0.00 32.06
1.50 - - - 38.66 36.40 0.00 38.66
2.00 - - - 44.68 40.20 0.00 44.68
2.50 - - - 50.71 44.00 0.00 50.71
3.00 - - - 56.73 47.80 0.00 56.73
3.50 - - - 62.76 51.60 0.00 62.76
4.00 - - - 68.78 55.40 0.00 68.78
4.50 - - - 74.81 59.20 0.00 74.81
5.00 - - - 80.83 63.00 0.00 80.83
5.50 - - - 86.86 66.80 0.00 86.86
6.00 - - - 92.88 70.60 0.00 92.88
6.50 - - - 97.96 74.40 0.00 97.96
7.00 - - - 100.00 78.20 0.00 100.00
7.50 - - - 100.00 82.00 0.00 100.00
8.00 - - - 100.00 85.80 0.00 100.00
8.50 - - - 100.00 89.60 0.00 100.00
9.00 - - - 100.00 93.40 0.00 100.00
9.50 - - - 100.00 97.20 0.00 100.00
10.00 - - - 100.00 NoLiq 0.00 100.00
10.50 - - - 100.00 93.40 0.00 100.00
11.00 - - - 100.00 85.80 0.00 100.00
11.50 - - - 95.37 78.20 0.00 95.37
12.00 - - - 85.45 70.60 0.00 85.45
12.50 - - - 75.96 63.00 0.00 75.96
13.00 - - - 66.88 55.40 0.00 66.88
13.50 - - - 58.15 47.80 0.00 58.15
14.00 - - - 49.77 40.20 0.00 49.77
14.50 - - - 41.11 32.60 0.00 41.11
15.00 - - - 34.63 25.00 0.00 34.63
15.50 - - - 33.90 32.60 0.00 33.90
16.00 - - - 32.02 40.20 0.00 32.02
16.50 - - - 29.64 47.80 0.00 29.64
17.00 - - - 27.33 55.40 0.00 27.33
17.50 - - - 25.10 63.00 0.00 25.10
18.00 - - - 22.93 70.60 0.00 22.93
18.50 - - - 20.83 78.20 0.00 20.83
19.00 - - - 18.78 85.80 0.00 18.78
19.50 - - - 16.79 93.40 0.00 16.79
20.00 - - - 14.85 NoLiq 0.00 14.85
20.50 - - - 15.89 NoLiq 0.00 15.89
21.00 - - - 16.91 NoLiq 0.00 16.91
21.50 - - - 17.90 NoLiq 0.00 17.90
22.00 - - - 18.87 NoLiq 0.00 18.87
22.50 - - - 19.81 NoLiq 0.00 19.81

Page 16



A-11-003.cal
23.00 - - - 20.74 NoLiq 0.00 20.74
23.50 - - - 21.64 NoLiq 0.00 21.64
24.00 - - - 22.53 NoLiq 0.00 22.53
24.50 - - - 23.39 NoLiq 0.00 23.39
25.00 - - - 24.24 NoLiq 0.00 24.24
25.50 - - - 24.74 NoLiq 0.00 24.74
26.00 - - - 25.22 NoLiq 0.00 25.22
26.50 - - - 25.70 NoLiq 0.00 25.70
27.00 - - - 26.17 NoLiq 0.00 26.17
27.50 - - - 26.63 NoLiq 0.00 26.63
28.00 - - - 28.13 NoLiq 0.00 28.13
28.50 - - - 28.60 NoLiq 0.00 28.60
29.00 - - - 29.07 NoLiq 0.00 29.07
29.50 - - - 29.53 NoLiq 0.00 29.53
30.00 - - - 29.98 NoLiq 0.00 29.98
30.50 - - - 29.54 NoLiq 0.00 29.54
31.00 - - - 29.11 NoLiq 0.00 29.11
31.50 - - - 28.68 NoLiq 0.00 28.68
32.00 - - - 28.27 NoLiq 0.00 28.27
32.50 - - - 27.86 NoLiq 0.00 27.86
33.00 - - - 27.47 NoLiq 0.00 27.47
33.50 - - - 27.07 NoLiq 0.00 27.07
34.00 - - - 26.69 NoLiq 0.00 26.69
34.50 - - - 26.31 NoLiq 0.00 26.31
35.00 - - - 25.95 NoLiq 0.00 25.95
35.50 - - - 26.18 NoLiq 0.00 26.18
36.00 - - - 26.41 NoLiq 0.00 26.41
36.50 - - - 26.64 NoLiq 0.00 26.64
37.00 - - - 26.87 NoLiq 0.00 26.87
37.50 - - - 27.09 NoLiq 0.00 27.09
38.00 - - - 27.32 NoLiq 0.00 27.32
38.50 - - - 27.54 NoLiq 0.00 27.54
39.00 - - - 27.76 NoLiq 0.00 27.76
39.50 - - - 27.98 NoLiq 0.00 27.98
40.00 - - - 28.20 NoLiq 0.00 28.20
40.50 - - - 28.55 NoLiq 0.00 28.55
41.00 - - - 28.91 NoLiq 0.00 28.91
41.50 - - - 29.25 NoLiq 0.00 29.25
42.00 - - - 29.60 NoLiq 0.00 29.60
42.50 - - - 29.94 NoLiq 0.00 29.94
43.00 - - - 30.28 NoLiq 0.00 30.28
43.50 - - - 30.62 NoLiq 0.00 30.62
44.00 - - - 30.95 NoLiq 0.00 30.95
44.50 - - - 31.28 NoLiq 0.00 31.28
45.00 - - - 31.61 NoLiq 0.00 31.61
45.50 - - - 31.08 NoLiq 0.00 31.08
46.00 - - - 30.55 NoLiq 0.00 30.55
46.50 - - - 30.04 NoLiq 0.00 30.04
47.00 - - - 29.53 NoLiq 0.00 29.53
47.50 - - - 29.02 NoLiq 0.00 29.02
48.00 - - - 28.53 NoLiq 0.00 28.53
48.50 - - - 28.04 NoLiq 0.00 28.04
49.00 - - - 27.55 NoLiq 0.00 27.55
49.50 - - - 27.07 NoLiq 0.00 27.07
50.00 - - - 26.59 NoLiq 0.00 26.59
50.50 - - - 26.06 NoLiq 0.00 26.06
51.00 - - - 25.53 NoLiq 0.00 25.53
51.50 - - - 25.01 NoLiq 0.00 25.01
52.00 - - - 24.50 NoLiq 0.00 24.50
52.50 - - - 23.99 NoLiq 0.00 23.99
53.00 - - - 23.48 NoLiq 0.00 23.48
53.50 - - - 22.98 NoLiq 0.00 22.98
54.00 - - - 22.49 NoLiq 0.00 22.49
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54.50 - - - 22.00 NoLiq 0.00 22.00
55.00 - - - 21.51 NoLiq 0.00 21.51
55.50 - - - 21.74 NoLiq 0.00 21.74
56.00 - - - 21.97 NoLiq 0.00 21.97
56.50 - - - 22.20 NoLiq 0.00 22.20
57.00 - - - 22.43 NoLiq 0.00 22.43
57.50 - - - 22.65 NoLiq 0.00 22.65
58.00 - - - 22.87 NoLiq 0.00 22.87
58.50 - - - 23.10 NoLiq 0.00 23.10
59.00 - - - 23.32 NoLiq 0.00 23.32
59.50 - - - 23.53 NoLiq 0.00 23.53
60.00 - - - 23.75 NoLiq 0.00 23.75
60.50 - - - 24.91 NoLiq 0.00 24.91
61.00 - - - 26.07 NoLiq 0.00 26.07
61.50 - - - 27.22 NoLiq 0.00 27.22
62.00 - - - 28.37 NoLiq 0.00 28.37
62.50 - - - 29.51 NoLiq 0.00 29.51
63.00 - - - 30.65 55.41 0.00 30.65
63.50 - - - 31.79 47.81 0.00 31.79
64.00 - - - 32.92 40.21 0.00 32.92
64.50 - - - 33.48 32.61 0.00 33.48
65.00 - - - 32.77 25.01 0.00 32.77
65.50 - - - 34.04 32.59 0.00 34.04
66.00 - - - 34.06 40.19 0.00 34.06
66.50 - - - 33.51 47.79 0.00 33.51
67.00 - - - 32.96 55.39 0.00 32.96
67.50 - - - 32.41 62.99 0.00 32.41
68.00 - - - 31.86 NoLiq 0.00 31.86
68.50 - - - 31.32 NoLiq 0.00 31.32
69.00 - - - 30.77 NoLiq 0.00 30.77
69.50 - - - 30.23 NoLiq 0.00 30.23
70.00 - - - 29.69 NoLiq 0.00 29.69
70.50 - - - 28.78 NoLiq 0.00 28.78
71.00 - - - 27.87 NoLiq 0.00 27.87
71.50 - - - 26.97 NoLiq 0.00 26.97
72.00 - - - 26.06 NoLiq 0.00 26.06
72.50 - - - 25.17 NoLiq 0.00 25.17
73.00 - - - 24.27 NoLiq 0.00 24.27
73.50 - - - 23.38 NoLiq 0.00 23.38
74.00 - - - 22.50 NoLiq 0.00 22.50
74.50 - - - 21.61 NoLiq 0.00 21.61
75.00 - - - 20.73 NoLiq 0.00 20.73
75.50 - - - 19.86 NoLiq 0.00 19.86
76.00 - - - 18.99 NoLiq 0.00 18.99
76.50 - - - 20.20 NoLiq 0.00 20.20
77.00 - - - 21.40 NoLiq 0.00 21.40
77.50 - - - 22.61 NoLiq 0.00 22.61
78.00 - - - 23.80 NoLiq 0.00 23.80
78.50 - - - 25.00 NoLiq 0.00 25.00
79.00 - - - 26.19 NoLiq 0.00 26.19
79.50 - - - 27.37 NoLiq 0.00 27.37
80.00 - - - 22.88 8.00 0.00 22.88
80.50 - - - 22.84 8.00 0.00 22.84
81.00 - - - 22.80 8.00 0.00 22.80
81.50 - - - 22.76 8.00 0.00 22.76
82.00 - - - 22.72 8.00 0.00 22.72
82.50 - - - 22.68 8.00 0.00 22.68
83.00 - - - 22.64 8.00 0.00 22.64
83.50 - - - 22.60 8.00 0.00 22.60
84.00 - - - 22.56 8.00 0.00 22.56
________________________________________________________________
(N1)60s has been fines corrected in liquefaction analysis, therefore 

d(N1)60=0.
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Fines=NoLiq means the soils are not liquefiable.

Settlement of Saturated Sands:
Settlement Analysis Method: Tokimatsu/Seed
Depth CSRsf / MSF* =CSRm F.S. Fines (N1)60s Dr ec dsz

dsp S
ft % % % in.

in. in.

____________________________________________________________________________________
__________

83.95 0.24 1.00 0.24 0.99 8.00 22.56 75.17 0.195
1.2E-3 0.001 0.001

83.50 0.24 1.00 0.24 0.99 8.00 22.60 75.23 0.194
1.2E-3 0.011 0.012

83.00 0.24 1.00 0.24 0.99 8.00 22.64 75.31 0.193
1.2E-3 0.012 0.023

82.50 0.24 1.00 0.24 1.00 8.00 22.68 75.38 0.191
1.1E-3 0.012 0.035

82.00 0.24 1.00 0.24 1.00 8.00 22.72 75.45 0.190
1.1E-3 0.011 0.046

81.50 0.24 1.00 0.24 1.00 8.00 22.76 75.53 0.189
0.0E0 0.005 0.051

81.00 0.24 1.00 0.24 1.00 8.00 22.80 75.60 0.187
0.0E0 0.000 0.051

80.50 0.24 1.00 0.24 1.01 8.00 22.84 75.68 0.186
0.0E0 0.000 0.051

80.00 0.24 1.00 0.24 1.01 8.00 22.88 75.76 0.185
0.0E0 0.000 0.051

79.50 0.24 1.00 0.24 5.00 NoLiq 27.37 84.41 0.000
0.0E0 0.000 0.051

79.00 0.24 1.00 0.24 5.00 NoLiq 26.19 82.02 0.000
0.0E0 0.000 0.051

78.50 0.24 1.00 0.24 5.00 NoLiq 25.00 79.71 0.000
0.0E0 0.000 0.051

78.00 0.24 1.00 0.24 5.00 NoLiq 23.80 77.46 0.148
0.0E0 0.000 0.051

77.50 0.24 1.00 0.24 5.00 NoLiq 22.61 75.25 0.197
0.0E0 0.000 0.051

77.00 0.24 1.00 0.24 5.00 NoLiq 21.40 73.07 0.803
0.0E0 0.000 0.051

76.50 0.24 1.00 0.24 5.00 NoLiq 20.20 70.89 1.128
0.0E0 0.000 0.051

76.00 0.24 1.00 0.24 5.00 NoLiq 18.99 68.71 1.277
0.0E0 0.000 0.051

75.50 0.24 1.00 0.24 5.00 NoLiq 19.86 70.28 1.170
0.0E0 0.000 0.051

75.00 0.24 1.00 0.24 5.00 NoLiq 20.73 71.86 1.070
0.0E0 0.000 0.051

74.50 0.24 1.00 0.24 5.00 NoLiq 21.61 73.45 0.760
0.0E0 0.000 0.051

74.00 0.25 1.00 0.25 5.00 NoLiq 22.50 75.05 0.310
0.0E0 0.000 0.051

73.50 0.25 1.00 0.25 5.00 NoLiq 23.38 76.68 0.181
0.0E0 0.000 0.051

73.00 0.25 1.00 0.25 5.00 NoLiq 24.27 78.34 0.149
0.0E0 0.000 0.051

72.50 0.25 1.00 0.25 5.00 NoLiq 25.17 80.04 0.116
0.0E0 0.000 0.051

72.00 0.25 1.00 0.25 5.00 NoLiq 26.06 81.78 0.000
0.0E0 0.000 0.051

71.50 0.25 1.00 0.25 5.00 NoLiq 26.97 83.58 0.000
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0.0E0 0.000 0.051

71.00 0.25 1.00 0.25 5.00 NoLiq 27.87 85.44 0.000
0.0E0 0.000 0.051

70.50 0.25 1.00 0.25 5.00 NoLiq 28.78 87.36 0.000
0.0E0 0.000 0.051

70.00 0.26 1.00 0.26 5.00 NoLiq 29.69 89.36 0.000
0.0E0 0.000 0.051

69.50 0.26 1.00 0.26 5.00 NoLiq 30.23 90.58 0.000
0.0E0 0.000 0.051

69.00 0.26 1.00 0.26 5.00 NoLiq 30.77 91.83 0.000
0.0E0 0.000 0.051

68.50 0.26 1.00 0.26 5.00 NoLiq 31.32 93.11 0.000
0.0E0 0.000 0.051

68.00 0.26 1.00 0.26 5.00 NoLiq 31.86 94.43 0.000
0.0E0 0.000 0.051

67.50 0.26 1.00 0.26 5.00 62.99 32.41 95.78 0.000
0.0E0 0.000 0.051

67.00 0.26 1.00 0.26 5.00 55.39 32.96 97.17 0.000
0.0E0 0.000 0.051

66.50 0.26 1.00 0.26 5.00 47.79 33.51 98.59 0.000
0.0E0 0.000 0.051

66.00 0.26 1.00 0.26 5.00 40.19 34.06 100.00 0.000
0.0E0 0.000 0.051

65.50 0.26 1.00 0.26 5.00 32.59 34.04 100.00 0.000
0.0E0 0.000 0.051

65.00 0.27 1.00 0.27 5.00 25.01 32.77 96.70 0.000
0.0E0 0.000 0.051

64.50 0.27 1.00 0.27 5.00 32.61 33.48 98.50 0.000
0.0E0 0.000 0.051

64.00 0.27 1.00 0.27 5.00 40.21 32.92 97.07 0.000
0.0E0 0.000 0.051

63.50 0.27 1.00 0.27 5.00 47.81 31.79 94.25 0.000
0.0E0 0.000 0.051

63.00 0.27 1.00 0.27 5.00 55.41 30.65 91.56 0.000
0.0E0 0.000 0.051

62.50 0.27 1.00 0.27 5.00 NoLiq 29.51 88.97 0.000
0.0E0 0.000 0.051

62.00 0.27 1.00 0.27 5.00 NoLiq 28.37 86.49 0.000
0.0E0 0.000 0.051

61.50 0.27 1.00 0.27 5.00 NoLiq 27.22 84.10 0.000
0.0E0 0.000 0.051

61.00 0.27 1.00 0.27 5.00 NoLiq 26.07 81.79 0.147
0.0E0 0.000 0.051

60.50 0.27 1.00 0.27 5.00 NoLiq 24.91 79.54 0.196
0.0E0 0.000 0.051

60.00 0.27 1.00 0.27 5.00 NoLiq 23.75 77.36 0.635
0.0E0 0.000 0.051

59.50 0.27 1.00 0.27 5.00 NoLiq 23.53 76.96 0.786
0.0E0 0.000 0.051

59.00 0.28 1.00 0.28 5.00 NoLiq 23.32 76.56 0.933
0.0E0 0.000 0.051

58.50 0.28 1.00 0.28 5.00 NoLiq 23.10 76.15 1.014
0.0E0 0.000 0.051

58.00 0.28 1.00 0.28 5.00 NoLiq 22.87 75.74 1.039
0.0E0 0.000 0.051

57.50 0.28 1.00 0.28 5.00 NoLiq 22.65 75.33 1.064
0.0E0 0.000 0.051

57.00 0.28 1.00 0.28 5.00 NoLiq 22.43 74.92 1.089
0.0E0 0.000 0.051

56.50 0.28 1.00 0.28 5.00 NoLiq 22.20 74.51 1.114
0.0E0 0.000 0.051

56.00 0.28 1.00 0.28 5.00 NoLiq 21.97 74.10 1.139
0.0E0 0.000 0.051
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55.50 0.28 1.00 0.28 5.00 NoLiq 21.74 73.68 1.164

0.0E0 0.000 0.051
55.00 0.28 1.00 0.28 5.00 NoLiq 21.51 73.26 1.189

0.0E0 0.000 0.051
54.50 0.28 1.00 0.28 5.00 NoLiq 22.00 74.14 1.144

0.0E0 0.000 0.051
54.00 0.28 1.00 0.28 5.00 NoLiq 22.49 75.03 1.099

0.0E0 0.000 0.051
53.50 0.28 1.00 0.28 5.00 NoLiq 22.98 75.94 1.053

0.0E0 0.000 0.051
53.00 0.28 1.00 0.28 5.00 NoLiq 23.48 76.86 1.007

0.0E0 0.000 0.051
52.50 0.28 1.00 0.28 5.00 NoLiq 23.99 77.80 0.796

0.0E0 0.000 0.051
52.00 0.28 1.00 0.28 5.00 NoLiq 24.50 78.76 0.556

0.0E0 0.000 0.051
51.50 0.28 1.00 0.28 5.00 NoLiq 25.01 79.74 0.372

0.0E0 0.000 0.051
51.00 0.28 1.00 0.28 5.00 NoLiq 25.53 80.74 0.204

0.0E0 0.000 0.051
50.50 0.28 1.00 0.28 5.00 NoLiq 26.06 81.77 0.180

0.0E0 0.000 0.051
50.00 0.28 1.00 0.28 5.00 NoLiq 26.59 82.83 0.159

0.0E0 0.000 0.051
49.50 0.28 1.00 0.28 5.00 NoLiq 27.07 83.79 0.141

0.0E0 0.000 0.051
49.00 0.28 1.00 0.28 5.00 NoLiq 27.55 84.77 0.122

0.0E0 0.000 0.051
48.50 0.28 1.00 0.28 5.00 NoLiq 28.04 85.78 0.102

0.0E0 0.000 0.051
48.00 0.28 1.00 0.28 5.00 NoLiq 28.53 86.82 0.000

0.0E0 0.000 0.051
47.50 0.29 1.00 0.29 5.00 NoLiq 29.02 87.90 0.000

0.0E0 0.000 0.051
47.00 0.29 1.00 0.29 5.00 NoLiq 29.53 89.00 0.000

0.0E0 0.000 0.051
46.50 0.29 1.00 0.29 5.00 NoLiq 30.04 90.14 0.000

0.0E0 0.000 0.051
46.00 0.29 1.00 0.29 5.00 NoLiq 30.55 91.32 0.000

0.0E0 0.000 0.051
45.50 0.29 1.00 0.29 5.00 NoLiq 31.08 92.54 0.000

0.0E0 0.000 0.051
45.00 0.29 1.00 0.29 5.00 NoLiq 31.61 93.80 0.000

0.0E0 0.000 0.051
44.50 0.29 1.00 0.29 5.00 NoLiq 31.28 93.02 0.000

0.0E0 0.000 0.051
44.00 0.29 1.00 0.29 5.00 NoLiq 30.95 92.24 0.000

0.0E0 0.000 0.051
43.50 0.29 1.00 0.29 5.00 NoLiq 30.62 91.47 0.000

0.0E0 0.000 0.051
43.00 0.29 1.00 0.29 5.00 NoLiq 30.28 90.69 0.000

0.0E0 0.000 0.051
42.50 0.28 1.00 0.28 5.00 NoLiq 29.94 89.93 0.000

0.0E0 0.000 0.051
42.00 0.28 1.00 0.28 5.00 NoLiq 29.60 89.16 0.000

0.0E0 0.000 0.051
41.50 0.28 1.00 0.28 5.00 NoLiq 29.25 88.40 0.000

0.0E0 0.000 0.051
41.00 0.28 1.00 0.28 5.00 NoLiq 28.91 87.64 0.000

0.0E0 0.000 0.051
40.50 0.28 1.00 0.28 5.00 NoLiq 28.55 86.88 0.000

0.0E0 0.000 0.051
40.00 0.28 1.00 0.28 5.00 NoLiq 28.20 86.13 0.000
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0.0E0 0.000 0.051

39.50 0.28 1.00 0.28 5.00 NoLiq 27.98 85.67 0.100
0.0E0 0.000 0.051

39.00 0.28 1.00 0.28 5.00 NoLiq 27.76 85.21 0.108
0.0E0 0.000 0.051

38.50 0.28 1.00 0.28 5.00 NoLiq 27.54 84.75 0.116
0.0E0 0.000 0.051

38.00 0.28 1.00 0.28 5.00 NoLiq 27.32 84.29 0.123
0.0E0 0.000 0.051

37.50 0.28 1.00 0.28 5.00 NoLiq 27.09 83.84 0.131
0.0E0 0.000 0.051

37.00 0.28 1.00 0.28 5.00 NoLiq 26.87 83.38 0.138
0.0E0 0.000 0.051

36.50 0.28 1.00 0.28 5.00 NoLiq 26.64 82.92 0.146
0.0E0 0.000 0.051

36.00 0.28 1.00 0.28 5.00 NoLiq 26.41 82.47 0.153
0.0E0 0.000 0.051

35.50 0.28 1.00 0.28 5.00 NoLiq 26.18 82.01 0.160
0.0E0 0.000 0.051

35.00 0.28 1.00 0.28 5.00 NoLiq 25.95 81.55 0.168
0.0E0 0.000 0.051

34.95 0.28 1.00 0.28 5.00 NoLiq 25.98 81.62 0.166
0.0E0 0.000 0.051

____________________________________________________________________________________
__________

Settlement of Saturated Sands=0.051 in.
qc1 and (N1)60 is after fines correction in liquefaction analysis
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Settlement of Unsaturated Sands:
Settlement of Unsaturated Sands=0 due to Option 5, Calculation settlement 

only in liquefied zone.
Depth sigma' sigC' (N1)60s CSRsf Gmax   g*Ge/Gm g_eff ec7.5 Cec

ec dsz dsp S
ft atm atm atm %

% in. in. in.

____________________________________________________________________________________
____________________________

34.90 1.96 1.27 26.02 0.28 1492.25 3.6E-4 0.0887 0.0619 0.93
0.0574 0.00E0 0.000 0.000

34.50 1.93 1.26 26.31 0.28 1488.80 3.6E-4 0.0874 0.0600 0.93
0.0557 0.00E0 0.000 0.000

34.00 1.90 1.24 26.69 0.28 1484.38 3.6E-4 0.0858 0.0578 0.93
0.0537 0.00E0 0.000 0.000

33.50 1.87 1.22 27.07 0.28 1479.82 3.6E-4 0.0842 0.0556 0.93
0.0516 0.00E0 0.000 0.000

33.00 1.84 1.20 27.47 0.28 1475.12 3.5E-4 0.0826 0.0534 0.93
0.0496 0.00E0 0.000 0.000

32.50 1.81 1.18 27.86 0.28 1470.29 3.5E-4 0.0810 0.0514 0.93
0.0477 0.00E0 0.000 0.000

32.00 1.78 1.16 28.27 0.29 1465.31 3.5E-4 0.0794 0.0493 0.93
0.0458 0.00E0 0.000 0.000

31.50 1.75 1.14 28.68 0.29 1460.19 3.4E-4 0.0779 0.0474 0.93
0.0440 0.00E0 0.000 0.000

31.00 1.72 1.12 29.11 0.29 1454.92 3.4E-4 0.0763 0.0454 0.93
0.0422 0.00E0 0.000 0.000

30.50 1.70 1.10 29.54 0.29 1449.50 3.4E-4 0.0747 0.0435 0.93
0.0404 0.00E0 0.000 0.000

30.00 1.67 1.08 29.98 0.29 1443.92 3.3E-4 0.0732 0.0417 0.93
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0.0387 0.00E0 0.000 0.000

29.50 1.64 1.06 29.53 0.29 1423.84 3.3E-4 0.0728 0.0424 0.93
0.0394 0.00E0 0.000 0.000

29.00 1.61 1.04 29.07 0.29 1403.60 3.3E-4 0.0724 0.0432 0.93
0.0401 0.00E0 0.000 0.000

28.50 1.58 1.03 28.60 0.29 1383.19 3.3E-4 0.0720 0.0440 0.93
0.0408 0.00E0 0.000 0.000

28.00 1.55 1.01 28.13 0.29 1362.61 3.3E-4 0.0715 0.0447 0.93
0.0416 0.00E0 0.000 0.000

27.50 1.52 0.99 26.63 0.29 1325.11 3.3E-4 0.0731 0.0494 0.93
0.0459 0.00E0 0.000 0.000

27.00 1.49 0.97 26.17 0.29 1304.53 3.3E-4 0.0727 0.0503 0.93
0.0467 0.00E0 0.000 0.000

26.50 1.46 0.95 25.70 0.29 1283.76 3.3E-4 0.0722 0.0512 0.93
0.0475 0.00E0 0.000 0.000

26.00 1.43 0.93 25.22 0.29 1262.79 3.3E-4 0.0718 0.0522 0.93
0.0485 0.00E0 0.000 0.000

25.50 1.40 0.91 24.74 0.29 1241.61 3.3E-4 0.0714 0.0532 0.93
0.0494 0.00E0 0.000 0.000

25.00 1.37 0.89 24.24 0.29 1220.22 3.3E-4 0.0709 0.0544 0.93
0.0505 0.00E0 0.000 0.000

24.50 1.34 0.87 23.39 0.29 1192.84 3.3E-4 0.0713 0.0572 0.93
0.0532 0.00E0 0.000 0.000

24.00 1.31 0.85 22.53 0.29 1165.06 3.3E-4 0.0717 0.0605 0.93
0.0562 0.00E0 0.000 0.000

23.50 1.28 0.83 21.64 0.29 1136.87 3.3E-4 0.0723 0.0642 0.93
0.0597 0.00E0 0.000 0.000

23.00 1.25 0.82 20.74 0.30 1108.22 3.3E-4 0.0729 0.0685 0.93
0.0636 0.00E0 0.000 0.000

22.50 1.23 0.80 19.81 0.30 1079.05 3.4E-4 0.0737 0.0735 0.93
0.0683 0.00E0 0.000 0.000

22.00 1.20 0.78 18.87 0.30 1049.32 3.4E-4 0.0747 0.0794 0.93
0.0737 0.00E0 0.000 0.000

21.50 1.17 0.76 17.90 0.30 1018.95 3.4E-4 0.0759 0.0863 0.93
0.0802 0.00E0 0.000 0.000

21.00 1.14 0.74 16.91 0.30 987.88 3.4E-4 0.1418 0.1737 0.93
0.1613 0.00E0 0.000 0.000

20.50 1.11 0.72 15.89 0.30 955.99 3.5E-4 0.1474 0.1956 0.93
0.1816 0.00E0 0.000 0.000

20.00 1.09 0.71 14.85 0.30 923.18 3.5E-4 0.1543 0.2235 0.93
0.2075 0.00E0 0.000 0.000

19.50 1.06 0.69 16.79 0.30 949.58 3.3E-4 0.1256 0.1552 0.93
0.1442 0.00E0 0.000 0.000

19.00 1.03 0.67 18.78 0.30 972.95 3.2E-4 0.1051 0.1122 0.93
0.1042 0.00E0 0.000 0.000

18.50 1.01 0.65 20.83 0.30 993.69 3.0E-4 0.0897 0.0838 0.93
0.0778 0.00E0 0.000 0.000

18.00 0.98 0.64 22.93 0.30 1012.09 2.9E-4 0.0780 0.0643 0.93
0.0597 0.00E0 0.000 0.000

17.50 0.95 0.62 25.10 0.30 1028.39 2.8E-4 0.0687 0.0503 0.93
0.0467 0.00E0 0.000 0.000

17.00 0.92 0.60 27.33 0.30 1042.77 2.7E-4 0.0612 0.0399 0.93
0.0370 0.00E0 0.000 0.000

16.50 0.90 0.58 29.64 0.30 1055.38 2.5E-4 0.0551 0.0319 0.93
0.0297 0.00E0 0.000 0.000

16.00 0.87 0.57 32.02 0.30 1066.35 2.4E-4 0.0500 0.0257 0.93
0.0238 0.00E0 0.000 0.000

15.50 0.84 0.55 33.90 0.30 1069.76 2.4E-4 0.0463 0.0215 0.93
0.0199 0.00E0 0.000 0.000

15.00 0.82 0.53 34.63 0.30 1059.81 2.3E-4 0.0441 0.0196 0.93
0.0182 0.00E0 0.000 0.000

14.50 0.79 0.51 41.11 0.30 1103.24 2.2E-4 0.0380 0.0120 0.93
0.0111 0.00E0 0.000 0.000
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14.00 0.76 0.49 49.77 0.30 1155.28 2.0E-4 0.0328 0.0104 0.93

0.0096 0.00E0 0.000 0.000
13.50 0.73 0.48 58.15 0.30 1194.86 1.9E-4 0.0293 0.0093 0.93

0.0086 0.00E0 0.000 0.000
13.00 0.71 0.46 66.88 0.30 1228.37 1.7E-4 0.0266 0.0084 0.93

0.0078 0.00E0 0.000 0.000
12.50 0.68 0.44 75.96 0.30 1256.72 1.6E-4 0.0245 0.0077 0.93

0.0072 0.00E0 0.000 0.000
12.00 0.65 0.42 85.45 0.30 1280.54 1.5E-4 0.0227 0.0072 0.93

0.0067 0.00E0 0.000 0.000
11.50 0.62 0.41 95.37 0.30 1300.30 1.5E-4 0.0212 0.0067 0.93

0.0062 0.00E0 0.000 0.000
11.00 0.60 0.39 100.00 0.30 1291.94 1.4E-4 0.0203 0.0064 0.93

0.0060 0.00E0 0.000 0.000
10.50 0.57 0.37 100.00 0.30 1262.24 1.4E-4 0.0198 0.0063 0.93

0.0058 0.00E0 0.000 0.000
10.00 0.54 0.35 100.00 0.30 1231.82 1.3E-4 0.0193 0.0061 0.93

0.0057 0.00E0 0.000 0.000
9.50 0.52 0.34 100.00 0.31 1200.63 1.3E-4 0.0223 0.0071 0.93

0.0066 0.00E0 0.000 0.000
9.00 0.49 0.32 100.00 0.31 1168.61 1.3E-4 0.0216 0.0068 0.93

0.0064 0.00E0 0.000 0.000
8.50 0.46 0.30 100.00 0.31 1135.68 1.2E-4 0.0209 0.0066 0.93

0.0061 0.00E0 0.000 0.000
8.00 0.43 0.28 100.00 0.31 1101.77 1.2E-4 0.0202 0.0064 0.93

0.0059 0.00E0 0.000 0.000
7.50 0.41 0.26 100.00 0.31 1066.79 1.2E-4 0.0194 0.0061 0.93

0.0057 0.00E0 0.000 0.000
7.00 0.38 0.25 100.00 0.31 1030.62 1.1E-4 0.0186 0.0059 0.93

0.0055 0.00E0 0.000 0.000
6.50 0.35 0.23 97.96 0.31 986.34 1.1E-4 0.0180 0.0057 0.93

0.0053 0.00E0 0.000 0.000
6.00 0.33 0.21 92.88 0.31 930.99 1.1E-4 0.0175 0.0055 0.93

0.0051 0.00E0 0.000 0.000
5.50 0.30 0.19 86.86 0.31 871.67 1.1E-4 0.0171 0.0054 0.93

0.0050 0.00E0 0.000 0.000
5.00 0.27 0.18 80.83 0.31 811.45 1.0E-4 0.0166 0.0053 0.93

0.0049 0.00E0 0.000 0.000
4.50 0.24 0.16 74.81 0.31 750.21 1.0E-4 0.0161 0.0051 0.93

0.0047 0.00E0 0.000 0.000
4.00 0.22 0.14 68.78 0.31 687.80 9.8E-5 0.0192 0.0061 0.93

0.0056 0.00E0 0.000 0.000
3.50 0.19 0.12 62.76 0.31 624.04 9.4E-5 0.0182 0.0057 0.93

0.0053 0.00E0 0.000 0.000
3.00 0.16 0.11 56.73 0.31 558.66 9.0E-5 0.0170 0.0054 0.93

0.0050 0.00E0 0.000 0.000
2.50 0.14 0.09 50.71 0.31 491.27 8.6E-5 0.0156 0.0049 0.93

0.0046 0.00E0 0.000 0.000
2.00 0.11 0.07 44.68 0.31 421.29 8.0E-5 0.0140 0.0044 0.93

0.0041 0.00E0 0.000 0.000
1.50 0.08 0.05 38.66 0.31 347.68 7.3E-5 0.0122 0.0042 0.93

0.0039 0.00E0 0.000 0.000
1.00 0.05 0.04 32.06 0.31 266.73 6.3E-5 0.0100 0.0051 0.93

0.0048 0.00E0 0.000 0.000
0.50 0.03 0.02 25.12 0.31 173.91 4.9E-5 0.0067 0.0049 0.93

0.0045 0.00E0 0.000 0.000
0.00 0.00 0.00 18.19 0.31 3.00 1.0E-6 0.0010 0.0011 0.93

0.0011 0.00E0 0.000 0.000
Settlement of Unsaturated Sands

____________________________________________________________________________________
____________________________

Settlement of Unsaturated Sands=0.000 in.
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dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Total Settlement of Saturated and Unsaturated Sands=0.051 in.
Differential Settlement=0.025 to 0.034 in.

Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = 
pcf; Depth = ft; Settlement = in. 

____________________________________________________________________________________
_____________

1 atm (atmosphere) = 1.0581 tsf(1 tsf = 1 ton/ft2 = 2 kip/ft2)
1 atm (atmosphere) = 101.325 kPa(1 kPa = 1 kN/m2 = 0.001 Mpa)
SPT Field data from Standard Penetration Test (SPT)
BPT Field data from Becker Penetration Test (BPT)
qc Field data from Cone Penetration Test (CPT) [atm (tsf)]
fs Friction from CPT testing [atm (tsf)]
Rf Ratio of fs/qc (%)
gamma Total unit weight of soil
gamma' Effective unit weight of soil
Fines Fines content [%]  
D50 Mean grain size       
Dr   Relative Density
sigma Total vertical stress [atm]
sigma' Effective vertical stress [atm]
sigC' Effective confining pressure [atm] 
rd  Acceleration reduction coefficient by Seed
a_max. Peak Ground Acceleration (PGA) in ground surface
mZ  Linear acceleration reduction coefficient X depth
a_min. Minimum acceleration under linear reduction, mZ
CRRv  CRR after overburden stress correction, CRRv=CRR7.5 * Ksig
  CRR7.5 Cyclic resistance ratio (M=7.5)
  Ksig Overburden stress correction factor for CRR7.5
CRRm After magnitude scaling correction CRRm=CRRv * MSF
  MSF  Magnitude scaling factor from M=7.5 to user input M 
CSR Cyclic stress ratio induced by earthquake
CSRfs CSRfs=CSR*fs1 (Default fs1=1)
  fs1 First CSR curve in graphic defined in #9 of Advanced page
  fs2 2nd CSR curve in graphic defined in #9 of Advanced page
F.S. Calculated factor of safety against liquefaction 

F.S.=CRRm/CSRsf
Cebs Energy Ratio, Borehole Dia., and Sampling Method Corrections
Cr Rod Length Corrections
Cn  Overburden Pressure Correction
(N1)60 SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
d(N1)60 Fines correction of SPT
(N1)60f (N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Cq  Overburden stress correction factor
qc1 CPT after Overburden stress correction
dqc1 Fines correction of CPT
qc1f CPT after Fines and Overburden correction, qc1f=qc1 + dqc1
qc1n CPT after normalization in Robertson's method
Kc  Fine correction factor in Robertson's Method
qc1f CPT after Fines correction in Robertson's Method
Ic  Soil type index in Suzuki's and Robertson's Methods
(N1)60s (N1)60 after settlement fines corrections
CSRm After magnitude scaling correction for Settlement 

calculation  CSRm=CSRsf / MSF*
  CSRfs Cyclic stress ratio induced by earthquake with user 

inputed fs
  MSF*  Scaling factor from CSR, MSF*=1, based on Item 2 of 

Page C.
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ec Volumetric strain for saturated sands
dz  Calculation segment, dz=0.050 ft
dsz    Settlement in each segment, dz
dp    User defined print interval
dsp    Settlement in each print interval, dp
Gmax Shear Modulus at low strain
g_eff gamma_eff, Effective shear Strain
g*Ge/Gm gamma_eff * G_eff/G_max, Strain-modulus ratio
ec7.5 Volumetric Strain for magnitude=7.5
Cec Magnitude correction factor for any magnitude
ec Volumetric strain for unsaturated sands, ec=Cec * ec7.5
NoLiq No-Liquefy Soils

References:

____________________________________________________________________________________
1. NCEER Workshop on Evaluation of Liquefaction Resistance of Soils. Youd, 

T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.
   SP117. Southern California Earthquake Center. Recommended Procedures for 

Implementation of DMG Special Publication 117, Guidelines for
   Analyzing and Mitigating Liquefaction in California. University of 

Southern California. March 1999.
2. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING AND SEISMIC SITE 

RESPONSE EVALUATION, Paper No. SPL-2, PROCEEDINGS: Fourth
   International Conference on Recent Advances in Geotechnical Earthquake 

Engineering and Soil Dynamics, San Diego, CA, March 2001.
3. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING: A UNIFIED AND 

CONSISTENT FRAMEWORK, Earthquake Engineering Research Center,
   Report No. EERC 2003-06 by R.B Seed and etc. April 2003.

Note: Print Interval you selected does not show complete results. To get 
complete results, you should select 'Segment' in Print Interval (Item 12, Page C).
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-007    Water Depth=33 ft    Surface Elev.=748.1 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: R-11-007.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 12:54:53 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-007.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=748.1
Hole No.=R-11-007
Depth of Hole= 65.0 ft
Water Table during Earthquake= 33.0 ft
Water Table during In-Situ Testing= 40.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=748.1
Hole No.=R-11-007
Depth of Hole=65.0 ft
Water Table during Earthquake= 33.0 ft
Water Table during In-Situ Testing= 40.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 12.0 120.0 25.0
11.0 14.0 120.0 25.0
16.0 37.0 120.0 25.0
21.0 9.0 120.0 25.0
26.0 9.0 120.0 NoLiq
31.0 12.0 120.0 NoLiq
36.4 10.0 120.0 NoLiq
37.2 4.0 120.0 NoLiq
46.0 8.0 120.0 NoLiq
51.0 3.0 120.0 NoLiq
56.0 11.0 120.0 NoLiq
61.0 50.0 120.0 14.0
65.0 100.0 130.0 25.0
____________________________________

Output Results:
Settlement of Saturated Sands=0.00 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.00 in.
Differential Settlement=0.000 to 0.000 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 0.27 0.34 5.00 0.00 0.00 0.00
1.00 0.27 0.34 5.00 0.00 0.00 0.00
2.00 0.28 0.34 5.00 0.00 0.00 0.00
3.00 0.28 0.34 5.00 0.00 0.00 0.00
4.00 0.28 0.33 5.00 0.00 0.00 0.00
5.00 0.29 0.33 5.00 0.00 0.00 0.00
6.00 0.29 0.33 5.00 0.00 0.00 0.00
7.00 0.27 0.33 5.00 0.00 0.00 0.00
8.00 0.26 0.33 5.00 0.00 0.00 0.00
9.00 0.28 0.33 5.00 0.00 0.00 0.00
10.00 0.27 0.33 5.00 0.00 0.00 0.00
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11.00 0.26 0.33 5.00 0.00 0.00 0.00
12.00 0.33 0.33 5.00 0.00 0.00 0.00
13.00 0.42 0.33 5.00 0.00 0.00 0.00
14.00 2.39 0.33 5.00 0.00 0.00 0.00
15.00 2.39 0.33 5.00 0.00 0.00 0.00
16.00 2.39 0.33 5.00 0.00 0.00 0.00
17.00 2.39 0.32 5.00 0.00 0.00 0.00
18.00 0.48 0.32 5.00 0.00 0.00 0.00
19.00 0.31 0.32 5.00 0.00 0.00 0.00
20.00 0.23 0.32 5.00 0.00 0.00 0.00
21.00 0.17 0.32 5.00 0.00 0.00 0.00
22.00 0.16 0.32 5.00 0.00 0.00 0.00
23.00 0.16 0.32 5.00 0.00 0.00 0.00
24.00 0.16 0.32 5.00 0.00 0.00 0.00
25.00 0.16 0.32 5.00 0.00 0.00 0.00
26.00 0.16 0.32 5.00 0.00 0.00 0.00
27.00 2.00 0.32 5.00 0.00 0.00 0.00
28.00 2.00 0.32 5.00 0.00 0.00 0.00
29.00 2.00 0.32 5.00 0.00 0.00 0.00
30.00 2.00 0.31 5.00 0.00 0.00 0.00
31.00 2.00 0.31 5.00 0.00 0.00 0.00
32.00 2.00 0.31 5.00 0.00 0.00 0.00
33.00 2.00 0.31 5.00 0.00 0.00 0.00
34.00 2.00 0.31 5.00 0.00 0.00 0.00
35.00 2.00 0.31 5.00 0.00 0.00 0.00
36.00 2.00 0.31 5.00 0.00 0.00 0.00
37.00 2.00 0.31 5.00 0.00 0.00 0.00
38.00 2.00 0.31 5.00 0.00 0.00 0.00
39.00 2.00 0.31 5.00 0.00 0.00 0.00
40.00 2.00 0.32 5.00 0.00 0.00 0.00
41.00 2.00 0.32 5.00 0.00 0.00 0.00
42.00 2.00 0.32 5.00 0.00 0.00 0.00
43.00 2.00 0.32 5.00 0.00 0.00 0.00
44.00 2.00 0.32 5.00 0.00 0.00 0.00
45.00 2.00 0.32 5.00 0.00 0.00 0.00
46.00 2.00 0.32 5.00 0.00 0.00 0.00
47.00 2.00 0.32 5.00 0.00 0.00 0.00
48.00 2.00 0.32 5.00 0.00 0.00 0.00
49.00 2.00 0.32 5.00 0.00 0.00 0.00
50.00 2.00 0.31 5.00 0.00 0.00 0.00
51.00 2.00 0.31 5.00 0.00 0.00 0.00
52.00 2.00 0.31 5.00 0.00 0.00 0.00
53.00 2.00 0.31 5.00 0.00 0.00 0.00
54.00 2.00 0.31 5.00 0.00 0.00 0.00
55.00 2.00 0.31 5.00 0.00 0.00 0.00
56.00 2.00 0.31 5.00 0.00 0.00 0.00
57.00 2.00 0.31 5.00 0.00 0.00 0.00
58.00 2.00 0.31 5.00 0.00 0.00 0.00
59.00 2.00 0.30 5.00 0.00 0.00 0.00
60.00 2.00 0.30 5.00 0.00 0.00 0.00
61.00 2.00 0.30 5.00 0.00 0.00 0.00
62.00 2.09 0.30 5.00 0.00 0.00 0.00
63.00 2.08 0.30 5.00 0.00 0.00 0.00
64.00 2.08 0.29 5.00 0.00 0.00 0.00
65.00 2.07 0.29 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-008    Water Depth=8 ft    Surface Elev.=722.9 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:42:16 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-008.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=722.9
Hole No.=R-11-008
Depth of Hole= 50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=722.9
Hole No.=R-11-008
Depth of Hole=50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: All zones*
6. Hammer Energy Ratio,                                   Ce = 1.25
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 11.0 128.0 NoLiq
10.0 12.0 128.0 34.0
13.0 9.0 125.0 NoLiq
20.0 7.0 120.0 NoLiq
25.0 13.0 125.0 19.0
26.5 7.0 120.0 NoLiq
35.0 21.0 124.0 26.0
40.0 29.0 130.0 35.0
45.0 100.0 135.0 27.0
50.0 100.0 135.0 4.0
____________________________________

Output Results:
Settlement of Saturated Sands=1.16 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=1.16 in.
Differential Settlement=0.580 to 0.765 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 0.35 0.34 5.00 1.16 0.00 1.16
1.00 2.00 0.34 5.00 1.16 0.00 1.16
2.00 2.00 0.34 5.00 1.16 0.00 1.16
3.00 2.00 0.34 5.00 1.16 0.00 1.16
4.00 2.00 0.33 5.00 1.16 0.00 1.16
5.00 2.00 0.33 5.00 1.16 0.00 1.16
6.00 2.00 0.33 5.00 1.16 0.00 1.16
7.00 2.00 0.33 5.00 1.16 0.00 1.16
8.00 2.00 0.33 5.00 1.16 0.00 1.16
9.00 2.00 0.35 5.00 1.16 0.00 1.16
10.00 0.31 0.37 0.86* 1.16 0.00 1.16
11.00 0.28 0.38 0.74* 1.00 0.00 1.00
12.00 0.25 0.39 0.65* 0.83 0.00 0.83
13.00 2.00 0.40 5.00 0.64 0.00 0.64
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14.00 2.00 0.41 5.00 0.64 0.00 0.64
15.00 2.00 0.42 5.00 0.64 0.00 0.64
16.00 2.00 0.43 5.00 0.64 0.00 0.64
17.00 2.00 0.44 5.00 0.64 0.00 0.64
18.00 2.00 0.45 5.00 0.64 0.00 0.64
19.00 2.00 0.45 5.00 0.64 0.00 0.64
20.00 2.00 0.46 5.00 0.64 0.00 0.64
21.00 2.00 0.46 5.00 0.64 0.00 0.64
22.00 2.00 0.47 5.00 0.64 0.00 0.64
23.00 2.00 0.47 5.00 0.64 0.00 0.64
24.00 2.00 0.48 5.00 0.64 0.00 0.64
25.00 2.00 0.48 5.00 0.64 0.00 0.64
26.00 0.17 0.48 0.36* 0.43 0.00 0.43
27.00 2.00 0.49 5.00 0.28 0.00 0.28
28.00 2.00 0.49 5.00 0.28 0.00 0.28
29.00 2.00 0.49 5.00 0.28 0.00 0.28
30.00 2.00 0.50 5.00 0.28 0.00 0.28
31.00 2.00 0.50 5.00 0.28 0.00 0.28
32.00 2.00 0.50 5.00 0.28 0.00 0.28
33.00 2.00 0.49 5.00 0.28 0.00 0.28
34.00 2.00 0.49 5.00 0.28 0.00 0.28
35.00 2.00 0.49 5.00 0.28 0.00 0.28
36.00 0.47 0.49 0.95* 0.18 0.00 0.18
37.00 2.39 0.49 4.91 0.09 0.00 0.09
38.00 2.38 0.48 4.92 0.03 0.00 0.03
39.00 2.37 0.48 4.93 0.01 0.00 0.01
40.00 2.37 0.48 4.94 0.00 0.00 0.00
41.00 2.36 0.48 4.96 0.00 0.00 0.00
42.00 2.35 0.47 4.97 0.00 0.00 0.00
43.00 2.34 0.47 4.99 0.00 0.00 0.00
44.00 2.33 0.47 5.00 0.00 0.00 0.00
45.00 2.32 0.46 5.00 0.00 0.00 0.00
46.00 2.32 0.46 5.00 0.00 0.00 0.00
47.00 2.31 0.45 5.00 0.00 0.00 0.00
48.00 2.30 0.45 5.00 0.00 0.00 0.00
49.00 2.29 0.45 5.00 0.00 0.00 0.00
50.00 2.28 0.44 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-009    Water Depth=8 ft    Surface Elev.=723.5 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:44:30 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-009.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=723.5
Hole No.=R-11-009
Depth of Hole= 50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=723.5
Hole No.=R-11-009
Depth of Hole=50.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 14.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: All zones*
6. Hammer Energy Ratio,                                   Ce = 1.25
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 12.0 125.0 70.0
10.0 13.0 125.0 30.0
13.0 3.0 120.0 NoLiq
21.0 11.0 125.0 NoLiq
25.0 13.0 125.0 21.0
28.0 13.0 125.0 NoLiq
35.0 34.0 125.0 11.0
40.0 100.0 130.0 5.0
45.0 100.0 135.0 5.0
50.0 100.0 135.0 29.0
____________________________________

Output Results:
Settlement of Saturated Sands=1.47 in.
Settlement of Unsaturated Sands=0.03 in.
Total Settlement of Saturated and Unsaturated Sands=1.50 in.
Differential Settlement=0.751 to 0.991 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 0.39 0.34 5.00 1.47 0.03 1.50
1.00 0.39 0.34 5.00 1.47 0.03 1.50
2.00 0.40 0.34 5.00 1.47 0.03 1.50
3.00 0.40 0.34 5.00 1.47 0.03 1.49
4.00 0.41 0.33 5.00 1.47 0.02 1.49
5.00 0.41 0.33 5.00 1.47 0.02 1.49
6.00 0.39 0.33 5.00 1.47 0.01 1.48
7.00 0.36 0.33 5.00 1.47 0.01 1.48
8.00 0.34 0.33 1.02 1.47 0.00 1.47
9.00 0.36 0.35 1.03 1.36 0.00 1.36
10.00 0.32 0.37 0.89* 1.23 0.00 1.23
11.00 0.24 0.38 0.64* 1.07 0.00 1.07
12.00 0.18 0.39 0.46* 0.86 0.00 0.86
13.00 2.00 0.41 5.00 0.59 0.00 0.59
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14.00 2.00 0.42 5.00 0.59 0.00 0.59
15.00 2.00 0.43 5.00 0.59 0.00 0.59
16.00 2.00 0.44 5.00 0.59 0.00 0.59
17.00 2.00 0.44 5.00 0.59 0.00 0.59
18.00 2.00 0.45 5.00 0.59 0.00 0.59
19.00 2.00 0.46 5.00 0.59 0.00 0.59
20.00 2.00 0.46 5.00 0.59 0.00 0.59
21.00 2.00 0.47 5.00 0.59 0.00 0.59
22.00 2.00 0.47 5.00 0.59 0.00 0.59
23.00 2.00 0.48 5.00 0.59 0.00 0.59
24.00 2.00 0.48 5.00 0.59 0.00 0.59
25.00 2.00 0.48 5.00 0.59 0.00 0.59
26.00 0.24 0.49 0.49* 0.40 0.00 0.40
27.00 0.23 0.49 0.48* 0.21 0.00 0.21
28.00 0.24 0.49 0.49* 0.01 0.00 0.01
29.00 2.00 0.50 5.00 0.00 0.00 0.00
30.00 2.00 0.50 5.00 0.00 0.00 0.00
31.00 2.00 0.50 5.00 0.00 0.00 0.00
32.00 2.00 0.50 5.00 0.00 0.00 0.00
33.00 2.00 0.49 5.00 0.00 0.00 0.00
34.00 2.00 0.49 5.00 0.00 0.00 0.00
35.00 2.00 0.49 5.00 0.00 0.00 0.00
36.00 2.40 0.49 4.91 0.00 0.00 0.00
37.00 2.39 0.49 4.91 0.00 0.00 0.00
38.00 2.38 0.48 4.92 0.00 0.00 0.00
39.00 2.37 0.48 4.93 0.00 0.00 0.00
40.00 2.37 0.48 4.94 0.00 0.00 0.00
41.00 2.36 0.48 4.96 0.00 0.00 0.00
42.00 2.35 0.47 4.97 0.00 0.00 0.00
43.00 2.34 0.47 4.99 0.00 0.00 0.00
44.00 2.33 0.47 5.00 0.00 0.00 0.00
45.00 2.32 0.46 5.00 0.00 0.00 0.00
46.00 2.32 0.46 5.00 0.00 0.00 0.00
47.00 2.31 0.45 5.00 0.00 0.00 0.00
48.00 2.30 0.45 5.00 0.00 0.00 0.00
49.00 2.29 0.45 5.00 0.00 0.00 0.00
50.00 2.28 0.44 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=R-11-010    Water Depth=29 ft    Surface Elev.=743.8 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:52:53 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\R-11-010.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=743.8
Hole No.=R-11-010
Depth of Hole= 65.0 ft
Water Table during Earthquake= 29.0 ft
Water Table during In-Situ Testing= 34.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=743.8
Hole No.=R-11-010
Depth of Hole=65.0 ft
Water Table during Earthquake= 29.0 ft
Water Table during In-Situ Testing= 34.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT gamma Fines
ft pcf %
____________________________________
0.0 31.0 120.0 30.0
10.0 47.0 120.0 30.0
15.0 22.0 120.0 30.0
20.0 14.0 120.0 30.0
25.0 11.0 120.0 NoLiq
30.0 13.0 120.0 NoLiq
35.0 0.0 120.0 NoLiq
37.5 20.0 120.0 26.0
42.0 8.0 120.0 NoLiq
47.5 20.0 120.0 NoLiq
52.0 14.0 120.0 NoLiq
60.0 42.0 120.0 30.0
65.0 62.0 130.0 30.0
____________________________________

Output Results:
Settlement of Saturated Sands=1.06 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=1.06 in.
Differential Settlement=0.528 to 0.697 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.39 0.34 5.00 1.06 0.00 1.06
1.00 2.39 0.34 5.00 1.06 0.00 1.06
2.00 2.39 0.34 5.00 1.06 0.00 1.06
3.00 2.39 0.34 5.00 1.06 0.00 1.06
4.00 2.39 0.33 5.00 1.06 0.00 1.06
5.00 2.39 0.33 5.00 1.06 0.00 1.06
6.00 2.39 0.33 5.00 1.06 0.00 1.06
7.00 2.39 0.33 5.00 1.06 0.00 1.06
8.00 2.39 0.33 5.00 1.06 0.00 1.06
9.00 2.39 0.33 5.00 1.06 0.00 1.06
10.00 2.39 0.33 5.00 1.06 0.00 1.06
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11.00 2.39 0.33 5.00 1.06 0.00 1.06
12.00 2.39 0.33 5.00 1.06 0.00 1.06
13.00 2.39 0.33 5.00 1.06 0.00 1.06
14.00 2.39 0.33 5.00 1.06 0.00 1.06
15.00 0.45 0.33 5.00 1.06 0.00 1.06
16.00 0.38 0.33 5.00 1.06 0.00 1.06
17.00 0.33 0.32 5.00 1.06 0.00 1.06
18.00 0.29 0.32 5.00 1.06 0.00 1.06
19.00 0.27 0.32 5.00 1.06 0.00 1.06
20.00 0.24 0.32 5.00 1.06 0.00 1.06
21.00 0.23 0.32 5.00 1.06 0.00 1.06
22.00 0.22 0.32 5.00 1.06 0.00 1.06
23.00 0.21 0.32 5.00 1.06 0.00 1.06
24.00 0.20 0.32 5.00 1.06 0.00 1.06
25.00 0.19 0.32 5.00 1.06 0.00 1.06
26.00 2.00 0.32 5.00 1.06 0.00 1.06
27.00 2.00 0.32 5.00 1.06 0.00 1.06
28.00 2.00 0.32 5.00 1.06 0.00 1.06
29.00 2.00 0.32 5.00 1.06 0.00 1.06
30.00 2.00 0.32 5.00 1.06 0.00 1.06
31.00 2.00 0.32 5.00 1.06 0.00 1.06
32.00 2.00 0.32 5.00 1.06 0.00 1.06
33.00 2.00 0.33 5.00 1.06 0.00 1.06
34.00 2.00 0.33 5.00 1.06 0.00 1.06
35.00 2.00 0.33 5.00 1.06 0.00 1.06
36.00 2.00 0.33 5.00 1.06 0.00 1.06
37.00 2.00 0.33 5.00 1.06 0.00 1.06
38.00 0.22 0.33 0.67* 0.97 0.00 0.97
39.00 0.20 0.33 0.60* 0.77 0.00 0.77
40.00 0.18 0.33 0.52* 0.54 0.00 0.54
41.00 0.15 0.33 0.45* 0.29 0.00 0.29
42.00 0.13 0.33 0.38* 0.01 0.00 0.01
43.00 2.00 0.34 5.00 0.00 0.00 0.00
44.00 2.00 0.33 5.00 0.00 0.00 0.00
45.00 2.00 0.33 5.00 0.00 0.00 0.00
46.00 2.00 0.33 5.00 0.00 0.00 0.00
47.00 2.00 0.33 5.00 0.00 0.00 0.00
48.00 2.00 0.33 5.00 0.00 0.00 0.00
49.00 2.00 0.33 5.00 0.00 0.00 0.00
50.00 2.00 0.33 5.00 0.00 0.00 0.00
51.00 2.00 0.33 5.00 0.00 0.00 0.00
52.00 2.00 0.33 5.00 0.00 0.00 0.00
53.00 2.00 0.33 5.00 0.00 0.00 0.00
54.00 2.00 0.33 5.00 0.00 0.00 0.00
55.00 2.00 0.33 5.00 0.00 0.00 0.00
56.00 2.00 0.32 5.00 0.00 0.00 0.00
57.00 2.00 0.32 5.00 0.00 0.00 0.00
58.00 2.00 0.32 5.00 0.00 0.00 0.00
59.00 2.00 0.32 5.00 0.00 0.00 0.00
60.00 2.00 0.32 5.00 0.00 0.00 0.00
61.00 2.13 0.31 5.00 0.00 0.00 0.00
62.00 2.12 0.31 5.00 0.00 0.00 0.00
63.00 2.11 0.31 5.00 0.00 0.00 0.00
64.00 2.11 0.31 5.00 0.00 0.00 0.00
65.00 2.10 0.31 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CH2M HILL

LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Plate A-1

Hole No.=A-11-011    Water Depth=30 ft    Surface Elev.=915 Magnitude=7

Acceleration=0.48g
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A-11-011.cal
    
************************************************************************************
*******************
                                    LIQUEFACTION ANALYSIS CALCULATION DETAILS       
        
                                          Copyright by CivilTech Software     
                                               www.civiltechsoftware.com            
    
    
************************************************************************************
*******************

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 10/20/2011 12:11:45 PM

Input File Name: 
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\GDR\Analysis\Liquefaction\A
-11-011.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  

 Input Data:
Surface Elev.=915
Hole No.=A-11-011
Depth of Hole=84.00 ft
Water Table during Earthquake= 30.00 ft
Water Table during In-Situ Testing= 33.00 ft
Max. Acceleration=0.48 g
Earthquake Magnitude=7.00
No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   
1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu/Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Average two input data between two Depths: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT Gamma Fines
ft pcf %
__________________________________
0.00 10.00 115.00 25.00
10.00 35.00 115.00 25.00
15.00 18.00 115.00 NoLiq
17.00 8.00 115.00 NoLiq
20.00 18.00 115.00 NoLiq
25.00 13.00 115.00 NoLiq
30.00 15.00 120.00 NoLiq
35.00 10.00 120.00 8.00
37.00 10.00 120.00 NoLiq
40.00 16.00 120.00 NoLiq
45.00 15.00 120.00 NoLiq
50.00 33.00 120.00 NoLiq
__________________________________

 Output Results:
Calculation segment, dz=0.050 ft
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User defined Print Interval, dp=0.50 ft

Acceleration Amplification:
  a(z)=a_max-mZ=a0+m(H-z),  a_max=a0+mH,  m=(a_max-a0)/H
User defined a0 (acceleration at bottom of profile) = 0.000 g
Maximum acceleration on surface, a_max = 0.480 g
amplification factor, m = 0.000
Depth of a0,  H = 84.00

CSR Calculation:
Depth gamma sigma gamma' sigma'  rd mZ a(z) CSR x 

fs1 =CSRfs
ft pcf atm pcf atm  g g

____________________________________________________________________________________
_

0.00 115.00 0.000 115.00 0.000 1.00 0.000 0.480 0.31 1.00
0.31

0.50 115.00 0.027 115.00 0.027 1.00 0.000 0.480 0.31 1.00
0.31

1.00 115.00 0.054 115.00 0.054 1.00 0.000 0.480 0.31 1.00
0.31

1.50 115.00 0.082 115.00 0.082 1.00 0.000 0.480 0.31 1.00
0.31

2.00 115.00 0.109 115.00 0.109 1.00 0.000 0.480 0.31 1.00
0.31

2.50 115.00 0.136 115.00 0.136 0.99 0.000 0.480 0.31 1.00
0.31

3.00 115.00 0.163 115.00 0.163 0.99 0.000 0.480 0.31 1.00
0.31

3.50 115.00 0.190 115.00 0.190 0.99 0.000 0.480 0.31 1.00
0.31

4.00 115.00 0.217 115.00 0.217 0.99 0.000 0.480 0.31 1.00
0.31

4.50 115.00 0.245 115.00 0.245 0.99 0.000 0.480 0.31 1.00
0.31

5.00 115.00 0.272 115.00 0.272 0.99 0.000 0.480 0.31 1.00
0.31

5.50 115.00 0.299 115.00 0.299 0.99 0.000 0.480 0.31 1.00
0.31

6.00 115.00 0.326 115.00 0.326 0.99 0.000 0.480 0.31 1.00
0.31

6.50 115.00 0.353 115.00 0.353 0.98 0.000 0.480 0.31 1.00
0.31

7.00 115.00 0.380 115.00 0.380 0.98 0.000 0.480 0.31 1.00
0.31

7.50 115.00 0.408 115.00 0.408 0.98 0.000 0.480 0.31 1.00
0.31

8.00 115.00 0.435 115.00 0.435 0.98 0.000 0.480 0.31 1.00
0.31

8.50 115.00 0.462 115.00 0.462 0.98 0.000 0.480 0.31 1.00
0.31

9.00 115.00 0.489 115.00 0.489 0.98 0.000 0.480 0.31 1.00
0.31

9.50 115.00 0.516 115.00 0.516 0.98 0.000 0.480 0.31 1.00
0.31

10.00 115.00 0.543 115.00 0.543 0.98 0.000 0.480 0.30 1.00
0.30

10.50 115.00 0.571 115.00 0.571 0.98 0.000 0.480 0.30 1.00
0.30

11.00 115.00 0.598 115.00 0.598 0.97 0.000 0.480 0.30 1.00
0.30

11.50 115.00 0.625 115.00 0.625 0.97 0.000 0.480 0.30 1.00
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0.30

12.00 115.00 0.652 115.00 0.652 0.97 0.000 0.480 0.30 1.00
0.30

12.50 115.00 0.679 115.00 0.679 0.97 0.000 0.480 0.30 1.00
0.30

13.00 115.00 0.706 115.00 0.706 0.97 0.000 0.480 0.30 1.00
0.30

13.50 115.00 0.734 115.00 0.734 0.97 0.000 0.480 0.30 1.00
0.30

14.00 115.00 0.761 115.00 0.761 0.97 0.000 0.480 0.30 1.00
0.30

14.50 115.00 0.788 115.00 0.788 0.97 0.000 0.480 0.30 1.00
0.30

15.00 115.00 0.815 115.00 0.815 0.97 0.000 0.480 0.30 1.00
0.30

15.50 115.00 0.842 115.00 0.842 0.96 0.000 0.480 0.30 1.00
0.30

16.00 115.00 0.869 115.00 0.869 0.96 0.000 0.480 0.30 1.00
0.30

16.50 115.00 0.897 115.00 0.897 0.96 0.000 0.480 0.30 1.00
0.30

17.00 115.00 0.924 115.00 0.924 0.96 0.000 0.480 0.30 1.00
0.30

17.50 115.00 0.951 115.00 0.951 0.96 0.000 0.480 0.30 1.00
0.30

18.00 115.00 0.978 115.00 0.978 0.96 0.000 0.480 0.30 1.00
0.30

18.50 115.00 1.005 115.00 1.005 0.96 0.000 0.480 0.30 1.00
0.30

19.00 115.00 1.033 115.00 1.033 0.96 0.000 0.480 0.30 1.00
0.30

19.50 115.00 1.060 115.00 1.060 0.95 0.000 0.480 0.30 1.00
0.30

20.00 115.00 1.087 115.00 1.087 0.95 0.000 0.480 0.30 1.00
0.30

20.50 115.00 1.114 115.00 1.114 0.95 0.000 0.480 0.30 1.00
0.30

21.00 115.00 1.141 115.00 1.141 0.95 0.000 0.480 0.30 1.00
0.30

21.50 115.00 1.168 115.00 1.168 0.95 0.000 0.480 0.30 1.00
0.30

22.00 115.00 1.196 115.00 1.196 0.95 0.000 0.480 0.30 1.00
0.30

22.50 115.00 1.223 115.00 1.223 0.95 0.000 0.480 0.30 1.00
0.30

23.00 115.00 1.250 115.00 1.250 0.95 0.000 0.480 0.30 1.00
0.30

23.50 115.00 1.277 115.00 1.277 0.95 0.000 0.480 0.29 1.00
0.29

24.00 115.00 1.304 115.00 1.304 0.94 0.000 0.480 0.29 1.00
0.29

24.50 115.00 1.331 115.00 1.331 0.94 0.000 0.480 0.29 1.00
0.29

25.00 115.00 1.359 115.00 1.359 0.94 0.000 0.480 0.29 1.00
0.29

25.50 115.50 1.386 115.50 1.386 0.94 0.000 0.480 0.29 1.00
0.29

26.00 116.00 1.413 116.00 1.413 0.94 0.000 0.480 0.29 1.00
0.29

26.50 116.50 1.441 116.50 1.441 0.94 0.000 0.480 0.29 1.00
0.29

27.00 117.00 1.468 117.00 1.468 0.94 0.000 0.480 0.29 1.00
0.29
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27.50 117.50 1.496 117.50 1.496 0.94 0.000 0.480 0.29 1.00

0.29
28.00 118.00 1.524 118.00 1.524 0.93 0.000 0.480 0.29 1.00

0.29
28.50 118.50 1.552 118.50 1.552 0.93 0.000 0.480 0.29 1.00

0.29
29.00 119.00 1.580 119.00 1.580 0.93 0.000 0.480 0.29 1.00

0.29
29.50 119.50 1.608 119.50 1.608 0.93 0.000 0.480 0.29 1.00

0.29
30.00 120.00 1.636 120.00 1.636 0.93 0.000 0.480 0.29 1.00

0.29
30.50 120.00 1.664 57.60 1.651 0.93 0.000 0.480 0.29 1.00

0.29
31.00 120.00 1.693 57.60 1.665 0.92 0.000 0.480 0.29 1.00

0.29
31.50 120.00 1.721 57.60 1.678 0.92 0.000 0.480 0.29 1.00

0.29
32.00 120.00 1.750 57.60 1.692 0.91 0.000 0.480 0.29 1.00

0.29
32.50 120.00 1.778 57.60 1.706 0.91 0.000 0.480 0.30 1.00

0.30
33.00 120.00 1.806 57.60 1.719 0.91 0.000 0.480 0.30 1.00

0.30
33.50 120.00 1.835 57.60 1.733 0.90 0.000 0.480 0.30 1.00

0.30
34.00 120.00 1.863 57.60 1.746 0.90 0.000 0.480 0.30 1.00

0.30
34.50 120.00 1.891 57.60 1.760 0.89 0.000 0.480 0.30 1.00

0.30
35.00 120.00 1.920 57.60 1.774 0.89 0.000 0.480 0.30 1.00

0.30
35.50 120.00 1.948 57.60 1.787 0.89 0.000 0.480 0.30 1.00

0.30
36.00 120.00 1.976 57.60 1.801 0.88 0.000 0.480 0.30 1.00

0.30
36.50 120.00 2.005 57.60 1.815 0.88 0.000 0.480 0.30 1.00

0.30
37.00 120.00 2.033 57.60 1.828 0.87 0.000 0.480 0.30 1.00

0.30
37.50 120.00 2.061 57.60 1.842 0.87 0.000 0.480 0.30 1.00

0.30
38.00 120.00 2.090 57.60 1.855 0.86 0.000 0.480 0.30 1.00

0.30
38.50 120.00 2.118 57.60 1.869 0.86 0.000 0.480 0.30 1.00

0.30
39.00 120.00 2.146 57.60 1.883 0.86 0.000 0.480 0.30 1.00

0.30
39.50 120.00 2.175 57.60 1.896 0.85 0.000 0.480 0.31 1.00

0.31
40.00 120.00 2.203 57.60 1.910 0.85 0.000 0.480 0.31 1.00

0.31
40.50 120.00 2.232 57.60 1.923 0.84 0.000 0.480 0.31 1.00

0.31
41.00 120.00 2.260 57.60 1.937 0.84 0.000 0.480 0.31 1.00

0.31
41.50 120.00 2.288 57.60 1.951 0.84 0.000 0.480 0.31 1.00

0.31
42.00 120.00 2.317 57.60 1.964 0.83 0.000 0.480 0.31 1.00

0.31
42.50 120.00 2.345 57.60 1.978 0.83 0.000 0.480 0.31 1.00

0.31
43.00 120.00 2.373 57.60 1.991 0.82 0.000 0.480 0.31 1.00
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0.31

43.50 120.00 2.402 57.60 2.005 0.82 0.000 0.480 0.31 1.00
0.31

44.00 120.00 2.430 57.60 2.019 0.82 0.000 0.480 0.31 1.00
0.31

44.50 120.00 2.458 57.60 2.032 0.81 0.000 0.480 0.31 1.00
0.31

45.00 120.00 2.487 57.60 2.046 0.81 0.000 0.480 0.31 1.00
0.31

45.50 120.00 2.515 57.60 2.059 0.80 0.000 0.480 0.31 1.00
0.31

46.00 120.00 2.543 57.60 2.073 0.80 0.000 0.480 0.31 1.00
0.31

46.50 120.00 2.572 57.60 2.087 0.80 0.000 0.480 0.31 1.00
0.31

47.00 120.00 2.600 57.60 2.100 0.79 0.000 0.480 0.31 1.00
0.31

47.50 120.00 2.628 57.60 2.114 0.79 0.000 0.480 0.31 1.00
0.31

48.00 120.00 2.657 57.60 2.128 0.78 0.000 0.480 0.31 1.00
0.31

48.50 120.00 2.685 57.60 2.141 0.78 0.000 0.480 0.30 1.00
0.30

49.00 120.00 2.714 57.60 2.155 0.78 0.000 0.480 0.30 1.00
0.30

49.50 120.00 2.742 57.60 2.168 0.77 0.000 0.480 0.30 1.00
0.30

50.00 120.00 2.770 57.60 2.182 0.77 0.000 0.480 0.30 1.00
0.30

50.50 120.00 2.799 57.60 2.196 0.76 0.000 0.480 0.30 1.00
0.30

51.00 120.00 2.827 57.60 2.209 0.76 0.000 0.480 0.30 1.00
0.30

51.50 120.00 2.855 57.60 2.223 0.75 0.000 0.480 0.30 1.00
0.30

52.00 120.00 2.884 57.60 2.236 0.75 0.000 0.480 0.30 1.00
0.30

52.50 120.00 2.912 57.60 2.250 0.75 0.000 0.480 0.30 1.00
0.30

53.00 120.00 2.940 57.60 2.264 0.74 0.000 0.480 0.30 1.00
0.30

53.50 120.00 2.969 57.60 2.277 0.74 0.000 0.480 0.30 1.00
0.30

54.00 120.00 2.997 57.60 2.291 0.73 0.000 0.480 0.30 1.00
0.30

54.50 120.00 3.025 57.60 2.304 0.73 0.000 0.480 0.30 1.00
0.30

55.00 120.00 3.054 57.60 2.318 0.73 0.000 0.480 0.30 1.00
0.30

55.50 120.00 3.082 57.60 2.332 0.72 0.000 0.480 0.30 1.00
0.30

56.00 120.00 3.110 57.60 2.345 0.72 0.000 0.480 0.30 1.00
0.30

56.50 120.00 3.139 57.60 2.359 0.71 0.000 0.480 0.30 1.00
0.30

57.00 120.00 3.167 57.60 2.372 0.71 0.000 0.480 0.30 1.00
0.30

57.50 120.00 3.196 57.60 2.386 0.71 0.000 0.480 0.30 1.00
0.30

58.00 120.00 3.224 57.60 2.400 0.70 0.000 0.480 0.29 1.00
0.29

58.50 120.00 3.252 57.60 2.413 0.70 0.000 0.480 0.29 1.00
0.29
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59.00 120.00 3.281 57.60 2.427 0.69 0.000 0.480 0.29 1.00

0.29
59.50 120.00 3.309 57.60 2.441 0.69 0.000 0.480 0.29 1.00

0.29
60.00 120.00 3.337 57.60 2.454 0.69 0.000 0.480 0.29 1.00

0.29
60.50 120.00 3.366 57.60 2.468 0.68 0.000 0.480 0.29 1.00

0.29
61.00 120.00 3.394 57.60 2.481 0.68 0.000 0.480 0.29 1.00

0.29
61.50 120.00 3.422 57.60 2.495 0.67 0.000 0.480 0.29 1.00

0.29
62.00 120.00 3.451 57.60 2.509 0.67 0.000 0.480 0.29 1.00

0.29
62.50 120.00 3.479 57.60 2.522 0.67 0.000 0.480 0.29 1.00

0.29
63.00 120.00 3.507 57.60 2.536 0.66 0.000 0.480 0.29 1.00

0.29
63.50 120.00 3.536 57.60 2.549 0.66 0.000 0.480 0.28 1.00

0.28
64.00 120.00 3.564 57.60 2.563 0.65 0.000 0.480 0.28 1.00

0.28
64.50 120.00 3.592 57.60 2.577 0.65 0.000 0.480 0.28 1.00

0.28
65.00 120.00 3.621 57.60 2.590 0.65 0.000 0.480 0.28 1.00

0.28
65.50 120.00 3.649 57.60 2.604 0.64 0.000 0.480 0.28 1.00

0.28
66.00 120.00 3.678 57.60 2.617 0.64 0.000 0.480 0.28 1.00

0.28
66.50 120.00 3.706 57.60 2.631 0.63 0.000 0.480 0.28 1.00

0.28
67.00 120.00 3.734 57.60 2.645 0.63 0.000 0.480 0.28 1.00

0.28
67.50 120.00 3.763 57.60 2.658 0.62 0.000 0.480 0.28 1.00

0.28
68.00 120.00 3.791 57.60 2.672 0.62 0.000 0.480 0.27 1.00

0.27
68.50 120.00 3.819 57.60 2.686 0.62 0.000 0.480 0.27 1.00

0.27
69.00 120.00 3.848 57.60 2.699 0.61 0.000 0.480 0.27 1.00

0.27
69.50 120.00 3.876 57.60 2.713 0.61 0.000 0.480 0.27 1.00

0.27
70.00 120.00 3.904 57.60 2.726 0.60 0.000 0.480 0.27 1.00

0.27
70.50 120.00 3.933 57.60 2.740 0.60 0.000 0.480 0.27 1.00

0.27
71.00 120.00 3.961 57.60 2.754 0.60 0.000 0.480 0.27 1.00

0.27
71.50 120.00 3.989 57.60 2.767 0.59 0.000 0.480 0.27 1.00

0.27
72.00 120.00 4.018 57.60 2.781 0.59 0.000 0.480 0.27 1.00

0.27
72.50 120.00 4.046 57.60 2.794 0.58 0.000 0.480 0.26 1.00

0.26
73.00 120.00 4.074 57.60 2.808 0.58 0.000 0.480 0.26 1.00

0.26
73.50 120.00 4.103 57.60 2.822 0.58 0.000 0.480 0.26 1.00

0.26
74.00 120.00 4.131 57.60 2.835 0.57 0.000 0.480 0.26 1.00

0.26
74.50 120.00 4.160 57.60 2.849 0.57 0.000 0.480 0.26 1.00
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0.26

75.00 120.00 4.188 57.60 2.862 0.56 0.000 0.480 0.26 1.00
0.26

75.50 120.00 4.216 57.60 2.876 0.56 0.000 0.480 0.26 1.00
0.26

76.00 120.00 4.245 57.60 2.890 0.56 0.000 0.480 0.26 1.00
0.26

76.50 120.00 4.273 57.60 2.903 0.56 0.000 0.480 0.26 1.00
0.26

77.00 120.00 4.301 57.60 2.917 0.56 0.000 0.480 0.26 1.00
0.26

77.50 120.00 4.330 57.60 2.930 0.56 0.000 0.480 0.26 1.00
0.26

78.00 120.00 4.358 57.60 2.944 0.55 0.000 0.480 0.26 1.00
0.26

78.50 120.00 4.386 57.60 2.958 0.55 0.000 0.480 0.26 1.00
0.26

79.00 120.00 4.415 57.60 2.971 0.55 0.000 0.480 0.26 1.00
0.26

79.50 120.00 4.443 57.60 2.985 0.55 0.000 0.480 0.26 1.00
0.26

80.00 120.00 4.471 57.60 2.999 0.55 0.000 0.480 0.26 1.00
0.26

80.50 120.00 4.500 57.60 3.012 0.55 0.000 0.480 0.26 1.00
0.26

81.00 120.00 4.528 57.60 3.026 0.55 0.000 0.480 0.26 1.00
0.26

81.50 120.00 4.556 57.60 3.039 0.55 0.000 0.480 0.26 1.00
0.26

82.00 120.00 4.585 57.60 3.053 0.54 0.000 0.480 0.25 1.00
0.25

82.50 120.00 4.613 57.60 3.067 0.54 0.000 0.480 0.25 1.00
0.25

83.00 120.00 4.642 57.60 3.080 0.54 0.000 0.480 0.25 1.00
0.25

83.50 120.00 4.670 57.60 3.094 0.54 0.000 0.480 0.25 1.00
0.25

84.00 120.00 4.698 57.60 3.107 0.54 0.000 0.480 0.25 1.00
0.25

____________________________________________________________________________________
_

CSR is based on water table at 30.00 during earthquake

CRR Calculation from SPT or BPT data:
Depth SPT Cebs Cr sigma' Cn (N1)60 Fines d(N1)60

(N1)60f CRR7.5
ft atm %

____________________________________________________________________________________
_

0.00 10.00 1.05 0.75 0.000 1.70 13.39 25.00 4.80
18.19 0.20

0.50 11.25 1.05 0.75 0.027 1.70 15.06 25.00 4.80
19.86 0.21

1.00 12.50 1.05 0.75 0.054 1.70 16.73 25.00 4.80
21.53 0.23

1.50 13.75 1.05 0.75 0.082 1.70 18.41 25.00 4.80
23.21 0.26

2.00 15.00 1.05 0.75 0.109 1.70 20.08 25.00 4.80
24.88 0.28

2.50 16.25 1.05 0.75 0.136 1.70 21.75 25.00 4.80
26.55 0.31
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3.00 17.50 1.05 0.75 0.163 1.70 23.43 25.00 4.80

28.23 0.35
3.50 18.75 1.05 0.75 0.190 1.70 25.10 25.00 4.80

29.90 0.44
4.00 20.00 1.05 0.75 0.217 1.70 26.77 25.00 4.80

31.57 2.00
4.50 21.25 1.05 0.75 0.245 1.70 28.45 25.00 4.80

33.25 2.00
5.00 22.50 1.05 0.75 0.272 1.70 30.12 25.00 4.80

34.92 2.00
5.50 23.75 1.05 0.75 0.299 1.70 31.80 25.00 4.80

36.60 2.00
6.00 25.00 1.05 0.75 0.326 1.70 33.47 25.00 4.80

38.27 2.00
6.50 26.25 1.05 0.75 0.353 1.68 34.78 25.00 4.80

39.58 2.00
7.00 27.50 1.05 0.75 0.380 1.62 35.11 25.00 4.80

39.91 2.00
7.50 28.75 1.05 0.75 0.408 1.57 35.46 25.00 4.80

40.26 2.00
8.00 30.00 1.05 0.75 0.435 1.52 35.83 25.00 4.80

40.63 2.00
8.50 31.25 1.05 0.85 0.462 1.47 41.04 25.00 4.80

45.84 2.00
9.00 32.50 1.05 0.85 0.489 1.43 41.48 25.00 4.80

46.28 2.00
9.50 33.75 1.05 0.85 0.516 1.39 41.92 25.00 4.80

46.72 2.00
10.00 35.00 1.05 0.85 0.543 1.36 42.37 25.00 4.80

47.17 2.00
10.50 33.30 1.05 0.85 0.571 1.32 39.34 32.60 6.62

45.97 2.00
11.00 31.60 1.05 0.85 0.598 1.29 36.48 40.20 7.20

43.68 2.00
11.50 29.90 1.05 0.85 0.625 1.26 33.76 47.80 7.20

40.96 2.00
12.00 28.20 1.05 0.85 0.652 1.24 31.17 55.40 7.20

38.37 2.00
12.50 26.50 1.05 0.85 0.679 1.21 28.70 63.00 7.20

35.90 2.00
13.00 24.80 1.05 0.85 0.706 1.19 26.33 70.60 7.20

33.53 2.00
13.50 23.10 1.05 0.85 0.734 1.17 24.07 78.20 7.20

31.27 2.00
14.00 21.40 1.05 0.85 0.761 1.15 21.90 NoLiq 7.20

29.10 0.38
14.50 19.70 1.05 0.85 0.788 1.13 19.81 NoLiq 7.20

27.01 0.32
15.00 18.00 1.05 0.95 0.815 1.11 19.89 NoLiq 7.20

27.09 0.32
15.50 15.50 1.05 0.95 0.842 1.09 16.85 NoLiq 7.20

24.05 0.27
16.00 13.00 1.05 0.95 0.869 1.07 13.91 NoLiq 7.20

21.11 0.23
16.50 10.50 1.05 0.95 0.897 1.06 11.06 NoLiq 7.20

18.26 0.20
17.00 8.00 1.05 0.95 0.924 1.04 8.30 NoLiq 7.20

15.50 0.17
17.50 9.67 1.05 0.95 0.951 1.03 9.89 NoLiq 7.20

17.09 0.18
18.00 11.33 1.05 0.95 0.978 1.01 11.43 NoLiq 7.20

18.63 0.20
18.50 13.00 1.05 0.95 1.005 1.00 12.93 NoLiq 7.20
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20.13 0.22

19.00 14.67 1.05 0.95 1.033 0.98 14.40 NoLiq 7.20
21.60 0.24

19.50 16.33 1.05 0.95 1.060 0.97 15.83 NoLiq 7.20
23.03 0.25

20.00 18.00 1.05 0.95 1.087 0.96 17.22 NoLiq 7.20
24.42 0.27

20.50 17.50 1.05 0.95 1.114 0.95 16.54 NoLiq 7.20
23.74 0.26

21.00 17.00 1.05 0.95 1.141 0.94 15.87 NoLiq 7.20
23.07 0.25

21.50 16.50 1.05 0.95 1.168 0.93 15.23 NoLiq 7.20
22.43 0.25

22.00 16.00 1.05 0.95 1.196 0.91 14.60 NoLiq 7.20
21.80 0.24

22.50 15.50 1.05 0.95 1.223 0.90 13.98 NoLiq 7.20
21.18 0.23

23.00 15.00 1.05 0.95 1.250 0.89 13.38 NoLiq 7.20
20.58 0.22

23.50 14.50 1.05 0.95 1.277 0.88 12.80 NoLiq 7.20
20.00 0.22

24.00 14.00 1.05 0.95 1.304 0.88 12.23 NoLiq 7.20
19.43 0.21

24.50 13.50 1.05 0.95 1.331 0.87 11.67 NoLiq 7.20
18.87 0.20

25.00 13.00 1.05 0.95 1.359 0.86 11.13 NoLiq 7.20
18.33 0.20

25.50 13.20 1.05 0.95 1.386 0.85 11.18 NoLiq 7.20
18.38 0.20

26.00 13.40 1.05 0.95 1.413 0.84 11.24 NoLiq 7.20
18.44 0.20

26.50 13.60 1.05 0.95 1.441 0.83 11.30 NoLiq 7.20
18.50 0.20

27.00 13.80 1.05 0.95 1.468 0.83 11.36 NoLiq 7.20
18.56 0.20

27.50 14.00 1.05 0.95 1.496 0.82 11.42 NoLiq 7.20
18.62 0.20

28.00 14.20 1.05 1.00 1.524 0.81 12.08 NoLiq 7.20
19.28 0.21

28.50 14.40 1.05 1.00 1.552 0.80 12.14 NoLiq 7.20
19.34 0.21

29.00 14.60 1.05 1.00 1.580 0.80 12.20 NoLiq 7.20
19.40 0.21

29.50 14.80 1.05 1.00 1.608 0.79 12.26 NoLiq 7.20
19.46 0.21

30.00 15.00 1.05 1.00 1.636 0.78 12.31 NoLiq 7.20
19.51 0.21

30.50 14.50 1.05 1.00 1.664 0.78 11.80 NoLiq 7.20
19.00 0.21

31.00 14.00 1.05 1.00 1.693 0.77 11.30 NoLiq 7.20
18.50 0.20

31.50 13.50 1.05 1.00 1.721 0.76 10.80 NoLiq 7.20
18.00 0.19

32.00 13.00 1.05 1.00 1.750 0.76 10.32 NoLiq 7.20
17.52 0.19

32.50 12.50 1.05 1.00 1.778 0.75 9.84 NoLiq 7.20
17.04 0.18

33.00 12.00 1.05 1.00 1.806 0.74 9.38 NoLiq 7.20
16.58 0.18

33.50 11.50 1.05 1.00 1.821 0.74 8.95 35.90 7.20
16.15 0.17

34.00 11.00 1.05 1.00 1.835 0.74 8.53 26.60 5.19
13.71 0.15
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34.50 10.50 1.05 1.00 1.849 0.74 8.11 17.30 2.95

11.06 0.12
35.00 10.00 1.05 1.00 1.862 0.73 7.69 8.00 0.72 8.42

0.09
35.50 10.00 1.05 1.00 1.876 0.73 7.67 31.24 6.30

13.96 0.15
36.00 10.00 1.05 1.00 1.889 0.73 7.64 54.49 7.20

14.84 0.16
36.50 10.00 1.05 1.00 1.903 0.72 7.61 77.74 7.20

14.81 0.16
37.00 10.00 1.05 1.00 1.917 0.72 7.58 NoLiq 7.20

14.78 0.16
37.50 11.00 1.05 1.00 1.930 0.72 8.31 NoLiq 7.20

15.51 0.17
38.00 12.00 1.05 1.00 1.944 0.72 9.04 NoLiq 7.20

16.24 0.18
38.50 13.00 1.05 1.00 1.957 0.71 9.76 NoLiq 7.20

16.96 0.18
39.00 14.00 1.05 1.00 1.971 0.71 10.47 NoLiq 7.20

17.67 0.19
39.50 15.00 1.05 1.00 1.985 0.71 11.18 NoLiq 7.20

18.38 0.20
40.00 16.00 1.05 1.00 1.998 0.71 11.88 NoLiq 7.20

19.08 0.21
40.50 15.90 1.05 1.00 2.012 0.71 11.77 NoLiq 7.20

18.97 0.20
41.00 15.80 1.05 1.00 2.025 0.70 11.66 NoLiq 7.20

18.86 0.20
41.50 15.70 1.05 1.00 2.039 0.70 11.54 NoLiq 7.20

18.74 0.20
42.00 15.60 1.05 1.00 2.053 0.70 11.43 NoLiq 7.20

18.63 0.20
42.50 15.50 1.05 1.00 2.066 0.70 11.32 NoLiq 7.20

18.52 0.20
43.00 15.40 1.05 1.00 2.080 0.69 11.21 NoLiq 7.20

18.41 0.20
43.50 15.30 1.05 1.00 2.094 0.69 11.10 NoLiq 7.20

18.30 0.20
44.00 15.20 1.05 1.00 2.107 0.69 10.99 NoLiq 7.20

18.19 0.20
44.50 15.10 1.05 1.00 2.121 0.69 10.89 NoLiq 7.20

18.09 0.20
45.00 15.00 1.05 1.00 2.134 0.68 10.78 NoLiq 7.20

17.98 0.19
45.50 16.80 1.05 1.00 2.148 0.68 12.04 NoLiq 7.20

19.24 0.21
46.00 18.60 1.05 1.00 2.162 0.68 13.28 NoLiq 7.20

20.48 0.22
46.50 20.40 1.05 1.00 2.175 0.68 14.52 NoLiq 7.20

21.72 0.24
47.00 22.20 1.05 1.00 2.189 0.68 15.75 NoLiq 7.20

22.95 0.25
47.50 24.00 1.05 1.00 2.202 0.67 16.98 NoLiq 7.20

24.18 0.27
48.00 25.80 1.05 1.00 2.216 0.67 18.20 NoLiq 7.20

25.40 0.29
48.50 27.60 1.05 1.00 2.230 0.67 19.41 NoLiq 7.20

26.61 0.31
49.00 29.40 1.05 1.00 2.243 0.67 20.61 NoLiq 7.20

27.81 0.34
49.50 31.20 1.05 1.00 2.257 0.67 21.81 NoLiq 7.20

29.01 0.38
50.00 33.00 1.05 1.00 2.270 0.66 22.99 NoLiq 7.20
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30.19 2.00

50.50 33.00 1.05 1.00 2.284 0.66 22.93 NoLiq 7.20
30.13 0.50

51.00 33.00 1.05 1.00 2.298 0.66 22.86 NoLiq 7.20
30.06 0.47

51.50 33.00 1.05 1.00 2.311 0.66 22.79 NoLiq 7.20
29.99 0.46

52.00 33.00 1.05 1.00 2.325 0.66 22.73 NoLiq 7.20
29.92 0.44

52.50 33.00 1.05 1.00 2.338 0.65 22.66 NoLiq 7.20
29.86 0.43

53.00 33.00 1.05 1.00 2.352 0.65 22.59 NoLiq 7.20
29.79 0.43

53.50 33.00 1.05 1.00 2.366 0.65 22.53 NoLiq 7.20
29.73 0.42

54.00 33.00 1.05 1.00 2.379 0.65 22.46 NoLiq 7.20
29.66 0.41

54.50 33.00 1.05 1.00 2.393 0.65 22.40 NoLiq 7.20
29.60 0.41

55.00 33.00 1.05 1.00 2.407 0.64 22.34 NoLiq 7.20
29.54 0.40

55.50 33.00 1.05 1.00 2.420 0.64 22.27 NoLiq 7.20
29.47 0.40

56.00 33.00 1.05 1.00 2.434 0.64 22.21 NoLiq 7.20
29.41 0.39

56.50 33.00 1.05 1.00 2.447 0.64 22.15 NoLiq 7.20
29.35 0.39

57.00 33.00 1.05 1.00 2.461 0.64 22.09 NoLiq 7.20
29.29 0.39

57.50 33.00 1.05 1.00 2.475 0.64 22.03 NoLiq 7.20
29.23 0.38

58.00 33.00 1.05 1.00 2.488 0.63 21.97 NoLiq 7.20
29.17 0.38

58.50 33.00 1.05 1.00 2.502 0.63 21.91 NoLiq 7.20
29.11 0.38

59.00 33.00 1.05 1.00 2.515 0.63 21.85 NoLiq 7.20
29.05 0.38

59.50 33.00 1.05 1.00 2.529 0.63 21.79 NoLiq 7.20
28.99 0.37

60.00 33.00 1.05 1.00 2.543 0.63 21.73 NoLiq 7.20
28.93 0.37

60.50 33.00 1.05 1.00 2.556 0.63 21.67 NoLiq 7.20
28.87 0.37

61.00 33.00 1.05 1.00 2.570 0.62 21.61 NoLiq 7.20
28.81 0.37

61.50 33.00 1.05 1.00 2.583 0.62 21.56 NoLiq 7.20
28.76 0.37

62.00 33.00 1.05 1.00 2.597 0.62 21.50 NoLiq 7.20
28.70 0.36

62.50 33.00 1.05 1.00 2.611 0.62 21.45 NoLiq 7.20
28.65 0.36

63.00 33.00 1.05 1.00 2.624 0.62 21.39 NoLiq 7.20
28.59 0.36

63.50 33.00 1.05 1.00 2.638 0.62 21.33 NoLiq 7.20
28.53 0.36

64.00 33.00 1.05 1.00 2.651 0.61 21.28 NoLiq 7.20
28.48 0.36

64.50 33.00 1.05 1.00 2.665 0.61 21.22 NoLiq 7.20
28.42 0.35

65.00 33.00 1.05 1.00 2.679 0.61 21.17 NoLiq 7.20
28.37 0.35

65.50 33.00 1.05 1.00 2.692 0.61 21.12 NoLiq 7.20
28.32 0.35
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66.00 33.00 1.05 1.00 2.706 0.61 21.06 NoLiq 7.20

28.26 0.35
66.50 33.00 1.05 1.00 2.720 0.61 21.01 NoLiq 7.20

28.21 0.35
67.00 33.00 1.05 1.00 2.733 0.60 20.96 NoLiq 7.20

28.16 0.35
67.50 33.00 1.05 1.00 2.747 0.60 20.91 NoLiq 7.20

28.11 0.35
68.00 33.00 1.05 1.00 2.760 0.60 20.86 NoLiq 7.20

28.06 0.34
68.50 33.00 1.05 1.00 2.774 0.60 20.80 NoLiq 7.20

28.00 0.34
69.00 33.00 1.05 1.00 2.788 0.60 20.75 NoLiq 7.20

27.95 0.34
69.50 33.00 1.05 1.00 2.801 0.60 20.70 NoLiq 7.20

27.90 0.34
70.00 33.00 1.05 1.00 2.815 0.60 20.65 NoLiq 7.20

27.85 0.34
70.50 33.00 1.05 1.00 2.828 0.59 20.60 NoLiq 7.20

27.80 0.34
71.00 33.00 1.05 1.00 2.842 0.59 20.55 NoLiq 7.20

27.75 0.34
71.50 33.00 1.05 1.00 2.856 0.59 20.50 NoLiq 7.20

27.70 0.34
72.00 33.00 1.05 1.00 2.869 0.59 20.46 NoLiq 7.20

27.66 0.33
72.50 33.00 1.05 1.00 2.883 0.59 20.41 NoLiq 7.20

27.61 0.33
73.00 33.00 1.05 1.00 2.896 0.59 20.36 NoLiq 7.20

27.56 0.33
73.50 33.00 1.05 1.00 2.910 0.59 20.31 NoLiq 7.20

27.51 0.33
74.00 33.00 1.05 1.00 2.924 0.58 20.26 NoLiq 7.20

27.46 0.33
74.50 33.00 1.05 1.00 2.937 0.58 20.22 NoLiq 7.20

27.42 0.33
75.00 33.00 1.05 1.00 2.951 0.58 20.17 NoLiq 7.20

27.37 0.33
75.50 33.00 1.05 1.00 2.964 0.58 20.12 NoLiq 7.20

27.32 0.33
76.00 33.00 1.05 1.00 2.978 0.58 20.08 NoLiq 7.20

27.28 0.33
76.50 33.00 1.05 1.00 2.992 0.58 20.03 NoLiq 7.20

27.23 0.32
77.00 33.00 1.05 1.00 3.005 0.58 19.99 NoLiq 7.20

27.19 0.32
77.50 33.00 1.05 1.00 3.019 0.58 19.94 NoLiq 7.20

27.14 0.32
78.00 33.00 1.05 1.00 3.033 0.57 19.90 NoLiq 7.20

27.10 0.32
78.50 33.00 1.05 1.00 3.046 0.57 19.85 NoLiq 7.20

27.05 0.32
79.00 33.00 1.05 1.00 3.060 0.57 19.81 NoLiq 7.20

27.01 0.32
79.50 33.00 1.05 1.00 3.073 0.57 19.76 NoLiq 7.20

26.96 0.32
80.00 33.00 1.05 1.00 3.087 0.57 19.72 NoLiq 7.20

26.92 0.32
80.50 33.00 1.05 1.00 3.101 0.57 19.68 NoLiq 7.20

26.88 0.32
81.00 33.00 1.05 1.00 3.114 0.57 19.63 NoLiq 7.20

26.83 0.32
81.50 33.00 1.05 1.00 3.128 0.57 19.59 NoLiq 7.20
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26.79 0.32

82.00 33.00 1.05 1.00 3.141 0.56 19.55 NoLiq 7.20
26.75 0.31

82.50 33.00 1.05 1.00 3.155 0.56 19.51 NoLiq 7.20
26.71 0.31

83.00 33.00 1.05 1.00 3.169 0.56 19.47 NoLiq 7.20
26.67 0.31

83.50 33.00 1.05 1.00 3.182 0.56 19.42 NoLiq 7.20
26.62 0.31

84.00 33.00 1.05 1.00 3.196 0.56 19.38 NoLiq 7.20
26.58 0.31

____________________________________________________________________________________
_

CRR is based on water table at 33.00 during In-Situ Testing

Factor of Safety,  - Earthquake Magnitude= 7.00:
Depth sigC' CRR7.5 x Ksig =CRRv x MSF =CRRm CSRfs

F.S.=CRRm/CSRfs
ft atm
________________________________________________________________________
0.00 0.00 0.20 1.00 0.20 1.19 0.23 0.31 5.00
0.50 0.02 0.21 1.00 0.21 1.19 0.26 0.31 5.00
1.00 0.04 0.23 1.00 0.23 1.19 0.28 0.31 5.00
1.50 0.05 0.26 1.00 0.26 1.19 0.31 0.31 5.00
2.00 0.07 0.28 1.00 0.28 1.19 0.33 0.31 5.00
2.50 0.09 0.31 1.00 0.31 1.19 0.37 0.31 5.00
3.00 0.11 0.35 1.00 0.35 1.19 0.42 0.31 5.00
3.50 0.12 0.44 1.00 0.44 1.19 0.53 0.31 5.00
4.00 0.14 2.00 1.00 2.00 1.19 2.39 0.31 5.00
4.50 0.16 2.00 1.00 2.00 1.19 2.39 0.31 5.00
5.00 0.18 2.00 1.00 2.00 1.19 2.39 0.31 5.00
5.50 0.19 2.00 1.00 2.00 1.19 2.39 0.31 5.00
6.00 0.21 2.00 1.00 2.00 1.19 2.39 0.31 5.00
6.50 0.23 2.00 1.00 2.00 1.19 2.39 0.31 5.00
7.00 0.25 2.00 1.00 2.00 1.19 2.39 0.31 5.00
7.50 0.26 2.00 1.00 2.00 1.19 2.39 0.31 5.00
8.00 0.28 2.00 1.00 2.00 1.19 2.39 0.31 5.00
8.50 0.30 2.00 1.00 2.00 1.19 2.39 0.31 5.00
9.00 0.32 2.00 1.00 2.00 1.19 2.39 0.31 5.00
9.50 0.34 2.00 1.00 2.00 1.19 2.39 0.31 5.00
10.00 0.35 2.00 1.00 2.00 1.19 2.39 0.30 5.00
10.50 0.37 2.00 1.00 2.00 1.19 2.39 0.30 5.00
11.00 0.39 2.00 1.00 2.00 1.19 2.39 0.30 5.00
11.50 0.41 2.00 1.00 2.00 1.19 2.39 0.30 5.00
12.00 0.42 2.00 1.00 2.00 1.19 2.39 0.30 5.00
12.50 0.44 2.00 1.00 2.00 1.19 2.39 0.30 5.00
13.00 0.46 2.00 1.00 2.00 1.19 2.39 0.30 5.00
13.50 0.48 2.00 1.00 2.00 1.19 2.39 0.30 5.00
14.00 0.49 0.38 1.00 0.38 1.19 2.00 0.30 5.00 ^
14.50 0.51 0.32 1.00 0.32 1.19 2.00 0.30 5.00 ^
15.00 0.53 0.32 1.00 0.32 1.19 2.00 0.30 5.00 ^
15.50 0.55 0.27 1.00 0.27 1.19 2.00 0.30 5.00 ^
16.00 0.57 0.23 1.00 0.23 1.19 2.00 0.30 5.00 ^
16.50 0.58 0.20 1.00 0.20 1.19 2.00 0.30 5.00 ^
17.00 0.60 0.17 1.00 0.17 1.19 2.00 0.30 5.00 ^
17.50 0.62 0.18 1.00 0.18 1.19 2.00 0.30 5.00 ^
18.00 0.64 0.20 1.00 0.20 1.19 2.00 0.30 5.00 ^
18.50 0.65 0.22 1.00 0.22 1.19 2.00 0.30 5.00 ^
19.00 0.67 0.24 1.00 0.24 1.19 2.00 0.30 5.00 ^
19.50 0.69 0.25 1.00 0.25 1.19 2.00 0.30 5.00 ^
20.00 0.71 0.27 1.00 0.27 1.19 2.00 0.30 5.00 ^
20.50 0.72 0.26 1.00 0.26 1.19 2.00 0.30 5.00 ^
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21.00 0.74 0.25 1.00 0.25 1.19 2.00 0.30 5.00 ^
21.50 0.76 0.25 1.00 0.25 1.19 2.00 0.30 5.00 ^
22.00 0.78 0.24 1.00 0.24 1.19 2.00 0.30 5.00 ^
22.50 0.79 0.23 1.00 0.23 1.19 2.00 0.30 5.00 ^
23.00 0.81 0.22 1.00 0.22 1.19 2.00 0.30 5.00 ^
23.50 0.83 0.22 1.00 0.22 1.19 2.00 0.29 5.00 ^
24.00 0.85 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
24.50 0.87 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
25.00 0.88 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
25.50 0.90 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
26.00 0.92 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
26.50 0.94 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
27.00 0.95 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
27.50 0.97 0.20 1.00 0.20 1.19 2.00 0.29 5.00 ^
28.00 0.99 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
28.50 1.01 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
29.00 1.03 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
29.50 1.05 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
30.00 1.06 0.21 1.00 0.21 1.19 2.00 0.29 5.00 ^
30.50 1.08 0.21 0.99 0.20 1.19 2.00 0.29 5.00 ^
31.00 1.10 0.20 0.99 0.20 1.19 2.00 0.29 5.00 ^
31.50 1.12 0.19 0.99 0.19 1.19 2.00 0.29 5.00 ^
32.00 1.14 0.19 0.98 0.19 1.19 2.00 0.29 5.00 ^
32.50 1.16 0.18 0.98 0.18 1.19 2.00 0.30 5.00 ^
33.00 1.17 0.18 0.98 0.18 1.19 2.00 0.30 5.00 ^
33.50 1.18 0.17 0.98 0.17 1.19 0.20 0.30 0.68 *
34.00 1.19 0.15 0.98 0.14 1.19 0.17 0.30 0.58 *
34.50 1.20 0.12 0.98 0.12 1.19 0.14 0.30 0.47 *
35.00 1.21 0.09 0.97 0.09 1.19 0.11 0.30 0.36 *
35.50 1.22 0.15 0.97 0.15 1.19 0.18 0.30 0.58 *
36.00 1.23 0.16 0.97 0.16 1.19 0.19 0.30 0.62 *
36.50 1.24 0.16 0.97 0.16 1.19 0.19 0.30 0.61 *
37.00 1.25 0.16 0.97 0.15 1.19 0.18 0.30 0.61 *
37.50 1.25 0.17 0.97 0.16 1.19 2.00 0.30 5.00 ^
38.00 1.26 0.18 0.97 0.17 1.19 2.00 0.30 5.00 ^
38.50 1.27 0.18 0.96 0.18 1.19 2.00 0.30 5.00 ^
39.00 1.28 0.19 0.96 0.18 1.19 2.00 0.30 5.00 ^
39.50 1.29 0.20 0.96 0.19 1.19 2.00 0.31 5.00 ^
40.00 1.30 0.21 0.96 0.20 1.19 2.00 0.31 5.00 ^
40.50 1.31 0.20 0.96 0.20 1.19 2.00 0.31 5.00 ^
41.00 1.32 0.20 0.96 0.19 1.19 2.00 0.31 5.00 ^
41.50 1.33 0.20 0.96 0.19 1.19 2.00 0.31 5.00 ^
42.00 1.33 0.20 0.96 0.19 1.19 2.00 0.31 5.00 ^
42.50 1.34 0.20 0.95 0.19 1.19 2.00 0.31 5.00 ^
43.00 1.35 0.20 0.95 0.19 1.19 2.00 0.31 5.00 ^
43.50 1.36 0.20 0.95 0.19 1.19 2.00 0.31 5.00 ^
44.00 1.37 0.20 0.95 0.19 1.19 2.00 0.31 5.00 ^
44.50 1.38 0.20 0.95 0.19 1.19 2.00 0.31 5.00 ^
45.00 1.39 0.19 0.95 0.18 1.19 2.00 0.31 5.00 ^
45.50 1.40 0.21 0.95 0.20 1.19 2.00 0.31 5.00 ^
46.00 1.41 0.22 0.95 0.21 1.19 2.00 0.31 5.00 ^
46.50 1.41 0.24 0.94 0.22 1.19 2.00 0.31 5.00 ^
47.00 1.42 0.25 0.94 0.24 1.19 2.00 0.31 5.00 ^
47.50 1.43 0.27 0.94 0.25 1.19 2.00 0.31 5.00 ^
48.00 1.44 0.29 0.94 0.27 1.19 2.00 0.31 5.00 ^
48.50 1.45 0.31 0.94 0.29 1.19 2.00 0.30 5.00 ^
49.00 1.46 0.34 0.94 0.32 1.19 2.00 0.30 5.00 ^
49.50 1.47 0.38 0.94 0.35 1.19 2.00 0.30 5.00 ^
50.00 1.48 2.00 0.94 1.87 1.19 2.00 0.30 5.00 ^
50.50 1.48 0.50 0.93 0.47 1.19 2.00 0.30 5.00 ^
51.00 1.49 0.47 0.93 0.44 1.19 2.00 0.30 5.00 ^
51.50 1.50 0.46 0.93 0.43 1.19 2.00 0.30 5.00 ^
52.00 1.51 0.44 0.93 0.41 1.19 2.00 0.30 5.00 ^
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52.50 1.52 0.43 0.93 0.40 1.19 2.00 0.30 5.00 ^
53.00 1.53 0.43 0.93 0.40 1.19 2.00 0.30 5.00 ^
53.50 1.54 0.42 0.93 0.39 1.19 2.00 0.30 5.00 ^
54.00 1.55 0.41 0.93 0.38 1.19 2.00 0.30 5.00 ^
54.50 1.56 0.41 0.93 0.38 1.19 2.00 0.30 5.00 ^
55.00 1.56 0.40 0.92 0.37 1.19 2.00 0.30 5.00 ^
55.50 1.57 0.40 0.92 0.37 1.19 2.00 0.30 5.00 ^
56.00 1.58 0.39 0.92 0.36 1.19 2.00 0.30 5.00 ^
56.50 1.59 0.39 0.92 0.36 1.19 2.00 0.30 5.00 ^
57.00 1.60 0.39 0.92 0.36 1.19 2.00 0.30 5.00 ^
57.50 1.61 0.38 0.92 0.35 1.19 2.00 0.30 5.00 ^
58.00 1.62 0.38 0.92 0.35 1.19 2.00 0.29 5.00 ^
58.50 1.63 0.38 0.92 0.35 1.19 2.00 0.29 5.00 ^
59.00 1.64 0.38 0.92 0.34 1.19 2.00 0.29 5.00 ^
59.50 1.64 0.37 0.91 0.34 1.19 2.00 0.29 5.00 ^
60.00 1.65 0.37 0.91 0.34 1.19 2.00 0.29 5.00 ^
60.50 1.66 0.37 0.91 0.34 1.19 2.00 0.29 5.00 ^
61.00 1.67 0.37 0.91 0.33 1.19 2.00 0.29 5.00 ^
61.50 1.68 0.37 0.91 0.33 1.19 2.00 0.29 5.00 ^
62.00 1.69 0.36 0.91 0.33 1.19 2.00 0.29 5.00 ^
62.50 1.70 0.36 0.91 0.33 1.19 2.00 0.29 5.00 ^
63.00 1.71 0.36 0.91 0.33 1.19 2.00 0.29 5.00 ^
63.50 1.71 0.36 0.91 0.32 1.19 2.00 0.28 5.00 ^
64.00 1.72 0.36 0.90 0.32 1.19 2.00 0.28 5.00 ^
64.50 1.73 0.35 0.90 0.32 1.19 2.00 0.28 5.00 ^
65.00 1.74 0.35 0.90 0.32 1.19 2.00 0.28 5.00 ^
65.50 1.75 0.35 0.90 0.32 1.19 2.00 0.28 5.00 ^
66.00 1.76 0.35 0.90 0.32 1.19 2.00 0.28 5.00 ^
66.50 1.77 0.35 0.90 0.31 1.19 2.00 0.28 5.00 ^
67.00 1.78 0.35 0.90 0.31 1.19 2.00 0.28 5.00 ^
67.50 1.79 0.35 0.90 0.31 1.19 2.00 0.28 5.00 ^
68.00 1.79 0.34 0.90 0.31 1.19 2.00 0.27 5.00 ^
68.50 1.80 0.34 0.89 0.31 1.19 2.00 0.27 5.00 ^
69.00 1.81 0.34 0.89 0.31 1.19 2.00 0.27 5.00 ^
69.50 1.82 0.34 0.89 0.30 1.19 2.00 0.27 5.00 ^
70.00 1.83 0.34 0.89 0.30 1.19 2.00 0.27 5.00 ^
70.50 1.84 0.34 0.89 0.30 1.19 2.00 0.27 5.00 ^
71.00 1.85 0.34 0.89 0.30 1.19 2.00 0.27 5.00 ^
71.50 1.86 0.34 0.89 0.30 1.19 2.00 0.27 5.00 ^
72.00 1.86 0.33 0.89 0.30 1.19 2.00 0.27 5.00 ^
72.50 1.87 0.33 0.89 0.30 1.19 2.00 0.26 5.00 ^
73.00 1.88 0.33 0.89 0.29 1.19 2.00 0.26 5.00 ^
73.50 1.89 0.33 0.88 0.29 1.19 2.00 0.26 5.00 ^
74.00 1.90 0.33 0.88 0.29 1.19 2.00 0.26 5.00 ^
74.50 1.91 0.33 0.88 0.29 1.19 2.00 0.26 5.00 ^
75.00 1.92 0.33 0.88 0.29 1.19 2.00 0.26 5.00 ^
75.50 1.93 0.33 0.88 0.29 1.19 2.00 0.26 5.00 ^
76.00 1.94 0.33 0.88 0.29 1.19 2.00 0.26 5.00 ^
76.50 1.94 0.32 0.88 0.28 1.19 2.00 0.26 5.00 ^
77.00 1.95 0.32 0.88 0.28 1.19 2.00 0.26 5.00 ^
77.50 1.96 0.32 0.88 0.28 1.19 2.00 0.26 5.00 ^
78.00 1.97 0.32 0.87 0.28 1.19 2.00 0.26 5.00 ^
78.50 1.98 0.32 0.87 0.28 1.19 2.00 0.26 5.00 ^
79.00 1.99 0.32 0.87 0.28 1.19 2.00 0.26 5.00 ^
79.50 2.00 0.32 0.87 0.28 1.19 2.00 0.26 5.00 ^
80.00 2.01 0.32 0.87 0.28 1.19 2.00 0.26 5.00 ^
80.50 2.02 0.32 0.87 0.28 1.19 2.00 0.26 5.00 ^
81.00 2.02 0.32 0.87 0.27 1.19 2.00 0.26 5.00 ^
81.50 2.03 0.32 0.87 0.27 1.19 2.00 0.26 5.00 ^
82.00 2.04 0.31 0.87 0.27 1.19 2.00 0.25 5.00 ^
82.50 2.05 0.31 0.87 0.27 1.19 2.00 0.25 5.00 ^
83.00 2.06 0.31 0.87 0.27 1.19 2.00 0.25 5.00 ^
83.50 2.07 0.31 0.86 0.27 1.19 2.00 0.25 5.00 ^
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84.00 2.08 0.31 0.86 0.27 1.19 2.00 0.25 5.00 ^
________________________________________________________________________
* F.S.<1: Liquefaction Potential Zone.  (If above water table: F.S.=5)
^ No-liquefiable Soils or above Water Table.
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

CPT convert to SPT for Settlement Analysis:
Fines Correction for Settlement Analysis:
Depth Ic qc/N60 qc1 (N1)60 Fines d(N1)60 (N1)60s
ft atm %
________________________________________________________________
0.00 - - - 18.19 25.00 0.00 18.19
0.50 - - - 19.86 25.00 0.00 19.86
1.00 - - - 21.53 25.00 0.00 21.53
1.50 - - - 23.21 25.00 0.00 23.21
2.00 - - - 24.88 25.00 0.00 24.88
2.50 - - - 26.55 25.00 0.00 26.55
3.00 - - - 28.23 25.00 0.00 28.23
3.50 - - - 29.90 25.00 0.00 29.90
4.00 - - - 31.57 25.00 0.00 31.57
4.50 - - - 33.25 25.00 0.00 33.25
5.00 - - - 34.92 25.00 0.00 34.92
5.50 - - - 36.60 25.00 0.00 36.60
6.00 - - - 38.27 25.00 0.00 38.27
6.50 - - - 39.58 25.00 0.00 39.58
7.00 - - - 39.91 25.00 0.00 39.91
7.50 - - - 40.26 25.00 0.00 40.26
8.00 - - - 40.63 25.00 0.00 40.63
8.50 - - - 45.84 25.00 0.00 45.84
9.00 - - - 46.28 25.00 0.00 46.28
9.50 - - - 46.72 25.00 0.00 46.72
10.00 - - - 47.17 25.00 0.00 47.17
10.50 - - - 45.97 32.60 0.00 45.97
11.00 - - - 43.68 40.20 0.00 43.68
11.50 - - - 40.96 47.80 0.00 40.96
12.00 - - - 38.37 55.40 0.00 38.37
12.50 - - - 35.90 63.00 0.00 35.90
13.00 - - - 33.53 70.60 0.00 33.53
13.50 - - - 31.27 78.20 0.00 31.27
14.00 - - - 29.10 NoLiq 0.00 29.10
14.50 - - - 27.01 NoLiq 0.00 27.01
15.00 - - - 27.09 NoLiq 0.00 27.09
15.50 - - - 24.05 NoLiq 0.00 24.05
16.00 - - - 21.11 NoLiq 0.00 21.11
16.50 - - - 18.26 NoLiq 0.00 18.26
17.00 - - - 15.50 NoLiq 0.00 15.50
17.50 - - - 17.09 NoLiq 0.00 17.09
18.00 - - - 18.63 NoLiq 0.00 18.63
18.50 - - - 20.13 NoLiq 0.00 20.13
19.00 - - - 21.60 NoLiq 0.00 21.60
19.50 - - - 23.03 NoLiq 0.00 23.03
20.00 - - - 24.42 NoLiq 0.00 24.42
20.50 - - - 23.74 NoLiq 0.00 23.74
21.00 - - - 23.07 NoLiq 0.00 23.07
21.50 - - - 22.43 NoLiq 0.00 22.43
22.00 - - - 21.80 NoLiq 0.00 21.80
22.50 - - - 21.18 NoLiq 0.00 21.18
23.00 - - - 20.58 NoLiq 0.00 20.58
23.50 - - - 20.00 NoLiq 0.00 20.00
24.00 - - - 19.43 NoLiq 0.00 19.43
24.50 - - - 18.87 NoLiq 0.00 18.87
25.00 - - - 18.33 NoLiq 0.00 18.33
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25.50 - - - 18.38 NoLiq 0.00 18.38
26.00 - - - 18.44 NoLiq 0.00 18.44
26.50 - - - 18.50 NoLiq 0.00 18.50
27.00 - - - 18.56 NoLiq 0.00 18.56
27.50 - - - 18.62 NoLiq 0.00 18.62
28.00 - - - 19.28 NoLiq 0.00 19.28
28.50 - - - 19.34 NoLiq 0.00 19.34
29.00 - - - 19.40 NoLiq 0.00 19.40
29.50 - - - 19.46 NoLiq 0.00 19.46
30.00 - - - 19.51 NoLiq 0.00 19.51
30.50 - - - 19.00 NoLiq 0.00 19.00
31.00 - - - 18.50 NoLiq 0.00 18.50
31.50 - - - 18.00 NoLiq 0.00 18.00
32.00 - - - 17.52 NoLiq 0.00 17.52
32.50 - - - 17.04 NoLiq 0.00 17.04
33.00 - - - 16.58 NoLiq 0.00 16.58
33.50 - - - 16.15 35.90 0.00 16.15
34.00 - - - 13.71 26.60 0.00 13.71
34.50 - - - 11.06 17.30 0.00 11.06
35.00 - - - 8.42 8.00 0.00 8.42
35.50 - - - 13.96 31.24 0.00 13.96
36.00 - - - 14.84 54.49 0.00 14.84
36.50 - - - 14.81 77.74 0.00 14.81
37.00 - - - 14.78 NoLiq 0.00 14.78
37.50 - - - 15.51 NoLiq 0.00 15.51
38.00 - - - 16.24 NoLiq 0.00 16.24
38.50 - - - 16.96 NoLiq 0.00 16.96
39.00 - - - 17.67 NoLiq 0.00 17.67
39.50 - - - 18.38 NoLiq 0.00 18.38
40.00 - - - 19.08 NoLiq 0.00 19.08
40.50 - - - 18.97 NoLiq 0.00 18.97
41.00 - - - 18.86 NoLiq 0.00 18.86
41.50 - - - 18.74 NoLiq 0.00 18.74
42.00 - - - 18.63 NoLiq 0.00 18.63
42.50 - - - 18.52 NoLiq 0.00 18.52
43.00 - - - 18.41 NoLiq 0.00 18.41
43.50 - - - 18.30 NoLiq 0.00 18.30
44.00 - - - 18.19 NoLiq 0.00 18.19
44.50 - - - 18.09 NoLiq 0.00 18.09
45.00 - - - 17.98 NoLiq 0.00 17.98
45.50 - - - 19.24 NoLiq 0.00 19.24
46.00 - - - 20.48 NoLiq 0.00 20.48
46.50 - - - 21.72 NoLiq 0.00 21.72
47.00 - - - 22.95 NoLiq 0.00 22.95
47.50 - - - 24.18 NoLiq 0.00 24.18
48.00 - - - 25.40 NoLiq 0.00 25.40
48.50 - - - 26.61 NoLiq 0.00 26.61
49.00 - - - 27.81 NoLiq 0.00 27.81
49.50 - - - 29.01 NoLiq 0.00 29.01
50.00 - - - 30.19 NoLiq 0.00 30.19
50.50 - - - 30.13 NoLiq 0.00 30.13
51.00 - - - 30.06 NoLiq 0.00 30.06
51.50 - - - 29.99 NoLiq 0.00 29.99
52.00 - - - 29.92 NoLiq 0.00 29.92
52.50 - - - 29.86 NoLiq 0.00 29.86
53.00 - - - 29.79 NoLiq 0.00 29.79
53.50 - - - 29.73 NoLiq 0.00 29.73
54.00 - - - 29.66 NoLiq 0.00 29.66
54.50 - - - 29.60 NoLiq 0.00 29.60
55.00 - - - 29.54 NoLiq 0.00 29.54
55.50 - - - 29.47 NoLiq 0.00 29.47
56.00 - - - 29.41 NoLiq 0.00 29.41
56.50 - - - 29.35 NoLiq 0.00 29.35
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57.00 - - - 29.29 NoLiq 0.00 29.29
57.50 - - - 29.23 NoLiq 0.00 29.23
58.00 - - - 29.17 NoLiq 0.00 29.17
58.50 - - - 29.11 NoLiq 0.00 29.11
59.00 - - - 29.05 NoLiq 0.00 29.05
59.50 - - - 28.99 NoLiq 0.00 28.99
60.00 - - - 28.93 NoLiq 0.00 28.93
60.50 - - - 28.87 NoLiq 0.00 28.87
61.00 - - - 28.81 NoLiq 0.00 28.81
61.50 - - - 28.76 NoLiq 0.00 28.76
62.00 - - - 28.70 NoLiq 0.00 28.70
62.50 - - - 28.65 NoLiq 0.00 28.65
63.00 - - - 28.59 NoLiq 0.00 28.59
63.50 - - - 28.53 NoLiq 0.00 28.53
64.00 - - - 28.48 NoLiq 0.00 28.48
64.50 - - - 28.42 NoLiq 0.00 28.42
65.00 - - - 28.37 NoLiq 0.00 28.37
65.50 - - - 28.32 NoLiq 0.00 28.32
66.00 - - - 28.26 NoLiq 0.00 28.26
66.50 - - - 28.21 NoLiq 0.00 28.21
67.00 - - - 28.16 NoLiq 0.00 28.16
67.50 - - - 28.11 NoLiq 0.00 28.11
68.00 - - - 28.06 NoLiq 0.00 28.06
68.50 - - - 28.00 NoLiq 0.00 28.00
69.00 - - - 27.95 NoLiq 0.00 27.95
69.50 - - - 27.90 NoLiq 0.00 27.90
70.00 - - - 27.85 NoLiq 0.00 27.85
70.50 - - - 27.80 NoLiq 0.00 27.80
71.00 - - - 27.75 NoLiq 0.00 27.75
71.50 - - - 27.70 NoLiq 0.00 27.70
72.00 - - - 27.66 NoLiq 0.00 27.66
72.50 - - - 27.61 NoLiq 0.00 27.61
73.00 - - - 27.56 NoLiq 0.00 27.56
73.50 - - - 27.51 NoLiq 0.00 27.51
74.00 - - - 27.46 NoLiq 0.00 27.46
74.50 - - - 27.42 NoLiq 0.00 27.42
75.00 - - - 27.37 NoLiq 0.00 27.37
75.50 - - - 27.32 NoLiq 0.00 27.32
76.00 - - - 27.28 NoLiq 0.00 27.28
76.50 - - - 27.23 NoLiq 0.00 27.23
77.00 - - - 27.19 NoLiq 0.00 27.19
77.50 - - - 27.14 NoLiq 0.00 27.14
78.00 - - - 27.10 NoLiq 0.00 27.10
78.50 - - - 27.05 NoLiq 0.00 27.05
79.00 - - - 27.01 NoLiq 0.00 27.01
79.50 - - - 26.96 NoLiq 0.00 26.96
80.00 - - - 26.92 NoLiq 0.00 26.92
80.50 - - - 26.88 NoLiq 0.00 26.88
81.00 - - - 26.83 NoLiq 0.00 26.83
81.50 - - - 26.79 NoLiq 0.00 26.79
82.00 - - - 26.75 NoLiq 0.00 26.75
82.50 - - - 26.71 NoLiq 0.00 26.71
83.00 - - - 26.67 NoLiq 0.00 26.67
83.50 - - - 26.62 NoLiq 0.00 26.62
84.00 - - - 26.58 NoLiq 0.00 26.58
________________________________________________________________
(N1)60s has been fines corrected in liquefaction analysis, therefore 

d(N1)60=0.
Fines=NoLiq means the soils are not liquefiable.

Settlement of Saturated Sands:
Settlement Analysis Method: Tokimatsu/Seed
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Depth CSRsf / MSF* =CSRm F.S. Fines (N1)60s Dr ec dsz

dsp S
ft % % % in.

in. in.

____________________________________________________________________________________
__________

83.95 0.25 1.00 0.25 5.00 NoLiq 26.59 82.82 0.000
0.0E0 0.000 0.000

83.50 0.25 1.00 0.25 5.00 NoLiq 26.62 82.89 0.000
0.0E0 0.000 0.000

83.00 0.25 1.00 0.25 5.00 NoLiq 26.67 82.98 0.000
0.0E0 0.000 0.000

82.50 0.25 1.00 0.25 5.00 NoLiq 26.71 83.06 0.000
0.0E0 0.000 0.000

82.00 0.25 1.00 0.25 5.00 NoLiq 26.75 83.15 0.000
0.0E0 0.000 0.000

81.50 0.26 1.00 0.26 5.00 NoLiq 26.79 83.23 0.000
0.0E0 0.000 0.000

81.00 0.26 1.00 0.26 5.00 NoLiq 26.83 83.32 0.000
0.0E0 0.000 0.000

80.50 0.26 1.00 0.26 5.00 NoLiq 26.88 83.40 0.000
0.0E0 0.000 0.000

80.00 0.26 1.00 0.26 5.00 NoLiq 26.92 83.49 0.000
0.0E0 0.000 0.000

79.50 0.26 1.00 0.26 5.00 NoLiq 26.96 83.58 0.000
0.0E0 0.000 0.000

79.00 0.26 1.00 0.26 5.00 NoLiq 27.01 83.67 0.000
0.0E0 0.000 0.000

78.50 0.26 1.00 0.26 5.00 NoLiq 27.05 83.76 0.000
0.0E0 0.000 0.000

78.00 0.26 1.00 0.26 5.00 NoLiq 27.10 83.85 0.000
0.0E0 0.000 0.000

77.50 0.26 1.00 0.26 5.00 NoLiq 27.14 83.94 0.000
0.0E0 0.000 0.000

77.00 0.26 1.00 0.26 5.00 NoLiq 27.19 84.03 0.000
0.0E0 0.000 0.000

76.50 0.26 1.00 0.26 5.00 NoLiq 27.23 84.12 0.000
0.0E0 0.000 0.000

76.00 0.26 1.00 0.26 5.00 NoLiq 27.28 84.22 0.000
0.0E0 0.000 0.000

75.50 0.26 1.00 0.26 5.00 NoLiq 27.32 84.31 0.000
0.0E0 0.000 0.000

75.00 0.26 1.00 0.26 5.00 NoLiq 27.37 84.41 0.000
0.0E0 0.000 0.000

74.50 0.26 1.00 0.26 5.00 NoLiq 27.42 84.50 0.000
0.0E0 0.000 0.000

74.00 0.26 1.00 0.26 5.00 NoLiq 27.46 84.60 0.000
0.0E0 0.000 0.000

73.50 0.26 1.00 0.26 5.00 NoLiq 27.51 84.70 0.000
0.0E0 0.000 0.000

73.00 0.26 1.00 0.26 5.00 NoLiq 27.56 84.79 0.000
0.0E0 0.000 0.000

72.50 0.26 1.00 0.26 5.00 NoLiq 27.61 84.89 0.000
0.0E0 0.000 0.000

72.00 0.27 1.00 0.27 5.00 NoLiq 27.66 84.99 0.000
0.0E0 0.000 0.000

71.50 0.27 1.00 0.27 5.00 NoLiq 27.70 85.09 0.000
0.0E0 0.000 0.000

71.00 0.27 1.00 0.27 5.00 NoLiq 27.75 85.20 0.000
0.0E0 0.000 0.000

70.50 0.27 1.00 0.27 5.00 NoLiq 27.80 85.30 0.000
0.0E0 0.000 0.000
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70.00 0.27 1.00 0.27 5.00 NoLiq 27.85 85.40 0.000

0.0E0 0.000 0.000
69.50 0.27 1.00 0.27 5.00 NoLiq 27.90 85.51 0.000

0.0E0 0.000 0.000
69.00 0.27 1.00 0.27 5.00 NoLiq 27.95 85.61 0.000

0.0E0 0.000 0.000
68.50 0.27 1.00 0.27 5.00 NoLiq 28.00 85.72 0.000

0.0E0 0.000 0.000
68.00 0.27 1.00 0.27 5.00 NoLiq 28.06 85.83 0.000

0.0E0 0.000 0.000
67.50 0.28 1.00 0.28 5.00 NoLiq 28.11 85.93 0.000

0.0E0 0.000 0.000
67.00 0.28 1.00 0.28 5.00 NoLiq 28.16 86.04 0.000

0.0E0 0.000 0.000
66.50 0.28 1.00 0.28 5.00 NoLiq 28.21 86.15 0.000

0.0E0 0.000 0.000
66.00 0.28 1.00 0.28 5.00 NoLiq 28.26 86.27 0.000

0.0E0 0.000 0.000
65.50 0.28 1.00 0.28 5.00 NoLiq 28.32 86.38 0.000

0.0E0 0.000 0.000
65.00 0.28 1.00 0.28 5.00 NoLiq 28.37 86.49 0.000

0.0E0 0.000 0.000
64.50 0.28 1.00 0.28 5.00 NoLiq 28.42 86.61 0.000

0.0E0 0.000 0.000
64.00 0.28 1.00 0.28 5.00 NoLiq 28.48 86.72 0.000

0.0E0 0.000 0.000
63.50 0.28 1.00 0.28 5.00 NoLiq 28.53 86.84 0.000

0.0E0 0.000 0.000
63.00 0.29 1.00 0.29 5.00 NoLiq 28.59 86.96 0.000

0.0E0 0.000 0.000
62.50 0.29 1.00 0.29 5.00 NoLiq 28.65 87.08 0.000

0.0E0 0.000 0.000
62.00 0.29 1.00 0.29 5.00 NoLiq 28.70 87.20 0.000

0.0E0 0.000 0.000
61.50 0.29 1.00 0.29 5.00 NoLiq 28.76 87.32 0.000

0.0E0 0.000 0.000
61.00 0.29 1.00 0.29 5.00 NoLiq 28.81 87.44 0.000

0.0E0 0.000 0.000
60.50 0.29 1.00 0.29 5.00 NoLiq 28.87 87.57 0.000

0.0E0 0.000 0.000
60.00 0.29 1.00 0.29 5.00 NoLiq 28.93 87.69 0.000

0.0E0 0.000 0.000
59.50 0.29 1.00 0.29 5.00 NoLiq 28.99 87.82 0.000

0.0E0 0.000 0.000
59.00 0.29 1.00 0.29 5.00 NoLiq 29.05 87.95 0.000

0.0E0 0.000 0.000
58.50 0.29 1.00 0.29 5.00 NoLiq 29.11 88.07 0.000

0.0E0 0.000 0.000
58.00 0.29 1.00 0.29 5.00 NoLiq 29.17 88.21 0.000

0.0E0 0.000 0.000
57.50 0.30 1.00 0.30 5.00 NoLiq 29.23 88.34 0.000

0.0E0 0.000 0.000
57.00 0.30 1.00 0.30 5.00 NoLiq 29.29 88.47 0.000

0.0E0 0.000 0.000
56.50 0.30 1.00 0.30 5.00 NoLiq 29.35 88.61 0.000

0.0E0 0.000 0.000
56.00 0.30 1.00 0.30 5.00 NoLiq 29.41 88.74 0.000

0.0E0 0.000 0.000
55.50 0.30 1.00 0.30 5.00 NoLiq 29.47 88.88 0.000

0.0E0 0.000 0.000
55.00 0.30 1.00 0.30 5.00 NoLiq 29.54 89.02 0.000

0.0E0 0.000 0.000
54.50 0.30 1.00 0.30 5.00 NoLiq 29.60 89.16 0.000
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0.0E0 0.000 0.000

54.00 0.30 1.00 0.30 5.00 NoLiq 29.66 89.30 0.000
0.0E0 0.000 0.000

53.50 0.30 1.00 0.30 5.00 NoLiq 29.73 89.45 0.000
0.0E0 0.000 0.000

53.00 0.30 1.00 0.30 5.00 NoLiq 29.79 89.59 0.000
0.0E0 0.000 0.000

52.50 0.30 1.00 0.30 5.00 NoLiq 29.86 89.74 0.000
0.0E0 0.000 0.000

52.00 0.30 1.00 0.30 5.00 NoLiq 29.92 89.89 0.000
0.0E0 0.000 0.000

51.50 0.30 1.00 0.30 5.00 NoLiq 29.99 90.04 0.000
0.0E0 0.000 0.000

51.00 0.30 1.00 0.30 5.00 NoLiq 30.06 90.19 0.000
0.0E0 0.000 0.000

50.50 0.30 1.00 0.30 5.00 NoLiq 30.13 90.34 0.000
0.0E0 0.000 0.000

50.00 0.30 1.00 0.30 5.00 NoLiq 30.19 90.50 0.000
0.0E0 0.000 0.000

49.50 0.30 1.00 0.30 5.00 NoLiq 29.01 87.86 0.113
0.0E0 0.000 0.000

49.00 0.30 1.00 0.30 5.00 NoLiq 27.81 85.31 0.163
0.0E0 0.000 0.000

48.50 0.30 1.00 0.30 5.00 NoLiq 26.61 82.86 0.309
0.0E0 0.000 0.000

48.00 0.31 1.00 0.31 5.00 NoLiq 25.40 80.48 0.733
0.0E0 0.000 0.000

47.50 0.31 1.00 0.31 5.00 NoLiq 24.18 78.16 1.041
0.0E0 0.000 0.000

47.00 0.31 1.00 0.31 5.00 NoLiq 22.95 75.89 1.148
0.0E0 0.000 0.000

46.50 0.31 1.00 0.31 5.00 NoLiq 21.72 73.64 1.254
0.0E0 0.000 0.000

46.00 0.31 1.00 0.31 5.00 NoLiq 20.48 71.41 1.362
0.0E0 0.000 0.000

45.50 0.31 1.00 0.31 5.00 NoLiq 19.24 69.16 1.469
0.0E0 0.000 0.000

45.00 0.31 1.00 0.31 5.00 NoLiq 17.98 66.88 1.601
0.0E0 0.000 0.000

44.50 0.31 1.00 0.31 5.00 NoLiq 18.09 67.08 1.589
0.0E0 0.000 0.000

44.00 0.31 1.00 0.31 5.00 NoLiq 18.19 67.27 1.577
0.0E0 0.000 0.000

43.50 0.31 1.00 0.31 5.00 NoLiq 18.30 67.47 1.565
0.0E0 0.000 0.000

43.00 0.31 1.00 0.31 5.00 NoLiq 18.41 67.67 1.553
0.0E0 0.000 0.000

42.50 0.31 1.00 0.31 5.00 NoLiq 18.52 67.87 1.540
0.0E0 0.000 0.000

42.00 0.31 1.00 0.31 5.00 NoLiq 18.63 68.07 1.527
0.0E0 0.000 0.000

41.50 0.31 1.00 0.31 5.00 NoLiq 18.74 68.27 1.515
0.0E0 0.000 0.000

41.00 0.31 1.00 0.31 5.00 NoLiq 18.86 68.48 1.502
0.0E0 0.000 0.000

40.50 0.31 1.00 0.31 5.00 NoLiq 18.97 68.68 1.491
0.0E0 0.000 0.000

40.00 0.31 1.00 0.31 5.00 NoLiq 19.08 68.89 1.481
0.0E0 0.000 0.000

39.50 0.31 1.00 0.31 5.00 NoLiq 18.38 67.61 1.554
0.0E0 0.000 0.000

39.00 0.30 1.00 0.30 5.00 NoLiq 17.67 66.31 1.633
0.0E0 0.000 0.000

Page 21

A-11-011.cal
38.50 0.30 1.00 0.30 5.00 NoLiq 16.96 65.00 1.714

0.0E0 0.000 0.000
38.00 0.30 1.00 0.30 5.00 NoLiq 16.24 63.65 1.795

0.0E0 0.000 0.000
37.50 0.30 1.00 0.30 5.00 NoLiq 15.51 62.27 1.877

0.0E0 0.000 0.000
37.00 0.30 1.00 0.30 0.61 NoLiq 14.78 60.86 1.960

0.0E0 0.000 0.000
36.50 0.30 1.00 0.30 0.61 77.74 14.81 60.91 1.957

1.2E-2 0.118 0.118
36.00 0.30 1.00 0.30 0.62 54.49 14.84 60.96 1.954

1.2E-2 0.117 0.235
35.50 0.30 1.00 0.30 0.58 31.24 13.96 59.22 2.057

1.2E-2 0.118 0.353
35.00 0.30 1.00 0.30 0.36 8.00 8.42 46.58 2.836

1.7E-2 0.147 0.500
34.50 0.30 1.00 0.30 0.47 17.30 11.06 53.02 2.404

1.4E-2 0.155 0.655
34.00 0.30 1.00 0.30 0.58 26.60 13.71 58.71 2.088

1.3E-2 0.134 0.788
33.50 0.30 1.00 0.30 0.68 35.90 16.15 63.48 1.801

1.1E-2 0.115 0.903
33.00 0.30 1.00 0.30 5.00 NoLiq 16.58 64.29 1.749

0.0E0 0.096 0.999
32.50 0.30 1.00 0.30 5.00 NoLiq 17.04 65.16 1.693

0.0E0 0.000 0.999
32.00 0.29 1.00 0.29 5.00 NoLiq 17.52 66.04 1.634

0.0E0 0.000 0.999
31.50 0.29 1.00 0.29 5.00 NoLiq 18.00 66.93 1.574

0.0E0 0.000 0.999
31.00 0.29 1.00 0.29 5.00 NoLiq 18.50 67.83 1.511

0.0E0 0.000 0.999
30.50 0.29 1.00 0.29 5.00 NoLiq 19.00 68.74 1.460

0.0E0 0.000 0.999
30.05 0.29 1.00 0.29 5.00 NoLiq 19.46 69.57 1.415

0.0E0 0.000 0.999

____________________________________________________________________________________
__________

Settlement of Saturated Sands=0.999 in.
qc1 and (N1)60 is after fines correction in liquefaction analysis
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Settlement of Unsaturated Sands:
Settlement of Unsaturated Sands=0 due to Option 5, Calculation settlement 

only in liquefied zone.
Depth sigma' sigC' (N1)60s CSRsf Gmax   g*Ge/Gm g_eff ec7.5 Cec

ec dsz dsp S
ft atm atm atm %

% in. in. in.

____________________________________________________________________________________
____________________________

30.00 1.64 1.06 19.51 0.29 1240.40 3.8E-4 0.1005 0.1022 0.93
0.0949 0.00E0 0.000 0.000

29.50 1.61 1.05 19.46 0.29 1228.41 3.8E-4 0.0989 0.1009 0.93
0.0937 0.00E0 0.000 0.000

29.00 1.58 1.03 19.40 0.29 1216.39 3.8E-4 0.0973 0.0997 0.93
0.0926 0.00E0 0.000 0.000

28.50 1.55 1.01 19.34 0.29 1204.32 3.8E-4 0.0957 0.0984 0.93
0.0914 0.00E0 0.000 0.000
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28.00 1.52 0.99 19.28 0.29 1192.21 3.7E-4 0.0941 0.0972 0.93

0.0902 0.00E0 0.000 0.000
27.50 1.50 0.97 18.62 0.29 1167.64 3.7E-4 0.0949 0.1026 0.93

0.0953 0.00E0 0.000 0.000
27.00 1.47 0.95 18.56 0.29 1155.59 3.7E-4 0.0933 0.1012 0.93

0.0940 0.00E0 0.000 0.000
26.50 1.44 0.94 18.50 0.29 1143.49 3.7E-4 0.0917 0.0999 0.93

0.0928 0.00E0 0.000 0.000
26.00 1.41 0.92 18.44 0.29 1131.35 3.7E-4 0.0901 0.0985 0.93

0.0915 0.00E0 0.000 0.000
25.50 1.39 0.90 18.38 0.29 1119.15 3.6E-4 0.0885 0.0972 0.93

0.0903 0.00E0 0.000 0.000
25.00 1.36 0.88 18.33 0.29 1106.91 3.6E-4 0.0869 0.0959 0.93

0.0890 0.00E0 0.000 0.000
24.50 1.33 0.87 18.87 0.29 1106.53 3.5E-4 0.0832 0.0883 0.93

0.0820 0.00E0 0.000 0.000
24.00 1.30 0.85 19.43 0.29 1105.86 3.5E-4 0.0796 0.0814 0.93

0.0756 0.00E0 0.000 0.000
23.50 1.28 0.83 20.00 0.29 1104.88 3.4E-4 0.0763 0.0751 0.93

0.0698 0.00E0 0.000 0.000
23.00 1.25 0.81 20.58 0.30 1103.60 3.3E-4 0.0731 0.0693 0.93

0.0644 0.00E0 0.000 0.000
22.50 1.22 0.79 21.18 0.30 1102.01 3.3E-4 0.0700 0.0640 0.93

0.0594 0.00E0 0.000 0.000
22.00 1.20 0.78 21.80 0.30 1100.12 3.2E-4 0.0671 0.0591 0.93

0.0549 0.00E0 0.000 0.000
21.50 1.17 0.76 22.43 0.30 1097.91 3.2E-4 0.0644 0.0546 0.93

0.0507 0.00E0 0.000 0.000
21.00 1.14 0.74 23.07 0.30 1095.40 3.1E-4 0.0969 0.0792 0.93

0.0736 0.00E0 0.000 0.000
20.50 1.11 0.72 23.74 0.30 1092.57 3.0E-4 0.0906 0.0714 0.93

0.0663 0.00E0 0.000 0.000
20.00 1.09 0.71 24.42 0.30 1089.42 3.0E-4 0.0848 0.0643 0.93

0.0597 0.00E0 0.000 0.000
19.50 1.06 0.69 23.03 0.30 1054.84 3.0E-4 0.0870 0.0713 0.93

0.0662 0.00E0 0.000 0.000
19.00 1.03 0.67 21.60 0.30 1019.25 3.0E-4 0.0898 0.0800 0.93

0.0743 0.00E0 0.000 0.000
18.50 1.01 0.65 20.13 0.30 982.50 3.1E-4 0.0932 0.0909 0.93

0.0845 0.00E0 0.000 0.000
18.00 0.98 0.64 18.63 0.30 944.42 3.1E-4 0.0974 0.1052 0.93

0.0977 0.00E0 0.000 0.000
17.50 0.95 0.62 17.09 0.30 904.79 3.1E-4 0.1029 0.1243 0.93

0.1154 0.00E0 0.000 0.000
17.00 0.92 0.60 15.50 0.30 863.32 3.2E-4 0.1101 0.1509 0.93

0.1401 0.00E0 0.000 0.000
16.50 0.90 0.58 18.26 0.30 898.20 3.0E-4 0.0873 0.0967 0.93

0.0899 0.00E0 0.000 0.000
16.00 0.87 0.57 21.11 0.30 928.19 2.8E-4 0.0721 0.0662 0.93

0.0614 0.00E0 0.000 0.000
15.50 0.84 0.55 24.05 0.30 954.11 2.7E-4 0.0612 0.0474 0.93

0.0440 0.00E0 0.000 0.000
15.00 0.82 0.53 27.09 0.30 976.56 2.5E-4 0.0532 0.0351 0.93

0.0326 0.00E0 0.000 0.000
14.50 0.79 0.51 27.01 0.30 959.20 2.5E-4 0.0513 0.0340 0.93

0.0316 0.00E0 0.000 0.000
14.00 0.76 0.49 29.10 0.30 966.21 2.4E-4 0.0467 0.0278 0.93

0.0258 0.00E0 0.000 0.000
13.50 0.73 0.48 31.27 0.30 971.83 2.3E-4 0.0427 0.0228 0.93

0.0211 0.00E0 0.000 0.000
13.00 0.71 0.46 33.53 0.30 976.12 2.2E-4 0.0392 0.0186 0.93

0.0172 0.00E0 0.000 0.000
12.50 0.68 0.44 35.90 0.30 979.11 2.1E-4 0.0363 0.0150 0.93
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0.0139 0.00E0 0.000 0.000

12.00 0.65 0.42 38.37 0.30 980.83 2.0E-4 0.0336 0.0119 0.93
0.0110 0.00E0 0.000 0.000

11.50 0.62 0.41 40.96 0.30 981.29 1.9E-4 0.0313 0.0099 0.93
0.0092 0.00E0 0.000 0.000

11.00 0.60 0.39 43.68 0.30 980.50 1.9E-4 0.0293 0.0093 0.93
0.0086 0.00E0 0.000 0.000

10.50 0.57 0.37 45.97 0.30 974.41 1.8E-4 0.0276 0.0087 0.93
0.0081 0.00E0 0.000 0.000

10.00 0.54 0.35 47.17 0.30 959.16 1.7E-4 0.0263 0.0083 0.93
0.0077 0.00E0 0.000 0.000

9.50 0.52 0.34 46.72 0.31 931.88 1.7E-4 0.0311 0.0098 0.93
0.0091 0.00E0 0.000 0.000

9.00 0.49 0.32 46.28 0.31 904.13 1.7E-4 0.0302 0.0095 0.93
0.0089 0.00E0 0.000 0.000

8.50 0.46 0.30 45.84 0.31 875.87 1.6E-4 0.0292 0.0092 0.93
0.0086 0.00E0 0.000 0.000

8.00 0.43 0.28 40.63 0.31 816.28 1.6E-4 0.0296 0.0094 0.93
0.0087 0.00E0 0.000 0.000

7.50 0.41 0.26 40.26 0.31 787.98 1.6E-4 0.0285 0.0090 0.93
0.0084 0.00E0 0.000 0.000

7.00 0.38 0.25 39.91 0.31 759.04 1.5E-4 0.0274 0.0087 0.93
0.0081 0.00E0 0.000 0.000

6.50 0.35 0.23 39.58 0.31 729.41 1.5E-4 0.0262 0.0085 0.93
0.0079 0.00E0 0.000 0.000

6.00 0.33 0.21 38.27 0.31 692.97 1.4E-4 0.0253 0.0090 0.93
0.0084 0.00E0 0.000 0.000

5.50 0.30 0.19 36.60 0.31 653.66 1.4E-4 0.0244 0.0097 0.93
0.0090 0.00E0 0.000 0.000

5.00 0.27 0.18 34.92 0.31 613.60 1.4E-4 0.0235 0.0103 0.93
0.0096 0.00E0 0.000 0.000

4.50 0.24 0.16 33.25 0.31 572.67 1.3E-4 0.0225 0.0108 0.93
0.0100 0.00E0 0.000 0.000

4.00 0.22 0.14 31.57 0.31 530.72 1.3E-4 0.0234 0.0123 0.93
0.0114 0.00E0 0.000 0.000

3.50 0.19 0.12 29.90 0.31 487.52 1.2E-4 0.0225 0.0128 0.93
0.0119 0.00E0 0.000 0.000

3.00 0.16 0.11 28.23 0.31 442.79 1.1E-4 0.0242 0.0151 0.93
0.0140 0.00E0 0.000 0.000

2.50 0.14 0.09 26.55 0.31 396.07 1.1E-4 0.0219 0.0149 0.93
0.0138 0.00E0 0.000 0.000

2.00 0.11 0.07 24.88 0.31 346.66 9.7E-5 0.0191 0.0142 0.93
0.0131 0.00E0 0.000 0.000

1.50 0.08 0.05 23.21 0.31 293.34 8.6E-5 0.0158 0.0128 0.93
0.0119 0.00E0 0.000 0.000

1.00 0.05 0.04 21.53 0.31 233.62 7.2E-5 0.0121 0.0108 0.93
0.0100 0.00E0 0.000 0.000

0.50 0.03 0.02 19.86 0.31 160.82 5.3E-5 0.0076 0.0075 0.93
0.0070 0.00E0 0.000 0.000

0.00 0.00 0.00 18.19 0.31 3.00 1.0E-6 0.0010 0.0011 0.93
0.0011 0.00E0 0.000 0.000

Settlement of Unsaturated Sands

____________________________________________________________________________________
____________________________

Settlement of Unsaturated Sands=0.000 in.
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Total Settlement of Saturated and Unsaturated Sands=0.999 in.
Differential Settlement=0.500 to 0.660 in.
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Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = 

pcf; Depth = ft; Settlement = in. 

____________________________________________________________________________________
_____________

1 atm (atmosphere) = 1.0581 tsf(1 tsf = 1 ton/ft2 = 2 kip/ft2)
1 atm (atmosphere) = 101.325 kPa(1 kPa = 1 kN/m2 = 0.001 Mpa)
SPT Field data from Standard Penetration Test (SPT)
BPT Field data from Becker Penetration Test (BPT)
qc Field data from Cone Penetration Test (CPT) [atm (tsf)]
fs Friction from CPT testing [atm (tsf)]
Rf Ratio of fs/qc (%)
gamma Total unit weight of soil
gamma' Effective unit weight of soil
Fines Fines content [%]  
D50 Mean grain size       
Dr   Relative Density
sigma Total vertical stress [atm]
sigma' Effective vertical stress [atm]
sigC' Effective confining pressure [atm] 
rd  Acceleration reduction coefficient by Seed
a_max. Peak Ground Acceleration (PGA) in ground surface
mZ  Linear acceleration reduction coefficient X depth
a_min. Minimum acceleration under linear reduction, mZ
CRRv  CRR after overburden stress correction, CRRv=CRR7.5 * Ksig
  CRR7.5 Cyclic resistance ratio (M=7.5)
  Ksig Overburden stress correction factor for CRR7.5
CRRm After magnitude scaling correction CRRm=CRRv * MSF
  MSF  Magnitude scaling factor from M=7.5 to user input M 
CSR Cyclic stress ratio induced by earthquake
CSRfs CSRfs=CSR*fs1 (Default fs1=1)
  fs1 First CSR curve in graphic defined in #9 of Advanced page
  fs2 2nd CSR curve in graphic defined in #9 of Advanced page
F.S. Calculated factor of safety against liquefaction 

F.S.=CRRm/CSRsf
Cebs Energy Ratio, Borehole Dia., and Sampling Method Corrections
Cr Rod Length Corrections
Cn  Overburden Pressure Correction
(N1)60 SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
d(N1)60 Fines correction of SPT
(N1)60f (N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Cq  Overburden stress correction factor
qc1 CPT after Overburden stress correction
dqc1 Fines correction of CPT
qc1f CPT after Fines and Overburden correction, qc1f=qc1 + dqc1
qc1n CPT after normalization in Robertson's method
Kc  Fine correction factor in Robertson's Method
qc1f CPT after Fines correction in Robertson's Method
Ic  Soil type index in Suzuki's and Robertson's Methods
(N1)60s (N1)60 after settlement fines corrections
CSRm After magnitude scaling correction for Settlement 

calculation  CSRm=CSRsf / MSF*
  CSRfs Cyclic stress ratio induced by earthquake with user 

inputed fs
  MSF*  Scaling factor from CSR, MSF*=1, based on Item 2 of 

Page C.
ec Volumetric strain for saturated sands
dz  Calculation segment, dz=0.050 ft
dsz    Settlement in each segment, dz
dp    User defined print interval
dsp    Settlement in each print interval, dp
Gmax Shear Modulus at low strain
g_eff gamma_eff, Effective shear Strain
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g*Ge/Gm gamma_eff * G_eff/G_max, Strain-modulus ratio
ec7.5 Volumetric Strain for magnitude=7.5
Cec Magnitude correction factor for any magnitude
ec Volumetric strain for unsaturated sands, ec=Cec * ec7.5
NoLiq No-Liquefy Soils

References:

____________________________________________________________________________________
1. NCEER Workshop on Evaluation of Liquefaction Resistance of Soils. Youd, 

T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.
   SP117. Southern California Earthquake Center. Recommended Procedures for 

Implementation of DMG Special Publication 117, Guidelines for
   Analyzing and Mitigating Liquefaction in California. University of 

Southern California. March 1999.
2. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING AND SEISMIC SITE 

RESPONSE EVALUATION, Paper No. SPL-2, PROCEEDINGS: Fourth
   International Conference on Recent Advances in Geotechnical Earthquake 

Engineering and Soil Dynamics, San Diego, CA, March 2001.
3. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING: A UNIFIED AND 

CONSISTENT FRAMEWORK, Earthquake Engineering Research Center,
   Report No. EERC 2003-06 by R.B Seed and etc. April 2003.

Note: Print Interval you selected does not show complete results. To get 
complete results, you should select 'Segment' in Print Interval (Item 12, Page C).
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LIQUEFACTION ANALYSIS
Route 101/23 Interchange Improvement

Plate A-1

Hole No.=A-11-031    Water Depth=19 ft    Surface Elev.=732 Magnitude=7

Acceleration=0.52g
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************************************************************************************
*******************
                                    LIQUEFACTION ANALYSIS CALCULATION DETAILS       
        
                                          Copyright by CivilTech Software     
                                               www.civiltechsoftware.com            
    
    
************************************************************************************
*******************

Font: Courier New, Regular, Size 8 is recommended for this report.
Licensed to , 10/20/2011 2:14:32 PM

Input File Name: 
\\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\GDR\Analysis\Liquefaction\A
-11-031.liq

Title:  Route 101/23 Interchange Improvement
Subtitle:  

 Input Data:
Surface Elev.=732
Hole No.=A-11-031
Depth of Hole=51.50 ft
Water Table during Earthquake= 19.00 ft
Water Table during In-Situ Testing= 33.00 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.00
No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   
1. SPT or BPT Calculation.
2. Settlement Analysis Method: Tokimatsu/Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1.05
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Average two input data between two Depths: Yes*
* Recommended Options

In-Situ Test Data:
Depth SPT Gamma Fines
ft pcf %
__________________________________
0.00 16.00 115.00 NoLiq
10.00 10.00 115.00 NoLiq
15.00 11.00 115.00 NoLiq
20.00 10.00 115.00 NoLiq
25.00 16.00 115.00 NoLiq
30.00 10.00 115.00 NoLiq
35.00 21.00 120.00 NoLiq
40.00 11.00 120.00 NoLiq
45.00 12.00 120.00 NoLiq
50.00 11.00 120.00 15.00
__________________________________

 Output Results:
Calculation segment, dz=0.050 ft
User defined Print Interval, dp=0.50 ft
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Acceleration Amplification:
  a(z)=a_max-mZ=a0+m(H-z),  a_max=a0+mH,  m=(a_max-a0)/H
User defined a0 (acceleration at bottom of profile) = 0.000 g
Maximum acceleration on surface, a_max = 0.520 g
amplification factor, m = 0.000
Depth of a0,  H = 51.50

CSR Calculation:
Depth gamma sigma gamma' sigma'  rd mZ a(z) CSR x 

fs1 =CSRfs
ft pcf atm pcf atm  g g

____________________________________________________________________________________
_

0.00 115.00 0.000 115.00 0.000 1.00 0.000 0.520 0.34 1.00
0.34

0.50 115.00 0.027 115.00 0.027 1.00 0.000 0.520 0.34 1.00
0.34

1.00 115.00 0.054 115.00 0.054 1.00 0.000 0.520 0.34 1.00
0.34

1.50 115.00 0.082 115.00 0.082 1.00 0.000 0.520 0.34 1.00
0.34

2.00 115.00 0.109 115.00 0.109 1.00 0.000 0.520 0.34 1.00
0.34

2.50 115.00 0.136 115.00 0.136 0.99 0.000 0.520 0.34 1.00
0.34

3.00 115.00 0.163 115.00 0.163 0.99 0.000 0.520 0.34 1.00
0.34

3.50 115.00 0.190 115.00 0.190 0.99 0.000 0.520 0.34 1.00
0.34

4.00 115.00 0.217 115.00 0.217 0.99 0.000 0.520 0.33 1.00
0.33

4.50 115.00 0.245 115.00 0.245 0.99 0.000 0.520 0.33 1.00
0.33

5.00 115.00 0.272 115.00 0.272 0.99 0.000 0.520 0.33 1.00
0.33

5.50 115.00 0.299 115.00 0.299 0.99 0.000 0.520 0.33 1.00
0.33

6.00 115.00 0.326 115.00 0.326 0.99 0.000 0.520 0.33 1.00
0.33

6.50 115.00 0.353 115.00 0.353 0.98 0.000 0.520 0.33 1.00
0.33

7.00 115.00 0.380 115.00 0.380 0.98 0.000 0.520 0.33 1.00
0.33

7.50 115.00 0.408 115.00 0.408 0.98 0.000 0.520 0.33 1.00
0.33

8.00 115.00 0.435 115.00 0.435 0.98 0.000 0.520 0.33 1.00
0.33

8.50 115.00 0.462 115.00 0.462 0.98 0.000 0.520 0.33 1.00
0.33

9.00 115.00 0.489 115.00 0.489 0.98 0.000 0.520 0.33 1.00
0.33

9.50 115.00 0.516 115.00 0.516 0.98 0.000 0.520 0.33 1.00
0.33

10.00 115.00 0.543 115.00 0.543 0.98 0.000 0.520 0.33 1.00
0.33

10.50 115.00 0.571 115.00 0.571 0.98 0.000 0.520 0.33 1.00
0.33

11.00 115.00 0.598 115.00 0.598 0.97 0.000 0.520 0.33 1.00
0.33

11.50 115.00 0.625 115.00 0.625 0.97 0.000 0.520 0.33 1.00
0.33

12.00 115.00 0.652 115.00 0.652 0.97 0.000 0.520 0.33 1.00
Page 2
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0.33

12.50 115.00 0.679 115.00 0.679 0.97 0.000 0.520 0.33 1.00
0.33

13.00 115.00 0.706 115.00 0.706 0.97 0.000 0.520 0.33 1.00
0.33

13.50 115.00 0.734 115.00 0.734 0.97 0.000 0.520 0.33 1.00
0.33

14.00 115.00 0.761 115.00 0.761 0.97 0.000 0.520 0.33 1.00
0.33

14.50 115.00 0.788 115.00 0.788 0.97 0.000 0.520 0.33 1.00
0.33

15.00 115.00 0.815 115.00 0.815 0.97 0.000 0.520 0.33 1.00
0.33

15.50 115.00 0.842 115.00 0.842 0.96 0.000 0.520 0.33 1.00
0.33

16.00 115.00 0.869 115.00 0.869 0.96 0.000 0.520 0.33 1.00
0.33

16.50 115.00 0.897 115.00 0.897 0.96 0.000 0.520 0.32 1.00
0.32

17.00 115.00 0.924 115.00 0.924 0.96 0.000 0.520 0.32 1.00
0.32

17.50 115.00 0.951 115.00 0.951 0.96 0.000 0.520 0.32 1.00
0.32

18.00 115.00 0.978 115.00 0.978 0.96 0.000 0.520 0.32 1.00
0.32

18.50 115.00 1.005 115.00 1.005 0.96 0.000 0.520 0.32 1.00
0.32

19.00 115.00 1.033 115.00 1.033 0.96 0.000 0.520 0.32 1.00
0.32

19.50 115.00 1.060 52.60 1.046 0.95 0.000 0.520 0.33 1.00
0.33

20.00 115.00 1.087 52.60 1.059 0.95 0.000 0.520 0.33 1.00
0.33

20.50 115.00 1.114 52.60 1.071 0.95 0.000 0.520 0.33 1.00
0.33

21.00 115.00 1.141 52.60 1.084 0.95 0.000 0.520 0.34 1.00
0.34

21.50 115.00 1.168 52.60 1.096 0.95 0.000 0.520 0.34 1.00
0.34

22.00 115.00 1.196 52.60 1.109 0.95 0.000 0.520 0.35 1.00
0.35

22.50 115.00 1.223 52.60 1.121 0.95 0.000 0.520 0.35 1.00
0.35

23.00 115.00 1.250 52.60 1.133 0.95 0.000 0.520 0.35 1.00
0.35

23.50 115.00 1.277 52.60 1.146 0.95 0.000 0.520 0.36 1.00
0.36

24.00 115.00 1.304 52.60 1.158 0.94 0.000 0.520 0.36 1.00
0.36

24.50 115.00 1.331 52.60 1.171 0.94 0.000 0.520 0.36 1.00
0.36

25.00 115.00 1.359 52.60 1.183 0.94 0.000 0.520 0.37 1.00
0.37

25.50 115.00 1.386 52.60 1.196 0.94 0.000 0.520 0.37 1.00
0.37

26.00 115.00 1.413 52.60 1.208 0.94 0.000 0.520 0.37 1.00
0.37

26.50 115.00 1.440 52.60 1.220 0.94 0.000 0.520 0.37 1.00
0.37

27.00 115.00 1.467 52.60 1.233 0.94 0.000 0.520 0.38 1.00
0.38

27.50 115.00 1.494 52.60 1.245 0.94 0.000 0.520 0.38 1.00
0.38
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28.00 115.00 1.522 52.60 1.258 0.93 0.000 0.520 0.38 1.00

0.38
28.50 115.00 1.549 52.60 1.270 0.93 0.000 0.520 0.38 1.00

0.38
29.00 115.00 1.576 52.60 1.283 0.93 0.000 0.520 0.39 1.00

0.39
29.50 115.00 1.603 52.60 1.295 0.93 0.000 0.520 0.39 1.00

0.39
30.00 115.00 1.630 52.60 1.307 0.93 0.000 0.520 0.39 1.00

0.39
30.50 115.50 1.658 53.10 1.320 0.93 0.000 0.520 0.39 1.00

0.39
31.00 116.00 1.685 53.60 1.332 0.92 0.000 0.520 0.39 1.00

0.39
31.50 116.50 1.712 54.10 1.345 0.92 0.000 0.520 0.39 1.00

0.39
32.00 117.00 1.740 54.60 1.358 0.91 0.000 0.520 0.40 1.00

0.40
32.50 117.50 1.768 55.10 1.371 0.91 0.000 0.520 0.40 1.00

0.40
33.00 118.00 1.795 55.60 1.384 0.91 0.000 0.520 0.40 1.00

0.40
33.50 118.50 1.823 56.10 1.397 0.90 0.000 0.520 0.40 1.00

0.40
34.00 119.00 1.851 56.60 1.411 0.90 0.000 0.520 0.40 1.00

0.40
34.50 119.50 1.880 57.10 1.424 0.89 0.000 0.520 0.40 1.00

0.40
35.00 120.00 1.908 57.60 1.438 0.89 0.000 0.520 0.40 1.00

0.40
35.50 120.00 1.936 57.60 1.451 0.89 0.000 0.520 0.40 1.00

0.40
36.00 120.00 1.965 57.60 1.465 0.88 0.000 0.520 0.40 1.00

0.40
36.50 120.00 1.993 57.60 1.478 0.88 0.000 0.520 0.40 1.00

0.40
37.00 120.00 2.021 57.60 1.492 0.87 0.000 0.520 0.40 1.00

0.40
37.50 120.00 2.050 57.60 1.506 0.87 0.000 0.520 0.40 1.00

0.40
38.00 120.00 2.078 57.60 1.519 0.86 0.000 0.520 0.40 1.00

0.40
38.50 120.00 2.106 57.60 1.533 0.86 0.000 0.520 0.40 1.00

0.40
39.00 120.00 2.135 57.60 1.546 0.86 0.000 0.520 0.40 1.00

0.40
39.50 120.00 2.163 57.60 1.560 0.85 0.000 0.520 0.40 1.00

0.40
40.00 120.00 2.191 57.60 1.574 0.85 0.000 0.520 0.40 1.00

0.40
40.50 120.00 2.220 57.60 1.587 0.84 0.000 0.520 0.40 1.00

0.40
41.00 120.00 2.248 57.60 1.601 0.84 0.000 0.520 0.40 1.00

0.40
41.50 120.00 2.276 57.60 1.614 0.84 0.000 0.520 0.40 1.00

0.40
42.00 120.00 2.305 57.60 1.628 0.83 0.000 0.520 0.40 1.00

0.40
42.50 120.00 2.333 57.60 1.642 0.83 0.000 0.520 0.40 1.00

0.40
43.00 120.00 2.361 57.60 1.655 0.82 0.000 0.520 0.40 1.00

0.40
43.50 120.00 2.390 57.60 1.669 0.82 0.000 0.520 0.40 1.00
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0.40

44.00 120.00 2.418 57.60 1.682 0.82 0.000 0.520 0.40 1.00
0.40

44.50 120.00 2.447 57.60 1.696 0.81 0.000 0.520 0.40 1.00
0.40

45.00 120.00 2.475 57.60 1.710 0.81 0.000 0.520 0.40 1.00
0.40

45.50 120.00 2.503 57.60 1.723 0.80 0.000 0.520 0.39 1.00
0.39

46.00 120.00 2.532 57.60 1.737 0.80 0.000 0.520 0.39 1.00
0.39

46.50 120.00 2.560 57.60 1.751 0.80 0.000 0.520 0.39 1.00
0.39

47.00 120.00 2.588 57.60 1.764 0.79 0.000 0.520 0.39 1.00
0.39

47.50 120.00 2.617 57.60 1.778 0.79 0.000 0.520 0.39 1.00
0.39

48.00 120.00 2.645 57.60 1.791 0.78 0.000 0.520 0.39 1.00
0.39

48.50 120.00 2.673 57.60 1.805 0.78 0.000 0.520 0.39 1.00
0.39

49.00 120.00 2.702 57.60 1.819 0.78 0.000 0.520 0.39 1.00
0.39

49.50 120.00 2.730 57.60 1.832 0.77 0.000 0.520 0.39 1.00
0.39

50.00 120.00 2.758 57.60 1.846 0.77 0.000 0.520 0.39 1.00
0.39

50.50 120.00 2.787 57.60 1.859 0.76 0.000 0.520 0.39 1.00
0.39

51.00 120.00 2.815 57.60 1.873 0.76 0.000 0.520 0.39 1.00
0.39

51.50 120.00 2.843 57.60 1.887 0.75 0.000 0.520 0.38 1.00
0.38

____________________________________________________________________________________
_

CSR is based on water table at 19.00 during earthquake

CRR Calculation from SPT or BPT data:
Depth SPT Cebs Cr sigma' Cn (N1)60 Fines d(N1)60

(N1)60f CRR7.5
ft atm %

____________________________________________________________________________________
_

0.00 16.00 1.05 0.75 0.000 1.70 21.42 NoLiq 7.20
28.62 0.36

0.50 15.70 1.05 0.75 0.027 1.70 21.02 NoLiq 7.20
28.22 0.35

1.00 15.40 1.05 0.75 0.054 1.70 20.62 NoLiq 7.20
27.82 0.34

1.50 15.10 1.05 0.75 0.082 1.70 20.22 NoLiq 7.20
27.42 0.33

2.00 14.80 1.05 0.75 0.109 1.70 19.81 NoLiq 7.20
27.01 0.32

2.50 14.50 1.05 0.75 0.136 1.70 19.41 NoLiq 7.20
26.61 0.31

3.00 14.20 1.05 0.75 0.163 1.70 19.01 NoLiq 7.20
26.21 0.30

3.50 13.90 1.05 0.75 0.190 1.70 18.61 NoLiq 7.20
25.81 0.30

4.00 13.60 1.05 0.75 0.217 1.70 18.21 NoLiq 7.20
25.41 0.29
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4.50 13.30 1.05 0.75 0.245 1.70 17.81 NoLiq 7.20

25.01 0.28
5.00 13.00 1.05 0.75 0.272 1.70 17.40 NoLiq 7.20

24.60 0.28
5.50 12.70 1.05 0.75 0.299 1.70 17.00 NoLiq 7.20

24.20 0.27
6.00 12.40 1.05 0.75 0.326 1.70 16.60 NoLiq 7.20

23.80 0.26
6.50 12.10 1.05 0.75 0.353 1.68 16.03 NoLiq 7.20

23.23 0.26
7.00 11.80 1.05 0.75 0.380 1.62 15.07 NoLiq 7.20

22.27 0.24
7.50 11.50 1.05 0.75 0.408 1.57 14.19 NoLiq 7.20

21.39 0.23
8.00 11.20 1.05 0.75 0.435 1.52 13.38 NoLiq 7.20

20.58 0.22
8.50 10.90 1.05 0.85 0.462 1.47 14.31 NoLiq 7.20

21.51 0.23
9.00 10.60 1.05 0.85 0.489 1.43 13.53 NoLiq 7.20

20.73 0.22
9.50 10.30 1.05 0.85 0.516 1.39 12.79 NoLiq 7.20

19.99 0.22
10.00 10.00 1.05 0.85 0.543 1.36 12.11 NoLiq 7.20

19.31 0.21
10.50 10.10 1.05 0.85 0.571 1.32 11.93 NoLiq 7.20

19.13 0.21
11.00 10.20 1.05 0.85 0.598 1.29 11.77 NoLiq 7.20

18.97 0.20
11.50 10.30 1.05 0.85 0.625 1.26 11.63 NoLiq 7.20

18.83 0.20
12.00 10.40 1.05 0.85 0.652 1.24 11.49 NoLiq 7.20

18.69 0.20
12.50 10.50 1.05 0.85 0.679 1.21 11.37 NoLiq 7.20

18.57 0.20
13.00 10.60 1.05 0.85 0.706 1.19 11.26 NoLiq 7.20

18.46 0.20
13.50 10.70 1.05 0.85 0.734 1.17 11.15 NoLiq 7.20

18.35 0.20
14.00 10.80 1.05 0.85 0.761 1.15 11.05 NoLiq 7.20

18.25 0.20
14.50 10.90 1.05 0.85 0.788 1.13 10.96 NoLiq 7.20

18.16 0.20
15.00 11.00 1.05 0.95 0.815 1.11 12.15 NoLiq 7.20

19.35 0.21
15.50 10.90 1.05 0.95 0.842 1.09 11.85 NoLiq 7.20

19.05 0.21
16.00 10.80 1.05 0.95 0.869 1.07 11.55 NoLiq 7.20

18.75 0.20
16.50 10.70 1.05 0.95 0.897 1.06 11.27 NoLiq 7.20

18.47 0.20
17.00 10.60 1.05 0.95 0.924 1.04 11.00 NoLiq 7.20

18.20 0.20
17.50 10.50 1.05 0.95 0.951 1.03 10.74 NoLiq 7.20

17.94 0.19
18.00 10.40 1.05 0.95 0.978 1.01 10.49 NoLiq 7.20

17.69 0.19
18.50 10.30 1.05 0.95 1.005 1.00 10.25 NoLiq 7.20

17.45 0.19
19.00 10.20 1.05 0.95 1.033 0.98 10.01 NoLiq 7.20

17.21 0.19
19.50 10.10 1.05 0.95 1.060 0.97 9.79 NoLiq 7.20

16.99 0.18
20.00 10.00 1.05 0.95 1.087 0.96 9.57 NoLiq 7.20
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16.77 0.18

20.50 10.60 1.05 0.95 1.114 0.95 10.02 NoLiq 7.20
17.22 0.19

21.00 11.20 1.05 0.95 1.141 0.94 10.46 NoLiq 7.20
17.66 0.19

21.50 11.80 1.05 0.95 1.168 0.93 10.89 NoLiq 7.20
18.09 0.20

22.00 12.40 1.05 0.95 1.196 0.91 11.31 NoLiq 7.20
18.51 0.20

22.50 13.00 1.05 0.95 1.223 0.90 11.73 NoLiq 7.20
18.93 0.20

23.00 13.60 1.05 0.95 1.250 0.89 12.13 NoLiq 7.20
19.33 0.21

23.50 14.20 1.05 0.95 1.277 0.88 12.53 NoLiq 7.20
19.73 0.21

24.00 14.80 1.05 0.95 1.304 0.88 12.93 NoLiq 7.20
20.13 0.22

24.50 15.40 1.05 0.95 1.331 0.87 13.31 NoLiq 7.20
20.51 0.22

25.00 16.00 1.05 0.95 1.359 0.86 13.69 NoLiq 7.20
20.89 0.23

25.50 15.40 1.05 0.95 1.386 0.85 13.05 NoLiq 7.20
20.25 0.22

26.00 14.80 1.05 0.95 1.413 0.84 12.42 NoLiq 7.20
19.62 0.21

26.50 14.20 1.05 0.95 1.440 0.83 11.80 NoLiq 7.20
19.00 0.21

27.00 13.60 1.05 0.95 1.467 0.83 11.20 NoLiq 7.20
18.40 0.20

27.50 13.00 1.05 0.95 1.494 0.82 10.61 NoLiq 7.20
17.81 0.19

28.00 12.40 1.05 1.00 1.522 0.81 10.56 NoLiq 7.20
17.76 0.19

28.50 11.80 1.05 1.00 1.549 0.80 9.96 NoLiq 7.20
17.16 0.19

29.00 11.20 1.05 1.00 1.576 0.80 9.37 NoLiq 7.20
16.57 0.18

29.50 10.60 1.05 1.00 1.603 0.79 8.79 NoLiq 7.20
15.99 0.17

30.00 10.00 1.05 1.00 1.630 0.78 8.22 NoLiq 7.20
15.42 0.17

30.50 11.10 1.05 1.00 1.658 0.78 9.05 NoLiq 7.20
16.25 0.18

31.00 12.20 1.05 1.00 1.685 0.77 9.87 NoLiq 7.20
17.07 0.18

31.50 13.30 1.05 1.00 1.712 0.76 10.67 NoLiq 7.20
17.87 0.19

32.00 14.40 1.05 1.00 1.740 0.76 11.46 NoLiq 7.20
18.66 0.20

32.50 15.50 1.05 1.00 1.768 0.75 12.24 NoLiq 7.20
19.44 0.21

33.00 16.60 1.05 1.00 1.795 0.75 13.01 NoLiq 7.20
20.21 0.22

33.50 17.70 1.05 1.00 1.810 0.74 13.81 NoLiq 7.20
21.01 0.23

34.00 18.80 1.05 1.00 1.823 0.74 14.62 NoLiq 7.20
21.82 0.24

34.50 19.90 1.05 1.00 1.837 0.74 15.42 NoLiq 7.20
22.62 0.25

35.00 21.00 1.05 1.00 1.850 0.74 16.21 NoLiq 7.20
23.41 0.26

35.50 20.00 1.05 1.00 1.864 0.73 15.38 NoLiq 7.20
22.58 0.25
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36.00 19.00 1.05 1.00 1.878 0.73 14.56 NoLiq 7.20

21.76 0.24
36.50 18.00 1.05 1.00 1.891 0.73 13.74 NoLiq 7.20

20.94 0.23
37.00 17.00 1.05 1.00 1.905 0.72 12.93 NoLiq 7.20

20.13 0.22
37.50 16.00 1.05 1.00 1.918 0.72 12.13 NoLiq 7.20

19.33 0.21
38.00 15.00 1.05 1.00 1.932 0.72 11.33 NoLiq 7.20

18.53 0.20
38.50 14.00 1.05 1.00 1.946 0.72 10.54 NoLiq 7.20

17.74 0.19
39.00 13.00 1.05 1.00 1.959 0.71 9.75 NoLiq 7.20

16.95 0.18
39.50 12.00 1.05 1.00 1.973 0.71 8.97 NoLiq 7.20

16.17 0.17
40.00 11.00 1.05 1.00 1.986 0.71 8.20 NoLiq 7.20

15.40 0.17
40.50 11.10 1.05 1.00 2.000 0.71 8.24 NoLiq 7.20

15.44 0.17
41.00 11.20 1.05 1.00 2.014 0.70 8.29 NoLiq 7.20

15.49 0.17
41.50 11.30 1.05 1.00 2.027 0.70 8.33 NoLiq 7.20

15.53 0.17
42.00 11.40 1.05 1.00 2.041 0.70 8.38 NoLiq 7.20

15.58 0.17
42.50 11.50 1.05 1.00 2.054 0.70 8.42 NoLiq 7.20

15.62 0.17
43.00 11.60 1.05 1.00 2.068 0.70 8.47 NoLiq 7.20

15.67 0.17
43.50 11.70 1.05 1.00 2.082 0.69 8.51 NoLiq 7.20

15.71 0.17
44.00 11.80 1.05 1.00 2.095 0.69 8.56 NoLiq 7.20

15.76 0.17
44.50 11.90 1.05 1.00 2.109 0.69 8.60 NoLiq 7.20

15.80 0.17
45.00 12.00 1.05 1.00 2.123 0.69 8.65 NoLiq 7.20

15.85 0.17
45.50 11.90 1.05 1.00 2.136 0.68 8.55 NoLiq 7.20

15.75 0.17
46.00 11.80 1.05 1.00 2.150 0.68 8.45 NoLiq 7.20

15.65 0.17
46.50 11.70 1.05 1.00 2.163 0.68 8.35 NoLiq 7.20

15.55 0.17
47.00 11.60 1.05 1.00 2.177 0.68 8.26 NoLiq 7.20

15.46 0.17
47.50 11.50 1.05 1.00 2.191 0.68 8.16 NoLiq 7.20

15.36 0.17
48.00 11.40 1.05 1.00 2.204 0.67 8.06 49.41 7.20

15.26 0.17
48.50 11.30 1.05 1.00 2.218 0.67 7.97 40.81 7.20

15.17 0.16
49.00 11.20 1.05 1.00 2.231 0.67 7.87 32.21 6.53

14.40 0.16
49.50 11.10 1.05 1.00 2.245 0.67 7.78 23.61 4.47

12.24 0.13
50.00 11.00 1.05 1.00 2.259 0.67 7.69 15.01 2.40

10.09 0.11
50.50 11.00 1.05 1.00 2.272 0.66 7.66 15.00 2.40

10.06 0.11
51.00 11.00 1.05 1.00 2.286 0.66 7.64 15.00 2.40

10.04 0.11
51.50 11.00 1.05 1.00 2.299 0.66 7.62 15.00 2.40
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10.02 0.11

____________________________________________________________________________________
_

CRR is based on water table at 33.00 during In-Situ Testing

Factor of Safety,  - Earthquake Magnitude= 7.00:
Depth sigC' CRR7.5 x Ksig =CRRv x MSF =CRRm CSRfs

F.S.=CRRm/CSRfs
ft atm
________________________________________________________________________
0.00 0.00 0.36 1.00 0.36 1.19 2.00 0.34 5.00 ^
0.50 0.02 0.35 1.00 0.35 1.19 2.00 0.34 5.00 ^
1.00 0.04 0.34 1.00 0.34 1.19 2.00 0.34 5.00 ^
1.50 0.05 0.33 1.00 0.33 1.19 2.00 0.34 5.00 ^
2.00 0.07 0.32 1.00 0.32 1.19 2.00 0.34 5.00 ^
2.50 0.09 0.31 1.00 0.31 1.19 2.00 0.34 5.00 ^
3.00 0.11 0.30 1.00 0.30 1.19 2.00 0.34 5.00 ^
3.50 0.12 0.30 1.00 0.30 1.19 2.00 0.34 5.00 ^
4.00 0.14 0.29 1.00 0.29 1.19 2.00 0.33 5.00 ^
4.50 0.16 0.28 1.00 0.28 1.19 2.00 0.33 5.00 ^
5.00 0.18 0.28 1.00 0.28 1.19 2.00 0.33 5.00 ^
5.50 0.19 0.27 1.00 0.27 1.19 2.00 0.33 5.00 ^
6.00 0.21 0.26 1.00 0.26 1.19 2.00 0.33 5.00 ^
6.50 0.23 0.26 1.00 0.26 1.19 2.00 0.33 5.00 ^
7.00 0.25 0.24 1.00 0.24 1.19 2.00 0.33 5.00 ^
7.50 0.26 0.23 1.00 0.23 1.19 2.00 0.33 5.00 ^
8.00 0.28 0.22 1.00 0.22 1.19 2.00 0.33 5.00 ^
8.50 0.30 0.23 1.00 0.23 1.19 2.00 0.33 5.00 ^
9.00 0.32 0.22 1.00 0.22 1.19 2.00 0.33 5.00 ^
9.50 0.34 0.22 1.00 0.22 1.19 2.00 0.33 5.00 ^
10.00 0.35 0.21 1.00 0.21 1.19 2.00 0.33 5.00 ^
10.50 0.37 0.21 1.00 0.21 1.19 2.00 0.33 5.00 ^
11.00 0.39 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
11.50 0.41 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
12.00 0.42 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
12.50 0.44 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
13.00 0.46 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
13.50 0.48 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
14.00 0.49 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
14.50 0.51 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
15.00 0.53 0.21 1.00 0.21 1.19 2.00 0.33 5.00 ^
15.50 0.55 0.21 1.00 0.21 1.19 2.00 0.33 5.00 ^
16.00 0.57 0.20 1.00 0.20 1.19 2.00 0.33 5.00 ^
16.50 0.58 0.20 1.00 0.20 1.19 2.00 0.32 5.00 ^
17.00 0.60 0.20 1.00 0.20 1.19 2.00 0.32 5.00 ^
17.50 0.62 0.19 1.00 0.19 1.19 2.00 0.32 5.00 ^
18.00 0.64 0.19 1.00 0.19 1.19 2.00 0.32 5.00 ^
18.50 0.65 0.19 1.00 0.19 1.19 2.00 0.32 5.00 ^
19.00 0.67 0.19 1.00 0.19 1.19 2.00 0.32 5.00 ^
19.50 0.69 0.18 1.00 0.18 1.19 2.00 0.33 5.00 ^
20.00 0.71 0.18 1.00 0.18 1.19 2.00 0.33 5.00 ^
20.50 0.72 0.19 1.00 0.19 1.19 2.00 0.33 5.00 ^
21.00 0.74 0.19 1.00 0.19 1.19 2.00 0.34 5.00 ^
21.50 0.76 0.20 1.00 0.20 1.19 2.00 0.34 5.00 ^
22.00 0.78 0.20 1.00 0.20 1.19 2.00 0.35 5.00 ^
22.50 0.79 0.20 1.00 0.20 1.19 2.00 0.35 5.00 ^
23.00 0.81 0.21 1.00 0.21 1.19 2.00 0.35 5.00 ^
23.50 0.83 0.21 1.00 0.21 1.19 2.00 0.36 5.00 ^
24.00 0.85 0.22 1.00 0.22 1.19 2.00 0.36 5.00 ^
24.50 0.87 0.22 1.00 0.22 1.19 2.00 0.36 5.00 ^
25.00 0.88 0.23 1.00 0.23 1.19 2.00 0.37 5.00 ^
25.50 0.90 0.22 1.00 0.22 1.19 2.00 0.37 5.00 ^
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26.00 0.92 0.21 1.00 0.21 1.19 2.00 0.37 5.00 ^
26.50 0.94 0.21 1.00 0.21 1.19 2.00 0.37 5.00 ^
27.00 0.95 0.20 1.00 0.20 1.19 2.00 0.38 5.00 ^
27.50 0.97 0.19 1.00 0.19 1.19 2.00 0.38 5.00 ^
28.00 0.99 0.19 1.00 0.19 1.19 2.00 0.38 5.00 ^
28.50 1.01 0.19 1.01 0.19 1.19 2.00 0.38 5.00 ^
29.00 1.02 0.18 1.00 0.18 1.19 2.00 0.39 5.00 ^
29.50 1.04 0.17 1.00 0.17 1.19 2.00 0.39 5.00 ^
30.00 1.06 0.17 1.00 0.17 1.19 2.00 0.39 5.00 ^
30.50 1.08 0.18 0.99 0.17 1.19 2.00 0.39 5.00 ^
31.00 1.10 0.18 0.99 0.18 1.19 2.00 0.39 5.00 ^
31.50 1.11 0.19 0.99 0.19 1.19 2.00 0.39 5.00 ^
32.00 1.13 0.20 0.99 0.20 1.19 2.00 0.40 5.00 ^
32.50 1.15 0.21 0.98 0.21 1.19 2.00 0.40 5.00 ^
33.00 1.17 0.22 0.98 0.21 1.19 2.00 0.40 5.00 ^
33.50 1.18 0.23 0.98 0.22 1.19 2.00 0.40 5.00 ^
34.00 1.19 0.24 0.98 0.23 1.19 2.00 0.40 5.00 ^
34.50 1.19 0.25 0.98 0.24 1.19 2.00 0.40 5.00 ^
35.00 1.20 0.26 0.97 0.25 1.19 2.00 0.40 5.00 ^
35.50 1.21 0.25 0.97 0.24 1.19 2.00 0.40 5.00 ^
36.00 1.22 0.24 0.97 0.23 1.19 2.00 0.40 5.00 ^
36.50 1.23 0.23 0.97 0.22 1.19 2.00 0.40 5.00 ^
37.00 1.24 0.22 0.97 0.21 1.19 2.00 0.40 5.00 ^
37.50 1.25 0.21 0.97 0.20 1.19 2.00 0.40 5.00 ^
38.00 1.26 0.20 0.97 0.19 1.19 2.00 0.40 5.00 ^
38.50 1.26 0.19 0.97 0.18 1.19 2.00 0.40 5.00 ^
39.00 1.27 0.18 0.96 0.18 1.19 2.00 0.40 5.00 ^
39.50 1.28 0.17 0.96 0.17 1.19 2.00 0.40 5.00 ^
40.00 1.29 0.17 0.96 0.16 1.19 2.00 0.40 5.00 ^
40.50 1.30 0.17 0.96 0.16 1.19 2.00 0.40 5.00 ^
41.00 1.31 0.17 0.96 0.16 1.19 2.00 0.40 5.00 ^
41.50 1.32 0.17 0.96 0.16 1.19 2.00 0.40 5.00 ^
42.00 1.33 0.17 0.96 0.16 1.19 2.00 0.40 5.00 ^
42.50 1.34 0.17 0.96 0.16 1.19 2.00 0.40 5.00 ^
43.00 1.34 0.17 0.95 0.16 1.19 2.00 0.40 5.00 ^
43.50 1.35 0.17 0.95 0.16 1.19 2.00 0.40 5.00 ^
44.00 1.36 0.17 0.95 0.16 1.19 2.00 0.40 5.00 ^
44.50 1.37 0.17 0.95 0.16 1.19 2.00 0.40 5.00 ^
45.00 1.38 0.17 0.95 0.16 1.19 2.00 0.40 5.00 ^
45.50 1.39 0.17 0.95 0.16 1.19 2.00 0.39 5.00 ^
46.00 1.40 0.17 0.95 0.16 1.19 2.00 0.39 5.00 ^
46.50 1.41 0.17 0.95 0.16 1.19 2.00 0.39 5.00 ^
47.00 1.42 0.17 0.94 0.16 1.19 2.00 0.39 5.00 ^
47.50 1.42 0.17 0.94 0.16 1.19 2.00 0.39 5.00 ^
48.00 1.43 0.17 0.94 0.16 1.19 0.19 0.39 0.47 *
48.50 1.44 0.16 0.94 0.15 1.19 0.18 0.39 0.47 *
49.00 1.45 0.16 0.94 0.15 1.19 0.17 0.39 0.45 *
49.50 1.46 0.13 0.94 0.12 1.19 0.15 0.39 0.38 *
50.00 1.47 0.11 0.94 0.10 1.19 0.12 0.39 0.32 *
50.50 1.48 0.11 0.94 0.10 1.19 0.12 0.39 0.32 *
51.00 1.49 0.11 0.93 0.10 1.19 0.12 0.39 0.32 *
51.50 1.49 0.11 0.93 0.10 1.19 0.12 0.38 0.31 *
________________________________________________________________________
* F.S.<1: Liquefaction Potential Zone.  (If above water table: F.S.=5)
^ No-liquefiable Soils or above Water Table.
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

CPT convert to SPT for Settlement Analysis:
Fines Correction for Settlement Analysis:
Depth Ic qc/N60 qc1 (N1)60 Fines d(N1)60 (N1)60s
ft atm %
________________________________________________________________
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0.00 - - - 28.62 NoLiq 0.00 28.62
0.50 - - - 28.22 NoLiq 0.00 28.22
1.00 - - - 27.82 NoLiq 0.00 27.82
1.50 - - - 27.42 NoLiq 0.00 27.42
2.00 - - - 27.01 NoLiq 0.00 27.01
2.50 - - - 26.61 NoLiq 0.00 26.61
3.00 - - - 26.21 NoLiq 0.00 26.21
3.50 - - - 25.81 NoLiq 0.00 25.81
4.00 - - - 25.41 NoLiq 0.00 25.41
4.50 - - - 25.01 NoLiq 0.00 25.01
5.00 - - - 24.60 NoLiq 0.00 24.60
5.50 - - - 24.20 NoLiq 0.00 24.20
6.00 - - - 23.80 NoLiq 0.00 23.80
6.50 - - - 23.23 NoLiq 0.00 23.23
7.00 - - - 22.27 NoLiq 0.00 22.27
7.50 - - - 21.39 NoLiq 0.00 21.39
8.00 - - - 20.58 NoLiq 0.00 20.58
8.50 - - - 21.51 NoLiq 0.00 21.51
9.00 - - - 20.73 NoLiq 0.00 20.73
9.50 - - - 19.99 NoLiq 0.00 19.99
10.00 - - - 19.31 NoLiq 0.00 19.31
10.50 - - - 19.13 NoLiq 0.00 19.13
11.00 - - - 18.97 NoLiq 0.00 18.97
11.50 - - - 18.83 NoLiq 0.00 18.83
12.00 - - - 18.69 NoLiq 0.00 18.69
12.50 - - - 18.57 NoLiq 0.00 18.57
13.00 - - - 18.46 NoLiq 0.00 18.46
13.50 - - - 18.35 NoLiq 0.00 18.35
14.00 - - - 18.25 NoLiq 0.00 18.25
14.50 - - - 18.16 NoLiq 0.00 18.16
15.00 - - - 19.35 NoLiq 0.00 19.35
15.50 - - - 19.05 NoLiq 0.00 19.05
16.00 - - - 18.75 NoLiq 0.00 18.75
16.50 - - - 18.47 NoLiq 0.00 18.47
17.00 - - - 18.20 NoLiq 0.00 18.20
17.50 - - - 17.94 NoLiq 0.00 17.94
18.00 - - - 17.69 NoLiq 0.00 17.69
18.50 - - - 17.45 NoLiq 0.00 17.45
19.00 - - - 17.21 NoLiq 0.00 17.21
19.50 - - - 16.99 NoLiq 0.00 16.99
20.00 - - - 16.77 NoLiq 0.00 16.77
20.50 - - - 17.22 NoLiq 0.00 17.22
21.00 - - - 17.66 NoLiq 0.00 17.66
21.50 - - - 18.09 NoLiq 0.00 18.09
22.00 - - - 18.51 NoLiq 0.00 18.51
22.50 - - - 18.93 NoLiq 0.00 18.93
23.00 - - - 19.33 NoLiq 0.00 19.33
23.50 - - - 19.73 NoLiq 0.00 19.73
24.00 - - - 20.13 NoLiq 0.00 20.13
24.50 - - - 20.51 NoLiq 0.00 20.51
25.00 - - - 20.89 NoLiq 0.00 20.89
25.50 - - - 20.25 NoLiq 0.00 20.25
26.00 - - - 19.62 NoLiq 0.00 19.62
26.50 - - - 19.00 NoLiq 0.00 19.00
27.00 - - - 18.40 NoLiq 0.00 18.40
27.50 - - - 17.81 NoLiq 0.00 17.81
28.00 - - - 17.76 NoLiq 0.00 17.76
28.50 - - - 17.16 NoLiq 0.00 17.16
29.00 - - - 16.57 NoLiq 0.00 16.57
29.50 - - - 15.99 NoLiq 0.00 15.99
30.00 - - - 15.42 NoLiq 0.00 15.42
30.50 - - - 16.25 NoLiq 0.00 16.25
31.00 - - - 17.07 NoLiq 0.00 17.07
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31.50 - - - 17.87 NoLiq 0.00 17.87
32.00 - - - 18.66 NoLiq 0.00 18.66
32.50 - - - 19.44 NoLiq 0.00 19.44
33.00 - - - 20.21 NoLiq 0.00 20.21
33.50 - - - 21.01 NoLiq 0.00 21.01
34.00 - - - 21.82 NoLiq 0.00 21.82
34.50 - - - 22.62 NoLiq 0.00 22.62
35.00 - - - 23.41 NoLiq 0.00 23.41
35.50 - - - 22.58 NoLiq 0.00 22.58
36.00 - - - 21.76 NoLiq 0.00 21.76
36.50 - - - 20.94 NoLiq 0.00 20.94
37.00 - - - 20.13 NoLiq 0.00 20.13
37.50 - - - 19.33 NoLiq 0.00 19.33
38.00 - - - 18.53 NoLiq 0.00 18.53
38.50 - - - 17.74 NoLiq 0.00 17.74
39.00 - - - 16.95 NoLiq 0.00 16.95
39.50 - - - 16.17 NoLiq 0.00 16.17
40.00 - - - 15.40 NoLiq 0.00 15.40
40.50 - - - 15.44 NoLiq 0.00 15.44
41.00 - - - 15.49 NoLiq 0.00 15.49
41.50 - - - 15.53 NoLiq 0.00 15.53
42.00 - - - 15.58 NoLiq 0.00 15.58
42.50 - - - 15.62 NoLiq 0.00 15.62
43.00 - - - 15.67 NoLiq 0.00 15.67
43.50 - - - 15.71 NoLiq 0.00 15.71
44.00 - - - 15.76 NoLiq 0.00 15.76
44.50 - - - 15.80 NoLiq 0.00 15.80
45.00 - - - 15.85 NoLiq 0.00 15.85
45.50 - - - 15.75 NoLiq 0.00 15.75
46.00 - - - 15.65 NoLiq 0.00 15.65
46.50 - - - 15.55 NoLiq 0.00 15.55
47.00 - - - 15.46 NoLiq 0.00 15.46
47.50 - - - 15.36 NoLiq 0.00 15.36
48.00 - - - 15.26 49.41 0.00 15.26
48.50 - - - 15.17 40.81 0.00 15.17
49.00 - - - 14.40 32.21 0.00 14.40
49.50 - - - 12.24 23.61 0.00 12.24
50.00 - - - 10.09 15.01 0.00 10.09
50.50 - - - 10.06 15.00 0.00 10.06
51.00 - - - 10.04 15.00 0.00 10.04
51.50 - - - 10.02 15.00 0.00 10.02
________________________________________________________________
(N1)60s has been fines corrected in liquefaction analysis, therefore 

d(N1)60=0.
Fines=NoLiq means the soils are not liquefiable.

Settlement of Saturated Sands:
Settlement Analysis Method: Tokimatsu/Seed
Depth CSRsf / MSF* =CSRm F.S. Fines (N1)60s Dr ec dsz

dsp S
ft % % % in.

in. in.

____________________________________________________________________________________
__________

51.45 0.38 1.00 0.38 0.31 15.00 10.02 50.58 2.534
1.5E-2 0.015 0.015

51.00 0.39 1.00 0.39 0.32 15.00 10.04 50.63 2.531
1.5E-2 0.137 0.152

50.50 0.39 1.00 0.39 0.32 15.00 10.06 50.69 2.527
1.5E-2 0.152 0.304

50.00 0.39 1.00 0.39 0.32 15.01 10.09 50.75 2.523
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1.5E-2 0.152 0.455

49.50 0.39 1.00 0.39 0.38 23.61 12.24 55.64 2.223
1.3E-2 0.141 0.597

49.00 0.39 1.00 0.39 0.45 32.21 14.40 60.10 1.955
1.2E-2 0.124 0.720

48.50 0.39 1.00 0.39 0.47 40.81 15.17 61.60 1.891
1.1E-2 0.114 0.834

48.00 0.39 1.00 0.39 0.47 49.41 15.26 61.79 1.882
1.1E-2 0.113 0.948

47.50 0.39 1.00 0.39 5.00 NoLiq 15.36 61.97 1.874
0.0E0 0.101 1.049

47.00 0.39 1.00 0.39 5.00 NoLiq 15.46 62.16 1.866
0.0E0 0.000 1.049

46.50 0.39 1.00 0.39 5.00 NoLiq 15.55 62.35 1.857
0.0E0 0.000 1.049

46.00 0.39 1.00 0.39 5.00 NoLiq 15.65 62.53 1.849
0.0E0 0.000 1.049

45.50 0.39 1.00 0.39 5.00 NoLiq 15.75 62.72 1.841
0.0E0 0.000 1.049

45.00 0.40 1.00 0.40 5.00 NoLiq 15.85 62.91 1.832
0.0E0 0.000 1.049

44.50 0.40 1.00 0.40 5.00 NoLiq 15.80 62.83 1.836
0.0E0 0.000 1.049

44.00 0.40 1.00 0.40 5.00 NoLiq 15.76 62.74 1.839
0.0E0 0.000 1.049

43.50 0.40 1.00 0.40 5.00 NoLiq 15.71 62.66 1.843
0.0E0 0.000 1.049

43.00 0.40 1.00 0.40 5.00 NoLiq 15.67 62.57 1.846
0.0E0 0.000 1.049

42.50 0.40 1.00 0.40 5.00 NoLiq 15.62 62.48 1.850
0.0E0 0.000 1.049

42.00 0.40 1.00 0.40 5.00 NoLiq 15.58 62.40 1.854
0.0E0 0.000 1.049

41.50 0.40 1.00 0.40 5.00 NoLiq 15.53 62.31 1.857
0.0E0 0.000 1.049

41.00 0.40 1.00 0.40 5.00 NoLiq 15.49 62.22 1.861
0.0E0 0.000 1.049

40.50 0.40 1.00 0.40 5.00 NoLiq 15.44 62.13 1.865
0.0E0 0.000 1.049

40.00 0.40 1.00 0.40 5.00 NoLiq 15.40 62.04 1.869
0.0E0 0.000 1.049

39.50 0.40 1.00 0.40 5.00 NoLiq 16.17 63.52 1.804
0.0E0 0.000 1.049

39.00 0.40 1.00 0.40 5.00 NoLiq 16.95 64.99 1.740
0.0E0 0.000 1.049

38.50 0.40 1.00 0.40 5.00 NoLiq 17.74 66.44 1.675
0.0E0 0.000 1.049

38.00 0.40 1.00 0.40 5.00 NoLiq 18.53 67.89 1.609
0.0E0 0.000 1.049

37.50 0.40 1.00 0.40 5.00 NoLiq 19.33 69.33 1.543
0.0E0 0.000 1.049

37.00 0.40 1.00 0.40 5.00 NoLiq 20.13 70.78 1.481
0.0E0 0.000 1.049

36.50 0.40 1.00 0.40 5.00 NoLiq 20.94 72.24 1.426
0.0E0 0.000 1.049

36.00 0.40 1.00 0.40 5.00 NoLiq 21.76 73.71 1.370
0.0E0 0.000 1.049

35.50 0.40 1.00 0.40 5.00 NoLiq 22.58 75.21 1.314
0.0E0 0.000 1.049

35.00 0.40 1.00 0.40 5.00 NoLiq 23.41 76.73 1.257
0.0E0 0.000 1.049

34.50 0.40 1.00 0.40 5.00 NoLiq 22.62 75.27 1.311
0.0E0 0.000 1.049
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34.00 0.40 1.00 0.40 5.00 NoLiq 21.82 73.82 1.365

0.0E0 0.000 1.049
33.50 0.40 1.00 0.40 5.00 NoLiq 21.01 72.36 1.420

0.0E0 0.000 1.049
33.00 0.40 1.00 0.40 5.00 NoLiq 20.21 70.91 1.475

0.0E0 0.000 1.049
32.50 0.40 1.00 0.40 5.00 NoLiq 19.44 69.53 1.533

0.0E0 0.000 1.049
32.00 0.40 1.00 0.40 5.00 NoLiq 18.66 68.12 1.598

0.0E0 0.000 1.049
31.50 0.39 1.00 0.39 5.00 NoLiq 17.87 66.68 1.664

0.0E0 0.000 1.049
31.00 0.39 1.00 0.39 5.00 NoLiq 17.07 65.20 1.731

0.0E0 0.000 1.049
30.50 0.39 1.00 0.39 5.00 NoLiq 16.25 63.68 1.799

0.0E0 0.000 1.049
30.00 0.39 1.00 0.39 5.00 NoLiq 15.42 62.10 1.869

0.0E0 0.000 1.049
29.50 0.39 1.00 0.39 5.00 NoLiq 15.99 63.18 1.822

0.0E0 0.000 1.049
29.00 0.39 1.00 0.39 5.00 NoLiq 16.57 64.27 1.773

0.0E0 0.000 1.049
28.50 0.38 1.00 0.38 5.00 NoLiq 17.16 65.37 1.724

0.0E0 0.000 1.049
28.00 0.38 1.00 0.38 5.00 NoLiq 17.76 66.47 1.672

0.0E0 0.000 1.049
27.50 0.38 1.00 0.38 5.00 NoLiq 17.81 66.57 1.668

0.0E0 0.000 1.049
27.00 0.38 1.00 0.38 5.00 NoLiq 18.40 67.65 1.616

0.0E0 0.000 1.049
26.50 0.37 1.00 0.37 5.00 NoLiq 19.00 68.74 1.563

0.0E0 0.000 1.049
26.00 0.37 1.00 0.37 5.00 NoLiq 19.62 69.85 1.507

0.0E0 0.000 1.049
25.50 0.37 1.00 0.37 5.00 NoLiq 20.25 70.99 1.459

0.0E0 0.000 1.049
25.00 0.37 1.00 0.37 5.00 NoLiq 20.89 72.14 1.411

0.0E0 0.000 1.049
24.50 0.36 1.00 0.36 5.00 NoLiq 20.51 71.46 1.436

0.0E0 0.000 1.049
24.00 0.36 1.00 0.36 5.00 NoLiq 20.13 70.77 1.462

0.0E0 0.000 1.049
23.50 0.36 1.00 0.36 5.00 NoLiq 19.73 70.06 1.488

0.0E0 0.000 1.049
23.00 0.35 1.00 0.35 5.00 NoLiq 19.33 69.34 1.519

0.0E0 0.000 1.049
22.50 0.35 1.00 0.35 5.00 NoLiq 18.93 68.60 1.554

0.0E0 0.000 1.049
22.00 0.35 1.00 0.35 5.00 NoLiq 18.51 67.85 1.591

0.0E0 0.000 1.049
21.50 0.34 1.00 0.34 5.00 NoLiq 18.09 67.08 1.629

0.0E0 0.000 1.049
21.00 0.34 1.00 0.34 5.00 NoLiq 17.66 66.29 1.668

0.0E0 0.000 1.049
20.50 0.33 1.00 0.33 5.00 NoLiq 17.22 65.48 1.709

0.0E0 0.000 1.049
20.00 0.33 1.00 0.33 5.00 NoLiq 16.77 64.65 1.752

0.0E0 0.000 1.049
19.50 0.33 1.00 0.33 5.00 NoLiq 16.99 65.05 1.728

0.0E0 0.000 1.049
19.05 0.32 1.00 0.32 5.00 NoLiq 17.19 65.43 1.705

0.0E0 0.000 1.049
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____________________________________________________________________________________
__________

Settlement of Saturated Sands=1.049 in.
qc1 and (N1)60 is after fines correction in liquefaction analysis
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Settlement of Unsaturated Sands:
Settlement of Unsaturated Sands=0 due to Option 5, Calculation settlement 

only in liquefied zone.
Depth sigma' sigC' (N1)60s CSRsf Gmax   g*Ge/Gm g_eff ec7.5 Cec

ec dsz dsp S
ft atm atm atm %

% in. in. in.

____________________________________________________________________________________
____________________________

19.00 1.03 0.67 17.21 0.32 945.06 3.5E-4 0.1593 0.1907 0.93
0.1771 0.00E0 0.000 0.000

18.50 1.01 0.65 17.45 0.32 936.75 3.5E-4 0.1489 0.1751 0.93
0.1626 0.00E0 0.000 0.000

18.00 0.98 0.64 17.69 0.32 928.25 3.4E-4 0.1391 0.1606 0.93
0.1492 0.00E0 0.000 0.000

17.50 0.95 0.62 17.94 0.32 919.58 3.4E-4 0.1299 0.1473 0.93
0.1368 0.00E0 0.000 0.000

17.00 0.92 0.60 18.20 0.32 910.71 3.3E-4 0.1213 0.1350 0.93
0.1254 0.00E0 0.000 0.000

16.50 0.90 0.58 18.47 0.32 901.64 3.2E-4 0.1133 0.1237 0.93
0.1149 0.00E0 0.000 0.000

16.00 0.87 0.57 18.75 0.33 892.36 3.2E-4 0.1058 0.1133 0.93
0.1052 0.00E0 0.000 0.000

15.50 0.84 0.55 19.05 0.33 882.86 3.1E-4 0.0988 0.1036 0.93
0.0962 0.00E0 0.000 0.000

15.00 0.82 0.53 19.35 0.33 873.13 3.0E-4 0.0922 0.0947 0.93
0.0880 0.00E0 0.000 0.000

14.50 0.79 0.51 18.16 0.33 840.44 3.1E-4 0.0939 0.1048 0.93
0.0973 0.00E0 0.000 0.000

14.00 0.76 0.49 18.25 0.33 827.21 3.0E-4 0.0885 0.0981 0.93
0.0911 0.00E0 0.000 0.000

13.50 0.73 0.48 18.35 0.33 813.76 3.0E-4 0.0833 0.0917 0.93
0.0852 0.00E0 0.000 0.000

13.00 0.71 0.46 18.46 0.33 800.09 2.9E-4 0.0784 0.0857 0.93
0.0796 0.00E0 0.000 0.000

12.50 0.68 0.44 18.57 0.33 786.17 2.8E-4 0.0737 0.0799 0.93
0.0742 0.00E0 0.000 0.000

12.00 0.65 0.42 18.69 0.33 771.99 2.8E-4 0.0692 0.0744 0.93
0.0691 0.00E0 0.000 0.000

11.50 0.62 0.41 18.83 0.33 757.54 2.7E-4 0.0650 0.0692 0.93
0.0643 0.00E0 0.000 0.000

11.00 0.60 0.39 18.97 0.33 742.80 2.7E-4 0.0610 0.0643 0.93
0.0597 0.00E0 0.000 0.000

10.50 0.57 0.37 19.13 0.33 727.74 2.6E-4 0.0571 0.0596 0.93
0.0553 0.00E0 0.000 0.000

10.00 0.54 0.35 19.31 0.33 712.34 2.5E-4 0.0535 0.0551 0.93
0.0512 0.00E0 0.000 0.000

9.50 0.52 0.34 19.99 0.33 702.44 2.4E-4 0.0653 0.0643 0.93
0.0597 0.00E0 0.000 0.000

9.00 0.49 0.32 20.73 0.33 691.96 2.3E-4 0.0560 0.0527 0.93
0.0489 0.00E0 0.000 0.000

8.50 0.46 0.30 21.51 0.33 680.85 2.2E-4 0.0493 0.0441 0.93
0.0410 0.00E0 0.000 0.000

8.00 0.43 0.28 20.58 0.33 650.80 2.2E-4 0.0474 0.0450 0.93
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0.0418 0.00E0 0.000 0.000

7.50 0.41 0.26 21.39 0.33 638.27 2.1E-4 0.0428 0.0386 0.93
0.0359 0.00E0 0.000 0.000

7.00 0.38 0.25 22.27 0.33 624.98 2.0E-4 0.0395 0.0338 0.93
0.0314 0.00E0 0.000 0.000

6.50 0.35 0.23 23.23 0.33 610.82 1.9E-4 0.0375 0.0304 0.93
0.0282 0.00E0 0.000 0.000

6.00 0.33 0.21 23.80 0.33 591.60 1.8E-4 0.0350 0.0275 0.93
0.0255 0.00E0 0.000 0.000

5.50 0.30 0.19 24.20 0.33 569.58 1.8E-4 0.0327 0.0251 0.93
0.0233 0.00E0 0.000 0.000

5.00 0.27 0.18 24.60 0.33 546.06 1.7E-4 0.0304 0.0228 0.93
0.0212 0.00E0 0.000 0.000

4.50 0.24 0.16 25.01 0.33 520.84 1.6E-4 0.0282 0.0207 0.93
0.0192 0.00E0 0.000 0.000

4.00 0.22 0.14 25.41 0.33 493.66 1.5E-4 0.0285 0.0205 0.93
0.0191 0.00E0 0.000 0.000

3.50 0.19 0.12 25.81 0.34 464.20 1.4E-4 0.0257 0.0181 0.93
0.0168 0.00E0 0.000 0.000

3.00 0.16 0.11 26.21 0.34 431.98 1.3E-4 0.0234 0.0162 0.93
0.0150 0.00E0 0.000 0.000

2.50 0.14 0.09 26.61 0.34 396.35 1.2E-4 0.0245 0.0166 0.93
0.0154 0.00E0 0.000 0.000

2.00 0.11 0.07 27.01 0.34 356.28 1.0E-4 0.0208 0.0138 0.93
0.0128 0.00E0 0.000 0.000

1.50 0.08 0.05 27.42 0.34 310.07 8.9E-5 0.0164 0.0106 0.93
0.0099 0.00E0 0.000 0.000

1.00 0.05 0.04 27.82 0.34 254.41 7.2E-5 0.0120 0.0076 0.93
0.0071 0.00E0 0.000 0.000

0.50 0.03 0.02 28.22 0.34 180.77 5.1E-5 0.0071 0.0044 0.93
0.0041 0.00E0 0.000 0.000

0.00 0.00 0.00 28.62 0.34 3.48 9.7E-7 0.0010 0.0006 0.93
0.0006 0.00E0 0.000 0.000

Settlement of Unsaturated Sands

____________________________________________________________________________________
____________________________

Settlement of Unsaturated Sands=0.000 in.
dsz is per each segment, dz=0.05 ft
dsp is per each print interval,  dp=0.50 ft
S is cumulated settlement at this depth

Total Settlement of Saturated and Unsaturated Sands=1.049 in.
Differential Settlement=0.525 to 0.692 in.

Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = 
pcf; Depth = ft; Settlement = in. 

____________________________________________________________________________________
_____________

1 atm (atmosphere) = 1.0581 tsf(1 tsf = 1 ton/ft2 = 2 kip/ft2)
1 atm (atmosphere) = 101.325 kPa(1 kPa = 1 kN/m2 = 0.001 Mpa)
SPT Field data from Standard Penetration Test (SPT)
BPT Field data from Becker Penetration Test (BPT)
qc Field data from Cone Penetration Test (CPT) [atm (tsf)]
fs Friction from CPT testing [atm (tsf)]
Rf Ratio of fs/qc (%)
gamma Total unit weight of soil
gamma' Effective unit weight of soil
Fines Fines content [%]  
D50 Mean grain size       
Dr   Relative Density
sigma Total vertical stress [atm]
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sigma' Effective vertical stress [atm]
sigC' Effective confining pressure [atm] 
rd  Acceleration reduction coefficient by Seed
a_max. Peak Ground Acceleration (PGA) in ground surface
mZ  Linear acceleration reduction coefficient X depth
a_min. Minimum acceleration under linear reduction, mZ
CRRv  CRR after overburden stress correction, CRRv=CRR7.5 * Ksig
  CRR7.5 Cyclic resistance ratio (M=7.5)
  Ksig Overburden stress correction factor for CRR7.5
CRRm After magnitude scaling correction CRRm=CRRv * MSF
  MSF  Magnitude scaling factor from M=7.5 to user input M 
CSR Cyclic stress ratio induced by earthquake
CSRfs CSRfs=CSR*fs1 (Default fs1=1)
  fs1 First CSR curve in graphic defined in #9 of Advanced page
  fs2 2nd CSR curve in graphic defined in #9 of Advanced page
F.S. Calculated factor of safety against liquefaction 

F.S.=CRRm/CSRsf
Cebs Energy Ratio, Borehole Dia., and Sampling Method Corrections
Cr Rod Length Corrections
Cn  Overburden Pressure Correction
(N1)60 SPT after corrections, (N1)60=SPT * Cr * Cn * Cebs
d(N1)60 Fines correction of SPT
(N1)60f (N1)60 after fines corrections, (N1)60f=(N1)60 + d(N1)60
Cq  Overburden stress correction factor
qc1 CPT after Overburden stress correction
dqc1 Fines correction of CPT
qc1f CPT after Fines and Overburden correction, qc1f=qc1 + dqc1
qc1n CPT after normalization in Robertson's method
Kc  Fine correction factor in Robertson's Method
qc1f CPT after Fines correction in Robertson's Method
Ic  Soil type index in Suzuki's and Robertson's Methods
(N1)60s (N1)60 after settlement fines corrections
CSRm After magnitude scaling correction for Settlement 

calculation  CSRm=CSRsf / MSF*
  CSRfs Cyclic stress ratio induced by earthquake with user 

inputed fs
  MSF*  Scaling factor from CSR, MSF*=1, based on Item 2 of 

Page C.
ec Volumetric strain for saturated sands
dz  Calculation segment, dz=0.050 ft
dsz    Settlement in each segment, dz
dp    User defined print interval
dsp    Settlement in each print interval, dp
Gmax Shear Modulus at low strain
g_eff gamma_eff, Effective shear Strain
g*Ge/Gm gamma_eff * G_eff/G_max, Strain-modulus ratio
ec7.5 Volumetric Strain for magnitude=7.5
Cec Magnitude correction factor for any magnitude
ec Volumetric strain for unsaturated sands, ec=Cec * ec7.5
NoLiq No-Liquefy Soils

References:

____________________________________________________________________________________
1. NCEER Workshop on Evaluation of Liquefaction Resistance of Soils. Youd, 

T.L., and Idriss, I.M., eds., Technical Report NCEER 97-0022.
   SP117. Southern California Earthquake Center. Recommended Procedures for 

Implementation of DMG Special Publication 117, Guidelines for
   Analyzing and Mitigating Liquefaction in California. University of 

Southern California. March 1999.
2. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING AND SEISMIC SITE 

RESPONSE EVALUATION, Paper No. SPL-2, PROCEEDINGS: Fourth
   International Conference on Recent Advances in Geotechnical Earthquake 
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Engineering and Soil Dynamics, San Diego, CA, March 2001.

3. RECENT ADVANCES IN SOIL LIQUEFACTION ENGINEERING: A UNIFIED AND 
CONSISTENT FRAMEWORK, Earthquake Engineering Research Center,

   Report No. EERC 2003-06 by R.B Seed and etc. April 2003.

Note: Print Interval you selected does not show complete results. To get 
complete results, you should select 'Segment' in Print Interval (Item 12, Page C).
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-045    Water Depth=8 ft    Surface Elev.=722.8 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: CPT-11-045.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:55:04 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-045.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=722.8
Hole No.=CPT-11-045
Depth of Hole= 42.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=722.8
Hole No.=CPT-11-045
Depth of Hole=42.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 343.1 6.2 120.0 NoLiq 0.5
1.5 200.8 1.9 120.0 1.0 0.5
2.5 39.3 1.2 120.0 20.3 0.5
3.5 24.3 1.1 120.0 33.7 0.5
4.5 22.0 1.0 120.0 33.9 0.5
5.5 24.9 1.2 120.0 34.5 0.5
6.5 31.4 1.3 115.0 33.4 0.5
7.5 32.5 1.3 115.7 32.8 0.5
8.5 28.1 1.2 115.9 34.9 0.5
9.5 28.0 1.4 116.2 NoLiq 0.5
10.5 35.5 1.4 116.5 34.3 0.5
11.5 25.0 0.9 116.8 NoLiq 0.5
12.5 25.4 0.8 117.1 NoLiq 0.5
13.5 19.4 0.4 117.3 NoLiq 0.5
14.5 9.6 0.2 117.6 NoLiq 0.5
15.5 6.5 0.2 117.9 NoLiq 0.5
16.5 6.2 0.1 118.2 NoLiq 0.5
17.5 9.3 0.1 118.5 NoLiq 0.5
18.5 9.4 0.1 118.7 NoLiq 0.5
19.5 22.6 0.6 119.0 NoLiq 0.5
20.5 45.4 2.1 119.3 NoLiq 0.5
21.5 25.0 1.0 119.6 NoLiq 0.5
22.5 39.5 1.3 119.9 NoLiq 0.5
23.5 34.0 1.5 120.1 NoLiq 0.5
24.5 36.3 1.3 120.4 NoLiq 0.5
25.5 93.5 1.7 120.7 17.0 0.5
26.5 72.1 0.9 121.0 16.4 0.5
27.5 15.7 0.5 121.3 NoLiq 0.5
28.5 19.2 0.3 121.5 NoLiq 0.5
29.5 12.3 0.1 121.8 NoLiq 0.5
30.5 16.7 0.2 122.1 NoLiq 0.5
31.5 20.1 0.4 122.4 NoLiq 0.5
32.5 28.8 0.6 122.7 NoLiq 0.5
33.5 35.8 0.9 122.9 NoLiq 0.5
34.5 77.6 1.9 123.2 23.3 0.5
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35.5 93.4 2.2 123.5 20.9 0.5
36.5 241.2 3.5 123.8 8.5 0.5
37.5 347.4 4.1 124.1 5.3 0.5
38.5 486.5 6.3 124.3 4.4 0.5
39.5 407.2 7.1 124.6 7.1 0.5
40.5 162.9 3.5 124.9 14.9 0.5
41.5 349.3 5.0 125.2 6.8 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.37 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.37 in.
Differential Settlement=0.187 to 0.247 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.37 0.00 0.37
1.00 2.00 0.34 5.00 0.37 0.00 0.37
2.00 2.48 0.34 5.00 0.37 0.00 0.37
3.00 0.63 0.34 5.00 0.37 0.00 0.37
4.00 1.28 0.33 5.00 0.37 0.00 0.37
5.00 1.81 0.33 5.00 0.37 0.00 0.37
6.00 1.53 0.33 5.00 0.37 0.00 0.37
7.00 0.93 0.33 5.00 0.37 0.00 0.37
8.00 1.25 0.33 3.76 0.37 0.00 0.37
9.00 1.24 0.35 3.53 0.37 0.00 0.37
10.00 2.00 0.37 5.00 0.37 0.00 0.37
11.00 1.04 0.38 2.71 0.37 0.00 0.37
12.00 2.00 0.40 5.00 0.37 0.00 0.37
13.00 2.00 0.41 5.00 0.37 0.00 0.37
14.00 2.00 0.42 5.00 0.37 0.00 0.37
15.00 2.00 0.43 5.00 0.37 0.00 0.37
16.00 2.00 0.44 5.00 0.37 0.00 0.37
17.00 2.00 0.45 5.00 0.37 0.00 0.37
18.00 2.00 0.46 5.00 0.37 0.00 0.37
19.00 2.00 0.47 5.00 0.37 0.00 0.37
20.00 2.00 0.47 5.00 0.37 0.00 0.37
21.00 2.00 0.48 5.00 0.37 0.00 0.37
22.00 2.00 0.48 5.00 0.37 0.00 0.37
23.00 2.00 0.49 5.00 0.37 0.00 0.37
24.00 2.00 0.49 5.00 0.37 0.00 0.37
25.00 2.00 0.50 5.00 0.37 0.00 0.37
26.00 0.25 0.50 0.49* 0.31 0.00 0.31
27.00 0.16 0.50 0.33* 0.14 0.00 0.14
28.00 2.00 0.51 5.00 0.10 0.00 0.10
29.00 2.00 0.51 5.00 0.10 0.00 0.10
30.00 2.00 0.51 5.00 0.10 0.00 0.10
31.00 2.00 0.51 5.00 0.10 0.00 0.10
32.00 2.00 0.51 5.00 0.10 0.00 0.10
33.00 2.00 0.51 5.00 0.10 0.00 0.10
34.00 2.00 0.51 5.00 0.10 0.00 0.10
35.00 0.34 0.50 0.67* 0.06 0.00 0.06
36.00 0.64 0.50 1.28 0.00 0.00 0.00
37.00 1.81 0.50 3.62 0.00 0.00 0.00
38.00 2.49 0.50 5.00 0.00 0.00 0.00
39.00 2.48 0.49 5.00 0.00 0.00 0.00
40.00 1.93 0.49 3.93 0.00 0.00 0.00
41.00 1.37 0.49 2.81 0.00 0.00 0.00
42.00 2.46 0.49 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-046    Water Depth=8 ft    Surface Elev.=723.3 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: CPT-11-046.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 3:56:26 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-046.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=723.3
Hole No.=CPT-11-046
Depth of Hole= 41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=723.3
Hole No.=CPT-11-046
Depth of Hole=41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 363.3 7.2 120.0 NoLiq 0.5
1.5 287.1 3.9 120.0 NoLiq 0.5
2.5 42.2 0.7 120.0 13.8 0.5
3.5 13.5 0.6 120.0 37.5 0.5
4.5 13.0 0.7 120.0 NoLiq 0.5
5.5 17.6 0.8 120.0 38.5 0.5
6.5 22.1 1.1 115.4 39.1 0.5
7.5 25.2 1.4 115.7 NoLiq 0.5
8.5 26.1 1.3 115.9 NoLiq 0.5
9.5 28.5 1.5 116.2 NoLiq 0.5
10.5 27.4 1.7 116.5 NoLiq 0.5
11.5 29.4 1.6 116.8 NoLiq 0.5
12.5 35.1 1.3 117.1 NoLiq 0.5
13.5 18.5 1.1 117.3 NoLiq 0.5
14.5 10.2 0.6 117.6 NoLiq 0.5
15.5 9.9 0.5 117.9 NoLiq 0.5
16.5 7.8 0.4 118.2 NoLiq 0.5
17.5 8.3 0.4 118.5 NoLiq 0.5
18.5 10.6 0.4 118.7 NoLiq 0.5
19.5 24.8 1.2 119.0 NoLiq 0.5
20.5 30.2 1.9 119.3 NoLiq 0.5
21.5 26.1 1.0 119.6 NoLiq 0.5
22.5 25.9 1.4 119.9 NoLiq 0.5
23.5 25.5 1.2 120.1 NoLiq 0.5
24.5 32.3 1.2 120.4 NoLiq 0.5
25.5 41.0 1.8 120.7 NoLiq 0.5
26.5 27.0 1.0 121.0 NoLiq 0.5
27.5 32.5 1.0 121.3 NoLiq 0.5
28.5 29.0 0.8 121.5 NoLiq 0.5
29.5 11.9 0.4 121.8 NoLiq 0.5
30.5 13.1 0.3 122.1 NoLiq 0.5
31.5 17.2 0.5 122.4 NoLiq 0.5
32.5 29.9 0.9 122.7 NoLiq 0.5
33.5 126.8 2.0 122.9 NoLiq 0.5
34.5 438.0 3.8 123.2 NoLiq 0.5
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35.5 432.0 4.6 123.5 3.6 0.5
36.5 393.9 4.2 123.8 4.0 0.5
37.5 249.4 2.0 124.1 4.8 0.5
38.5 250.1 1.9 124.3 4.5 0.5
39.5 310.9 2.0 124.6 2.7 0.5
40.5 371.3 3.5 124.9 3.7 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.00 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.00 in.
Differential Settlement=0.000 to 0.000 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.00 0.00 0.00
1.00 2.00 0.34 5.00 0.00 0.00 0.00
2.00 2.00 0.34 5.00 0.00 0.00 0.00
3.00 0.30 0.34 5.00 0.00 0.00 0.00
4.00 0.74 0.33 5.00 0.00 0.00 0.00
5.00 2.00 0.33 5.00 0.00 0.00 0.00
6.00 1.03 0.33 5.00 0.00 0.00 0.00
7.00 2.00 0.33 5.00 0.00 0.00 0.00
8.00 2.00 0.33 5.00 0.00 0.00 0.00
9.00 2.00 0.35 5.00 0.00 0.00 0.00
10.00 2.00 0.37 5.00 0.00 0.00 0.00
11.00 2.00 0.38 5.00 0.00 0.00 0.00
12.00 2.00 0.40 5.00 0.00 0.00 0.00
13.00 2.00 0.41 5.00 0.00 0.00 0.00
14.00 2.00 0.42 5.00 0.00 0.00 0.00
15.00 2.00 0.43 5.00 0.00 0.00 0.00
16.00 2.00 0.44 5.00 0.00 0.00 0.00
17.00 2.00 0.45 5.00 0.00 0.00 0.00
18.00 2.00 0.46 5.00 0.00 0.00 0.00
19.00 2.00 0.47 5.00 0.00 0.00 0.00
20.00 2.00 0.47 5.00 0.00 0.00 0.00
21.00 2.00 0.48 5.00 0.00 0.00 0.00
22.00 2.00 0.48 5.00 0.00 0.00 0.00
23.00 2.00 0.49 5.00 0.00 0.00 0.00
24.00 2.00 0.49 5.00 0.00 0.00 0.00
25.00 2.00 0.50 5.00 0.00 0.00 0.00
26.00 2.00 0.50 5.00 0.00 0.00 0.00
27.00 2.00 0.50 5.00 0.00 0.00 0.00
28.00 2.00 0.51 5.00 0.00 0.00 0.00
29.00 2.00 0.51 5.00 0.00 0.00 0.00
30.00 2.00 0.51 5.00 0.00 0.00 0.00
31.00 2.00 0.51 5.00 0.00 0.00 0.00
32.00 2.00 0.51 5.00 0.00 0.00 0.00
33.00 2.00 0.51 5.00 0.00 0.00 0.00
34.00 2.00 0.51 5.00 0.00 0.00 0.00
35.00 2.00 0.50 5.00 0.00 0.00 0.00
36.00 2.48 0.50 4.95 0.00 0.00 0.00
37.00 2.05 0.50 4.11 0.00 0.00 0.00
38.00 0.99 0.50 1.99 0.00 0.00 0.00
39.00 1.32 0.49 2.67 0.00 0.00 0.00
40.00 2.23 0.49 4.53 0.00 0.00 0.00
41.00 2.47 0.49 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-047    Water Depth=8 ft    Surface Elev.=722.5 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: CPT-11-047.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:01:25 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-047.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=722.5
Hole No.=CPT-11-047
Depth of Hole= 41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=722.5
Hole No.=CPT-11-047
Depth of Hole=41.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 26.6 0.7 120.0 NoLiq 0.5
1.5 309.0 4.1 120.0 NoLiq 0.5
2.5 69.8 2.8 120.0 NoLiq 0.5
3.5 28.1 1.3 120.0 31.5 0.5
4.5 30.5 1.1 120.0 29.1 0.5
5.5 32.5 1.5 115.1 NoLiq 0.5
6.5 33.6 1.4 115.4 32.7 0.5
7.5 45.0 1.6 115.7 27.1 0.5
8.5 37.3 1.8 115.9 NoLiq 0.5
9.5 31.4 1.4 116.2 NoLiq 0.5
10.5 27.7 1.4 116.5 NoLiq 0.5
11.5 27.1 1.4 116.8 NoLiq 0.5
12.5 33.2 1.2 117.1 NoLiq 0.5
13.5 19.3 0.8 117.3 NoLiq 0.5
14.5 30.0 0.5 117.6 NoLiq 0.5
15.5 9.5 0.4 117.9 NoLiq 0.5
16.5 6.9 0.3 118.2 NoLiq 0.5
17.5 8.8 0.3 118.5 NoLiq 0.5
18.5 26.2 1.0 118.7 NoLiq 0.5
19.5 30.0 1.5 119.0 NoLiq 0.5
20.5 28.8 1.4 119.3 NoLiq 0.5
21.5 16.7 0.6 119.6 NoLiq 0.5
22.5 27.9 1.5 119.9 NoLiq 0.5
23.5 37.8 1.9 120.1 NoLiq 0.5
24.5 31.5 1.6 120.4 NoLiq 0.5
25.5 32.3 1.7 120.7 NoLiq 0.5
26.5 41.6 2.2 121.0 NoLiq 0.5
27.5 84.4 1.5 121.3 NoLiq 0.5
28.5 51.9 1.2 121.5 NoLiq 0.5
29.5 13.6 0.5 121.8 NoLiq 0.5
30.5 11.5 0.4 122.1 NoLiq 0.5
31.5 13.9 0.5 122.4 NoLiq 0.5
32.5 26.9 0.7 122.7 NoLiq 0.5
33.5 15.0 0.5 122.9 NoLiq 0.5
34.5 58.2 1.0 123.2 NoLiq 0.5
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35.5 204.4 1.9 123.5 NoLiq 0.5
36.5 282.4 5.4 123.8 9.6 0.5
37.5 206.5 1.5 124.1 5.3 0.5
38.5 192.2 2.3 124.3 8.8 0.5
39.5 395.4 2.9 124.6 2.3 0.5
40.5 491.7 0.0 124.9 NoLiq 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.00 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.00 in.
Differential Settlement=0.000 to 0.000 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.00 0.00 0.00
1.00 2.00 0.34 5.00 0.00 0.00 0.00
2.00 2.00 0.34 5.00 0.00 0.00 0.00
3.00 2.00 0.34 5.00 0.00 0.00 0.00
4.00 0.80 0.33 5.00 0.00 0.00 0.00
5.00 0.92 0.33 5.00 0.00 0.00 0.00
6.00 2.00 0.33 5.00 0.00 0.00 0.00
7.00 0.69 0.33 5.00 0.00 0.00 0.00
8.00 0.81 0.33 2.44 0.00 0.00 0.00
9.00 2.00 0.35 5.00 0.00 0.00 0.00
10.00 2.00 0.37 5.00 0.00 0.00 0.00
11.00 2.00 0.38 5.00 0.00 0.00 0.00
12.00 2.00 0.40 5.00 0.00 0.00 0.00
13.00 2.00 0.41 5.00 0.00 0.00 0.00
14.00 2.00 0.42 5.00 0.00 0.00 0.00
15.00 2.00 0.43 5.00 0.00 0.00 0.00
16.00 2.00 0.44 5.00 0.00 0.00 0.00
17.00 2.00 0.45 5.00 0.00 0.00 0.00
18.00 2.00 0.46 5.00 0.00 0.00 0.00
19.00 2.00 0.47 5.00 0.00 0.00 0.00
20.00 2.00 0.47 5.00 0.00 0.00 0.00
21.00 2.00 0.48 5.00 0.00 0.00 0.00
22.00 2.00 0.48 5.00 0.00 0.00 0.00
23.00 2.00 0.49 5.00 0.00 0.00 0.00
24.00 2.00 0.49 5.00 0.00 0.00 0.00
25.00 2.00 0.50 5.00 0.00 0.00 0.00
26.00 2.00 0.50 5.00 0.00 0.00 0.00
27.00 2.00 0.50 5.00 0.00 0.00 0.00
28.00 2.00 0.51 5.00 0.00 0.00 0.00
29.00 2.00 0.51 5.00 0.00 0.00 0.00
30.00 2.00 0.51 5.00 0.00 0.00 0.00
31.00 2.00 0.51 5.00 0.00 0.00 0.00
32.00 2.00 0.51 5.00 0.00 0.00 0.00
33.00 2.00 0.51 5.00 0.00 0.00 0.00
34.00 2.00 0.51 5.00 0.00 0.00 0.00
35.00 2.00 0.50 5.00 0.00 0.00 0.00
36.00 2.00 0.50 5.00 0.00 0.00 0.00
37.00 1.23 0.50 2.45 0.00 0.00 0.00
38.00 0.63 0.50 1.28 0.00 0.00 0.00
39.00 1.50 0.49 3.04 0.00 0.00 0.00
40.00 2.48 0.49 5.00 0.00 0.00 0.00
41.00 2.00 0.49 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-048    Water Depth=8 ft    Surface Elev.=724.5 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: CPT-11-048.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:03:03 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-048.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=724.5
Hole No.=CPT-11-048
Depth of Hole= 44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=724.5
Hole No.=CPT-11-048
Depth of Hole=44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 142.1 1.4 120.0 NoLiq 0.5
1.5 111.4 1.1 120.0 NoLiq 0.5
2.5 20.4 0.8 120.0 NoLiq 0.5
3.5 17.0 0.8 120.0 NoLiq 0.5
4.5 21.6 1.1 120.0 NoLiq 0.5
5.5 28.5 1.2 115.1 NoLiq 0.5
6.5 28.9 0.9 115.4 30.6 0.5
7.5 28.0 0.4 115.7 24.1 0.5
8.5 22.6 0.4 115.9 NoLiq 0.5
9.5 18.0 0.6 116.2 NoLiq 0.5
10.5 14.1 0.7 116.5 NoLiq 0.5
11.5 17.4 0.7 116.8 NoLiq 0.5
12.5 23.7 0.7 117.1 NoLiq 0.5
13.5 21.7 0.7 117.3 NoLiq 0.5
14.5 9.8 0.3 117.6 NoLiq 0.5
15.5 10.4 0.4 117.9 NoLiq 0.5
16.5 21.6 1.0 118.2 NoLiq 0.5
17.5 29.8 1.5 118.5 NoLiq 0.5
18.5 49.5 0.8 118.7 NoLiq 0.5
19.5 11.5 0.1 119.0 NoLiq 0.5
20.5 12.3 0.3 119.3 NoLiq 0.5
21.5 23.4 1.0 119.6 NoLiq 0.5
22.5 22.5 0.8 119.9 NoLiq 0.5
23.5 49.2 1.3 120.1 NoLiq 0.5
24.5 67.0 1.6 120.4 NoLiq 0.5
25.5 113.1 2.3 120.7 NoLiq 0.5
26.5 51.9 0.9 121.0 NoLiq 0.5
27.5 29.2 1.0 121.3 NoLiq 0.5
28.5 63.1 1.8 121.5 NoLiq 0.5
29.5 45.2 1.4 121.8 NoLiq 0.5
30.5 65.3 0.9 122.1 NoLiq 0.5
31.5 39.5 0.9 122.4 NoLiq 0.5
32.5 49.0 1.1 122.7 NoLiq 0.5
33.5 32.3 0.8 122.9 NoLiq 0.5
34.5 57.4 0.9 123.2 NoLiq 0.5
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35.5 68.0 1.5 123.5 NoLiq 0.5
36.5 55.5 1.5 123.8 NoLiq 0.5
37.5 59.6 0.8 124.1 NoLiq 0.5
38.5 64.2 0.6 124.3 NoLiq 0.5
39.5 124.1 0.9 124.6 9.2 0.5
40.5 174.3 1.8 124.9 8.6 0.5
41.5 239.2 8.7 125.2 17.2 0.5
42.5 403.0 7.3 125.4 7.9 0.5
43.5 463.6 0.0 125.7 0.0 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.22 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.22 in.
Differential Settlement=0.110 to 0.146 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.22 0.00 0.22
1.00 2.00 0.34 5.00 0.22 0.00 0.22
2.00 2.00 0.34 5.00 0.22 0.00 0.22
3.00 2.00 0.34 5.00 0.22 0.00 0.22
4.00 2.00 0.33 5.00 0.22 0.00 0.22
5.00 2.00 0.33 5.00 0.22 0.00 0.22
6.00 2.00 0.33 5.00 0.22 0.00 0.22
7.00 0.25 0.33 5.00 0.22 0.00 0.22
8.00 0.16 0.33 0.47* 0.22 0.00 0.22
9.00 2.00 0.35 5.00 0.13 0.00 0.13
10.00 2.00 0.37 5.00 0.13 0.00 0.13
11.00 2.00 0.38 5.00 0.13 0.00 0.13
12.00 2.00 0.40 5.00 0.13 0.00 0.13
13.00 2.00 0.41 5.00 0.13 0.00 0.13
14.00 2.00 0.42 5.00 0.13 0.00 0.13
15.00 2.00 0.43 5.00 0.13 0.00 0.13
16.00 2.00 0.44 5.00 0.13 0.00 0.13
17.00 2.00 0.45 5.00 0.13 0.00 0.13
18.00 2.00 0.46 5.00 0.13 0.00 0.13
19.00 2.00 0.47 5.00 0.13 0.00 0.13
20.00 2.00 0.47 5.00 0.13 0.00 0.13
21.00 2.00 0.48 5.00 0.13 0.00 0.13
22.00 2.00 0.48 5.00 0.13 0.00 0.13
23.00 2.00 0.49 5.00 0.13 0.00 0.13
24.00 2.00 0.49 5.00 0.13 0.00 0.13
25.00 2.00 0.50 5.00 0.13 0.00 0.13
26.00 2.00 0.50 5.00 0.13 0.00 0.13
27.00 2.00 0.50 5.00 0.13 0.00 0.13
28.00 2.00 0.51 5.00 0.13 0.00 0.13
29.00 2.00 0.51 5.00 0.13 0.00 0.13
30.00 2.00 0.51 5.00 0.13 0.00 0.13
31.00 2.00 0.51 5.00 0.13 0.00 0.13
32.00 2.00 0.51 5.00 0.13 0.00 0.13
33.00 2.00 0.51 5.00 0.13 0.00 0.13
34.00 2.00 0.51 5.00 0.13 0.00 0.13
35.00 2.00 0.50 5.00 0.13 0.00 0.13
36.00 2.00 0.50 5.00 0.13 0.00 0.13
37.00 2.00 0.50 5.00 0.13 0.00 0.13
38.00 2.00 0.50 5.00 0.13 0.00 0.13
39.00 2.00 0.49 5.00 0.13 0.00 0.13
40.00 0.35 0.49 0.70* 0.07 0.00 0.07
41.00 1.24 0.49 2.53 0.00 0.00 0.00
42.00 2.46 0.49 5.00 0.00 0.00 0.00
43.00 2.45 0.48 5.00 0.00 0.00 0.00
44.00 2.00 0.48 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-049    Water Depth=8 ft    Surface Elev.=725.7 Magnitude=7

Acceleration=0.52g
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*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:04:08 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-049.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=725.7
Hole No.=CPT-11-049
Depth of Hole= 44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=725.7
Hole No.=CPT-11-049
Depth of Hole=44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 178.0 1.7 120.0 NoLiq 0.5
1.5 293.3 2.2 120.0 NoLiq 0.5
2.5 69.3 0.8 120.0 NoLiq 0.5
3.5 22.5 0.8 120.0 NoLiq 0.5
4.5 25.3 0.5 120.0 NoLiq 0.5
5.5 22.5 1.1 115.1 NoLiq 0.5
6.5 21.9 1.3 115.4 NoLiq 0.5
7.5 29.2 1.0 115.7 33.6 0.5
8.5 51.8 1.0 115.9 19.3 0.5
9.5 50.3 0.7 116.2 NoLiq 0.5
10.5 24.4 0.6 116.5 NoLiq 0.5
11.5 11.7 0.8 116.8 NoLiq 0.5
12.5 16.7 1.0 117.1 NoLiq 0.5
13.5 28.9 0.8 117.3 NoLiq 0.5
14.5 23.0 0.6 117.6 NoLiq 0.5
15.5 23.0 0.6 117.9 NoLiq 0.5
16.5 4.4 0.2 118.2 NoLiq 0.5
17.5 2.7 0.2 118.5 NoLiq 0.5
18.5 12.0 0.5 118.7 NoLiq 0.5
19.5 16.7 0.8 119.0 NoLiq 0.5
20.5 26.1 1.5 119.3 NoLiq 0.5
21.5 25.8 1.3 119.6 NoLiq 0.5
22.5 28.4 1.2 119.9 NoLiq 0.5
23.5 33.3 1.5 120.1 NoLiq 0.5
24.5 27.6 1.8 120.4 NoLiq 0.5
25.5 14.7 0.4 120.7 NoLiq 0.5
26.5 23.3 1.3 121.0 NoLiq 0.5
27.5 60.0 1.5 121.3 NoLiq 0.5
28.5 102.0 1.9 121.5 NoLiq 0.5
29.5 52.8 1.9 121.8 NoLiq 0.5
30.5 92.7 1.6 122.1 NoLiq 0.5
31.5 106.5 1.9 122.4 NoLiq 0.5
32.5 51.3 1.6 122.7 NoLiq 0.5
33.5 12.6 0.4 122.9 NoLiq 0.5
34.5 14.9 0.4 123.2 NoLiq 0.5
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35.5 15.7 0.4 123.5 NoLiq 0.5
36.5 10.4 0.2 123.8 NoLiq 0.5
37.5 11.7 0.3 124.1 NoLiq 0.5
38.5 15.8 0.3 124.3 NoLiq 0.5
39.5 18.5 0.5 124.6 NoLiq 0.5
40.5 70.4 0.9 124.9 18.7 0.5
41.5 264.6 3.7 125.2 8.2 0.5
42.5 278.3 9.4 125.4 15.2 0.5
43.5 492.0 11.4 125.7 8.8 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.23 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.23 in.
Differential Settlement=0.116 to 0.154 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.23 0.00 0.23
1.00 2.00 0.34 5.00 0.23 0.00 0.23
2.00 2.00 0.34 5.00 0.23 0.00 0.23
3.00 2.00 0.34 5.00 0.23 0.00 0.23
4.00 2.00 0.33 5.00 0.23 0.00 0.23
5.00 2.00 0.33 5.00 0.23 0.00 0.23
6.00 2.00 0.33 5.00 0.23 0.00 0.23
7.00 2.00 0.33 5.00 0.23 0.00 0.23
8.00 0.30 0.33 0.90* 0.23 0.00 0.23
9.00 0.24 0.35 0.67* 0.13 0.00 0.13
10.00 2.00 0.37 5.00 0.06 0.00 0.06
11.00 2.00 0.38 5.00 0.06 0.00 0.06
12.00 2.00 0.40 5.00 0.06 0.00 0.06
13.00 2.00 0.41 5.00 0.06 0.00 0.06
14.00 2.00 0.42 5.00 0.06 0.00 0.06
15.00 2.00 0.43 5.00 0.06 0.00 0.06
16.00 2.00 0.44 5.00 0.06 0.00 0.06
17.00 2.00 0.45 5.00 0.06 0.00 0.06
18.00 2.00 0.46 5.00 0.06 0.00 0.06
19.00 2.00 0.47 5.00 0.06 0.00 0.06
20.00 2.00 0.47 5.00 0.06 0.00 0.06
21.00 2.00 0.48 5.00 0.06 0.00 0.06
22.00 2.00 0.48 5.00 0.06 0.00 0.06
23.00 2.00 0.49 5.00 0.06 0.00 0.06
24.00 2.00 0.49 5.00 0.06 0.00 0.06
25.00 2.00 0.50 5.00 0.06 0.00 0.06
26.00 2.00 0.50 5.00 0.06 0.00 0.06
27.00 2.00 0.50 5.00 0.06 0.00 0.06
28.00 2.00 0.51 5.00 0.06 0.00 0.06
29.00 2.00 0.51 5.00 0.06 0.00 0.06
30.00 2.00 0.51 5.00 0.06 0.00 0.06
31.00 2.00 0.51 5.00 0.06 0.00 0.06
32.00 2.00 0.51 5.00 0.06 0.00 0.06
33.00 2.00 0.51 5.00 0.06 0.00 0.06
34.00 2.00 0.51 5.00 0.06 0.00 0.06
35.00 2.00 0.50 5.00 0.06 0.00 0.06
36.00 2.00 0.50 5.00 0.06 0.00 0.06
37.00 2.00 0.50 5.00 0.06 0.00 0.06
38.00 2.00 0.50 5.00 0.06 0.00 0.06
39.00 2.00 0.49 5.00 0.06 0.00 0.06
40.00 2.00 0.49 5.00 0.06 0.00 0.06
41.00 0.51 0.49 1.05 0.00 0.00 0.00
42.00 2.04 0.49 4.20 0.00 0.00 0.00
43.00 2.45 0.48 5.00 0.00 0.00 0.00
44.00 2.44 0.48 5.00 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
101/23 Interchange Improvement

Moorpark Road UC Plate A-1

Hole No.=CPT-11-050    Water Depth=8 ft    Surface Elev.=724.6 Magnitude=7

Acceleration=0.52g
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BSI FB-MultiPier - File: CPT-11-050.sum Friday, May 04, 2012
    
*******************************************************************************************************
                                    LIQUEFACTION ANALYSIS CALCULATION SHEET                
                                          Copyright by CivilTech Software     
                                                www.civiltech.com                 
                                         (425) 453-6488  Fax (425) 453-5848                 
    
*******************************************************************************************************

Licensed to , 5/4/2012 4:05:25 PM

Input File Name: \\cheron\Projects\ThousandOaksCityOf\400486\Geotechnical\Bridge Foundation 
Reports\Moorpark Rd UC\Revised Analyses\Liquefaction\CPT-11-050.liq

Title:  101/23 Interchange Improvement
Subtitle:  Moorpark Road UC

Surface Elev.=724.6
Hole No.=CPT-11-050
Depth of Hole= 44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration= 0.52 g
Earthquake Magnitude= 7.0

 Input Data:
Surface Elev.=724.6
Hole No.=CPT-11-050
Depth of Hole=44.0 ft
Water Table during Earthquake= 8.0 ft
Water Table during In-Situ Testing= 15.0 ft
Max. Acceleration=0.52 g
Earthquake Magnitude=7.0

1. CPT Calculation Method: Modified Robertson*
2. Settlement Analysis Method: Tokimatsu / Seed
3. Fines Correction for Liquefaction: Stark/Olson et al.*
4. Fine Correction for Settlement: During Liquefaction*
5. Settlement Calculation in: Liq. zone only
6. Hammer Energy Ratio,                                   Ce = 1
7. Borehole Diameter,                                         Cb= 1
8. Sampling Method,                                          Cs= 1
9. User request factor of safety (apply to CSR) ,   User= 1
   Plot one CSR curve (fs1=1)
10. Use Curve Smoothing: Yes*
* Recommended Options

In-Situ Test Data:
Depth qc fs gamma Fines D50
ft tsf tsf pcf % mm
__________________________________________________
0.0 381.0 6.7 120.0 NoLiq 0.5
1.5 376.6 3.0 120.0 NoLiq 0.5
2.5 91.4 1.7 120.0 NoLiq 0.5
3.5 67.3 1.5 120.0 NoLiq 0.5
4.5 31.3 0.9 120.0 NoLiq 0.5
5.5 23.9 1.1 115.1 NoLiq 0.5
6.5 24.2 1.0 115.4 NoLiq 0.5
7.5 29.3 1.1 115.7 NoLiq 0.5
8.5 58.8 1.3 115.9 19.7 0.5
9.5 39.1 1.1 116.2 27.4 0.5
10.5 22.4 1.0 116.5 NoLiq 0.5
11.5 21.8 1.0 116.8 NoLiq 0.5
12.5 31.0 1.3 117.1 NoLiq 0.5
13.5 28.2 1.0 117.3 NoLiq 0.5
14.5 26.4 0.6 117.6 NoLiq 0.5
15.5 30.3 0.6 117.9 NoLiq 0.5
16.5 11.4 0.3 118.2 NoLiq 0.5
17.5 15.9 0.5 118.5 NoLiq 0.5
18.5 18.8 0.5 118.7 NoLiq 0.5
19.5 9.8 0.2 119.0 NoLiq 0.5
20.5 17.8 0.5 119.3 NoLiq 0.5
21.5 58.0 2.3 119.6 NoLiq 0.5
22.5 21.9 0.8 119.9 NoLiq 0.5
23.5 43.7 1.7 120.1 NoLiq 0.5
24.5 20.8 0.4 120.4 NoLiq 0.5
25.5 30.4 1.0 120.7 NoLiq 0.5
26.5 56.0 2.0 121.0 NoLiq 0.5
27.5 56.6 1.2 121.3 NoLiq 0.5
28.5 84.0 1.1 121.5 NoLiq 0.5
29.5 63.7 1.7 121.8 NoLiq 0.5
30.5 53.6 1.9 122.1 NoLiq 0.5
31.5 44.5 1.4 122.4 NoLiq 0.5
32.5 18.3 0.3 122.7 NoLiq 0.5
33.5 20.9 0.5 122.9 NoLiq 0.5
34.5 24.3 0.6 123.2 NoLiq 0.5
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35.5 22.8 0.4 123.5 NoLiq 0.5
36.5 37.9 0.6 123.8 NoLiq 0.5
37.5 24.5 0.6 124.1 NoLiq 0.5
38.5 224.5 3.8 124.3 NoLiq 0.5
39.5 289.2 2.4 124.6 NoLiq 0.5
40.5 341.2 4.3 124.9 NoLiq 0.5
41.5 258.1 7.4 125.2 13.9 0.5
42.5 247.8 8.2 125.4 16.1 0.5
__________________________________________________

Output Results:
Settlement of Saturated Sands=0.01 in.
Settlement of Unsaturated Sands=0.00 in.
Total Settlement of Saturated and Unsaturated Sands=0.01 in.
Differential Settlement=0.005 to 0.007 in.

Depth CRRm CSRfs F.S. S_sat. S_dry S_all
ft  in. in. in.
_______________________________________________________
0.00 2.00 0.34 5.00 0.01 0.00 0.01
1.00 2.00 0.34 5.00 0.01 0.00 0.01
2.00 2.00 0.34 5.00 0.01 0.00 0.01
3.00 2.00 0.34 5.00 0.01 0.00 0.01
4.00 2.00 0.33 5.00 0.01 0.00 0.01
5.00 2.00 0.33 5.00 0.01 0.00 0.01
6.00 2.00 0.33 5.00 0.01 0.00 0.01
7.00 2.00 0.33 5.00 0.01 0.00 0.01
8.00 2.00 0.33 5.00 0.01 0.00 0.01
9.00 0.33 0.35 0.95* 0.01 0.00 0.01
10.00 0.79 0.37 2.13 0.00 0.00 0.00
11.00 2.00 0.38 5.00 0.00 0.00 0.00
12.00 2.00 0.40 5.00 0.00 0.00 0.00
13.00 2.00 0.41 5.00 0.00 0.00 0.00
14.00 2.00 0.42 5.00 0.00 0.00 0.00
15.00 2.00 0.43 5.00 0.00 0.00 0.00
16.00 2.00 0.44 5.00 0.00 0.00 0.00
17.00 2.00 0.45 5.00 0.00 0.00 0.00
18.00 2.00 0.46 5.00 0.00 0.00 0.00
19.00 2.00 0.47 5.00 0.00 0.00 0.00
20.00 2.00 0.47 5.00 0.00 0.00 0.00
21.00 2.00 0.48 5.00 0.00 0.00 0.00
22.00 2.00 0.48 5.00 0.00 0.00 0.00
23.00 2.00 0.49 5.00 0.00 0.00 0.00
24.00 2.00 0.49 5.00 0.00 0.00 0.00
25.00 2.00 0.50 5.00 0.00 0.00 0.00
26.00 2.00 0.50 5.00 0.00 0.00 0.00
27.00 2.00 0.50 5.00 0.00 0.00 0.00
28.00 2.00 0.51 5.00 0.00 0.00 0.00
29.00 2.00 0.51 5.00 0.00 0.00 0.00
30.00 2.00 0.51 5.00 0.00 0.00 0.00
31.00 2.00 0.51 5.00 0.00 0.00 0.00
32.00 2.00 0.51 5.00 0.00 0.00 0.00
33.00 2.00 0.51 5.00 0.00 0.00 0.00
34.00 2.00 0.51 5.00 0.00 0.00 0.00
35.00 2.00 0.50 5.00 0.00 0.00 0.00
36.00 2.00 0.50 5.00 0.00 0.00 0.00
37.00 2.00 0.50 5.00 0.00 0.00 0.00
38.00 2.00 0.50 5.00 0.00 0.00 0.00
39.00 2.00 0.49 5.00 0.00 0.00 0.00
40.00 2.00 0.49 5.00 0.00 0.00 0.00
41.00 2.00 0.49 5.00 0.00 0.00 0.00
42.00 2.23 0.49 4.60 0.00 0.00 0.00
43.00 2.27 0.48 4.71 0.00 0.00 0.00
44.00 2.22 0.48 4.64 0.00 0.00 0.00
_______________________________________________________
* F.S.<1, Liquefaction Potential Zone
(F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

Units Depth = ft, Stress or Pressure = tsf (atm), Unit Weight = pcf, Settlement = in.
____________________________________________________________________________________
CRRm  Cyclic resistance ratio from soils
CSRfs Cyclic stress ratio induced by a given earthquake (with user request factor of 

safety)
F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRfs
S_sat Settlement from saturated sands
S_dry Settlement from Unsaturated Sands
S_all Total Settlement from Saturated and Unsaturated Sands
NoLiq No-Liquefy Soils
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Appendix G.2 
Retaining Wall Subsurface Soil Profiles 
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Appendix G.3 
Bearing Capacity Calculations 



Project: Route 101/23 Interchange Improvements
Retaining Wall 99
Project No.: 400486

Performed By: JL
Date: 5/8/2012

Page 1 of 1

BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 26deg Total Unit Weight γ 120pcf

Cohesion c 200psf

Retaining walls

Effective Width of Footing B 3.8ft

Footing Embedment Depth, Df 3ft

Groundwater Depth, Dw 30ft

Bearing Capacity 

Bearing Capacity Factors Nc 22.25 Nq 11.85 Nγ 12.54 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Nc Sc bc ic 0.5 γ B Nγ Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1-1)

qult 7.3 ksf

Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Sett lement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 3.4 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
Retaining Wall 99
Project No.: 400486

Performed By: JL
Date: 5/8/2012

Page 1 of 1

BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 26deg Total Unit Weight γ 120pcf

Cohesion c 200psf

Retaining walls

Effective Width of Footing B 5.3ft

Footing Embedment Depth, Df 3ft

Groundwater Depth, Dw 30ft

Bearing Capacity 

Bearing Capacity Factors Nc 22.25 Nq 11.85 Nγ 12.54 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Nc Sc bc ic 0.5 γ B Nγ Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1-1)

qult 8.4 ksf

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 3.8 ksf

Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Sett lement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 3.4 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
Retaining Wall 99
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Performed By: JL
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BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 26deg Total Unit Weight γ 120pcf

Cohesion c 200psf

Retaining walls

Effective Width of Footing B 2.5ft

Footing Embedment Depth, Df 2.75ft

Groundwater Depth, Dw 30ft

Bearing Capacity 

Bearing Capacity Factors Nc 22.25 Nq 11.85 Nγ 12.54 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 Sq 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 iq 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 bq 1 (Level horinzontal footing base is assumed)

q γ Df 0.33 ksf

Net Ultimate Bearing Capacity

qult c Nc Sc bc ic 0.5 γ B Nγ Sγ bγ iγ q Nq Sq bq iq (Caltrans, 2003, 4.4.7.1.1-1)

qult 10.2 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 3.1 ksf = (Settle 3D Analysis)
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BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 26deg Total Unit Weight γ 120pcf

Cohesion c 200psf

Retaining walls

Effective Width of Footing B 5.5ft

Footing Embedment Depth, Df 2.75ft

Groundwater Depth, Dw 30ft

Bearing Capacity 

Bearing Capacity Factors Nc 22.25 Nq 11.85 Nγ 12.54 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Nc Sc bc ic 0.5 γ B Nγ Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1-1)

qult 8.6 ksf Where: qult= Ultimate Gross Bearing Capacity

               qpg= Permissible Net Contact Stress for 1-in Settlement
Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 3.9 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 3.1 ksf = (Settle 3D Analysis)
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BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2600psf

Retaining walls

Effective Width of Footing B 2.5ft

Footing Embedment Depth, Df 3.0ft Slope Height in Front of the Wall, Hs 14ft

Groundwater Depth, Dw 26ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.646

Df

B
1.2

For a 2H: 1V Slope, Ncq 5.2 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 13.7 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 5.0 ksf = (Settle 3D Analysis)
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BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2600psf

Retaining walls

Effective Width of Footing B 3.2ft

Footing Embedment Depth, Df 3.0ft Slope Height in Front of the Wall, Hs 14ft

Groundwater Depth, Dw 26ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.646

Df

B
0.938

For a 2H: 1V Slope, Ncq 5.2 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

q.ult 13.7 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 6.2 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 5.0 ksf = (Settle 3D Analysis)
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BEARING CAPACITY CALCULATIONS
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California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 28deg Total Unit Weight γ 120pcf

Cohesion c 280psf

Retaining walls

Effective Width of Footing B 7.6ft

Footing Embedment Depth, Df 4.8ft

Groundwater Depth, Dw 24ft

Bearing Capacity 

Bearing Capacity Factors Nc 25.8 Nq 14.72 Nγ 16.72 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Nc Sc bc ic 0.5 γ B Nγ Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1-1)

qult 14.8 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 8.1 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
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BEARING CAPACITY CALCULATIONS
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California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 28deg Total Unit Weight γ 120pcf

Cohesion c 280psf

Retaining walls

Effective Width of Footing B 14.3ft

Footing Embedment Depth, Df 4.8ft

Groundwater Depth, Dw 24ft

Bearing Capacity 

Bearing Capacity Factors Nc 25.8 Nq 14.72 Nγ 16.72 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Nc Sc bc ic 0.5 γ B Nγ Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1-1)

qult 21.6 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 9.7 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 8.1 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
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BEARING CAPACITY CALCULATIONS
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California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 3000psf

Retaining walls

Effective Width of Footing B 2.5ft

Footing Embedment Depth, Df 3.0ft Slope Height in Front of the Wall, Hs 20ft

Groundwater Depth, Dw 40ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.8

Df

B
1.2

For a 2H: 1V Slope, Ncq 5.5 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 16.7 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 10.4 ksf = (Settle 3D Analysis)
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BEARING CAPACITY CALCULATIONS

References
California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 3000psf

Retaining walls

Effective Width of Footing B 3.2ft

Footing Embedment Depth, Df 3.0ft Slope Height in Front of the Wall, Hs 20ft

Groundwater Depth, Dw 40ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.8

Df

B
0.938

For a 2H: 1V Slope, Ncq 5.5 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 16.7 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 7.5 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 10.4 ksf = (Settle 3D Analysis)
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BEARING CAPACITY CALCULATIONS
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California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2500psf

Retaining walls

Effective Width of Footing B 2.8ft

Footing Embedment Depth, Df 3.5ft Slope Height in Front of the Wall, Hs 20ft

Groundwater Depth, Dw 40ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.96

Df

B
1.25

For a 2H: 1V Slope, Ncq 5.5 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 13.9 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 8.0 ksf = (Settle 3D Analysis)
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Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2500psf

Retaining walls

Effective Width of Footing B 3.2ft

Footing Embedment Depth, Df 3.5ft Slope Height in Front of the Wall, Hs 20ft

Groundwater Depth, Dw 40ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.96

Df

B
1.094

For a 2H: 1V Slope, Ncq 5.5 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 13.9 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 6.3 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 8.0 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
Retaining Wall 132
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BEARING CAPACITY CALCULATIONS
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California Department of Transportation (Caltrans),2003, Bridge Design Specifications, November.

 
Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2500psf

Retaining walls

Effective Width of Footing B 2.5ft

Footing Embedment Depth, Df 3.25ft Slope Height in Front of the Wall, Hs 20ft

Groundwater Depth, Dw 40ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.96

Df

B
1.3

For a 2H: 1V Slope, Ncq 5.5 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 13.9 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 6.3 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
Retaining Wall 132
Project No.: 400486

Performed By: KR
Date: 5/8/2012

Page 1 of 1

BEARING CAPACITY CALCULATIONS
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Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2500psf

Retaining walls

Effective Width of Footing B 3.2ft

Footing Embedment Depth, Df 3.25ft Slope Height in Front of the Wall, Hs 20ft

Groundwater Depth, Dw 40ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 0.96

Df

B
1.016

For a 2H: 1V Slope, Ncq 5.5 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 13.9 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 6.3 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 6.3 ksf = (Settle 3D Analysis)



Project: Route 101/23 Interchange Improvements
Retaining Wall 226
Project No.: 400486

Performed By: KR
Date: 5/8/2012

Page 1 of 1

BEARING CAPACITY CALCULATIONS
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Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2000psf

Retaining walls

Effective Width of Footing B 2.9ft

Footing Embedment Depth, Df 3.3ft Slope Height in Front of the Wall, Hs 24ft

Groundwater Depth, Dw 29ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 1.44

Df

B
1.138

For a 2H: 1V Slope, Ncq 5.8 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 11.8 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 5.2 ksf = (Settle 3D Analysis)
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Foundation Soil 

Friction angle ϕ 0deg Total Unit Weight γ 120pcf

Cohesion c 2000psf

Retaining walls

Effective Width of Footing B 3.0ft

Footing Embedment Depth, Df 3.3ft Slope Height in Front of the Wall, Hs 24ft

Groundwater Depth, Dw 29ft

Bearing Capacity 

Bearing Capacity Factors Nc 5.14 Nq 1 Nγ 0 (Table 4.4.7.1A, Caltrans, 2003)

Shape Factors Sc 1 Sγ 1 (Continuous Footings, B/L ratio is very small)

Inclination Factors ic 1 iγ 1 (Footing is embedded, Load inclination is ignored)

Base Inclination Factors bc 1 bγ 1 (Level horinzontal footing base is assumed)

Stability Number, Ns

γ Hs

c
 Ns 1.44

Df

B
1.1

For a 2H: 1V Slope, Ncq 5.8 Nγq 1 (Figure 4.4.7.1.1.4A, Caltrans 2003)

Net Ultimate Bearing Capacity, overburden pressure neglected for bearing capacity evaluation

qult c Ncq Sc bc ic 0.5 γ B Nγq Sγ bγ iγ (Caltrans, 2003, 4.4.7.1.1.4-1)

qult 11.8 ksf Where: qult= Ultimate Gross Bearing Capacity
               qpg= Permissible Net Contact Stress for 1-in Settlement

Factored Gross Bearing Resistance

RF 0.45

qfactored RF qult 5.3 ksf

qpgPermissible Net Bearing Stress to cause 1 inch Settlement = 5.2 ksf = (Settle 3D Analysis)
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Settlement Calculations 

  



20
0

-2
0

-20 0 20

Total Settlement (in)
 0.00
 0.15
 0.30
 0.45
 0.60
 0.75
 0.90
 1.05
 1.20
 1.35
 1.50

max (stage): 1.01 in
max (all):   1.01 in

Data Type:  Total SettlementStage 1

Analysis Description RW 99 - Settlement Analysis
Company CH2M HILLDrawn By JL
File Name RW99-8ft.s3zDate 10/14/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW99-8ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 99 - Settlement Analysis
Author: JL
Company: CH2M HILL
Date Created: 10/14/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 30 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 1.18187 seconds

Stage: Stage 1

MaximumMinimumData Type
1.006790Total Settlement [in]

00Consolidation Settlement [in]
1.006790Immediate Settlement [in]

3.40Loading Stress [ksf]
578.954-0Effective Stress [ksf]
578.9540Total Stress [ksf]

0.0226667-0Total Strain
00Pore Water Pressure [ksf]
00Degree of Consolidation [%]

847.3320.000744Pre-consolidation Stress [ksf]
1.499941Over-consolidation Ratio

00Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Page 1 of 3
SETTLE3D 2.014

RW99-8ft.s3z CH2M HILL   10/14/2011, 2:01:31 PM

Length: 30 ft
Width: 6.4 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 192 ft2
Load: 3.4 ksf
Depth: 3 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-3.2-15
-3.215
3.215
3.2-15

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
06.2CL1

6.24SC2
10.25.2CL/ML3
15.44.8CL-ML4
20.25.2CLs5

Soil Properties

CLsCL-MLCL/MLSCCLProperty

_______________Color

0.1251200.120.120.12Unit Weight [kips/ft3]
0.130.1250.120.120.12Saturated Unit Weight [kips/ft3]

EnabledEnabledEnabledEnabledEnabledImmediate Settlement
1500200015001300150Es [ksf]

150002000015000130001500Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 770, 01
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Field Point Grid

Number of points: 308
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
18.2530

-18.2530
-18.25-30
18.25-30
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0

-2
0

-20 0 20

Total Settlement (in)
 0.0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1.0

max (stage): 0.99 in
max (all):   0.99 in

Data Type:  Total SettlementStage 1

Analysis Description RW 99 - Settlement Analysis
Company CH2M HILLDrawn By JL
File Name RW99-10ft.s3zDate 10/14/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW99-10ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 99 - Settlement Analysis
Author: JL
Company: CH2M HILL
Date Created: 10/14/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 30 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0 seconds

Stage: Stage 1

MaximumMinimumData Type
0.9907110Total Settlement [in]

00Consolidation Settlement [in]
0.9907110Immediate Settlement [in]

3.10Loading Stress [ksf]
578.956-0Effective Stress [ksf]
578.9560Total Stress [ksf]

0.0206667-0Total Strain
00Pore Water Pressure [ksf]
00Degree of Consolidation [%]

847.3320.000744Pre-consolidation Stress [ksf]
1.499941Over-consolidation Ratio

00Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 30 ft
Width: 7.2 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 216 ft2
Load: 3.1 ksf
Depth: 2.75 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-3.6-15
-3.615
3.615
3.6-15

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
06.2CL1

6.24SC2
10.25.2CL/ML3
15.44.8CL-ML4
20.25.2CLs5

Soil Properties

CLsCL-MLCL/MLSCCLProperty

_______________Color

0.1251200.120.120.12Unit Weight [kips/ft3]
0.130.1250.120.120.12Saturated Unit Weight [kips/ft3]

EnabledEnabledEnabledEnabledEnabledImmediate Settlement
1500200015001300150Es [ksf]

150002000015000130001500Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 770, 01
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Field Point Grid

Number of points: 308
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
19.2530

-19.2530
-19.25-30
19.25-30
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40
20

0
-2

0
-4

0

-20 0 20

Total Settlement (in)
 0.0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1.0

max (stage): 0.99 in
max (all):   0.99 in

Data Type:  Total SettlementStage 1

Analysis Description RW 100 - Settlement Analysis
Company CH2M HILLDrawn By KR
File Name RW100-14ft.s3zDate 4/8/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW100-14ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 100 - Settlement Analysis
Author: KR
Company: CH2M HILL
Date Created: 4/8/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 30 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 1.00082 seconds

Stage: Stage 1

MaximumMinimumData Type
0.993130Total Settlement [in]

0.2299540Consolidation Settlement [in]
0.7631760Immediate Settlement [in]

50Loading Stress [ksf]
5.43067-0Effective Stress [ksf]
5.435280Total Stress [ksf]
0.00625-0Total Strain
0.74880Pore Water Pressure [ksf]

1000Degree of Consolidation [%]
5.419340.00138Pre-consolidation Stress [ksf]
1.471711Over-consolidation Ratio
1.099880Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 32 ft
Width: 8.1 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 259.2 ft2
Load: 5 ksf
Depth: 3 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-4.05-16
-4.0516
4.0516
4.05-16

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
012SC-11

125CL/ML-22
175SC-33
2210CL/ML-44
3210CL/MH-55

Soil Properties

CL/MH-5CL/ML-4SC-3CL/ML-2SC-1Property

_______________Color

0.1250.1250.120.120.115Unit Weight [kips/ft3]
0.1250.1250.120.120.115Saturated Unit Weight [kips/ft3]

DisabledDisabledEnabledEnabledEnabledImmediate Settlement
1000800800Es [ksf]

Es bottom [ksf]
1000800800Esur [ksf]

Esur bottom [ksf]
EnabledEnabledDisabledDisabledDisabledPrimary Consolidation

Non-LinearNon-LinearMaterial Type
0.070.08Cce
0.070.08Cce bottom

0.0070.01Cre
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0.0070.01Cre bottom
1.21.5111OCR

11.2OCR bottom

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 790, 01

Field Point Grid

Number of points: 294
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
21.37532

-21.37532
-21.375-32
21.375-32
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20
0

-2
0

-20 0 20

Total Settlement (in)
 0.0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1.0

max (stage): 1.00 in
max (all):   1.00 in

Data Type:  Total SettlementStage 1

Analysis Description RW 105 - Settlement Analysis
Company CH2M HILLDrawn By JL
File Name RW105-16ft.s3zDate 10/14/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW105-16ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 105 - Settlement Analysis
Author: JL
Company: CH2M HILL
Date Created: 10/14/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 30 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0.790843 seconds

Stage: Stage 1

MaximumMinimumData Type
0.9990150Total Settlement [in]

00Consolidation Settlement [in]
0.9990150Immediate Settlement [in]

8.10Loading Stress [ksf]
8.87969-0Effective Stress [ksf]
8.879690Total Stress [ksf]
0.0054-0Total Strain

00Pore Water Pressure [ksf]
00Degree of Consolidation [%]

8.852250.00132Pre-consolidation Stress [ksf]
11Over-consolidation Ratio
00Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load

Page 1 of 3
SETTLE3D 2.014

RW105-16ft.s3z CH2M HILL   10/14/2011, 2:01:31 PM

Length: 30 ft
Width: 16.6 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 498 ft2
Load: 8.1 ksf
Depth: 4.8 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-8.3-15
-8.315
8.315
8.3-15

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
011CL1

1117CH2

Soil Properties

CHCLProperty

______Color

0.120.12Unit Weight [kips/ft3]
0.120.12Saturated Unit Weight [kips/ft3]

EnabledEnabledImmediate Settlement
15001500Es [ksf]

1500015000Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 590, 01

Field Point Grid
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Number of points: 300
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
23.330

-23.330
-23.3-30
23.3-30
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Total Settlement (in)
 0.00
 0.15
 0.30
 0.45
 0.60
 0.75
 0.90
 1.05
 1.20
 1.35
 1.50

max (stage): 1.00 in
max (all):   1.00 in

Data Type:  Total SettlementStage 1

Analysis Description RW 116 - Settlement Analysis
Company CH2M HILLDrawn By KR
File Name RW116-14ft.s3zDate 4/8/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW116-14ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 116 - Settlement Analysis
Author: KR
Company: CH2M HILL
Date Created: 4/8/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 40 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0.649174 seconds

Stage: Stage 1

MaximumMinimumData Type
1.001870Total Settlement [in]

00Consolidation Settlement [in]
1.001870Immediate Settlement [in]

10.40Loading Stress [ksf]
10.8154-0Effective Stress [ksf]
10.81540Total Stress [ksf]

0.00866667-0Total Strain
00Pore Water Pressure [ksf]
00Degree of Consolidation [%]

10.79520.00216Pre-consolidation Stress [ksf]
11Over-consolidation Ratio
00Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 10.75 ft
Width: 8.1 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 87.075 ft2
Load: 10.4 ksf
Depth: 3 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-4.05-5.375
-4.055.375
4.055.375
4.05-5.375

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
018CL/ML-11

187CL-22
2510ML-33

Soil Properties

ML-3CL-2CL/ML-1Property

_________Color

0.120.120.12Unit Weight [kips/ft3]
0.120.120.12Saturated Unit Weight [kips/ft3]

EnabledEnabledEnabledImmediate Settlement
14008001200Es [ksf]
14008001200Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 530, 01
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Field Point Grid

Number of points: 288
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
9.42510.75

-9.42510.75
-9.425-10.75
9.425-10.75
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Total Settlement (in)
 0.00
 0.15
 0.30
 0.45
 0.60
 0.75
 0.90
 1.05
 1.20
 1.35
 1.50

max (stage): 1.01 in
max (all):   1.01 in

Data Type:  Total SettlementStage 1

Analysis Description RW 132 - Settlement Analysis
Company CH2M HILLDrawn By KR
File Name RW132-12ft.s3zDate 4/8/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW132-12ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 132 - Settlement Analysis
Author: KR
Company: CH2M HILL
Date Created: 4/8/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 40 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0.943261 seconds

Stage: Stage 1

MaximumMinimumData Type
1.00740Total Settlement [in]

00Consolidation Settlement [in]
1.00740Immediate Settlement [in]

80Loading Stress [ksf]
8.46434-0Effective Stress [ksf]
8.464340Total Stress [ksf]

0.00999962-0Total Strain
00Pore Water Pressure [ksf]
00Degree of Consolidation [%]

8.446670.00096Pre-consolidation Stress [ksf]
1.493781Over-consolidation Ratio

00Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 56 ft
Width: 6.3 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 352.8 ft2
Load: 8 ksf
Depth: 3.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-3.15-28
-3.1528
3.1528
3.15-28

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
08CL/ML-11
85CL-ML-22

1310SC-33
237SC-44

Soil Properties

SC-4SC-3CL-ML-2CL/ML-1Property

____________Color

0.1250.120.120.12Unit Weight [kips/ft3]
0.1250.120.120.12Saturated Unit Weight [kips/ft3]

EnabledEnabledEnabledEnabledImmediate Settlement
120014001000800Es [ksf]
120014001000800Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 670, 01
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Field Point Grid

Number of points: 299
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
32.87556

-32.87556
-32.875-56
32.875-56
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Total Settlement (in)
 0.00
 0.15
 0.30
 0.45
 0.60
 0.75
 0.90
 1.05
 1.20
 1.35
 1.50

max (stage): 1.00 in
max (all):   1.00 in

Data Type:  Total SettlementStage 1

Analysis Description RW 132 - Settlement Analysis
Company CH2M HILLDrawn By KR
File Name RW132-16ft.s3zDate 4/8/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW132-16ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 132 - Settlement Analysis
Author: KR
Company: CH2M HILL
Date Created: 4/8/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 40 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0.909304 seconds

Stage: Stage 1

MaximumMinimumData Type
1.000140Total Settlement [in]

00Consolidation Settlement [in]
1.000140Immediate Settlement [in]

6.30Loading Stress [ksf]
6.79518-0Effective Stress [ksf]
6.795180Total Stress [ksf]

0.007875-0Total Strain
00Pore Water Pressure [ksf]
00Degree of Consolidation [%]

6.766840.00096Pre-consolidation Stress [ksf]
1.492641Over-consolidation Ratio

00Void Ratio
00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 56 ft
Width: 9.7 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 543.2 ft2
Load: 6.3 ksf
Depth: 3.25 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-4.85-28
-4.8528
4.8528
4.85-28

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
08CL/ML-11
85CL-ML-22

1310SC-33
237SC-44

Soil Properties

SC-4SC-3CL-ML-2CL/ML-1Property

____________Color

0.1250.120.120.12Unit Weight [kips/ft3]
0.1250.120.120.12Saturated Unit Weight [kips/ft3]

EnabledEnabledEnabledEnabledImmediate Settlement
120014001000800Es [ksf]
120014001000800Esur [ksf]

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 670, 01

Page 2 of 3
SETTLE3D 2.014

RW132-16ft.s3z CH2M HILL   4/8/2011, 2:01:31 PM



Field Point Grid

Number of points: 286
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
3456

-3456
-34-56
34-56
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Total Settlement (in)
 0.00
 0.15
 0.30
 0.45
 0.60
 0.75
 0.90
 1.05
 1.20
 1.35
 1.50

max (stage): 1.01 in
max (all):   1.01 in

Data Type:  Total SettlementStage 1

Analysis Description RW 226 - Settlement Analysis
Company CH2M HILLDrawn By KR
File Name RW226-10ft.s3zDate 4/8/2011, 2:01:31 PM

Project

Route 101/23 Interchange Improvements

SETTLE3D 2.014



Settle3D Analysis Information

Route 101/23 Interchange Improvements

Project Settings

Document Name: RW226-10ft
Project Title: Route 101/23 Interchange Improvements
Analysis: RW 226 - Settlement Analysis
Author: KR
Company: CH2M HILL
Date Created: 4/8/2011, 2:01:31 PM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 36 [ft]

Stage Settings

NameStage #
Stage 11

Results

Time taken to compute: 0.846954 seconds

Stage: Stage 1

MaximumMinimumData Type
1.005950Total Settlement [in]

0.01804820Consolidation Settlement [in]
0.9878980Immediate Settlement [in]

5.20Loading Stress [ksf]
5.74233-0Effective Stress [ksf]
6.990330Total Stress [ksf]
0.0065-0Total Strain

1.2480Pore Water Pressure [ksf]
1000Degree of Consolidation [%]

6.3610.0024Pre-consolidation Stress [ksf]
1.284641Over-consolidation Ratio
1.099950Void Ratio

00Hydroconsolidation Settlement [in]

Loads

1. Rectangular Load
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Length: 48 ft
Width: 6 ft
Rotation angle: 0 degrees
Load Type: Flexible
Area of Load: 288 ft2
Load: 5.2 ksf
Depth: 3.3 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
-3-24
-324
324
3-24

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
020CL-11

2016CL-22
3610SC-33
4610CL-44

Soil Properties

CL-4SC-3CL-2CL-1Property

____________Color

0.1250.120.120.12Unit Weight [kips/ft3]
0.1250.120.120.12Saturated Unit Weight [kips/ft3]

DisabledEnabledEnabledEnabledImmediate Settlement
600600800Es [ksf]

Es bottom [ksf]
600600800Esur [ksf]

Esur bottom [ksf]
EnabledDisabledDisabledDisabledPrimary Consolidation

Non-LinearMaterial Type
0.07Cce
0.07Cce bottom

0.007Cre
0.007Cre bottom
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1.3111OCR
1.1OCR bottom

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 630, 01

Field Point Grid

Number of points: 299
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]
27.12548

-27.12548
-27.125-48
27.125-48
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Appendix G.5 
Evaluation of Foundation Soils for Sign Structures 

  



Summary of the Foundation Soil Data for the Sign Structures ‐ 101/23 Interchange Improvements

Sign No Sign Type Station Unit Weight Friction Angle Soil Borings CIDH Length CIDH Tip EL. Average Corrosion GWT Soil Data within CIDH Depth
(pcf) (degree) (feet) (feet) SPT N Potential Encountered

B Two Post 84+75.38 120 30

A‐11‐037    

A‐11‐038    

A‐11‐011 28 882.0‐885.6 19 No No

2 to 6' new/existing fills and 22' native 

soils include stiff silty clay with gravel 

and very stiff lean clay.

C Single Post 125+84.10 120 30

A‐11‐004    

A‐11‐026 23 883.6 31 No No

6' existing fill and 17' native soils include 

dense clayey sand with gravel and hard 

silt with gravel.

F/G Single Post 130+73.00 120 30

A‐11‐006    

A‐11‐027 18 878.6 32 No No

18' existing fill includes dense silt sand 

with gravel.

J Single Post 212+18.00 120 30 A‐11‐043 25 756.3 30 No No

25' existing fill includes dense silty sand 

with gravel.
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Appendix G.6 
Pavement Subgrade Swelling Pressure Calculation 
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Appendix H 
Caltrans Review Comments and CH2M HILL’s Responses 
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T E C H N I C A L  M E M O R A N D U M    
 
Responses to Caltrans Review Comments on Final Geotechnical 
Design Report for Route 101/23 Interchange Improvements, Ventura 
County, California  
EA 1952U1 (07-VEN-101, PM R0.1-R4.5; 07-VEN-23, PM 3.3-3.8) 

PREPARED FOR: Sharid Amiri/Caltrans  

PREPARED BY: 
 

Ping Tian/CH2M HILL 

CC: Khan Hossain/Caltrans  
Richard Hartzell/Caltrans 
Juan Carlos Velasquez /CH2M HILL 

DATE: April 27, 2012 

 
On April 17, 2012, CH2M HILL received Caltrans review comments, dated February 27, 
2012, for the Final Geotechnical Design Report, Route 101/23 Interchange Improvements, U.S. 
Route 101 from North of Lakeview Canyon Road to 0.4 Mile North of Moorpark Road 
Undercrossing, Ventura County, California, dated October 12, 2011.  Two telephone calls 
between Sharid Amiri of Caltrans and Ping Tian of CH2M HILL were conducted on April 
20 and 24, 2012 to discuss and resolve the review comments. This technical memorandum 
summarizes CH2M HILL’s responses to the comments based on the conversations and 
resolutions achieved from the calls.  The original review comments are reproduced in italic 
with the responses followed for each comment. The original Caltrans review comments are 
also attached at the end of the memorandum. 

 
1. There are inconsistencies and inadequacies related to the expansion potential as described in the 
subject report and the August 24, 2011 response to the Caltrans review comment memorandum. 
Explain and reconcile. 
 
Response: Evaluation of the expansion potential for pavement subgrade was discussed in 
Section 8.4.2 of the Final Materials Report, dated October 12, 2011. The discussion was based 
on the August 24, 2011 CH2M HILL’s responses to the Caltrans review comment 
memorandum, and our further review and evaluation on this subject thereafter. We will 
replace this section of the Final Materials Report in the revised Final GDR report after 
incorporating the Response to Comment No. 2 below.  Following is the revised section to be 
included in the future revised Final GDR report: 
 

Expansion Potential for Pavement Subgrade 
Selected samples with high clay content were tested for expansion index (EI) and plasticity 
index (PI) for the near-surface soils within the project area for evaluating expansion 
potential of the onsite subgrade soils. The laboratory testing results, including EI, PI, Liquid 
Limit, in-situ moisture content, and dry density, are summarized in Table 8-8. Based on the 
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test results, the EI and PI values are ranged from 34 to 84 and from 14 to 29, respectively, for 
the existing onsite subgrade soils. According to the Caltrans HDM Section 614.4 (Caltrans, 
2009), the subgrade is considered as expansive if the PI is greater than 12 and special 
engineering or construction considerations will be required. Therefore, the onsite excavated 
materials are not recommended for reuse as pavement subgrade within 4 feet from the 
finished subgrade and import borrow materials meet and compacted per Caltrans Standard 
Specifications are required.  

As discussed in Section 7.3.2, the historically high groundwater table is at least 10 feet below 
the bottom of the Route 101 roadway embankment; therefore, the potential of subgrade 
expansion due to moisture variation impacted by groundwater is not a concern. Surface 
water may impact the moisture content of subgrade to certain degree due to water 
infiltration through pavement joints and creaks, etc. However, surface water will not likely 
cause a saturation of subgrade because the subgrade is covered by asphalt and concrete 
pavement, and sufficient edge drains and ditches constructed along the pavement will 
rapidly remove any surface water off the pavement surface. Therefore, potential of subgrade 
saturation due to surface water infiltration is considered low.  

It should be noted that the EI testing was conducted using remolded samples that may not 
actually represent the in-situ soil conditions. Based on review of the consolidation test data 
conducted on this project for similar materials, the in-situ undisturbed samples experienced 
insignificant void ratio changes after the samples were inundated with water, which 
indicates a low expansive potential for the in-situ soils. To evaluate the swelling potential of 
the existing subgrade soils and their impacts on the pavement, swelling pressures for the 
onsite subgrade soils were estimated using an established correlation with Liquid Limit, in-
situ moisture content, and dry density as documented in the Federal Highway 
Administration (FHWA) report (FWHA, 1975). Calculations of the estimated swelling 
pressures are included in Appendix G.5 and the results are summarized in Table 8-8. Based 
on the data, the estimated swelling pressures range from approximately 165 to 1,178 psf 
when the subgrade is close to saturation. A majority of the estimated swelling pressures are 
less than 576 psf with only one sample (B01 of A-11-015) having a swelling pressure of 1,178 
psf. The A-11-015 boring log shows this sample is classified as sandy fat clay with gravel. 
Based on the EI and the swelling pressure values, this material as shown in boring A-11-015 
is expected to have a high potential for expansion. Review of the borings drilled adjacent to 
boring A-11-015 indicates that this potentially high expansive material is isolated within the 
top 5 to 6 feet of the existing fill embankment in the area adjacent to boring A-11-015.  
Therefore, based on the discussion presented above, we conclude that the expansive 
potential of the existing onsite subgrade within the project area is generally low with the 
exception of an isolated area adjacent to boring A-11-015, where the top 5 to 6 feet of the 
existing on-site materials have a high potential for expansion. Therefore, we provide the 
following recommendations for pavement subgrade construction: 

 In the isolated rectangular area, from Mainline Station 105+50/Offset 65 to 105 feet 
(right) to Station 108+50/Offset 65 to 100 feet (right), the top 5 feet of existing 
embankment materials shall be removed and replaced with import materials having EI 
less than 50, PI less than 12, R-value greater than 15, and non-corrosive as pavement 
subgrade materials and compacted per Caltrans Standard Specifications prior to pavement 
construction        
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 Other than the isolated area indicated above, for any other portion of pavement that will 
be constructed on the top of the existing embankment, scarification of the top 6 inches of 
subgrade and re-compacted to 95 percent relative compaction shall be performed on the 
exposed subgrade in accordance with Caltrans Standard Specification for subgrade 
preparation (Caltrans, 2006b)    

 For any portion of pavement that will be constructed on top of new embankment fills, 
the onsite excavated materials are not recommended for reuse as pavement subgrade 
within 4 feet from the finished subgrade, and import fills with EI less than 50, PI less 
than 12, R-value greater than 15, and non-corrosive to concrete compacted per Caltrans 
Standard Specifications shall be used as pavement subgrade 

TABLE 8-8 
Summary of Laboratory Expansion, Plasticity Index Testing, and Predicted Swelling Pressures 
Route 101/SR 23 Interchange Improvements 

Boring  

 
 
 

Sample 

 
 

Depth 
(feet) 

Soil 
Type PI 

 
 
 

LL 

 
Dry 

Density 
(pcf) 

 
Moisture 
Content 

(%) 
Expansion 

Index 

Predicted 
Swelling 
Pressure 

(psf) 

A-11-004 B03 11.5 to 15 CL 20 42 97.7 12.4 50 576 

A-11-015 B01 1 to 5 CH 29 52 109.4 13.2 84 1,178 

A-11-026 B03 11.5 to 15 SC 19 42 98.7 14.2 54 528 

A-11-031 B03 11.5 to 15 CL/SC 24 41 102.6 20.0 60 386 

A-11-035 B01 1 to 5 SC/CH 14 34 95.6 25.6 34 165 

A-11-036 B01 2 to 8 SC 22 40 109.3 16.1 40 553 

     

 
2. The geotechnical investigation shows that potentially high expansive soil appear to be underlying 
the pavement. Refer to Boring A-015. Explain why the latter does not appear to be included in the 
expansion potential assessment in the subject report. Justify.  
 
Response: Based on boring A-11-015, we agree that there is a high potential for expansion 
for the top 5 to 6 feet of the existing soils underlying the proposed pavement. However, 
review of the borings drilled adjacent to boring A-11-015 indicates that this potentially high 
expansive material is isolated within the top 5 to 6 feet of the existing fill embankment in the 
area adjacent to boring A-11-015.  Therefore, we recommend that the top 5 feet of the 
potentially expansive existing materials be removed and replaced with import materials 
having EI less than 50 prior to pavement construction. The removal limits as discussed in 
Response to Comment No. 1 will be shown on the roadway grading plan. We will add this 
remedial removal requirement in the revised Final GDR report.  
 
3. The borings indicated in the subject report corresponding to the sign structures are not site 
specific. Explain. 
 
Response: Although we did not do the borings at the exact sign locations, the nearby 
borings and the site geology provided sufficient information to adequately address the 
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design assumptions and constructability concerns. We have done many corrosion tests on 
clayey and sandy types of soils within the project, and none of the tests shows potential for 
corrosion. There is no concern on corrosion for the CIDH pile construction. Please refer to 
Section 8.8 of the Final GDR report for the detail information on corrosion. The CIDH piles 
used to support the signs are in the range of 18 to 28 feet, which are relatively short. The 
CIDH piles will penetrate through new and/or existing fills, and stiff to very stiff/dense 
native soils with average SPT N values in the range of 19 to 32. We are confident that the 
minimum assumed design parameters in the Standard Plans, an angle of internal friction of 
30 degrees and unit weight of soil of 120 pcf, can be achieved for the foundation soils.  Based 
on the review of the nearby borings and the site geology, hard drilling and groundwater 
table will not be encountered within the depth of the proposed CIDH piles. Either the 
historically high groundwater table elevation or the current measured groundwater table 
elevation is below the tips of the CIDH piles. We do not have any concerns on the 
constructability of the CIDH piles. Please refer to the following summary table for the 
details of the soil information used for the sign structure foundation design. We will include 
this discussion in the revised Final GDR report.  



Summary of the Foundation Soil Data for the Sign Structures ‐ 101/23 Interchange Improvements

Sign No Sign Type Station Unit Weight Friction Angle Soil Borings CIDH Length CIDH Tip EL. Average Corrosion GWT Soil Data within CIDH Depth
(pcf) (degree) (feet) (feet) SPT N Potential Encountered

B Two Post 84+75.38 120 30

A‐11‐037    

A‐11‐038    

A‐11‐011 28 882.0‐885.6 19 No No

2 to 6' new/existing fills and 22' native 

soils include stiff silty clay with gravel 

and very stiff lean clay.

C Single Post 125+84.10 120 30

A‐11‐004    

A‐11‐026 23 883.6 31 No No

6' existing fill and 17' native soils include 

dense clayey sand with gravel and hard 

silt with gravel.

F/G Single Post 130+73.00 120 30

A‐11‐006    

A‐11‐027 18 878.6 32 No No

18' existing fill includes dense silt sand 

with gravel.

J Single Post 212+18.00 120 30 A‐11‐043 25 756.3 30 No No

25' existing fill includes dense silty sand 

with gravel.
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ATTACHMENT 

Caltrans Review Comments, Dated February 27, 2012 

 



State of California Business, Transportation and Housing Agency 

DEPARTMENT OF TRANSPORTATION 

“Caltrans improves mobility across California” 

        M e m o r a n d u m   Flex your power! 

 Be energy efficient! 

 

To: MR. KHAN A. HOSSAIN                                                        Date:      February 27, 2012 
D-07 

                                                                                                                                   File:           07-VEN-101 

                                                                                                             PM R0.1-R4.5 

                                                                                                                                   EA 07-1952U1 

                                                                                                       

              
From: DEPARTMENT OF TRANSPORTATION 

 DIVISION OF ENGINEERING SERVICES 

 Geotechnical Services 

Office of Geotechnical Design – South 1 

 

 
Subject: Geotechnical Design Report (GDR), 101/23 Interchange Improvement 

 

The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the subject submittal titled: 

“Final Geotechnical Design Report, Route 101/23 Interchange Improvements, U.S. Route 101 

from North of Lakeview Canyon Road to 0.4 Mile North of Moorpark Road Undercrossing, 

Ventura County, California” prepared by CH2MHILL, dated October 12, 2011 and received by 

our office on December 7, 2011. 

 

During our review, we made reference to the following: 

 

• “Geotechnical Design Report, Route 101/23 Interchange Improvements, U.S. Route 101 

from North of Lakeview Canyon Road to 0.3 Mile North of Moorpark Road 

Undercrossing, Ventura County, California” prepared by CH2MHILL, dated April 22, 

2011. 

• Caltrans OGDS1 Review Comment Memorandum dated June 1, 2011. 

• Over the shoulder review meeting dated August 16, 2011. 

• Response to Caltrans Review Comment Memorandum dated August 24, 2011  

 

Our office has the following comments: 

 

1. There are inconsistencies and inadequacies related to the expansion potential as described 

in the subject report and the August 24, 2011 response to the Caltrans review comment 

memorandum. Explain and reconcile. 

 

2. The geotechnical investigation shows that potentially high expansive soil appear to be 

underlying the pavement. Refer to Boring A-015. Explain why the latter does not appear 

to be included in the expansion potential assessment in the subject report. Justify. 

 



 

“Caltrans improves mobility across California” 

3. The borings indicated in the subject report corresponding to the sign structures are not 

site specific. Explain 

 

 

 

 

Any questions, please call me at (949) 724-2599. 

 

 

 

 

       SHARID K. AMIRI, Ph.D., P.E. 

       Senior Transportation Engineer 

Office of Geotechnical Design South-1 
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T E C H N I C A L  M E M O R A N D U M    

 

Response to Caltrans Review Comments on Draft Geotechnical 
Design Report for Route 101/23 Interchange Improvements, Ventura 
County, California  
07-VEN-101; EA 1952U1; SR-101 PM R0.1-R4.5 

PREPARED FOR: Sharid Amiri/Caltrans  

PREPARED BY: 

 

Ping Tian/CH2M HILL 

CC: Khan Hossain/Caltrans  
Richard Hartzell/Caltrans 
Juan Carlos Velasquez /CH2M HILL 

DATE: August 24, 2011 

 
CH2M HILL received Caltrans review comments, dated June 1, 2011, on the Draft 
Geotechnical Design Report, Route 101/23 Interchange Improvements, U.S. Route 101 from North of 
Lakeview Canyon Road to 0.3 mile North of Moorpark Road Undercrossing, Ventura County, 
California.  A meeting between Sharid Amiri of Caltrans and Ping Tian of CH2M HILL was 

conducted on August 16, 2011 to resolve the review comments. This technical memorandum 
summarizes CH2M HILL’s responses to the comments based on the agreement and 
resolution achieved from the meeting.  The original review comments are reproduced in 
italic with the responses followed for each comment. The original Caltrans review 
comments are also attached at the end of the memorandum. 

 

1. Section 2.2: are there improvements to be made that include sign structures, drainage 

Structures (i.e. culverts, etc…), landscaping, pavement structures, lighting and restriping? 

 

Response: In this project, five Caltrans standard overhead signs are proposed. Drainage modifications 

primarily include adding pipes to connect to the existing drainage system. No new culverts or major 

drainage structures are proposed. Pavement construction will mainly consist of replacing the existing 

AC with PCCP at median and widening the northbound SR-101 with PCCP on top of the existing or 

new roadway embankment at outside and HMA at outside shoulder and ramps. Standard lights and 

landscaping for the new grading areas are proposed. Striping and re-striping are also included within 

the project limits. 

 

2. Include a paragraph in the proposed improvements section of the subject report to cite the 

improvements referred to in comment no.1 

 

Response: Comply - A paragraph describing those proposed improvements will be included in 

Section 2.2. 

 

3. Section 4.2: Provide a reference to justify the statement that the fill is “undocumented”. 
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Response: Based on the conditions of the fill materials from the borings, “undocumented” fill is not a 

correct term. We will delete the word of “undocumented” from the section.  

 

4. Revise Section 4.2 paragraph 2 according to comment No.3. 

 

Response: We will delete the word of “undocumented” from the section.  

 

5. Section 4.2: include and specify drainage features and systems, channels and culverts in 

Section 4.2 
 
Response: Comply – An existing network of storm drains and irrigation channels, as well as 
RCP and CMP pipes, and RCB culverts beneath the existing roadways, largely controls the 
local surface drainage. No new channels and culverts will be constructed. However, 
drainage modifications including constructing curb and gutters, side ditches, and adding 
new connection pipes to connect to the existing drainage system are proposed. We will 

include the description regarding the new drainage features in Section 4.2. 

6. Revise Section 4.3 to titled sections for Human Made and Natural Features with titled subsections 

for Utilities, Culverts and Fill. 

 

Response: Comply - Culverts and Fills are discussed in Section 4.2. We will remove those subjects 

from Section 4.2 to Section 4.3 with titled subsections for Utilities, Culverts, and Fills. 

7. Revise Section 4.4 to include the following titled subsections: Physiography, geologic structure, 

geologic hazards and seismicity. 

 
Response: Per the current Caltrans Guidelines for Preparing GDR, Version 1.3 (December, 2006), 

Section 4.4 should discuss regional geologic setting and regional seismic setting. We will include 

Physiography in Section 4.4 in additional to what we have discussed on the regional geologic and 

seismic settings. Geologic structure is discussed in Section 7.1.2. Geologic hazards, including ground 

rupture (Section 7.4.2), liquefaction (Section 8.1.2), land sliding and natural slope stability (Section 

7.1.3), expensive soil (Section 8.7), and project site seismicity (Section 7.4) are discussed in those 

sections in accordance with the Caltrans Guidelines and will not be repeated in Section 4.4. 

8. Section 5.0; revise Table 5.1 to include the title for Boring/CPT No., title and information 

for Station Line and Figure No. corresponding to the Exploratory Boring/CPT Location Map. 

 

Response: Comply - We will include the information. 

 

9. Revise Subsurface Conditions Section of the subject report to include subsections for Stratigraphy, 

Materials Strength Parameters, Expansion Potential and Settlement Potential. 

 

Response: Comply - We will include the information. 

 
10. Revise Ground Water Section to include elevations for both the historic ground water and ground 

water encountered during the past and present investigations. 

 

Response: Comply – Section 7.3.2 Ground Water generally summarizes the groundwater information 

collected from the available geologic and well data as well as the past and present investigations. The 

detail groundwater elevations from Caltrans as-built borings and the present investigations are listed 

in Table 3-1 and Table 5-1, respectively. 
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11. Revise Liquefaction Analysis subsection of the subject report to include the methodology and 

references used to evaluate the liquefaction potential. 

 

Response: Comply – Methodology used for liquefaction analysis is based on the reference of 

Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF 

Workshops on Evaluation of Liquefaction Resistance of Soils (Youd, et.al, 2001). We will include the 

methodology and reference used for evaluating liquefaction potential in Section 8.1.2 Liquefaction 

Analysis.  

 

12. Incorporate a subsection for seismically-induced settlement immediately following the 

liquefaction analysis subsection. The latter should include both liquefaction induced and non 

liquefaction induced seismic settlements. 

 

Response: Comply - Liquefiable soils were only found locally at the Moorpark Road UC site in 

isolated layers. Liquefaction evaluation and seismic settlement for the Moorpark Road UC site are 

included in the separate bridge foundation report. The borings drilled for roadway, soundwall, and 

retaining wall sites indicated low potential for liquefaction and seismically induced settlement for 

those sites are negligible. We will emphasize this conclusion in this section. 

 

13. Include a table with CPT/Boring number, Station, offset, station line, location (i.e. on ramp, off 

ramp, main line route 101, 23, etc…, Boring/CPT depth, Liquefaction potential and seismically 

induced settlement). 

 

Response: Liquefaction potential for roadway borings are low and the seismically induced settlement 

is negligible. Because the liquefaction potential is non-exist for roadway borings, the table is not 

necessary. 

 

14. The table cited in comment No.13 should incorporate roadway only (i.e. non bridge and wall) 

locations. 

 

Response: Same response as Comment No.13. 

 

15. Revise Grading Factors to Earthwork Factors in the Cuts and Excavation Section of the subject 

report 

 

Response: Per Caltrans GDR Guidelines, the terminology of Grading Factors is specified for Section 

8.2.3.  

 

16. Tabulate the values of the earthwork factors to Material and % Volume Change after compaction. 

 

Response: Comply – Grading factors will be summarized in a table in this section. 

 

17. Revise the Embankment section of the subject report to include titled subsections for Description, 

settlement and stability. 

 

Response: Comply –We will revise and include the subsections. 

 

18. Tabulate the embankment settlement values to include embankment heights, locations, stations 

and estimated maximum settlement. 
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Response: Comply – The estimated settlement is small (less than 1-inch) due to the proposed sliver 

fill of 2 to 5 feet high. We will tabulate the settlement data. 

 

19. Earth Retaining Systems Section of the subject report is incomplete and does not include all 

proposed retaining systems. Our office will not review the latter pending the submittal of a complete 

package. 

 

Response: Structural design for retaining wall RW 99 at SB Off-ramp at Hampshire Road was not 

completed at the time of this report was submitted due to the right of way issue. Geotechnical design 

for RW 99 will be included in the final submittal. Design for other walls was completed and the 

recommendations were included in this report.  

 

20. Are there any sign structures proposed for the subject project? 

 

Response: Five Caltrans standard overhead signs, four are single post type and one is two post type, 

are proposed in this project. 

   

21. If the response to the review comment No.20 is affirmative, provide foundation recommendations 

for sign structures report in a separate report. 

 
Response: The signs are Caltrans standard overhead signs supported on standard CIDH pile 

foundations as shown on Caltrans Standard Plans. We have verified and evaluated the subsurface soil 

conditions at the sign structure locations based on the nearby borings. The design assumptions for soil 

strength as shown on the standard plan are applicable for those signs. The sign foundations will be in 

engineered embankment fill areas, and groundwater is not expected to be encountered during the 

construction of the CIDH piles. We will include the design recommendations for the proposed 

Caltrans standard signs in Section 8.6 Minor Structure Foundations.   

 

22. Revise the Boring Location Map to Exploratory Boring/CPT Location Map. 

 

Response: Comply – The Title of the Boring Location Map will be revised accordingly.  

 

23. Revise the Reference Section of the subject report where it is applicable. 

 

Response: Comply – We will check the References Section to make sure that all of the references 

used in the report are included. 

 
24. The project consists of on ramp, off ramp and main line widening.  Show in a tabulated format the 

number and location of borings/CPT performed for the onramp, off ramp and main line accordingly. 

What is the spacing between the borings/CPT soundings and does it follow Caltrans guidelines? 

 

Response: Comply – We will tabulate the boring information for on ramp, off ramp, and main line 

accordingly. The spacing for roadway borings is typically at about 1,000 feet interval where there are 

not retaining walls and soundwalls planned along the roadway. The spacing for Caltrans standard 

retaining walls and sound walls is typically at about 300 feet interval. Borings for retaining walls and 

soundwalls were also used for roadway design. The spacing between the borings/CPT soundings 

generally followed Caltrans guidelines for roadway exploration. It is our opinion that borings from 

the current investigations and from the Caltrans as-built plans will provide good coverage for 

characterizing the subsurface conditions along the roadway alignment for the proposed 

improvements.   
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25. Are there any proposed Caltrans non-standard walls in the subject project? If so, describe them 

and include them in the subject report. 

 

Response: All of the walls are Caltrans standard walls. 

 

26. Provide Hammer efficiency calibration documentation in the subject report.  

 

Response: Comply – Site specific calibration on the automatic hammer used for the field exploration 

was not conducted for this project. A document of CME Automatic Hammer Operations Bulletin was 

obtained from the manufacturer. Based on the document, hammer efficiency from 85 to 95% was 

recommended based on various research and testing data for the CME automatic hammer. A hammer 

efficiency of 75% was conservatively used this time for this project. We will ensure in the future 

projects that an annual calibration on the hammer efficiency is obtained prior to starting the field 

exploration. We will include the referenced document of CME Automatic Hammer Operations 

Bulletin in Appendix C. 

 

27. Provide sample calculations for settlement and bearing capacity using hand calculations to 

compare with the computer/spread sheet calculations provided in the subject report. 

 

Response: Comply – Settlement was calculated using the commercial software Settle 3D. Bearing 

capacity was calculated using Mathcad.  Per discussion with Caltrans, calculations performed by 

Mathcad will not need to be hand checked because Mathcad is similar as hand calculation. Please 

refer to the sample hand calculation included in the Foundation Report for the Moorpark Road UC 

(Widen) for verifying the software of Settle 3D used for this project.    

 

28. Provide the sample actual spread sheets used for the calculations and the sample input software 

files. 

 

Response: Spreadsheet was not used in the calculation. The sample input software files will be 

provided. 

 

29. Why the ground water elevation was not measured in the rotary wash borings? Explain and 

provide engineering justification. 

 

Response: Groundwater was not measured in the mud rotary holes at the time of the drilling due to 

the concerns of minimizing traffic control impact, potentially unrealistic groundwater measurement 

from the mud holes, and the effort to clean the holes. Subsequently, at the direction of Caltrans, we 

drilled two hollow-stem auger borings at locations immediately adjacent to the mud rotary borings at 

the Moorpark Road UC site and measured the groundwater table. The measured groundwater table 

data from the hollow-stem auger borings will be included in the GDR report.     

 

30. Why Caltrans Logo instead of the consultant’s Logo is shown in the LOTB for the subject report? 

Refer to Boring A-11-001 and others. 

 

Response: Caltrans Logo is locked in the template of the gINT software. We do not have the access to 

the library file to modify the template. We are required to prepare the boring logs in the Caltrans 

template per Caltrans Soil and Rock Logging, Classification, and Presentation Manual (2010). 

 

 31. How the liquefaction analysis was performed for borings where the ground water elevation was 

not measured? 
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Response: Groundwater table measured in the hollow-stem auger borings adjacent to the mud rotary 

borings were used for liquefaction analysis.  

 

32. There is only one corrosion test performed for the CL material and none for CH, based on the 

results shown in table 8.5 of the subject report. Explain and assess the impact of this apparent under-

representation. 

 

Response: There are typos in Table 8-5. There are four corrosion tests on soils classified as SC/SM in 

Table 8-5 are actually CL materials (R-11-002, A-11-004, A-11-017, and A-11-019). We will correct 

those typos in Table 8-5. Based on the borings, the project site consists of predominately granular 

soils with some CL layers between granular soils. CH type of soils was barely encountered.      

 

33. Provide all engineering calculations in a CD for our review. 

 
Response: Comply - We will provide all engineering calculations in a CD for review. 

 

34. Are there any CH and/or highly expansive material encountered in the upper 10 feet underlying 

the proposed pavement? Explain. 

 

Response: The proposed pavement construction mainly consists of replacing the existing AC with 

PCCP at median and widening the northbound SR-101 with PCCP on top of the existing or new 

roadway embankment fills. Expansion is not a concern for roadway embankment fills meeting 

Caltrans standards. Based on the borings and laboratory data, CH and/or highly expansive materials 

are not expected to be encountered in the upper 10 feet underlying the proposed pavement. However, 

considering material variance and any unforeseen conditions, if CH and /or highly expansive 

materials are encountered in localized or isolated areas during construction, removal of the CH and/or 

highly expensive materials and replacing with Caltrans standard embankment fills will be required to 

a minimum depth of 2 feet below the subgrade. Lime stabilization treatment on top of the exposed 

CH or highly expansive materials will be required before placing the backfill to seal the top of the 

remaining CH or highly expansive materials and prevent any potential surface water from seeping 

into the materials below. Groundwater is not expected within the upper 10 feet below the pavement 

surface. We will include this requirement in Section 8.7 Expansion Potential. 

 

35. Are there any CH material modeled in the settlement calculations? Explain. 

 

Response: Settlement due to the proposed sliver fill of 2 to 5 feet thick in this project for widening the 

embankment is negligible. CH type of material was not encountered in the borings at the retaining 

wall locations. CL/ML/MH type of soils was encountered at retaining wall locations, and settlement 

calculations for those soils were included.  

 

36. Why R value test results are included in the GDR? Explain. Note that the latter information is 

within the scope of the Materials Report and not the GDR. 

 

Response: The R-value testing is a part of the laboratory testing program for this project overall. We 

did not separate them out initially. We will remove the R-value data out of the GDR report. 

 

37. There is no consolidation and shear strength testing performed for CH material underlying the 

roadbed. Explain. 

 

Response: There are very few locations in the project we encountered CH type of material, and they 

are isolated and mixed with sand and gravel. Pushing of Shelby tubes to collect undisturbed samples 
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on the CH materials was attempted, however, was not successful. It is due to either encountering 

refusal of pushing Shelby tubes or the material was missed out from the sampling due to the un-

continuous nature of the CH type of soils. Therefore, consolidation and shear strength testing for CH 

was not performed. Shear strength and consolidation parameters for the CH type of material were 

obtained using published correlations with moisture content, density, blow count, PI, and gradation 

parameters, etc. 

 

38. Why there are only 6 CPT performed for this 4.5 mile long road improvement? Explain. 

 

Response: CPT was only performed at the Moorpark Road UC site due to the concern of soil 

liquefaction. Based on the Caltrans as-built borings, the project site generally consists of compact to 

very dense sandy and clayey gravel, silty and clayey sand, and fine grained clayey and silty soils. 

CPT soundings may encounter shallow refusal and not be able to penetrate to the desired depths for 

structural foundation design. Therefore, CPT sounding was not included in the field exploration 

program except for the area of the Moorpark Road UC site.   

 

39. Provide slope stability calculation in the subject report. 

 

Response: Slope stability for bridge approach embankment was included in the separate bridge 

foundation reports. For roadway embankment, only minor sliver fills (2 to 5 feet thick) will be added 

for widening the embankment. Slope stability for the roadway embankment is not a concern, and 

therefore, was not included in the report. We will include and emphasize this conclusion in the GDR 

report. 

 

40. Provide liquefaction and seismic settlement calculation in the subject report. 

 

Response: Liquefiable soils were only found locally at the Moorpark Road UC site in isolated layers. 

Liquefaction evaluation and seismic settlement for the Moorpark Road UC site are included in the 

bridge foundation report. Liquefaction is not a concern and seismic settlement is expected to be 

negligible for the rest area of the project. Therefore, liquefaction and seismic settlement calculations 

are not included in the GDR report. We will include and emphasize this conclusion in the GDR 

report. 

 



RESPONSE TO CALTRANS REVIEW COMMENTS ON DRAFT GEOTECHNICAL DESIGN REPORT FOR ROUTE 101/23 INTERCHANGE IMPROVEMENTS, VENTURA 

COUNTY, CALIFORNIA 

  PAGE 8 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 

Caltrans Review Comments 

 



State of California Business, Transportation and Housing Agency 
DEPARTMENT OF TRANSPORTATION 

“Caltrans improves mobility across California” 

        M e m o r a n d u m   Flex your power! 
 Be energy efficient! 
 

To: MR. KHAN A. HOSSAIN                                                        Date:               June 1, 2011 
D-07 
                                                                                                                                   File:           07-VEN-101 
                                                                                                             PM R0.1-R4.5 
                                                                                                                                   EA 07-1952U1 
                                                                                                       
              

From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 Geotechnical Services 

Office of Geotechnical Design – South 1 
 
 

Subject: Geotechnical Design Report (GDR), 101/23 Interchange Improvement 
 
The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the subject submittal titled: 
“Geotechnical Design Report, Route 101/23 Interchange Improvements, U.S. Route 101 from 
North of Lakeview Canyon Road to 0.3 Mile North of Moorpark Road Undercrossing, Ventura 
County, California” prepared by CH2MHILL, dated April 22, 2011 and received by our office 
on April 27, 2011. 

 
Our office has the following comments: 
 

1. Section 2.2: are there improvements to be made that include sign structures, drainage 
structures (i.e. culverts, etc…), landscaping, pavement structures, lighting and 
restriping?  

2. Include a paragraph in the proposed improvements section of the subject report to cite the 
improvements referred to in comment no.1 

3. Section 4.2: Provide a reference to justify the statement that the fill is “undocumented”. 
4. Revise Section 4.2 paragraph 2 according to comment No.3. 
5. Section 4.2: include and specify drainage features and systems , channels and culverts in 

Section 4.2 
6. Revise Section 4.3 to titled sections for Human Made and Natural Features with titled 

subsections for Utilities, Culverts and Fill.   
7. Revise Section 4.4 to include the following titled subsections: Physiography, geologic 

structure, geologic hazards and seismicity. 
8. Section 5.0; revise Table 5.1 to include the title for Boring/CPT No., title and information 

for Station Line and Figure No. corresponding to the Exploratory Boring/CPT Location 
Map. 

9. Revise Subsurface Conditions Section of the subject report to include subsections for 
Stratigraphy, Materials Strength Parameters, Expansion Potential and Settlement 
Potential. 
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10. Revise Ground Water Section to include elevations for both the historic ground water 
and ground water encountered during the past and present investigations. 

11. Revise Liquefaction Analysis subsection of the subject report to include the 
methodology and references used to evaluate the liquefaction potential. 

12. Incorporate a subsection for seismically-induced settlement immediately following the 
liquefaction analysis subsection. The latter should include both liquefaction induced and 
non liquefaction induced seismic settlements. 

13. Include a table with CPT/Boring number, Station, offset, station line, location (i.e. on 
ramp, off ramp, main line route 101, 23, etc…, Boring/CPT depth, Liquefaction potential 
and seismically induced settlement). 

14. The table cited in comment No.14 should incorporate roadway only (i.e. non bridge and 
wall) locations 

15. Revise Grading Factors to Earthwork Factors in the Cuts and Excavation Section of the 
subject report. 

16. Tabulate the values of the earthwork factors to Material and % Volume Change after 
compaction. 

17. Revise the Embankment section of the subject report to include titled subsections for 
Description, settlement and stability. 

18. Tabulate the embankment settlement values to include embankment heights, locations, 
stations and estimated maximum settlement. 

19. Earth Retaining Systems Section of the subject report is incomplete and does not include 
all proposed retaining systems. Our office will not review the latter pending the 
submittal of a complete package. 

20. Are there any sign structures proposed for the subject project?  
21. If the response to the review comment No.21 is affirmative, provide foundation 

recommendations for sign structures report in a separate report. 
22. Revise the Boring Location Map to Exploratory Boring/CPT Location Map 
23. Revise the Reference Section of the subject report where it is applicable. 
24. The project consists of on ramp, off ramp and main line widening. Show in a tabulated 

format the number and location of borings/CPT performed for the onramp, off ramp and 
main line accordingly. What is the spacing between the borings/CPT soundings and does 
it follow Caltrans guidelines? 

25. Are there any proposed Caltrans non-standard walls in the subject project? If so, 
describe them and include them in the subject report. 

26. Provide Hammer efficiency calibration documentation in the subject report. 
27. Provide sample calculations for settlement and bearing capacity using hand calculations 

to compare with the computer/spread sheet calculations provided in the subject report. 
28. Provide the sample actual spread sheets used for the calculations and the sample input 

software files. 
29. Why the ground water elevation was not measured in the rotary wash borings? Explain 

and provide engineering justification.  
30. Why Caltrans Logo instead of the consultant’s Logo is shown in the LOTB for the 

subject report? Refer to Boring A-11-001 and others. 
31. How the liquefaction analysis was performed for borings where the ground water 

elevation was not measured?  



 

“Caltrans improves mobility across California” 

32. There is only one corrosion test performed for the CL material and none for CH, based 
on the results shown in table 8.5 of the subject report. Explain and assess the impact of 
this apparent under-representation. 

33. Provide all engineering calculations in a CD for our review. 
34. Are there any CH and/or highly expansive material encountered in the upper 10 feet 

underlying the proposed pavement? Explain. 
35. Are there any CH material modeled in the settlement calculations. Explain 
36. Why R value test results are included in the GDR? Explain. Note that the latter 

information is within the scope of the Materials Report and not the GDR. 
37. There is no consolidation and shear strength testing performed for CH material 

underlying the roadbed. Explain. 
38. Why there are only 6 CPT performed for this 4.5 mile long road improvement? Explain. 
39. Provide slope stability calculation in the subject report. 
40. Provide liquefaction and seismic settlement calculation in the subject report. 

 
 

 
Any questions, please call me at (949) 724-2599. 
 
 
 
 
       SHARID K. AMIRI, Ph.D., P.E. 
       Senior Transportation Engineer 

Office of Geotechnical Design South-1 
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Lee, John/SCO

From: Sharid Amiri [sharid_amiri@dot.ca.gov]
Sent: Friday, September 02, 2011 1:13 PM
To: Khan A Hossain
Cc: Chandran, C. Yoga/SCO; Xinghua Mo; Richard Hartzell; Tian, Ping/SCO
Subject: CH2M HILL's Responses to Caltrans Review Comments For GDR : 101/23 Interchange 

Improvements (EA 1952U1)

 

Khan 
 

I concur with the subject item. Our office will review the revised Geotechnical Design Report 
(GDR) , when submitted to our office. 
 

Thank you 
 

Sharid Khan Amiri,Ph.D.,P.E. 
 

Senior Transportation Engineer 
California Department of Transportation 

Geotechnical Services, District 12 Oversight 
3347 Michelson Dr., Suite 100 

Irvine, Ca.92612-1699 
Office (949)-724-2599 
 

*************************************************************** 
 

" For individuals with sensory disabilities, this document will be made available, upon 
request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 

these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 
write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-

8041" 
****************************************************************************** 

----- Forwarded by Sharid Amiri/D12/Caltrans/CAGov on 09/02/2011 01:05 PM 
----- 
                                                                            

             Sharid                                                         
             Amiri/D12/Caltran                                              

             s/CAGov                                                    To  
                                       <Ping.Tian@CH2M.com>                 

             08/26/2011 04:05                                           cc  
             PM                        CYoga.Chandran@CH2M.com,             

                                       JuanCarlos.Velasquez@CH2M.com,       
                                       Milind.Desai@CH2M.com,               
                                       Susan.Chau@CH2M.com, Xinghua         

                                       Mo/D07/Caltrans/CAGov@DOT, Khan A    
                                       Hossain/D07/Caltrans/CAGov@DOT,      

                                       Richard                              
                                       Hartzell/HQ/Caltrans/CAGov@DOT       

                                                                   Subject  
                                       Re: CH2M HILL's Responses to         

                                       Caltrans Review Comments on the 65%  
                                       Foundation Reports and the GDR for   

                                       101/23 Interchange Improvements (EA  
                                       1952U1)(Document link: Sharid        
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                                       Amiri)                               
                                                                            

                                                                            
                                                                            

                                                                            
                                                                            

                                                                            
 

 
 

Ping 
 
I am in receipt of the responses to our 1st review . We will review the responses and get 

back to you by next Friday. 
 

thanks 
 

 
 

 
 

 
 
Sharid Khan Amiri,Ph.D.,P.E. 

 
Senior Transportation Engineer 

California Department of Transportation 
Geotechnical Services, District 12 Oversight 

3347 Michelson Dr., Suite 100 
Irvine, Ca.92612-1699 

Office (949)-724-2599 
 

*************************************************************** 
 
" For individuals with sensory disabilities, this document will be made available, upon 

request, in Braille, large print, audiocassette, or computer disk. To obtain a copy of one of 
these alternate formats, please call Della Moore at ( 916) 227-8185 or TTY (916) 227-8454 or 

write to Della Moore, Division of Engineering Services, P.O. Box 168041 Sacramento, CA 95816-
8041" 

****************************************************************************** 
 

 
                                                                            

             <Ping.Tian@CH2M.c                                              
             om>                                                            
                                                                        To  

             08/24/2011 11:33          <sharid_amiri@dot.ca.gov>            
             AM                                                         cc  

                                       <JuanCarlos.Velasquez@CH2M.com>,     
                                       <CYoga.Chandran@CH2M.com>,           

                                       <Milind.Desai@CH2M.com>,             
                                       <richard_hartzell@dot.ca.gov>,       

                                       <khan_a_hossain@dot.ca.gov>,         
                                       <xinghua_mo@dot.ca.gov>,             
                                       <Susan.Chau@CH2M.com>                

                                                                   Subject  
                                       CH2M HILL's Responses to Caltrans    



3

                                       Review Comments on the 65%           
                                       Foundation Reports and the GDR for   

                                       101/23 Interchange Improvements (EA  
                                       1952U1)                              

                                                                            
                                                                            

                                                                            
                                                                            

                                                                            
                                                                            

 
 
 

 
Sharid, 

 
Please see the attached CH2M Hill’s responses to your review comments on the 65% Draft 

Foundation Reports (3 Bridges) and the GDR for the 101/23 Interchange Improvements (EA 
1952U1) Project. 

 
CH2M HILL’s responses were based on the discussion, agreement, and resolution achieved from 

our comment resolution meeting conducted on August 16, 2011. We will incorporate all of the 
review comments based on the responses summarized in those memorandums in our final 
foundation reports and the GDR, which is scheduled for final submittal at late of this 

September. 
 

Please let me know if you have any questions, and thank you very much for your review and 
support on this project! 

 
Regards, 

 
Ping Tian 

Geotechnical Task Lead 
CH2M HILL 
 

 [attachment "Responses to Caltrans 06_01_2011 GDR Comments - Ver 1.pdf" 
deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR 

Comments_Moorpark - Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] [attachment 
"Responses to Caltrans 06_08_2011 FR Comments_Conejo - Ver 1.pdf" deleted by Sharid 

Amiri/D12/Caltrans/CAGov] [attachment "Responses to Caltrans 06_08_2011 FR Comments_Hampshire 
- Ver 1.pdf" deleted by Sharid Amiri/D12/Caltrans/CAGov] 
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1.0 Introduction 

1.1 Project Description 
The City of Thousand Oaks has retained CH2M HILL to provide engineering services for 
the project plans, specifications, and estimates (PS&E) phase of the Route 101/State Route 
(SR) 23 Interchange Improvements project. These services include the preparation of this 
Materials Report per Topic 114 of the California Department of Transportation (Caltrans) 
Highway Design Manual (HDM) (Caltrans, 2009).  

The Route 101/SR 23 Interchange Improvements project has been developed to further 
reduce congestion along the busy Route 101 corridor near the SR 23 interchange. The project 
is located from Post Miles (PMs) 0.1 to 4.5 along the Ventura (Route 101) Freeway corridor 
between north of Lakeview Canyon Road and 0.4 mile north of Moorpark Road and from 
PMs 3.3 to 3.8 along Hillcrest Drive (SR 23) in Ventura County, California. Figure 1-1 at the 
end of this section shows the vicinity map and location of the site.  

The proposed project improvements include widening the northbound (NB) 101 freeway 
and bridge undercrossings (UCs), including the Hampshire Road UC (Bridge No. 52-0273), 
Conejo School Road UC (Bridge No. 52-0274), and Moorpark Road UC (Bridge No. 52-0237); 
constructing associated retaining walls and sound walls for the widening and improving the 
on- and off-ramps; drainage modifications, primarily including adding pipes to connect to 
the existing drainage system, although no new culverts or major drainage structures are 
proposed; pavement construction, mainly consisting of replacing the existing hot-mixed 
asphalt (HMA) pavement with jointed plain concrete pavement (JPCP) at the median, 
constructing new JPCP for the NB 101 widening on the existing or new roadway 
embankment, and constructing HMA for the outside shoulder and the on- and off-ramps; 
roadway striping and re-striping; landscaping for the new grading areas; and installing 
Caltrans standard overhead signs and lights within the project limits.  

1.2 Purpose and Scope of Work 
The purpose of this Materials Report is to document subsurface geotechnical conditions, 
provide analyses of anticipated site conditions as they pertain to the project described 
herein, and recommend design and construction criteria for the roadway portions of the 
project. This Report also establishes a geotechnical baseline to be used in assessing the 
existence and scope of changed site conditions. This Report is intended for use by the project 
design engineer, construction personnel, bidders, and contractors. 

This Materials Report addresses recommendations for structural pavement sections and 
corrosion issues as required by the aforementioned HDM. Caltrans 2010 Standard Plans and 
Standard Specifications were used for standard plan design and construction considerations 
(Caltrans, 2010a and b). Project components for the bridge and retaining wall structures are 
included in separate reports prepared for those proposed improvements within the project. 
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Caltrans reviewed the Final Materials Report dated October 12, 2011, and provided review 
comments on May 10, 2012. CH2M HILL agreed with the review comments, and prepared 
this Revised Final Materials Report based on Caltrans review comments. The Caltrans 
review comments are included in Appendix G.  

This Revised Final Materials Report presents our geotechnical findings, conclusions, and 
recommendations for the applicable portions of the Route 101/SR 23 Interchange 
Improvements. Included in the scope of work were the following items: 

 Review of pertinent reports and investigations as applicable 

 Drilling and sampling of thirty-eight hollow-stem auger (HSA) soil borings, six rotary 
wash soil borings, and performing six cone penetration soundings 

 Laboratory testing of selected soil samples to characterize subsurface soils 

 Development of recommendations for the culverts, corrosion issues, structural 
pavement sections, and material disposal sites 

 Incorporating the Caltrans review comments on the Final Materials Report and 
preparation of this Revised Final Materials Report 

This Revised Final Materials Report supersedes the Final Materials Report prepared for the 
Route 101/SR 23 Interchange Improvements project dated October 12, 2011. 

1.3 Limitations 
This Materials Report has been prepared for the exclusive use of Route 101/SR 23 
Interchange Improvements project team members, the City of Thousand Oaks, and Caltrans 
for specific application to the design and construction of the proposed Route 101/SR 23 
Interchange Improvements. The Materials Report has been prepared in accordance with 
Caltrans standards for testing and analyses, and follows the requirements for a Materials 
Report in accordance with Topic 114 of the Caltrans HDM (Caltrans, 2009). No other 
warranty, expressed or implied, is made. 

The analyses and recommendations contained in this Report are based on the data obtained 
from the review of available geological maps and documents, our site reconnaissance, field 
exploration, laboratory testing, and the roadway plans available at the time of the 
preparation of the Report. The logs of soil borings indicate subsurface conditions only at 
specific locations and times, and only to the depths penetrated. They do not necessarily 
reflect variations that may exist between locations, or possible changes that may take place 
with time and depth. If variations in subsurface conditions from those described in this 
Report are noted during construction, the recommendations presented in this Report should 
be reevaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
occurs, the conclusions and recommendations of this Report should not be considered valid 
unless such changes are reviewed and conclusions of this Report are modified or verified in 
writing by CH2M HILL. CH2M HILL is not responsible for any claims, damages, or liability 
associated with the reinterpretation or reuse of the subsurface data or engineering analyses 
in this Report by others.   
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2.0 Existing Facilities and Proposed 
Improvements 

2.1 Existing Facilities 
Route 101 consists of an eight-lane to 10-lane conventional highway in urban terrain. From 
the Lakeview Canyon Road to Route101/SR 23 Interchange, Route 101 is an 8-lane facility 
plus two auxiliary lanes between interchanges with 12-foot lanes (five in each direction), 10-
foot outside shoulders, and 18-foot painted median. From the Route 101/SR 23 Interchange 
to the Moorpark Road UC, northbound Route 101 consists of 3 lanes plus 1 auxiliary lane 
while southbound 101 has 4 lanes plus 1 auxiliary lane. The eight-lane section also consists 
of a 10-foot painted median along with four lanes in each direction at 12 feet and outside 
shoulders of 10 feet. The existing pavements consist of concrete and asphalt pavement on 
the travelled way and shoulder, respectively.  

There are existing embankment fills up to about 30 feet high placed along Route 101, 
particularly at the bridge approaches for the three bridges (Hampshire Road UC, Conejo 
School Road UC, and Moorpark Road UC). Existing utilities within the project limits have 
been identified. The existing water, telephone, gas, electric, and cable lines are located below 
the highway and on surface streets, and portions of these utility lines may need to be 
relocated or protected in place. These utilities are further discussed in the Geotechnical Design 
Report prepared for this project under a separate cover (CH2M HILL, 2012b). 

2.2 Proposed Improvements 
The proposed improvements mainly include addition of a lane on the NB side of Route 101. 
This requires the widening of the Hampshire Road UC (Bridge No. 52-0273), Conejo School 
Road UC (Bridge No. 52-0274), and Moorpark Road UC (Bridge No. 52-0237) to 
accommodate an additional NB lane. Improvements of on- and off-ramps and construction 
of retaining walls and soundwalls associated with the widening are also proposed as part of 
the Route 101/SR 23 Interchange Improvements project. Minor earthwork and grading are 
proposed to accommodate the improvements as described previously. Maximum cut–and-
fill heights are not expected to exceed 5 feet. The layout of the proposed improvements is 
shown in Appendix B – Boring and CPT Location Plan.  

Several fill placements will be made along both sides of the proposed alignment. Most of 
these are sliver fills at the bridge approach embankment locations associated with the 
proposed bridge widening along the NB side. The side slopes of the fills should be 2:1 
(horizontal:vertical [H:V]) or flatter per the HDM (Caltrans, 2009). In addition to these sliver 
fills, a number of smaller fills will also be made along the alignment with fill heights less 
than 5 feet. 
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3.0 Pertinent Reports and Investigations 

3.1 Pertinent Reports 
Existing maps and documents were collected and reviewed for this geotechnical study. 
Pertinent data included the following: 

 Caltrans. 1961. As-Built Plans, Moorpark Road Undercrossing, Bridge No. 52-0237, Ventura 
County. June 1. 

 Caltrans. 1964a. As-built Plans, Hampshire Road Undercrossing Bridge No. 52-0273, Ventura 
County. August 10. 

 Caltrans. 1964b. As-Built Plans, Conejo School Road Undercrossing, Bridge No. 52-0274, 
Ventura County. August 10. 

 Caltrans. 1971a. As-Built Plans, Hampshire Road Undercrossing (Widen), Bridge No. 52-0273, 
Ventura County. November 29. 

 Caltrans. 1971b. As-Built Plans, Conejo School Road Undercrossing (Widen), Bridge No. 
52-0274, Ventura County. November 29. 

 Caltrans. 1975. As-Built Plans, Moorpark Road Undercrossing (Widen), Bridge No. 52-0237, 
Ventura County, April 10. 

 California Geological Survey (CGS). 2000. Seismic Hazard Report for the Thousand Oaks 
7.5-Minute Quadrangle, Ventura and Los Angeles Counties, California. Seismic Hazard Zone 
Report 042. 

 California Geological Survey (CGS). 2002. Seismic Hazard Report for the Newbury Park 
7.5-Minute Quadrangle, Ventura and Los Angeles Counties, California. Seismic Hazard Zone 
Report 055. 

 CH2M HILL. 2011a. Final Foundation Report, Route 101/23 Interchange Improvements, 
Conejo School Road Undercrossing (Widen), Bridge No. 52-0274, Ventura County, California. 
October 12. 

 CH2M HILL. 2011b. Final Foundation Report, Route 101/23 Interchange Improvements, 
Hampshire Road Undercrossing (Widen), Bridge No. 53-0273, Ventura County, California. 
October 12. 

 CH2M HILL. 2012a. Revised Final Foundation Report, Route 101/23 Interchange 
Improvements, Moorpark Road Undercrossing (Widen), Bridge No. 52-0237, Ventura County, 
California. May 11. 

 CH2M HILL. 2012b. Revised Final Geotechnical Design Report, Route 101/23 Interchange 
Improvements, U.S. Route 101 from North of Lakeview Canyon Road to 0.4 Mile North of 
Moorpark Road Undercrossing, Ventura County, California. May 11. 
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 United States Department of Agriculture (USDA), Soil Conservation Service. Web site. 
March 2011, Web Soil Survey 2.0. 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx). 

 Yerkes R.F., and Showalter, P.K. 1991. Preliminary Geologic Map of the Thousand Oaks 
7.5-minute Quadrangle, Southern California. United States Geological Survey Open File 
Report 91-288. 

 Yerkes, R.F., and Campbell, R.H. 2005. Preliminary Geologic Map of the Los Angeles 
30’ x 60’ Quadrangle, Southern California, Version 1.0. United States Geological Survey 
Open File Report 2005-1019. 

3.2 Review of Existing Information 
Subsurface information used in this study includes review of the Log of Test Boring (LOTB) 
sheets in the aforementioned as-built plans. Based on the as-built plans, a total of 26 borings 
and soundings were advanced within the project limits. These borings and soundings were 
advanced between 1960 and 1974, and included rotary borings and penetration soundings 
to depths ranging from 5 to 63 feet below ground surface (bgs). The as-built LOTBs are 
presented in Appendix A. Table 3-1 summarizes the information from the as-built LOTBs. 

TABLE 3-1 
Summary of As-Built Logs of Test Borings 
Route 101/SR 23 Interchange Improvements 

Exploration 
Number 

Date 
Performed 

Exploration 
Method 

Route-101  
Station1 

(feet) 
Offset 
(feet) 

Ground Surface 
Elevation1,2  

(feet) 

Depth of 
Boring 
(feet) 

Groundwater 
Elevation2  

(feet) 

Hampshire Road Undercrossing (Bridge No. 52-0273) 

Caltrans As-Built Plan – November 29, 1971 

B-1 6-24-69 Rotary 
Boring 

96+14 76 LT 899.5 62 870.0 

B-2 6-24-69 Rotary 
Boring 

97+03 74 RT 894.6 60 870.5 

B-3 6-24-69 21/4-inch CP 97+18 78 LT 918.3 45 NE 

Caltrans As-Built Plan – August 10, 1964 

B-1 9-24-62 Rotary 
Boring 

96+95 77 RT 890.3 50 NE 

B-2 9-24-62 Rotary 
Boring 

96+09 69 LT 896.7 56 NE 

B-3 9-24-62 21/4-inch CP 96+80 60 LT 898.5 30 NE 

B-4 9-24-62 21/4-inch CP 96+61 0 898.5 45 NE 

B-5 9-24-62 21/4-inch CP 96+41 76 RT 891.6 41 NE 

Conejo School Road Undercrossing (Bridge No. 52-0274) 

Caltrans As-Built Plan – November 29, 1971 

B-1 4-24-67 21/4-inch CP 129+90 88 LT 880.8 5 NE 
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TABLE 3-1 
Summary of As-Built Logs of Test Borings 
Route 101/SR 23 Interchange Improvements 

Exploration 
Number 

Date 
Performed 

Exploration 
Method 

Route-101  
Station1 

(feet) 
Offset 
(feet) 

Ground Surface 
Elevation1,2  

(feet) 

Depth of 
Boring 
(feet) 

Groundwater 
Elevation2  

(feet) 

B-2 4-24-67 21/4-inch CP 128+79 98 RT 894.8 10 NE 

Caltrans As-Built Plan – August 10, 1964 

B-1 9-14-62 Rotary 
Boring 

130+07 80 RT 894.2 50 NE 

B-2 9-14-62 Rotary 
Boring 

128+87 62 LT 896.5 35 NE 

B-3 9-23-62 21/4-inch CP 130+16 73 LT 893.9 18 NE 

B-4 9-21-62 21/4-inch CP 128+89 72 RT 896.0 29 NE 

B-5 9-26-62 21/4-inch CP 130+12 1 RT 895.6 33 NE 

Moorpark Road Undercrossing (Bridge No. 52-0237) 

Caltrans As-Built Plan - April 10, 1975 

B-1 11-25-74 Rotary 
Boring 

226+06 90 LT 723.8 60 701.3 

B-2 11-25-74 21/4-inch CP 224+84 60 LT 745.2 63 NM 

B-3 11-26-74 21/4-inch CP 225+04 69 LT 723.3 41 NM 

B-4 11-26-74 21/4-inch CP 225+54 79 LT 724.0 42 701.0 

B-5 11-27-74 21/4-inch CP 226+28 89 LT 725.2 43 NM 

Caltrans As-Built Plan - June 1, 1961  

B-1 8-30-60 Rotary 
Boring 

226+11 64 RT 726.7 50 696.7 

B-2 8-30-60 21/4-inch CP 224+97 70 RT 724.8 52 NM 

B-3 8-30-60 21/4-inch CP 226+40 4 RT 724.2 46 NM 

B-4 8-31-60 21/4-inch CP 225+97 66 LT 723.8 44 NM 

B-5 8-31-60 Rotary 
Boring 

225+18 48 LT 727.3 52 NM 

B-6 8-31-60 21/4-inch CP 224+67 4 LT 730.2 50 NM 

Notes: 
CP = cone penetrometer 
LT = left 
NE = not encountered 
NM = not measured  
RT = right 
1 Station and elevation are referenced as presented in the as-built plans. 
2 Elevation data based on LOTB datum (National Geodetic Vertical Datum of 1929 [NGVD 29]). 
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4.0 Physical Setting 

4.1 Climate 
Based on the Caltrans Pavement Climate Region Map (Caltrans, 2005), the project site is 
situated within the Inland Valley Region. The average annual precipitation is about 
10.5 inches per year. Winter storms from the northwest account for 90 percent of the rainfall 
in the area, with summer thunderstorms from tropical depressions accounting for the rest. 
Average annual temperatures range from 74 degrees Fahrenheit (°F) to 51°F (Western 
Regional Climate Center [WRCC], 2001). The highest temperature can reach over 100°F 
during the summer season. Snowfall is very rare and freeze-thaw conditions are not a 
concern in this area. 

4.2 Topography and Drainage 
The topography in the alignment vicinity varies from a gently sloping alluvial valley to 
rolling/hillside terrain. The physiography immediately south of the central portion of the 
alignment (approximately between Moorpark Road and South Skyline Drive) consists of 
rolling topography—these hills formed in association with the Transverse Ranges 
Geomorphic province discussed in the Regional Geology section of this Report. Locally, the 
hills adjacent to the alignment generally drain toward the north into Arroyo Conejo, a 
major, gently sloping drainage that generally drains from southeast to northwest. The 
effects of this rolling topography have been essentially eliminated via the construction of cut 
slopes and embankment fills associated with the alignment. The remainder of the alignment 
is located within the Arroyo Conejo. The eastern portion of the alignment is located within 
Russell Valley, a low-lying area that also drains into Arroyo Conejo. Surficial weathering 
processes and human activities have yielded the current onsite conditions.  

The terrain of the project site area is gently sloping toward the north to northwest. The 
average ground surface elevation is 955 feet at the intersection of Route 101 and Westlake 
Boulevard, and gently slopes down toward the north to about 710 feet at the end of 
Moorpark Road on-ramp to Route 101. There are existing embankment fills up to about 
30 feet high above the existing ground surface placed along Route 101, specifically for 
approach embankments at bridge locations. The elevation of the roadways generally 
parallels that of the surrounding ground surface, and gently slopes from south to north in 
the same manner. The side slopes of the artificial fill embankments are generally constructed 
at 2:1 to 2.5:1 grade (H:V). 

No major streams are present within immediate proximity to the subject site. Roadway 
drainage will be collected within the curb and gutters or side ditches along both edges of the 
roadway and captured with drainage inlets or overside drains. A network of storm drains 
and irrigation channels—as well as reinforced-concrete pipe (RCP), reinforced concrete box 
culvert (RCB), and corrugated metal pipe (CMP) beneath the roadways—also largely control 
local surface drainage. 
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4.3 Regional Geology  
The site is located at the northern edge of the Santa Monica Mountains within the 
Transverse Ranges Geomorphic Province of southern California. The Santa Monica, 
San Gabriel, and San Bernardino Mountains are located within the Transverse Ranges 
Geomorphic Province, which is a generally east-west trending series of mountain ranges 
and valleys that extend from offshore (the province includes the northern Channel Islands) 
to north of the Salton Sea in the east. Within the province, the San Gabriel and San 
Bernardino Mountains are separated by the San Andreas Fault Zone, which has offset the 
two mountain ranges in a right-lateral direction. The Transverse Ranges are being 
compressed in a north-south direction, resulting in a continuous, relatively rapid uplift of 
the province. It is believed that this compression is a result of the San Andreas Fault’s 
“Big Bend.” The Transverse Ranges Province is bounded on the south by a series of 
low-angle thrust faults, which on the south side of the Santa Monica Mountains includes the 
Malibu Coast and Santa Monica Faults. Near the site, the Santa Monica Mountains are 
generally composed of middle Miocene-aged volcanic rocks and volcanic-derived rocks, 
overlain locally by late Miocene-aged sedimentary rocks. These sedimentary rocks have 
been locally eroded from the Santa Monica Mountains, exposing the underlying volcanically 
derived units at the surface. Roughly 15 million years ago, this area and a good portion of 
the Los Angeles region were submerged by the Pacific Ocean. Tectonic evolution of western 
North America resulted in the extrusion of volcanic rocks and the uplift and formation of 
the Los Angeles Basin and the Santa Monica Mountains. The geology of the vicinity of the 
project site is shown in Figure 4-1. 



Source: Yerkes, R.F. and Campbell, R.H., 2005, Preliminary Geologic Map of Los Angeles 30' x 60' Quadrangle, Southern California, Version 1.0, USGS, OFR 2005-1019.
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FIGURE 4-1 
Regional Geology Map
Route 101/23 Interchange Improvements
Ventura County, California

SCO400486.01.04.01.07 regional_geology_map.ai 4/11

Description of Map Units
Qaf Artificial fill, placed in association with US 101
Qu Younger alluvial deposits, unconsolidated mixture of silt, sand 

and gravel
Qof Older alluvial fan deposits, slightly to moderately consolidated 

mixture of silt, sand and gravel
Tm Modelo Formation, sedimentary rock; thinly bedded mudstone, 

siltstone, and/or shale with some sandstone interbeds
Tcb Calabasas Formation, interbedded clayey to silty sandstone, 

and shale with local breccia beds 
Tcbvc  Calabasas Formation - Volcanic Conglomerate Member, 

(unit), volcanic derived cobbles in a matrix of volcanically derived 
clay, silt and sand

Tcoab  Conejo Volcanics - Andesitic Breccias Member, andesitic/ 
basaltic breccias, angular volcanic clasts in volcanic matrix 

Tcob  Conejo Volcanics – Basalt Member, basaltic and andesitic 
volcanic flows, breccias, and basaltic sands and silts. 

Contact or mapped horizon - Long-dashed where 
approximately located, short-dashed where inferred
Fault - Long-dashed where approximately located, 
short-dashed where inferred, dotted where 
concealed, queried where doubtful
Thrust fault - Dashed where approximately 
located, dotted where concealed, sawteeth on 
upper plate
Anticline - Approximately located, dotted where 
concealed, showing troughline
Syncline - Approximately located, dotted where 
concealed; showing troughline
Strike and dip of inclined beds

Map Symbols

?

70
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5.0 Exploration 

5.1 Drilling and Sampling 
Thirty-eight HSA soil borings, six rotary wash borings, and six cone penetration test (CPT) 
soundings were advanced within the project limit. Under subcontract to CH2M HILL, 
the HSA and rotary wash borings were drilled by WDC Drilling & Wells of Montclair, 
California, and CPT soundings were performed by Kehoe Engineering and Testing of 
Huntington Beach, California.  

The borings were designated per Caltrans standards as A-11-001 through A-11-044 for the 
HSA borings with R-11-002, R-11-005, and R-11-007 through R-11-010 in between for the 
rotary wash borings (Caltrans, 2010d). CPT soundings were designated as CPT-11-045 
through CPT-11-050. The borings were drilled at approximately 300-foot intervals and at 
designated locations along the proposed retaining walls and sound walls. One boring was 
drilled for each bridge support location that did not have adequate prior investigation data. 
For pavement support assessments, borings were drilled at 1,000-foot intervals. The 
explorations were continuously observed and logged by CH2M HILL geotechnical 
specialists. Six cone soundings were performed to obtain continuous profile of cone tip 
resistance and sleeve friction for evaluation of liquefaction potential at the Moorpark Road 
UC site. Seismic shear wave velocities were also measured at 10-foot intervals in three of the 
six cone soundings. 

Soil boring information, including exploration number, station, offset, ground surface 
elevation, depth, and groundwater table elevation, is summarized in Table 5-1. The boring 
and CPT locations are presented in Appendix B. The detailed boring logs and CPT sounding 
logs are presented in Appendix C.  

Sampling procedures generally followed the ASTM International (ASTM) methods for 
standard penetration test (SPT) and split-barrel sampling of soils (ASTM D1586). 
Representative disturbed samples were obtained using an SPT sampler, and relatively 
undisturbed samples were collected using a California modified (ring) sampler. Bulk samples 
were also taken at shallow depth in each of the borings. The ring samplers were used to 
retain relatively undisturbed samples for laboratory testing (e.g., direct shear tests). A few 
undisturbed Shelby tube samples were also obtained where soft clay soils were 
encountered. 

The borings were logged and sampled at intervals of about 5 feet. Typically, the California 
ring and SPT samplers were used alternately. The samplers were driven using an abovehole 
140-pound automatic hammer, falling freely for 30 inches for a total penetration of 18 inches. 
Blow counts were noted on the boring logs for the last 12 inches of penetration. The drive 
samplers were used to provide blow counts that could be used to estimate soil strength 
through correlations and to collect soil samples from discrete intervals for characterization 
and index testing. All samples were retained and transported to the laboratory for testing. 
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Site-specific calibration on the automatic hammer used for the CH2M HILL’s field 
exploration was not conducted for this project. Review of the document of CME Automatic 
Hammer Operations Bulletin published by U.S. Department of the Interior (USDOI) 
indicates that a hammer efficiency from 85 to 95 percent was recommended based on 
various research and testing data for the CME automatic hammer (USDOI, 1999). Therefore, 
a hammer efficiency of 75 percent was conservatively used for this project. The CME 
Automatic Hammer Operations Bulletin is included in Appendix C. 

At the completion of the drilling, the HSA borings were backfilled with compacted soil 
cuttings with 2 feet of concrete from top to repair the existing shoulder pavement. The 
rotary wash borings were backfilled with cement bentonite grout and capped with 2 feet of 
concrete from top to repair the existing pavement. CPT soundings were backfilled with 
bentonite pellets and asphalt cold patch was used to repair the pavement surface. 

TABLE 5-1 
Summary of Current Geotechnical Exploration Information 
Route 101/SR 23 Interchange Improvements 

Boring/CPT 
No. 

Date 
Performed 

Exploration 
Method 

Stationa  
(feet) 

Offset 
(feet) 

Ground 
Surface 

Elevation
(feet)b 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevationb

(feet) 

A-11-001 1-26-11 HSA 95+89.3 72.4 RT 921.9 86.0 885.9 

R-11-002 1-20-11 Mud Rotary 96+77.9 108.4 RT 896.7 70.8 NM 

A-11-003 1-26-11 HSA 97+68.6 72.4 RT 922.4 87.0 862.4 

A-11-004 1-29-11 HSA 128+60.7 83.8 RT 900.7 70.5 835.7 

R-11-005 1-19-11 Mud Rotary 129+44.0 128.9 RT 873.5 51.5 NM 

A-11-006 1-29-11 HSA 130+19.8 83.8 RT 896.2 70.2 NE 

R-11-007 2-4-11 Mud Rotary 224+49.5 46.7 RT 748.1 91.4 NM 

R-11-008 1-15-11 Mud Rotary 225+11.7 60.5 RT 722.9 80.3 713.4 (05-03-11)

R-11-009 1-15-11 Mud Rotary 225+59.3 60.5 RT 723.5 80.3 713.3 (05-03-11)

R-11-010 2-4-11 Mud Rotary 226+46.4 49.6 RT 743.8 96.5 NM 

A-11-011 1-31-11 HSA 92+03.3 97.2 RT 915.0 51.5 882.0 

A-11-012 1-26-11 HSA 99+43.0 156.5 RT 904.9 51.5 876.3 

A-11-013 1-26-11 HSA 100+99.7 72.4 RT 920.3 31.5 NE 

A-11-014 1-27-11 HSA 104+01.6 96.8 RT 916.8 31.5 NE 

A-11-015 1-27-11 HSA 107+05.3 86.3 RT 915.5 50.8 NE 

A-11-016 2-2-11 HSA 100+78.6 91.2 LT 920.0 31.5 NE 

A-11-017 2-1-11 HSA 102+50.4 110.6 LT 918.4 51.5 874.4 

A-11-018 2-2-11 HSA 105+84.6 85.1 LT 915.9 31.5 NE 

A-11-019 2-1-11 HSA 109+37.8 82.7 LT 916.1 47.0 NE 

A-11-020 2-1-11 HSA 112+02.9 100.7 LT 914.6 31.5 898.3 
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TABLE 5-1 
Summary of Current Geotechnical Exploration Information 
Route 101/SR 23 Interchange Improvements 

Boring/CPT 
No. 

Date 
Performed 

Exploration 
Method 

Stationa  
(feet) 

Offset 
(feet) 

Ground 
Surface 

Elevation
(feet)b 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevationb

(feet) 

A-11-021 1-27-11 HSA 109+97.8 100.6 RT 919.4 31.5 NE 

A-11-022 1-27-11 HSA 113+25.3 108.3 RT 913.3 31.5 NE 

A-11-023 1-27-11 HSA 115+98.0 84.5 RT 913.8 33.0 NE 

A-11-024 1-28-11 HSA 119+01.0 84.5 RT 912.0 30.0 NE 

A-11-025 1-27-11 HSA 121+95.6 84.4 RT 910.3 31.5 NE 

A-11-026 1-28-11 HSA 124+88.0 83.9 RT 908.4 51.5 NE 

A-11-027 1-27-11 HSA 133+15.6 83.8 RT 887.6 31.5 NE 

A-11-028 1-28-11 HSA 136+04.0 85 RT 882.5 36.0 NE 

A-11-029 2-1-11 HSA 139+02.1 85 RT 884.3 37.0 NE 

A-11-030 1-29-11 HSA 142+02.3 85 RT 889.3 21.5 NE 

A-11-031 2-1-11 HSA 229+50.9 63.3 RT 732.0 51.5 699.0 

A-11-032 1-24-11 HSA 28+95.0 4 RT 947.6 11.5 NE 

A-11-033 1-24-11 HSA 38+99.3 9.3 RT 943.4 6.5 NE 

A-11-034 1-24-11 HSA 58+00.0 5 RT 923.4 11.5 NE 

A-11-035 2-4-11 HSA 63+00.1 99 RT 917.1 31.5 904.1 

A-11-036 1-24-11 HSA 68+03.7 4.4 RT 919.5 11.5 NE 

A-11-037 1-26-11 HSA 77+98.3 4.4 RT 920.7 11.5 NE 

A-11-038 1-24-11 HSA 88+10.4 6.9 RT 915.0 11.5 NE 

A-11-039 1-25-11 HSA 148+96.9 6.5 RT 896.3 11.5 NE 

A-11-040 2-5-11 HSA 156+98.4 68.7 LT 877.5 30.3 NE 

A-11-041 1-25-11 HSA 181+26.5 383 RT 814.1 31.5 NE 

A-11-042 2-4-11 HSA 190+52.6 93.5 RT 803.5 30.9 NE 

A-11-043 1-31-11 HSA 220+71.5 55.1 RT 755.5 22.0 NE 

A-11-044 2-1-11 HSA 239+00.3 66.7 RT 708.0 31.5 699.0 

CPT-11-045 1-11-11 CPT 225+10.5 73.9 RT 722.8 42.0 708.8 

CPT-11-046 1-12-11 CPT 225+59.6 80.9 RT 723.3 41.0 711.3 

CPT-11-047 1-12-11 CPT 225+95.3 58.9 RT 722.5 40.0 708.5 

CPT-11-048 1-11-11 CPT 225+09.9 65.5 LT 724.5 43.0 709.5 

CPT-11-049 1-12-11 CPT 225+56.5 63.9 LT 725.7 44.0 NM 

CPT-11-050 1-12-11 CPT 225+94.1 65.5 LT 724.6 43.0 707.6 
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TABLE 5-1 
Summary of Current Geotechnical Exploration Information 
Route 101/SR 23 Interchange Improvements 

Boring/CPT 
No. 

Date 
Performed 

Exploration 
Method 

Stationa  
(feet) 

Offset 
(feet) 

Ground 
Surface 

Elevation
(feet)b 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevationb

(feet) 

Notes:  
a All Stationing are “A”-Line (SR 101 Mainline) Stations. 
b Elevations are based on North American Vertical Datum 1988 (NAVD 88) datum. 
CPT = cone penetration test 
HSA = hollow-stem auger 
NE = not encountered 
NM = not measured  

5.2 Exploration Notes 
Minor caving and heaving sand were encountered during the drilling of HSA borings below 
the groundwater table. No other unusual occurrences were noted during the field 
exploration program that would impact the design and construction of the Route 101/SR 23 
Interchange Improvements. 
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6.0 Geotechnical Testing 

6.1 In Situ Testing 
Blow counts from the SPT sampler and California modified ring sampler were recorded 
during the explorations. Pocket penetrometer readings were obtained on fine-grained soil 
samples. Continuous profile of cone tip resistance and sleeve friction were obtained during 
the six cone penetration soundings advanced at the Moorpark Road UC location. Seismic 
shear wave velocities were also measured at 10-foot intervals in three of the six cone 
soundings. No other in situ testing was performed at the project site at the time this Report 
was prepared, and none is anticipated in the future. 

6.2 Laboratory Testing 
A laboratory testing program was developed to provide data relating to engineering 
properties of the soils that exist at the site. Selected soil samples were tested for soil 
classification, moisture content and density, strength parameters, consolidation, expansion 
potential, and corrosion potential. The laboratory tests were performed by Leighton 
Consulting, Inc. (Leighton) of Irvine, California, under subcontract to CH2M HILL. All 
testing was performed in general accordance with applicable ASTM Standards (ASTM, 
2009) or California Test Methods (CTMs) (Caltrans, 1990). The laboratory results were 
checked for completeness and reasonableness by CH2M HILL engineers. The tests 
performed on the geotechnical soil samples collected from the borings are summarized in 
Table 6-1. The laboratory test results by Leighton are presented in Appendix D.  

TABLE 6-1 
Summary of Laboratory Tests Performed 
Route 101/SR 23 Interchange Improvements 

Type of Test 
Applicable Test 

Method Purpose 

Dry Density ASTM D 2937 Estimate in situ soil density 

Moisture Content ASTM D 2216 Estimate in situ soil moisture content 

Atterberg Limits ASTM D 4318 Confirm soil classification made in the field 

Grain Size Distribution ASTM D 422 Confirm soil classification made in the field 

R-Value CTM 301 Provide soil parameter for pavement design 

Expansion Index ASTM D 4829 Estimate soil expansion characteristics 

Consolidation ASTM D 2435 Estimate soil consolidation characteristics 

Direct Shear Test ASTM D 3080 Estimate strength parameters of granular soil 

Unconsolidated Undrained (UU) Triaxial Tests ASTM D 2850 Estimate undrained strength parameters  

Soil pH CTM 532/643 Determine corrosion potential of site soil 

Minimum Electrochemical Resistivity CTM 532/643 Determine corrosion potential of site soil 

Sulfate Content CTM 417 Determine corrosion potential of site soil 

Chloride Content CTM 422 Determine corrosion potential of site soil 
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7.0 Geotechnical Conditions 

7.1 Site Geology and Lithology 
As indicated in Section 4.3, the project site is located within the Transverse Ranges 
Geomorphic Provinces of southern California. Locally, the project alignment and nearby 
vicinity are underlain by a variety of geologic formations, ranging from younger to older 
alluvial deposits in the low-lying portions of the alignment, to Miocene-aged sedimentary 
and volcanic formations in the mountainous portions of and adjacent to the alignment. 
Relatively thick sections of alluvial soils are expected below portions of the alignment, 
particularly near the southwestern and the extreme northwestern portions of the alignment. 
Historically high groundwater levels as shallow as 10 feet bgs have been reported along 
portions of the alignment and in the area north of Route 101 (CGS, 2000 and 2002). 

The primary subsurface units at the project site are the artificial fills and thick alluvium 
deposits. Formational materials were encountered at a few locations during the subsurface 
investigation. Design of the project is controlled by the alluvial soil at the site. Subsurface 
soil conditions are described further in Section 7.2. 

7.2 Subsurface Conditions 
Subsurface conditions were determined based on the information of the CH2M HILL’s site-
specific geotechnical explorations. In general, the soils at the site consist of fill and sandy 
alluvium with interbedded clayey and silty layers. Calabasas formation bedrock was 
encountered below the alluvium at some locations. The subsurface information described as 
follows is based on the existing data and the data obtained from the CH2M HILL’s 
subsurface explorations.  

The subsurface conditions vary throughout the project limits of Route 101. In general, there 
is approximately 20 to 30 feet of locally placed artificial fill (Qaf) for the roadway 
embankment over the native ground surface especially for the approach of the bridge 
structures. The elevation of the roadways generally parallels that of the surrounding ground 
surface. The artificial fill generally consists of interbedded layers of stiff to hard silts and 
clays and medium-dense to very dense sandy and gravelly materials. 

Beneath the locally placed artificial fill, the native soil consists of alluvium fan deposits to a 
depth of approximately 100 feet. The alluvium deposits generally consist of interbedded 
layers of medium-dense to very dense sand, silty sand, clayey sand, clayey gravel and soft 
to hard sandy silt, sandy clay, fat clay, silty clay, and lean clay.  

The subsurface profile at the Hampshire Road UC area close to the south end of the 
alignment consist of artificial fill (Qaf), young alluvium deposits (Qu), and old alluvium fan 
deposits (Qof). Calabasas formation materials were encountered below alluvium at few 
locations. Generally, all the geologic units at the bridge site predominately consists of 
medium stiff to hard sandy lean clay, fat clay, silt and clayey silt, medium to very dense 
clayey sand with varying degree of gravel, and shale of young alluvium deposits between 
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elevations of about 900 and 850 feet. The field SPT N-values ranged from 9 to 66 for the 
young alluvium materials. Under the young alluvium materials, very dense silty sand, 
poorly graded sand, clayey gravel, and silty gravel of older alluvium with scattered gravels 
and cobbles were encountered below elevation 850 feet. The field SPT N-values ranged from 
62 to greater than 100 for the older alluvium materials. 

The profile underneath the proposed sound wall and retaining walls between Hampshire 
Road and Conejo School Road consisted of artificial fills and alluvium deposits containing 
similar materials. Subsurface material primarily consists of stiff to hard sandy clay, silt and 
silty clay and dense to very dense clayey sand and silty sand with medium varying amount 
of gravels. The uncorrected SPT N-values in this zone ranged from 9 for 12 inches of 
penetration to 50 for 3 inches of penetration. Refusal blow counts were encountered 
beginning from about 25 to 30 feet below the existing grades. 

The subsurface at the Conejo School Road UC consists of hard clayey silt or shale with 
varying degree of gravel of older alluvium deposits between elevations of 896 and 872 feet. 
The field SPT N-values ranged from 34 to 62 for the alluvium materials. These are underlain 
by very dense cobbles and gravels in a sand and clay matrix of Calabasas formation below 
an elevation of 872 feet. Refusal field blow counts were indicated within the cobbles and 
gravels layer. 

The subsurface profile closer to the Moorpark Road UC generally consists of fill, younger 
alluvial deposits, and older alluvial deposits. Bedrock was not encountered during the 
investigation to the maximum boring depth of 96.5 feet (elevation of 647.3 feet). Below the 
existing ground surface, approximately 24 to 25 feet of artificial fill was encountered at the 
abutment locations. The fill generally consists of stiff silty clay and medium dense to dense 
silty sand, clayey sand, and poorly graded sand with silt. Below the fill, the younger alluvial 
deposits were encountered to approximate elevations of 673 to 684. The younger alluvium 
deposits generally consist of soft to stiff sandy lean clay, silt, and lean clay interbedded with 
loose to medium dense silty sand to clayey sand. Below the younger alluvial deposits, older 
alluvium deposits were encountered to the bottom of the exploration. The older alluvial 
deposits generally consist of very dense clayey sand with gravel.  

7.3 Water 
7.3.1 Surface Water 
No permanent standing surface water was observed along the proposed project alignment. 
Human-made facilities, consisting primarily of storm drains and sewers that flow into the 
local channels, control drainage in the area. 

Scour 
The project site is in a semi-urban area, where most surfaces are paved or planted with 
vegetation and drainage is controlled by engineered facilities. Therefore, the potential for 
scour is low at the proposed Route 101/SR 23 Interchange Improvements area. In addition, 
none of the bridges within the proposed improvements areas spans any water bodies such 
as rivers, creeks, etc. 
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Erosion 
This site is in a semi-urban area, where most surfaces are paved or planted with vegetation 
and drainage is controlled by engineered facilities. Based on the erodibility information 
from the USDA Soil Survey available on the USDA Web site 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx), the native soils have a 
slight to severe potential for erosion. Therefore, the potential for erosion at the site is 
considered moderate. There is a protective vegetative cover over the side slopes of the fill 
embankment along Route 101 and, based on visual inspection, no erosion impacts are 
evident.  

In addition to the drainage features proposed for the project site, planting of a protective 
vegetative cover is recommended on all exposed ground within the right-of-way area and 
on the cut-and-fill slopes. 

7.3.2 Groundwater 
During the field exploration, groundwater was encountered at depths ranging from 10 to 
80 feet bgs in the borings. The groundwater elevations corresponding to encountered depths 
were between 904 feet close to the southern limits and 699 feet closer to northern limits of 
the proposed improvement areas for the Route 101/SR 23 Interchange Improvements 
project. The historically high groundwater table within the project improvements limit 
along Route 101 is estimated at depths as shallow as 10 feet bgs, especially along the 
northern stretches of the alignment (CGS, 2000 and 2002). Groundwater levels were 
measured at elevations from 707.6 to 713.4 feet from CPT soundings and the borings drilled 
near the Moorpark Road UC. Groundwater is anticipated to be encountered at shallow 
depths in the Moorpark Road UC area during construction due to the active drainage of the 
Conejo Creek close to the Moorpark Road UC.  

Based on the available groundwater level data as presented in Table 7-1, it is recommended 
that the CGS historically high groundwater depth be used as the design groundwater table 
for the area near the Hampshire Road UC site. Considering the groundwater table data 
measured recently at the Moorpark Road UC site is close to the CGS historically high 
groundwater level and the potential fluctuation of groundwater table in the future, we 
recommend that a groundwater table at 2 feet higher than the CGS historically high 
groundwater level, corresponding to the elevation of 715 feet, be used as the design 
groundwater table for the area near the Moorpark Road UC site. In areas close to the Conejo 
School Road UC site, a design groundwater table depth of 30 feet bgs was conservatively 
assumed. 

It should be noted that groundwater may be a significant constraint during the rainy season 
when high perched and high surface runoff of water may occur, and localized high 
groundwater may be present. Nearby construction, irrigation, and numerous other 
human-made and natural influences also could cause groundwater levels to fluctuate. 
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TABLE 7-1 
Summary of Groundwater Table Data 
Route 101/SR 23 Interchange Improvements 

Location 

Sources of Groundwater Table Data 

Field 
Investigation1

(feet, bgs) 

As-Built 
LOTB2 

(feet, bgs) 

CGS (Historically High 
Groundwater Depth)3 

(feet, bgs) 

DWR Monitoring 
Wells4 

(feet, bgs) 

Route 101 at  
Hampshire Road UC 

11 to 34 24 to 30 10 16  

Route 101 at  
Conejo School Road UC 

38 NE within 
upper 50 

30 16  

Route 101 at  
Moorpark Road UC 

10 to 17 23 to 30 10 40  

Notes: 
1 Refer to Table 5-1 and the Boring Location Map in Appendix B for CH2M HILL’s investigation details.  
2 Refer to Section 3.2 for the as-built plan reference information. 
3 CGS Seismic Hazard Zone Report 042 pertains to the Thousand Oaks 7.5-minute quadrangle. 
4 Closest available DWR Monitoring Wells – Distance from the actual location varies from 0.33 to 0.85 mile. 
bgs = below ground surface 
CGS = California Geological Survey 
DWR = California Department of Water Resources 
NE = not encountered 
UC = undercrossing 
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8.0 Geotechnical Analyses and Design 

8.1 Cuts and Excavations 
8.1.1 Rippability 
As indicated previously in this Report, the project site is covered by alluvial soils and fill 
that will not pose a rippability problem. It is anticipated that conventional earth moving 
equipment can be used for the entire project. 

8.1.2 Grading Factors 
Earthwork will be required as part of the proposed improvements. Shrinkage and bulking 
grading factors were estimated for the earthwork. Shrinkage occurs when soil is excavated 
and replaced at a density substantially different from its original density. A shrinkage factor 
of 5 to 10 percent for granular sandy soils and 10 to 15 percent for fine-grained clayey and 
silty soils shall be used from truck-soil volume to compacted-in-place volume. Bulking 
occurs when an in-place material is removed for hauling purposes. A bulking factor of 10 to 
15 percent for granular sandy soils and 10 to 20 percent for fine-grained clayey and silty 
soils shall be used for hauling purpose. 

8.2 Embankments 
The embankments within the scope of this Materials Report include the soil being added 
along the NB side of the existing bridges at the Hampshire Road UC, Conejo School Road 
UC, and Moorpark UC for widening, and fill embankments being placed for constructing 
associated ramps and walls. The slope faces resulting from the sliver fills will have an 
inclination of 2:1 (H:V) or flatter. Static and pseudo-static slope stability analyses were 
performed to analyze the global stability of the bridge abutments with the addition of the 
proposed sliver fills. In the pseudo-static analyses, a seismic force was applied to the soil 
mass based on a horizontal seismic acceleration coefficient kh equal to one-third of the peak 
ground acceleration (PGA) produced by the maximum credible earthquake (MCE) event. 
The computed factors of safety for the static and pseudo-static cases were greater than 
1.5 and 1.1, respectively, for all of the slopes analyzed. Therefore, the proposed abutment 
slopes are considered globally stable at static and pseudo-static loading conditions. The 
slope stability analyses are presented in the bridge foundation reports under separate covers 
(CH2M HILL, 2011a, 2011b, and 2012a). 

Settlement of the existing bridge abutment fills due to the addition of the sliver fills was also 
analyzed. Settlement was analyzed assuming the existing embankment as Stage 1 
construction and the addition of sliver fill as Stage 2 construction. Resultant settlement due 
to sliver fills was obtained by the difference between Stages 1 and 2. Standard consolidation 
and elastic procedures were used to evaluate settlements in clayey and sandy materials, 
respectively.  
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For the proposed sliver fills at all of the bridge abutments, a fill-induced settlement of about 
1 inch or less is anticipated for a fill height of 5 feet. The majority of the settlement is 
expected to be completed within 1 month after fill placement.  

8.3 Corrosion 
8.3.1 Corrosion Testing 
Soil tests for corrosivity assessment were conducted on selected samples collected from the 
field investigation. Soil samples were tested for pH, minimum resistivity, soluble chloride 
content, and soluble sulfate content using the procedures described in Caltrans Test 
Methods 532/643 (Standard Test Methods Volume II, Testing and Control Procedures, Caltrans, 
1990). The results of the laboratory corrosion tests are presented in Appendix D.  

TABLE 8-1 
Summary of Laboratory Corrosion Test Results 
Route 101/SR 23 Interchange Improvements 

Boring Sample 
Depth 
(feet) Soil Type

Minimum 
Resistivity  
(ohm-cm) pH 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

R-11-002 B-01 2.5 to 6 CL 850 6.6 312 47 

A-11-003 B-03 11.5 to 15 GM 1,280 6.46 253 36 

A-11-004 B-03 11.5 to 15 CL 885 6.21 116 71 

R-11-005 B-01 0 to 5 SM 3055 7.28 80 32 

R-11-007 B-01 2 to 5 SM 3000 7.81 111 22 

R-11-008 B-01 0 to 5 CL 1025 6.72 137 37 

A-11-011 B-02 6.5 to 10 SC 1100 7.52 157 48 

A-11-014 B-03 11.5 to 15 SC 640 6.75 274 64 

A-11-016 B-03 11.5 to 15 SC 920 7.37 172 70 

A-11-017 B-03 11.5 to 15 CL 649 6.75 219 111 

A-11-019 B-04 16.5 to 20 CL 954 6.99 171 44 

A-11-020 B-02 6.5 to 10 SC 1,085 7.48 82 33 

A-11-021 B-02 6.5 to 10 SC 1,140 7.06 87 37 

A-11-026 B-03 11.5 to 15 SC 900 6.7 169 133 

A-11-027 B-02 6.5 to 10 SC 1,240 7.23 210 73 

A-11-029 B-02 6.5 to 10 SC 1,400 7.10 157 58 

A-11-030 B-02 6.5 to 10 SM 1,562 6.87 71 46 

A-11-031 B-03 11.5 to 15 SC 990 7.53 109 42 
Notes: 
ohm-cm = ohm-centimeter  
ppm = parts per million  
 

Caltrans Corrosion Guidelines define a corrosive environment as being a site where the soil 
has electrochemical resistivity of less than 1,000 ohm-centimeters (ohm-cm), a sulfate 
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content greater than 2,000 parts per million (ppm), a chloride content greater than 500 ppm, 
or a pH less than 5.5 (Caltrans, 2003). Comparison between the laboratory test results and 
the Caltrans corrosion criteria indicates that the onsite soils are not corrosive to concrete 
structures and steel structures based on their low sulfate and chloride contents. The results of 
the laboratory corrosion testing are summarized in Table 8-1. 

8.3.2 Site Corrosion Recommendation 
Concrete in contact with onsite soil shall be batched using Type II Modified Cement. 
Adequate concrete cover over reinforcing steel shall be provided in accordance with good 
construction practices and design standards. Caltrans Standard Specifications, Section 90-1 
shall be used in construction of concrete structures or pipes (Caltrans, 2010b). Corrugated 
aluminum pipe (CAP) is not recommended due to corrosive concerns. Plastic pipe may be 
used for 50-year service life. However, abrasion must be evaluated by a civil engineer. 
Concrete headwalls and concrete or metal end treatments are recommended in areas where 
high fire potential exists. Corrosion analysis results using CULVERT Version 4.0 (University 
of Florida, 1998) are included in Appendix E to assist with culvert design.  

8.4 Structural Pavement Design 
Pavement construction will mainly consist of replacing the existing HMA with JPCP at the 
median and widening NB Route 101 with JPCP for travelled lane and HMA for outside 
shoulder on top of the existing or proposed new roadway embankment and constructing 
new HMA ramps. Structural pavement sections have been designed for the proposed Route 
101 mainline reconstruction, widening, other pertinent ramps construction and widening 
and median rehabilitation. Recommendations for pavement structural sections are provided 
for the JPCP and HMA concrete pavements proposed in this project.  

The pavement sections were designed following the procedures outlined in the Caltrans 
HDM (Caltrans, 2009). The flexible pavement design calculations are presented in Appendix 
F. Traffic index (TI) values provided by the project traffic engineer were used in the 
structural pavement design and are shown in Table 8-2. Caltrans provided pavement 
structural sections on December 23, 2010, during the 35 percent PS&E review. The pavement 
structural sections recommended in Table 8-2 are consistent with Caltrans 
recommendations. The Caltrans review comments on pavement structural sections are 
included in Appendix G. For the pavement design, a conservative design subgrade R-value 
of 15 (Subgrade Type II) was used in this project. The recommended rigid and flexible 
pavement structural sections are presented in Table 8-2. 

Considering the subsurface condition and the projected traffic growth, the rigid JPCP is 
recommended for reconstructing or constructing any new section of Route 101. The flexible 
HMA pavement is recommended for the Route 101 outside shoulder, widening and 
reconstruction of on- and off-ramps, and median rehabilitation.  

Heavy trucks create deterioration by flexure of the pavement, especially near a terminus of 
exit ramps on highways, and damage may be caused by the dissolving action of oil 
drippings combined with breaking actions of the trucks. According to the Caltrans HDM 
(Caltrans, 2009), rigid pavement is sometimes placed at ramp termini instead of flexible 
pavement where there is projected heavy truck traffic (TI greater than 12) to preclude 
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pavement failure from vehicles. The recommended rigid pavement for ramp termini is also 
presented in Table 8-2.  

TABLE 8-2 
Summary of Recommended Pavement Sections 
Route 101/SR 23 Interchange Improvements 

Name of Roadway TI 
Pavement Section 

(feet) 
Proposed Design Life

(Year) 

Route 101 Widening/Reconstruction 
SR 23 Branch Connection  
(Stations “S-3” 870+17.78 to 
874+61.18)  

14.5 1.0 JPCP/0.5 LCB/0.7 AB 40 

Ramps Widening/Reconstruction 
Median Reconstruction 

12.0 0.6 HMA-A/0.6 LCB/1.15 AB 20 

On-Ramp Meter Pad 12.0 0.3 HMA-A/GPI / 0.3 HMA-A/0.6 
LCB/1.15 AB 

20 

Median Rehabilitation NA 0.15 HMA-A/0.15 Cold Plane 
Existing Pavement 

20 

Ramp Termini 14.0 0.95 JPCP/0.5 LCB/0.7 AB 40 

Notes: 
AB = Class 3 aggregate base 
GPI = geosynthetic pavement interlayer  
HMA-A = hot mix asphalt, Type-A 
JPCP = jointed plain concrete pavement 
LCB = lean concrete base 

The structural sections for gore areas should match the adjacent ramps. For on-ramp meter 
pads, the traffic loop should be cut and epoxy filled in the HMA layer before the placement 
of fabric and the final layer. JPCP is not recommended where loops will be placed, since 
cracks will propagate within the JPCP slab and may cause wire loop distress. If loops must 
be cut in JPCP or termini sections, it shall be done in the LCB layer and not JPCP layer. JPCP 
ramp termini shall be placed on the off-ramps and a minimum length of 150 feet is required. 
Additional length should be considered depending on the queues of stopped traffic. 

According to the Caltrans HDM (Caltrans, 2009), the existing adjacent pavement condition 
should be investigated to determine if rehabilitation or pavement preservation is warranted 
for the widening project. If warranted, combining rehabilitation or pavement preservation 
work with widening is recommended. For flexible pavement, a minimum 2-inch overlay 
over the widening and existing pavement should be used to eliminate pavement joints that 
are susceptible to water intrusion and early fatigue failure.  

All flexible pavement sections should be constructed using HMA-A with 0.75-inch 
gradation. Based on the project’s site, climate, and intended usage, PG-64-10 asphalt binder 
is recommended. According to the Caltrans HDM Section 613.5(2)(a), the TI of the mainline 
shoulders shall match the TI of the adjacent traffic lane for the first 2 feet of the shoulder 
width measured from the edge of travelled way (Caltrans, 2009). This is to prevent shoulder 
rutting of the flexible pavements. 
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8.4.1 Subgrade R-Value 
R-value tests were performed for the near-surface soils within the project area. A total of 
12 R-value tests were performed and the results are summarized in Table 8-3. The test 
results indicate R-values ranging from 27 to 77 for the subgrade soils within the project area. 
Considering materials variance and some of the proposed pavement for the widening are 
supported on new embankment fills with R-values unknown at this time, a design subgrade 
R-value of 15 was selected conservatively and recommended for the pavement structural 
section design. 

TABLE 8-3 
Summary of Laboratory Subgrade R-Value Test Results 
Route 101/SR 23 Interchange Improvements 

Boring  Sample 
Depth 
(feet) Soil Type R-Value 

A-11-015 B01 1.0 to 5.0 CH 28 

A-11-020 B02 6.5 to 10.0 SC 39 

A-11-022 B01 1.0 to 5.0 SM 77 

A-11-027 B02 6.5 to 10.0 SC 45 

A-11-031 B03 11.5 to 15.0 SC 28 

A-11-033 B01 2.0 to 6.5 SM 65 

A-11-036 B01 2.0 to 8.0 SC 44 

A-11-038 B01 2.0 to 8.0 SM 74 

A-11-039 B01 2.0 to 8.0 SM 71 

A-11-040 B01 1.0 to 5.0 SC 65 

A-11-042 B03 11.5 to 15.0 SC 27 

A-11-043 B03 11.5 to 15.0 SM 61 

 

8.4.2 Expansion Potential 
Selected samples with high clay content were tested for expansion index (EI) and plasticity 
index (PI) for the near-surface soils within the project area for evaluating expansion 
potential of the onsite pavement subgrade soils. The laboratory testing results, including EI, 
PI, Liquid Limit, in-situ moisture content, and dry density, are summarized in Table 8-4. 
Based on the test results, the EI and PI values are ranged from 34 to 84 and 14 to 29, 
respectively, for the existing onsite subgrade soils. According to the Caltrans HDM Section 
614.4, the subgrade is considered as expansive if the PI is greater than 12 and special 
engineering or construction considerations will be required (Caltrans, 2009). Therefore, the 
onsite excavated native materials are not recommended for reuse as pavement subgrade 
within 4 feet from the finished subgrade and import borrow materials meet and compacted 
per Caltrans Standard Specifications are required (Caltrans, 2010b).  

As discussed in Section 7.3.2, the historically high groundwater table is at least 10 feet below 
the bottom of the Route 101 roadway embankment; therefore, the potential of subgrade 
expansion due to moisture variation impacted by groundwater is not a concern. Surface 
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water may impact the moisture content of subgrade to certain degree due to water 
infiltration through pavement joints and creaks, etc. However, surface water will not cause a 
saturation of subgrade because the subgrade is covered by asphalt and concrete, and 
sufficient edge drains and ditches constructed along the pavement will rapidly remove any 
surface water off the pavement surface. Therefore, potential of subgrade saturation due to 
surface water infiltration is considered low.  

It should be noted that the EI testing was conducted using remolded samples that may not 
actually represent the in-situ soil conditions. Based on review of the consolidation test data 
conducted on this project for similar materials, the in-situ undisturbed samples experienced 
insignificant void ratio changes after the samples were inundated with water, which 
indicates a low expansive potential for the in-situ soils. To evaluate the swelling potential of 
the existing subgrade soils and their impacts on the pavement, swelling pressures for the 
onsite subgrade soils were estimated using an established correlation with Liquid Limit, in-
situ moisture content, and dry density as documented in the Federal Highway 
Administration (FHWA) report (FWHA, 1975). Calculations of the estimated swelling 
pressures are included in Appendix F, and the results are summarized in Table 8-4. Based 
on the data, the estimated swelling pressures range from approximately 165 to 1,178 psf 
when the subgrade is close to saturation. A majority of the estimated swelling pressures are 
less than 576 psf with only one sample (B01 of A-11-015) having a swelling pressure at 1,178 
psf. The A-11-015 boring log shows that this sample is classified as sandy fat clay with 
gravel. Based on the EI and the swelling pressure values, this material as shown in boring 
A-11-015 is expected to have a high potential for expansion. Review of the borings drilled 
adjacent to boring A-11-015 indicates that this potentially high expansive material is isolated 
within the top 5 to 6 feet of the existing fill embankment in the area adjacent to boring A-11-
015. Therefore, based on the discussion presented above, we conclude that the expansive 
potential of the existing onsite subgrade within the project area is generally low with the 
exception of an isolated area adjacent to boring A-11-015, where the top 5 to 6 feet of the 
existing on-site materials have a high potential for expansion. Therefore, the following 
recommendations are provided for pavement subgrade construction: 

 In the isolated rectangular area, from Route 101 Mainline Station 105+50/Offset 65 to 
105 feet (right) to Station 108+50/Offset 65 to 100 feet (right), the top 5 feet of the 
existing embankment materials shall be removed and replaced with import materials 
having EI less than 50, PI less than 12, R-value greater than 15, and non-corrosive to 
concrete as pavement subgrade materials and compacted per Caltrans Standard 
Specifications prior to pavement construction.   

 Other than the isolated area indicated above, for any other portion of pavement that will 
be constructed on the top of the existing embankment, scarification of the top 6 inches of 
subgrade and re-compacted to 95 percent relative compaction shall be performed on the 
exposed subgrade per Caltrans Standard Specifications for subgrade preparation.    

 For any portion of pavement that will be constructed on top of new embankment fills, 
the onsite excavated materials are not recommended for reuse as pavement subgrade 
within 4 feet from the finished subgrade, and import fills with EI less than 50, PI less 
than 12, R-value greater than 15, and are non-corrosive to concrete and compacted per 
Caltrans Standard Specifications shall be used as pavement subgrade. 
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TABLE 8-4 
Summary of Laboratory Expansion, Plasticity Index Testing, and Predicted Swelling Pressures 
Route 101/SR 23 Interchange Improvements 

Boring  

 
 
 

Sample 

 
 

Depth 
(feet) 

Soil 
Type 

Plasticity 
Index 

 
 

Liquid 
Limit 

 
Dry 

Density 
(pcf) 

 
Moisture 
Content 

(%) 
Expansion 

Index 

Predicted 
Swelling 
Pressure 

(psf) 

A-11-004 B03 11.5 to 
15 

CL 20 42 97.7 12.4 50 576 

A-11-015 B01 1 to 5 CH 29 52 109.4 13.2 84 1,178 

A-11-026 B03 11.5 to 
15 

SC 19 42 98.7 14.2 54 528 

A-11-031 B03 11.5 to 
15 

CL/SC 24 41 102.6 20.0 60 386 

A-11-035 B01 1 to 5 SC/CH 14 34 95.6 25.6 34 165 

A-11-036 B01 2 to 8 SC 22 40 109.3 16.1 40 553 

     

8.4.3 Compaction and Remedial Grading 
The pavement subgrade material should be compacted to at least 95 percent relative 
compaction per Section 19-5 of the Caltrans Standard Specifications (Caltrans, 2010b) prior to 
placing aggregate base materials. 

The recommended pavement sections are designed to be constructed on compacted fill or 
existing native materials having a minimum R-value of 15. Although unexpected, if any 
unsuitable materials or materials having R-values less than 15 are encountered within the 
pavement subgrade during construction, that materials should be removed and replaced 
with imported materials to the depth at least 4 feet below the finished grade. The imported 
materials should have EI less than 50, PI less than 12, R-value greater than or equal to 15, 
and are noncorrosive to steel and concrete. The actual extent of the removals will be 
determined in the field during construction based on the actual condition encountered. The 
replaced backfill should be compacted to at least 95 percent relative compaction per Section 
19-5 of the Caltrans Standard Specifications (Caltrans, 2010b). 

A portion of the proposed pavement for the widening will be constructed on top of new 
embankment fills. Any new roadway embankment fills placed for the widening should 
meet the applicable Caltrans criteria as roadway embankment fills. Based on the EI and the 
PI testing results, the onsite excavated native materials are not expected to be suitable for 
reuse as pavement subgrade. Therefore, imported borrow materials having EI less than 50, 
PI less than 12, R-value equal to greater than 15, and are non-corrosive to steel and concrete 
should be used as the pavement subgrade materials. Imported borrow material shall be 
placed and compacted per Section 19 of Caltrans Standard Specifications (Caltrans, 2010b). 
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9.0 Material Sources 

The purpose of this section is to identify sources within the project limits that will produce 
materials that can be put to a higher use than common borrow. The debris from structures 
demolished for the project improvements can be considered such a source. The demolished 
structures include the existing pavement that is to be removed prior to roadway widening. 
The debris may be recycled as aggregate or roadway base. The debris should be tested to 
ensure that it meets all applicable Caltrans criteria for processed miscellaneous base (PMB) 
before being used for these purposes. For use as embankment fill, all excavated sandy 
material is considered suitable, but excavated clayey material is not considered suitable. 
Any import fill materials, either for structural backfills or roadway embankment fills, shall 
be tested and approved prior to import per Caltrans Standard Specifications (Caltrans, 2010b). 

The State Contract Act prohibits Caltrans from buying aggregate or any other mined 
materials from sources not exempt or not compliant with the Surface Mining and 
Reclamation Act of 1975 (SMARA). Mining operations determined to be in compliance are 
listed on the Assembly Bill 3098 SMARA-eligible list. This list can be obtained from the 
Caltrans Division of Construction or the Department of Conservation’s Web site at: 
http://www.consrv.ca.gov/omr/SMARA/. 

In addition, the following local potential commercial sources of aggregates have been 
identified from the Assembly Bill 3098 list as of October 3, 2008: 

 Tapo Canyon Mine – P.W. Gillibrand Co., Inc. 
Operator – P.W. Gillibrand Co., Inc.  
5131 Tapo Canyon Road 
Simi Valley, California 93062 

 Tapo Rock and Sand, Inc.  
Operator – Tapo Rock and Sand, Inc. 
5023 Tapo Canyon Road  
Simi Valley, California 93063 

 Wayne J. Sand and Gravel 
Operator – Wayne J. Sand & Gravel, Inc.  
9455 Buena Vista Road 
Moorpark, California 93020 

 Grimes Rock 
Operator – Grimes Rock, Inc.  
Post Office Box 4535 
Saticoy, California 93007 
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10.0 Material Disposal 

No final information on the volume of excavation and embankment material was available 
at the time this Report was prepared. However, based on the grading presented in the 
roadway plans, it appears that the project will require import of soil. 

Most of the excavated material will be used as embankment fill within the project area. 
The remaining material, including unsuitable materials for embankment fill, will be either 
disposed of by the contractor or temporarily stockpiled outside the project limits. The 
stockpiled material will be available for other project usage. If the contractor elects to 
dispose of any material outside the project limits, the contractor will be required to obtain 
any necessary permits for this activity.  

CH2M HILL has assumed that no hazardous waste conditions exist on the project site. As 
such, no hazardous waste consideration is provided in this Report.  
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11.0 Recommendations and Specifications 

Earthwork and paving included within the scope of work for this Materials Report shall 
conform to the Caltrans Standard Specifications (Caltrans, 2010b). Based on the results of this 
study, the following recommendations are provided: 

1. Subgrade soils underlying the proposed structural pavement sections shall have a 
minimum R-value of 15, EI less than 50, PI less than 12, and be non-corrosive to concrete. 
The onsite excavated native materials are not expected to be suitable for reuse as 
pavement subgrade within 4 feet from the finished subgrade, and import borrow 
materials meeting the criteria presented above are required as subgrade for the 
pavement widening constructed on top of new embankment fills.  

2. If unsuitable materials or materials having R-values less than 15 are encountered within 
the pavement subgrade during construction, those materials should be removed and 
replaced with import materials to the depth at least 4 feet below the finished subgrade. 
The import materials should have a minimum R-value of 15, EI less than 50, PI less than 
12, and are non-corrosive to concrete. The actual extent of the removals will be 
determined in the field during construction based on the actual condition encountered. 
The remedial fill shall be compacted to a minimum of 95 percent relative compaction 
within 2 percent of optimum moisture content per ASTM D1557.  

3. In the isolated rectangular area, from Route 101 Mainline Station 105+50/Offset 65 to 
105 feet (right) to Station 108+50/Offset 65 to 100 feet (right), the top 5 feet of the 
existing embankment materials shall be removed and replaced with import materials 
having EI less than 50, PI less than 12, R-value greater than 15, and non-corrosive to 
concrete as pavement subgrade materials and compacted per Caltrans Standard 
Specifications prior to pavement construction 

4. Other than the isolated area indicated above, for any other portion of pavement that will 
be constructed on the top of the existing embankment, scarification of the top 6 inches of 
subgrade and re-compacted to 95 percent relative compaction shall be performed on the 
exposed subgrade in accordance with Caltrans Standard Specifications for subgrade 
preparation. 

5. HMA should be Type “A,” as defined in Standard Special Provision S1-020H, Amended 
Section 39 (Caltrans, 2010c). 

6. HMA dikes and other HMA miscellaneous areas should be designed and constructed 
per the Standard Special Provision S1-020H, Amended Section 39-1.13, Miscellaneous 
Areas and Dikes (Caltrans, 2010c), and Standard Plan A87B, Asphalt Concrete Dikes 
(Caltrans, 2010a). 

7. Aggregate subbase (AS) and AB should be selected as defined in the Caltrans Standard 
Specifications (Caltrans, 2010b). 

8. The following culvert material criteria are recommended: 



11.0  RECOMMENDATIONS AND SPECIFICATIONS 

TBG041911202514SCO/101_23_REVISED FINAL_MATERIALSREPORT.DOCX/121840002 11-2 

– Type IP (MS) Modified cement or Type II Modified cement is suitable for concrete. 

– Standard RCP design should be suitable for the soils tested. Caltrans Standard 
Specifications, Section 90-1.01 shall be used in construction of all concrete structures or 
pipes (Caltrans, 2010b). 

– CAP and corrugated aluminized steel pipe (CASP) are not recommended due to 
corrosive concerns.  

– Plastic pipe may be used for 50-year service life. However, abrasion must be 
evaluated by a civil engineer. Concrete headwalls and concrete or metal end 
treatments are recommended in areas where high fire potential exists. 

9. All earthworks shall be performed in accordance with the Caltrans Standard Specifications 
except as indicated in the Special Provisions prepared for the project improvements. Fill 
placed on sloping ground should be properly keyed and benched into existing ground 
and placed as specified in Section 19-6 of the Caltrans Standard Specifications (Caltrans, 
2010b). 

10. A shrinkage factor of 5 to 10 percent for granular sandy soils and 10 to 15 percent for 
fine-grained clayey and silty soils shall be used from truck-soil volume to compacted-in-
place volume. A bulking factor of 10 to 15 percent for granular sandy soils and 10 to 20 
percent for fine-grained clayey and silty soils shall be used for hauling purpose. 

11. Compressible surficial materials, including topsoil, loose alluvium, and unsuitable fill, 
shall be completely removed prior to fill placement. Geotechnical personnel in the field 
during construction shall determine the actual depth and extent of removals. In areas 
where fill will be placed, the ground surface should be observed to be firm and 
unyielding prior to fill placement. 

12. Over-excavations shall be observed by qualified geotechnical personnel to verify that the 
bottom is firm and unyielding prior to placement of compacted fill. Over-excavated 
areas should be cleaned of any loose soils and debris before receiving fill. 

13. For new roadways and shoulders, upon completion of the over-excavation, the exposed 
over-excavation bottom shall be scarified to a minimum depth of 6 inches, moisture-
conditioned to near-optimum moisture content and compacted in place to 95 percent 
relative compaction per ASTM D1557. Finished subgrade shall be reestablished by 
properly placing remedial fill in loose lifts not exceeding 8 inches in height and 
compacting it to at least 95 percent relative compaction. 

14. To minimize potential erosion, all finished slopes or slopes denuded by the construction 
shall be planted as soon as practical after grading. Local areas may require additional 
erosion-control measures at the discretion of the geotechnical personnel. 

15. Dewatering the site and controlling surface water shall be the responsibility of the 
contractor during construction. Free water shall not be allowed to stand in any 
excavations. If excavations become flooded, at least the bottom 6 inches of soil shall be 
removed and replaced or recompacted to 95 percent relative compaction. Additional 
removals may be required at the discretion of the project geotechnical personnel. 
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Listed previously are recommendations developed for the components of the Route 
101/SR 23 Interchange Improvements. If designers have questions relating to these 
recommendations or problems with these recommendations, or if variations in subsurface 
conditions from those described in this Report are noted during construction, the 
geotechnical designer should be contacted. If such variations exist, the recommendations 
presented in this Report must be reevaluated. 
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Appendix A 
Caltrans As-Built Logs of Test Borings 
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Appendix B 
CH2M HILL Boring and CPT Location Maps 
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ASPHALT Pavement - Shoulder; Base (Gravel).

CLAYEY SAND with GRAVEL (SC); brown; moist; few
GRAVEL; coarse to fine SAND; some CLAY; occasional
AC fragments [FILL].

Medium dense.

Yellowish brown.

SANDY lean CLAY (CL); stiff; brown; moist; medium
plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; olive
brown; moist; some angular GRAVEL; fine SAND; some
medium plasticity fines [RECENT ALLUVIUM].
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AFTER DRILLING (DATE)DURING DRILLING
38.0 ft 36.0 ft on 1-26-11

SURFACE ELEVATION
921.9 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-25-11

COMPLETION DATE
1-26-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1883890.0 ft / 6308318.0 ft

HOLE ID

A-11-001
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
86.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
72.40' Rt  Sta 95+89.3
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CLAYEY SAND with GRAVEL (SC) (continued).

CLAYEY SAND (SC); medium dense; grayish green;
moist; fine SAND; some medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; wet; some GRAVEL; medium to fine SAND; some
medium plasticity fines.

SANDY lean CLAY (CL); stiff; pale olive; wet; fine SAND;
PP=1.5 tsf.

PP=2.0 tsf; UU=1.3 tsf.
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Brown; PP=1.5 - 2.0 tsf.
SANDY lean CLAY (CL) (continued).

Medium stiff; PP=0.75 - 1.0 tsf.

Stiff; PP=2.0 tsf.

CLAYEY GRAVEL (GC); very dense; brown; wet; coarse
to fine, angular GRAVEL; few medium plasticity fines
[OLDER ALLUVIUM].

Gray.

SILTY SAND (SM); very dense; gray; wet; few GRAVEL;
coarse to fine SAND; little low plasticity fines.
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SILTY SAND (SM) (continued).

Borehole terminated at 86' due to human error.
Bottom of borehole at 86.0 ft bgs

0S19 No Sample Recovery.
Lost the sampler in the hole.
Refusal due to the lost sampler.
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ASPHALT Pavement 7"; Base 10".

SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; medium to fine SAND; little fines [FILL].
Fat CLAY (CH); very stiff; dark gray; moist; trace
GRAVEL; trace cobbles.

PP=3.25 - 3.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; little GRAVEL; coarse to fine SAND; some
medium plasticity fines; lean clay interbed [RECENT
ALLUVIUM].

Lean CLAY with SAND (CL); medium stiff; grayish brown;
moist; little fine SAND; medium plasticity fines.

Very stiff; PP=3.5 - 4.0 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
896.7 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
1-19-11

COMPLETION DATE
1-20-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1883974.0 ft / 6308272.0 ft

HOLE ID

R-11-002
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.8 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
108.40' Rt  Sta 96+77.9
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SILT with SAND (ML); stiff; grayish brown; moist; fine
SAND; PP=1.5 tsf.

Very stiff; PP=2.0 - 2.25 tsf; UU=2.5 tsf.

Stiff; PP=1.5-1.75 tsf.

Lean CLAY with SAND (CL); stiff to very stiff; grayish
brown; moist; trace GRAVEL; fine SAND; medium
plasticity fines.

Very stiff; PP=2.25 tsf.

Lean CLAY (CL); hard; dark gray; moist; low  to medium
plasticity fines; little SHALE fragments [OLDER
ALLUVIUM].

CLAYEY GRAVEL (GC); very dense; dark gray; wet;
coarse to fine GRAVEL; little medium plasticity fines.

SEDIMENTARY ROCK (SANDSTONE), fine sand  silt,
thinly bedded, dark gray, slightly weathered, hard
[CALABASAS FORMATION].
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SEDIMENTARY ROCK (Sandstone) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 70.8 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; some
coarse to fine GRAVEL; fine SAND; some low plasticity
fines; trace mica [FILL].

Medium dense.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
some coarse to fine GRAVEL; trace fine SAND; low
plasticity fines.

PP=4.0 tsf.

SILTY GRAVEL with SAND (GM); very dense; olive;
moist; some SAND; little low plasticity fines.

Dense.

SILTY CLAY (CL-ML); very stiff; dark olive brown; moist;
few coarse to fine GRAVEL; little fine SAND; low plasticity
fines.

PP=2.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; brown;
moist; little GRAVEL; fine SAND; low plasticity fines.
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DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
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SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.
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SANDY lean CLAY with GRAVEL (CL) (continued).

SILTY CLAY (CL-ML); hard; brown; moist; few fine
GRAVEL; few fine SAND; low  to medium plasticity fines
[RECENT ALLUVIUM].

PP=4.0 tsf.

Fat CLAY (CH); hard; dark olive brown; moist; little fine
SAND.

Trace fine SAND.

SANDY lean CLAY (CL); hard; olive brown; little fine
GRAVEL; fine SAND; low plasticity fines.

PP=4.0 tsf; UU=2.9 tsf.

Olive; few fine SAND.

Gray; PP=4.5 tsf.

Fat CLAY with SAND (CH); very stiff; olive brown; moist;
little fine SAND; high plasticity fines.
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Fat CLAY with SAND (CH) (continued).

Lean CLAY with GRAVEL (CL); hard; gray; wet; little
GRAVEL; few fine SAND; medium plasticity fines.

PP=4.0 tsf.

SILTY SAND (SM); very dense; light olive gray; wet; few
GRAVEL; fine SAND; some low plasticity fines;
micaceous.

Lean CLAY (CL); very stiff; gray; wet; few fine SAND;
medium to high plasticity fines.

PP=3.0 tsf.

SILTY CLAY (CL-ML); very stiff; light gray; wet; few fine
SAND; medium to high plasticity fines.

Poorly graded SAND with GRAVEL (SP); very dense;
gray; wet; little GRAVEL; coarse to medium SAND; few
low plasticity fines [OLDER ALLUVIUM].

SEDIMENTARY ROCK (CLAYSTONE), Sandy, dark
gray, intensely weathered, soft, wet; micaceous.
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SEDIMENTARY ROCK (Claystone) (continued).

Refusal at 87'. Terminated due to auger refusal.
Bottom of borehole at 87.0 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILTY CLAY (CL-ML); olive brown; moist; few
GRAVEL; some fine SAND; low plasticity fines [FILL].

Medium stiff.

SANDY lean CLAY with GRAVEL (CL); stiff; dark brown;
moist; trace fine GRAVEL; some fine SAND.

Very stiff.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some medium plasticity fines [OLDER
ALLUVIUM].
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SURFACE ELEVATION
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DRILLING METHOD
Hollow-Stem Auger
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CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)
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READINGS
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
83.80' Rt  Sta 128+60.7
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Medium dense.
CLAYEY SAND with GRAVEL (SC) (continued).

Very dense.

SILTY SAND with GRAVEL (SM); dense; light brown;
moist; some GRAVEL; coarse to fine SAND; little low
plasticity fines.

Very dense.

Dense.

SANDY lean CLAY (CL); hard; olive brown; moist; few
GRAVEL; some fine SAND; mostly low plasticity fines;
micaceous.
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Trace fine GRAVEL.
SANDY lean CLAY (CL) (continued).

Few large embedded gravel.

SANDY lean CLAY (CL); very stiff; olive brown; wet; trace
GRAVEL; fine SAND; medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense; grayish
brown; moist; some GRAVEL; coarse to fine SAND; some
medium plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 70.5 ft bgs
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ASPHALT Pavement 9"; Base 12".

CLAYEY SAND with GRAVEL (SC); brown; moist; some
angular GRAVEL; coarse to fine SAND; little fines
[OLDER ALLUVIUM].

Dense. 70

80

70

80

B01

S02

S03

S04

S05

21

CR

PA

DS

PA, PI

9
16
21

21
26
31

8
18
20

13
18
30

101

AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
873.5 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
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1-19-11

LOGGED BY
J. Lee
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R-11-005
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WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
128.90' Rt  Sta 129+44.0
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CLAYEY GRAVEL (GC); very dense; reddish brown;
moist; coarse to fine, angular GRAVEL; some CLAY.

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
CLAY.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
CLAY.

GRAVELLY lean CLAY (CL); hard; grayish brown; moist;
some subrounded GRAVEL; medium plasticity fines;
PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs

35

70

50

100

S06

S07

S08

S09

S10

S11

11

24

20

PI

15
26
32

20
41
54

15
34
45

14
27
38

22
22
21

40
41
42

121

100

101

PP =
>4.5

PP =
>4.5

M
at

er
ia

l
G

ra
ph

ic
s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-18-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER
52-0274

HOLE ID
R-11-005

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
2  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

847.50

845.50

843.50

841.50

839.50

837.50

835.50

833.50

831.50

829.50

827.50

825.50

823.50

821.50

819.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

58

95

79

65

43

83

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



ASPHALT Pavement 5" (Shoulder).
SILTY SAND with GRAVEL (SM); dense; brown; moist;
few GRAVEL; coarse to fine SAND; some low plasticity
fines [FILL].

SANDY lean CLAY with GRAVEL (CL); hard; dark brown;
moist; little GRAVEL; some SAND; medium plasticity
fines [OLDER ALLUVIUM].

PP>4.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
896.2 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-28-11

COMPLETION DATE
1-29-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1886063.0 ft / 6305664.0 ft

HOLE ID

A-11-006
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
70.2 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
83.80' Rt  Sta 130+19.8
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UU=5.2 tsf.
SANDY lean CLAY with GRAVEL (CL) (continued).

Yellowish brown.

PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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CLAYEY SAND with GRAVEL (SC) (continued).

SANDY lean CLAY (CL); hard; brown; moist; medium to
fine SAND; medium plasticity fines.
PP>4.5 tsf.

Lean CLAY (CL); very stiff; grayish brown; moist; medium
plasticity fines.
PP=3.0 - 3.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.

Borehole terminated at planned depth.
Bottom of borehole at 70.2 ft bgs
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ASPHALT Pavement 8".
SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; coarse to fine SAND; some fines [FILL].

Dense.

Medium dense.

CLAYEY SAND with GRAVEL (SC); dense; dark gray;
moist; little GRAVEL; coarse to fine SAND; some fines.

Medium dense.
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
748.1 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
2-2-11

COMPLETION DATE
2-4-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888117.0 ft / 6296655.0 ft

HOLE ID

R-11-007
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
91.4 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
46.70' Rt  Sta 224+49.5
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SANDY lean CLAY (CL); very stiff; dark brown; moist; few
fine SAND [RECENT ALLUVIUM].
PP=2.25 - 2.5 tsf; UU=2.6 tsf.

PP=2.0 tsf.

CLAYEY SAND (SC); medium dense; brown; moist; few
GRAVEL; coarse to fine SAND; some fines; PP=1.0 tsf.
Lean CLAY (CL); medium stiff; dark brown; moist.

SANDY lean CLAY (CL); soft; dark brown; wet; trace
GRAVEL; fine SAND; PP=0.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; wet; little GRAVEL; coarse to fine SAND; some
fines.

SANDY lean CLAY (CL); soft; brown; wet; trace GRAVEL;
coarse to fine SAND.
PP=0.5 tsf.
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SANDY lean CLAY (CL) (continued).

Medium stiff; gray; UU=0.9 tsf.

CLAYEY GRAVEL with SAND (GC); very dense; gray;
wet; some coarse to fine SAND; little medium plasticity
fines.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; wet; some GRAVEL; coarse to fine
SAND; some fines [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 91.4 ft bgs
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ASPHALT Pavement 9"; Base 6".

SILTY CLAY (CL-ML); dark brown; moist; low plasticity
fines [FILL].

CLAYEY SAND (SC); medium dense; grayish brown;
moist; few GRAVEL; coarse to fine SAND; some medium
plasticity fines; occasional clay interbeds [RECENT
ALLUVIUM].

SANDY lean CLAY (CL); medium stiff; dark brown; moist;
few GRAVEL; coarse to fine SAND; medium plasticity
fines.

CLAYEY SAND with GRAVEL (SC); loose; brown; wet;
little GRAVEL; coarse to fine SAND; little medium
plasticity fines.

50

70

100

80

B01

S02

S03

S04

S05

19

14

25

CR

PA

PA

DS, PA

PA

8
9
8

5
4
4

5
7
7

2
3
4

112

100

AFTER DRILLING (DATE)DURING DRILLING
Not Measured 9.5 ft on 5-3-11

SURFACE ELEVATION
722.9 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
1-13-11

COMPLETION DATE
1-15-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888138.0 ft / 6296594.0 ft

HOLE ID

R-11-008
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
80.3 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
60.50' Rt  Sta 225+11.7
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SILTY SAND with GRAVEL (SM); medium dense; dark
brown; moist; some GRAVEL; coarse to fine SAND; little
low plasticity fines.

SANDY SILT (ML); loose; dark gray; moist; fine SAND.

SILTY SAND (SM); medium dense; dark brown; moist;
few GRAVEL; coarse to fine SAND; some low plasticity
fines.

CLAYEY GRAVEL (GC); very dense; reddish brown; wet;
coarse to fine GRAVEL; some fines.

CLAYEY SAND with GRAVEL (SC); very dense; moist;
little coarse to fine, angular GRAVEL; coarse to fine
SAND; some medium plasticity fines; purple, green and
gray; few COBBLES; intact mixture [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 80.3 ft bgs
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ASPHALT Pavement 6", Base 12".

Poorly graded SAND with SILT (SP-SM); brown; moist;
fine GRAVEL; medium to fine SAND; low plasticity fines
[FILL].

SANDY lean CLAY (CL); very stiff; dark gray; moist; trace
GRAVEL; some coarse to fine SAND; PP=2.0 tsf
[RECENT ALLUVIUM].

SILTY SAND (SM); medium dense; dark gray; moist;
trace GRAVEL; coarse to fine SAND; some fines.

SANDY lean CLAY (CL); medium stiff; brown; wet; few
GRAVEL; some coarse to fine SAND; medium plasticity
fines.

PP=0.5 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense; wet;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured 10.2 ft on 5-3-11

SURFACE ELEVATION
723.5 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS
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1-13-11
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SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
80.3 ft

BOREHOLE DIAMETER
5.5 in

BOREHOLE LOCATION (Offset, Station, Line)
60.50' Rt  Sta 225+59.3

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
Karthik R.

DATE
1-13-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER
52-0237

HOLE ID
R-11-009

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

(continued)

SHEET
1  of  3

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

721.50

719.50

717.50

715.50

713.50

711.50

709.50

707.50

705.50

703.50

701.50

699.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

12

19

3

16

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



SILTY SAND with GRAVEL (SM); medium dense; wet;
some GRAVEL; coarse to fine SAND; little low plasticity
fines.

CLAYEY SAND (SC); medium dense; dark gray; wet; fine
SAND; some medium plasticity fines; trace micaceous.

Well-graded SAND with SILT and GRAVEL (SW-SM);
dense; gray; wet; some GRAVEL; few low plasticity fines.

Poorly graded GRAVEL (GP); very dense; gray; wet;
coarse to fine GRAVEL; few coarse to fine SAND; trace
fines.

CLAYEY SAND with GRAVEL (SC); olive gray; moist;
some GRAVEL; coarse to fine SAND; some medium
plasticity fines [OLDER ALLUVIUM].
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 80.3 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines [FILL].

Very dense; encountered large GRAVEL and COBBLES.

Medium dense.

SANDY lean CLAY (CL); stiff; dark gray; moist; few
GRAVEL; some coarse to fine SAND; medium plasticity
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AFTER DRILLING (DATE)DURING DRILLING
Not Measured

SURFACE ELEVATION
743.8 ft

DRILLING METHOD
Rotary Wash

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Cement Grout Backfill

GROUNDWATER
READINGS

BEGIN DATE
2-2-11

COMPLETION DATE
2-4-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888139.0 ft / 6296459.0 ft

HOLE ID

R-11-010
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
96.5 ft

BOREHOLE DIAMETER
6 in

BOREHOLE LOCATION (Offset, Station, Line)
49.60' Rt  Sta 226+46.4
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fines [RECENT ALLUVIUM].
SANDY lean CLAY (CL) (continued).

SANDY lean CLAY (CL); very soft; dark gray; moist; trace
GRAVEL; some coarse to fine SAND; medium plasticity
fines.

SILTY SAND with GRAVEL (SM); gray; wet; little fine
GRAVEL; coarse to fine SAND; little low plasticity fines.

CLAYEY SAND with GRAVEL (SC); medium dense; wet;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.

SANDY lean CLAY (CL); stiff; dark gray; wet; some fine
SAND; medium plasticity fines.
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SANDY lean CLAY (CL) (continued).

SILTY SAND (SM); dense; brown; wet; few coarse to fine
GRAVEL; mostly fine SAND; some low plasticity fines.

Little fine GRAVEL.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
very dense; brown; wet; mostly coarse GRAVEL; some
fine SAND; few low plasticity fines.

CLAYEY SAND (SC); very dense; dark gray; wet; few
GRAVEL; coarse to fine SAND; some medium plasticity
fines [OLDER ALLUVIUM].
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CLAYEY SAND (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 96.5 ft bgs
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ASPHALT Pavement 6".
SILTY SAND with GRAVEL (SM); brown; moist; few
GRAVEL; coarse to fine SAND; little fines [FILL].

CLAYEY SAND with GRAVEL (SC); medium dense; dark
brown; moist; little GRAVEL; coarse to fine SAND; some
fines.

Dense.

Lean CLAY (CL); very stiff; very dark brown; moist;
medium plasticity fines [RECENT ALLUVIUM].

PP=3.25 tsf.

PP=3.75 tsf; UU=3.7 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
33.0 ft 33.0 ft on 2-1-11

SURFACE ELEVATION
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DRILL RIG
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Automatic - 140 lbs., 30 in.
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READINGS
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DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
97.20' Rt  Sta 92+03.3
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PP=3.75 tsf.
Lean CLAY (CL) (continued).

SANDY lean CLAY (CL); hard; grayish brown; moist;
trace fine GRAVEL; fine SAND; medium plasticity fines;
PP>4.5 tsf.

Poorly graded SAND (SP); loose; grayish brown; wet;
coarse to fine SAND.

Lean CLAY (CL); hard; grayish brown; wet; medium
plasticity fines; PP>4.5 tsf.

Lean CLAY with SAND (CL); very stiff; grayish brown;
wet; trace coarse GRAVEL; medium plasticity fines;
occasional gravelly layer interbedded; PP=3.25 tsf.

Lean CLAY (CL); very stiff; brown; wet; medium plasticity
fines.

PP=2.5 - 2.75 tsf.

SILTY CLAY (CL-ML); hard; grayish brown; wet; low
plasticity fines.

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 3".
CONCRETE Base 7".
CLAYEY SAND with GRAVEL (SC); dark brown; moist;
little coarse GRAVEL; coarse to fine SAND; some fines
[FILL].

GRAVELLY lean CLAY (CL); stiff; dark brown; moist; little
coarse GRAVEL; medium plasticity fines; PP=1.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; very
dark gray; moist; little GRAVEL; coarse to fine SAND;
medium plasticity fines [RECENT ALLUVIUM].

PP=4.0 tsf; UU=4.4 tsf.

Hard; PP>4.5 tsf.
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Not Encountered

SURFACE ELEVATION
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DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-26-11

COMPLETION DATE
1-26-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
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HOLE ID
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DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
156.50' Rt  Sta 99+43.0
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Grayish brown; PP>4.5 tsf.
SANDY lean CLAY with GRAVEL (CL) (continued).

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little fine
GRAVEL; mostly fine SAND; some low plasticity fines
[FILL].

Medium dense.

Dense.

SILTY SAND (SM); medium dense; brown; few GRAVEL;
fine SAND; some low plasticity fines [FILL].

With large GRAVEL (>1.5").

GRAVELLY fat CLAY with SAND (CH); stiff; dark brown;
moist; some GRAVEL; little fine SAND.

SANDY SILT (ML); very stiff; brown; moist; trace
GRAVEL; some fine SAND; low plasticity fines; trace clay;
micaceous.
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AFTER DRILLING (DATE)DURING DRILLING
44.0 ft Not Measured

SURFACE ELEVATION
920.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
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COMPLETION DATE
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LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1884212.0 ft / 6307922.0 ft

HOLE ID

A-11-013
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
72.40' Rt  Sta 100+99.7
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SANDY SILT (ML) (continued).

CLAYEY SAND (SC); dense; olive brown; moist; trace
GRAVEL; mostly fine SAND; some medium plasticity
fines.

SILT (ML); very stiff; brown; moist; trace GRAVEL; few
fine SAND; low plasticity fines.

Hard; PP>4.5 tsf.

SANDY elastic SILT (MH); stiff; olive brown; wet; fine
SAND; high plasticity fines; micaceous.

Lean CLAY (CL); hard; brown; wet; few fine SAND;
medium plasticity fines; micaceous.

PP=4.0 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 4"; Base (Gravel) 20".

SANDY SILT with GRAVEL (ML); brown; moist; little fine
GRAVEL; fine SAND; low plasticity fines [FILL].

Very stiff.

SILTY CLAY with SAND (CL-ML); hard; brown; moist;
little GRAVEL; little fine SAND; low  to medium plasticity
fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some medium plasticity fines.

SILTY SAND (SM); very dense; brown; moist; trace
GRAVEL; fine SAND; some low plasticity fines.

SANDY lean CLAY (CL); hard; yellowish brown; moist;
few fine GRAVEL; fine SAND; medium plasticity fines.
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Not Encountered

SURFACE ELEVATION
916.8 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
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COMPLETION DATE
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LOGGED BY
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HOLE ID
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DRILLING CONTRACTOR
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
96.80' Rt  Sta 104+01.6
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PP>4.5 tsf.
SANDY lean CLAY (CL) (continued).

SILTY SAND (SM); dense; brown; moist; medium to fine
SAND; some low plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 4".
SANDY fat CLAY with GRAVEL (CH); pale brown; moist;
few coarse to fine GRAVEL; medium plasticity fines; trace
ASPHALT fragments [FILL].

PP>4.5 tsf.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines [RECENT ALLUVIUM].

GRAVELLY lean CLAY (CL); hard; yellowish brown;
moist; little coarse to fine, angular GRAVEL; medium
plasticity fines.
PP>4.5 tsf.

CLAYEY GRAVEL (GC); very dense; light brown; moist;
coarse to fine, angular GRAVEL; some CLAY; few
COBBLES.

SANDY lean CLAY (CL); hard; brown; moist; few fine
GRAVEL; coarse to fine SAND; medium plasticity fines.

PP>4.5 tsf.
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Soil Cuttings
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BOREHOLE LOCATION (Offset, Station, Line)
86.30' Rt  Sta 107+05.3

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-27-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

HOLE ID
A-11-015

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

(continued)

SHEET
1  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

913.50

911.50

909.50

907.50

905.50

903.50

901.50

899.50

897.50

895.50

893.50

891.50

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

54

41

50/6

43

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



CLAYEY SAND with GRAVEL (SC); very dense; olive
brown; moist; little angular GRAVEL; coarse to fine
SAND; some medium plasticity fines [OLDER
ALLUVIUM].

Lean CLAY with GRAVEL (CL); very stiff; brown; moist;
few GRAVEL; medium plasticity fines.
PP=3.25 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; olive
brown; moist; little angular GRAVEL; coarse to fine
SAND; some medium plasticity fines [OLDER
ALLUVIUM].

Borehole terminated at planned depth.
Bottom of borehole at 50.8 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

CLAYEY SAND with GRAVEL (SC); olive yellow; moist;
few fine GRAVEL; fine SAND; some medium plasticity
fines [FILL].

Very stiff.

PP=3.5 tsf; UU=2.5 tsf.

Lean CLAY (CL); medium stiff; grayish brown; few fine
SAND.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some medium plasticity fines.

SANDY lean CLAY (CL); hard; olive yellow; moist; trace
GRAVEL; coarse to fine SAND; medium plasticity fines.
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TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
91.20' Lt  Sta 100+78.6
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SANDY lean CLAY (CL) (continued).

PP>4.0 tsf.

SILTY CLAY (CL-ML); hard; brown; moist; trace
GRAVEL; little SAND; low  to medium plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILT (ML); brown; moist; few coarse to fine
GRAVEL; fine SAND; low plasticity fines [FILL].

Hard.

SILTY CLAY (CL-ML); hard; brown; moist; few GRAVEL;
few fine SAND; low  to medium plasticity fines.

PP>4.0 tsf.

SANDY fat CLAY (CH); very stiff; brown; few GRAVEL;
fine SAND.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; little
GRAVEL; few SAND; medium plasticity fines.

PP>4.5 tsf.

SANDY SILT (ML); very stiff; brown; moist; trace fine
GRAVEL; fine SAND; low plasticity fines.
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SANDY SILT (ML) (continued).

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
little GRAVEL; low plasticity fines.

PP>4.0 tsf.

SANDY lean CLAY (CL); very stiff; brown; moist; few
GRAVEL; fine SAND.

SANDY SILT (ML); hard; brown; moist; few GRAVEL; fine
SAND; low plasticity fines.

PP>4.0 tsf.

Hard; olive brown; wet.

Few coarse GRAVEL; becomes multicolored; possible
sandy SILTSTONE.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement (Shoulder) 5".
SILTY SAND (SM); olive brown; moist; coarse to fine
SAND; little fines [FILL].

SILTY CLAY (CL-ML); hard; brown; moist; low plasticity
fines [OLDER ALLUVIUM].

PP>4.5 tsf.

Lean CLAY (CL); hard; brown; moist; trace SAND;
medium plasticity fines.

PP>4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.

Fat CLAY (CH); hard; brown; moist; trace SAND.

PP>4.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
915.9 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-2-11

COMPLETION DATE
2-2-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1884396.0 ft / 6307447.0 ft

HOLE ID

A-11-018
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
85.10' Lt  Sta 105+84.6

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
2-2-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

HOLE ID
A-11-018

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

(continued)

SHEET
1  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

913.90

911.90

909.90

907.90

905.90

903.90

901.90

899.90

897.90

895.90

893.90

891.90

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

65

40

55

27

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



Fat CLAY (CH) (continued).

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 6".
CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines [OLDER ALLUVIUM].

Fat CLAY with SAND (CH); hard; brown; moist; trace
GRAVEL; little SAND.

PP>4.5 tsf.

PP>4.5 tsf; UU=4.7 tsf.

PP>4.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
916.1 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-1-11

COMPLETION DATE
2-1-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
184621.0 ft / 6307174.0 ft

HOLE ID

A-11-019
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
47.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
82.70' Lt  Sta 109+37.8
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CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some medium plasticity fines.

Refusal at 47'. Terminated due to auger refusal.
Bottom of borehole at 47.0 ft bgs
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ASPHALT Pavement (Shoulder) 6".
CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; few GRAVEL; coarse to fine SAND; some
medium plasticity fines [RECENT ALLUVIUM].

Fat CLAY with GRAVEL (CH); soft; very dark brown;
moist; few GRAVEL.

SILTY GRAVEL with SAND (GM); dense; brown; wet; fine
GRAVEL; little coarse to fine SAND; some low plasticity
fines.

Lean CLAY with GRAVEL (CL); hard; gray; wet; few
GRAVEL; medium plasticity fines; PP>4.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
16.3 ft Not Measured

SURFACE ELEVATION
914.6 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-1-11

COMPLETION DATE
2-1-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1884774.0 ft / 6306957.0 ft

HOLE ID

A-11-020
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
100.70' Lt  Sta 112+02.9
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CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; wet; little GRAVEL; coarse to fine SAND;
some medium plasticity fines [OLDER ALLUVIUM].

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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Top Soil 8"; Base (Gravel) and Top Soil 16".

SANDY SILT (ML); brown; moist; trace fine GRAVEL;
some fine SAND; low plasticity fines [FILL].

Stiff.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; little GRAVEL; fine SAND; some medium
plasticity fines.

SILTY SAND (SM); very dense; brown; moist; trace
GRAVEL; fine SAND; some low plasticity fines.

SANDY lean CLAY with GRAVEL (CL); hard; yellowish
brown; moist; little GRAVEL; coarse to fine SAND;
medium plasticity fines.

PP>4.5 tsf.

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; few fine SAND; low plasticity fines.

PP>4.5 tsf.

Lean CLAY with SAND (CL); hard; brown; moist; trace
fine GRAVEL; little fine SAND.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
919.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
1-27-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1884801.0 ft / 6307243.0 ft

HOLE ID

A-11-021
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
100.60' Rt  Sta 109+97.8
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Lean CLAY with SAND (CL) (continued).

SILT with GRAVEL (ML); hard; brown; moist; little fine
GRAVEL; few fine SAND; low plasticity fines.

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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SILTY SAND with GRAVEL (SM); brown; moist; little fine
GRAVEL; coarse to fine SAND; some fines [FILL].

Medium dense.

CLAYEY SAND with GRAVEL (SC); dense; yellowish
brown; moist; little fine GRAVEL; coarse to fine SAND;
some fines [OLDER ALLUVIUM].

Very dense.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
913.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
1-27-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1885013.0 ft / 6306994.0 ft

HOLE ID

A-11-022
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
108.30' Rt  Sta 113+25.3
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CLAYEY SAND with GRAVEL (SC) (continued).

Dense.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 4".
SILTY SAND (SM); brown; moist; trace fine GRAVEL;
coarse to fine SAND; some fines [FILL].

CLAYEY SAND with GRAVEL (SC); dense; yellowish
brown; moist; some GRAVEL; coarse to fine SAND; little
fines [OLDER ALLUVIUM].

Lean CLAY (CL); hard; very dark brown; moist.

PP=4.5 tsf.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
913.8 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-27-11

COMPLETION DATE
1-27-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1885167.0 ft / 6306767.0 ft

HOLE ID

A-11-023
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
33.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
84.50' Rt  Sta 115+98.0

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
J. Lee

DATE
1-27-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

HOLE ID
A-11-023

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

(continued)

SHEET
1  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

911.80

909.80

907.80

905.80

903.80

901.80

899.80

897.80

895.80

893.80

891.80

889.80

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

35

31

REF

REF

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



CLAYEY SAND with GRAVEL (SC) (continued).

Refusal at 33'. Terminated due to auger refusal.
Bottom of borehole at 33.0 ft bgs
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No sample recovery.
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ASPHALT Pavement (Shoulder) 4".
CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines [OLDER ALLUVIUM].

CLAYEY GRAVEL with SAND (GC); dense; moist; some
coarse to fine SAND; little medium plasticity fines.

Lean CLAY (CL); very dark brown; moist; medium
plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some medium
plasticity fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
912.0 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-28-11

COMPLETION DATE
1-28-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1885358.0 ft / 6306532.0 ft

HOLE ID

A-11-024
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
30.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
84.50' Rt  Sta 119+01.0
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 30.0 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little
coarse to fine GRAVEL; fine SAND; some low plasticity
fines [FILL].

Dense.

SILTY CLAY with GRAVEL (CL-ML); hard; brown; moist;
little GRAVEL; few fine SAND; low plasticity fines; PP>4.5
tsf.

SILT (ML); hard; brown; moist; trace GRAVEL; trace fine
SAND; mostly low plasticity fines.

PP>4.5 tsf.

SANDY lean CLAY (CL); hard; yellowish brown; moist;
few fine GRAVEL; medium plasticity fines.
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SANDY lean CLAY (CL) (continued).

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; little SAND; low plasticity fines.

PP>4.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel & Top Soil) 16".

SANDY SILT (ML); brown; moist; few coarse to fine
GRAVEL; some fine SAND; low plasticity fines [FILL].

Hard.

CLAYEY SAND with GRAVEL (SC); dense; light olive
brown; moist; little GRAVEL; fine SAND; some medium
plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; few SAND; low plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some low plasticity fines.
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CLAYEY SAND with GRAVEL (SC) (continued).

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; few fine SAND; low plasticity fines [RECENT
ALLUVIUM].

PP>4.0 tsf.

PP>4.5 tsf.

Olive brown; no GRAVEL.

Little GRAVEL.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILT (ML); brown; moist; few fine GRAVEL;
some fine SAND; low plasticity fines [FILL].

Hard; olive brown.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; fine SAND; some medium plasticity fines.

SILT with GRAVEL (ML); hard; brown; moist; little
GRAVEL; trace fine SAND; mostly low plasticity fines;
PP>4.5 tsf.

SANDY lean CLAY with GRAVEL (CL); very stiff; dark
brown; moist; little fine GRAVEL; medium to fine SAND.

PP=3.0 tsf.

SILTY CLAY with GRAVEL (CL-ML); very stiff; brown;
moist; little fine GRAVEL; few fine SAND; low  to medium
plasticity fines.

SANDY SILT (ML); hard; brown; moist; trace fine
GRAVEL; fine SAND; low plasticity fines.
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83.80' Rt  Sta 133+15.6
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SANDY SILT (ML) (continued).

Little GRAVEL; little SAND.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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ASPHALT Pavement (Shoulder) 5".
SILTY SAND with GRAVEL (SM); brown; moist; coarse to
fine SAND; some fines [FILL].

CLAYEY SAND with GRAVEL (SC); very dense; reddish
brown; moist; little GRAVEL; coarse to fine SAND; some
fines [OLDER ALLUVIUM].

Medium dense.

Dense.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
882.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-28-11

COMPLETION DATE
1-28-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1886433.0 ft / 6305211.0 ft

HOLE ID

A-11-028
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
36.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
85.00' Rt  Sta 136+04.0
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Very dense.
CLAYEY SAND with GRAVEL (SC) (continued).

Lean CLAY with GRAVEL (CL); hard; very dark brown;
moist; few coarse to fine GRAVEL.

Dark gray.

Borehole terminated at planned depth.
Bottom of borehole at 36.0 ft bgs
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ASPHALT Pavement (Shoulder) 6".
SILTY GRAVEL (GM); very dense; brown; moist; coarse
to fine GRAVEL; some fines [OLDER ALLUVIUM].

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
884.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-1-11

COMPLETION DATE
2-1-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1886621.0 ft / 6304980.0 ft

HOLE ID

A-11-029
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
37.0 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
85.00' Rt  Sta 139+02.1
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CLAYEY SAND with GRAVEL (SC) (continued).

SEDIMENTARY ROCK (SANDSTONE), Silty, dark gray,
hard, massive; course to fine SAND; few GRAVEL.

Refusal at 37'. Terminated due to auger refusal.
Bottom of borehole at 37.0 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY GRAVEL with SAND (GM); brown; moist; fine
GRAVEL; some fine SAND; little low plasticity fines
[FILL].

Medium dense.

Very dense.

Auger refusal at 21.5'.
Bottom of borehole at 21.5 ft bgs
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No Sample Recovery.

Possible COBBLES or
BOULDERS.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
889.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-29-11

COMPLETION DATE
1-29-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1886810.0 ft / 6304747.0 ft

HOLE ID
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75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
21.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
85.00' Rt  Sta 142+02.3
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ASPHALT Pavement 8"; Base (Gravel) 16".

SANDY SILTY CLAY (CL-ML); gray; moist; few coarse to
fine GRAVEL; some fine SAND; medium plasticity fines
[FILL].

Very stiff.

SANDY lean CLAY (CL); very stiff; dark olive gray; moist;
fine SAND; medium plasticity fines.

PP=3.0 tsf.

CLAYEY SAND (SC); medium dense; brown; moist; few
coarse to fine GRAVEL; fine SAND; some low plasticity
fines.

SANDY lean CLAY (CL); very stiff; yellowish brown;
moist; trace fine GRAVEL; fine SAND; medium plasticity
fines [RECENT ALLUVIUM].

PP=2.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
33.0 ft 33.0 ft on 2-1-11

SURFACE ELEVATION
732.0 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-31-11

COMPLETION DATE
2-1-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888187.0 ft / 6296162.0 ft

HOLE ID

A-11-031
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
51.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
63.30' Rt  Sta 229+50.9
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SANDY lean CLAY (CL) (continued).

CLAYEY SAND with GRAVEL (SC); medium dense; dark
olive brown; moist; little GRAVEL; fine SAND; some high
plasticity fines.

Lean CLAY with SAND (CL); stiff; dark grayish brown;
wet; some fine SAND; medium plasticity fines.

PP=1.25 tsf.

Yellowish brown.

SILTY SAND (SM); medium dense; brown; wet; trace
GRAVEL; fine SAND; little low plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 51.5 ft bgs
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ASPHALT Pavement 6".
SILTY SAND (SM); brown; moist; coarse to fine SAND;
little fines [FILL].

Fat CLAY with GRAVEL (CH); stiff; dark brown; moist;
few GRAVEL.

PP=1.75 tsf.

Lean CLAY with SAND (CL); stiff; brown; moist; trace
GRAVEL; little coarse to fine SAND; medium plasticity
fines.

PP=1.5 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs

80

15
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S03

26

Rod - same as Rotary Rod

PI3
9
11
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6
9

93 PP =
1.75

PP =
1.5

AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
947.6 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-24-11

COMPLETION DATE
1-24-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1879615.0 ft / 6313470.0 ft

HOLE ID

A-11-032
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
4.00' Rt  Sta 28+95.0
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ASPHALT Pavement 8"; Base Material 16".

SILTY SAND with GRAVEL (SM); brown; moist; little
coarse to fine GRAVEL; fine SAND; little low plasticity
fines; micaceous [FILL].

Very dense.

Borehole terminated at 6.5'.
Bottom of borehole at 6.5 ft bgs

68
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S02

PA, R

Auger chattering at 6'; possible
concrete at 6.5'.

5
10

50/4"

AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
943.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-24-11

COMPLETION DATE
1-24-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1880252.0 ft / 6312694.0 ft

HOLE ID

A-11-033
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
6.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
9.30' Rt  Sta 38+99.3

.
M

at
er

ia
l

G
ra

ph
ic

s

S
am

pl
e 

Lo
ca

tio
n

COUNTY
VEN

DESCRIPTION

R
ec

ov
er

y 
(%

)

D
ril

lin
g 

M
et

ho
d

C
as

in
g 

D
ep

th

PREPARED BY
Karthik R.

DATE
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HOLE ID
A-11-033
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REPORT TITLE
BORING RECORD

DIST.
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ASPHALT AC Pavement 6".

CLAYEY SAND with GRAVEL (SC); dark brown; moist;
little GRAVEL; coarse to fine SAND; some fines.

Dense.

Lean CLAY (CL); very stiff; grayish brown; moist; medium
plasticity fines.

PP=3.25 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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29

3
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PP =
3.25

AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
923.4 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-24-11

COMPLETION DATE
1-24-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1881441.0 ft / 6311211.0 ft

HOLE ID

A-11-034
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
5.00' Rt  Sta 58+22.0
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ASPHALT Pavement (Shoulder) 8".
CLAYEY SAND with GRAVEL (SC); light brown; moist;
little GRAVEL; coarse to fine SAND; some fines [FILL].

Fat CLAY (CH); very stiff; very dark gray; moist; high
plasticity fines [RECENT ALLUVIUM].

PP=2.5 - 2.75 tsf.

CLAYEY SAND (SC); medium dense; brown; moist;
coarse to fine SAND; some fines.

SANDY lean CLAY (CL); very stiff; grayish brown; wet;
few GRAVEL; fine SAND.

PP=2.5 - 2.75 tsf.

PP=3.25 tsf.

PP=2.25 - 2.5 tsf.
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Groundwater at 13'.

C, PA, PI
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AFTER DRILLING (DATE)DURING DRILLING
13.0 ft Not Measured

SURFACE ELEVATION
917.1 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-4-11

COMPLETION DATE
2-4-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1881836.0 ft / 6310887.0 ft

HOLE ID

A-11-035
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
99.00' Rt  Sta 63+00.1
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BORING RECORD
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Yellowish brown; PP=3.5 tsf.
SANDY lean CLAY (CL) (continued).

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; wet; little GRAVEL; coarse to fine SAND;
some fines [OLDER ALLUVIUM].
Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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J. Lee

DATE
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HOLE ID
A-11-035
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ASPHALT Pavement 8"; Base Material 12".

CLAYEY SAND (SC); light olive brown; moist; few
GRAVEL; fine SAND; some medium plasticity fines
[FILL].

Medium dense.

Fat CLAY (CH); hard; dark gray; moist; few GRAVEL; few
fine SAND; high plasticity fines.

CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little coarse to fine GRAVEL; fine SAND; some medium
plasticity fines.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
919.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-24-11

COMPLETION DATE
1-24-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1882080.0 ft / 6310437.0 ft

HOLE ID

A-11-036
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
4.40' Rt  Sta 68+03.7
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ASPHALT Pavement 8"; Base 16".

SANDY lean CLAY (CL); dark gray; moist; trace
GRAVEL; fine SAND; medium plasticity fines; micaceous.

Medium stiff; dark gray; no gravel.

Hard; brown; PP>4.0 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
920.7 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-26-11

COMPLETION DATE
1-26-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1882708.0 ft / 6309665.0 ft

HOLE ID

A-11-037
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
4.40' Rt  Sta 77+98.3
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PREPARED BY
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DATE
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BRIDGE NUMBER
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REPORT TITLE
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little
GRAVEL; fine SAND; some low plasticity fines;
micaceous [FILL].

Medium dense.

SILTY CLAY with GRAVEL (CL-ML); stiff; brown; moist;
little GRAVEL; trace fine SAND; low  to medium plasticity
fines.

PP=1.5 - 2.0 tsf.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
915.0 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-24-11

COMPLETION DATE
1-24-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1883348.0 ft / 6308882.0 ft

HOLE ID

A-11-038
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
6.90' Rt  Sta 88+10.4
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Karthik R.

DATE
1-24-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

HOLE ID
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REPORT TITLE
BORING RECORD

DIST.
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ASPHALT AC Pavement 8"; Base Material (Gravel) 16".

SILTY SAND with GRAVEL (SM); brown; moist; little fine
GRAVEL; coarse to fine SAND; some low plasticity fines.

Very dense.

Borehole terminated at planned depth.
Bottom of borehole at 11.5 ft bgs
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No Sample Recovery.

50/5"

50/6"

AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
896.3 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings & Concrete (2' from Top)

GROUNDWATER
READINGS

BEGIN DATE
1-25-11

COMPLETION DATE
1-25-11

LOGGED BY
Karthik R.

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1887138.0 ft / 6304122.0 ft

HOLE ID

A-11-039
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
11.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
6.50' Rt  Sta 148+96.9
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PREPARED BY
Karthik R.

DATE
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PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

HOLE ID
A-11-039

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
1  of  1

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

894.30

892.30

890.30

888.30

886.30

884.30

882.30

880.30

878.30

876.30

874.30

872.30

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

REF

REF

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



ASPHALT Pavement (Shoulder) 6"; Base 12".

CLAYEY SAND with GRAVEL (SC); medium dense;
greenish gray; moist; some GRAVEL; coarse to fine
SAND; little medium plasticity fines.

GRAVELLY lean CLAY (CL); stiff; dark gray; moist;
medium plasticity fines.

CLAYEY SAND with GRAVEL (SC); very dense;
yellowish brown; moist; little GRAVEL; coarse to fine
SAND; some fines.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
877.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-5-11

COMPLETION DATE
2-5-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1887337.0 ft / 6303353.0 ft

HOLE ID

A-11-040
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
30.3 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
68.70' Lt  Sta 156+98.4
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CLAYEY SAND with GRAVEL (SC) (continued).

Borehole terminated at planned depth.
Bottom of borehole at 30.3 ft bgs
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PREPARED BY
J. Lee

DATE
2-5-11
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Route 101/23 Interchange Improvements
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CLAYEY GRAVEL with SAND (GC); dense; brown; moist;
coarse to fine, angular GRAVEL; some coarse to fine
SAND; some medium plasticity fines; occasional
COBBLES [OLDER ALLUVIUM].

Lean CLAY with GRAVEL (CL); hard; brown; moist; little
GRAVEL; medium plasticity fines; PP>4.5 tsf.

PP>4.5 tsf.

PP>4.5 tsf.
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AFTER DRILLING (DATE)DURING DRILLING
Not Encountered

SURFACE ELEVATION
814.1 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
1-24-11

COMPLETION DATE
1-25-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1888038.0 ft / 6300990.0 ft

HOLE ID

A-11-041
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
31.5 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
383.00' Rt  Sta 181+26.5
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CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist; little fine GRAVEL; coarse to fine SAND; little fines;
crushable.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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J. Lee

DATE
1-24-11

PROJECT OR BRIDGE NAME
Route 101/23 Interchange Improvements

BRIDGE NUMBER

HOLE ID
A-11-041

EA
07-1952U1

REPORT TITLE
BORING RECORD

DIST.
07

ROUTE
101

POSTMILE
R0.1/R4.5

SHEET
2  of  2

R
Q

D
 (%

)

S
am

pl
e 

N
um

be
r

M
oi

st
ur

e
C

on
te

nt
 (%

)

Remarks

B
lo

w
s 

pe
r 6

 in
.

E
LE

V
A

TI
O

N
 (f

t)

788.10

786.10

784.10

782.10

780.10

778.10

776.10

774.10

772.10

770.10

768.10

766.10

764.10

762.10

760.10

D
E

P
TH

 (f
t)

D
ry

 U
ni

t W
ei

gh
t

(p
cf

)

S
he

ar
 S

tre
ng

th
(ts

f)

B
lo

w
s 

pe
r f

oo
t

5 
B

R
 - 

S
TA

N
D

A
R

D
  T

H
O

U
S

A
N

D
 O

A
K

S
 - 

R
T.

 1
01

-2
3 

IN
TE

R
C

H
A

N
G

E
 IM

P
R

O
V

E
M

E
N

TS
.G

P
J 

 C
A

LT
R

A
N

S
 L

IB
R

A
R

Y
 D

E
C

09
-U

N
LO

C
K

.G
LB

  1
0/

5/
11

95

85

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



ASPHALT Pavement (Shoulder) 6".
CLAYEY SAND with GRAVEL (SC); dense; brown; moist;
little GRAVEL; coarse to fine SAND; some fines [OLDER
ALLUVIUM].

Very dense.

Lean CLAY (CL); hard; brown; moist; medium plasticity
fines.

PP=4.5 tsf.

CLAYEY SAND (SC); dense; brown; coarse to fine
SAND; some fines.
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Not Encountered

SURFACE ELEVATION
803.5 ft

DRILLING METHOD
Hollow-Stem Auger

DRILL RIG
CME 85

SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.

BOREHOLE BACKFILL AND COMPLETION
Soil Cuttings

GROUNDWATER
READINGS

BEGIN DATE
2-4-11

COMPLETION DATE
2-4-11

LOGGED BY
J. Lee

BOREHOLE LOCATION (Lat/Long or North/East and Datum)
1887839.0 ft / 6300041.0 ft

HOLE ID

A-11-042
DRILLING CONTRACTOR
WDC Exploration & Wells

HAMMER EFFICIENCY, ERi
75%

SAMPLER TYPE(S) AND SIZE(S) (ID)
SPT (1.4"), Cal (2.5")

TOTAL DEPTH OF BORING
30.9 ft

BOREHOLE DIAMETER
8 in

BOREHOLE LOCATION (Offset, Station, Line)
93.50' Rt  Sta 190+52.6
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SILTY CLAY (CL-ML); very stiff; brown; moist; low
plasticity fines; PP=3.0 tsf.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist; little GRAVEL; coarse to fine SAND; some fines.

Borehole terminated at planned depth.
Bottom of borehole at 30.9 ft bgs
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ASPHALT Pavement 8"; Base (Gravel) 16".

SILTY SAND with GRAVEL (SM); dark brown; moist; little
GRAVEL; mostly fine SAND; some low plasticity fines
[FILL].

Dense.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist; some coarse to fine GRAVEL; coarse to
fine SAND; little medium plasticity fines.

Very dense.

Auger refusal at 22.0'.
Bottom of borehole at 22.0 ft bgs
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8 in

BOREHOLE LOCATION (Offset, Station, Line)
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ASPHALT Pavement 8"; Base (Gravel) 16".

Lean CLAY with SAND (CL); light brownish gray; moist;
trace fine GRAVEL; little fine SAND; low plasticity fines.

Very stiff.

Lean CLAY with SAND (CL); stiff; brown; wet; some fine
SAND.

PP=1.5 tsf.

SANDY SILT (ML); very stiff; olive; wet; trace fine
GRAVEL; fine SAND; low plasticity fines.

SILTY SAND with GRAVEL (SM); dense; brown; wet; little
fine GRAVEL; medium to fine SAND; some low plasticity
fines.
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9.0 ft Not Measured

SURFACE ELEVATION
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Hollow-Stem Auger
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SPT HAMMER TYPE
Automatic - 140 lbs., 30 in.
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BOREHOLE LOCATION (Offset, Station, Line)
66.70' Rt  Sta 239+00.3
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SILTY SAND with GRAVEL (SM) (continued).

SEDIMENTARY ROCK (SILTSTONE), olive gray,
intensely weathered, soft, wet.

Borehole terminated at planned depth.
Bottom of borehole at 31.5 ft bgs
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SUMMARY 
 

OF 

CONE PENETRATION TEST DATA 

 
 
 

1. INTRODUCTION 
 
This report presents the results of a Cone Penetration Test (CPT) program carried out for the 
Interchange Improvement Project located at Moorpark Road in Thousand Oaks, California.  
The work was performed by Kehoe Testing & Engineering (KTE) on January 11-12, 2011.  The 
scope of work was performed as directed by CH2M Hill, Inc. personnel. 
 

2. SUMMARY OF FIELD WORK 
 
The fieldwork consisted of performing CPT soundings at six locations to determine the soil 
lithology.  Groundwater measurements and hole collapse depths provided in TABLE 2.1 are 
for information only.  The readings indicate the apparent depth to which the hole is open and 
the apparent water level (if encountered) in the CPT probe hole at the time of measurement 
upon completion of the CPT.  KTE does not warranty the accuracy of the measurements and 
the reported water levels may not represent the true or stabilized groundwater levels. 
 

 

 

LOCATION 

 

DEPTH OF 

 CPT (ft) 

 

 

COMMENTS/NOTES: 

CPT-11-045 42 Refusal, groundwater @ 14 ft 

CPT-11-046 41 Refusal, groundwater @ 12 ft 

CPT-11-047 40 Refusal, groundwater @ 14 ft 

CPT-11-048 43 Refusal, groundwater @ 15 ft 

CPT-11-049 44 Refusal, hole open to 5 ft (dry) 

CPT-11-050 43 Refusal, groundwater @ 17 ft 

TABLE 2.1  -  Summary of CPT Soundings 

 

3. FIELD EQUIPMENT & PROCEDURES 

 
The CPT soundings were carried out by KTE using an integrated electronic cone system 
manufactured by Vertek.  The CPT soundings were performed in accordance with ASTM 
standards (D5778).  The cone penetrometers were pushed using a 30-ton CPT rig.  The cone 
used during the program was a 15 cm^2 cone and recorded the following parameters at 
approximately 2.5 cm depth intervals: 
 

• Cone Resistance (qc) • Inclination 

• Sleeve Friction (fs) • Penetration Speed 

• Dynamic Pore Pressure (u) • Pore Pressure Dissipation (at selected depths) 
 



 

    

 

At location CPT-11-045 & CPT-11-050, shear wave measurements were obtained at 
approximately 10-foot intervals.  The shear wave is generated using an air-actuated hammer, 
which is located inside the front jack of the CPT rig.  The cone has a triaxial geophone, which 
recorded the shear wave signal generated by the air hammer. 
 
The above parameters were recorded and viewed in real time using a portable computer and 
stored on a diskette for future analysis and reference.  A complete set of baseline readings 
was taken prior to each sounding to determine temperature shifts and any zero load offsets.  
Monitoring base line readings ensures that the cone electronics are operating properly.  
 

4. CONE PENETRATION TEST DATA & INTERPRETATION 
 
The Cone Penetration Test data is presented in graphical form in the attached Appendix.  
Penetration depths are referenced to ground surface.  The soil classification on the CPT plots 
is derived from the CPT Classification Chart (Robertson, 1986) and presents major soil 
lithologic changes.  The stratigraphic interpretation is based on relationships between cone 
resistance (qc), sleeve friction (fs), and penetration pore pressure (u).  The friction ratio (Rf), 
which is sleeve friction divided by cone resistance, is a calculated parameter that is used to 
infer soil behavior type.  Generally, cohesive soils (clays) have high friction ratios, low cone 
resistance and generate excess pore water pressures.  Cohesionless soils (sands) have lower 
friction ratios, high cone bearing and generate little (or negative) excess pore water pressures. 
 
Output from the interpretation program CPTINT provides averaged CPT data over one-foot 
intervals.  The CPTINT output includes Soil Classification Zones, SPT N Values and Undrained 
Shear Strength (Su).  A summary of the equations used for the tabulated parameters is 
provided in the CPTINT Correlation Table in the Appendix.  
 
The interpretation of soils encountered on this project was carried out using correlations 
developed by Robertson et al, 1986.  It should be noted that it is not always possible to clearly 
identify a soil type based on qc, fs and u.  In these situations, experience, judgment and an 
assessment of the pore pressure data should be used to infer the soil behavior type. 
 
If you have any questions regarding this information, please do not hesitate to call our office at 
(714) 901-7270. 
  
Sincerely, 
 

KEHOE TESTING & ENGINEERING 
 
 
 
 
Richard W. Koester, Jr.   
General Manager             
 
01/19/11-at-9-1177 
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INPUT FILE: C:\temp\CPT-11-045.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 343.167 6.168 1.797 8 82 123 9E9
1.500 200.817 1.878 0.935 9 38 57 9E9
2.500 39.283 1.165 2.964 6 15 23 2.610
3.500 24.283 1.102 4.537 3 23 35 1.604
4.500 22.050 1.048 4.776 3 21 32 1.445
5.500 24.900 1.208 4.872 3 24 36 1.630
6.500 31.383 1.302 4.148 4 20 30 2.065
7.500 32.467 1.268 3.907 4 21 32 2.133
8.500 28.100 1.198 4.265 4 18 27 1.838
9.500 27.983 1.373 4.914 3 27 40 1.824
10.500 35.514 1.393 3.927 5 17 24 2.321
11.500 24.950 0.913 3.658 5 12 15 1.617
12.500 25.433 0.823 3.235 5 12 15 1.645
13.500 19.417 0.443 2.281 5 9 11 1.239
14.500 9.650 0.237 2.448 4 6 7 0.584
15.500 6.500 0.165 2.519 4 4 5 0.372
16.500 6.233 0.095 1.512 1 3 3 0.351
17.500 9.283 0.125 1.335 5 4 4 0.553
18.500 9.450 0.110 1.152 5 5 5 0.561
19.500 22.633 0.602 2.645 5 11 11 1.437
20.500 45.429 2.090 4.609 4 29 29 2.939
21.500 25.033 0.965 3.873 4 16 16 1.573
22.500 39.533 1.303 3.308 5 19 18 2.534
23.500 34.033 1.507 4.440 4 22 21 2.166
24.500 36.250 1.317 3.646 5 17 16 2.307
25.500 93.517 1.700 1.820 7 30 27 9E9
26.500 72.133 0.902 1.252 8 17 15 9E9
27.500 15.683 0.523 3.369 4 10 9 0.923
28.500 19.200 0.328 1.725 6 7 6 1.152
29.500 12.317 0.147 1.204 6 5 4 0.691
30.500 16.683 0.153 0.925 6 6 5 0.981
31.500 20.114 0.434 2.170 6 8 6 1.205
32.500 28.750 0.627 2.176 6 11 9 1.787
33.500 35.750 0.852 2.371 6 14 11 2.257
34.500 77.583 1.905 2.453 6 30 23 5.036
35.500 93.417 2.208 2.364 7 30 23 9E9
36.500 241.217 3.508 1.455 8 58 43 9E9
37.500 347.433 4.135 1.190 9 67 49 9E9
38.500 486.533 6.322 1.299 9 93 67 9E9
39.500 407.250 7.080 1.738 8 98 69 9E9
40.500 162.967 3.465 2.128 7 52 36 9E9
41.499 349.314 4.983 1.426 9 67 46 9E9



INPUT FILE: C:\temp\CPT-11-046.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 363.350 7.157 1.970 8 87 131 9E9
1.500 287.117 3.882 1.352 9 55 83 9E9
2.500 42.150 0.695 1.646 7 13 20 9E9
3.500 13.517 0.598 4.405 3 13 20 0.891
4.500 13.033 0.653 4.981 3 13 20 0.856
5.500 17.650 0.782 4.412 3 17 26 1.158
6.500 22.117 1.145 5.165 3 21 32 1.451
7.500 25.233 1.367 5.402 3 24 36 1.656
8.500 26.150 1.332 5.083 3 25 38 1.711
9.500 28.533 1.523 5.329 3 27 40 1.866
10.500 27.371 1.691 6.163 3 26 36 1.786
11.500 29.433 1.638 5.557 3 28 36 1.918
12.500 35.117 1.342 3.817 5 17 21 2.291
13.500 18.500 1.130 6.092 3 18 21 1.181
14.500 10.200 0.638 6.218 3 10 12 0.624
15.500 9.917 0.533 5.360 3 10 11 0.599
16.500 7.783 0.383 4.894 3 8 9 0.454
17.500 8.333 0.360 4.303 3 8 9 0.486
18.500 10.583 0.437 4.113 3 10 10 0.631
19.500 24.783 1.240 4.997 3 24 25 1.574
20.500 30.214 1.883 6.226 3 29 29 1.932
21.500 26.100 1.002 3.828 4 17 17 1.656
22.500 25.917 1.382 5.328 3 25 24 1.636
23.500 25.500 1.178 4.612 3 24 22 1.606
24.500 32.250 1.218 3.772 5 15 14 2.052
25.500 41.033 1.818 4.428 4 26 23 2.632
26.500 26.967 0.982 3.634 5 13 11 1.691
27.500 32.467 1.010 3.103 5 16 14 2.056
28.500 29.000 0.825 2.835 5 14 12 1.822
29.500 11.867 0.380 3.193 4 8 7 0.671
30.500 13.117 0.350 2.652 5 6 5 0.754
31.500 17.243 0.477 2.758 5 8 6 1.023
32.500 29.900 0.902 3.014 5 14 11 1.860
33.500 126.883 1.950 1.536 8 30 23 9E9
34.500 438.050 3.775 0.862 10 70 53 9E9
35.500 432.000 4.635 1.073 9 83 62 9E9
36.500 393.983 4.177 1.060 9 75 55 9E9
37.500 249.417 2.032 0.814 9 48 35 9E9
38.500 250.133 1.887 0.754 9 48 34 9E9
39.500 310.917 1.995 0.641 10 50 35 9E9
40.500 371.300 3.450 0.929 9 71 49 9E9



INPUT FILE: C:\temp\CPT-11-047.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 26.633 0.705 2.647 6 10 15 1.773
1.500 309.033 4.112 1.330 9 59 89 9E9
2.500 69.850 2.753 3.942 5 33 50 4.646
3.500 28.067 1.258 4.483 4 18 27 1.857
4.500 30.467 1.098 3.607 5 15 23 2.011
5.500 32.467 1.537 4.733 3 31 47 2.142
6.500 33.633 1.440 4.286 4 21 32 2.213
7.500 45.000 1.572 3.491 5 22 33 2.970
8.500 37.333 1.752 4.692 4 24 36 2.453
9.500 31.350 1.420 4.530 4 20 30 2.050
10.500 27.686 1.446 5.230 3 26 36 1.799
11.500 27.083 1.420 5.250 3 26 34 1.755
12.500 33.233 1.237 3.725 5 16 20 2.161
13.500 19.283 0.817 4.235 3 18 21 1.229
14.500 30.017 0.520 1.732 6 12 14 1.941
15.500 9.517 0.410 4.316 3 9 10 0.569
16.500 6.883 0.260 3.777 3 7 8 0.390
17.500 8.783 0.348 3.966 3 8 9 0.513
18.500 26.200 0.953 3.643 5 13 14 1.668
19.500 30.033 1.493 4.972 3 29 30 1.921
20.500 28.800 1.420 4.945 3 28 28 1.829
21.500 16.717 0.637 3.824 4 11 11 1.021
22.500 27.850 1.517 5.462 3 27 26 1.758
23.500 37.783 1.890 5.007 3 36 33 2.419
24.500 31.533 1.635 5.185 3 30 27 2.001
25.500 32.317 1.737 5.377 3 31 28 2.048
26.500 41.617 2.198 5.291 3 40 35 2.660
27.500 84.417 1.495 1.772 7 27 23 9E9
28.500 51.883 1.242 2.395 6 20 17 3.339
29.500 13.633 0.527 3.877 4 9 7 0.784
30.500 11.483 0.432 3.781 3 11 9 0.635
31.500 13.886 0.477 3.447 4 9 7 0.793
32.500 26.883 0.707 2.635 6 10 8 1.653
33.500 15.017 0.490 3.274 4 10 8 0.859
34.500 58.217 0.967 1.661 7 19 14 9E9
35.500 204.450 1.933 0.946 9 39 29 9E9
36.500 282.450 5.397 1.910 8 68 50 9E9
37.500 206.517 1.488 0.720 9 40 29 9E9
38.500 192.233 2.325 1.209 9 37 26 9E9
39.500 395.433 2.898 0.733 10 63 44 9E9
40.500 491.700 0.000 0.000 10 9E9 9E9 9E9



INPUT FILE: C:\temp\CPT-11-048.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 142.183 1.352 0.950 9 27 41 9E9
1.500 111.450 1.112 0.997 8 27 41 9E9
2.500 20.383 0.847 4.157 4 13 20 1.347
3.500 16.983 0.833 4.921 3 16 24 1.114
4.500 21.583 1.132 5.264 3 21 32 1.415
5.500 28.517 1.160 4.075 4 18 27 1.875
6.500 28.850 0.908 3.148 5 14 21 1.896
7.500 28.033 0.440 1.569 6 11 17 1.839
8.500 22.583 0.363 1.608 6 9 14 1.471
9.500 17.950 0.635 3.538 4 11 17 1.157
10.500 14.086 0.686 4.868 3 13 18 0.896
11.500 17.400 0.673 3.877 4 11 14 1.110
12.500 23.733 0.733 3.090 5 11 14 1.531
13.500 21.733 0.663 3.050 5 10 12 1.394
14.500 9.783 0.337 3.430 3 9 10 0.595
15.500 10.383 0.390 3.756 3 10 11 0.628
16.500 21.617 1.002 4.645 3 21 23 1.370
17.500 29.750 1.477 4.989 3 28 30 1.901
18.500 49.533 0.793 1.605 7 16 17 9E9
19.500 11.533 0.122 1.066 6 4 4 0.681
20.500 12.271 0.283 2.332 5 6 6 0.724
21.500 23.433 0.968 4.156 4 15 15 1.465
22.500 22.467 0.838 3.762 4 14 13 1.393
23.500 49.233 1.268 2.583 6 19 18 3.177
24.500 67.017 1.640 2.451 6 26 24 4.359
25.500 113.167 2.290 2.026 7 36 32 9E9
26.500 51.883 0.928 1.794 7 17 15 9E9
27.500 29.183 0.960 3.307 5 14 12 1.823
28.500 63.067 1.815 2.885 6 24 20 4.077
29.500 45.183 1.392 3.088 6 17 14 2.883
30.500 65.283 0.930 1.428 7 21 17 9E9
31.500 39.457 0.866 2.203 6 15 12 2.491
32.500 48.967 1.093 2.240 6 19 15 3.121
33.500 32.300 0.810 2.518 6 12 9 2.007
34.500 57.433 0.865 1.509 7 18 14 9E9
35.500 68.017 1.492 2.197 7 22 16 9E9
36.500 55.483 1.472 2.660 6 21 15 3.539
37.500 59.633 0.797 1.339 7 19 14 9E9
38.500 64.233 0.613 0.957 8 15 11 9E9
39.500 124.167 0.943 0.760 9 24 17 9E9
40.500 174.317 1.812 1.040 9 33 23 9E9
41.499 239.271 8.690 3.634 12 115 79 9E9
42.499 403.017 7.260 1.802 8 96 65 9E9
43.499 463.600 0.000 0.000 10 9E9 9E9 9E9



INPUT FILE: C:\temp\CPT-11-049.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 178.033 1.703 0.957 9 34 51 9E9
1.500 293.300 2.202 0.751 9 56 84 9E9
2.500 69.317 0.832 1.200 8 17 26 9E9
3.500 22.483 0.762 3.388 5 11 17 1.484
4.500 25.300 0.542 2.141 6 10 15 1.668
5.500 22.467 1.113 4.955 3 22 33 1.475
6.500 21.867 1.267 5.793 3 21 32 1.431
7.500 29.200 1.047 3.587 5 14 21 1.914
8.500 51.750 0.968 1.871 7 17 26 9E9
9.500 50.333 0.735 1.460 7 16 24 9E9
10.500 24.386 0.646 2.649 5 12 17 1.581
11.500 11.733 0.782 6.662 3 11 14 0.735
12.500 16.700 1.002 5.998 3 16 20 1.062
13.500 28.867 0.818 2.835 5 14 17 1.869
14.500 23.000 0.583 2.538 5 11 13 1.472
15.500 22.983 0.552 2.400 6 9 10 1.468
16.500 4.367 0.230 5.267 3 4 4 0.223
17.500 2.717 0.162 5.951 3 3 3 0.109
18.500 12.033 0.502 4.169 3 12 13 0.726
19.500 16.717 0.833 4.995 3 16 16 1.032
20.500 26.129 1.523 5.828 3 25 25 1.657
21.500 25.817 1.307 5.061 3 25 24 1.632
22.500 28.367 1.210 4.266 4 18 17 1.798
23.500 33.250 1.477 4.443 4 21 20 2.118
24.500 27.583 1.773 6.429 3 26 24 1.737
25.500 14.683 0.433 2.955 5 7 6 0.872
26.500 23.283 1.323 5.684 3 22 19 1.443
27.500 60.033 1.488 2.479 6 23 20 3.888
28.500 102.017 1.945 1.907 7 33 28 9E9
29.500 52.783 1.897 3.593 5 25 21 3.397
30.500 92.683 1.582 1.706 7 30 24 9E9
31.500 106.500 1.943 1.824 7 34 27 9E9
32.500 51.267 1.575 3.069 6 20 16 3.287
33.500 12.550 0.370 2.933 4 8 6 0.703
34.500 14.933 0.377 2.520 5 7 5 0.854
35.500 15.733 0.372 2.357 5 8 6 0.905
36.500 10.367 0.228 2.192 5 5 4 0.544
37.500 11.733 0.283 2.411 5 6 4 0.629
38.500 15.817 0.347 2.187 5 8 6 0.898
39.500 18.500 0.500 2.703 5 9 6 1.071
40.500 70.433 0.907 1.287 7 22 15 9E9
41.499 264.657 3.699 1.397 8 63 43 9E9
42.499 278.367 9.363 3.363 12 133 90 9E9
43.499 492.000 11.360 2.308 12 236 157 9E9



INPUT FILE: C:\temp\CPT-11-050.CSV |------------------------------------------------
" Depth Qc(avg) Fs(avg) Rf Rf Zone Spt N Spt N1 Su
" (feet) (TSF) (TSF) (%) (zone #) (blow/ft) (blow/ft) (TSF)
"----------------------------------------------------------------------------------

0.500 381.067 6.663 1.749 8 91 137 9E9
1.500 376.667 2.993 0.795 10 60 90 9E9
2.500 91.433 1.713 1.874 7 29 44 9E9
3.500 67.283 1.533 2.278 6 26 39 4.472
4.500 31.300 0.948 3.030 5 15 23 2.068
5.500 23.933 1.107 4.627 3 23 35 1.572
6.500 24.167 1.027 4.251 4 15 23 1.583
7.500 29.267 1.052 3.591 5 14 21 1.921
8.500 58.783 1.310 2.229 6 23 35 3.883
9.500 39.117 1.150 2.939 6 15 22 2.569
10.500 22.357 1.027 4.594 3 21 29 1.447
11.500 21.800 1.035 4.759 3 21 27 1.402
12.500 31.033 1.300 4.198 4 20 25 2.012
13.500 28.200 0.982 3.481 5 14 17 1.824
14.500 26.433 0.570 2.156 6 10 12 1.702
15.500 30.300 0.572 1.885 6 12 13 1.958
16.500 11.350 0.330 2.899 4 7 8 0.690
17.500 15.933 0.490 3.072 5 8 9 0.991
18.500 18.750 0.507 2.712 5 9 9 1.169
19.500 9.833 0.198 2.017 5 5 5 0.575
20.500 17.771 0.491 2.767 5 9 9 1.099
21.500 58.033 2.325 4.011 5 28 27 3.776
22.500 21.917 0.825 3.790 4 14 13 1.358
23.500 43.667 1.742 4.002 5 21 20 2.804
24.500 20.833 0.442 2.130 6 8 7 1.281
25.500 30.400 0.987 3.256 5 15 13 1.915
26.500 56.000 1.972 3.529 5 27 24 3.615
27.500 56.600 1.222 2.162 6 22 19 3.653
28.500 84.017 1.102 1.313 8 20 17 9E9
29.500 63.667 1.673 2.632 6 24 20 4.117
30.500 53.633 1.885 3.526 5 26 21 3.438
31.500 44.500 1.427 3.218 5 21 17 2.826
32.500 18.300 0.298 1.644 6 7 5 1.076
33.500 20.900 0.455 2.195 6 8 6 1.244
34.500 24.267 0.563 2.334 6 9 7 1.466
35.500 22.783 0.450 1.988 6 9 7 1.362
36.500 37.900 0.647 1.705 7 12 9 9E9
37.500 24.550 0.628 2.540 6 9 7 1.494
38.500 224.550 3.813 1.698 8 54 38 9E9
39.500 289.267 2.357 0.815 9 55 39 9E9
40.500 341.217 4.338 1.272 9 65 45 9E9
41.499 258.143 7.436 2.883 7 82 56 9E9
42.499 247.800 8.240 3.327 12 119 80 9E9



Moorpark RD

Thousand Oaks, CA

CPT Shear Wave Measurements

S-Wave Interval

Travel S-Wave Velocity S-Wave

Depth Distance Arrival from Surface Velocity

CPT-11-045 (ft) (ft) (msec) (ft/sec) (ft/sec)

10.79 11.89 14.11 843

20.11 20.72 25.65 808 765

30.05 30.46 38.66 788 749

40.03 40.34 50.67 796 822

42.13 42.43 52.75 804 1002

CPT-11-050 5.13 7.16 5.64 1270

15.14 15.94 16.72 954 792

25.04 25.53 28.76 888 797

35.09 35.44 40.71 871 829

42.87 43.16 48.07 898 1048

Shear Wave Source Offset = 5 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival

Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)
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    -------------with NOTES & References at end------------- 
 
    Program:        CPTINT - CPT Cone Interpretation Program 
    Version:        5.2 
    Table File by:  Dr. R. G. (DICK) Campanella, P.Eng. 
    Rev. Dated:     April 3, 2002 
 
+---------------------------------------------------------------------------+ 
¦   Parameter   ¦       Methods              ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦ Depth average ¦ Depth averaged over speci- ¦       ¦   All   ¦    All     ¦ 
¦  see NOTE #1  ¦ fied range (see menu)      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Parameter     ¦ Averaged over range        ¦       ¦         ¦            ¦ 
¦ Averaging     ¦ specified for depth. If no ¦       ¦   All   ¦    All     ¦ 
¦               ¦ values exist, your choice  ¦       ¦         ¦            ¦ 
¦               ¦ is zero's or no value      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Qc, Tip Stress¦ measured tip force/area    ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qt        ¦ Qt = Qc + (1 - a) x U2 and ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦ corrtd for U2 ¦  a = tip area ratio        ¦       ¦         ¦            ¦ 
¦               ¦ Defaults to U2 if given or ¦       ¦         ¦            ¦ 
¦  see NOTE #2  ¦ uses U1 or U3 times Const. ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, not calculated ]  ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Q         ¦       Qt - sv              ¦       ¦         ¦            ¦ 
¦(Qt Normalized)¦   Q = -------              ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦         sv'                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Fs        ¦ measured sleeve force/area ¦ #6,#8 ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Rf        ¦          Fs                ¦       ¦         ¦            ¦ 
¦ Friction Ratio¦     Rf = -- x 100%         ¦ #6,#8 ¦   All   ¦    All     ¦ 
¦(if Rf>8, Rf=8)¦          Qt                ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      F        ¦          Fs                ¦       ¦         ¦            ¦ 
¦(Rf Normalized)¦   F = --------- x 100%     ¦#9 & 13¦   All   ¦    All     ¦ 
¦               ¦       (Qt - sv)            ¦       ¦         ¦            ¦ 
+---------------+------------------------------------+---------+------------¦ 
¦     Gamma     ¦ Based on Rf or Bq Classif. Zone    ¦         ¦            ¦ 
¦               ¦ Zone #     Gamma = kN/m^3  ¦       ¦         ¦            ¦ 
¦     Total     ¦    1      Qt<4bar   15.70  ¦       ¦         ¦            ¦ 
¦  Unit Weight  ¦    1      Qt=4bar   17.30  ¦       ¦         ¦            ¦ 
¦(Soil + Water) ¦    2      Rf<5%     13.36  ¦       ¦         ¦            ¦ 
¦               ¦    2      Rf=5%     11.80  ¦       ¦         ¦            ¦ 
¦               ¦    2      Bq Zone   12.58  ¦       ¦         ¦            ¦ 
¦  see NOTE #3  ¦    3      Qt<10bar  18.86  ¦       ¦   All   ¦    All     ¦ 
¦               ¦    3      Qt=10bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt<20bar  18.86  ¦       ¦         ¦            ¦ 
¦               ¦ 4, 5 & 6  Qt=20bar  19.65  ¦       ¦         ¦            ¦ 
¦               ¦    7                18.86  ¦       ¦         ¦            ¦ 
¦               ¦  8 & 9              19.65  ¦       ¦         ¦            ¦ 
¦               ¦   10                20.44  ¦       ¦         ¦            ¦ 
¦               ¦ 11 & 12             21.22  ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦       U       ¦ U1,measured on Face of tip ¦       ¦         ¦            ¦ 
¦  Penetration  ¦ U2,measured Behind Tip at  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦    shoulder (std location) ¦       ¦   All   ¦    All     ¦ 
¦               ¦ U3,measured Behind Friction¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦    Sleeve                  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Water Table   ¦ Depth below ground surface ¦       ¦         ¦            ¦ 
¦               ¦ to where pore pressure = 0 ¦       ¦   All   ¦    All     ¦ 
¦               ¦ Make negative if water     ¦       ¦         ¦            ¦ 
¦               ¦ level is above ground      ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       Uo      ¦ Uo = water depth,Hw x unit ¦       ¦         ¦            ¦ 
¦  Hydrostatic  ¦    weight water, Gamma or  ¦       ¦         ¦            ¦ 
¦ Pore Pressure ¦ Uo=Hw=depth-depth to water ¦       ¦   All   ¦    All     ¦ 
¦               ¦       table                ¦       ¦         ¦            ¦ 
¦  see NOTE #4  ¦ if depth<water table,Uo = 0¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       dU      ¦ dU = U2 - Uo               ¦       ¦         ¦            ¦ 
¦     Excess    ¦ Defaults to U2 if given    ¦       ¦   All   ¦    All     ¦ 
¦ Pore Pressure ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      DPPR     ¦        dU   U - Uo         ¦       ¦         ¦            ¦ 
¦ (Differential ¦ DPPR = -- = ------         ¦ #6,#8 ¦         ¦            ¦ 
¦ Pore Pressure ¦        Qt     Qt           ¦       ¦   All   ¦    All     ¦ 
¦        Ratio) ¦ Defaults to U2 if given    ¦       ¦         ¦            ¦ 
¦               ¦  or uses U1 or U3 x const. ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦        dU                  ¦ # 4   ¦         ¦            ¦ 
¦      Bq       ¦ Bq = -------               ¦ # 8   ¦   All   ¦    All     ¦ 
¦               ¦      Qt - sv               ¦ # 13  ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ OS (Overburden¦ OS = sv = S (Gamma x Depth)¦       ¦   All   ¦    All     ¦ 
¦     Stress)   ¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ EOS (Effective¦ EOS = sv' = OS - Uo        ¦       ¦         ¦            ¦ 
¦Overburden Stress)         = sv - Uo        ¦       ¦   All   ¦    All     ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Rf Zone    ¦ Classification chart for   ¦ #6    ¦         ¦            ¦ 
¦               ¦       Qc and Rf            ¦       ¦         ¦            ¦ 
¦     Soil      ¦Zone # =  Soil Behavior Type¦ #8,   ¦         ¦            ¦ 
¦ Behavior Type ¦ 1=sensitive fine grained   ¦ Fig4.3¦         ¦            ¦ 
¦               ¦ 2=organic material         ¦       ¦         ¦            ¦ 
¦  see NOTE #5  ¦ 3=clay                     ¦       ¦         ¦            ¦ 
¦               ¦ 4=silty clay               ¦       ¦         ¦            ¦ 
¦               ¦ 5=clayey silt              ¦       ¦   All   ¦1<Qt<1000bar¦ 
¦               ¦ 6=sandy silt               ¦       ¦         ¦0<Rf<8%     ¦ 
¦               ¦ 7=silty sand               ¦       ¦         ¦            ¦ 
¦               ¦ 8=fine sand                ¦       ¦         ¦            ¦ 
¦               ¦ 9=sand                     ¦       ¦         ¦            ¦ 
¦               ¦10=gravelly sand            ¦       ¦         ¦            ¦ 
¦               ¦11=very stiff fine grained ¥¦       ¦         ¦            ¦ 
¦               ¦12=sand to clayey sand ¥    ¦       ¦         ¦            ¦ 
¦               ¦ ¥ overconsolidated or cemented     ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Bq Zone    ¦ Classification chart for   ¦       ¦         ¦0<Qt<1000bar¦ 
¦     Soil      ¦        Qc and Bq           ¦ #8    ¦   All   ¦ -0.1<Bq<1.4¦ 
¦ Behavior Type ¦(same zone #'s as Rf above) ¦Fig 4.3¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦   Qt/N ratio per zone      ¦ # 7   ¦         ¦            ¦ 
¦   Standard    ¦Zone #  Qt/N    Zone #  Qt/N¦       ¦         ¦            ¦ 
¦  Penetration  ¦    1    2          7    3  ¦ # 8   ¦         ¦            ¦ 
¦     Test      ¦    2    1          8    4  ¦Fig 4.2¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦    3    1          9    5  ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦    4    1.5       10    6  ¦       ¦         ¦            ¦ 
¦After R&C(1983)¦    5    2         11    1  ¦       ¦         ¦            ¦ 
¦  see NOTE #6  ¦    6    2.5       12    2  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦  Spt N1(60)   ¦ Spt N1(60) = Cn x Spt N(60)¦       ¦         ¦            ¦ 
¦ Normalized for¦ where Cn = (sv')^(-0.77)   ¦ # 8   ¦   All   ¦ 0.5<Cn<1.5 ¦ 
¦ Overburden str¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Dr       ¦ Specific Sands:            ¦ # 8   ¦         ¦            ¦ 
¦   Relative    ¦                            ¦       ¦         ¦            ¦ 
¦   Density     ¦      100      +    Qc    + ¦       ¦         ¦            ¦ 
¦               ¦ Dr = --- * ln ¦ -------- ¦ ¦       ¦         ¦            ¦ 
¦  see NOTE #7  ¦      C2       ¦       C1 ¦ ¦       ¦         ¦            ¦ 
¦               ¦               + C0 sv'   + ¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦  All are NC & UNAGED       ¦       ¦         ¦            ¦ 
¦Compressibility¦ Sand      ¦ C0  ¦ C1 ¦ C2  ¦       ¦         ¦            ¦ 
¦               ¦ ----------+-----+----+---- ¦       ¦         ¦            ¦ 
¦   moderate    ¦ Ticino    ¦17.37¦.558¦2.58 ¦ # 1   ¦       / ¦  7 to 10   ¦ 
¦     high      ¦Schmertmann¦15.32¦.520¦2.75 ¦ # 1   ¦   Sand--¦ 0<Qt<500bar¦ 
¦               ¦                            ¦       ¦       \ ¦ 0<sv'<5bar ¦ 
¦               ¦ -------------------------- ¦       ¦         ¦            ¦ 
¦     all       ¦ ALL SANDS:                 ¦       ¦         ¦            ¦ 
¦               ¦  NC, OC, ALL TESTS         ¦ # 5   ¦         ¦            ¦ 
¦               ¦                +  + Qc +  +¦       ¦         ¦            ¦ 
¦               ¦                ¦  ¦ -- ¦  ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦  + C1 +  ¦¦       ¦         ¦            ¦ 
¦               ¦ Dr=C3 + C4log  ¦ -------- ¦¦       ¦         ¦            ¦ 
¦               ¦              10¦ + sv'+C2 ¦¦       ¦         ¦            ¦ 
¦               ¦                ¦ ¦ ---¦   ¦¦       ¦         ¦            ¦ 
¦               ¦                + + C0 +   +¦       ¦         ¦            ¦ 
¦               ¦ where:                     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦  C0  ¦  C1  ¦ C2 ¦ C3 ¦ C4 ¦       ¦         ¦            ¦ 
¦               ¦ -----+------+----+----+--- ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ 0.100¦0.0981¦ 0.5¦ -98¦ 66 ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Phi      ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ 1) Robertson & Campanella  ¦#6, #8 ¦         ¦ 7 to 10 & 6¦ 
¦ Friction Angle¦ 2) Durgunoglu & Mitchell   ¦  # 2  ¦       / ¦ 0<Qt<500bar¦ 
¦               ¦ 3) Janbu beta = +15 degree ¦#6, #8 ¦   Sand--¦ 0<sv'<4bar ¦ 
¦               ¦ 4) Janbu beta =  0  degree ¦#6, #8 ¦       \ ¦ 29<phi<49  ¦ 
¦               ¦ 5) Janbu beta = -15 degree ¦#6, #8 ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦    Gmax       ¦ Clay:                      ¦       ¦         ¦            ¦ 
¦ Maximum Shear ¦                            ¦ # 8   ¦         ¦            ¦ 
¦   Modulus at  ¦ Gmax = alpha x Qt          ¦Fig4.18¦   Clay  ¦   1 to 6   ¦ 
¦   very small  ¦                            ¦       ¦         ¦            ¦ 
¦    strains    ¦ Sand:                      ¦ # 6   ¦         ¦            ¦ 
¦               ¦ Digitized figure of Qc vs  ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ Gmax with interpolation    ¦Fig4.13¦   Sand  ¦  7 to 10   ¦ 
¦               ¦between sv'curves,R&C method¦       ¦         ¦.25<sv'<8bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Qc), t/s  ¦ Seed's CSR vs N1(60) graph ¦ # 11  ¦         ¦            ¦ 
¦ LEVEL ground  + for specified equake Magni-¦ # 12  ¦         ¦            ¦ 
¦ Liquefaction  ¦ tude.Can include silty sand¦       ¦   Sand  ¦  7 to 10   ¦ 
¦SAND Resistance¦ corr. for Zone 7. N1(60)   ¦       ¦         ¦(6 possible)¦ 
¦ see NOTE #8   ¦ from CPT correlations.     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ CSR(Eq), t/s  ¦              Amax   sv     ¦       ¦         ¦            ¦ 
¦ Cyclic Stress ¦CSR(Eq) = 0.65 ---- ---- rd ¦ # 12  ¦         ¦            ¦ 
¦ Ratio applied ¦               g    svo'    ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦by design quake¦Amax=max surface acceleratn ¦ # 3   ¦         ¦(6 possible)¦ 
¦               ¦including Amplification     ¦       ¦         ¦            ¦ 
¦ [ Note: Input value from input file is used if defined, & not calculated] ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      rd       ¦ Digitized graph to use     ¦       ¦         ¦(6 possible)¦ 
¦   Reduction   ¦ for depth vs rd:           ¦       ¦         ¦  7 to 10   ¦ 
¦Factor to find ¦ 1) Seed's mean             ¦ # 12  ¦   Sand  ¦ 0<depth<30m¦ 
¦    CSR(Eq)    ¦ 2) Fraser Delta            ¦ # 3   ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦FL,Safety Factor    FL = CSR(Qc)/CSR(Eq)    ¦ # 3   ¦   Sand  ¦  7 to 10   ¦ 
¦against Liquefaction                        ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦     Qcr       ¦ Qcr backcalculated from    ¦       ¦         ¦            ¦ 
¦Critical Bearng¦ CSR(Eq) for a specified FL.¦ # 12  ¦   Sand  ¦  7 to 10   ¦ 
¦required to    ¦ Qcr is only for the given  ¦       ¦         ¦(6 possible)¦ 
¦resist Liquefctn GWT,EOS,OS,Amax/g & Eq.Mag ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      Su,      ¦            Qc - st         ¦ # 8   ¦         ¦            ¦ 
¦   Undrained   ¦ Nk:   Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦     Shear     ¦              Nk            ¦       ¦         ¦            ¦ 
¦   Strength    ¦                            ¦       ¦         ¦            ¦ 
¦      of       ¦            Qt - U2         ¦       ¦         ¦            ¦ 
¦     CLAY      ¦ Nke:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nke           ¦       ¦         ¦            ¦ 
¦   METHODS:    ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt - sv         ¦       ¦         ¦            ¦ 
¦               ¦ Nkt:  Su = -------         ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦              Nkt           ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            Qt              ¦       ¦         ¦            ¦ 
¦               ¦ Nc:   Su = --              ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            Nc              ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦            dU2 (dU1 or dU3)¦       ¦         ¦            ¦ 
¦  see NOTE #9  ¦ NdU:  Su = ---             ¦       ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦            NdU             ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦  Parameter    ¦         Methods            ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦               ¦           Su               ¦       ¦         ¦            ¦ 
¦    Su/EOS     ¦ Su/EOS = ----              ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦           sv'              ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (NC)    ¦                            ¦       ¦         ¦            ¦ 
¦    Normally   ¦ (Ko)NC = 1 - Sin( f )      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦     see NOTE #10           ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦    Ko (OC)    ¦                      0.42  ¦       ¦         ¦            ¦ 
¦     Over      ¦ (Ko)OC = (Ko)NC x OCR      ¦ # 8   ¦   Sand  ¦  7 to 10   ¦ 
¦  Consolidated ¦                            ¦       ¦         ¦(6 possible)¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦      E25      ¦ E25 = alpha x Qt           ¦ # 8   ¦   Sand  ¦(6) 7 to 10 ¦ 
¦ Youngs Modulus¦ where user input alpha     ¦4.11&12¦         ¦ 0<Qt<500bar¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦       M       ¦ CLAY:                      ¦ # 8   ¦         ¦            ¦ 
¦  Constrained  ¦ M = alpha x Qt             ¦Tabl4.3¦   Clay  ¦   1 to 6   ¦ 
¦    Modulus    ¦ where user input alpha     ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ SAND:                      ¦       ¦         ¦            ¦ 
¦               ¦ Methods:                   ¦       ¦         ¦            ¦ 
¦               ¦ Qt:                        ¦       ¦         ¦            ¦ 
¦               ¦       M = alpha x Qt       ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Baldi:                     ¦ # 8   ¦         ¦(6 possible)¦ 
¦               ¦ M            + sv' +C1     ¦Fig4.10¦         ¦            ¦ 
¦               ¦ -- = C0 x pa ¦ --- ¦   x   ¦       ¦   Sand  ¦  7 to 10   ¦ 
¦               ¦ Qt           + pa  +       ¦       ¦         ¦            ¦ 
¦               ¦         C2                 ¦       ¦         ¦            ¦ 
¦               ¦      OCR   x exp( C3 Dr )  ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦       +    Su      +1.25   ¦       ¦         ¦            ¦ 
¦    Over-      ¦       ¦    ----    ¦       ¦ # 6   ¦         ¦            ¦ 
¦ Consolidation ¦       ¦    svo'    ¦       ¦       ¦         ¦            ¦ 
¦    Ratio      ¦ OCR = ¦ ---------- ¦       ¦ # 8   ¦   Clay  ¦   1 to 6   ¦ 
¦               ¦       ¦ +  Su  +   ¦       ¦Fig4.19¦         ¦            ¦ 
¦  see NOTE #11 ¦       ¦ ¦ ---- ¦   ¦       ¦       ¦         ¦            ¦ 
¦               ¦       + + svo' +NC +       ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦               ¦      + +                +2 ¦       ¦         ¦            ¦ 
¦     Ic        ¦ Ic = ¦ ¦3-log  (Q(1-Bq))¦  ¦       ¦         ¦            ¦ 
¦               ¦      + +     10         +  ¦       ¦         ¦            ¦ 
¦   Material    ¦                            ¦ # 13  ¦   All   ¦     All    ¦ 
¦    Index      ¦      +             +2+0.5  ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦    + ¦1.5+1.3log  F¦ ¦     ¦ # 17  ¦         ¦            ¦ 
¦  see NOTE #18 ¦      +          10 + +     ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   Spt N(60)   ¦                            ¦       ¦         ¦            ¦ 
¦   Standard    ¦                            ¦       ¦         ¦            ¦ 
¦  Penetration  ¦  Qc/N = 8.5(1-(Ic/4.75))   ¦       ¦         ¦            ¦ 
¦     Test      ¦                            ¦ # 13  ¦   All   ¦    All     ¦ 
¦ (Blows/foot)  ¦   where Qc in bars         ¦       ¦         ¦            ¦ 
¦ at 60% Energy ¦                            ¦       ¦         ¦            ¦ 
¦After J&D(1993)¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #16 ¦                            ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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+---------------------------------------------------------------------------+ 
¦   Parameter   ¦        Methods             ¦Refer. ¦  Valid  ¦ Valid Zone ¦ 
¦               ¦                            ¦ Number¦Soil Type¦            ¦ 
¦---------------+----------------------------+-------+---------+------------¦ 
¦State Parameter¦          +           +     ¦       ¦         ¦            ¦ 
¦               ¦          ¦3M + 8.5M/F¦     ¦       ¦         ¦            ¦ 
¦State,(e-units)¦        ln¦-----------¦     ¦       ¦         ¦            ¦ 
¦               ¦          +  Q(1-Bq)  +     ¦       ¦         ¦            ¦ 
¦Current Void   ¦State =  ---------------    ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦           11.9 - 1.33F     ¦ # 14  ¦   All   ¦    All     ¦ 
¦     minus     ¦                            ¦       ¦         ¦            ¦ 
¦Critical       ¦          6 Sin fcv         ¦       ¦         ¦            ¦ 
¦   Void Ratio  ¦     M = -------------      ¦       ¦         ¦            ¦ 
¦               ¦          3 - Sin fcv       ¦       ¦         ¦            ¦ 
¦               ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ fcv = const. vol. Phi angle¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦ Fines Content ¦                            ¦       ¦         ¦            ¦ 
¦               ¦FC(%) = 42.4179(Ic) - 54.8574       ¦         ¦            ¦ 
¦     FC(%)     ¦                            ¦       ¦         ¦            ¦ 
¦               ¦ FC(%) =   0% if Ic < 1.2933¦ # 15  ¦   All   ¦    All     ¦ 
¦Percent        ¦                            ¦       ¦         ¦            ¦ 
¦  less than    ¦ FC(%) = 100% if Ic > 3.6508¦       ¦         ¦            ¦ 
¦     #200 Sieve¦                            ¦       ¦         ¦            ¦ 
¦After Davies,99¦                            ¦       ¦         ¦            ¦ 
+---------------+----------------------------+-------+---------+------------¦ 
¦   OCR (Clay)  ¦ OCR = 0.5 + 1.50(PPD)      ¦       ¦         ¦            ¦ 
¦Overcons. Ratio¦                            ¦       ¦         ¦            ¦ 
¦by Pore Press. ¦ PPD = (U1 - U2)/Uo or      ¦       ¦         ¦            ¦ 
¦U1 & U2        ¦ PPD = (U1 - U3)/Uo         ¦ # 16  ¦   Clay  ¦   1 to 6   ¦ 
¦   or U1 & U3  ¦                            ¦       ¦         ¦            ¦ 
¦  see NOTE #17 ¦ and default 0.5 & 1.5      ¦       ¦         ¦            ¦ 
¦               ¦       are settable         ¦       ¦         ¦            ¦ 
+---------------------------------------------------------------------------+ 
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1. Depth averaging may be in 0.5, 1, 2.5 or 5 ft. intervals or 
0.1, 0.25, 0.5 or 1.0 m intervals, or no depth averaging if 
zero is selected. The average is the mean value of the readings  
in the interval. The depth value is the mid-depth of the  
averaged interval. It is convenient to start at half the depth 
averaging interval.  For example, if you want "even" depths and 
the depth averaging is set at 0.50 m then start at 0.25 to get 
values of depth of 0.5, 1.0, 1.5, etc. 
 
2. Basic input CPTU data columns are for Depth, Qc, Fs, U1, U2, 
U3, INC and TEMP may be selected.  In addition the following 
parameters may also be specified as an INPUT data column:  Qt, 
Gamma, Uo, Spt N, Rf Zone, Bq Zone and CSR(EQ).  These values 
will be used where required to obtain other interpreted 
parameters.  If they are not specified the program will 
estimate them when they are required.  For example, you can 
create an OUTPUT data file of any of the above parameters and 
then edit some or all of the values to suite your measurements 
or your desires to specify their values.  You can do that with 
"Gamma" values to input your measurements of unit weight, or 
with "Uo" if you want to input values of pore water pressure 
other than hydrostatic, or with any of the other input 
parameters.  You would use your edited file of adjusted data as 
your new INPUT data file.  Thus, you can specify these 
parameters if you want to override the Program's values. 
 
   You can also use the designated value of "9E9" to denote an 
unknown value. 
 
   You can use the "OTHER" designation to input other data that 
exists on your input file and identify its units. This allows 
you to output it, without operating on it, if you choose. 
 
   It is best NOT to use depth averaging when using input data 
that is not continuous at regular depth intervals.  Always use 
DEPTH AVERAGING with extreme caution since the program averages 
ALL INPUT parameters over the interval chosen irregardless of 
soil type. Careful use of start and end depth choises can make 
depth averaging very effective. 
 
3. Since there is no data in the file within the initial depth 
interval, a default Gamma (unit weight) must be specified from 
the surface to the starting depth.  This is done in the "Param" 
Menu in units of kN/m^3 (1kN/m^3=6.36pcf).  Also, you can specify 
the values of Gamma to be used by the program as in NOTE #2 above. 
 
4. If pore pressures are not measured by the cone then the 
program will take Qc as being equal to Qt for all interpretations 
requiring Qt.  Also, Uo may be specified in the input file as a 
column of Uo vs depth values, if the water pressures are not 
hydrostatic. See NOTE #2 for more info on customizing input data. 



                                                      Page 8/10 
5. You can choose to use either the Rf classif. Zone or the Bq 
classif. Zone to divide soil into Undrained Parameters (Zones 1 
to 6) and Drained Parameters (Zones 7 to 10) in the "Param" 
Menu. (However, in order to use the Bq Zone you must have Pore 
Pressure, U2, data.)  Also, you may choose to switch Zone 6 to 
a Drained Zone from its Undrained Zone status.  This is done if 
you feel that the soil identified as Zone 6 (sandy silt) is 
really coaser (using other sources of information) and/or you 
want it analyzed as a Drained rather than Undrained soil. 
Finally, the soil behavior names in each zone were shortened in 
version 5.0 for simplicity.  For example, Zone 6 was named 
"sandy silt to clayey silt" but was shortened to "sandy silt". 
 
6. Spt N is the same as Spt N(60) for 60% transferred energy. 
This value is calculated from the Qt/N ratios given for each 
Soil Zone (you can specify either Rf or Bq Zone) and these 
values are used in the Level Ground Liquefaction analysis. 
Values of Spt N may be specified in the Input File, if 
indepedently measured values are to be used.  We suggest that 
you not use depth averaging if you only have selected 
Spt N values at a few depths. You may use "9E9" for missing data. 
 
7. If Dr values are negative then soil is very loose or likely 
more of an undrained soil like a silty sand rather than a 
drained soil for which the Dr correlations were developed. 
Use Dr interpretations very cautiously since they also assume 
the soil is free draining, uncemented, unaged and has the same 
compressibility of grains as the soil used for the correlations 
in chamber calibration tests. 
 
8. The simplified sand liquefaction analysis for level ground 
according to Seed et al requires Spt N1(60) and earthquake 
magnitude to obtain the cyclic stress ratio to cause 
liquefaction, CSR(Qc).  The design maximum ground acceleration, 
the depth-reduction factor, Rd, and overburden total and 
effective stresses are required to calculate the cyclic stress 
ratio applied by the design earthquake, CSR(EQ).  The program 
estimates the N1(60) values from the cone stresses, the operator 
identifies the earthquake magnitude and Seed et al chart is used 
to get CSR(Qc).  The program also calculates CSR(EQ) from the 
user specified maximum ground acceleration including any 
amplification factors, the calculated overburden stresses and 
either Seed's mean or the Fraser Delta Rd factor.  The Fraser 
Delta is used only when amplification factors of the order of 
2 or more are used.  See Reference Nos. 3, 6, 11 and 12 for more 
information.  The user can INPUT specific values for Spt N, 
CSR(EQ), Soil Zones, Gamma's, etc. in order to customize the 
analysis for the existing data base of information.  It is 
recommended that you do not use depth averaging when using 
specific input data but make calculations at specific depths 
where external input data exists. The calculated value of Qcr 
is the minimum value of cone bearing stress required at a given 
depth such that the factor of safety against liquefaction, or 
the ratio FL = CSR(Qc)/CSR(EQ) have the specified value for a 
given earthquake magnitude, max. ground acceleration, depth 
reduction factor, and calculated overburden stresses.  This 
value of Qcr is useful to identify the required minimum level 
of soil improvement for a given design condition. 
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9. The NdU method to calculate undrained shear strength has been 
extended to allow the user to choose either dU1, or dU2 or dU3 
provided such pore pressure measurements exist. 
 
10. The Overconsolidation Ratio, OCR, for the sand must be 
estimated by the user in the "Param" menu if you want to 
estimate Ko in the sand layers.  For the typical normally 
consolidated sand, OCR = 1.0. 
 
11. It is currently only possible to estimate the OCR for a 
clay, which makes use of the correlations obtained from 
extensive laboratory tests. 
 
12. An improved calculation and print routine was added to 
version 5.0 which uses swap routines to reduce memory 
requirements, but slows down the calculations. 
 
13. The classification charts for Rf has been extended at all 
boundaries such that values of Rf>8 and values of Qc<1.00 are 
possible. The Bq classification chart which requires dU2 and 
can now accept values of Bq>1.2 and Qt<1.  Unfortunately, this 
feature does not work. 
 
14. Version 5.1ppd added several enhancements to the program. 
You may input an average vertical flow gradient, which is  
applied over the entire profile depth to be analysed so adjust 
the depth of interest accordingly. Zero gives hydrostatic and  
no flow, a negative gradient is upward flow which increases  
pore pressure and reduces vertical effective stress.  A  
positive gradient gives downward flow. 
 
15. A State Parameter or current void ratio minus critical 
void ratio is calculated according to the paper by Ref. 14, 
Plewes, Davies and Jefferies, 1994. 
 
16. An alternate method to estimate SPT from CPT is provided  
according to Ref. 13, Jefferies and Davies, 1993 in ASTM.  
 
17. An alternate method to estimate OCR in clays is provided 
which uses the measured pore pressure difference, ppd, so  
both U1 and U2 or U1 and U3 must be measured at the same time. 
(see Ref. 16) 
 
18. Version 5.2 added the value Ic (Material Index) according  
to Jefferies & Davies, 1993, 1991 (Ref. 13 & 17) which combines  
all Normalized parameters Q, F and Bq.  
(Note: QtN was changed to Q and RfN to F.) 
 
18A. In Version 5.2, if at any depth the value of Bq>1 (in very  
sensitive saturated soil)then Bq is made equal to 0.99.  Also,  
if Rf>8 it is made 7.99.  These changes have a negligable  
effect on the results. 
 
19. FC(%) or percent of dry weight less than #200 sieve (.074mm) 
was also added according to Davies, 1999 Ref.#15) 
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1

Purpose

This bulletin provides an update on the proper use of the Central Mine Equipment (CME)
automatic Standard Penetration Test (SPT) hammer based on recent drop height and drill rod
energy measurement studies.  Recent observations of the testing by government crews and
contract drilling has shown these hammers are not always operated correctly.  The CME hammer
system, when operated according to manufacturer’s instructions, can result in N values up to a
factor of 1.5 times lower than the SPT N values obtained by conventional rope and cat-head
safety hammer systems.  The hammer is rate dependent and can deliver drill rod energy ratios
varying from 60 to 90 percent.  This guide will show engineers how to evaluate the hammer
performance and how the operation can be adjusted.  The information in this bulletin can  be
used to estimate SPT drill rod energy for this hammer system based on hammer rate and drop
height observations.

Background

The Central Mine Equipment Company has been selling an automatic hammer for over 15 years. 
Figure 1 shows the exterior of the hammer system.  This hammer uses a cylindrical hammer of
lead encased in steel enclosed in a guide tube.  The hammer is lifted by a chain cam mechanism. 
On the chain is a finger cam which picks up the hammer.  The cam carries the hammer upward
and, at the end of its travel, the hammer is “flung” farther into the air.  The distance the hammer
is flung, in excess of the top of the chain travel, is a function of the speed of the chain.  There-
fore, the drop height of the hammer is a function of the speed of the chain.

In an important paper on the influence of SPT procedures in liquefaction analysis, Seed et al. [1]1

recommended 30 to 40 blows per minute (bpm).  In addition, the recently released American
Society for Testing and Materials (ASTM) Practice D 6066-97 for determining normalized
penetration resistance in sands recommends 20 to 40 bpm [2].  Consequently, there have been
numerous occurrences where a slower hammer rate has been used.  However, the rate required to
develop a 30-inch drop using the CME hammer equipped with a standard anvil is 50 to 55 bpm.

It should be stated clearly here that a blow count rate of 50 to 55 bpm is acceptable for most
geotechnical explorations, and the reduced rate is considered to be an issue only with
liquefaction investigations of sands.  There have been numerous occurrences where the hammer
has not been operated according to instructions, and the rate has been slower.  Because of these
slower rates, there have been questions regarding the energy transfer and effect on SPT blow
counts.  

Recently, the Los Angeles District Army Corps of Engineers evaluated the effect of blow count
rate on the efficiency of the CME  hammer used in their investigations of Whittier Narrows Dam. 
This report will summarize the results of this rate study and make recommendations on energy
delivered under these variable rate conditions. 
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Figure 1.—CME automatic hammer system.

There have been numerous SPT energy transfer measurements on the CME automatic hammer. 
A compilation of energy measurement data from our files is shown in table 1 [3-10].  Energy
measurements performed prior to 1990 were performed in accordance with ASTM standard 
D 4633 [11].  This method consists of measuring the force-time history of the first compression
pulse in the rods and integration of the square of the force.  This method will be denoted as EF2. 
The EF2 measurement provides the drill rod energy ratio (ERi) by using a force transducer
housed in the drill rods below the impact anvil.  Early work by Schmertmann and continued
measurements have shown that the penetration resistance “N” is inversely proportional to ERi.
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The energy transfer of SPT hammers is especially important in liquefaction evaluation of soils. 
In 1997, the ASTM developed a practice for determination of normalized penetration resistance
of sands [2].  In this practice, the effects of hammer systems are discussed.  Automatic hammers
are very desirable from the standpoint of energy transfer reproducibility.  The practice states that
for hammers used in these investigations, energy can be measured during the investigation, or an
assumed value can be used if there is reliable data from others and the hammer is operated
correctly.  

Proper Hammer Operation

The CME factory operating instructions and instructions for adjusting the hammer speed are
given in the appendix.  CME has designed the automatic hammer with a viewing slot so that the
drop height of the hammer can be easily checked.  The CME automatic hammer is designed to
operate at a speed of 50 to 55 bpm.  The chain-cam motor is hydraulic, and there are flow control
settings to adjust the blow count rate.  All drills are adjusted at the factory to provide the
recommended rate.  However, with time, these settings may change and should be checked.

The rate of the hammer depends on the engine revolutions per minute (rpm).  This is because 
the chain cam system is driven by a hydraulic motor.  The power of the motor depends on the
hydraulic fluid pressure in the drill system, and the hydraulic supply pressure varies with engine
rpm.  The hammer will not operate correctly at idle speed.  Typically, the hammer is adjusted to
operate at a set throttle detent speed of 1,500 to 2,000 rpm, or full throttle.

The flow control setting is accomplished according to the instructions in the appendix.  The
viewing slot allows for observation of the drop height.  The hammer is equipped with an anvil
that projects into the guide tube 11.75 inches.  The viewing slot is about 39 to 43 inches above
the base of the guide tube (refer to figure 1 in the appendix).  When the hammer is operated 
at about 50 to 55 bpm, the base of the hammer will be visible at a height of 41½ inches above the
base of the guide tube.  If hammer rates are set too high, the falling hammer will impact the
returning cam prior to anvil impact and may damage the equipment.  This occurs when the rate is
set near or above 60 bpm. 

Therefore, the easy way to check for proper operation is to look at the viewing slot and count the
blow count rate during testing.  The base of the hammer should be about 41½ inches above the
base of the guide tube.  

It is important that the drill operator understand what throttle speed is to be used during testing.
Field observations have shown that when the hammer is operated at idle speed or at a speed
slower than that for proper flow control, the drop height is significantly reduced.  Therefore,
during testing, if the operator fails to engage throttle detent speed, the SPT test will be invalid
unless the rate is recorded.
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Operation at slower speeds.—ASTM procedures for testing of liquefaction state that the
rate of blows should range from 20-40 bpm [2].  If it is desired to operate the hammer at 40 bpm,
the energy will be reduced.  Another approach is to add a spacer ring  to the anvil.  Based on the
properties of this hammer system, the spacer ring will allow for a 30-inch hammer drop.  Based
on theoretical calculations, the height of the spacer ring should be about 3 inches at 40 bpm.  Our
study, to follow, shows that at 40 bpm, the ring may need to be only 2 inches.  When a spacer
ring is to be used, the viewing slot must be cut and lowered 3 inches so that the hammer can be
observed, assuring proper operation.

The effect of blow count rate on SPT liquefaction data in sands is not known.  In a clean sand of
high permeability, there could be almost no difference between the N value for a hammer of 
30-inch drop performed at 50 and 20 bpm.  The rate effect is more likely a problem for dirty
sands.  In our data to follow, the rate effect on the drop height is significant when a spacer ring
is not used to maintain the 30-inch drop height. 

Maintenance.—As with any hammer system, the hammer should be maintained to ensure that
it operates correctly.  The guide sleeve and chain should be cleaned and lubricated periodically 
to ensure that the hammer is dropping freely.  You can measure the hammer efficiency by
measuring the velocity at impact with radar or a displacement transducer.  Our measurements
indicate that the hammer drops at 95 to 97 percent efficiency in a clean guide tube.  In some
cases, where we have measured low drill rod energy, the hammer velocity is slower than normal,
pointing to a situation such as a rusted or dirty guide tube interior.

Other Operation Considerations

The hammer assembly weighs about 230 lbs.  This assembly weight is significantly greater than
rope and cathead operated hammers which weigh from 75 to 100 lbs [10].  When testing very
soft soils, the hammer assembly may sink under the weight of the assembly.  The SPT data in
soft, fine-grained soils may differ significantly between the automatic and rope-cathead
hammers, so it is important to report the assembly mass on the drill log [12].  The hydraulic
cylinder that controls vertical movement of the assembly is a one-way piston, made only to lift
the assembly.  If the assembly sinks quickly, the A valve may be used to catch the hammer (see
appendix). 

In hard driving conditions, the assembly may cause secondary impacts to the anvil shoulder.  In
these conditions, valve C (hammer restricted fall) should be used.

Summary of Energy Measurements  

In the mid 1980s, after collection of EF2 drill rod energy data in the U.S. and other countries, 
H. Bolton Seed et al. recommended that SPT N values be corrected to N60 for liquefaction
analysis [1].  The correction takes the form of:

N60 = Nm * (ERi / 60) EQN (1)
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Where:

Nm = measured N value
ERi = drill rod energy ratio, expressed as a percent, of maximum theoretical energy for

the system used

The EF2 data form the basis of the 60 percent recommendation.  Seed assumed that safety
hammers deliver ERi of 60 percent.  Table 1 shows the EF2 data that were collected prior to
1992.  In this table, EF2 ERi, ranges from 83 percent to over 100 percent, and the data that are
considered reliable generally average around 85 to 95 percent.

In the 1990s, accelerometers began to find use in SPT energy measurement, and a new method
called the EFV method was developed.  Table 1 summarizes EF2 and EFV data that have been
collected since 1992.  The first EFV data were collected by Goble in 1989.  Virtually all the new
EFV data for the CME automatic hammer have been collected using equipment provided by
Goble, Rausche, Likins and Associates, Inc. (GRL).  This company has adapted their pile driving
analysis equipment for SPT energy measurements.

Review of the new GRL data in table 1 indicates the new EFV data for the CME hammer range
from 74 to 86 percent.  EFV data, where the hammer is operated at a correct rate, generally range
from 80 to 85 percent.  There is also an appreciable difference between EF2 and EFV data.  In
some cases, EFV data are higher than EF2 data, while in other cases, EFV is lower than EF2. 
There is a very wide variability in the reported EF2 data.  The reasons for the variability are not
well explained [9, 13].  Due to limited funding, GRL measurements have not been well
documented.  That is, they have been on a project to project basis.  GRL does not adjust EF2 data
for short rod lengths, and this could explain some of the lower EF2 data.   GRL believes that, due
to reflections in the stress waves near the transducers, EF2 data are not always reliable.  Also,
they believe that older, pre-1990 EF2 data could be biased toward the high side (90-95 percent)
because of errors with piezoelectric load cells.  It is well accepted that EFV measurements, if
collected correctly, are more fundamentally correct than EF2 measurements because true, one-
dimensional wave equation conditions are not met in SPT drill rod.

Measuring ERi is more difficult with the CME automatic hammer than with most hammers.  This
is because the hammer anvil aspect ratio is such that a very fast rise and fall time and a very
large, sharp peak in force and velocity can develop in the drill rods [8].  This rapidly peaking
large force results in very severe loading conditions for both accelerometers and strain
transducers.  Additional studies are planned to try to explain the lower energy levels being
measured with GRL equipment.  

An engineer who must decide on how to apply this energy data has some difficult decisions to
make.  EF2 data were originally reported as high as 90 percent.  According to equation (1) above,
CME automatic hammer N values would be lower than rope and cathead safety hammer data by a
factor of 90/60 = 1.5 using EF2 data.  Using new EFV data, a correction of 80/60 = 1.3 would be
applied.

Reclamation had the opportunity to test the difference in hammer systems at Jackson Lake Dam. 
Dynamic compaction ground improvement was performed in two phases.  SPT drilling of the
first phase was with a rope and cathead safety hammer, while in the second phase, CME
automatic hammers were used.  Over 4,000 SPT N values were analyzed [14].  The results
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indicate that N values from the CME automatic hammers differed by a factor of approximately
1.8.  The factor was surprisingly constant through a wide range of soil types, from gravel to clay. 
This larger factor could also be attributed to other effects, such as drilling method and systematic
disturbance, amount of gravels, prestress effects, etc.  But the data show there is a significant
difference in SPT N values between the automatic hammer and safety hammer.  Physical
comparison data published in many sources also show much larger differences in N values
collected with automatic and safety hammers than those predicted by EFV energy measurements
[12].  The differences are much larger than could be explained by a 20 percent energy difference
(i.e., a factor of 80/60 = 1.3) implied by the GRL data.

Even with the larger differences shown in some of the field data, the engineer who is using the
new EFV data will likely err toward conservatism and would likely apply the factor of 1.3.  This
low correction factor gives little incentive to using automatic hammers on a project if low con-
servative N values requiring costly ground modifications would result.

Even though GRL data appear to be erratic and possibly lower than the older EF2 data, GRL is
the only active SPT energy measurement contractor in the U.S.  The Army Corps of Engineers
had questions regarding past drilling at Whittier Narrows Dam.  We decided we would use the
GRL equipment to study the rate effects of the CME automatic hammer. 

Rate Effect Study

The Los Angeles District of the Army Corps of Engineers had questions regarding CME hammer
operations during their liquefaction investigation at Whittier Narrows Dam.  The CME automatic
hammer was used exclusively, and in most of the investigation, the same hammer and operator
were used.  Drop height and rate effect studies where performed to evaluate the CME hammer.

In a series of field studies on a CME 75HT drill, the rate of the hammer was varied, and the drop
height was measured through the viewing window.  Drop height was also monitored on the
second hammer in a second round of drilling.  The results of this study are summarized in 
figure 2.  When the hammer rate was slowed to about 40 bpm, the drop height was reduced to 
28 inches.  This reduction in drop height equates to a theoretical reduction in input energy of 
7 percent.

Next, a field study and energy measurements were performed by GRL [15]. Measurements were
performed in three drill holes.  The results of this study are shown in table 2 and figure 3.  Test
depths ranged from 4.5 to 35.5 feet.  GRL reports EF2 data without correction for short rod
length.  In order to compare EFV data, which are equivalent to a nominal hammer energy, it is
necessary to correct the EF2 data by the K2 factor described in the old ASTM D 4633 standard. 
This is because the hammer input energy is prematurely terminated by the reflected tensile wave
in short drill rods.  This effect can easily be seen in table 2 in the column "Average EF2."  The
shorter the rod length, the lower the value of EF2.  Once rod length is about 40 feet, the full
energy content can be delivered.
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Figure 2.—Summary of CME hammer drop height and rate measurements
(Whittier Narrows Dam investigation).
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To correct for short rod length, we first estimated the rod length during the test (table 2).  Then,
we calculated the estimated wave travel time:

wave travel time, t  = 2l’/c

Where:

l’ = length of rods, distance from transducer to bottom of rods
  c = stress wave velocity in steel, 16,800 ft/sec

For our new standard in ASTM, the short rod factor is now called the K1 factor, and we have
developed tables of K1 for different rod sizes/lengths.  The K1 factor for AW rods used in this
study is shown in table 2.  We took the average EF2 energy and multiplied it by the K1 factor to
get a nominal energy.

Table 2 and figure 3 summarize the results of the rate study.  Rates from 30 to 58 bpm were
measured.  When the rate of the hammer is slowed to around 30 bpm, drill rod energy drops 
10 to 15 percent.  These data agree fairly well with the drop height data summarized in figure 1. 
The drop height study indicates that a reduction to 40 bpm resulted in a drop height of 28 inches,
equivalent to about 7 percent energy.  Assuming a linear relationship, further reduction to 
30 bpm results in an energy loss of 14 percent, which would equate to a drop height reduction to
26 inches.  A drop height of 26 inches may well be the minimum with this hammer system and
may reflect the distance between the chain cam sprockets.

Using figure 3 and the drop height data, one could estimate the energy delivery of the CME
hammer if the blow count rate is recorded.

For the nominal energy of the Los Angeles study, which is summarized in the last row of table 1,
we averaged seven series of data at rates ranging from 50-57 bpm.  EFV ERi averaged 81 percent
while K2 corrected EF2 ERi averaged 75 percent.  The difference in EF2 and EFV data again has
not been explained.  It is not known why, in this case, the EF2 data are lower than EFV data. 
Additional controlled research is needed to explain these differences.

The assumed drill rod energy for the CME hammer, when operated at 50 to 55 bpm, should be on
the order of ERi =  85 to 95 percent based on most of the measurements made to date.  The value
used in design depends on the analysis being performed.  For the Whittier study, EF2 data were
even lower, at 75 percent.

Conclusions

In this report, energy measurements for the CME automatic hammer are reviewed.  Operational
guidelines of the CME automatic hammer are given to avoid operation at incorrect speeds. 
Finally, the effects of slowing the blow rate are measured.  The following conclusions can be
drawn from this study:



C
onclusions

11

������$�	
������������������������������������������������!�C�������D��6��@� ����������

����
����
D��

����
%����
'��(


���D
 ����
'���(

3��6
���������
'���(

� ����
�#&
'"(

��B
�#&
'"(

���
�#&
'"(

� ����
�#$
'"(

������%
�%�

������
'��(�

C� �
�� ��
����

'����(
8�

�����

� ����
�#$
8��

������%
'"(

��B
�#$
'"(

���
�#$
'"(�

C�!�0�� 1�1 �$ $)�* 70 7* 7� . �$ ��0, ��,1 . . .

C�!�0�� �.�1 �/ ,��$ 77 7/ 71 1* �* $�.$ ���* 7* 1/ 17

C�!�0�� �1�1 �0 ,.�) *� *$ *. 1/ $$ $�7$ ��.) 7, 1) 1*

C�!�0�� $.�1 $, ,$�� *� *, 7) 7, $* ,�$� ��.1 77 70 7$

C�!�0�� $1�1 �$ ,��� *. *� 7) 70 ,$ ,�/� ��., 77 71 70

C�!�0�� ,.�1 * ,.�$ *. *� *. 7/ ,* 0�0. ��., *. 7/ 7*

C�!�0�� ,1�1 $* ,$ *$ *, *$ 7/ 0$ 1�.. ��.$ 7) 7) 7/

C�!�,�� 1�1 �* ,,�1 *, *1 *� 0* �$ ��0, ��,1 7, 0* 07

C�!�,�� �.�1 / ,$�1 7* 7* 77 1/ �* $�.$ ���* 7/ 1) 1*

C�!�,�� �1�1 $, ,7�, *0 *1 *$ 7, $$ $�7$ ��.) 7) 70 7$

C�!�,�� $.�1 ,7 ,/�7 *1 ** *$ 7) $* ,�$� ��.1 *$ *. 77

C�!�,�� $1�1 $) 0��/ */ /$ *1 7* ,$ ,�/� ��., 7) 7) 77

C�!�,�� ,.�1 �$ 0.�* *1 /7 *� 77 ,* 0�0. ��.$ 7* 77 71

C�!�,�� ,1�1 ,, 0.�* *7 // 7� *, 0$ 1�.. � *, *0 *.

C�!�$�� 1�1 / 1* /0 /* /� 11 �$ ��0, ��,1 *0 11 10

C�!�$�� �.�1 7 1*�0 *, /� 77 77 �* $�.$ ���* ** 7* 71

C�!�$�� �1�1 �. 17�0 /� ). 11 7* $$ $�7$ ��.) *, 7/ 7*

C�!�$�� $.�1 $1 17�0 /$ ). *1 *, $* ,�$� ��.1 ** *1 *$

C�!�$�� $1�1 $* 1$�) /1 )$ ** *� ,$ ,�/� ��., *, *, *.

C�!�$�� ,.�1 0/ 1.�$ */ /1 7/ *� ,* 0�0. ��.$ *$ *, 7)

C�!�$�� ,1�1 7, 17�1 /� ), *, ** 0$ 1�.. � ** /. *1



C
M

E
 A

utom
atic H

am
m

er O
perations B

ulletin

12

Figure 3.—Summary of drill rod energy and rate data
(Whittier Narrows Dam investigation).
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• The CME automatic hammer delivers more energy than typical rope-cathead safety
hammer systems.  The hammer is much more consistent in energy delivery than manually
operated hammers.  The use of this automatic hammer is highly desirable, but it must be
checked to assure it is operating correctly.

• The hammer is designed to operate at 50-55 bpm.  The speed is controlled by the
hydraulics of the drill and, therefore, the flow control valves must be adjusted correctly
and the drop height should be checked to assure proper operation.  The operator should
be sure that proper engine speed is reached during testing.  The hammer is simple to
check—simply count the rate and check the position of the hammer in the viewing slot. 
The hammer speed and drop height should be reported on the drill logs.

• Numerous investigators have measured drill rod energy on the CME automatic hammer. 
Prior to the 1990s, the measurements were made according to ASTM D 4633 using the
force squared (EF2) method.  These measurements indicated that the hammer, when
operated at the correct speed, would deliver 90 to 95 percent ERi.  In the 1990s,
accelerometers came into use, and the product of force and velocity (EFV) was
measured.  The recent EFV ERi data range from 80 to 85 percent.  Reported EF2 data are
more variable, and there are differences of as high has 10 percent ERi between EF2 and
EFV data.  The reason for these differences have not been explained.  The new EFV data
appear about 10 percent lower than the older EF2 data.  Limited field comparisons
between CME automatic and safety hammers indicate larger differences in actual blow
counts than would be expected using the EFV or even older EF2 data.

• Given the new EFV data and any uncertainties with the older EF2 data, the recom-
mended drill rod energy for the CME automatic hammer operated at the correct speed of
50 to 55 bpm is 85 to 95 percent.  This assumed energy could be used for liquefaction
investigations in accordance with ASTM D 6066, method B, and thus alleviate the need
for project-specific energy measurements.  If there is uncertainty, smaller energy
corrections could be used. 

• Studying the rate of the CME automatic hammer and measuring the energy indicates that
when the hammer is operated at 30 bpm, drill rod energy loss was almost 15 percent. 
Using the information in this report, an observer could estimate energy delivery of the
CME automatic hammer from information on the speed and drop height.

• Additional studies are needed.  There needs to be a systematic study of the various
energy measurement equipment available.  This study should be performed under the
most extreme loading conditions.  The CME hammer provides a good test for response
under extreme loading.  It would also be helpful to look at additional field studies,
comparing safety hammer data and CME automatic hammer data.  Some data exist in the
literature but were not reviewed for this report.
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Appendix

Operation Instructions for the CME Automatic Hammer
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-001 B01 0-5

S02 5.0 8.7 115.6 (SC)g*

S03 10.0

S04 15.0 17.0 98.7 27:41:32 (SC)g

S05 20.0

S06 25.0 14.0 100.3 37:37:26 (SC)g

S07 30.0

S08 35.0 37.27 @ 20.8 SC*

S09 40.0 44,23,21 33:35:32 (SC)g

S10 45.0 30.1 87.9 15:51:34 (SC)g

S11 50.0

U12 52-54 36,19,17 0:35:65 36.88 @ 27.8 s(CL)

S13 55.0 22.7 105.1 CL*

S14 60.0

S15 65.0

S16 70.0

S17 75.0 26.9 92.4 10:67:23 SM

S18 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Boring 
No.

Sample 
No.

Particle - 
Size    

Distribution

Soil  
Classification / 
Identification

Moisture 
Content

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

Depth

SUMMARY of LABORATORY TEST RESULTS

TABLE 1

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

Corrosion Suite (Soils) DOT CA Test 532/643Dry 
Density

Atterberg 
Limits

R-Value 
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-002 B01 2.5-6 6.62 47 312 850 @ 36.1 s(CL)*

S02 6.0 51,23,28 (CH)s

S03 10.0 14:42:44 SC

S04 15.0

S05 20.0 29.2 90.9 0:18:82 (CL)s

S06 25.0

U07 27-29 37,29,8 0:28:72 35.13 @ 17.4 (ML)s

S08 30.0

S09 35.0 1:20:79 (CL)s

S10 40.0 27.7 94.1 CL*

S11 45.0

S12 50.0

S13 55.0

S14 60.0

S15 65.0 Combined NonPlastic 13:49:38 SM

S16 70.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-003 S01 5.0

S02 10.0 10.5 109.4 (CL-ML)g*

B03 11.5-15 48:32:20 6.46 36 253 1280 @ 27.3 (GM)s

S04 15.0

S05 20.0 21.6 94.7 CL-ML*

S06 25.0 17:32:51 s(CL)g

S07 30.0 21.1 100.3 CL-ML*

S08 35.0 53,26,27 CH

S09 40.0 14:26:60 79.51 @ 20.8 s(CL)

S10 45.0

S11 50.0 32.7 88.0 CL*

S12 55.0 54,26,28 0:16:84 (CH)s

S13 60.0 21.0 103.7 (CL)g*

S14 65.0

S15 70.0 32.6 87.3 CL*

S16 75.0

S17 80.0 18.2 99.1 (SP)g*

S18 85.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 ASTM D 4829 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-004 S01 5.0

S02 10.0 12.4 97.7 (CL-ML)g*

B03 11.5-15 50 6.21 71 116 885 @ 32.7 s(CL)g*

S04 15.0 42,22,20 17:28:55 s(CL)g

S05 20.0 21:36:43 (SC)g

S06 25.0

S07 30.0 8.6 101.7 s(ML)g*

S08 35.0 36:47:17 (SM)g

S09 40.0 13.6 102.7 SM*

S10 45.0

S11 50.0

S12 55.0

S13 60.0 25.7 96.3 CL*

S14 65.0 1:32:67 s(CL)

S15 70.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Particle - 
Size    

Distribution

Expansion 
Index

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-005 B01 0-5 7.28 32 80 3055 @ 24.5 (SM)g*

S02 5.0 33:40:27 (SC)g

S03 10.0

S04 15.0

S05 20.0 40,25,15 16:42:42 (SC)g

S06 25.0

S07 30.0 11.1 120.5 (SC)g*

S08 35.0

S09 40.0 24.3 99.9 40,21,19 (CL)s

S10 45.0

S11 50.0 20.3 101.2 (CL)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-006 S01 5.0 17.3 104.7 SC*

S02 10.0

S03 15.0 11.5 101.7 (SM)g*

S04 20.0

S05 25.0 19:28:53 72.60 @ 13.9 s(CL)g

S06 30.0

S07 35.0 37,23,14 s(CL)g

S08 40.0

S09 45.0 19.8 102.6 (SC-SM)g*

S10 50.0

S11 55.0 16.4 105.7 (SC)g*

S12 60.0

S13 65.0 21.0 101.9 (CL)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-007 B01 2-5 7.81 22 111 3000 @ 18.4 SM*

S02 6.0 11.6 121.4 (SC)g*

S03 11.0

S04 16.0 13.3 118.4 (SC)g*

S05 21.0 21:54:25 (SC)g

S06 26.0 41,21,20 35.94 @ 13.9 s(CL)

S07 31.0

S08 36.0 20.5 104.6 41,23,18 7:50:43 SC

S09 41.0 35,21,14 SC

S10 46.0 32,21,11 18:47:35 (SC)g

S11 51.0 41,23,18 2:33:65 s(CL)

S12 56.0 12.60 @ 27.8 SM*

S13 61.0 47:39:14 (GC)s

S14 66.0 10.1 123.1 (SC)g*

S15 71.0

S16 76.0

S17 81.0

S18 86.0

S19 91.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-008 B01 0-5 6.72 37 137 1025 @ 31.3 s(CL)*

S02 5.0 14.0 111.7 9:49:42 SC

S03 10.0 9:54:37 SC

S04 15.0 7:41:52 s(CL)

S05 20.0 23:56:21 (SC)g

S06 25.0 26:55:19 (SC)g

S07 30.0 31,25,6 0:42:58 s(ML)

S08 35.0 22.5 101.2 6:68:26 SM

S09 40.0

S10 45.0 21.3 113.3 (SC)g*

S11 50.0 24:49:27 (SC)g

S12 55.0

S13 60.0

S14 65.0

S15 70.0

S17 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
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Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-009 B01 0-5

S02 5.0 43,23,20 4:26:70 s(CL)

S03 10.0 32,26,6 3:67:30 SM

S04 15.0 5:42:53 s(CL)

S05 20.0 20:53:27 (SC)g

S06 25.0 33:46:21 (SM)g

S07 30.0 24.3 101.6 0:55:45 SC

S08 35.0 44:45:11 (SW-SM)g

S09 40.0 12.1 144.4 GP*

S10 45.0

S11 50.0 44,24,20 28:43:29 (SC)g

S12 55.0

S13 60.0

S14 65.0

S15 70.0

S16 75.0

S17 80.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937

ASTM D 4318 ASTM D 422 DOT CA 
Test 301 Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

R-11-010 B01 0-5

S02 5.0

S03 10.0 7.8 120.9 (SC)g*

S04 15.0 23:44:33 (SC)g

S05 20.0 8.9 114.2 (SM)g*

S06 25.0 11:36:53 s(CL)

S07 30.0 21.8 98.9 SC*

S08 35.0 3:35:62 s(CL)

U09 40-42 32,24,8 21:53:26 24.23 @ 20.8 (SM)g

S10 45.0 17:55:28 (SC)g

S11 50.0 32,21,11 16:54:30 (SC)g

S12 55.0 0:35:65 s(CL)

S13 60.0 20.0 138.2 (SM)g*

S14 65.0

S15 70.0

S16 75.0

S17 80.0

S18 85.0 Combined 10:52:38 SC

S19 90.0

S20 95.0
¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
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Particle - 
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-011 S01 5.0 12.1 108.3 (SC)g*

B02 6.5-10 7.52 48 157 1100 @ 28.7 SC*

S03 10.0

S05 16.5

S06 20.0 47,21,26 51.40 @ 10.4 CL

S07 25.0

B08 27-30

S09 30.0 3:46:51 s(CL)

S11 36.5

S12 40.0 19.4 108.2 31,20,11 (CL)s

S13 45.0

S14 50.0 21.6 104.6 CL-ML*

A-11-012 B01 1-5

S02 5.0 24.3 97.7 (CL)g*

S03 10.0

S04 15.0 15:35:50 61.42 @ 10.4 s(CL)g

S05 20.0 44,26,18 CL

S06 25.0 28.2 92.9 CL*

S07 30.0
¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-013 S01 5.0

B02 6.5-10

S03 10.0 13.0 104.7 (SM)g*

S04 15.0

S05 20.0 9.9 106.8 56,24,32 30:17:53 g(CH)s

S06 25.0

S07 30.0 52.39 @ 17.4 SC*

S08 35.0

S09 40.0 23.2 100.6 ML*

S10 45.0

S11 50.0 29.6 90.5 CL*

A-11-014 S01 5.0

S02 10.0 20.2 100.4 (CL-ML)s*

B03 11.5-15 6.75 64 274 640 @ 34.6 (SC)g*

S04 15.0

S05 20.0 17.7 106.3 SM*

S06 25.0 5:37:58 s(CL)

S07 30.0 17.2 105.2 SM*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 ASTM D 4829 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-015 B01 1-5 52,23,29 84 28 s(CH)g

S02 5.0 13.2 109.4 (SC)g*

S03 10.0

S04 15.0

S06 20.0 6:37:57 s(CL)

S07 25.0 17.2 103.8 (SC)g*

S08 30.0

S09 35.0 16.6 107.8 (SC)g*

S10 40.0

S11 45.0 12.3 112.9 (SC)g*

A-11-016 S01 5.0 15:41:44 (SC)g

S02 10.0 15.9 97.4 (SC)g*

B03 11.5-15 7.37 70 172 920 @ 44.8 SC*

S04 15.0 49,21,28 CL

S05 20.0 20.9 99.0 (SC)g*

S06 25.0 1:30:69 s(CL)

S07 30.0 23.0 99.2 CL-ML*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Expansion 
Index R-Value Corrosion Suite (Soils) DOT CA Test 532/643

Soil  
Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-017 S01 5.0

S02 10.0 19.2 103.2 CL-ML*

B03 11.5-15 6.75 111 219 649 @ 45.3 s(CL)*

S04 15.0 51,26,25 5:40:55 s(CH)

S05 20.0 19.9 104.2 (CL-ML)g*

S06 25.0

S07 30.0 22.2 100.5 (CL-ML)g*

S08 35.0 49,23,26 6:33:61 s(CL)

S09 40.0

S10 45.0

S11 50.0 17.5 104.4 ML*

A-11-018 S01 5.0 21.3 99.4 s(CL)*

S02 10.0

S03 15.0 15.1 105.2 CL* & (SC)g*

S04 20.0 51,22,29 CH

S05 25.0 16.5 107.3 (SC)g*

S06 30.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS
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No.

Sample 
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Atterberg 
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-019 S01 5.0 14.9 91.2 (SC)g*

S02 10.0 52,22,30 CH

S03 15.0 65.22 @ 10.4 SC*

B04 16.5-20 6.99 44 171 954 @ 39.8 s(CL)*

S05 20.0

S06 25.0 16.8 100.1 (SC)g*

S07 30.0

S08 35.0 23.9 103.5 (SC)g*

S09 40.0 18:48:34 (SC)g

S10 45.0 14.6 103.4 (SC)g*

A-11-020 S01 5.0 19:33:48 (SC)g

B02 6.5-10 39 7.48 33 82 1085 @ 33.0 (SC)g*

S04 13.0

S05 15.0 16.4 106.9 36,26,10 (GM)s

S06 20.0

S07 25.0 18.6 103.1 (SC)g*

S08 30.0 19:56:25 (SC)g

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-021 S01 5.0

B02 6.5-10 7.06 37 87 1140 @ 33.3 (SC)g*

S03 10.0 18.6 101.3 SM*

S04 15.0 18:30:52 s(CL)g

S05 20.0 22.6 95.2 (ML)g*

S06 25.0 43,24,19 (CL)s

S07 30.0 21.3 99.1 (ML)g*

A-11-022 B01 1-5 77 (SM)g

S02 5.0 18.3 105.4 (SC)g*

S03 10.0 19:42:39 (SC)g

S04 15.0 13.2 101.3 (SC)g*

S05 20.0

S06 25.0 14.3 101.3 (SC)g*

S07 30.0

A-11-023 S01 5.0 39:46:15 (SC)g

S02 10.0 18.5 105.7 32,20,12 CL

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-024 B01 1-5

S02 5.0 10.5 107.2 (SC)g*

S03 10.0

S04 15.0 19.4 100.2 41:34:25 (GC)s

S05 20.0 23:29:48 (SC)g

S06 25.0 10.4 107.8 s(CL)g*

A-11-025 S01 5.0

B02 6.5-10

S03 10.0 15.2 122.0 (CL-ML)g*

S04 15.0

S05 20.0 17.3 101.9 ML*

S06 25.0 8:33:59 s(CL)

S07 30.0 15.9 104.2 (ML)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422

ASTM D 
4829      

or
Soil pH Chloride 

Content
Sulfate Content 

(gravimetric)
ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-026 S01 5.0

S02 10.0 42,23,19 51.32 @ 10.4 (SC)g

B03 11.5-15 EI = 54 6.70 133 169 900 @ 35.3 (SC)g*

S04 15.0

S05 20.0 15.0 102.8 (ML)g*

S06 25.0 24:38:38 (SC)g

S07 30.0 12.4 104.0 (ML)g*

S08 35.0

S09 40.0 10.8 106.6 (ML)g*

S10 45.0

S11 50.0 15.6 107.2 (ML)g*

A-11-027 S01 5.0

B02 6.5-10 RV = 45 7.23 73 210 1240 @ 30.8 (SC)g*

S03 10.0 18.2 100.0 (ML)g*

S04 15.0 40,20,20 16:33:51 s(CL)g

S05 20.0 8.0 113.0 (CL-ML)g*

S06 25.0

S07 30.0 15.5 107.8 (ML)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

Expansion 
Index Corrosion Suite (Soils) DOT CA Test 532/643

Soil  
Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643R-Value    
DOT CA 
Test 317

DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-028 S01 5.0 10.3 113.5 (SC)g*

S02 10.0 28:33:39 (SC)g

S03 15.0 11.7 110.3 (SC)g*

S04 20.0

S05 25.0 12.5 114.3 (SC)g*

S06 30.0 38,20,18 CL

S07 35.0 13.9 103.3 (SC)g*

A-11-029 S01 5.0 8.9 104.7 (SC)g*

B02 6.5-10 7.10 58 157 1400 @ 39.2 SC*

S03 10.0

S05 20.0

S06 25.0 12.2 68.5 (SC)g*

S07 30.0

S08 35.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 ASTM D 4829 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-030 S01 5.0 58:28:14 (GM)s

B02 6.5-10 6.87 46 71 1562 @ 30.5 (SM)g*

S03 10.0

S04 15.0

S05 20.0

A-11-031 S01 5.0

S02 10.0 20.0 102.6 41,17,24 0:32:68 s(CL)

B03 11.5-15 60 28 7.53 42 109 990 @ 36.3 SC*

S04 15.0 6:46:48 SC

S05 20.0 20.6 102.8 1:35:64 s(CL)

S06 25.0

S07 30.0 26.9 93.6 51,24,27 (SC)g

S08 35.0 9:55:36 SC

S09 40.0

S10 45.0 0:24:76 (CL)s

S11 50.0 3:82:15 SM

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Particle - 
Size    

Distribution

Expansion 
Index

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 ASTM D 4829 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-032 B01 0-5

S02 5.0 25.6 92.5 51,23,28 (GC)s

S03 10.0

A-11-033 B01 2-6.5 21:58:21 65 (SM)g

S02 5.0

S03 10.0

A-11-034 B01 1-5

S02 5.0 9.4 111.9 (SC)g*

S03 10.0

A-11-035 B01 1-5 34,20,14 34 SC

S02 5.0 25.6 95.6 62,21,41 s(CH)

S03 10.0

U04 15-17 47,22,25 7:46:47 SC

S05 17.0

S06 20.0 24.4 99.7 CL*

S07 25.0

S08 30.0 21.8 96 (SC)g*

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Particle - 
Size    

Distribution

Expansion 
Index

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits R-Value Corrosion Suite (Soils) DOT CA Test 532/643

Soil  
Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 ASTM D 4829 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-036 B01 2-8 40,18,22 14:46:40 40 44 SC

S02 5.0

S03 10.0 16.1 109.3 (SC)g*

A-11-037 B01 2-8

S02 5.0 1:46:53 s(CL)

S03 10.0 20.1 100.8 CL*

A-11-038 B01 2-8 74 (SM)g*

S02 5.0

S03 10.0 18.4 98.0 (CL-ML)g*

A-11-039 B01 2-8 71 (SM)g*

S02 5.0

S03 10.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

Particle - 
Size    

Distribution

Expansion 
Index

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits R-Value Corrosion Suite (Soils) DOT CA Test 532/643

Soil  
Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-040 B01 1-5 65 (SC)g*

S02 5.0 15.1 107.5 (SC)g*

S03 10.0 25:49:26 (SC)g

S04 15.0 12.5 101.3 (SC)g*

S05 20.0

S06 25.0 11.4 111.9 (SC)g*

S07 30.0

A-11-041 B01 0-5

S02 5.0 9.7 112.8 46:27:27 (GC)s

S03 10.0

S04 15.0 13.1 107.0 (CL-ML)g*

S05 20.0

S06 25.0 6.7 115.7 (SC)g*

S07 30.0

¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643
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ASTM D 
2216

ASTM D 
2937 ASTM D 4318 ASTM D 422 DOT CA 

Test 301 Soil pH Chloride 
Content

Sulfate Content 
(gravimetric)

ASTM D 2487 / 
ASTM D 2488*

LL,PL,PI ¹ GR:SA:FI ² ASTM D 2850 DOT CA Test 422 DOT CA Test 417

(ft) (%) (pcf) (%) (psi @ conf. psi) (ppm) (ppm) (ohm-cm @ %) (group symbol)

A-11-042 S01 5.0

S02 10.0 12.1 112.3 (SC)g*

B03 11.5-15 27 SC*

S04 15.0 46,21,25 CL

S05 20.0 18.1 105.5 SC*

S06 25.0

S07 30.0 9.7 109.8 (SC)g*

A-11-043 S01 5.0

S02 10.0 8.4 107.0 (SM)g*

B03 11.5-15 61 (SM)g*

S04 15.0 33:47:20 (SC)g

S05 20.0 14.0 112.5 (SC)g*

A-11-044 S01 5.0 2:23:75 (CL)s

S02 10.0 26.0 95.7 43,21,22 (CL)s

S03 15.0

S04 20.0

S05 25.0 20.4 105.1 (SM)g*

S06 30.0
¹ LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index
² GR:SA:FI = Gravel: Sand: Fines (Percent Passing #200 Sieve)

TABLE 1

SUMMARY of LABORATORY TEST RESULTS

Boring 
No.

Sample 
No.

Depth

Moisture 
Content

Dry 
Density

Atterberg 
Limits

Particle - 
Size    

Distribution

Unconsol.-
Undrained 

Triax. 
Compressive 

Strength

R-Value Corrosion Suite (Soils) DOT CA Test 532/643
Soil  

Classification / 
Identification

Min. Resistivity 
@ Moist. Cont. 
DOT CA Test 

532/643DOT CA 
Test 

532/643



A-11-001 A-11-001 A-11-001 A-11-001 A-11-001 A-11-001

S02 S04 S06 S10 S13 S17

5.0 15.0 25.0 45.0 55.0 75.0

Drive Drive Drive Drive Drive Drive

4.25 >4.50 >4.50 1.00 2.50 >4.50

978.18 917.13 728.25 1091.92 1197.36 927.42

222.00 222.00 177.60 266.40 266.40 222.00

5.00 5.00 4.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416 2.416 2.416

190.78 1039.00 321.20 1109.88 255.72 1080.23

178.53 917.60 286.41 910.37 215.53 898.01

38.12 204.50 38.68 246.73 38.32 220.20

Container No.

125.7 115.5 114.4 114.3 128.9 117.2

8.7 17.0 14.0 30.1 22.7 26.9

115.6 98.7 100.3 87.9 105.1 92.4

51.4 65.0 55.7 88.5 101.4 88.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
clayey sand 
with gravel 

(SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown lean 
clay (CL)

Gray silty 
sand (SM)

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown clayey 

sand with 
gravel (SC)g

M&D A-11-001, S02, S04, S06, S10, S13, S17



R-11-002 R-11-002

S05 S10

20.0 40.0

Drive Drive

3.75 1.75

1114.24 1134.59

266.40 266.40

6.00 6.00

2.416 2.416

250.02 268.16

201.97 218.00

37.54 37.17

Container No.

117.4 120.2

29.2 27.7

90.9 94.1

92.3 94.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive lean clay 
with sand 

(CL)s

Olive gray 
lean clay (CL)

M&D R-11-002, S05 @ 20 and S10 @ 40



A-11-003 A-11-003 A-11-003 A-11-003 A-11-003 A-11-003 A-11-003

S02 S05 S07 S11 S13 S15 S17

10.0 20.0 30.0 50.0 60.0 70.0 80.0

Drive Drive Drive Drive Drive Drive Drive

>4.50 3.00 >4.50 >4.50 4.00 3.25 <0.25

949.25 1098.17 952.86 1110.10 1172.11 1102.23 741.65

222.00 266.40 222.00 266.40 266.40 266.40 177.60

5.00 6.00 5.00 6.00 6.00 6.00 4.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416

302.44 215.35 240.37 239.78 286.05 269.70 434.80

277.36 183.89 205.25 190.24 243.10 213.08 373.81

38.24 38.28 38.54 38.86 38.65 39.60 38.71

Container No.

120.9 115.2 121.5 116.8 125.4 115.8 117.2

10.5 21.6 21.1 32.7 21.0 32.6 18.2

109.4 94.7 100.3 88.0 103.7 87.3 99.1

52.4 74.8 83.6 96.6 90.6 94.6 70.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

Brown silty 
clay (CL-ML)

Gray lean clay 
with gravel 

(CL)g

Gray lean clay 
(CL)

Gray lean clay 
(CL)

Gray poorly-
graded sand 
with gravel 
(SP)g, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay (CL-ML)

M&D A-11-003, S02, S05, S07, S11, S13, S15, S17



A-11-004 A-11-004 A-11-004 A-11-004

S02 S07 S09 S13

10.0 30.0 40.0 60.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 >4.50

1059.28 532.12 924.09 950.85

266.40 133.20 222.00 222.00

6.00 3.00 5.00 5.00

2.416 2.416 2.416 2.416

254.87 234.49 213.29 210.59

230.87 218.95 192.40 174.81

38.06 38.27 38.88 35.80

Container No.

109.8 110.5 116.7 121.1

12.4 8.6 13.6 25.7

97.7 101.7 102.7 96.3

46.3 35.4 57.3 92.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

Brown sandy 
silt with gravel 

s(ML)g

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
sand (SM)

M&D A-11-004, S02, S07, S09, S13



R-11-005 R-11-005 R-11-005

S07 S09 S11

30.0 40.0 50.0

Drive Drive Drive

3.00 >4.50 >4.50

1027.64 775.47 954.21

222.00 177.60 222.00

5.00 4.00 5.00

2.416 2.416 2.416

240.86 280.56 322.62

220.55 233.26 274.88

38.11 38.84 39.18

Container No.

133.9 124.2 121.7

11.1 24.3 20.3

120.5 99.9 101.2

75.3 95.6 82.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown lean 

clay with sand 
(CL)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown lean 
clay with 

gravel (CL)g

M&D R-11-005, S07 @ 30, S09 @ 40, S11 @ 50



A-11-006 A-11-006 A-11-006 A-11-006 A-11-006

S01 S03 S09 S11 S13

5.0 15.0 45.0 55.0 65.0

Drive Drive Drive Drive Drive

4.25 >4.50 >4.50 >4.50 3.50

1152.77 904.27 1153.89 1155.34 1156.23

266.40 222.00 266.40 266.40 266.40

6.00 5.00 6.00 6.00 6.00

2.416 2.416 2.416 2.416 2.416

283.25 234.58 250.02 243.68 262.90

247.15 214.43 215.11 214.76 223.92

38.06 38.87 39.02 38.91 38.26

Container No.

122.8 113.4 122.9 123.1 123.2

17.3 11.5 19.8 16.4 21.0

104.7 101.7 102.6 105.7 101.9

76.4 47.2 83.2 74.7 86.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand (SC)

Brown silty 
sand with 

gravel (SM)g

Brown lean 
clay with 

gravel (CL)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty, 
clayey sand 
with gravel 
(SC-SM)g

M&D A-11-006, S01, S03, S09, S11, S13



R-11-007 R-11-007 R-11-007 R-11-007

S02 S04 S08 S14

6.0 16.0 36.0 66.0

Drive Drive Drive Drive

>4.50 >4.50 3.25 >4.50

1037.67 1029.11 980.55 1037.53

222.00 222.00 222.00 222.00

5.00 5.00 5.00 5.00

2.416 2.416 2.416 2.416

306.15 266.18 738.96 366.03

278.31 239.45 637.09 335.85

38.78 37.95 140.04 38.31

Container No.

135.6 134.1 126.1 135.5

11.6 13.3 20.5 10.1

121.4 118.4 104.6 123.1

80.9 84.6 90.6 74.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
clayey sand 

(SC)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

M&D R-11-007, S02, S04, S08, S14



R-11-008 R-11-008 R-11-008

S02 S08 S10

5.0 35.0 45.0

Drive Drive Drive

>4.50 1.75 1.50

1185.84 1161.69 629.09

266.40 266.40 133.20

6.00 6.00 3.00

2.416 2.416 2.416

423.06 1135.98 208.87

375.64 964.63 179.06

36.69 204.57 38.88

Container No.

127.3 124.0 137.4

14.0 22.5 21.3

111.7 101.2 113.3

74.2 91.4 117.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/19/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Yellowish 
brown clayey 

sand (SC)

Brown silty 
sand (SM)

M&D R-11-008, S02 @ 5, S08 @ 35, S10 @ 45



R-11-009 R-11-009

S07 S09

30.0 40.0

Drive Drive

2.50 <0.25

982.07 1195.93

222.00 222.00

5.00 5.00

2.416 2.416

337.59 373.60

279.15 337.48

38.67 38.69

Container No.

126.3 161.9

24.3 12.1

101.6 144.4

99.6 195.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 01/20/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand (SC)

Brown poorly-
graded gravel 

(GP), very 
loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D R-11-009, S07 @ 30 and S09 @ 40



R-11-010 R-11-010 R-11-010 R-11-010

S03 S05 S07 S13

10.0 20.0 30.0 60.0

Drive Drive Drive Drive

4.25 >4.50 3.00 <0.25

603.62 582.28 1136.04 975.96

133.20 133.20 266.40 177.60

3.00 3.00 6.00 4.00

2.416 2.416 2.416 2.416

440.90 205.98 214.29 402.16

411.99 192.29 182.79 341.61

39.36 38.90 38.19 38.38

Container No.

130.3 124.4 120.4 165.9

7.8 8.9 21.8 20.0

120.9 114.2 98.9 138.2

53.2 50.6 83.5 245.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand (SC)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown silty 
sand with 

gravel (SM)g, 
wet, very 

loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown silty 
sand with 

gravel (SM)g

M&D R-11-010, S03, S05, S07, S13



A-11-011 A-11-011 A-11-011

S01 S12 S14

5.0 40.0 50.0

Drive Drive Drive

3.25 2.75 >4.50

952.41 999.46 1184.39

222.00 222.00 266.40

5.00 5.00 6.00

2.416 2.416 2.416

312.95 341.50 201.33

283.36 292.38 172.42

38.41 38.97 38.45

Container No.

121.4 129.2 127.1

12.1 19.4 21.6

108.3 108.2 104.6

58.6 93.9 95.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Yellowish 
brown lean 

clay with sand 
(CL)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
silty clay (CL-

ML)

M&D A-11-011, S01, S12, S14



A-11-012 A-11-012

S02 S06

5.0 25.0

Drive Drive

2.00 >4.50

952.28 1126.70

222.00 266.40

5.00 6.00

2.416 2.416

309.50 201.40

256.61 165.76

38.73 39.60

Container No.

121.4 119.1

24.3 28.2

97.7 92.9

90.3 93.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay with 

gravel (CL)g

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-012, S02 @ 5 and S06 @ 25



A-11-013 A-11-013 A-11-013 A-11-013

S03 S05 S09 S11

10.0 20.0 40.0 50.0

Drive Drive Drive Drive

4.00 1.50 >4.50 >4.50

747.41 556.65 1161.18 927.90

177.60 133.20 266.40 222.00

4.00 3.00 6.00 5.00

2.416 2.416 2.416 2.416

259.13 366.87 205.26 260.23

233.59 337.46 173.33 209.47

37.38 39.23 35.86 37.97

Container No.

118.4 117.3 123.9 117.3

13.0 9.9 23.2 29.6

104.7 106.8 100.6 90.5

57.7 46.0 92.8 92.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
(ML)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
sand with 

gravel (SM)g

Dark brown 
gravelly fat 

clay with sand 
g(CH)s

M&D A-11-013 S03, S05, S09, S11



A-11-014 A-11-014 A-11-014

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

948.41 1169.92 964.01

222.00 266.40 222.00

5.00 6.00 5.00

2.416 2.416 2.416

281.64 210.55 302.52

240.73 184.73 263.79

38.59 38.82 38.40

Container No.

120.7 125.1 123.3

20.2 17.7 17.2

100.4 106.3 105.2

80.5 81.6 77.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with sand 

(CL-ML)s

Brown silty 
sand (SM)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
sand (SM)

M&D A-11-014, S02 @ 10, S05 @ 20, S07 @ 30



A-11-015 A-11-015 A-11-015 A-11-015

S02 S07 S09 S11

5.0 25.0 35.0 45.0

Drive Drive Drive Drive

4.50 >4.50 >4.50 >4.50

1160.25 954.09 1173.95 984.52

266.40 222.00 266.40 222.00

6.00 5.00 6.00 5.00

2.416 2.416 2.416 2.416

208.70 189.70 222.60 333.86

188.78 167.60 196.41 301.59

37.74 38.88 39.02 38.87

Container No.

123.8 121.7 125.7 126.7

13.2 17.2 16.6 12.3

109.4 103.8 107.8 112.9

65.8 74.4 79.6 67.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-015, S02, S07, S09, S11



A-11-016 A-11-016 A-11-016

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

1081.69 1130.16 1148.17

266.40 266.40 266.40

6.00 6.00 6.00

2.416 2.416 2.416

213.43 255.18 282.68

189.39 217.85 236.74

37.94 38.85 37.39

Container No.

112.9 119.6 122.1

15.9 20.9 23.0

97.4 99.0 99.2

58.7 80.1 89.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay (CL-ML)

M&D A-11-016, S02, S05, S07



A-11-017 A-11-017 A-11-017 A-11-017

S02 S05 S07 S11

10.0 20.0 30.0 50.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 >4.50

1154.48 1168.89 1153.40 960.05

266.40 266.40 266.40 222.00

6.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416

263.18 239.72 246.59 221.06

226.91 206.33 208.78 193.89

37.80 38.94 38.46 39.02

Container No.

123.0 125.0 122.8 122.7

19.2 19.9 22.2 17.5

103.2 104.2 100.5 104.4

81.8 87.2 88.6 77.0

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay (CL-ML)

Brown silty 
clay with 

gravel (CL-
ML)g

Gray silt'stone' 
(ML)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
clay with 

gravel (CL-
ML)g

M&D A-11-017, S02, S05, S07, S11



A-11-018 A-11-018 A-11-018

S01 S03 S05

5.0 15.0 25.0

Drive Drive Drive

>4.50 3.25 4.00

1137.05 1141.40 974.33

266.40 266.40 222.00

6.00 6.00 5.00

2.416 2.416 2.416

270.31 243.21 202.99

229.51 216.24 179.63

38.28 38.18 38.37

Container No.

120.6 121.2 125.0

21.3 15.1 16.5

99.4 105.2 107.3

82.7 68.0 78.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-018, S01 @ 5, S03 @ 15, S05 @ 25



A-11-019 A-11-019 A-11-019 A-11-019

S01 S06 S08 S10

5.0 25.0 35.0 45.0

Drive Drive Drive Drive

>4.50 4.00 >4.50 >4.50

682.09 925.15 993.75 935.15

177.60 222.00 222.00 222.00

4.00 5.00 5.00 5.00

2.416 2.416 2.416 2.416

240.63 355.20 213.98 286.10

214.40 309.74 180.14 254.38

38.27 38.95 38.48 37.82

Container No.

104.8 116.9 128.3 118.5

14.9 16.8 23.9 14.6

91.2 100.1 103.5 103.4

47.4 66.2 102.7 62.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-019, S01, S06, S08, S10



A-11-020 A-11-020

S05 S07

15.0 25.0

Drive Drive

3.50 4.00

970.62 1149.22

222.00 266.40

5.00 6.00

2.416 2.416

402.34 266.78

351.03 231.10

37.41 39.61

Container No.

124.4 122.3

16.4 18.6

106.9 103.1

76.6 79.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
gravel with 
sand (GM)s

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-020, S05 @ 15 and S07 @ 25



A-11-021 A-11-021 A-11-021

S03 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

1133.18 739.34 1134.86

266.40 177.60 266.40

6.00 4.00 6.00

2.416 2.416 2.416

251.65 191.38 211.48

218.31 163.24 181.04

38.70 38.55 38.26

Container No.

120.0 116.7 120.3

18.6 22.6 21.3

101.3 95.2 99.1

75.4 79.1 82.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
sand (SM)

Brown silt 
with gravel 

(ML)g

M&D A-11-021, S03 @ 10, S05 @ 20, S07 @ 30



A-11-022 A-11-022 A-11-022

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

>4.50 >4.50 >4.50

1166.21 911.60 1102.82

266.40 222.00 266.40

6.00 5.00 6.00

2.416 2.416 2.416

245.13 242.66 231.71

213.34 218.88 207.46

39.20 38.05 38.19

Container No.

124.6 114.6 115.8

18.3 13.2 14.3

105.4 101.3 101.3

82.2 53.5 58.3

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-022, S02, S04, S06



A-11-023

S02

10.0

Drive

>4.50

1170.39

266.40

6.00

2.416

254.17

220.70

39.75

Container No.

125.2

18.5

105.7

83.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark olive 
lean clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-023, S02 @ 10



A-11-024 A-11-024 A-11-024

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

3.25 >4.50 >4.50

747.94 1130.04 937.99

177.60 266.40 222.00

4.00 6.00 5.00

2.416 2.416 2.416

331.70 1190.35 246.22

303.92 1037.97 226.67

38.77 251.22 39.13

Container No.

118.5 119.6 119.0

10.5 19.4 10.4

107.2 100.2 107.8

49.5 76.7 49.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
gravel with 
sand (GC)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown sandy 
lean clay with 
gravel s(CL)g

M&D A-11-024, S02, S04, S06



A-11-025 A-11-025 A-11-025

S03 S05 S07

10.0 20.0 30.0

Drive Drive Drive

<0.25 >4.50 >4.50

854.01 1129.88 759.01

177.60 266.40 177.60

4.00 6.00 4.00

2.416 2.416 2.416

220.88 193.61 197.39

196.74 170.75 175.65

38.15 38.80 38.80

Container No.

140.5 119.6 120.8

15.2 17.3 15.9

122.0 101.9 104.2

107.5 71.6 69.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g, very 

soft

Brown silt 
(ML)

M&D A-11-025, S03 @ 10, S05 @ 20, S07 @ 30



A-11-026 A-11-026 A-11-026 A-11-026

S05 S07 S09 S11

20.0 30.0 40.0 50.0

Drive Drive Drive Drive

>4.50 >4.50 >4.50 3.50

933.18 925.33 933.02 1160.99

222.00 222.00 222.00 266.40

5.00 5.00 5.00 6.00

2.416 2.416 2.416 2.416

258.69 211.16 187.11 233.68

229.96 192.20 172.59 207.30

38.03 39.76 38.64 38.44

Container No.

118.2 116.9 118.2 123.9

15.0 12.4 10.8 15.6

102.8 104.0 106.6 107.2

63.2 54.0 50.4 73.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silt 
with gravel 

(ML)g

Brown silt 
with gravel 

(ML)g

Brown silt 
with gravel 

(ML)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

M&D A-11-026, S05, S07, S09, S11



A-11-027 A-11-027 A-11-027

S03 S05 S07

10.0 20.0 30.0

Drive Drive Drive

>4.50 >4.50 >4.50

1120.00 956.13 776.96

266.40 222.00 177.60

6.00 5.00 4.00

2.416 2.416 2.416

223.93 226.74 188.91

195.34 212.77 168.71

38.10 38.30 38.69

Container No.

118.2 122.0 124.5

18.2 8.0 15.5

100.0 113.0 107.8

71.7 43.9 74.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silt 
with gravel 

(ML)g

Brown silty 
clay with 

gravel (CL-
ML)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silt 
with gravel 

(ML)g

M&D A-11-027, S03 @ 10, S05 @ 20, S07 @ 30



A-11-028 A-11-028 A-11-028 A-11-028

S01 S03 S05 S07

5.0 15.0 25.0 35.0

Drive Drive Drive Drive

3.75 >4.50 >4.50 >4.50

1170.36 770.31 1194.85 1116.13

266.40 177.60 266.40 266.40

6.00 4.00 6.00 6.00

2.416 2.416 2.416 2.416

290.46 377.58 242.14 217.74

266.99 342.11 219.48 195.84

38.19 38.41 37.75 38.34

Container No.

125.2 123.1 128.6 117.7

10.3 11.7 12.5 13.9

113.5 110.3 114.3 103.3

57.2 59.6 71.0 59.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g

Gray clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-028, S01, S03, S05, S07



A-11-029 A-11-029

S01 S06

5.0 25.0

Drive Drive

4.00 <0.25

544.87 410.52

133.20 133.20

3.00 3.00

2.416 2.416

297.83 318.22

276.58 287.84

37.80 38.18

Container No.

114.0 76.8

8.9 12.2

104.7 68.5

39.4 22.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Orange brown 
clayey sand 
with gravel 

(SC)g

Orange brown 
clayey sand 
with gravel 

(SC)g, 
disturbed

M&D A-11-029, S01 @ 5 and  S06 @ 25



A-11-031 A-11-031 A-11-031

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

1.50 2.50 1.50

962.74 1161.47 1123.73

222.00 266.40 266.40

5.00 6.00 6.00

2.416 2.416 2.416

411.21 401.91 233.80

349.12 339.84 192.36

38.82 38.08 38.09

Container No.

123.1 124.0 118.7

20.0 20.6 26.9

102.6 102.8 93.6

84.0 86.8 90.5

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark olive 
gray sandy 
lean clay 

s(CL)

Yellowish 
brown sandy 

lean clay 
s(CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Dark olive 
brown clayey 

sand with 
gravel (SC)g

M&D A-11-031, S02, S05, S07



A-11-032

S02

5.0

Drive

2.25

1105.51

266.40

6.00

2.416

234.09

193.65

35.77

Container No.

116.2

25.6

92.5

84.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark brown 
clayey gravel 

with sand 
(GC)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-032, S02 @ 5



A-11-034

S02

5.0

Drive

>4.50

766.91

177.60

4.00

2.416

357.32

329.98

38.84

Container No.

122.4

9.4

111.9

50.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-034, S02 @ 5



A-11-035 A-11-035 A-11-035

S02 S06 S08

5.0 20.0 30.0

Drive Drive Drive

2.50 3.50 >4.50

1134.02 1161.40 925.70

266.40 266.40 222.00

6.00 6.00 5.00

2.416 2.416 2.416

248.98 268.49 321.20

206.00 223.59 270.71

38.28 39.26 39.16

Container No.

120.2 124.0 117.0

25.6 24.4 21.8

95.6 99.7 96.0

90.8 95.2 77.9

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark olive 
gray sandy fat 

clay (CH), 
claystone 

noted

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-035, S02, S06, S08



A-11-036

S03

10.0

Drive

>4.50

985.94

222.00

5.00

2.416

300.39

263.96

38.11

Container No.

127.0

16.1

109.3

80.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-036, S03 @ 10



A-11-037

S03

10.0

Drive

>4.50

760.25

177.60

4.00

2.416

210.31

181.50

38.03

Container No.

121.0

20.1

100.8

80.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-037, S03 @ 10



A-11-038

S03

10.0

Drive

3.00

735.67

177.60

4.00

2.416

287.66

249.05

38.68

Container No.

115.9

18.4

98.0

68.8

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown silty 
clay with 

gravel (CL-
ML)g

M&D A-11-038, S03 @ 10



A-11-040 A-11-040 A-11-040

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

>4.50 <0.25 2.75

1159.87 1088.78 388.92

266.40 266.40 88.80

6.00 6.00 2.00

2.416 2.416 2.416

251.75 217.42 225.18

223.81 197.68 206.07

38.83 39.58 38.28

Container No.

123.7 113.9 124.7

15.1 12.5 11.4

107.5 101.3 111.9

71.8 50.7 60.8

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand with 

gravel (SC)g, 
very loose

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-040, S02, S04, S06



A-11-041 A-11-041 A-11-041

S02 S04 S06

5.0 15.0 25.0

Drive Drive Drive

>4.50 >4.50 >4.50

966.36 759.93 964.51

222.00 177.60 222.00

5.00 4.00 5.00

2.416 2.416 2.416

395.65 245.93 330.30

363.80 221.88 312.07

35.87 37.97 38.64

Container No.

123.7 121.0 123.4

9.7 13.1 6.7

112.8 107.0 115.7

53.0 61.3 39.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/07/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark yellowish 
brown clayey 
gravel with 
sand (GC)s

Brown silty 
clay with 

gravel (CL-
ML)g

M&D A-11-041, S02, S04, S06



A-11-042 A-11-042 A-11-042

S02 S05 S07

10.0 20.0 30.0

Drive Drive Drive

3.50 4.00 4.00

979.43 1166.23 757.66

222.00 266.40 177.60

5.00 6.00 4.00

2.416 2.416 2.416

269.64 256.99 382.69

244.55 223.37 352.16

37.26 37.98 38.46

Container No.

125.9 124.6 120.5

12.1 18.1 9.7

112.3 105.5 109.8

65.2 81.9 49.1

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown clayey 
sand with 

gravel (SC)g

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown clayey 
sand with 

gravel (SC)g

Brown clayey 
sand (SC)

M&D A-11-042, S02 @ 10, S05 @ 20, S07 @ 30



A-11-043 A-11-043

S02 S05

10.0 20.0

Drive Drive

>4.50 >4.50

735.70 993.21

177.60 222.00

4.00 5.00

2.416 2.416

259.69 322.46

242.64 287.61

38.90 38.12

Container No.

115.9 128.2

8.4 14.0

107.0 112.5

39.3 75.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Dark brown 
silty sand with 
gravel (SM)g

Brown clayey 
sand with 

gravel (SC)g

M&D A-11-043, S02 @ 10, S05 @ 20



A-11-044 A-11-044

S02 S05

10.0 25.0

Drive Drive

1.25 >4.50

947.91 1180.03

222.00 266.40

5.00 6.00

2.416 2.416

370.87 226.98

302.29 195.16

38.74 39.27

Container No.

120.6 126.5

26.0 20.4

95.7 105.1

92.4 91.2

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 02/17/11

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay with sand 

(CL)s

Brown silty 
sand with 

gravel (SM)g

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

101/23 Interchange Improvements

400486.01.04.02.09.SC

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M&D A-11-044, S02 @ 10 and S05 @ 25



Project Name: Tested By: G. Bathala Date: 02/24/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 24 17

23.87 25.06 21.63 24.48 24.75

21.94 22.90 19.22 21.10 21.15

13.59 13.56 13.50 13.49 13.56

23.11 23.13 42.13 44.42 47.43

44
23
21
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S09 40.0
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Liquid Limit (LL)

0.121

CL or OL

ML or OL

MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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48

10 100
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C
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)

Number of Blows
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Project Name: Tested By: G. Bathala Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 15

25.39 25.96 26.44 24.45 24.98

23.54 24.01 23.13 21.60 21.86

13.59 13.48 13.48 13.58 13.49

18.59 18.52 34.30 35.54 37.28

36
19
17
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

U12 52.0-54.0
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CL or OL
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

34

35

36

37
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Project Name: Tested By: V. Juliano Date: 01/31/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

7.34 7.13 14.87 13.76 17.09

6.18 6.02 10.32 9.50 11.60

1.06 1.08 1.04 1.07 1.10

22.66 22.47 49.03 50.53 52.29

51
23
28
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Very dark gray fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S02 6.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

48
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53
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Project Name: Tested By: V. Juliano Date: 02/01/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

27 21 15

7.68 9.09 12.24 11.28 11.75

6.17 7.27 9.23 8.46 8.68

1.03 1.09 1.05 1.06 1.08

29.38 29.45 36.80 38.11 40.39

37
29
8
ML

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown silt with sand (ML)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

U07 27.0-29.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: V. Juliano Date: 01/27/11

Project No. : Input By: J. Ward Date: 02/08/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

6

Cannot be rolled: 15.63 Cannot get more than 6 blows:

NonPlastic 11.52 NonPlastic

1.06

39.29

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)   =   

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Very dark gray silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S14, S15, S16 combined 60.0-70.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 02/27/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 22

9.84 9.52 20.05 18.29 20.67

8.03 7.78 13.72 12.37 13.80

1.05 1.02 1.04 1.03 1.04

25.93 25.74 49.92 52.20 53.84

53
26
27
CH

PI at "A" - Line  =  0.73(LL-20)  24.09

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S08 35.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 20 15

24.37 24.71 24.72 24.42 24.49 25.62

22.15 22.38 20.83 20.61 20.64 21.30

13.50 13.47 13.48 13.48 13.56 13.47

25.66 26.15 52.93 53.44 54.38 55.17

54
26
28
CH

PI at "A" - Line  =  0.73(LL-20)  24.82

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S12 55.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/26/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 24 19

24.37 25.38 25.07 25.01 25.11 25.68

22.44 23.27 21.70 21.62 21.66 22.00

13.53 13.50 13.48 13.53 13.57 13.49

21.66 21.60 41.00 41.90 42.65 43.24

42
22
20
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S04 15.0
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Project Name: Tested By: V. Juliano Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

8.60 8.34 14.29 12.61 14.05

7.08 6.89 10.62 9.33 10.24

1.07 1.12 1.04 1.05 1.12

25.29 25.13 38.31 39.61 41.78

40
25
15
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S05 20.0
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grained soils and fine-
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grained soils
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Project Name: Tested By: V. Juliano Date: 01/31/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 27 18

7.62 7.68 12.46 13.58 13.81

6.46 6.51 9.29 10.03 10.05

1.04 1.04 1.06 1.12 1.12

21.40 21.39 38.52 39.84 42.11

40
21
19
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S09 40.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 02/25/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 27 21

9.71 9.63 23.99 24.71 23.42

8.09 8.04 17.92 18.36 17.30

1.07 1.07 1.04 1.05 1.03

23.08 22.81 35.96 36.68 37.62

37
23
14
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-006

S07 35.0
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/23/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 15

25.39 23.81 25.86 25.09 25.94

23.33 22.01 22.38 21.74 22.19

13.55 13.55 13.53 13.53 13.48

21.06 21.28 39.32 40.80 43.05

41
21
20
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S06 26.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 15

26.03 26.20 26.35 24.46 27.01

23.66 23.82 22.66 21.25 22.94

13.56 13.55 13.53 13.49 13.53

23.47 23.17 40.42 41.37 43.25

41
23
18
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S08 36.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown clayey sand (SC)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: A. Santos Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/01/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 20

10.05 9.44 21.74 22.60 19.51

8.46 7.97 16.51 17.08 14.70

1.06 1.05 1.08 1.01 1.08

21.49 21.24 33.90 34.35 35.32

35
21
14
CL

PI at "A" - Line  =  0.73(LL-20)  10.95

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S09 41.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 25 20 15

27.81 25.46 25.74 25.57 24.70 23.89

25.32 23.36 22.88 22.69 21.98 21.30

13.56 13.56 13.49 13.59 13.59 13.49

21.17 21.43 30.46 31.65 32.42 33.16

32
21
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S10 46.0
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grained soils and fine-
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21 15

25.10 24.45 24.55 23.33 23.80 25.05

22.90 22.38 21.51 20.56 20.80 21.53

13.50 13.57 13.56 13.56 13.59 13.55

23.40 23.50 38.24 39.57 41.61 44.11

41
23
18
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S11 51.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained fraction of coarse-
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Project Name: Tested By: V. Juliano Date: 01/27/11

Project No. : Input By: J. Ward Date: 02/09/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

9.68 9.16 13.34 16.48 16.18

7.95 7.54 10.51 12.85 12.53

1.04 1.07 1.07 1.05 1.12

25.04 25.04 29.98 30.76 31.99

31
25
6
ML

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark gray sandy silt s(ML)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S07 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

23.30 23.59 26.73 27.36 25.05

21.48 21.72 22.81 23.20 21.52

13.49 13.49 13.52 13.56 13.53

22.78 22.72 42.20 43.15 44.18

43
23
20
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S02 5.0
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 15

9.01 9.19 11.86 16.38 13.33

7.39 7.53 9.27 12.61 10.19

1.05 1.06 1.07 1.08 1.00

25.55 25.66 31.59 32.70 34.17

32
26
6
ML

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Dark brown silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S03 10.0
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Project Name: Tested By: G. Bathala Date: 01/28/11

Project No. : Input By: J. Ward Date: 02/14/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 19

27.09 26.48 27.45 26.39 27.10

24.44 23.94 23.26 22.44 22.85

13.55 13.56 13.49 13.47 13.49

24.33 24.47 42.89 44.04 45.41

44
24
20
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S11 50.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 21 16

25.18 25.53 24.08 24.22 26.10 25.66

23.18 23.47 21.64 21.64 22.98 22.57

13.56 13.50 13.57 13.53 13.56 13.53

20.79 20.66 30.24 31.81 33.12 34.18

32
21
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S11 50.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/22/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 24 18

23.46 24.10 24.23 26.16 26.23

21.51 22.03 21.67 23.05 23.04

13.49 13.52 13.47 13.49 13.49

24.31 24.32 31.22 32.53 33.40

32
24
8
ML

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

U09 40.0-42.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown silty sand with gravel (SM)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 25 20

10.24 10.29 21.11 21.83 23.65

8.63 8.66 14.83 15.22 16.26

1.06 1.03 1.04 1.06 1.08

21.27 21.36 45.54 46.68 48.68

47
21
26
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-011

S06 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML

45

46

47

48

49

10 100

M
oi

st
ur

e 
C

on
te

nt
 (%

)

Number of Blows

20            25          30                 40             50          60       70     80     90     



Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 26 21 15

25.11 26.41 25.46 25.11 13.26 13.07

23.19 24.28 22.73 22.40 10.30 10.09

13.54 13.49 13.59 13.61 1.01 1.11

19.90 19.74 29.87 30.83 31.86 33.18

31
20
11
CL

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-011

S12 40.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay with sand (CL)s

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: A. Santos Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 24 16

8.98 9.93 21.85 22.77 21.14

7.33 8.09 15.55 16.11 14.74

1.06 1.10 1.06 1.09 1.01

26.32 26.32 43.48 44.34 46.61

44
26
18
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-012

S05 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 02/17/11

Project No. : Input By: J. Ward Date: 02/23/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 30 23 15

22.34 21.62 24.74 25.03 24.50 25.28

20.62 20.05 20.84 20.94 20.51 20.88

13.51 13.62 13.56 13.53 13.56 13.56

24.19 24.42 53.57 55.20 57.41 60.11

56
24
32
CH

PI at "A" - Line  =  0.73(LL-20)  26.28

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-013

S05 20.0

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Dark brown gravelly fat clay with sand g(CH)s

TEST

NO.

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: F. Tabibkhoei Date: 04/15/11

Project No. : Input By: J. Ward Date: 04/18/11

Boring No.: Checked By: J. Ward Revised: 09/16/11

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 21 15

13.51 13.86 26.85 26.30 27.31 24.81

11.18 11.45 22.40 21.95 22.52 20.80

1.05 1.04 13.48 13.52 13.50 13.52

23.00 23.15 49.89 51.60 53.10 55.08

52
23
29
CH

PI at "A" - Line  =  0.73(LL-20)  23.36

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy fat clay with gravel s(CH)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-015

B01 1.0-5.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: F. Tabibkhoei Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 15

12.52 12.59 12.95 13.31 15.84 20.21

10.53 10.59 9.13 9.29 10.95 13.65

1.11 1.05 1.01 0.99 1.09 1.09

21.13 20.96 47.04 48.43 49.59 52.23

49
21
28
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-016

S04 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Grayish brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 20 15

26.37 25.05 25.68 25.41 24.02 25.24

23.69 22.64 21.71 21.43 20.41 21.14

13.52 13.49 13.55 13.52 13.56 13.58

26.35 26.34 48.65 50.32 52.70 54.23

51
26
25
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy fat clay s(CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S04 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: F. Tabibkhoei Date: 02/25/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 25 20

15.14 12.74 19.44 16.86 19.57

12.51 10.57 13.47 11.69 13.49

1.10 1.08 1.00 1.02 1.08

23.05 22.87 47.87 48.45 48.99

49
23
26
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S08 35.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: F. Tabibkhoei Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 29 21 15

13.81 14.10 15.24 15.99 19.31 22.98

11.53 11.70 10.58 10.98 13.01 15.13

1.11 1.08 1.04 1.06 1.03 1.11

21.88 22.60 48.85 50.50 52.59 55.99

51
22
29
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-018

S04 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown fat clay (CH)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: F. Tabibkhoei Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 22

11.70 12.14 14.29 14.19 14.47

9.75 10.15 9.90 9.75 9.81

1.05 1.09 1.04 1.06 1.05

22.41 21.96 49.55 51.09 53.20

52
22
30
CH

PI at "A" - Line  =  0.73(LL-20)  23.36

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-019

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown fat clay (CH)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/26/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 20 15

27.43 25.52 25.57 23.69 24.14 26.47

24.59 23.06 22.47 21.02 21.28 22.87

13.55 13.58 13.47 13.48 13.50 13.49

25.72 25.95 34.44 35.41 36.76 38.38

36
26
10
ML

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

(GP-GM)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-020

S05 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 02/07/11

Project No. : Input By: J. Ward Date: 02/21/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

7.40 7.62 16.06 12.87 14.10

6.15 6.35 11.71 9.36 10.09

1.00 1.09 1.03 1.05 1.05

24.27 24.14 40.73 42.24 44.36

43
24
19
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-021

S06 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Strong brown lean clay with sand (CL)s

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CL- ML
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Project Name: Tested By: A. Santos Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 17

10.57 11.11 23.52 22.30 23.86

9.00 9.45 18.21 17.16 18.19

1.06 1.05 1.06 1.05 1.04

19.77 19.76 30.96 31.91 33.06

32
20
12
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-023

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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Project Name: Tested By: A. Santos Date: 02/27/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 23 18

9.77 9.61 24.23 22.35 20.11

8.14 8.01 17.50 15.96 14.28

1.06 1.03 1.05 1.01 1.03

23.02 22.92 40.91 42.74 44.00

42
23
19
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-026

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Light olive brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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Project Name: Tested By: V. Juliano Date: 02/08/11

Project No. : Input By: J. Ward Date: 02/21/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 24 17

6.63 6.61 10.20 9.29 14.10

5.69 5.67 7.66 6.91 10.24

1.05 1.04 1.10 1.00 1.09

20.26 20.30 38.72 40.27 42.19

40
20
20
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-027

S04 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 03/04/11

Project No. : Input By: J. Ward Date: 03/07/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 24 16

10.03 9.78 21.75 20.21 21.33

8.53 8.31 16.17 14.90 15.54

1.06 1.02 1.05 1.04 1.06

20.08 20.16 36.90 38.31 39.99

38
20
18
CL

PI at "A" - Line  =  0.73(LL-20)  13.14

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-028

S06 30.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: G. Bathala Date: 02/28/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 24 15

24.32 26.33 25.79 24.88 27.36

22.77 24.50 22.32 21.56 23.19

13.56 13.56 13.58 13.49 13.56

16.83 16.73 39.70 41.14 43.30

41
17
24
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive gray sandy lean clay s(CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CL- ML
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Project Name: Tested By: A. Santos Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 24 17

10.04 9.68 21.20 22.13 20.26

8.29 7.99 14.56 15.00 13.64

1.02 1.01 1.02 1.00 1.07

24.07 24.21 49.04 50.93 52.67

51
24
27
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S07 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive brown clayey sand with gravel (SC)g

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 19

25.98 26.66 24.41 25.27 24.60

23.62 24.18 20.80 21.28 20.73

13.56 13.53 13.47 13.49 13.49

23.46 23.29 49.25 51.22 53.45

51
23
28
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown clayey gravel with sand (GC)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-032

S02 5.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 03/01/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21 16

24.29 24.23 25.02 23.74 23.65 25.61

22.40 22.35 20.69 19.85 19.73 20.87

13.50 13.55 13.55 13.53 13.50 13.53

21.24 21.36 60.64 61.55 62.92 64.58

62
21
41
CH

PI at "A" - Line  =  0.73(LL-20)  30.66

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive gray sandy fat clay s(CH), claystone noted

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-035

S02 5.0
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grained soils and fine-
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grained soils
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Project Name: Tested By: G. Bathala Date: 02/23/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 24 18

27.19 25.21 25.10 25.46 25.24

24.76 23.14 21.50 21.65 21.40

13.50 13.49 13.47 13.57 13.55

21.58 21.45 44.83 47.15 48.92

47
22
25
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-035

U04 15.0-17.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive clayey sand (SC)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
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grained soils
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Project Name: Tested By: F. Tabibkhoei Date: 02/25/11

Project No. : Input By: J. Ward Date: 02/26/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

28 20 15

12.68 13.52 15.43 19.15 20.05

10.65 11.38 10.96 13.41 13.96

1.04 1.07 1.05 1.05 1.07

21.12 20.76 45.11 46.44 47.25

46
21
25
CL

PI at "A" - Line  =  0.73(LL-20)  18.98

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-042

S04 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay (CL)

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Project Name: Tested By: V. Juliano Date: 02/24/11

Project No. : Input By: J. Ward Date: 03/02/11

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 27 18

9.05 8.56 11.41 13.10 14.12

7.66 7.24 8.41 9.50 10.05

1.05 1.05 1.06 1.08 1.06

21.03 21.32 40.82 42.76 45.27

43
21
22
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

ATTERBERG LIMITS
 ASTM D 4318

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-044

S02 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown lean clay with sand (CL)s

TEST

NO.

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 02/23/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: A-11-001 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

B-1 0.00

917.60 0.00

204.50 1.00

713.10 0.00

B-1

690.00

204.50

485.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 27 %
SAND: 41 %
FINES: 32 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

121.10

191.90

92.7

293.30

83.0

73.1

58.9

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

484.20

44.8

PAN

393.90

52.4339.70

32.1

446.00 37.5

65.7244.80

52.10

100.0



Project Name:

27 : 41 : 32

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-001 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-001, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 37 Soil Type

% Sand 37

% Fines 26

2.70 0.00 195.06

0.99 0.00 190.10 103.57

892.80 1.00 64.82 72.94

148.20 0.00 3.96

744.60 30.63

3" 0.00 100.0 0.00 100.0 54.0

1½" 0.00 100.0 4.33 92.5 49.9

3/4" 131.99 82.3 10.77 81.4 43.9

3/8" 213.30 71.4 17.90 69.0 37.3

No. 4 275.24 63.0 24.60 57.5 31.0

No. 10 342.86 54.0 29.73 48.6 26.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.11             Wt. of Dry Soil (g) 57.82

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:30 0

9:32 2 20.2 32.0 23.1 0.0317

9:35 5 20.2 29.0 20.4 0.0204

9:45 15 20.3 26.5 18.1 0.0120

10:00 30 20.3 24.0 15.7 0.0086

10:30 60 20.4 22.0 13.9 0.0062

11:30 120 20.8 21.0 13.0 0.0044

13:40 250 21.4 19.0 11.1 0.0031

18-Feb-11 8:44 1394 19.9 16.0 8.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S06

Olive brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-001, S06 @ 25



S07 30

268
280 226
39

0.4
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0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

37 : 37 : 26

S06

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Bathala Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 33 Soil Type

% Sand 35

% Fines 32

2.70 0.00 58.94

0.99 0.00 58.60 122.25

367.65 1.00 39.17 72.92

140.89 0.00 1.75

226.76 49.33

3" 0.00 100.0 0.00 100.0 66.5

1½" 0.00 100.0 7.63 91.6 60.9

3/4" 0.00 100.0 20.70 77.2 51.3

3/8" 45.09 80.1 30.07 66.8 44.5

No. 4 75.41 66.7 38.86 57.2 38.0

No. 10 75.94 66.5 47.48 47.6 31.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 92.28             Wt. of Dry Soil (g) 90.69

Deflocculant  125 cc of 4% Solution

28-Feb-11 9:58 0

10:00 2 19.3 42.0 25.1 0.0295

10:03 5 19.4 38.0 22.2 0.0193

10:13 15 19.5 34.5 19.6 0.0115

10:28 30 19.6 32.5 18.2 0.0082

10:58 60 19.8 30.0 16.4 0.0059

11:58 120 20.3 29.0 15.6 0.0042

14:08 250 21.2 27.0 14.2 0.0029

01-Mar-11 10:22 1464 20.2 23.5 11.6 0.0012

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

S09

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-001, S09 @ 40
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0.3 23
1.7 38

71

##

33 : 35 : 32

S09

Mar-11

(SC)gDepth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-001, S09 @ 40



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-001 Depth (feet): 45.0

Sample No.: S10

Soil Identification: Brown clayey sand with gravel (SC)g

HA 0.00

910.37 0.00

246.73 1.00

663.64 0.00

HA

687.75

246.73

441.02

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 15 %
SAND: 51 %
FINES: 34 %
GROUP SYMBOL: (SC)g

Remarks:

77.9146.70

0.00

PAN

323.80

63.4242.80

33.9

390.30 41.2

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

438.60

51.2

Cc = (D30)²/(D60*D10) =

30.20

98.70

100.0

188.60

95.4

85.1

71.6

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 45.0 Soil Type :

Project Name:

15 : 51 : 34

S10

Feb-11
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     52.0-54.0

% Gravel 0 Soil Type

% Sand 35

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 112.93

1315.70 1.00 1.00 76.16

109.60 0.00 0.00

1206.10 36.77

3" 0.00 100.0 0.00 100.0 99.3

1½" 0.00 100.0 0.62 99.4 98.7

3/4" 0.00 100.0 3.57 96.4 95.8

3/8" 1.11 99.9 10.52 89.5 88.9

No. 4 3.45 99.7 20.60 79.5 79.0

No. 10 8.37 99.3 35.06 65.1 64.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.50             Wt. of Dry Soil (g) 100.50

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:40 0

9:42 2 20.4 47.0 39.2 0.0279

9:45 5 20.5 41.5 33.8 0.0185

9:55 15 20.5 36.0 28.4 0.0112

10:10 30 20.6 33.0 25.5 0.0081

10:40 60 20.8 31.0 23.5 0.0058

11:40 120 21.3 29.0 21.6 0.0041

13:50 250 21.7 26.5 19.1 0.0029

25-Feb-11 9:40 1440 20.7 23.0 15.7 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-001

U12

Pale olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-001, U12 @ 52-54
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##

0 : 35 : 65

U12

Mar-11

s(CL)Depth (feet) :  52.0-54.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-001 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-001, U12 @ 52-54



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-001 Depth (feet): 75.0

Sample No.: S17

Soil Identification: Gray silty sand (SM)

VI 0.00

898.01 0.00

220.20 1.00

677.81 0.00

VI

745.80

220.20

525.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 10 %
SAND: 67 %
FINES: 23 %
GROUP SYMBOL: SM

Remarks:

84.4105.60

0.00

PAN

344.40

67.6219.80

23.0

461.70 31.9

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

522.10

49.2

Cc = (D30)²/(D60*D10) =

33.30

70.50

100.0

147.20

95.1

89.6

78.3

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-001 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Gray silty sand (SM)

SM

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 75.0 Soil Type :

Project Name:

10 : 67 : 23

S17

Feb-11
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SA A-11-001, S17 @ 75



Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/08/11

Exploration No.: R-11-002 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Brown clayey sand (SC)

PHD 0.00

965.96 0.00

215.48 1.00

750.48 0.00

PHD

635.78

215.48

420.30

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 14 %
SAND: 42 %
FINES: 44 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

51.60

104.10

98.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

417.20

60.1

PAN

299.10

66.7250.20

206.10

44.4

356.20 52.5

93.1

86.1

72.5

78.8159.20

15.20

100.0



Project Name:

14 : 42 : 44

S03

Feb-11

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-002 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-002, S03 @ 10



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/26/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 18

% Fines 82

2.70 0.00 110.52

0.99 0.00 109.64 91.43

353.43 1.00 58.20 82.58

133.07 0.00 1.71

220.36 8.85

3" 0.00 100.0 0.00 100.0 99.6

1½" 0.00 100.0 0.23 99.5 99.2

3/4" 0.00 100.0 0.73 98.6 98.2

3/8" 0.00 100.0 1.87 96.3 95.9

No. 4 0.39 99.8 4.34 91.4 91.0

No. 10 0.83 99.6 8.67 82.8 82.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 51.22             Wt. of Dry Soil (g) 50.36

Deflocculant  125 cc of 4% Solution

27-Jan-11 9:54 0

9:56 2 21.7 41.0 68.7 0.0291

9:59 5 21.7 37.0 60.8 0.0190

10:09 15 21.7 34.0 54.9 0.0112

10:24 30 21.7 32.0 51.0 0.0081

10:54 60 21.8 30.0 47.1 0.0058

11:54 120 21.8 28.0 43.2 0.0041

14:04 250 21.7 27.0 41.2 0.0029

28-Jan-11 9:37 1423 20.6 24.0 35.3 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S05

Olive lean clay with sand (CL)s

SA & Hyd R-11-002, S05 @ 20



0 : 18 : 82

S05

Feb-11

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-002, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 1 Soil Type

% Sand 20

% Fines 79

2.70 0.00 0.00

0.99 0.00 0.00 87.36

191.65 1.00 1.00 75.29

38.90 0.00 0.00

152.75 12.07

3" 0.00 100.0 0.00 100.0 97.4

1½" 0.00 100.0 0.45 99.3 96.7

3/4" 0.00 100.0 2.17 96.5 94.0

3/8" 0.00 100.0 5.14 91.7 89.3

No. 4 2.18 98.6 8.36 86.4 84.2

No. 10 3.99 97.4 11.72 81.0 78.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.58             Wt. of Dry Soil (g) 61.58

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:34 0

10:36 2 20.7 50.0 65.9 0.0271

10:39 5 20.7 47.0 61.2 0.0176

10:49 15 20.6 44.0 56.5 0.0105

11:04 30 20.7 41.0 51.8 0.0076

11:34 60 20.8 38.0 47.1 0.0055

12:34 120 21.2 35.0 42.4 0.0039

14:44 250 21.7 31.0 36.1 0.0028

26-Jan-11 9:36 1382 20.6 25.0 26.7 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S09

Olive lean clay with sand (CL)s

SA & Hyd R-11-002, S09 @ 35



1 : 20 : 79

S09

Feb-11

Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     60.0-70.0

% Gravel 13 Soil Type

% Sand 49

% Fines 38

2.70 0.00 0.00

0.99 0.00 0.00 258.18

753.19 1.00 1.00 219.45

201.51 0.00 0.00

551.68 38.73

3" 0.00 100.0 0.00 100.0 83.8

1½" 0.00 100.0 0.47 99.3 83.2

3/4" 10.09 98.2 2.14 96.8 81.1

3/8" 47.87 91.3 9.17 86.3 72.3

No. 4 73.57 86.7 25.51 61.9 51.8

No. 10 89.49 83.8 36.68 45.1 37.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.87             Wt. of Dry Soil (g) 66.87

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:46 0

9:48 2 20.4 30.0 27.3 0.0321

9:51 5 20.4 26.5 23.0 0.0208

10:01 15 20.4 23.0 18.6 0.0123

10:16 30 20.6 20.5 15.5 0.0088

10:46 60 20.6 18.0 12.4 0.0063

11:46 120 20.9 16.0 9.9 0.0045

13:56 250 21.3 14.0 7.5 0.0031

25-Jan-11 8:53 1387 20.6 12.0 5.0 0.0014

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

S14, S15, S16 combined

Very dark gray silty sand (SM)

SA & Hyd R-11-002, S14, S15, S16 combined @ 60-70



13 : 49 : 38

S14, S15, S16 combined

Feb-11

Depth (feet) :  60.0-70.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Very dark gray silty sand (SM)

400486.01.04.02.09.SC
Exploration No.:

SM

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-002, S14, S15, S16 combined @ 60-70



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : V. Juliano Date: 02/01/11

Project No. : Data Input By: J. Ward Date: 02/08/11

Exploration No.:

Sample No.: Depth (feet) :     27.0-29.0

% Gravel 0 Soil Type

% Sand 28

% Fines 72

2.70 0.00 0.00

0.99 0.00 0.00 99.67

852.30 1.00 1.00 76.65

0.00 0.00 0.00

852.30 23.02

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.04 100.0 100.0

3/4" 0.00 100.0 0.11 99.9 99.9

3/8" 0.00 100.0 0.33 99.6 99.6

No. 4 0.00 100.0 4.09 95.0 95.0

No. 10 0.00 100.0 22.91 72.0 72.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 81.83             Wt. of Dry Soil (g) 81.83

Deflocculant  125 cc of 4% Solution

02-Feb-11 7:30 0

7:32 2 20.4 40.0 41.8 0.0296

7:35 5 20.3 33.5 33.9 0.0198

7:45 15 20.2 29.5 29.1 0.0117

8:00 30 20.2 26.5 25.5 0.0085

8:30 60 20.0 24.0 22.4 0.0061

9:30 120 19.9 23.0 21.2 0.0044

11:40 250 20.3 20.5 18.2 0.0031

03-Feb-11 7:30 1440 19.7 16.0 12.7 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

5.5

5.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

5.5

5.5

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(ML)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

5.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

5.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

5.5

5.5

5.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-002

U07

Yellowish brown silt with sand (ML)s

SA & Hyd R-11-002, U07 @ 27-29



0 : 28 : 72

U07

Feb-11

Depth (feet) :  27.0-29.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silt with sand (ML)s

400486.01.04.02.09.SC
Exploration No.:

(ML)s

GR:SA:FI : (%)

Project No.:
R-11-002 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-002, U07 @ 27-29



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/01/11

Exploration No.: A-11-003 Depth (feet): 11.5-15.0

Sample No.: B03

Soil Identification: Olive silty gravel with sand (GM)s

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

F 4-C Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

10197.40 621.00 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

232.10 108.90 Wt. of Container No._____(g) 1.00 1.00

9965.30 512.10 Moisture Content (%) 0.00 0.00

4-C

427.80

108.90

318.90

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 48 %
SAND: 32 %
FINES: 20 %
GROUP SYMBOL: (GM)s

Remarks:

of SOILS USING SIEVE ANALYSIS

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

Wt. of Container            (g)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

Moisture ContentsCalculation of Dry Weights

Wt. Air-Dried Soil + Cont.(g)

65.6

100.0

52.5

46.3

20.0

98.9

83.7

29.5

23.9

19.000

9.500

Whole Sample

40.4

35.1

Percent Passing       
(%)

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

0.00

105.40

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

60.90

118.40

1620.70

3432.70

4735.60

317.20

169.60

224.70

279.40



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-003 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive silty gravel with sand (GM)s

(GM)s

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 11.5-15.0 Soil Type :

Project Name:

48 : 32 : 20

B03

Mar-11
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SA A-11-003, B03 @ 11.5-15.0



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 17 Soil Type

% Sand 32

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 94.72

290.40 1.00 1.00 76.18

39.68 0.00 0.00

250.72 18.54

3" 0.00 100.0 0.00 100.0 77.0

1½" 0.00 100.0 1.94 96.4 74.3

3/4" 12.18 95.1 4.67 91.4 70.4

3/8" 30.90 87.7 8.26 84.8 65.3

No. 4 41.60 83.4 13.14 75.8 58.4

No. 10 57.60 77.0 18.12 66.6 51.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.20             Wt. of Dry Soil (g) 54.20

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:52 0

9:54 2 20.5 35.5 40.2 0.0308

9:57 5 20.5 32.5 35.9 0.0199

10:07 15 20.6 29.5 31.7 0.0117

10:22 30 20.7 27.5 28.9 0.0084

10:52 60 20.9 26.0 26.8 0.0060

11:52 120 21.3 24.0 24.0 0.0043

14:02 250 21.7 22.0 21.1 0.0030

25-Feb-11 9:52 1440 20.7 18.0 15.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S06

Olive brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S06 @ 25



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

17 : 32 : 51

S06

Mar-11

s(CL)gDepth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-003, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/15/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 14 Soil Type

% Sand 26

% Fines 60

2.70 0.00 0.00

0.99 0.00 0.00 91.22

676.00 1.00 1.00 77.07

108.39 0.00 0.00

567.61 14.15

3" 0.00 100.0 0.00 100.0 81.8

1½" 0.00 100.0 1.21 97.6 79.9

3/4" 0.00 100.0 3.04 94.1 77.0

3/8" 48.80 91.4 5.53 89.2 73.0

No. 4 76.90 86.5 9.28 81.9 67.0

No. 10 103.20 81.8 13.75 73.1 59.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 51.17             Wt. of Dry Soil (g) 51.17

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:18 0

9:20 2 20.2 37.0 47.6 0.0304

9:23 5 20.2 33.5 42.0 0.0198

9:33 15 20.2 30.0 36.5 0.0117

9:48 30 20.3 28.5 34.1 0.0084

10:18 60 20.4 26.5 30.9 0.0060

11:18 120 20.7 24.5 27.8 0.0043

13:28 250 21.4 23.0 25.4 0.0030

18-Feb-11 8:35 1397 19.9 18.0 17.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S09

Olive brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S09 @ 40
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1.7 38

71

##

14 : 26 : 60

S09

Mar-11

s(CL)Depth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-003, S09 @ 40



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 16

% Fines 84

2.70 0.00 0.00

0.99 0.00 0.00 87.09

423.99 1.00 1.00 76.02

74.64 0.00 0.00

349.35 11.07

3" 0.00 100.0 0.00 100.0 99.4

1½" 0.00 100.0 0.11 99.8 99.2

3/4" 0.00 100.0 0.55 99.1 98.5

3/8" 0.00 100.0 1.71 97.2 96.6

No. 4 0.80 99.8 4.65 92.4 91.8

No. 10 2.09 99.4 9.65 84.1 83.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.80             Wt. of Dry Soil (g) 60.80

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:54 0

8:56 2 20.1 48.0 66.5 0.0276

8:59 5 20.1 43.0 58.4 0.0182

9:09 15 20.1 39.0 51.9 0.0109

9:24 30 20.1 35.5 46.2 0.0080

9:54 60 20.1 33.0 42.2 0.0057

10:54 120 20.4 30.0 37.3 0.0041

13:04 250 21.0 28.0 34.1 0.0029

24-Feb-11 8:31 1417 20.1 23.0 25.9 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-003

S12

Olive brown fat clay with sand (CH)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CH)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-003, S12 @ 55
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##

0 : 16 : 84

S12

Mar-11

(CH)sDepth (feet) :  55.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown fat clay with sand (CH)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-003 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 17 Soil Type

% Sand 28

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 95.44

751.43 1.00 1.00 77.42

110.50 0.00 0.00

640.93 18.02

3" 0.00 100.0 0.00 100.0 76.7

1½" 0.00 100.0 2.30 96.3 73.8

3/4" 28.04 95.6 5.37 91.3 70.0

3/8" 78.10 87.8 8.67 86.0 65.9

No. 4 110.12 82.8 12.87 79.2 60.7

No. 10 149.65 76.7 17.56 71.6 54.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.92             Wt. of Dry Soil (g) 61.92

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:58 0

11:00 2 19.8 43.0 43.6 0.0292

11:03 5 19.9 39.0 38.7 0.0192

11:13 15 20.0 35.0 33.8 0.0113

11:28 30 20.2 32.0 30.1 0.0082

11:58 60 20.3 30.0 27.6 0.0059

12:58 120 20.6 28.0 25.2 0.0042

15:08 250 21.4 26.0 22.7 0.0029

01-Mar-11 10:59 1441 20.5 24.0 20.3 0.0012

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S04

Brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-004, S04 @ 15
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##

17 : 28 : 55

S04

Mar-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-004 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-004, S04 @ 15



Project Name: Tested By: A. Santos Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/01/11

Exploration No.: A-11-004 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

935 0.00

786.80 0.00

108.90 1.00

677.90 0.00

935

499.90

108.90

391.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 21 %
SAND: 36 %
FINES: 43 %
GROUP SYMBOL: (SC)g

Remarks:

72.1188.80

0.00

300.30

61.9258.20

42.8

346.90 48.8

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

387.90

55.7

PAN

Cc = (D30)²/(D60*D10) =

76.60

140.90

100.0

223.40

88.7

79.2

67.0

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-004 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 20.0 Soil Type :

Project Name:

21 : 36 : 43

S05

Mar-11
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SA A-11-004, S05 @ 20



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-004 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown silty sand with gravel (SM)g

ZK 0.00

804.93 0.00

249.97 1.00

554.96 0.00

ZK

713.30

249.97

463.33

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 36 %
SAND: 47 %
FINES: 17 %
GROUP SYMBOL: (SM)g

Remarks:

52.7262.30

41.80

100.0

PAN

400.50

36.0355.40

16.8

436.90 21.3

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

461.50

27.8

Cc = (D30)²/(D60*D10) =

0.00

112.20

202.20

92.5

310.30

79.8

63.6

44.1

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-004 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 35.0 Soil Type :

Project Name:

36 : 47 : 17

S08

Feb-11
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SA A-11-004, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/01/11

Exploration No.:

Sample No.: Depth (feet) :     65.0

% Gravel 1 Soil Type

% Sand 32

% Fines 67

2.70 0.00 0.00

0.99 0.00 0.00 96.96

724.68 1.00 1.00 75.77

108.98 0.00 0.00

615.70 21.19

3" 0.00 100.0 0.00 100.0 98.0

1½" 0.00 100.0 0.41 99.3 97.4

3/4" 0.00 100.0 1.19 98.1 96.1

3/8" 0.00 100.0 4.00 93.5 91.6

No. 4 4.42 99.3 11.14 81.8 80.2

No. 10 12.24 98.0 19.26 68.5 67.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.24             Wt. of Dry Soil (g) 61.24

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:02 0

10:04 2 19.4 39.0 50.0 0.0303

10:07 5 19.4 34.0 42.1 0.0199

10:17 15 19.5 30.0 35.7 0.0119

10:32 30 19.6 27.0 31.0 0.0086

11:02 60 19.9 24.5 27.0 0.0062

12:02 120 20.3 22.0 23.0 0.0044

14:12 250 21.2 19.0 18.3 0.0031

01-Mar-11 10:23 1461 20.2 15.0 11.9 0.0013

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-004

S14

Olive yellow sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-004, S14 @ 65



S07 30

268
280 226
39

0.4
2
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0.3 23
1.7 38

71

##

1 : 32 : 67

S14

Mar-11

s(CL)Depth (feet) :  65.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-004 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-004, S14 @ 65



Project Name: Tested By: S. Felter Date: 01/21/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-005 Depth (feet): 5.0

Sample No.: S02

Soil Identification: Brown clayey sand with gravel (SC)g

G 0.00

517.18 0.00

142.25 1.00

374.93 0.00

G

418.70

142.25

276.45

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 40 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

80.0

67.3

53.4

59.8150.60

24.10

100.0

46.9199.10

174.80

26.6

249.90 33.3

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

275.20

39.9

PAN

225.30

93.6

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

74.90

122.60

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-005 Sample No.:

400486.01.04.02.09.SC

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements
Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

33 : 40 : 27

S02

Feb-11
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/28/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 16 Soil Type

% Sand 42

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 102.60

419.17 1.00 1.00 74.98

38.69 0.00 0.00

380.48 27.62

3" 0.00 100.0 0.00 100.0 75.6

1½" 0.00 100.0 2.68 95.6 72.3

3/4" 0.00 100.0 7.13 88.4 66.8

3/8" 24.61 93.5 12.51 79.6 60.2

No. 4 59.92 84.3 19.74 67.8 51.3

No. 10 92.82 75.6 27.13 55.7 42.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.28             Wt. of Dry Soil (g) 61.28

Deflocculant  125 cc of 4% Solution

27-Jan-11 10:02 0

10:04 2 21.7 33.0 33.0 0.0310

10:07 5 21.6 30.0 29.4 0.0201

10:17 15 21.7 26.0 24.5 0.0119

10:32 30 21.7 24.0 22.0 0.0085

11:02 60 21.8 22.0 19.6 0.0061

12:02 120 21.8 20.0 17.1 0.0044

14:12 250 21.7 18.0 14.7 0.0031

28-Jan-11 9:41 1419 20.5 14.0 9.8 0.0013

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-005

S05

Yellowish brown clayey sand with gravel (SC)g

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd R-11-005, S05 @ 20



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-005 Sample No.:

101/23 Interchange Improvements

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

(SC)g

GR:SA:FI : (%)

Depth (feet) :  20.0 Soil Type :

Project Name:

16 : 42 : 42

S05

Feb-11
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 19 Soil Type

% Sand 28

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 106.91

673.80 1.00 1.00 75.91

109.00 0.00 0.00

564.80 31.00

3" 0.00 100.0 0.00 100.0 75.7

1½" 0.00 100.0 2.41 97.6 73.8

3/4" 30.80 94.5 7.34 92.7 70.1

3/8" 77.70 86.2 13.78 86.2 65.2

No. 4 105.80 81.3 21.82 78.2 59.2

No. 10 137.50 75.7 30.44 69.6 52.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.10             Wt. of Dry Soil (g) 100.10

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:48 0

9:50 2 20.5 58.5 38.6 0.0246

9:53 5 20.5 53.0 34.5 0.0166

10:03 15 20.6 47.0 30.0 0.0102

10:18 30 20.7 43.0 27.0 0.0074

10:48 60 20.9 39.0 24.0 0.0055

11:48 120 21.3 35.0 21.0 0.0039

13:58 250 21.7 31.0 18.0 0.0028

25-Feb-11 9:48 1440 20.7 24.5 13.1 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-006

S05

Olive brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-006, S05 @ 25



S08 35
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47 34

62

##

19 : 28 : 53

S05

Mar-11

s(CL)gDepth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-006 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-006, S05 @ 25



Project Name: Tested By: S. Felter Date: 02/17/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: R-11-007 Depth (feet): 21.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

N 0.00

456.70 0.00

133.07 1.00

323.63 0.00

N

376.20

133.07

243.13

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 21 %
SAND: 54 %
FINES: 25 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

39.20

68.40

92.9

136.70

87.9

78.9

57.8

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

241.90

38.8

PAN

197.90

47.7169.10

25.3

222.80 31.2

67.9103.80

23.10

100.0



Project Name:

21 : 54 : 25

S05

Feb-11

Exploration No.:

Depth (feet): 21.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-007 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-007, S05 @ 21



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     36.0

% Gravel 7 Soil Type

% Sand 50

% Fines 43

2.70 0.00 0.00

0.99 0.00 0.00 105.40

650.20 1.00 1.00 77.42

140.00 0.00 0.00

510.20 27.98

3" 0.00 100.0 0.00 100.0 83.7

1½" 0.00 100.0 3.69 93.5 78.3

3/4" 0.00 100.0 10.00 82.3 68.9

3/8" 13.61 97.3 15.56 72.5 60.7

No. 4 37.38 92.7 22.03 61.1 51.1

No. 10 82.99 83.7 27.86 50.8 42.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.61             Wt. of Dry Soil (g) 56.61

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:20 0

9:22 2 19.4 28.0 30.8 0.0329

9:25 5 19.4 24.5 25.7 0.0213

9:35 15 19.5 22.0 22.0 0.0125

9:50 30 19.6 21.0 20.5 0.0089

10:20 60 19.9 19.5 18.3 0.0064

11:20 120 20.7 18.0 16.1 0.0045

13:30 250 21.4 17.0 14.7 0.0031

23-Feb-11 9:20 1440 19.9 15.5 12.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S08

Olive brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-007, S08 @ 36
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U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  36.0 Soil Type :

Project Name:

7 : 50 : 43

S08

Feb-11
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SA & Hyd R-11-007, S08 @ 36



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     46.0

% Gravel 18 Soil Type

% Sand 47

% Fines 35

2.70 0.00 199.06

0.99 0.00 197.35 137.71

1010.80 1.00 38.78 87.74

202.70 0.00 1.08

808.10 49.97

3" 0.00 100.0 0.00 100.0 81.4

1½" 0.00 100.0 7.18 91.6 74.5

3/4" 32.56 96.0 18.32 78.5 63.9

3/8" 82.11 89.8 29.53 65.4 53.2

No. 4 147.43 81.8 40.00 53.1 43.2

No. 10 150.51 81.4 48.69 42.9 34.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 86.18             Wt. of Dry Soil (g) 85.26

Deflocculant  125 cc of 4% Solution

25-Feb-11 9:26 0

9:28 2 20.8 35.0 26.5 0.0310

9:31 5 20.8 31.0 22.7 0.0201

9:41 15 20.9 26.5 18.5 0.0120

9:56 30 20.9 24.0 16.1 0.0086

10:26 60 20.8 22.0 14.2 0.0062

11:26 120 20.8 20.0 12.3 0.0044

13:36 250 21.0 18.0 10.4 0.0031

26-Feb-11 9:34 1448 19.3 15.0 7.6 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S10

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-007, S10 @ 46
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18 : 47 : 35

S10

Mar-11

(SC)gDepth (feet) :  46.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-007, S10 @ 46



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     51.0

% Gravel 2 Soil Type

% Sand 33

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 93.06

381.20 1.00 1.00 76.48

39.10 0.00 0.00

342.10 16.58

3" 0.00 100.0 0.00 100.0 93.6

1½" 0.00 100.0 1.79 96.7 90.5

3/4" 0.00 100.0 4.12 92.4 86.4

3/8" 3.54 99.0 6.66 87.7 82.0

No. 4 7.78 97.7 10.67 80.3 75.1

No. 10 22.01 93.6 16.37 69.7 65.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.08             Wt. of Dry Soil (g) 54.08

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:28 0

9:30 2 19.5 34.5 47.2 0.0314

9:33 5 19.5 30.5 40.3 0.0205

9:43 15 19.6 27.0 34.3 0.0121

9:58 30 19.7 25.0 30.9 0.0087

10:28 60 19.9 23.0 27.5 0.0062

11:28 120 20.8 21.0 24.0 0.0044

13:38 250 21.4 19.5 21.5 0.0030

23-Feb-11 9:28 1440 19.9 17.0 17.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S11

Olive brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-007, S11 @ 51
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U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  51.0 Soil Type :

Project Name:

2 : 33 : 65

S11

Feb-11

s(CL)
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SA & Hyd R-11-007, S11 @ 51



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     61.0

% Gravel 47 Soil Type

% Sand 39

% Fines 14

2.70 0.00 0.00

0.99 0.00 0.00 143.98

410.10 1.00 1.00 76.86

39.31 0.00 0.00

370.79 67.12

3" 0.00 100.0 0.00 100.0 41.2

1½" 0.00 100.0 12.73 87.4 36.0

3/4" 41.80 88.7 30.43 69.9 28.8

3/8" 118.40 68.1 45.20 55.2 22.8

No. 4 172.50 53.5 57.29 43.3 17.8

No. 10 218.10 41.2 66.59 34.1 14.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 101.00             Wt. of Dry Soil (g) 101.00

Deflocculant  125 cc of 4% Solution

24-Feb-11 10:04 0

10:06 2 20.6 31.5 9.9 0.0317

10:09 5 20.6 27.5 8.3 0.0207

10:19 15 20.7 24.5 7.1 0.0122

10:34 30 20.8 22.0 6.1 0.0087

11:04 60 20.9 20.0 5.3 0.0063

12:04 120 21.3 18.0 4.4 0.0044

14:14 250 21.7 16.0 3.6 0.0031

25-Feb-11 10:04 1440 20.7 13.0 2.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-007

S13

Gray clayey gravel with sand (GC)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(GC)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-007, S13 @ 61



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

47 : 39 : 14

S13

Mar-11

(GC)sDepth (feet) :  61.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Gray clayey gravel with sand (GC)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-007 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 9 Soil Type

% Sand 49

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 107.50

383.40 1.00 1.00 75.64

36.65 0.00 0.00

346.75 31.86

3" 0.00 100.0 0.00 100.0 81.0

1½" 0.00 100.0 3.15 95.1 77.0

3/4" 0.00 100.0 9.78 84.7 68.7

3/8" 5.58 98.4 16.61 74.1 60.0

No. 4 32.59 90.6 23.85 62.8 50.9

No. 10 65.76 81.0 30.87 51.8 42.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.05             Wt. of Dry Soil (g) 64.05

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:38 0

10:40 2 20.7 31.5 29.5 0.0317

10:43 5 20.7 27.0 23.8 0.0207

10:53 15 20.7 24.0 20.1 0.0122

11:08 30 20.7 22.0 17.6 0.0087

11:38 60 21.0 20.0 15.1 0.0062

12:38 120 21.2 18.5 13.2 0.0044

14:48 250 21.7 17.0 11.3 0.0031

26-Jan-11 9:38 1380 20.5 15.0 8.8 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S02

Yellowish brown clayey sand (SC)

SA & Hyd R-11-008, S02 @ 5



9 : 49 : 42

S02

Feb-11

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
R-11-008 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Brown clayey sand (SC)

GE 0.00

805.28 0.00

251.20 1.00

554.08 0.00

GE

603.70

251.20

352.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 9 %
SAND: 54 %
FINES: 37 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

23.30

51.80

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

350.20

55.6

PAN

245.80

64.7195.40

145.30

36.8

297.90 46.2

95.8

90.7

73.8

82.596.80

0.00



Project Name:

9 : 54 : 37

S03

Feb-11

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/21/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Olive brown sandy lean clay s(CL)

CT 0.00

951.40 0.00

244.60 1.00

706.80 0.00

CT

589.77

244.60

345.17

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 7 %
SAND: 41 %
FINES: 52 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

35.60

51.50

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

341.20

74.6

PAN

179.30

81.6129.90

95.20

51.7

259.20 63.3

95.0

92.7

86.5

90.170.00

0.00



Project Name:

7 : 41 : 52

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA R-11-008, S04 @ 15



Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

HA 0.00

757.95 0.00

246.70 1.00

511.25 0.00

HA

650.70

246.70

404.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 23 %
SAND: 56 %
FINES: 21 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

53.50

119.50

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

402.90

34.7

PAN

333.90

43.2290.20

238.60

21.2

369.80 27.7

89.5

76.6

53.3

64.6181.20

0.00



Project Name:

23 : 56 : 21

S05

Feb-11

Exploration No.:

Depth (feet): 20.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 25.0

Sample No.: S06

Soil Identification: Brown clayey sand with gravel (SC)g

PH 0.00

1019.12 0.00

202.74 1.00

816.38 0.00

PH

870.70

202.74

667.96

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 26 %
SAND: 55 %
FINES: 19 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

91.40

214.50

96.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

665.70

29.7

PAN

574.10

36.9515.10

437.80

18.5

620.80 24.0

88.8

73.7

46.4

58.7337.30

30.90

100.0



Project Name:

26 : 55 : 19

S06

Feb-11

Exploration No.:

Depth (feet): 25.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-008, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/09/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 0 Soil Type

% Sand 42

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 103.83

362.15 1.00 1.00 75.83

38.13 0.00 0.00

324.02 28.00

3" 0.00 100.0 0.00 100.0 99.8

1½" 0.00 100.0 0.12 99.8 99.6

3/4" 0.00 100.0 0.56 99.1 98.9

3/8" 0.00 100.0 3.10 95.0 94.8

No. 4 0.00 100.0 11.62 81.1 81.0

No. 10 0.60 99.8 25.46 58.6 58.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.49             Wt. of Dry Soil (g) 61.49

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:46 0

10:48 2 20.7 30.5 36.2 0.0320

10:51 5 20.6 26.0 29.0 0.0208

11:01 15 20.7 23.0 24.2 0.0123

11:16 30 20.8 21.5 21.7 0.0088

11:46 60 20.9 20.0 19.3 0.0063

12:46 120 21.2 19.0 17.7 0.0044

14:56 250 21.7 17.5 15.3 0.0031

26-Jan-11 9:46 1380 20.5 16.0 12.9 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(ML)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-008

S07

Dark gray sandy silt s(ML)

SA & Hyd R-11-008, S07 @ 30



0 : 42 : 58

S07

Feb-11

Depth (feet) :  30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark gray sandy silt s(ML)

400486.01.04.02.09.SC
Exploration No.:

s(ML)

GR:SA:FI : (%)

Project No.:
R-11-008 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown silty sand (SM)

B-1 0.00

964.63 0.00

204.57 1.00

760.06 0.00

B-1

776.90

204.57

572.33

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 6 %
SAND: 68 %
FINES: 26 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

28.20

48.00

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

561.20

72.3

PAN

210.50

85.1113.60

86.40

26.2

423.40 44.3

96.3

93.7

88.6

90.968.90

0.00



Project Name:

6 : 68 : 26

S08

Feb-11

Exploration No.:

Depth (feet): 35.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-008, S08 @ 35



Project Name: Tested By: S. Felter Date: 01/19/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-008 Depth (feet): 50.0

Sample No.: S11

Soil Identification: Brown clayey sand with gravel (SC)g

YK 0.00

604.93 0.00

252.16 1.00

352.77 0.00

YK

512.00

252.16

259.84

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 24 %
SAND: 49 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

43.80

83.60

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

257.30

43.7

PAN

198.70

51.1172.40

145.20

27.1

228.50 35.2

87.6

76.3

58.8

67.5114.70

0.00



Project Name:

24 : 49 : 27

S11

Feb-11

Exploration No.:

Depth (feet): 50.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-008 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 4 Soil Type

% Sand 26

% Fines 70

2.70 0.00 0.00

0.99 0.00 0.00 91.54

324.77 1.00 1.00 77.97

37.44 0.00 0.00

287.33 13.57

3" 0.00 100.0 0.00 100.0 91.7

1½" 0.00 100.0 1.22 97.8 89.8

3/4" 0.00 100.0 3.84 93.2 85.5

3/8" 6.37 97.8 6.69 88.2 80.9

No. 4 12.72 95.6 9.71 82.8 76.0

No. 10 23.76 91.7 13.17 76.7 70.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.53             Wt. of Dry Soil (g) 56.53

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:30 0

10:32 2 20.8 45.5 60.4 0.0283

10:35 5 20.7 41.0 53.1 0.0186

10:45 15 20.7 37.0 46.7 0.0111

11:00 30 20.7 34.5 42.7 0.0080

11:30 60 20.9 32.5 39.4 0.0058

12:30 120 21.2 30.5 36.2 0.0041

14:40 250 21.8 29.0 33.8 0.0028

26-Jan-11 9:32 1382 20.6 26.5 29.8 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S02

Brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S02 @ 5



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  5.0 Soil Type :

Project Name:

4 : 26 : 70

S02

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 3 Soil Type

% Sand 67

% Fines 30

2.70 0.00 0.00

0.99 0.00 0.00 296.85

445.22 1.00 1.00 224.26

39.14 0.00 0.00

406.08 72.59

3" 0.00 100.0 0.00 100.0 88.0

1½" 0.00 100.0 7.60 92.9 81.8

3/4" 0.00 100.0 25.61 76.1 67.0

3/8" 0.00 100.0 43.89 59.1 52.0

No. 4 13.60 96.7 58.96 45.1 39.7

No. 10 48.54 88.0 70.17 34.6 30.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 107.35             Wt. of Dry Soil (g) 107.35

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:42 0

9:44 2 20.5 36.0 22.8 0.0307

9:47 5 20.4 32.0 19.5 0.0200

9:57 15 20.4 28.5 16.7 0.0118

10:12 30 20.5 26.0 14.6 0.0085

10:42 60 20.7 23.0 12.2 0.0061

11:42 120 20.9 21.0 10.6 0.0044

13:52 250 21.3 19.0 8.9 0.0031

25-Jan-11 8:49 1387 20.6 17.0 7.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S03

Dark brown silty sand (SM)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S03 @ 10



S03 10

297
445 224
39

7.6
26

0 44
14 59
49 70

107

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown silty sand (SM)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

3 : 67 : 30

S03

Feb-11

SM
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SA & Hyd R-11-009, S03 @ 10



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 5 Soil Type

% Sand 42

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 101.36

243.82 1.00 1.00 75.69

38.24 0.00 0.00

205.58 25.67

3" 0.00 100.0 0.00 100.0 88.3

1½" 0.00 100.0 3.05 95.2 84.0

3/4" 0.00 100.0 9.28 85.3 75.3

3/8" 2.68 98.7 15.36 75.6 66.8

No. 4 10.64 94.8 20.77 67.0 59.2

No. 10 24.04 88.3 25.34 59.7 52.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.94             Wt. of Dry Soil (g) 62.94

Deflocculant  125 cc of 4% Solution

25-Jan-11 10:42 0

10:44 2 20.7 37.0 40.4 0.0304

10:47 5 20.7 33.0 34.8 0.0199

10:57 15 20.7 28.0 27.8 0.0119

11:12 30 20.8 26.0 25.1 0.0085

11:42 60 20.9 23.0 20.9 0.0061

12:42 120 21.2 21.0 18.1 0.0044

14:52 250 21.7 19.0 15.3 0.0031

26-Jan-11 9:41 1379 20.5 17.0 12.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S04

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S04 @ 15



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

5 : 42 : 53

S04

Feb-11

s(CL)
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SA & Hyd R-11-009, S04 @ 15



Project Name: Tested By: S. Felter Date: 01/27/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11

Exploration No.: R-11-009 Depth (feet): 20.0

Sample No.: S05

Soil Identification: Brown clayey sand with gravel (SC)g

GE 0.00

709.60 0.00

251.10 1.00

458.50 0.00

GE

589.60

251.10

338.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 20 %
SAND: 53 %
FINES: 27 %
GROUP SYMBOL: (SC)g

Remarks:

88.5

80.3

60.1

70.6134.60

31.30

100.0

49.3232.60

182.80

26.5

311.80 32.0

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

336.80

39.7

PAN

276.40

93.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

52.90

90.50

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                 
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements
Exploration No.:

Depth (feet): 20.0 Soil Type :

Project Name:

20 : 53 : 27

S05

Feb-11
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Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11

Exploration No.: R-11-009 Depth (feet): 25.0

Sample No.: S06

Soil Identification: Brown silty sand with gravel (SM)g

WR 0.00

456.56 0.00

237.97 1.00

218.59 0.00

WR

411.69

237.97

173.72

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 46 %
FINES: 21 %
GROUP SYMBOL: (SM)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

39.00

72.40

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

173.00

31.5

PAN

149.70

37.7136.10

118.80

20.9

162.10 25.8

82.2

66.9

45.7

55.298.00

0.00



33 : 46 : 21

S06

Feb-11

Exploration No.:

Depth (feet): 25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA R-11-009, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/24/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 0 Soil Type

% Sand 55

% Fines 45

2.70 0.00 0.00

0.99 0.00 0.00 267.58

280.08 1.00 1.00 226.44

38.64 0.00 0.00

241.44 41.14

3" 0.00 100.0 0.00 100.0 99.3

1½" 0.00 100.0 0.39 99.4 98.8

3/4" 0.00 100.0 2.00 97.2 96.5

3/8" 0.00 100.0 7.82 88.9 88.3

No. 4 0.26 99.9 22.93 67.5 67.0

No. 10 1.65 99.3 38.38 45.6 45.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 70.50             Wt. of Dry Soil (g) 70.50

Deflocculant  125 cc of 4% Solution

24-Jan-11 9:50 0

9:52 2 20.5 29.0 29.3 0.0322

9:55 5 20.4 26.5 25.9 0.0208

10:05 15 20.5 24.0 22.4 0.0122

10:20 30 20.5 22.0 19.6 0.0087

10:50 60 20.7 21.0 18.2 0.0062

11:50 120 20.9 20.0 16.8 0.0044

14:00 250 21.2 18.0 14.0 0.0031

25-Jan-11 8:56 1386 20.6 16.0 11.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S07

Brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd R-11-009, S07 @ 30



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  30.0 Soil Type :

Project Name:

0 : 55 : 45

S07

Feb-11

SC
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SA & Hyd R-11-009, S07 @ 30



Project Name: Tested By: S. Felter Date: 01/20/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11

Exploration No.: R-11-009 Depth (feet): 35.0

Sample No.: S08

Soil Identification: Brown well-graded sand with silt and gravel (SW-SM)g

XY 0.00

604.92 0.00

249.00 1.00

355.92 0.00

XY

568.32

249.00

319.32

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 44 %
SAND: 45 %
FINES: 11 %
GROUP SYMBOL: (SW-SM)g 86.76

1.68

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

104.80

156.20

81.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

317.90

20.9

PAN

281.40

27.1259.50

233.70

10.7

303.10 14.8

70.6

56.1

34.3

43.8199.90

66.80

100.0



44 : 45 : 11

S08

Feb-11

Exploration No.:

Depth (feet): 35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown well-graded sand with silt and gravel (SW-SM)g

(SW-SM)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
R-11-009 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 01/25/11

Project No. : Data Input By: J. Ward Date: 02/14/11

Exploration No.:

Sample No.: Depth (feet) :     50.0

% Gravel 28 Soil Type

% Sand 43

% Fines 29

2.70 0.00 135.65

0.99 0.00 134.23 112.05

858.50 1.00 56.59 77.09

244.60 0.00 1.83

613.90 34.96

3" 0.00 100.0 0.00 100.0 63.1

1½" 0.00 100.0 4.83 92.4 58.3

3/4" 48.32 92.1 12.02 81.0 51.2

3/8" 125.03 79.6 19.08 69.9 44.1

No. 4 170.21 72.3 26.89 57.6 36.4

No. 10 226.34 63.1 34.18 46.1 29.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.59             Wt. of Dry Soil (g) 63.43

Deflocculant  125 cc of 4% Solution

27-Jan-11 9:58 0

10:00 2 21.7 31.0 24.7 0.0314

10:03 5 21.7 27.0 20.7 0.0205

10:13 15 21.7 23.0 16.8 0.0121

10:28 30 21.7 20.0 13.8 0.0087

10:58 60 21.7 18.0 11.8 0.0063

11:58 120 21.8 16.5 10.4 0.0045

14:08 250 21.7 15.0 8.9 0.0031

28-Jan-11 9:39 1421 20.5 12.0 5.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-009

S11

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd R-11-009, S11 @ 50



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-009 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  50.0 Soil Type :

Project Name:

28 : 43 : 29

S11

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 23 Soil Type

% Sand 44

% Fines 33

2.70 0.00 0.00

0.99 0.00 0.00 103.34

249.30 1.00 1.00 76.35

38.86 0.00 0.00

210.44 26.99

3" 0.00 100.0 0.00 100.0 67.3

1½" 0.00 100.0 3.49 93.4 62.9

3/4" 0.00 100.0 9.90 81.2 54.7

3/8" 29.13 86.2 16.00 69.7 46.9

No. 4 48.09 77.1 22.13 58.1 39.1

No. 10 68.76 67.3 27.11 48.6 32.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 52.76             Wt. of Dry Soil (g) 52.76

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:32 0

9:34 2 19.5 26.0 24.1 0.0333

9:37 5 19.5 23.0 20.3 0.0215

9:47 15 19.6 21.0 17.7 0.0126

10:02 30 19.7 20.0 16.5 0.0090

10:32 60 19.9 18.0 13.9 0.0064

11:32 120 20.9 16.5 12.0 0.0045

13:42 250 21.4 15.5 10.8 0.0031

23-Feb-11 9:32 1440 19.9 14.0 8.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S04

Grayish olive clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S04 @ 15



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Grayish olive clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

23 : 44 : 33

S04

Feb-11

(SC)g
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SA & Hyd R-11-010, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 11 Soil Type

% Sand 36

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 102.40

277.30 1.00 1.00 82.91

38.26 0.00 0.00

239.04 19.49

3" 0.00 100.0 0.00 100.0 83.0

1½" 0.00 100.0 1.94 96.4 80.0

3/4" 0.00 100.0 6.16 88.4 73.4

3/8" 13.67 94.3 10.51 80.3 66.6

No. 4 26.42 88.9 15.37 71.1 59.0

No. 10 40.70 83.0 19.44 63.5 52.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 53.24             Wt. of Dry Soil (g) 53.24

Deflocculant  125 cc of 4% Solution

22-Feb-11 9:24 0

9:26 2 19.4 33.5 41.0 0.0316

9:29 5 19.5 30.0 35.6 0.0206

9:39 15 19.5 27.0 30.9 0.0121

9:54 30 19.7 25.0 27.8 0.0087

10:24 60 19.9 23.0 24.7 0.0062

11:24 120 20.8 21.5 22.4 0.0044

13:34 250 21.4 20.0 20.1 0.0030

23-Feb-11 9:24 1440 19.9 18.5 17.8 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S06

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S06 @ 25
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

11 : 36 : 53

S06

Feb-11

s(CL)
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SA & Hyd R-11-010, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 3 Soil Type

% Sand 35

% Fines 62

2.70 0.00 0.00

0.99 0.00 0.00 90.61

264.50 1.00 1.00 72.50

38.30 0.00 0.00

226.20 18.11

3" 0.00 100.0 0.00 100.0 92.0

1½" 0.00 100.0 1.80 96.7 89.0

3/4" 0.00 100.0 5.19 90.4 83.2

3/8" 3.36 98.5 9.16 83.0 76.4

No. 4 7.42 96.7 13.08 75.7 69.7

No. 10 18.00 92.0 17.63 67.3 61.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 53.90             Wt. of Dry Soil (g) 53.90

Deflocculant  125 cc of 4% Solution

24-Feb-11 10:00 0

10:02 2 20.6 35.0 47.4 0.0310

10:05 5 20.6 31.5 41.5 0.0201

10:15 15 20.7 28.0 35.6 0.0119

10:30 30 20.8 26.0 32.2 0.0085

11:00 60 20.9 23.0 27.1 0.0061

12:00 120 21.3 22.0 25.4 0.0043

14:10 250 21.7 20.5 22.9 0.0030

25-Feb-11 10:00 1440 20.7 18.0 18.6 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S08

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S08 @ 35
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##

3 : 35 : 62

S08

Mar-11

s(CL)Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-010, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     50.0

% Gravel 16 Soil Type

% Sand 54

% Fines 30

2.70 0.00 203.18

0.99 0.00 200.31 113.88

1163.90 1.00 38.07 74.96

244.51 0.00 1.77

919.39 38.92

3" 0.00 100.0 0.00 100.0 73.3

1½" 0.00 100.0 5.52 91.5 67.1

3/4" 19.28 97.9 13.42 79.2 58.1

3/8" 72.33 92.1 21.70 66.4 48.7

No. 4 150.38 83.6 30.85 52.3 38.4

No. 10 245.05 73.3 38.00 41.2 30.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.81             Wt. of Dry Soil (g) 64.67

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:46 0

8:48 2 19.4 28.0 23.6 0.0329

8:51 5 19.4 25.0 20.3 0.0213

9:01 15 19.4 22.0 16.9 0.0125

9:16 30 19.4 20.0 14.6 0.0090

9:46 60 19.6 19.0 13.5 0.0064

10:46 120 20.2 17.0 11.3 0.0045

12:56 250 21.1 16.0 10.1 0.0031

22-Feb-11 8:39 1433 19.2 14.0 7.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S11

Brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, S11 @ 50
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  50.0 Soil Type :

Project Name:

16 : 54 : 30

S11

Feb-11

(SC)g
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SA & Hyd R-11-010, S11 @ 50



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 35

% Fines 65

2.70 0.00 0.00

0.99 0.00 0.00 114.43

299.10 1.00 1.00 77.38

39.22 0.00 0.00

259.88 37.05

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.12 99.9 99.7

3/4" 0.00 100.0 0.52 99.5 99.4

3/8" 0.00 100.0 4.09 96.0 95.9

No. 4 0.00 100.0 17.87 82.5 82.4

No. 10 0.37 99.9 36.08 64.8 64.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 102.40             Wt. of Dry Soil (g) 102.40

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:56 0

9:58 2 20.5 47.5 39.2 0.0277

10:01 5 20.6 41.5 33.4 0.0185

10:11 15 20.7 37.0 29.0 0.0111

10:26 30 20.8 35.0 27.1 0.0080

10:56 60 20.9 33.0 25.2 0.0057

11:56 120 21.3 30.5 22.7 0.0041

14:06 250 21.7 28.0 20.3 0.0029

25-Feb-11 9:56 1440 20.7 25.0 17.4 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

S12

Dark olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd R-11-010, S12 @ 55
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##

0 : 35 : 65

S12

Mar-11

s(CL)Depth (feet) :  55.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd R-11-010, S12 @ 55



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/26/11

Exploration No.:

Sample No.: Depth (feet) :     40.0-42.0

% Gravel 21 Soil Type

% Sand 53

% Fines 26

2.70 0.00 184.21

0.99 0.00 182.61 111.19

853.44 1.00 38.67 75.72

220.23 0.00 1.11

633.21 35.47

3" 0.00 100.0 0.00 100.0 68.8

1½" 0.00 100.0 4.32 92.2 63.4

3/4" 29.55 95.3 12.21 78.0 53.6

3/8" 69.76 89.0 20.41 63.3 43.5

No. 4 130.26 79.4 28.46 48.8 33.5

No. 10 197.80 68.8 34.60 37.7 25.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 56.17             Wt. of Dry Soil (g) 55.55

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:26 0

9:28 2 20.2 23.5 20.3 0.0335

9:31 5 20.2 20.5 16.6 0.0216

9:41 15 20.2 19.0 14.7 0.0126

9:56 30 20.3 17.0 12.3 0.0090

10:26 60 20.4 15.5 10.4 0.0064

11:26 120 20.7 14.5 9.2 0.0046

13:36 250 21.4 13.5 8.0 0.0032

18-Feb-11 8:41 1395 19.9 12.0 6.1 0.0014

101/23 Interchange Improvements

400486.01.04.02.09.SC

R-11-010

U09

Olive brown silty sand with gravel (SM)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SM)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd R-11-010, U09 @ 40-42
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
R-11-010 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown silty sand with gravel (SM)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  40.0-42.0 Soil Type :

Project Name:

21 : 53 : 26

U09

Feb-11

(SM)g
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SA & Hyd R-11-010, U09 @ 40-42



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     30.0

% Gravel 3 Soil Type

% Sand 46

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 108.50

425.91 1.00 1.00 76.01

38.23 0.00 0.00

387.68 32.49

3" 0.00 100.0 0.00 100.0 97.0

1½" 0.00 100.0 0.27 99.6 96.6

3/4" 0.00 100.0 1.68 97.4 94.5

3/8" 6.20 98.4 8.17 87.3 84.7

No. 4 10.03 97.4 20.82 67.7 65.7

No. 10 11.48 97.0 30.66 52.5 50.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.49             Wt. of Dry Soil (g) 64.49

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:54 0

9:56 2 20.0 35.0 41.8 0.0310

9:59 5 20.1 31.0 35.8 0.0201

10:09 15 20.2 28.0 31.3 0.0119

10:24 30 20.2 26.0 28.4 0.0085

10:54 60 20.4 25.0 26.9 0.0061

11:54 120 20.6 24.0 25.4 0.0043

14:04 250 21.2 22.0 22.4 0.0030

24-Feb-11 9:37 1423 20.4 20.0 19.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-011

S09

Olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-011, S09 @ 30
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##

3 : 46 : 51

S09

Mar-11

s(CL)Depth (feet) :  30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-011 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-011, S09 @ 30



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 15 Soil Type

% Sand 35

% Fines 50

2.70 0.00 0.00

0.99 0.00 0.00 111.70

795.50 1.00 1.00 75.25

111.20 0.00 0.00

684.30 36.45

3" 0.00 100.0 0.00 100.0 78.0

1½" 0.00 100.0 3.51 96.5 75.3

3/4" 13.20 98.1 8.89 91.1 71.1

3/8" 57.00 91.7 15.82 84.2 65.7

No. 4 99.40 85.5 25.46 74.6 58.2

No. 10 150.40 78.0 35.54 64.5 50.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.20             Wt. of Dry Soil (g) 100.20

Deflocculant  125 cc of 4% Solution

24-Feb-11 9:44 0

9:46 2 20.5 56.0 37.8 0.0253

9:49 5 20.5 50.5 33.6 0.0170

9:59 15 20.5 45.0 29.4 0.0104

10:14 30 20.7 42.0 27.0 0.0075

10:44 60 20.9 39.0 24.7 0.0055

11:44 120 21.3 36.0 22.4 0.0039

13:54 250 21.7 33.5 20.5 0.0028

25-Feb-11 9:44 1440 20.7 29.0 17.0 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-012

S04

Olive sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-012, S04 @ 15
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##

15 : 35 : 50

S04

Mar-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-012 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-012, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/16/11

Project No. : Data Input By: J. Ward Date: 02/23/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 30 Soil Type

% Sand 17

% Fines 53

2.70 0.00 175.35

0.99 0.00 170.03 86.46

784.90 1.00 38.64 76.07

137.90 0.00 4.05

647.00 10.39

3" 0.00 100.0 0.00 100.0 67.3

1½" 0.00 100.0 1.16 97.6 65.7

3/4" 111.66 82.7 2.63 94.5 63.6

3/8" 177.08 72.6 4.30 91.1 61.3

No. 4 192.95 70.2 6.87 85.7 57.7

No. 10 211.44 67.3 10.12 79.0 53.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 50.10             Wt. of Dry Soil (g) 48.15

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:34 0

9:36 2 20.2 40.5 46.5 0.0295

9:39 5 20.2 38.0 43.0 0.0191

9:49 15 20.3 35.0 38.8 0.0113

10:04 30 20.4 33.5 36.8 0.0081

10:34 60 20.4 32.0 34.7 0.0058

11:34 120 20.8 31.0 33.3 0.0041

13:44 250 21.4 30.0 31.9 0.0028

18-Feb-11 8:46 1392 19.8 28.0 29.1 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-013

S05

Dark brown gravelly fat clay with sand g(CH)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

g(CH)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-013, S05 @ 20
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##

30 : 17 : 53

S05

Feb-11

g(CH)sDepth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown gravelly fat clay with sand g(CH)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-013 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-013, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 5 Soil Type

% Sand 37

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 98.05

261.54 1.00 1.00 75.64

37.71 0.00 0.00

223.83 22.41

3" 0.00 100.0 0.00 100.0 90.5

1½" 0.00 100.0 1.93 96.8 87.6

3/4" 0.00 100.0 5.34 91.2 82.5

3/8" 6.29 97.2 9.74 84.0 76.0

No. 4 12.02 94.6 15.51 74.5 67.4

No. 10 21.36 90.5 21.67 64.3 58.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.77             Wt. of Dry Soil (g) 60.77

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:26 0

9:28 2 20.6 37.5 45.0 0.0303

9:31 5 20.6 33.0 38.4 0.0199

9:41 15 20.6 30.0 34.0 0.0117

9:56 30 20.8 28.0 31.0 0.0084

10:26 60 20.9 26.0 28.1 0.0060

11:26 120 21.0 24.0 25.1 0.0043

13:36 250 21.8 22.0 22.1 0.0030

10-Feb-11 9:44 1458 21.5 18.0 16.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-014

S06

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

SA & Hyd A-11-014, S06 @ 25



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-014 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

5 : 37 : 58

S06

Feb-11

s(CL)
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SA & Hyd A-11-014, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 6 Soil Type

% Sand 37

% Fines 57

2.70 0.00 0.00

0.99 0.00 0.00 105.04

357.09 1.00 1.00 82.60

82.69 0.00 0.00

274.40 22.44

3" 0.00 100.0 0.00 100.0 87.2

1½" 0.00 100.0 1.70 97.2 84.8

3/4" 0.00 100.0 5.15 91.6 79.9

3/8" 0.73 99.7 9.58 84.4 73.7

No. 4 16.21 94.1 15.51 74.8 65.3

No. 10 35.02 87.2 21.45 65.2 56.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.56             Wt. of Dry Soil (g) 61.56

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:50 0

10:52 2 19.7 40.5 46.4 0.0299

10:55 5 19.8 36.5 40.8 0.0195

11:05 15 19.9 33.0 35.8 0.0116

11:20 30 20.1 30.0 31.6 0.0083

11:50 60 20.3 28.5 29.5 0.0059

12:50 120 20.6 27.0 27.4 0.0042

15:00 250 21.4 25.0 24.6 0.0029

01-Mar-11 10:57 1447 20.5 21.0 19.0 0.0013

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-015

S06

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-015, S06 @ 20



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

6 : 37 : 57

S06

Mar-11

s(CL)Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-015 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-015, S06 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 15 Soil Type

% Sand 41

% Fines 44

2.70 0.00 0.00

0.99 0.00 0.00 103.80

306.55 1.00 1.00 76.37

38.54 0.00 0.00

268.01 27.43

3" 0.00 100.0 0.00 100.0 76.6

1½" 0.00 100.0 3.40 94.6 72.5

3/4" 0.00 100.0 9.26 85.3 65.3

3/8" 23.83 91.1 15.41 75.5 57.8

No. 4 40.91 84.7 21.43 65.9 50.5

No. 10 62.64 76.6 26.63 57.6 44.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.84             Wt. of Dry Soil (g) 62.84

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:38 0

8:40 2 20.6 37.0 36.3 0.0304

8:43 5 20.6 33.0 31.5 0.0199

8:53 15 20.7 30.0 27.8 0.0117

9:08 30 20.8 27.0 24.2 0.0085

9:38 60 20.8 26.0 23.0 0.0060

10:38 120 20.8 24.0 20.6 0.0043

12:48 250 21.0 22.0 18.1 0.0030

26-Feb-11 9:04 1466 19.3 19.0 14.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-016

S01

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-016, S01 @ 5
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##

15 : 41 : 44

S01

Mar-11

(SC)gDepth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-016 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-016, S01 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 1 Soil Type

% Sand 30

% Fines 69

2.70 0.00 0.00

0.99 0.00 0.00 95.14

241.48 1.00 1.00 75.88

37.45 0.00 0.00

204.03 19.26

3" 0.00 100.0 0.00 100.0 97.2

1½" 0.00 100.0 0.56 99.1 96.3

3/4" 0.00 100.0 1.73 97.2 94.4

3/8" 0.77 99.6 3.75 93.9 91.2

No. 4 1.49 99.3 9.42 84.6 82.2

No. 10 5.75 97.2 18.07 70.5 68.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.26             Wt. of Dry Soil (g) 61.26

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:42 0

8:44 2 20.6 39.0 50.4 0.0299

8:47 5 20.6 35.0 44.1 0.0196

8:57 15 20.7 32.0 39.3 0.0116

9:12 30 20.8 30.0 36.2 0.0083

9:42 60 20.9 28.0 33.0 0.0059

10:42 120 20.8 26.0 29.9 0.0043

12:52 250 21.0 24.0 26.8 0.0030

26-Feb-11 9:06 1464 19.3 20.0 20.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-016

S06

Olive yellow sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-016, S06 @ 25
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##

1 : 30 : 69

S06

Mar-11

s(CL)Depth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-016 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-016, S06 @ 25



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 5 Soil Type

% Sand 40

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 98.25

579.58 1.00 1.00 72.95

75.55 0.00 0.00

504.03 25.30

3" 0.00 100.0 0.00 100.0 88.2

1½" 0.00 100.0 2.35 96.3 84.9

3/4" 0.00 100.0 6.43 89.8 79.2

3/8" 7.95 98.4 11.48 81.7 72.1

No. 4 24.60 95.1 17.92 71.5 63.1

No. 10 59.29 88.2 24.04 61.8 54.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.90             Wt. of Dry Soil (g) 62.90

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:02 0

9:04 2 20.0 39.0 44.5 0.0299

9:07 5 20.1 36.0 40.4 0.0194

9:17 15 20.1 32.5 35.5 0.0115

9:32 30 20.0 30.5 32.7 0.0083

10:02 60 20.1 28.0 29.2 0.0059

11:02 120 20.4 26.0 26.4 0.0043

13:12 250 21.0 24.0 23.7 0.0030

24-Feb-11 8:35 1413 20.1 20.0 18.1 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S04

Brown sandy fat clay s(CH)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CH)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-017, S04 @ 15



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

5 : 40 : 55

S04

Mar-11

s(CH)Depth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy fat clay s(CH)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-017 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-017, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 6 Soil Type

% Sand 33

% Fines 61

2.70 0.00 0.00

0.99 0.00 0.00 97.07

507.29 1.00 1.00 75.87

76.80 0.00 0.00

430.49 21.20

3" 0.00 100.0 0.00 100.0 89.8

1½" 0.00 100.0 1.30 97.9 87.9

3/4" 0.00 100.0 3.57 94.2 84.5

3/8" 7.68 98.2 6.75 89.0 79.9

No. 4 24.50 94.3 12.60 79.4 71.3

No. 10 43.98 89.8 19.81 67.6 60.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.22             Wt. of Dry Soil (g) 61.22

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:50 0

8:52 2 20.1 40.0 48.0 0.0296

8:55 5 20.1 35.0 40.7 0.0196

9:05 15 20.1 31.0 34.9 0.0116

9:20 30 20.1 29.5 32.7 0.0083

9:50 60 20.0 27.0 29.1 0.0060

10:50 120 20.4 25.0 26.2 0.0043

13:00 250 21.0 23.0 23.3 0.0030

24-Feb-11 8:28 1418 20.1 19.0 17.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-017

S08

Brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-017, S08 @ 35
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0.4
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0 7.8
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1.7 38

71

##

6 : 33 : 61

S08

Mar-11

s(CL)Depth (feet) :  35.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-017 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-017, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 18 Soil Type

% Sand 48

% Fines 34

2.70 0.00 0.00

0.99 0.00 0.00 110.29

239.10 1.00 1.00 77.27

37.42 0.00 0.00

201.68 33.02

3" 0.00 100.0 0.00 100.0 73.2

1½" 0.00 100.0 3.43 94.3 69.1

3/4" 8.12 96.0 10.13 83.3 61.0

3/8" 24.09 88.1 18.13 70.1 51.3

No. 4 36.99 81.7 26.19 56.7 41.6

No. 10 54.00 73.2 32.20 46.8 34.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.55             Wt. of Dry Soil (g) 60.55

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:06 0

9:08 2 20.1 31.0 28.8 0.0318

9:11 5 20.1 28.0 25.2 0.0206

9:21 15 20.1 26.0 22.8 0.0120

9:36 30 20.1 24.0 20.4 0.0086

10:06 60 20.1 22.5 18.6 0.0062

11:06 120 20.4 21.0 16.8 0.0044

13:16 250 21.0 19.0 14.4 0.0031

24-Feb-11 8:36 1410 20.1 16.5 11.4 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-019

S09

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-019, S09 @ 40
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##

18 : 48 : 34

S09

Mar-11

(SC)gDepth (feet) :  40.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-019 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-019, S09 @ 40



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-020 Depth (feet): 5.0

Sample No.: S01

Soil Identification: Olive brown clayey sand with gravel (SC)g

57 0.00

825.40 0.00

107.60 1.00

717.80 0.00

57

485.10

107.60

377.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 19 %
SAND: 33 %
FINES: 48 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

89.40

138.10

95.7

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

375.60

61.2

PAN

278.70

67.0237.10

203.90

47.7

329.80 54.1

87.5

80.8

71.6

75.7174.70

30.70

100.0



19 : 33 : 48

S01

Mar-11

Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-020 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-020, S01 @ 5



Project Name: Tested By: S. Felter Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-020 Depth (feet): 30.0

Sample No.: S08

Soil Identification: Brown clayey sand with gravel (SC)g

733 0.00

296.24 0.00

76.45 1.00

219.79 0.00

733

243.10

76.45

166.65

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 19 %
SAND: 56 %
FINES: 25 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

15.00

40.70

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

166.00

38.7

PAN

134.80

47.7114.90

94.20

24.5

153.70 30.1

93.2

81.5

57.1

68.569.20

0.00



19 : 56 : 25

S08

Mar-11

Exploration No.:

Depth (feet): 30.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-020 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA A-11-020, S08 @ 30



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 18 Soil Type

% Sand 30

% Fines 52

2.70 0.00 0.00

0.99 0.00 0.00 99.47

366.73 1.00 1.00 77.93

38.79 0.00 0.00

327.94 21.54

3" 0.00 100.0 0.00 100.0 77.3

1½" 0.00 100.0 2.50 96.1 74.3

3/4" 22.55 93.1 6.35 90.1 69.7

3/8" 47.50 85.5 10.42 83.8 64.8

No. 4 58.32 82.2 15.81 75.4 58.3

No. 10 74.38 77.3 21.00 67.3 52.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.19             Wt. of Dry Soil (g) 64.19

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:22 0

9:24 2 20.5 42.5 42.4 0.0290

9:27 5 20.6 38.5 37.6 0.0190

9:37 15 20.6 35.0 33.5 0.0113

9:52 30 20.7 33.5 31.7 0.0081

10:22 60 20.9 31.0 28.7 0.0058

11:22 120 20.9 29.0 26.3 0.0042

13:32 250 21.8 26.0 22.7 0.0029

10-Feb-11 9:42 1460 21.5 21.0 16.7 0.0012

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-021

S04

Yellowish brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-021, S04 @ 15



18 : 30 : 52

S04

Feb-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-021 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-021, S04 @ 15



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-022 Depth (feet): 10.0

Sample No.: S03

Soil Identification: Olive brown clayey sand with gravel (SC)g

915 0.00

760.20 0.00

107.60 1.00

652.60 0.00

915

510.20

107.60

402.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 19 %
SAND: 42 %
FINES: 39 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

63.40

126.30

98.3

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

398.20

52.8

PAN

308.00

60.7256.60

216.10

39.0

362.70 44.4

90.3

80.6

66.9

73.0176.30

11.20

100.0



19 : 42 : 39

S03

Mar-11

Exploration No.:

Depth (feet): 10.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Olive brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-022 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-022, S03 @ 10



Project Name: Tested By: A. Santos Date: 02/24/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11

Exploration No.: A-11-023 Depth (feet): 5.0

Sample No.: S01

Soil Identification: Dark olive brown clayey sand with gravel (SC)g

929 0.00

747.00 0.00

108.60 1.00

638.40 0.00

929

654.80

108.60

546.20

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 39 %
SAND: 46 %
FINES: 15 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

154.60

246.10

91.7

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

544.70

26.1

PAN

471.80

34.3419.30

371.30

14.7

517.50 18.9

75.8

61.5

41.8

50.4316.50

52.80

100.0



39 : 46 : 15

S01

Mar-11

Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Dark olive brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-023 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-023, S01 @ 5



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-024 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Brown clayey gravel with sand (GC)s

GE 0.00

1037.97 0.00

251.22 1.00

786.75 0.00

GE

843.65

251.22

592.43

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 41 %
SAND: 34 %
FINES: 25 %
GROUP SYMBOL: (GC)s

Remarks:

53.5365.80

92.00

100.0

PAN

502.70

43.4445.30

25.2

554.50 29.5

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

588.80

36.1

Cc = (D30)²/(D60*D10) =

0.00

245.90

321.80

88.3

403.80

68.7

59.1

48.7

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-024 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey gravel with sand (GC)s

(GC)s

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 15.0 Soil Type :

Project Name:

41 : 34 : 25

S04

Feb-11
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SA A-11-024, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 23 Soil Type

% Sand 29

% Fines 48

2.70 0.00 0.00

0.99 0.00 0.00 98.12

681.89 1.00 1.00 77.31

76.39 0.00 0.00

605.50 20.81

3" 0.00 100.0 0.00 100.0 71.8

1½" 0.00 100.0 1.94 96.8 69.5

3/4" 58.09 90.4 5.40 91.1 65.3

3/8" 96.95 84.0 9.47 84.3 60.5

No. 4 137.08 77.4 14.50 76.0 54.5

No. 10 170.93 71.8 19.89 67.0 48.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.36             Wt. of Dry Soil (g) 60.36

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:54 0

10:56 2 19.8 40.0 38.3 0.0300

10:59 5 19.8 35.0 32.4 0.0198

11:09 15 19.9 32.0 28.9 0.0117

11:24 30 20.1 30.0 26.5 0.0083

11:54 60 20.3 28.0 24.2 0.0059

12:54 120 20.6 25.5 21.2 0.0043

15:04 250 21.4 24.0 19.5 0.0030

01-Mar-11 10:58 1444 20.5 19.0 13.6 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-024

S05

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

SA & Hyd A-11-024, S05 @ 20



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-024 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  20.0 Soil Type :

Project Name:

23 : 29 : 48

S05

Mar-11

(SC)g
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SA & Hyd A-11-024, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 8 Soil Type

% Sand 33

% Fines 59

2.70 0.00 0.00

0.99 0.00 0.00 96.23

241.31 1.00 1.00 75.70

38.95 0.00 0.00

202.36 20.53

3" 0.00 100.0 0.00 100.0 87.2

1½" 0.00 100.0 1.60 97.4 84.9

3/4" 0.00 100.0 4.48 92.7 80.8

3/8" 8.54 95.8 8.35 86.4 75.3

No. 4 15.63 92.3 13.91 77.4 67.5

No. 10 25.96 87.2 19.83 67.8 59.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.56             Wt. of Dry Soil (g) 61.56

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:34 0

9:36 2 20.6 41.0 47.8 0.0295

9:39 5 20.6 37.0 42.1 0.0192

9:49 15 20.7 34.0 37.9 0.0114

10:04 30 20.8 31.5 34.4 0.0082

10:34 60 21.0 29.5 31.6 0.0058

11:34 120 21.1 27.0 28.1 0.0042

13:44 250 21.8 24.5 24.6 0.0029

10-Feb-11 9:47 1453 21.5 19.0 16.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-025

S06

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-025, S06 @ 25



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-025 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

8 : 33 : 59

S06

Feb-11

s(CL)
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 24 Soil Type

% Sand 38

% Fines 38

2.70 0.00 0.00

0.99 0.00 0.00 102.57

185.62 1.00 1.00 72.92

37.75 0.00 0.00

147.87 29.65

3" 0.00 100.0 0.00 100.0 67.2

1½" 0.00 100.0 4.23 93.7 63.0

3/4" 0.00 100.0 10.04 84.9 57.1

3/8" 15.91 89.2 15.94 76.1 51.1

No. 4 35.87 75.7 22.73 65.9 44.3

No. 10 48.47 67.2 29.16 56.2 37.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.64             Wt. of Dry Soil (g) 66.64

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:30 0

9:32 2 20.6 38.5 31.5 0.0301

9:35 5 20.6 34.0 27.0 0.0197

9:45 15 20.7 31.0 24.0 0.0116

10:00 30 20.8 28.0 21.0 0.0084

10:30 60 21.0 26.0 19.0 0.0059

11:30 120 21.1 23.5 16.5 0.0043

13:40 250 21.8 22.0 15.0 0.0030

10-Feb-11 9:46 1456 21.5 18.5 11.5 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-026

S06

Yellowish brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-026, S06 @ 25



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-026 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  25.0 Soil Type :

Project Name:

24 : 38 : 38

S06

Feb-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/09/11

Project No. : Data Input By: J. Ward Date: 02/21/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 16 Soil Type

% Sand 33

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 98.06

300.37 1.00 1.00 75.89

39.11 0.00 0.00

261.26 22.17

3" 0.00 100.0 0.00 100.0 79.2

1½" 0.00 100.0 3.05 95.0 75.2

3/4" 0.00 100.0 6.89 88.6 70.2

3/8" 30.78 88.2 11.22 81.4 64.5

No. 4 42.98 83.5 16.45 72.8 57.6

No. 10 54.30 79.2 21.73 64.0 50.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.40             Wt. of Dry Soil (g) 60.40

Deflocculant  125 cc of 4% Solution

09-Feb-11 9:38 0

9:40 2 20.6 40.0 42.9 0.0296

9:43 5 20.6 35.5 37.1 0.0195

9:53 15 20.7 32.0 32.5 0.0116

10:08 30 20.7 30.0 29.9 0.0083

10:38 60 20.9 28.0 27.3 0.0059

11:38 120 21.2 25.5 24.1 0.0042

13:48 250 21.8 24.0 22.1 0.0030

10-Feb-11 9:48 1450 21.5 21.0 18.2 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-027

S04

Dark brown sandy lean clay with gravel s(CL)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-027, S04 @ 15



16 : 33 : 51

S04

Feb-11

s(CL)gDepth (feet) :  15.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown sandy lean clay with gravel s(CL)g

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-027 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-027, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 28 Soil Type

% Sand 33

% Fines 39

2.70 0.00 0.00

0.99 0.00 0.00 103.34

258.13 1.00 1.00 77.65

79.26 0.00 0.00

178.87 25.69

3" 0.00 100.0 0.00 100.0 65.3

1½" 0.00 100.0 3.39 94.5 61.8

3/4" 10.87 93.9 8.65 86.1 56.2

3/8" 37.07 79.3 13.84 77.7 50.8

No. 4 49.78 72.2 19.34 68.8 45.0

No. 10 62.02 65.3 24.60 60.4 39.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.07             Wt. of Dry Soil (g) 62.07

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:06 0

10:08 2 19.4 38.0 31.8 0.0306

10:11 5 19.4 33.5 27.1 0.0200

10:21 15 19.5 30.0 23.5 0.0119

10:36 30 19.6 28.0 21.4 0.0085

11:06 60 19.9 26.0 19.3 0.0061

12:06 120 20.4 24.0 17.2 0.0043

14:16 250 21.2 22.0 15.1 0.0030

01-Mar-11 10:24 1458 20.3 19.0 12.0 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-028

S02

Yellowish brown clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

SA & Hyd A-11-028, S02 @ 10



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-028 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

28 : 33 : 39

S02

Mar-11

(SC)g
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SA & Hyd A-11-028, S02 @ 10



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-030 Depth (feet): 5.0

Sample No.: S01

Soil Identification: Brown silty gravel with sand (GM)s

EZ 0.00

480.75 0.00

140.04 1.00

340.71 0.00

EZ

436.30

140.04

296.26

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 58 %
SAND: 28 %
FINES: 14 %
GROUP SYMBOL: (GM)s

Remarks:

36.3217.10

111.90

100.0

PAN

264.10

27.4247.30

13.6

280.90 17.6

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

294.30

22.5

Cc = (D30)²/(D60*D10) =

0.00

165.60

195.90

67.2

232.10

51.4

42.5

31.9

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-030 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty gravel with sand (GM)s

(GM)s

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

58 : 28 : 14

S01

Feb-11

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA A-11-030, S01 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 0 Soil Type

% Sand 32

% Fines 68

2.70 0.00 0.00

0.99 0.00 0.00 95.80

355.72 1.00 1.00 74.93

38.76 0.00 0.00

316.96 20.87

3" 0.00 100.0 0.00 100.0 98.8

1½" 0.00 100.0 0.74 98.8 97.6

3/4" 0.00 100.0 3.18 94.8 93.6

3/8" 0.00 100.0 7.39 87.8 86.8

No. 4 1.26 99.6 12.96 78.7 77.7

No. 10 3.84 98.8 19.08 68.6 67.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.76             Wt. of Dry Soil (g) 60.76

Deflocculant  125 cc of 4% Solution

23-Feb-11 9:58 0

10:00 2 20.1 40.0 53.2 0.0296

10:03 5 20.1 36.0 46.8 0.0194

10:13 15 20.2 33.0 41.9 0.0115

10:28 30 20.2 31.0 38.7 0.0082

10:58 60 20.4 29.5 36.3 0.0059

11:58 120 20.6 28.0 33.9 0.0042

14:08 250 21.3 27.0 32.3 0.0029

24-Feb-11 9:38 1420 20.4 25.0 29.0 0.0012

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S02

Dark olive gray sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S02 @ 10



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark olive gray sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

0 : 32 : 68

S02

Mar-11

s(CL)
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SA & Hyd A-11-031, S02 @ 10



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/28/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 6 Soil Type

% Sand 46

% Fines 48

2.70 0.00 0.00

0.99 0.00 0.00 105.14

267.54 1.00 1.00 77.03

77.43 0.00 0.00

190.11 28.11

3" 0.00 100.0 0.00 100.0 86.3

1½" 0.00 100.0 2.90 95.2 82.1

3/4" 0.00 100.0 9.26 84.7 73.0

3/8" 2.45 98.7 15.38 74.5 64.3

No. 4 11.04 94.2 21.47 64.4 55.6

No. 10 26.08 86.3 27.04 55.2 47.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.34             Wt. of Dry Soil (g) 60.34

Deflocculant  125 cc of 4% Solution

28-Feb-11 10:10 0

10:12 2 19.5 34.5 38.3 0.0314

10:15 5 19.5 30.0 31.9 0.0206

10:25 15 19.5 27.0 27.7 0.0121

10:40 30 19.7 25.5 25.5 0.0086

11:10 60 20.0 23.5 22.7 0.0061

12:10 120 20.4 22.0 20.6 0.0044

14:20 250 21.2 20.0 17.7 0.0030

01-Mar-11 10:26 1456 20.3 18.0 14.9 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S04

Brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.5

7.5

Pan

No. 30

No. 50

No. 100

7.5

7.5

7.5

No. 200

SA & Hyd A-11-031, S04 @ 15



S07 30

268
280 226
39

0.4
2

0 7.8
0.3 23
1.7 38

71

##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0 Soil Type :

Project Name:

6 : 46 : 48

S04

Mar-11

SC
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SA & Hyd A-11-031, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 1 Soil Type

% Sand 35

% Fines 64

2.70 0.00 0.00

0.99 0.00 0.00 97.72

345.82 1.00 1.00 75.72

38.04 0.00 0.00

307.78 22.00

3" 0.00 100.0 0.00 100.0 97.0

1½" 0.00 100.0 1.57 97.5 94.6

3/4" 0.00 100.0 5.87 90.5 87.8

3/8" 0.00 100.0 10.81 82.5 80.1

No. 4 3.65 98.8 15.80 74.5 72.3

No. 10 9.15 97.0 21.07 66.0 64.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.92             Wt. of Dry Soil (g) 61.92

Deflocculant  125 cc of 4% Solution

23-Feb-11 8:58 0

9:00 2 20.0 39.0 49.7 0.0299

9:03 5 20.1 35.0 43.5 0.0196

9:13 15 20.1 31.0 37.3 0.0116

9:28 30 20.1 28.0 32.6 0.0084

9:58 60 20.0 25.5 28.8 0.0060

10:58 120 20.4 24.0 26.4 0.0043

13:08 250 21.0 22.0 23.3 0.0030

24-Feb-11 8:33 1415 20.1 19.0 18.7 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S05

Yellowish brown sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S05 @ 20



S07 30
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280 226
39
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  20.0 Soil Type :

Project Name:

1 : 35 : 64

S05

Mar-11

s(CL)
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SA & Hyd A-11-031, S05 @ 20



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 9 Soil Type

% Sand 55

% Fines 36

2.70 0.00 0.00

0.99 0.00 0.00 111.49

278.05 1.00 1.00 76.13

38.67 0.00 0.00

239.38 35.36

3" 0.00 100.0 0.00 100.0 80.3

1½" 0.00 100.0 4.60 92.6 74.3

3/4" 0.00 100.0 11.75 81.0 65.0

3/8" 10.12 95.8 18.81 69.6 55.9

No. 4 20.73 91.3 26.72 56.8 45.6

No. 10 47.24 80.3 33.83 45.3 36.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 61.88             Wt. of Dry Soil (g) 61.88

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:46 0

8:48 2 20.6 28.0 27.0 0.0325

8:51 5 20.7 24.5 22.5 0.0211

9:01 15 20.7 22.0 19.3 0.0124

9:16 30 20.8 19.5 16.1 0.0089

9:46 60 20.9 18.0 14.2 0.0063

10:46 120 20.8 16.0 11.6 0.0045

12:56 250 21.0 15.5 10.9 0.0031

26-Feb-11 9:07 1461 19.3 13.5 8.4 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S08

Yellowish brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S08 @ 35
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  35.0 Soil Type :

Project Name:

9 : 55 : 36

S08

Mar-11

SC

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

PARTICLE - SIZE (mm)

"

SA & Hyd A-11-031, S08 @ 35



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     45.0

% Gravel 0 Soil Type

% Sand 24

% Fines 76

2.70 0.00 0.00

0.99 0.00 0.00 96.10

236.65 1.00 1.00 77.25

38.76 0.00 0.00

197.89 18.85

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.18 99.7 99.6

3/4" 0.00 100.0 0.58 99.1 99.0

3/8" 0.00 100.0 1.89 97.1 96.9

No. 4 0.00 100.0 6.28 90.2 90.1

No. 10 0.26 99.9 15.54 75.8 75.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.19             Wt. of Dry Soil (g) 64.19

Deflocculant  125 cc of 4% Solution

25-Feb-11 9:22 0

9:24 2 20.8 41.0 52.5 0.0295

9:27 5 20.8 37.0 46.3 0.0192

9:37 15 20.8 33.0 40.1 0.0115

9:52 30 20.9 30.0 35.5 0.0083

10:22 60 20.8 28.0 32.4 0.0059

11:22 120 20.8 26.0 29.3 0.0043

13:32 250 21.0 24.0 26.2 0.0030

26-Feb-11 9:33 1451 19.3 20.0 20.1 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-031

S10

Yellowish brown lean clay with sand (CL)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CL)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-031, S10 @ 45
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-031 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  45.0 Soil Type :

Project Name:

0 : 24 : 76

S10

Mar-11

(CL)s
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SA & Hyd A-11-031, S10 @ 45



Project Name: Tested By: S. Felter Date: 02/17/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-031 Depth (feet): 50.0

Sample No.: S11

Soil Identification: Brown silty sand (SM)

HA 0.00

809.56 0.00

246.73 1.00

562.83 0.00

HA

728.10

246.73

481.37

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 3 %
SAND: 82 %
FINES: 15 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

7.10

15.00

100.0

36.10

98.7

97.3

93.6

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

479.20

40.3

PAN

336.10

76.8130.40

14.9

432.40 23.2

96.420.00

0.00



Project Name:

3 : 82 : 15

S11

Feb-11

Exploration No.:

Depth (feet): 50.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-031 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-031, S11 @ 50



Project Name: Tested By: S. Felter Date: 02/07/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/21/11

Exploration No.: A-11-033 Depth (feet): 2.0-6.5

Sample No.: B01

Soil Identification: Brown silty sand with gravel (SM)g

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

SP-04 1-A-1 Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

5765.80 690.70 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

794.80 178.30 Wt. of Container No._____(g) 1.00 1.00

4971.00 512.40 Moisture Content (%) 0.00 0.00

1-A-1

561.00

178.30

382.70

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 21 %
SAND: 58 %
FINES: 21 %
GROUP SYMBOL: (SM)g

Remarks:

of SOILS USING SIEVE ANALYSIS

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

Wt. of Container            (g)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

Moisture ContentsCalculation of Dry Weights

Wt. Air-Dried Soil + Cont.(g)

89.3

79.3

69.9

20.6

100.0

99.5

37.7

27.6

19.000

9.500

Whole Sample

59.7

49.2

Percent Passing       
(%)

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500 0.00

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

60.70

126.40

26.60

530.30

1028.70

379.00

194.70

268.50

333.80



U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

101/23 Interchange Improvements

Project No.:
A-11-033 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown silty sand with gravel (SM)g

(SM)g

GR:SA:FI : (%)

Exploration No.:

Depth (feet): 2.0-6.5 Soil Type :

Project Name:

21 : 58 : 21

B01

Feb-11
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SA A-11-033, B01 @ 2.0-6.5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/18/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     15.0-17.0

% Gravel 7 Soil Type

% Sand 46

% Fines 47

2.70 0.00 259.88

0.99 0.00 257.02 108.23

1222.90 1.00 38.85 75.88

238.10 0.00 1.31

984.80 32.35

3" 0.00 100.0 0.00 100.0 91.5

1½" 0.00 100.0 1.10 98.3 90.0

3/4" 27.42 97.2 4.28 93.4 85.5

3/8" 48.85 95.0 12.97 80.1 73.3

No. 4 66.89 93.2 23.73 63.6 58.2

No. 10 83.72 91.5 31.65 51.5 47.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.11             Wt. of Dry Soil (g) 65.25

Deflocculant  125 cc of 4% Solution

17-Feb-11 9:22 0

9:24 2 20.2 36.0 40.3 0.0307

9:27 5 20.2 33.0 36.2 0.0199

9:37 15 20.2 31.0 33.4 0.0116

9:52 30 20.3 30.0 32.0 0.0083

10:22 60 20.4 28.5 29.9 0.0059

11:22 120 20.7 27.0 27.8 0.0042

13:32 250 21.4 26.0 26.4 0.0029

18-Feb-11 8:39 1397 19.9 23.0 22.3 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-035

U04

Pale olive clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.5

7.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-035, U04 @ 15-17
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-035 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  15.0-17.0 Soil Type :

Project Name:

7 : 46 : 47

U04

Mar-11
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SA & Hyd A-11-035, U04 @ 15-17



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/23/11

Exploration No.:

Sample No.: Depth (feet) :     2.0-8.0

% Gravel 14 Soil Type

% Sand 46

% Fines 40

2.70 0.00 0.00

0.99 0.00 0.00 105.02

1311.50 1.00 1.00 75.28

206.80 0.00 0.00

1104.70 29.74

3" 0.00 100.0 0.00 100.0 75.6

1½" 0.00 100.0 3.69 94.1 71.1

3/4" 0.00 100.0 10.17 83.6 63.2

3/8" 68.56 93.8 17.24 72.3 54.6

No. 4 159.24 85.6 24.11 61.2 46.3

No. 10 269.92 75.6 29.19 53.1 40.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.18             Wt. of Dry Soil (g) 62.18

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:54 0

8:56 2 19.4 34.0 32.6 0.0315

8:59 5 19.4 31.0 28.9 0.0204

9:09 15 19.4 28.0 25.3 0.0120

9:24 30 19.5 26.0 22.9 0.0086

9:54 60 19.6 25.0 21.7 0.0061

10:54 120 20.2 23.0 19.3 0.0043

13:04 250 21.1 21.0 16.9 0.0030

22-Feb-11 8:54 1440 19.2 19.0 14.5 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-036

B01

Light olive brown clayey sand (SC)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

SC

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-036, B01 @ 2-8
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##

14 : 46 : 40

B01

Feb-11

SCDepth (feet) :  2.0-8.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown clayey sand (SC)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-036 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-036, B01 @ 2-8



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : A. Santos Date: 03/04/11

Project No. : Data Input By: J. Ward Date: 03/07/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 1 Soil Type

% Sand 46

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 167.50

696.40 1.00 1.00 142.72

108.90 0.00 0.00

587.50 24.78

3" 0.00 100.0 0.00 100.0 96.8

1½" 0.00 100.0 0.85 98.4 95.3

3/4" 0.00 100.0 4.89 91.1 88.1

3/8" 0.50 99.9 12.85 76.5 74.0

No. 4 8.50 98.6 19.64 64.1 62.0

No. 10 18.90 96.8 24.50 55.2 53.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 54.64             Wt. of Dry Soil (g) 54.64

Deflocculant  125 cc of 4% Solution

04-Mar-11 9:30 0

9:32 2 20.9 29.5 40.4 0.0322

9:35 5 20.9 26.0 34.3 0.0208

9:45 15 20.9 23.0 29.0 0.0123

10:00 30 21.0 21.5 26.4 0.0087

10:30 60 21.2 20.0 23.7 0.0062

12:22 172 21.3 19.0 22.0 0.0037

13:40 250 22.3 18.0 20.2 0.0030

05-Mar-11 9:30 1440 20.2 17.0 18.4 0.0013

6.5

6.5

Pan

No. 30

No. 50

No. 100

6.5

6.5

6.5

No. 200

Water 
Temperature  

(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.5

6.5

6.5

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-037

S02

Dark grayish olive sandy lean clay s(CL)

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

s(CL)

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-037, S02 @ 5
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##

1 : 46 : 53

S02

Mar-11

s(CL)Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark grayish olive sandy lean clay s(CL)

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-037 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-037, S02 @ 5



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/23/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 25 Soil Type

% Sand 49

% Fines 26

2.70 0.00 0.00

0.99 0.00 0.00 111.53

299.49 1.00 1.00 75.28

37.00 0.00 0.00

262.49 36.25

3" 0.00 100.0 0.00 100.0 62.9

1½" 0.00 100.0 5.04 91.7 57.6

3/4" 0.00 100.0 13.63 77.6 48.8

3/8" 37.44 85.7 22.61 62.8 39.5

No. 4 65.62 75.0 30.45 49.9 31.4

No. 10 97.51 62.9 35.84 41.0 25.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 60.77             Wt. of Dry Soil (g) 60.77

Deflocculant  125 cc of 4% Solution

23-Feb-11 10:02 0

10:04 2 20.1 28.5 22.1 0.0324

10:07 5 20.1 25.0 18.5 0.0210

10:17 15 20.2 22.5 15.9 0.0123

10:32 30 20.3 20.5 13.9 0.0088

11:02 60 20.4 19.0 12.3 0.0063

12:02 120 20.6 17.0 10.3 0.0045

14:12 250 21.3 16.0 9.2 0.0031

24-Feb-11 9:40 1418 20.5 14.0 7.2 0.0013

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-040

S03

Olive yellow clayey sand with gravel (SC)g

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(SC)g

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-040, S03 @ 10
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-040 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow clayey sand with gravel (SC)g

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  10.0 Soil Type :

Project Name:

25 : 49 : 26

S03

Mar-11

(SC)g
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/21/11

Project No. : Data Input By: J. Ward Date: 02/23/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 46 Soil Type

% Sand 27

% Fines 27

2.70 0.00 0.00

0.99 0.00 0.00 104.52

1038.51 1.00 1.00 76.05

215.38 0.00 0.00

823.13 28.47

3" 0.00 100.0 0.00 100.0 45.5

1½" 0.00 100.0 3.95 94.1 42.8

3/4" 204.33 75.2 9.65 85.6 38.9

3/8" 291.44 64.6 14.99 77.7 35.3

No. 4 378.63 54.0 20.92 68.9 31.3

No. 10 448.74 45.5 27.65 58.8 26.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 67.16             Wt. of Dry Soil (g) 67.16

Deflocculant  125 cc of 4% Solution

21-Feb-11 8:50 0

8:52 2 19.4 38.0 20.8 0.0306

8:55 5 19.4 32.5 17.1 0.0202

9:05 15 19.4 28.0 14.1 0.0120

9:20 30 19.5 25.0 12.1 0.0087

9:50 60 19.6 23.0 10.7 0.0062

10:50 120 20.2 20.5 9.1 0.0044

13:00 250 21.1 18.0 7.4 0.0031

22-Feb-11 8:41 1431 19.2 16.0 6.0 0.0013

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-041

S02

Dark yellowish brown clayey gravel with sand (GC)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(GC)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

SA & Hyd A-11-041, S02 @ 5
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71

##

46 : 27 : 27

S02

Feb-11

(GC)sDepth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark yellowish brown clayey gravel with sand (GC)s

400486.01.04.02.09.SC
Exploration No.:

GR:SA:FI : (%)

Project No.:
A-11-041 Sample No.:

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-11-041, S02 @ 5



Project Name: Tested By: S. Felter Date: 02/18/11

Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/26/11

Exploration No.: A-11-043 Depth (feet): 15.0

Sample No.: S04

Soil Identification: Brown clayey sand with gravel (SC)g

544 0.00

289.91 0.00

77.70 1.00

212.21 0.00

544

247.80

77.70

170.10

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 33 %
SAND: 47 %
FINES: 20 %
GROUP SYMBOL: (SC)g

Remarks:

PARTICLE-SIZE DISTRIBUTION (GRADATION)

ASTM D 6913

Container No.:

101/23 Interchange Improvements

of SOILS USING SIEVE ANALYSIS

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve

Cc = (D30)²/(D60*D10) =

0.00

53.70

70.30

94.7

106.90

74.7

66.9

49.6

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet specification in ASTM D 6913, Table 2

168.90

34.2

PAN

139.60

41.9123.40

20.4

156.50 26.3

57.490.50

11.30

100.0



Project Name:

33 : 47 : 20

S04

Feb-11

Exploration No.:

Depth (feet): 15.0 Soil Type :

 PARTICLE - SIZE 
DISTRIBUTION             
ASTM D 6913

Soil Identification: Brown clayey sand with gravel (SC)g

(SC)g

GR:SA:FI : (%)

101/23 Interchange Improvements

Project No.:
A-11-043 Sample No.:

400486.01.04.02.09.SC

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-11-043, S04 @ 15



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 02/25/11

Project No. : Data Input By: J. Ward Date: 03/02/11

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 2 Soil Type

% Sand 23

% Fines 75

2.70 0.00 0.00

0.99 0.00 0.00 93.15

245.25 1.00 1.00 77.47

39.00 0.00 0.00

206.25 15.68

3" 0.00 100.0 0.00 100.0 96.9

1½" 0.00 100.0 0.18 99.7 96.6

3/4" 0.00 100.0 0.71 98.9 95.8

3/8" 2.94 98.6 2.27 96.4 93.3

No. 4 5.15 97.5 6.90 89.0 86.2

No. 10 6.47 96.9 13.80 77.9 75.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.46             Wt. of Dry Soil (g) 62.46

Deflocculant  125 cc of 4% Solution

25-Feb-11 8:34 0

8:36 2 20.6 46.0 60.0 0.0282

8:39 5 20.6 43.0 55.4 0.0182

8:49 15 20.6 40.0 50.8 0.0108

9:04 30 20.7 38.5 48.5 0.0078

9:34 60 20.8 37.0 46.2 0.0055

10:34 120 20.8 35.0 43.1 0.0040

12:44 250 21.0 32.0 38.5 0.0028

26-Feb-11 8:54 1460 19.3 25.0 27.7 0.0012

101/23 Interchange Improvements

400486.01.04.02.09.SC

A-11-044

S01

Light brownish gray lean clay with sand (CL)s

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

Moisture Content 
of Air-Dry Soil 
Passing #10

(CL)s

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Correction for Specific Gravity

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)   Wt. of Dry Soil     (g)

Composite 
Correction       

152H

7.0

7.0

Pan

No. 30

No. 50

No. 100

7.0

7.0

7.0

No. 200

SA & Hyd A-11-044, S01 @ 5
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##

U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

101/23 Interchange Improvements

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200

GR:SA:FI : (%)

Project No.:
A-11-044 Sample No.:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light brownish gray lean clay with sand (CL)s

400486.01.04.02.09.SC
Exploration No.:

Depth (feet) :  5.0 Soil Type :

Project Name:

2 : 23 : 75

S01

Mar-11

(CL)s
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SA & Hyd A-11-044, S01 @ 5



PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-015 DEPTH (FT.): 1.0-5.0

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown s(CH)g DATE REVISED: 9/16/2011

TEST SPECIMEN a b c (rerun)
MOISTURE AT COMPACTION % 22.0 22.9 23.8

HEIGHT OF SAMPLE, Inches 2.66 2.61 2.52

DRY DENSITY, pcf 103.5 100.4 100.0

COMPACTOR PRESSURE, psi 75 50 50

EXUDATION PRESSURE, psi 535 318 182

EXPANSION, Inches x 10exp-4 63 33 21

STABILITY Ph 2,000 lbs (160 psi) 101 111 114

TURNS DISPLACEMENT 2.84 3.05 4.14

R-VALUE UNCORRECTED 34 27 20

R-VALUE CORRECTED 38 29 20

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 2.88 3.29 3.71

EXPANSION PRESSURE THICKNESS, ft. 2.10 1.10 0.70

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 42

R-VALUE BY EXUDATION: 28

EQUILIBRIUM R-VALUE: 28

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-020 DEPTH (FT.): 6.5-10.0

SAMPLE NUMBER: B02 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SC)g DATE COMPLETED: 2/24/2011

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 17.7 18.2 18.7

HEIGHT OF SAMPLE, Inches 2.46 2.60 2.56

DRY DENSITY, pcf 109.6 107.7 106.8

COMPACTOR PRESSURE, psi 125 75 50

EXUDATION PRESSURE, psi 567 461 287

EXPANSION, Inches x 10exp-4 68 59 50

STABILITY Ph 2,000 lbs (160 psi) 83 90 92

TURNS DISPLACEMENT 2.76 2.79 2.96

R-VALUE UNCORRECTED 46 41 38

R-VALUE CORRECTED 46 44 39

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 2.51 2.60 2.83

EXPANSION PRESSURE THICKNESS, ft. 2.27 1.97 1.67

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 47

R-VALUE BY EXUDATION: 39

EQUILIBRIUM R-VALUE: 39

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-022 DEPTH (FT.): 1.0-5.0

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SM)g DATE REVISED: 6/24/2011

TEST SPECIMEN a (rerun) b c
MOISTURE AT COMPACTION % 9.5 10.4 11.3

HEIGHT OF SAMPLE, Inches 2.47 2.60 2.54

DRY DENSITY, pcf 123.2 118.9 120.3

COMPACTOR PRESSURE, psi 325 225 125

EXUDATION PRESSURE, psi 537 295 191

EXPANSION, Inches x 10exp-4 12 8 6

STABILITY Ph 2,000 lbs (160 psi) 21 27 37

TURNS DISPLACEMENT 4.39 4.11 4.15

R-VALUE UNCORRECTED 79 75 67

R-VALUE CORRECTED 79 77 67

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 0.97 1.07 1.53

EXPANSION PRESSURE THICKNESS, ft. 0.40 0.27 0.20

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 83

R-VALUE BY EXUDATION: 77

EQUILIBRIUM R-VALUE: 77

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-027 DEPTH (FT.): 6.5-10.0

SAMPLE NUMBER: B02 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SC)g DATE COMPLETED: 7/14/2011

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 15.0 15.5 16.0

HEIGHT OF SAMPLE, Inches 2.51 2.45 2.52

DRY DENSITY, pcf 115.4 116.2 113.9

COMPACTOR PRESSURE, psi 125 100 50

EXUDATION PRESSURE, psi 474 365 250

EXPANSION, Inches x 10exp-4 12 0 0

STABILITY Ph 2,000 lbs (160 psi) 60 69 84

TURNS DISPLACEMENT 3.14 3.27 3.31

R-VALUE UNCORRECTED 57 50 41

R-VALUE CORRECTED 57 50 41

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.69 0.80 0.94

EXPANSION PRESSURE THICKNESS, ft. 0.40 0.00 0.00

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 59

R-VALUE BY EXUDATION: 45

EQUILIBRIUM R-VALUE: 45

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-031 DEPTH (FT.): 11.5-15.0

SAMPLE NUMBER: B03 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Dark olive (SC) DATE COMPLETED: 7/14/2011

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 16.0 16.5 16.9

HEIGHT OF SAMPLE, Inches 2.43 2.38 2.52

DRY DENSITY, pcf 115.4 115.8 113.2

COMPACTOR PRESSURE, psi 160 120 75

EXUDATION PRESSURE, psi 506 390 273

EXPANSION, Inches x 10exp-4 96 53 40

STABILITY Ph 2,000 lbs (160 psi) 87 93 105

TURNS DISPLACEMENT 2.87 3.01 3.12

R-VALUE UNCORRECTED 42 37 30

R-VALUE CORRECTED 40 34 30

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.96 1.06 1.12

EXPANSION PRESSURE THICKNESS, ft. 3.20 1.77 1.33

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 28

R-VALUE BY EXUDATION: 31

EQUILIBRIUM R-VALUE: 28

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-033 DEPTH (FT.): 2.0-6.5

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SM)g DATE REVISED: 6/24/2011

TEST SPECIMEN a (rerun) b (rerun) c (rerun)
MOISTURE AT COMPACTION % 9.0 9.6 10.1

HEIGHT OF SAMPLE, Inches 2.49 2.51 2.47

DRY DENSITY, pcf 123.8 123.8 122.4

COMPACTOR PRESSURE, psi 200 125 75

EXUDATION PRESSURE, psi 429 312 178

EXPANSION, Inches x 10exp-4 20 14 8

STABILITY Ph 2,000 lbs (160 psi) 32 36 43

TURNS DISPLACEMENT 4.67 4.61 4.56

R-VALUE UNCORRECTED 68 65 60

R-VALUE CORRECTED 68 65 60

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 1.48 1.62 1.86

EXPANSION PRESSURE THICKNESS, ft. 0.67 0.47 0.27

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 75

R-VALUE BY EXUDATION: 65

EQUILIBRIUM R-VALUE: 65

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-036 DEPTH (FT.): 2.0-8.0

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Light olive brown (SC) DATE COMPLETED: 2/16/2011

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 14.9 15.4 15.8

HEIGHT OF SAMPLE, Inches 2.46 2.45 2.49

DRY DENSITY, pcf 114.8 112.2 111.2

COMPACTOR PRESSURE, psi 125 75 50

EXUDATION PRESSURE, psi 528 390 273

EXPANSION, Inches x 10exp-4 41 34 31

STABILITY Ph 2,000 lbs (160 psi) 65 72 82

TURNS DISPLACEMENT 3.08 3.13 3.22

R-VALUE UNCORRECTED 54 49 42

R-VALUE CORRECTED 54 49 42

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 2.13 2.37 2.69

EXPANSION PRESSURE THICKNESS, ft. 1.37 1.13 1.03

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 61

R-VALUE BY EXUDATION: 44

EQUILIBRIUM R-VALUE: 44

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-038 DEPTH (FT.): 2.0-8.0

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SM)g DATE REVISED: 6/24/2011

TEST SPECIMEN a b c (rerun)
MOISTURE AT COMPACTION % 10.2 10.6 11.7

HEIGHT OF SAMPLE, Inches 2.42 2.50 2.47

DRY DENSITY, pcf 123.2 121.5 121.8

COMPACTOR PRESSURE, psi 225 175 75

EXUDATION PRESSURE, psi 420 293 172

EXPANSION, Inches x 10exp-4 0 0 0

STABILITY Ph 2,000 lbs (160 psi) 21 27 45

TURNS DISPLACEMENT 3.86 4.28 4.21

R-VALUE UNCORRECTED 81 74 60

R-VALUE CORRECTED 80 74 60

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 0.93 1.21 1.86

EXPANSION PRESSURE THICKNESS, ft. 0.00 0.00 0.00

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: N/A

R-VALUE BY EXUDATION: 74

EQUILIBRIUM R-VALUE: 74

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-039 DEPTH (FT.): 2.0-8.0

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SM)g DATE REVISED: 6/24/2011

TEST SPECIMEN a b c (rerun)
MOISTURE AT COMPACTION % 11.3 11.8 12.7

HEIGHT OF SAMPLE, Inches 2.47 2.45 2.40

DRY DENSITY, pcf 120.0 119.6 118.7

COMPACTOR PRESSURE, psi 200 150 100

EXUDATION PRESSURE, psi 496 356 218

EXPANSION, Inches x 10exp-4 19 16 10

STABILITY Ph 2,000 lbs (160 psi) 21 27 31

TURNS DISPLACEMENT 4.29 4.24 4.61

R-VALUE UNCORRECTED 79 74 69

R-VALUE CORRECTED 79 74 67

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 0.97 1.21 1.53

EXPANSION PRESSURE THICKNESS, ft. 0.63 0.53 0.33

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 84

R-VALUE BY EXUDATION: 71

EQUILIBRIUM R-VALUE: 71

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-040 DEPTH (FT.): 1.0-5.0

SAMPLE NUMBER: B01 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SC)g DATE REVISED: 6/24/2011

TEST SPECIMEN a (rerun) b c (rerun)
MOISTURE AT COMPACTION % 13.5 14.1 14.9

HEIGHT OF SAMPLE, Inches 2.56 2.52 2.54

DRY DENSITY, pcf 117.8 114.8 116.6

COMPACTOR PRESSURE, psi 175 85 50

EXUDATION PRESSURE, psi 562 333 206

EXPANSION, Inches x 10exp-4 19 0 0

STABILITY Ph 2,000 lbs (160 psi) 22 37 40

TURNS DISPLACEMENT 4.17 4.19 4.31

R-VALUE UNCORRECTED 79 66 64

R-VALUE CORRECTED 79 66 64

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 0.97 1.58 1.67

EXPANSION PRESSURE THICKNESS, ft. 0.63 0.00 0.00

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 82

R-VALUE BY EXUDATION: 65

EQUILIBRIUM R-VALUE: 65

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-042 DEPTH (FT.): 11.5-15.0

SAMPLE NUMBER: B03 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown (SC) DATE COMPLETED: 2/24/2011

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 19.2 19.7 20.6

HEIGHT OF SAMPLE, Inches 2.48 2.54 2.53

DRY DENSITY, pcf 109.2 107.0 105.9

COMPACTOR PRESSURE, psi 125 75 50

EXUDATION PRESSURE, psi 570 433 275

EXPANSION, Inches x 10exp-4 84 55 47

STABILITY Ph 2,000 lbs (160 psi) 84 101 110

TURNS DISPLACEMENT 3.03 3.17 3.16

R-VALUE UNCORRECTED 43 32 26

R-VALUE CORRECTED 43 32 26

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 2.64 3.16 3.43

EXPANSION PRESSURE THICKNESS, ft. 2.80 1.83 1.57

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 42

R-VALUE BY EXUDATION: 27

EQUILIBRIUM R-VALUE: 27

R-VALUE TEST RESULTS   
DOT CA 301
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PROJECT NAME: 101/23 Interchange Improvements PROJECT NUMBER: 400486.01.04.02.09.SC

BORING NUMBER: A-11-043 DEPTH (FT.): 11.5-15.0

SAMPLE NUMBER: B03 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Dark gray (SM)g DATE COMPLETED: 2/24/2011

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 10.4 10.9 11.3

HEIGHT OF SAMPLE, Inches 2.40 2.56 2.52

DRY DENSITY, pcf 123.0 122.6 121.9

COMPACTOR PRESSURE, psi 150 100 50

EXUDATION PRESSURE, psi 589 374 243

EXPANSION, Inches x 10exp-4 0 0 0

STABILITY Ph 2,000 lbs (160 psi) 36 46 53

TURNS DISPLACEMENT 3.43 3.62 3.50

R-VALUE UNCORRECTED 72 63 59

R-VALUE CORRECTED 70 64 59

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 14.5 14.5 14.5

STABILOMETER THICKNESS, ft. 1.39 1.67 1.90

EXPANSION PRESSURE THICKNESS, ft. 0.00 0.00 0.00

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: n/a

R-VALUE BY EXUDATION: 61

EQUILIBRIUM R-VALUE: 61

R-VALUE TEST RESULTS   
DOT CA 301
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Project Name: Tested By: G. Bathala Date: 02/08/11
Project No.: Checked By: J. Ward Date: 02/26/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Shelby
Soil Identification:

2.871
1.000
297.62
82.40
0.9624

421.83
356.47
38.02
20.52
105.1

92
0.2782

333.40
297.10
38.00
20.54
108.0

99
0.2385
2.70
62.43

0.10 0.2777 0.9995 0.00 0.05 0.603 0.05 2/11/11 8:00:00 0.0 0.0 0.2651
0.25 0.2740 0.9958 0.06 0.42 0.598 0.36 2/11/11 8:00:06 0.1 0.3 0.2634
0.50 0.2702 0.9920 0.09 0.80 0.593 0.71 2/11/11 8:00:15 0.2 0.5 0.2633
1.00 0.2644 0.9862 0.14 1.39 0.584 1.25 2/11/11 8:00:30 0.5 0.7 0.2631
1.00 0.2651 0.9869 0.14 1.31 0.585 1.17 2/11/11 8:01:00 1.0 1.0 0.2629
2.00 0.2607 0.9825 0.20 1.76 0.579 1.56 2/11/11 8:02:00 2.0 1.4 0.2627
4.00 0.2519 0.9737 0.30 2.64 0.567 2.34 2/11/11 8:04:00 4.0 2.0 0.2625
8.00 0.2368 0.9586 0.46 4.15 0.545 3.69 2/11/11 8:08:00 8.0 2.8 0.2623
16.00 0.2143 0.9361 0.65 6.40 0.512 5.74 2/11/11 8:15:00 15.0 3.9 0.2622
4.00 0.2201 0.9419 0.43 5.81 0.518 5.38 2/11/11 8:30:00 30.0 5.5 0.2620
1.00 0.2288 0.9506 0.28 4.94 0.529 4.66 2/11/11 9:00:00 60.0 7.7 0.2619
0.25 0.2385 0.9603 0.21 3.97 0.544 3.76 2/11/11 10:00:00 120.0 11.0 0.2617

2/11/11 12:00:00 240.0 15.5 0.2615
2/11/11 16:00:00 480.0 21.9 0.2612
2/13/11 8:15:00 2895.0 53.8 0.2608
2/14/11 8:40:00 4360.0 66.0 0.2607

Pressure   
(p)       

(ksf)

Final 
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(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Pale olive sandy lean clay s(CL)
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Initial Final Initial Final Initial Final Initial Final

Time Readings @ 2.0 ksf

0.544 92 99105.1

Degree of 
Saturation (%)Dry Density (pcf)  

0.604

Void Ratio

52.0-54.0 20.5

Soil Identification: Pale olive sandy lean clay s(CL)

Project No.:

101/23 Interchange Improvements

02-11

400486.01.04.02.09.SC
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PROPERTIES of SOILS                     

(ASTM D 2435)       
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Project Name: Tested By: G. Bathala Date: 02/04/11
Project No.: Checked By: J. Ward Date: 03/02/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
191.96
42.66
0.9725

365.61
319.06
39.34
16.6
106.4

77
0.3764

232.36
206.65
39.11
20.59
106.7

96
0.3468
2.70
62.43

0.10 0.3762 0.9998 0.00 0.02 0.584 0.02 2/8/11 7:45:00 0.0 0.0 0.3684
0.25 0.3738 0.9974 0.04 0.26 0.581 0.22 2/8/11 7:45:06 0.1 0.3 0.3664
0.50 0.3707 0.9943 0.07 0.57 0.577 0.50 2/8/11 7:45:15 0.2 0.5 0.3662
1.00 0.3679 0.9915 0.09 0.86 0.573 0.77 2/8/11 7:45:30 0.5 0.7 0.3661
1.00 0.3684 0.9920 0.09 0.81 0.573 0.72 2/8/11 7:46:00 1.0 1.0 0.3660
2.00 0.3640 0.9876 0.15 1.25 0.567 1.10 2/8/11 7:47:00 2.0 1.4 0.3659
4.00 0.3576 0.9812 0.28 1.88 0.559 1.60 2/8/11 7:49:00 4.0 2.0 0.3658
8.00 0.3466 0.9702 0.52 2.98 0.546 2.46 2/8/11 7:53:00 8.0 2.8 0.3657
16.00 0.3273 0.9509 0.71 4.91 0.518 4.20 2/8/11 8:00:00 15.0 3.9 0.3655
4.00 0.3322 0.9558 0.42 4.42 0.521 4.00 2/8/11 8:30:00 45.0 6.7 0.3653
1.00 0.3385 0.9621 0.28 3.79 0.529 3.51 2/8/11 8:45:00 60.0 7.7 0.3652
0.25 0.3468 0.9704 0.21 2.97 0.541 2.76 2/8/11 9:45:00 120.0 11.0 0.3650

2/8/11 11:45:00 240.0 15.5 0.3648
2/8/11 15:45:00 480.0 21.9 0.3646
2/9/11 7:45:00 1440.0 37.9 0.3642
2/10/11 7:25:00 2860.0 53.5 0.3640
2/10/11 8:35:00 2930.0 54.1 0.3640

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown sandy lean clay with gravel s(CL)g

35.0
S07
A-11-006

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

0.510

0.520

0.530

0.540

0.550

0.560

0.570

0.580

0.590

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

20.6 106.7A-11-006 S07 16.6

Soil Identification: Olive brown sandy lean clay with gravel s(CL)g

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.541 77 96106.4

Degree of 
Saturation (%)Dry Density (pcf)  

0.585

Void Ratio

35.0

0.3630

0.3640

0.3650

0.3660

0.3670

0.3680

0.3690
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Pressure, p (ksf)

0.3630

0.3640

0.3650

0.3660

0.3670

0.3680

0.3690

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Square Root of Time (min.1/2)

Inundate with  
Tap water



Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 02/26/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Shelby
Soil Identification:

2.865
1.000
303.50
83.40
0.9510

298.21
260.66
39.20
16.96
111.2

89
0.3722

347.50
317.40
50.10
16.37
114.3

93
0.3206
2.70
62.43

0.10 0.3703 0.9981 0.00 0.19 0.513 0.19 2/18/11 8:40:00 0.0 0.0 0.3455
0.25 0.3654 0.9932 0.07 0.68 0.507 0.61 2/18/11 8:40:06 0.1 0.3 0.3413
0.50 0.3613 0.9891 0.10 1.10 0.501 1.00 2/18/11 8:40:15 0.2 0.5 0.3405
1.00 0.3544 0.9822 0.15 1.78 0.491 1.63 2/18/11 8:40:30 0.5 0.7 0.3398
2.00 0.3458 0.9736 0.23 2.65 0.479 2.42 2/18/11 8:41:00 1.0 1.0 0.3391
2.00 0.3455 0.9733 0.23 2.67 0.479 2.44 2/18/11 8:42:00 2.0 1.4 0.3386
4.00 0.3347 0.9625 0.35 3.75 0.464 3.40 2/18/11 8:44:00 4.0 2.0 0.3381
8.00 0.3232 0.9510 0.52 4.91 0.449 4.39 2/18/11 8:48:00 8.0 2.8 0.3377
16.00 0.3069 0.9347 0.76 6.53 0.428 5.77 2/18/11 8:55:00 15.0 3.9 0.3373
4.00 0.3121 0.9399 0.51 6.01 0.432 5.50 2/18/11 9:10:00 30.0 5.5 0.3370
1.00 0.3171 0.9449 0.35 5.51 0.438 5.16 2/18/11 9:51:00 71.0 8.4 0.3365
0.25 0.3206 0.9484 0.26 5.16 0.441 4.90 2/18/11 11:05:00 145.0 12.0 0.3361

2/18/11 13:04:00 264.0 16.2 0.3358
2/18/11 16:57:00 497.0 22.3 0.3355
2/20/11 8:40:00 2880.0 53.7 0.3349
2/21/11 8:40:00 4320.0 65.7 0.3347

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown silty sand with gravel (SM)g

40.0-42.0
U09
R-11-010

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 4.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

0.420

0.430

0.440

0.450

0.460

0.470

0.480

0.490

0.500

0.510

0.520

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

16.4 114.3R-11-010 U09 17.0

Soil Identification: Olive brown silty sand with gravel (SM)g

Project No.:

101/23 Interchange Improvements

02-11

400486.01.04.02.09.SC

Time Readings @ 4.0 ksf

0.441 89 93111.2

Degree of 
Saturation (%)Dry Density (pcf)  

0.516

Void Ratio

40.0-42.0

0.3340

0.3360

0.3380
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Square Root of Time (min.1/2)

Inundate with  
Tap water



Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 03/03/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
194.73
42.84
0.9296

184.35
156.20
37.09
23.6
102.1

98
0.3793

227.45
203.23
38.21
19.82
109.2

99
0.3065
2.70
62.43

0.10 0.3770 0.9977 0.00 0.23 0.647 0.23 2/18/11 8:45:00 0.0 0.0 0.3595
0.25 0.3724 0.9931 0.04 0.70 0.640 0.66 2/18/11 8:45:06 0.1 0.3 0.3585
0.50 0.3672 0.9879 0.08 1.21 0.632 1.13 2/18/11 8:45:15 0.2 0.5 0.3580
1.00 0.3597 0.9804 0.13 1.96 0.621 1.83 2/18/11 8:45:30 0.5 0.7 0.3576
1.00 0.3595 0.9802 0.13 1.98 0.621 1.85 2/18/11 8:46:00 1.0 1.0 0.3571
2.00 0.3481 0.9688 0.20 3.12 0.603 2.92 2/18/11 8:47:00 2.0 1.4 0.3563
4.00 0.3344 0.9551 0.33 4.50 0.582 4.17 2/18/11 8:49:00 4.0 2.0 0.3552
8.00 0.3139 0.9346 0.49 6.54 0.551 6.05 2/18/11 8:53:00 8.0 2.8 0.3540
16.00 0.2904 0.9111 0.67 8.89 0.515 8.22 2/18/11 9:00:00 15.0 3.9 0.3528
4.00 0.2958 0.9165 0.46 8.35 0.521 7.89 2/18/11 9:15:00 30.0 5.5 0.3517
1.00 0.3020 0.9227 0.32 7.74 0.529 7.42 2/18/11 9:45:00 60.0 7.7 0.3508
0.25 0.3065 0.9272 0.24 7.29 0.535 7.05 2/18/11 11:06:00 141.0 11.9 0.3500

2/18/11 13:05:00 260.0 16.1 0.3495
2/18/11 16:56:00 491.0 22.2 0.3490
2/20/11 8:45:00 2880.0 53.7 0.3483
2/21/11 8:45:00 4320.0 65.7 0.3481

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Dark grayish brown lean clay with sand (CL)s

40.0
S09
A-11-031

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

0.500

0.520

0.540

0.560

0.580

0.600

0.620

0.640

0.660

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

19.8 109.2A-11-031 S09 23.6

Soil Identification: Dark grayish brown lean clay with sand (CL)s

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.535 98 99102.1

Degree of 
Saturation (%)Dry Density (pcf)  

0.651

Void Ratio

40.0

0.3460

0.3480
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0.3540
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0.3580
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Square Root of Time (min.1/2)

Inundate with  
Tap water



Project Name: Tested By: G. Bathala Date: 02/15/11
Project No.: Checked By: J. Ward Date: 03/03/11
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.865
1.000
284.93
82.78
0.9750

296.40
249.42
38.18
22.2
97.7
83

0.2999

323.09
282.34
38.36
25.28
97.7
94

0.2728
2.70
62.43

0.10 0.2997 0.9998 0.00 0.02 0.725 0.02 2/17/11 8:45:00 0.0 0.0 0.2927
0.25 0.2976 0.9977 0.06 0.23 0.722 0.17 2/17/11 8:45:06 0.1 0.3 0.2914
0.50 0.2956 0.9957 0.08 0.44 0.719 0.36 2/17/11 8:45:15 0.2 0.5 0.2911
1.00 0.2926 0.9927 0.11 0.73 0.714 0.62 2/17/11 8:45:30 0.5 0.7 0.2907
1.00 0.2927 0.9928 0.11 0.72 0.714 0.61 2/17/11 8:46:00 1.0 1.0 0.2904
2.00 0.2873 0.9874 0.18 1.26 0.706 1.08 2/17/11 8:47:00 2.0 1.4 0.2902
4.00 0.2768 0.9769 0.29 2.31 0.690 2.02 2/17/11 8:49:00 4.0 2.0 0.2899
8.00 0.2601 0.9602 0.47 3.98 0.664 3.51 2/17/11 8:53:00 8.0 2.8 0.2897
16.00 0.2354 0.9355 0.73 6.45 0.626 5.72 2/17/11 9:00:00 15.0 3.9 0.2894
4.00 0.2474 0.9475 0.44 5.25 0.642 4.81 2/17/11 9:15:00 30.0 5.5 0.2891
1.00 0.2622 0.9623 0.28 3.78 0.665 3.49 2/17/11 9:45:00 60.0 7.7 0.2888
0.25 0.2728 0.9729 0.21 2.71 0.682 2.50 2/17/11 10:45:00 120.0 11.0 0.2886

2/17/11 12:45:00 240.0 15.5 0.2883
2/17/11 16:45:00 480.0 21.9 0.2882
2/18/11 8:45:00 1440.0 37.9 0.2878
2/20/11 8:45:00 4320.0 65.7 0.2874
2/21/11 8:45:00 5760.0 75.9 0.2873

400486.01.04.02.09.SC
101/23 Interchange Improvements

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Pale olive clayey sand (SC)

15.0-17.0
U04
A-11-035

 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

0.620

0.640

0.660

0.680

0.700

0.720

0.740

0.10 1.00 10.00 100.

Vo
id

 R
at

io

Pressure, p (ksf)

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

25.3 97.7A-11-035 U04 22.2

Soil Identification: Pale olive clayey sand (SC)

Project No.:

101/23 Interchange Improvements

03-11

400486.01.04.02.09.SC

Time Readings @ 2.0 ksf

0.682 83 9497.7

Degree of 
Saturation (%)Dry Density (pcf)  

0.725

Void Ratio

15.0-17.0
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Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.) 11.5-15.0 Revised: 06/27/11

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-004

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

Sample No. : B03
Soil Identification: Dark brown sandy lean clay with gravel s(CL)g

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0470
Wt. Comp. Soil + Mold    (g) 558.30 409.87
Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 733.50 600.17
Dry Wt. of Soil + Cont.    (g) 646.20 514.53
Wt. of Container             (g) 0.00 190.30
Moisture Content            (%) 13.51 26.41
Wet Density                   (pcf) 111.0 118.1
Dry Density                    (pcf) 97.8 93.4
Void Ratio   0.724 0.805
Total Porosity 0.420 0.446
Pore Volume                  (cc)  86.9 96.6
Degree of Saturation (%) [ S meas] 50.4 88.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/15/11 7:50 1.0 0 0.3510

0.348004/15/11 8:00
Add Distilled Water to the Specimen

04/15/11 12:15 1.0 255 0.3950

1.0

0.3980
04/18/11 7:50 1.0 4310 0.3980
04/18/11 6:40 1.0 4240

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 50



Tested By: S. Felter Date: 04/14/11
Checked By: J. Ward Date: 04/15/11
Depth (ft.) 1.0-5.0 Revised: 09/16/11

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-015

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

Sample No. : B01
Soil Identification: Brown sandy fat clay with gravel s(CH)g

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0835
Wt. Comp. Soil + Mold    (g) 543.80 402.11
Wt. of Mold                    (g) 191.90 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 701.10 594.01
Dry Wt. of Soil + Cont.    (g) 606.50 496.31
Wt. of Container             (g) 0.00 191.90
Moisture Content            (%) 15.60 32.09
Wet Density                   (pcf) 106.1 111.9
Dry Density                    (pcf) 91.8 84.7
Void Ratio   0.836 0.989
Total Porosity 0.455 0.497
Pore Volume                  (cc)  94.2 111.5
Degree of Saturation (%) [ S meas] 50.4 87.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/14/11 10:05 1.0 0 0.4640

0.464004/14/11 10:15
Add Distilled Water to the Specimen

04/14/11 13:35 1.0 200 0.5420

1.0

0.5475
04/15/11 7:15 1.0 1260 0.5475
04/15/11 6:40 1.0 1225

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 84



Tested By: S. Felter Date: 04/14/11
Checked By: J. Ward Date: 04/15/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

1061

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 54

1.0

0.4475
04/15/11 6:50 1.0 1090 0.4475
04/15/11 6:21 1.0

Add Distilled Water to the Specimen
04/14/11 13:40 1.0 60 0.4400

10
04/14/11 12:30 1.0 0 0.3935

0.393504/14/11 12:40

Degree of Saturation (%) [ S meas] 50.1 92.4

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.397 0.428
Pore Volume                  (cc)  82.1 93.3

Dry Density                    (pcf) 101.7 96.5
Void Ratio   0.658 0.747

Moisture Content            (%) 12.20 25.57
Wet Density                   (pcf) 114.1 121.2

Dry Wt. of Soil + Cont.    (g) 673.60 503.67
Wt. of Container             (g) 0.00 166.50

Container No. O O
Wet Wt. of Soil + Cont.   (g) 755.80 589.90

Wt. of Mold                    (g) 166.50 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0540
Wt. Comp. Soil + Mold    (g) 544.80 423.40

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

11.5-15.0
Sample No. : B03
Soil Identification: Brown clayey sand with gravel (SC)g

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-026

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements



Tested By: S. Felter Date: 04/14/11
Checked By: J. Ward Date: 04/15/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

1145

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 60

1.0

0.3525
04/15/11 7:25 1.0 1180 0.3525
04/15/11 6:50 1.0

Add Distilled Water to the Specimen
04/14/11 13:45 1.0 120 0.3460

10
04/14/11 11:35 1.0 0 0.2930

0.293004/14/11 11:45

Degree of Saturation (%) [ S meas] 50.9 89.9

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.385 0.419
Pore Volume                  (cc)  79.6 92.0

Dry Density                    (pcf) 103.7 97.9
Void Ratio   0.625 0.722

Moisture Content            (%) 11.79 24.04
Wet Density                   (pcf) 116.0 121.4

Dry Wt. of Soil + Cont.    (g) 682.50 534.13
Wt. of Container             (g) 0.00 190.30

Container No. O O
Wet Wt. of Soil + Cont.   (g) 763.00 616.80

Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0595
Wt. Comp. Soil + Mold    (g) 574.70 426.50

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

11.5-15.0
Sample No. : B03
Soil Identification: Dark olive clayey sand (SC)

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-031

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements



Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-035

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

1.0-5.0
Sample No. : B01
Soil Identification: Dark olive gray clayey sand (SC)

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0330
Wt. Comp. Soil + Mold    (g) 598.40 430.17
Wt. of Mold                    (g) 205.20 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 778.10 635.37
Dry Wt. of Soil + Cont.    (g) 701.10 559.39
Wt. of Container             (g) 0.00 205.20
Moisture Content            (%) 10.98 21.45
Wet Density                   (pcf) 118.6 125.6
Dry Density                    (pcf) 106.9 103.4
Void Ratio   0.577 0.630
Total Porosity 0.366 0.386
Pore Volume                  (cc)  75.8 82.6
Degree of Saturation (%) [ S meas] 51.3 91.9

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/15/11 9:23 1.0 0 0.3710

0.370504/15/11 9:33
Add Distilled Water to the Specimen

04/15/11 13:20 1.0 227 0.4020

1.0

0.4040
04/18/11 8:00 1.0 4227 0.4040
04/18/11 6:47 1.0 4154

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 34



Tested By: S. Felter Date: 04/15/11
Checked By: J. Ward Date: 04/18/11
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

Project No. : 400486.01.04.02.09.SC
Boring No.: A-11-036

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: 101/23 Interchange Improvements

1000.00
0.00

1000.00
0.00

2.0-8.0
Sample No. : B01
Soil Identification: Light olive brown clayey sand (SC)

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Height            (in.) 1.0000 1.0390
Wt. Comp. Soil + Mold    (g) 581.50 424.02
Wt. of Mold                    (g) 191.90 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 768.60 615.92
Dry Wt. of Soil + Cont.    (g) 689.30 541.32
Wt. of Container             (g) 0.00 191.90
Moisture Content            (%) 11.50 21.35
Wet Density                   (pcf) 117.5 123.1
Dry Density                    (pcf) 105.4 101.4
Void Ratio   0.600 0.662
Total Porosity 0.375 0.398
Pore Volume                  (cc)  77.6 85.7
Degree of Saturation (%) [ S meas] 51.8 87.1

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
04/15/11 8:40 1.0 0 0.3380

0.337504/15/11 8:50
Add Distilled Water to the Specimen

04/15/11 13:55 1.0 305 0.3740

1.0

0.3770
04/18/11 7:55 1.0 4265 0.3770
04/18/11 6:42 1.0 4192

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 40



Project Name: 101/23 Interchange Improvements Tested By: G. Bathala Date: 01/24/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 10.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
183.90 184.99 188.83
42.36 44.10 41.97

Before Shearing
253.32 253.32 253.32
216.40 216.40 216.40
38.17 38.17 38.17
0.0000 0.0000 0.0000
-0.0036 -0.0071 -0.0141

After Shearing
179.50 177.41 184.80
152.46 144.72 159.31
35.50 36.29 37.04
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S03
R-11-005

Yellowish brown lean clay with sand (CL)s
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS R-11-005, S03 @ 10



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s 76.8

0.9964
23.1

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

84.0
0.9859
20.8

1.000
1.506
0.560
0.0017

1.000
2.415

1.000
2.415

2.000
1.716
1.437
0.0017

4.000
4.398
2.745
0.0017

75.9
0.9929
30.1

Soil Identification: 20.71
97.1

20.71
97.5 101.2

1.000
2.415
20.71

Boring No.
Sample No.
Depth (ft)

R-11-005
S03
10

0.00

1.00

2.00

3.00

4.00

5.00

0 0.1 0.2 0.3

Horizontal Deformation (in.)
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2.00

3.00

4.00

5.00
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Normal Stress (ksf)

Sh
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sf
)

DS R-11-005, S03 @ 10



Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 02/21/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 03/02/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 46.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
206.70 209.40 209.90
44.40 44.60 43.20

Before Shearing
493.50 493.50 493.50
430.35 430.35 430.35
37.30 37.30 37.30
0.0000 0.2428 0.2540
-0.0378 0.2832 0.3059

After Shearing
196.90 198.40 200.90
172.94 175.96 178.46
38.80 38.40 39.20
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S10
R-11-007

Brown clayey sand with gravel (SC)g
Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS R-11-007, S10 @ 46



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

R-11-007
S10
46

119.4

1.000
2.415
16.07

101.5
0.9596

1.000
2.415

16.3

Soil Identification: 16.07
118.1

16.07
116.3

6.000
5.407
4.892
0.0025

4.000
4.637
3.380
0.0025

1.000
2.415

2.000
2.260
2.012
0.0025

96.5
0.9622
17.9

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.5
0.9481
16.1

02-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Brown clayey sand with 
gravel (SC)g
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DS R-11-007, S10 @ 46



Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 01/19/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/09/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
194.30 195.40 197.70
43.20 43.80 43.60

Before Shearing
192.50 192.50 192.50
161.30 161.30 161.30
38.80 38.80 38.80
0.0000 0.0000 0.0000
-0.0372 -0.0471 -0.0767

After Shearing
184.66 183.08 183.56
158.46 157.91 159.29
38.96 37.26 38.19
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S04
R-11-008

Olive brown sandy lean clay s(CL)
Sample Diameter(in):

DS R-11-008, S04 @ 15



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

R-11-008
S04
15

102.1

1.000
2.415
25.47

101.5
0.9529
20.9

Soil Identification: 25.47
100.5

25.47
100.2

4.000
2.936
2.745
0.0017

2.000
1.606
1.512
0.0017

1.000
2.415

1.000
2.415

1.000
0.814
0.682
0.0017

100.7
0.9628
21.9

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.8
0.9233
20.0

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Olive brown sandy lean clay 
s(CL)
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DS R-11-008, S04 @ 15



Project Name: 101/23 Interchange Improvements Tested By: F. Tabibkhoei Date: 01/25/11
Project No.: 400486.01.04.02.09.SC Checked By: J. Ward Date: 02/14/11
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 20.0
Soil Identification:

2.415 2.415
1.000 1.000
207.80 209.30
44.20 43.70

Before Shearing
245.50 245.50
215.42 215.42
38.00 38.00
0.0000 0.0000
-0.0155 -0.0297

After Shearing
198.70 200.50
174.66 178.09
36.30 38.10
2.70 2.70
62.43 62.43

Brown clayey sand with gravel (SC)g
Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

S05
R-11-009

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

DS R-11-009, S05 @ 20



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

01-11

Project No.: 400486.01.04.02.09.SC

Sample Type:

Drive

Brown clayey sand with 
gravel (SC)g 102.0

0.9845
17.4

101/23 Interchange Improvements
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

1.000
2.415

1.000
1.314
0.912
0.0017

4.0004.000
4.291
4.254
0.0017

16.0

Soil Identification: 16.95
117.8

16.95
116.3

106.1
0.9703

1.000
2.415

Boring No.
Sample No.
Depth (ft)

R-11-009
S05
20

0.00

1.00
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DS R-11-009, S05 @ 20



Project Name: Tested by: A. Santos Date: 02/15/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: A-11-001 Sample Type: Drive
Sample No.: S08 Depth(ft): 35.0
Sample Description:

1 2.414
2 2.415
3 2.415

Average 2.415
1 4.843
2 4.844
3 4.849

Average 4.845

691.30
0.00

801.30
654.00
110.60
2.70
20.8
0.045

27.11 37.27
93.4 20.80
0.804 58.07
91.0 15.07

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish olive clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: A-11-001 Sample Type: Shelby
Sample No.: U12 Depth(ft): 52.0-54.0
Sample Description:

1 2.880
2 2.885
3 2.886

Average 2.884
1 5.996
2 5.993
3 5.998

Average 5.996

1279.30
0.00

1387.90
1139.30
109.90
2.70
27.8
0.045

24.15 36.88
100.2 27.80
0.681 64.68
95.8 14.84

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Pale olive sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 01/31/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/08/11
Boring No.: R-11-002 Sample Type: Shelby
Sample No.: U07 Depth(ft): 27.0-29.0
Sample Description:

1 2.890
2 2.883
3 2.887

Average 2.887
1 6.002
2 5.998
3 6.009

Average 6.003

1156.10
0.00

1262.70
960.90
109.10
2.70
17.4
0.045

35.43 35.13
82.8 17.40
1.035 52.53
92.4 11.49

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown silt with sand (ML)s

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 02/14/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/01/11
Boring No.: A-11-003 Sample Type: Drive
Sample No.: S09 Depth(ft): 40.0
Sample Description:

1 2.416
2 2.416
3 2.418

Average 2.417
1 4.758
2 4.760
3 4.755

Average 4.758

703.30
0.00

811.00
676.00
108.39
2.70
20.8
0.045

23.78 79.51
99.2 20.80
0.699 100.31
91.9 14.92

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/02/11
Boring No.: A-11-006 Sample Type: Drive
Sample No.: S05 Depth(ft): 25.0
Sample Description:

1 2.412
2 2.413
3 2.415

Average 2.413
1 4.590
2 4.589
3 4.593

Average 4.591

676.90
0.00

785.70
673.80
109.20
2.70
13.9
0.045

19.82 72.60
102.5 13.90
0.644 86.50
83.1 6.53

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown sandy lean clay with gravel s(CL)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/16/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-007 Sample Type: Drive
Sample No.: S06 Depth(ft): 25.0
Sample Description:

1 2.416
2 2.414
3 2.413

Average 2.414
1 5.235
2 5.244
3 5.240

Average 5.240

803.20
0.00

911.00
770.30
108.40
2.70
13.9
0.045

21.26 35.94
105.2 13.90
0.602 49.84
95.4 14.89

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive sandy lean clay s(CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation
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Project Name: Tested by: A. Santos Date: 02/18/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-007 Sample Type: Drive
Sample No.: S12 Depth(ft): 56.0
Sample Description:

1 2.416
2 2.418
3 2.415

Average 2.416
1 5.443
2 5.440
3 5.439

Average 5.441

1062.10
268.70
900.30
725.00
108.60
2.70
27.8
0.045

28.44 12.60
94.3 27.80
0.786 40.40
97.7 15.07

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish olive silty sand (SM)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation
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Project Name: Tested by: A. Santos Date: 02/16/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 02/26/11
Boring No.: R-11-010 Sample Type: Drive
Sample No.: U09 Depth(ft): 40.0-42.0
Sample Description:

1 2.890
2 2.895
3 2.893

Average 2.893
1 5.993
2 5.999
3 5.998

Average 5.997

1710.20
369.20
1619.40
1373.50
108.60
2.70
20.8
0.045

19.44 24.23
108.5 20.80
0.552 45.03
95.0 15.01

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown silty sand with gravel (SM)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation
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Project Name: Tested by: A. Santos Date: 02/22/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/03/11
Boring No.: A-11-011 Sample Type: Drive
Sample No.: S06 Depth(ft): 20.0
Sample Description:

1 2.412
2 2.415
3 2.416

Average 2.414
1 5.475
2 5.473
3 5.476

Average 5.475

823.80
0.00

932.90
782.50
109.50
2.70
10.4
0.045

22.35 51.40
102.3 10.40
0.646 61.80
93.4 14.61

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive brown lean clay (CL)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/20/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/02/11
Boring No.: A-11-012 Sample Type: Drive
Sample No.: S04 Depth(ft): 15
Sample Description:

1 2.414
2 2.415
3 2.415

Average 2.415
1 5.527
2 5.519
3 5.523

Average 5.523

829.80
0.00

940.40
795.50
111.40
2.70
10.4
0.045

21.18 61.42
103.1 10.40
0.633 71.82
90.3 14.67

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive sandy lean clay with gravel s(CL)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/20/11
Project No: Checked by: J. Ward Date: 02/23/11
Boring No.: A-11-013 Sample Type: Drive
Sample No.: S07 Depth(ft): 30.0
Sample Description:

Note: height-to-diameter ratio is 1.9
1 2.413
2 2.416
3 2.417

Average 2.415
1 4.585
2 4.586
3 4.590

Average 4.587

680.20
0.00

754.90
631.20
75.20
2.70
17.4
0.045

22.25 52.39
100.9 17.40
0.671 69.79
89.6 15.04

* Stress values have been corrected for membrane effects

400486.01.04.02.09.SC

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

D
ev

ia
to

r 
St

re
ss

 (
ps

i)

Axial Strain (%)

Stress - Strain Curve



Project Name: Tested by: A. Santos Date: 02/22/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/03/11
Boring No.: A-11-019 Sample Type: Drive
Sample No.: S03 Depth(ft): 15.0
Sample Description:

1 2.415
2 2.414
3 2.412

Average 2.414
1 5.274
2 5.275
3 5.275

Average 5.275

779.40
0.00

885.50
752.40
106.90
2.70
10.4
0.045

20.62 65.22
102.0 10.40
0.652 75.62
85.4 10.62

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown clayey sand (SC)

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: Tested by: A. Santos Date: 02/15/11
Project No: 400486.01.04.02.09.SC Checked by: J. Ward Date: 03/03/11
Boring No.: A-11-026 Sample Type: Drive
Sample No.: S02 Depth(ft): 10.0
Sample Description:

Note: Height-to-diameter ratio is 1.9
1 2.416
2 2.414
3 2.413

Average 2.414
1 4.618
2 4.615
3 4.616

Average 4.616

894.10
268.60
912.40
812.00
105.26
2.70
10.4
0.045

14.21 51.32
98.7 10.40
0.707 61.72
54.3 4.98

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Light olive brown clayey sand with gravel (SC)g

Weight of Container (g)

101/23 Interchange Improvements

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 04/08/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 04/12/11

Revised: 06/27/11

Boring No. R-11-002

Sample No. B01

Sample Depth (ft) 2.5-6.0

178.55

163.87

60.63

14.22

100.10

11

3

840

7:25/8:10

45

18.5351

18.5286

0.0065

267.47

312

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 47

6.62

19.5

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Very dark gray 
s(CL), asphalt 
particles noted

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     2.5-6.0 Revised:

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)23.01 1835

14.22

178.55

1019

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

31.79

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

270

140

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 130

15049.36

40.58

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

163.87

60.63

850 36.1 312 47 6.62 19.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

951

883

Very dark gray s(CL), asphalt particles noted

B01

101/23 Interchange Improvements 04/11/11

04/12/11400486.01.04.02.09

R-11-002 06/27/11
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/01/11

Boring No. A-11-003

Sample No. B03

Sample Depth (ft) 11.5-15.0

160.10

146.10

56.00

15.54

100.50

8

15

830

7:40/8:25

45

20.3213

20.3161

0.0052

213.98

253

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 36

6.46

20.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Olive brown 
(GM)s

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.54 3400

15.54

160.10

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

24.43

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3400

1400

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 150033.31

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

146.10

56.00

1280 27.3 253 36 6.46 20.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1400

1500

B03

101/23 Interchange Improvements 02/15/11

03/01/11

11.5-15.0

400486.01.04.02.09

A-11-003
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/01/11

Boring No. A-11-004

Sample No. B03

Sample Depth (ft) 11.5-15.0

189.20

172.90

64.10

14.98

100.60

9

18

830

7:40/8:25

45

19.7388

19.7364

0.0024

98.76

116

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 71

6.21

20.5

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Dark brown 
s(CL)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     11.5-15.0 Revised:

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)14.98 3900

14.98

189.20

920

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

23.83

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3900

1010

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 885

92041.52

32.67

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

172.90

64.10

885 32.7 116 71 6.21 20.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1010

885

Dark brown s(CL)g

B03

101/23 Interchange Improvements 02/17/11

03/01/11400486.01.04.02.09

A-11-004 06/27/11
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 04/08/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 04/12/11

Boring No. R-11-005

Sample No. B01

Sample Depth (ft) 0.0-5.0

194.10

185.14

68.55

7.69

100.27

14

4

840

7:25/8:10

45

19.3113

19.3095

0.0018

74.07

80

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 32

7.28

19.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Yellowish 
brown (SM)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.97 3737

7.69

194.10

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

24.25

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

550

450

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 52032.54

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

185.14

68.55

3055 24.5 80 32 7.28 19.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

3058

3533

Yellowish brown (SM)g

B01

101/23 Interchange Improvements 04/11/11

04/12/11

0.0-5.0

400486.01.04.02.09

R-11-005
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/02/11

Boring No. R-11-007

Sample No. B01

Sample Depth (ft) 2.0-5.0

189.01

180.50

59.90

7.06

100.10

14

21

830

8:00/8:45

45

18.8062

18.8037

0.0025

102.88

111

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.4

PPM of Chloride (C -0.2) * 100 * 30 / B 20

PPM of Chloride, Dry Wt. Basis 22

7.81

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
(SM)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)7.06 10800

7.06

189.01

3800

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

15.29

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

10800

3600

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 3400

380031.76

23.53

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

180.50

59.90

3000 18.4 111 22 7.81 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

3600

3400

B01

Dark brown (SM)

101/23 Interchange Improvements 02/25/11

03/02/11

2.0-5.0R-11-007

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 01/19/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/09/11

Boring No. R-11-008

Sample No. B01

Sample Depth (ft) 0.0-5.0

173.70

156.00

61.60

18.75

100.30

8

23

830

7:35/8:20

45

18.4203

18.4176

0.0027

111.11

137

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 37

6.72

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark brown 
s(CL)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)18.75 4553

18.75

173.70

1427

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

100

200

300

27.88

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

670

190

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 180

21046.15

37.02

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.00

156.00

61.60

1025 31.3 137 37 6.72 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1291

1223

B01

Dark brown s(CL)

101/23 Interchange Improvements 01/20/11

02/09/11

0.0-5.0R-11-008

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-011

Sample No. B02

Sample Depth (ft) 6.5-10.0

179.00

162.00

55.20

15.92

100.60

16

23

830

8:00/8:45

45

18.4212

18.4180

0.0032

131.68

157

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 48

7.52

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Very dark 
brown (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.92 3400

15.92

179.00

1500

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

24.83

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3400

1300

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1200

150042.67

33.75

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

162.00

55.20

1100 28.7 157 48 7.52 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1300

1200

B02

101/23 Interchange Improvements 02/25/11

03/03/11

6.5-10.0A-11-011

400486.01.04.02.09.SC

Very dark brown (SC)
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/21/11

Boring No. A-11-014

Sample No. B03

Sample Depth (ft) 11.5-15.0

181.10

159.30

59.90

21.93

100.40

11

20

830

7:40/8:25

45

21.2336

21.2284

0.0052

213.98

274

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 50

PPM of Chloride, Dry Wt. Basis 64

6.75

20.5

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)21.93 2150

21.93

181.10

790

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

31.31

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2150

750

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 730

79050.07

40.69

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

159.30

59.90

640 34.6 274 64 6.75 20.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

750

730

B03

Brown (SC)g

101/23 Interchange Improvements 02/17/11

02/21/11

11.5-15.0A-11-014

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-016

Sample No. B03

Sample Depth (ft) 11.5-15.0

170.30

156.80

58.30

13.71

100.50

22

31

830

8:00/8:45

45

18.9845

18.9809

0.0036

148.14

172

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 70

7.37

18.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Olive (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)31.20 1700

13.71

170.30

1750

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

20

30

40

50

39.95

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1700

1020

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1000

175057.44

48.69

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

156.80

58.30

920 44.8 172 70 7.37 18.6

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1020

1000

B03

Olive (SC)

101/23 Interchange Improvements 02/28/11

03/03/11

11.5-15.0A-11-016

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Revised: 06/27/11

Boring No. A-11-017

Sample No. B03

Sample Depth (ft) 11.5-15.0

169.50

151.40

57.00

19.17

100.40

17

27

830

8:00/8:45

45

17.6469

17.6426

0.0043

176.94

219

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 1.1

PPM of Chloride (C -0.2) * 100 * 30 / B 90

PPM of Chloride, Dry Wt. Basis 111

6.75

18.4

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Reddish brown 
s(CL)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     11.5-15.0 Revised:

Sample No. :

Reddish brown s(CL)

06/27/11

B03

101/23 Interchange Improvements 02/25/11

03/03/11

A-11-017

400486.01.04.02.09.SC

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

670

650

151.40

57.00

649 45.3 219 111 6.75 18.4

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 650

70055.84

46.68

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

720

670

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

10

20

30

40

37.51

Dry Wt. of Soil + Cont. (g)

700

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)28.34 720

19.17

169.50

600

620

640

660

680

700

720

740

25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Revised: 06/27/11

Boring No. A-11-019

Sample No. B04

Sample Depth (ft) 16.5-20.0

206.00

194.90

68.30

8.77

100.20

23

32

830

8:00/8:45

45

19.1719

19.1681

0.0038

156.37

171

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 44

6.99

18.4

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Reddish brown 
s(CL)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     16.5-20.0 Revised:

Sample No. :

Reddish brown s(CL)

06/27/11

B04

101/23 Interchange Improvements 02/28/11

03/03/11

A-11-019

400486.01.04.02.09.SC

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

975

960

194.90

68.30

954 39.8 171 44 6.99 18.4

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 960

107050.60

42.23

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1050

975

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

20

30

40

50

33.87

Dry Wt. of Soil + Cont. (g)

1070

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)25.50 1050

8.77

206.00

900

920

940

960

980

1000

1020

1040

1060

1080

25.0 30.0 35.0 40.0 45.0 50.0 55.0
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Moisture Content (%)



Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/04/11

Boring No. A-11-020

Sample No. B02

Sample Depth (ft) 6.5-10.0

166.20

154.50

36.60

9.92

100.30

18

28

830

8:00/8:45

45

21.1456

21.1438

0.0018

74.07

82

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 33

7.48

18.6

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Brown (SC)g

B02

101/23 Interchange Improvements 02/28/11

03/04/11

6.5-10.0

400486.01.04.02.09

A-11-020

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1200

1100

154.50

36.60

1085 33.0 82 33 7.48 18.6

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 1100

140043.75

35.29

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1750

1200

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

10

20

30

40

26.83

Dry Wt. of Soil + Cont. (g)

1400

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)18.38 1750

9.92

166.20

1000

1100

1200

1300

1400

1500

1600

1700

1800

15.0 20.0 25.0 30.0 35.0 40.0 45.0
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/21/11

Boring No. A-11-021

Sample No. B02

Sample Depth (ft) 6.5-10.0

177.60

158.20

60.60

19.88

100.20

16

23

830

7:40/8:25

45

18.4197

18.4180

0.0017

69.95

87

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 30

PPM of Chloride, Dry Wt. Basis 37

7.06

20.4

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. : B02

Brown (SC)g

101/23 Interchange Improvements 02/17/11

02/21/11

6.5-10.0A-11-021

400486.01.04.02.09.SC

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1300

1200

158.20

60.60

1140 33.3 87 37 7.06 20.4

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.003 1200

140047.54

38.32

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2800

1300

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

29.10

Dry Wt. of Soil + Cont. (g)

1400

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)19.88 2800

19.88

177.60

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-026

Sample No. B03

Sample Depth (ft) 11.5-15.0

170.10

153.40

56.70

17.27

100.30

17

27

830

7:40/8:25

45

17.6456

17.6422

0.0034

139.91

169

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 1.3

PPM of Chloride (C -0.2) * 100 * 30 / B 110

PPM of Chloride, Dry Wt. Basis 133

6.70

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)g

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)17.27 2700

17.27

170.10

950

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

26.29

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2700

920

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 900

95044.33

35.31

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

153.40

56.70

900 35.3 169 133 6.70 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

920

900

B03

Brown (SC)g

101/23 Interchange Improvements 02/17/11

03/03/11

11.5-15.0A-11-026

400486.01.04.02.09.SC
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Minimum resistivity 
read here



Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/15/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 02/21/11

Boring No. A-11-027

Sample No. B02

Sample Depth (ft) 6.5-10.0

184.60

168.00

74.70

17.79

100.20

14

21

830

7:40/8:25

45

18.8079

18.8037

0.0042

172.83

210

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 60

PPM of Chloride, Dry Wt. Basis 73

7.23

20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Brown (SC)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)17.79 3000

17.79

184.60

1400

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

0

10

20

30

26.85

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

3000

1400

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1300

140044.97

35.91

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

168.00

74.70

1240 30.8 210 73 7.23 20.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1400

1300

B02

Brown (SC)g

101/23 Interchange Improvements 02/17/11

02/21/11

6.5-10.0A-11-027

400486.01.04.02.09.SC
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-029

Sample No. B02

Sample Depth (ft) 6.5-10.0

188.80

175.30

74.70

13.42

100.40

19

29

830

8:00/8:45

45

20.7411

20.7378

0.0033

135.79

157

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 50

PPM of Chloride, Dry Wt. Basis 58

7.10

18.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)22.14 1600

13.42

188.80

1550

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

10

20

30

40

30.87

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1600

1500

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1400

155048.32

39.59

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

175.30

74.70

1400 39.2 157 58 7.10 18.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1500

1400

B02

101/23 Interchange Improvements 02/28/11

03/03/11

6.5-10.0A-11-029

400486.01.04.02.09.SC

Brown (SC)

1300

1350

1400

1450

1500

1550

1600

1650

20.0 25.0 30.0 35.0 40.0 45.0 50.0
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Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 03/02/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/05/11

Boring No. A-11-030

Sample No. B02

Sample Depth (ft) 6.5-10.0

170.20

156.80

56.90

13.41

100.20

8

21

830

7:30/8:15

45

18.8050

18.8035

0.0015

61.73

71

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 46

6.87

20.4

PPM of Sulfate                 (A) x 41150

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Brown (SM)g

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

Moisture Content (%)

Weight of Soaked Soil (g)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Brown (SM)g

400486.01.04.02.09.SC

B02

101/23 Interchange Improvements 03/02/11

03/05/11

6.5-10.0A-11-030

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1563

1767

156.80

56.90

1562 30.5 71 46 6.87 20.4

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.795

1300.003 26039.59

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

250

230

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

30.86

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)22.14 1699
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m
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Moisture Content (%)



Project Name: 101/23 Interchange Improvements Tested By : V. Juliano Date: 02/23/11

Project No. : 400486.01.04.02.09.SC Data Input By: J. Ward Date: 03/03/11

Boring No. A-11-031

Sample No. B03

Sample Depth (ft) 11.5-15.0

184.90

178.50

60.60

5.43

100.50

20

30

830

8:00/8:45

45

21.5746

21.5721

0.0025

102.88

109

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 42

7.53

18.3

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

Dark olive (SC)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

PPM of Sulfate                 (A) x 41150



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before resistivity 
testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)21.65 1500

5.43

184.90

1250

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

20

30

40

50

29.76

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

1500

1100

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 1000

125045.98

37.87

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 1.000

130.00

178.50

60.60

990 36.3 109 42 7.53 18.3

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

1100

1000

B03

101/23 Interchange Improvements 02/28/11

03/03/11

11.5-15.0A-11-031

400486.01.04.02.09.SC

Dark olive (SC)
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Appendix E 
Corrosion Analyses (CULVERT v.4.0) 



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....R-11-002

 TEST SAMPLE NO.....B01

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.6 ,   WATER pH =  0.0 ,   SOIL pH =  6.6
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 850 , WATER = 0 , SOIL = 850 
 CHLORIDES, PPM... 47 ,    SULFATES, PPM... 312 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  11                19            26           36           61
16  0.064|  15                23            30           40           65
14  0.079|  18                26            33           43           68
12  0.109|  25                33            40           50           75
10  0.138|  32                40            47           57           82
08  0.168|  39                47            54           64           89
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Roue 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-003

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........02-28-11
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.1 ,   WATER pH =  7.1 ,   SOIL pH =  7.1
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1400 , WATER = 0 , SOIL = 1400 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  21                29            36           46           71
16  0.064|  27                35            42           52           77
14  0.079|  33                41            48           58           83
12  0.109|  46                54            61           71           96
10  0.138|  59                67            74           84          109
08  0.168|  72                80            87           97          122
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-004

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.2 ,   WATER pH =  0.0 ,   SOIL pH =  6.2
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 885 , WATER = 0 , SOIL = 885 
 CHLORIDES, PPM... 71 ,    SULFATES, PPM... 116 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|   9                17            24           34           59
16  0.064|  12                20            27           37           62
14  0.079|  14                22            29           39           64
12  0.109|  20                28            35           45           70
10  0.138|  26                34            41           51           76
08  0.168|  31                39            46           56           81
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....R-11-005

 TEST SAMPLE NO.....B01

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.3 ,   WATER pH =  0.0 ,   SOIL pH =  7.3
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 3055 , WATER = 0 , SOIL = 3055 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  32                40            47           57           82
16  0.064|  42                50            57           67           92
14  0.079|  52                60            67           77          102
12  0.109|  71                79            86           96          121
10  0.138|  91                99           106          116          141
08  0.168| 110               118           125          135          160
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, MAY BE USED
 IF ABRASIVE CONDITIONS DO NOT EXIST  
 SITE CONDITIONS MEET CORROSION REQUIREMENTS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, MAY BE USED
 SITE CONDITIONS MEET CORROSION REQUIREMENTS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....R-11-007

 TEST SAMPLE NO.....B01

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.8 ,   WATER pH =  7.8 ,   SOIL pH =  7.8
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 3000 , WATER = 3000 , SOIL = 3000 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  39                47            54           64           89
16  0.064|  50                58            65           75          100
14  0.079|  62                70            77           87          112
12  0.109|  86                94           101          111          136
10  0.138| 109               117           124          134          159
08  0.168| 133               141           148          158          183
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, MAY BE USED
 IF ABRASIVE CONDITIONS DO NOT EXIST  
 SITE CONDITIONS MEET CORROSION REQUIREMENTS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, MAY BE USED
 SITE CONDITIONS MEET CORROSION REQUIREMENTS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Rote 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....R-11-008

 TEST SAMPLE NO.....B01

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.7 ,   WATER pH =  0.0 ,   SOIL pH =  6.7
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1025 , WATER = 0 , SOIL = 1025 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  13                21            28           38           63
16  0.064|  18                26            33           43           68
14  0.079|  22                30            37           47           72
12  0.109|  30                38            45           55           80
10  0.138|  39                47            54           64           89
08  0.168|  47                55            62           72           97
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-011

 TEST SAMPLE NO.....B02

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.5 ,   WATER pH =  7.5 ,   SOIL pH =  7.5
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1100 , WATER = 0 , SOIL = 1100 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  25                33            40           50           75
16  0.064|  33                41            48           58           83
14  0.079|  41                49            56           66           91
12  0.109|  57                65            72           82          107
10  0.138|  72                80            87           97          122
08  0.168|  88                96           103          113          138
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-014

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.8 ,   WATER pH =  0.0 ,   SOIL pH =  6.8
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 640 , WATER = 0 , SOIL = 640 
 CHLORIDES, PPM... 64 ,    SULFATES, PPM... 274 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  11                19            26           36           61
16  0.064|  14                22            29           39           64
14  0.079|  18                26            33           43           68
12  0.109|  25                33            40           50           75
10  0.138|  31                39            46           56           81
08  0.168|  38                46            53           63           88
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.

Page 1



CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-016

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.4 ,   WATER pH =  0.0 ,   SOIL pH =  7.4
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 920 , WATER = 0 , SOIL = 920 
 CHLORIDES, PPM... 70 ,    SULFATES, PPM... 172 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  24                32            39           49           74
16  0.064|  31                39            46           56           81
14  0.079|  38                46            53           63           88
12  0.109|  53                61            68           78          103
10  0.138|  67                75            82           92          117
08  0.168|  82                90            97          107          132
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 FOR SULFATE RESISTANT CONCRETE AND RCP
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Rote 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-017

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.8 ,   WATER pH =  0.0 ,   SOIL pH =  6.8
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 649 , WATER = 0 , SOIL = 649 
 CHLORIDES, PPM... 111 ,    SULFATES, PPM... 219 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  11                19            26           36           61
16  0.064|  14                22            29           39           64
14  0.079|  18                26            33           43           68
12  0.109|  25                33            40           50           75
10  0.138|  32                40            47           57           82
08  0.168|  39                47            54           64           89
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-019

 TEST SAMPLE NO.....B04

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.0 ,   WATER pH =  0.0 ,   SOIL pH =  7.0
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 954 , WATER = 0 , SOIL = 954 
 CHLORIDES, PPM... 44 ,    SULFATES, PPM... 171 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  16                24            31           41           66
16  0.064|  21                29            36           46           71
14  0.079|  26                34            41           51           76
12  0.109|  37                45            52           62           87
10  0.138|  47                55            62           72           97
08  0.168|  57                65            72           82          107
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-020

 TEST SAMPLE NO.....B02

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.5 ,   WATER pH =  0.0 ,   SOIL pH =  7.5
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1085 , WATER = 0 , SOIL = 1085 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  25                33            40           50           75
16  0.064|  33                41            48           58           83
14  0.079|  41                49            56           66           91
12  0.109|  56                64            71           81          106
10  0.138|  72                80            87           97          122
08  0.168|  87                95           102          112          137
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-021

 TEST SAMPLE NO.....B02

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.1 ,   WATER pH =  0.0 ,   SOIL pH =  7.1
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1140 , WATER = 0 , SOIL = 1140 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  19                27            34           44           69
16  0.064|  24                32            39           49           74
14  0.079|  30                38            45           55           80
12  0.109|  42                50            57           67           92
10  0.138|  53                61            68           78          103
08  0.168|  65                73            80           90          115
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-026

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.7 ,   WATER pH =  0.0 ,   SOIL pH =  6.7
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 900 , WATER = 0 , SOIL = 900 
 CHLORIDES, PPM... 133 ,    SULFATES, PPM... 169 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  12                20            27           37           62
16  0.064|  16                24            31           41           66
14  0.079|  20                28            35           45           70
12  0.109|  28                36            43           53           78
10  0.138|  36                44            51           61           86
08  0.168|  44                52            59           69           94
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-027

 TEST SAMPLE NO.....B02

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.2 ,   WATER pH =  0.0 ,   SOIL pH =  7.2
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1240 , WATER = 0 , SOIL = 1240 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  24                32            39           49           74
16  0.064|  31                39            46           56           81
14  0.079|  39                47            54           64           89
12  0.109|  53                61            68           78          103
10  0.138|  68                76            83           93          118
08  0.168|  83                91            98          108          133
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-029

 TEST SAMPLE NO.....B02

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.1 ,   WATER pH =  0.0 ,   SOIL pH =  7.1
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1400 , WATER = 0 , SOIL = 1400 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  21                29            36           46           71
16  0.064|  27                35            42           52           77
14  0.079|  33                41            48           58           83
12  0.109|  46                54            61           71           96
10  0.138|  59                67            74           84          109
08  0.168|  72                80            87           97          122
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-030

 TEST SAMPLE NO.....B02

 OPERATOR...........Kr

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  6.9 ,   WATER pH =  0.0 ,   SOIL pH =  6.9
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 1562 , WATER = 0 , SOIL = 1562 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  18                26            33           43           68
16  0.064|  23                31            38           48           73
14  0.079|  28                36            43           53           78
12  0.109|  39                47            54           64           89
10  0.138|  50                58            65           75          100
08  0.168|  61                69            76           86          111
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 CONCRETE AND RCP MITIGATION MEASURES FOR pH 
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
    MAXIMUM W/C RATIO OF 0.45
   

 A CORRUGATED ALUMINUM PIPE, CAP, MAY BE USED
 IF ABRASIVE CONDITIONS DO NOT EXIST  
 SITE CONDITIONS MEET CORROSION REQUIREMENTS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, MAY BE USED
 SITE CONDITIONS MEET CORROSION REQUIREMENTS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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CULVERT4.TMP
 MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
 CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98) 
 ------------------------------------------------------------------------

 PROJECT LOCATION...Route 101/23 Interchange Improvements

 PROJECT ACCOUNT NO.400486

 SAMPLE LOCATION....A-11-031

 TEST SAMPLE NO.....B03

 OPERATOR...........KR

 TEST DATE..........
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************
 CSP SITE pH =  7.5 ,   WATER pH =  0.0 ,   SOIL pH =  7.5
 MINIMUM RESISTIVITY, OHM-CM: CSP SITE = 990 , WATER = 0 , SOIL = 990 
 CHLORIDES, PPM... 42 ,    SULFATES, PPM... 109 
****************************************************************************
           ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
         | SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------|------------------------------------------------------------------
   CSP   | GALV.             GALV.+        GALV.+        GALV.+       GALV.+
  THICK  | 2 oz              BIT COAT.     BIT COAT &    BIT COAT     POLYMER
Gage & in|                  (WATER SIDE)   PAVED INV.   (SOIL SIDE)   90 DEG
         |                                (ABRASION)                  INVERT
18  0.052|  24                32            39           49           74
16  0.064|  32                40            47           57           82
14  0.079|  39                47            54           64           89
12  0.109|  54                62            69           79          104
10  0.138|  69                77            84           94          119
08  0.168|  84                92            99          109          134
  FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
  CAP, 18 GAGE (0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

 STANDARD REINFORCED CONCRETE PIPE DESIGN SHOULD BE
 SUITABLE FOR THIS USER DEFINED LEVEL OF CHLORIDES

 FOR SULFATE RESISTANT CONCRETE AND RCP
    TYPE IP (MS) MODIFIED CEMENT OR TYPE II MODIFIED CEMENT
    MINIMUM REQUIRED BY CALTRANS STD. SPECS. 90-1.01
   
   

 A CORRUGATED ALUMINUM PIPE, CAP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 A CORRUGATED ALUMINIZED STEEL PIPE, CASP, SHOULD NOT BE USED
 DUE TO CORROSIVE CONDITIONS

 PLASTIC PIPE IS APPROVED FOR 50 YEARS SERVICE LIFE FOR
 CORROSIVE CONDITIONS. ABRASION MUST BE EVALUATED. ALSO,
 CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END 
 TREATMENT WHERE HIGH FIRE POTENTIAL EXISTS.
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Appendix F 
Flexible Pavement Design Runs (CALFP ver.1.1) 
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Appendix G 
Caltrans Review Comments and CH2M HILL’s Responses 
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T E C H N I C A L  M E M O R A N D U M    

 

Response to Caltrans Review Comments on Draft Materials Report for 
Route 101/23 Interchange Improvements, Ventura County, California 
07-VEN-101; EA 1952U1; SR-101 PM R0.1-R4.5 

PREPARED FOR: Xinghua Mo/Caltrans  

PREPARED BY: 

 

Ping Tian/CH2M HILL 

CC: Khan Hossain/Caltrans  
Juan Carlos Velasquez /CH2M HILL 

DATE: August 24, 2011 

 
CH2M HILL received Caltrans review comments, dated May 17, 2011, on the Draft Materials 
Report, Route 101/23 Interchange Improvements, U.S. Route 101 from North of Lakeview Canyon 
Road to 0.3 mile North of Moorpark Road Undercrossing, Ventura County, California. Xinghua Mo 
of Caltrans also provided a comment on the Draft Materials Report in an e-mail to Juan 
Carlos Velasquez of CH2M HILL on June 08, 2011. A telephone call between Ping Tian of 
CH2M HILL and Xinghua Mo was taken on June 20, 2011 to discuss and resolve the review 
comments. This technical memorandum summarizes CH2M HILL’s responses to the 
comments. The original review comments are reproduced in italic with the responses 
followed for each comment. The original Caltrans review comments are also attached at the 
end of the memorandum. 

 
District 7 Quality Review Comments – Reviewer H. Hung and Kirsten Stahl 

 

1. T.I. Materials concurs with T.I. = 14.5. 

 
Response:  No response is required. 
 
2. Page 8-4 Materials concurs with Pavement Section recommendation on Table 8-2. 

 
Response: No response is required. 

 

3. Page 8-5 On Table 8-3; Boring Nos. A-11-004, A-11-015, A-11-026, A-11-031, A-11-035, A-11-

036 indicate locations with higher expansion potential. Materials recommends these to be reviewed 

with the Office of Geotechnical Services to evaluate if Tensar Geogrid, Geotextile Fabric on top of 

Subgrade Soil, Lime stabilization or other treatment is needed at these locations with higher 

expansion index (EI). Cost estimate shall include Geotechnical personnel in the field during 

construction to determine the actual depth and extend of removals as the Materials Report 

recommends on page 11-2. 

 
Response: Among the six Expansion Index (EI) tests performed, three show EI less than or equal to 

50; and three show EI greater than 50 but less than 90. Therefore, the materials shall be classified as 

low to medium potential for expansion. The depths of the materials tested are at 1 to 15 feet below the 

existing ground surface. Pavement construction in this project will mainly consist of replacing the 
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existing AC with PCCP at median and widening the northbound SR-101 with PCCP on top of the 

existing or new roadway embankment fills and HMA at outside shoulder and ramps. Expansion is not 

a concern for Caltrans standard roadway embankment fill materials. Based on the borings and 

laboratory data, fat clay (CH) and/or highly expansive materials are not expected to be encountered in 

the upper 10 feet underlying the proposed pavement. However, considering material variance and any 

unforeseen conditions, if CH and /or highly expansive materials are encountered in localized or 

isolated areas during construction, removal of the CH and/or highly expensive materials and replacing 

with Caltrans standard embankment fills will be required to a minimum depth of 2 feet below the 

subgrade. Lime stabilization treatment on top of the exposed CH or highly expansive materials will 

be required before placing the backfill to seal the top of the remaining CH or highly expansive 

materials and to prevent any potential surface water from seeping into the materials below. 

Groundwater is not expected within the upper 10 feet below the pavement surface. We will include 

this requirement in Section 8.4.2 Compaction and Remedial Grading. We agree that cost estimate 

shall include geotechnical personnel in the field during construction to observe and determine the 

actual depth and extend of removals as the Materials Report recommended. 

 

4. Appendix R-value Test Results (DOT CA 301) for Boring No’s A-11-004, A-11-026, A-11-031, A-

11-035, are missing, and need to be provided. 

 

Response: R-value tests for those borings were not conducted.  

 
 

Xinghua Mo’s Comment 

 

Table 6-1 of the Report indicates ASTM D2844 was applied. However the test results show that CTM 

301 was used. Please clarify which method was actually used. It is slightly different between these 

two methods regarding exudation pressure requirement. Per CTM 301, the exudation pressures have 

to be at least 100 psi apart between specimens. If CTM 301 was used, then most of the R-value test 

results (Sample A-11-15, 22, 25, 33, 38, 39, 40) in this Report did not follow this criteria thus may not 

be valid. 
 

Response: CTM 301 was used for the R-value testing in this report. We will correct Table 6-1 

accordingly. We have noticed the slight difference between CTM 301 and ASTM D2844 in terms of 

exudation pressure requirement. We will re-run those R-value tests that did not meet CTM 301 

exudation pressure requirement. However, we do not expect that there is a significant change on the 

R-value between those two testing methods. Therefore, this will not impact the design. The new test 

results will be included in the final submittal of the Materials Report. 
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ATTACHMENT 

Caltrans Review Comments 
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Lee, John/SCO

From: Xinghua Mo [xinghua_mo@dot.ca.gov]
Sent: Thursday, August 25, 2011 5:01 PM
To: Tian, Ping/SCO
Cc: Chandran, C. Yoga/SCO; Velasquez, Juan Carlos/LAC; khan_a_hossain@dot.ca.gov; 

richard_hartzell@dot.ca.gov; said_jalleo@dot.ca.gov; sharid_amiri@dot.ca.gov; Chau, 
Susan/LAC

Subject: RE: CH2M HILL's Responses to Caltrans DS 07 Review Comments on the 65% Materials 
Report for 101/23 Interchange Improvements (EA 1952U1)

Attachments: Response to Caltrans 06_08_2011 Materials Report Comments - Ver 1.pdf; AR-M550U_
20110825_194549.pdf

 
Hi Ping,  
 
Please change the EA number to 1952U1 in the Boring Records, both in the GDR and the Materials Report.  
Thanks,  
 
Xinghua Mo, P.E. 
Office of Design D 
Caltrans, District 07 
213-897-3868  
 

<Ping.Tian@CH2M.com>  

08/25/2011 03:02 PM  

To <xinghua_mo@dot.ca.gov>  
cc <CYoga.Chandran@CH2M.com>, <JuanCarlos.Velasquez@CH2M.com>, 

<khan_a_hossain@dot.ca.gov>, <richard_hartzell@dot.ca.gov>, 
<sharid_amiri@dot.ca.gov>, <Susan.Chau@CH2M.com>, <said_jalleo@dot.ca.gov>  

Subject RE: CH2M HILL's Responses to Caltrans DS 07 Review Comments on the 65% 
Materials Report for 101/23 Interchange Improvements (EA 1952U1) 

 
 

 
 
 
Xinghua,  
   
As discussed, followings summarizes our phone conversation regarding the two comments from DS 07 Materials on our responses to 

their original comments on the Draft Materials Report.  
   
1.      The spelling errors will be corrected accordingly.  
2.      There was a confusion from the reviewer on Table 8-3 “Expansion Index” in the Materials Report. They thought that Table 8-3 is 

for R-value. Therefore, per your discussion with the reviewer, R-value testing on those samples are not required. To avoid the 

confusion, we will include a separate subsection just for R-value and a separate table to summarize the R-value results. Discussion 

on the R-value testing results and the recommended design R-value of 15 will also be included in this subsection.  
   
Please let me know if you have any questions.  
   
Thanks,  
   
Ping Tian  
CH2M HILL     
   
   
From: Xinghua Mo [mailto:xinghua_mo@dot.ca.gov]  

Sent: Thursday, August 25, 2011 12:49 PM 
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To: Tian, Ping/SCO 

Cc: Chandran, C. Yoga/SCO; Velasquez, Juan Carlos/LAC; khan_a_hossain@dot.ca.gov; richard_hartzell@dot.ca.gov; 
sharid_amiri@dot.ca.gov; Chau, Susan/LAC; Said Jalleo 

Subject: Re: CH2M HILL's Responses to Caltrans DS 07 Review Comments on the 65% Materials Report for 101/23 
Interchange Improvements (EA 1952U1)  
   
 
Hi Ping,  
 
Attached is comments from Materials on your responses.    
I agree on the response to my previous comments.  
 
Thanks,  
 
 
 
Xinghua Mo, P.E. 
Office of Design D 
Caltrans, District 07 
213-897-3868  
<Ping.Tian@CH2M.com> 

08/24/2011 01:52 PM  

 
To <xinghua_mo@dot.ca.gov>  
cc <JuanCarlos.Velasquez@CH2M.com>, <CYoga.Chandran@CH2M.com>, <Susan.Chau@CH2M.com>, 

<khan_a_hossain@dot.ca.gov>, <sharid_amiri@dot.ca.gov>, <richard_hartzell@dot.ca.gov>  
Subject CH2M HILL's Responses to Caltrans DS 07 Review Comments on the 65% Materials Report for 101/23 Interchange 

Improvements (EA 1952U1) 
 
   

 

 

 
 
 
 

Xinghua,  
  
Please see the attached revised CH2M Hill’s responses to Caltrans DS 07 review comments on the 65% Draft Materials Reports for 

the 101/23 Interchange Improvements (EA 1952U1) Project.  
  
A technical memorandum, dated June 29, 2011, was submitted to Caltrans previously for our responses to DS 07 review comments 

on the subject Draft Materials Report. Recently, we had a meeting with Caltrans reviewer Sharid Amiri on August 16, 2011 to resolve 

his comments on the GDR report. Based on the comment resolution, one of the DS 07 comments, Comment No. 3, included in the 

original response memorandum for the Materials Report was revised to be consistent with our response to the GDR report.  Please 

use this attached revised memorandum for your reference.  
  
We will incorporate all of the Caltrans DS 07 review comments based on the responses summarized in this memorandum in our final 

Materials Report, which is scheduled for submittal at late of this September.  

  
Please let me know if you have any questions, and thank you very much for your review and support on this project!  
  
Regards,  
  
Ping Tian  
Geotechnical Task Lead  
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Executive Summary 

This report documents and summarizes the results of the aerially deposited lead (ADL) 
investigation conducted by CH2M HILL from September 19 through 24, 2011, within the 
right-of-way (ROW) for the proposed United States-101 Highway (US-101) and State Route-23 
(SR-23) Interchange project and provides conclusions and recommendations for handling 
ADL impacted soil. This ROW, hereby referred to as the Site, is located in the City of 
Thousand Oaks (the City), Ventura County, California.  

The investigation was carried out as part of the preliminary engineering services CH2M 
HILL is providing for the plans, specifications, and estimates phase of the US-101/SR-23 
Interchange Improvements project. The project will reduce congestion along the busy 
US-101 corridor near the SR-23 interchange. The project improvements mainly include 
widening the northbound US-101 freeway and bridge undercrossings (UCs) including 
Hampshire Road UC (Bridge No. 52-0273), Conejo School Road UC (Bridge No. 52-0274), 
and Moorpark Road UC (Bridge No. 52-0237); improving on- and off-ramps; and 
constructing associated retaining walls and sound walls.  

These proposed improvements necessitate handling, transportation, and disposal of 
soil potentially contaminated with hazardous levels of ADL during the excavation 
associated with construction activities.  

Typically, per California hazardous waste regulations, soil contaminated with hazardous 
levels of ADL are required to be transported and disposed of at a Class I disposal facility. 
However, for projects within a California Department of Transportation (Caltrans) ROW or 
developed by Caltrans, a variance (under specific conditions) was granted by the California 
Department of Toxic Substances Control (DTSC) on July 1, 2009, to excavate, collect, and 
reuse contaminated soils within existing, specified highway corridor ROWs.  

Thus, soil samples were collected from 72 locations along US-101 and SR-23 and were 
analyzed for total and soluble lead according to United States Environmental Protection 
Agency (EPA) SW-846 methods. The soil samples were collected from depths ranging from 
approximately 6 inches to a maximum of 13 feet below ground surface (bgs).  

Data from the investigation will be used to determine soil-handling options for surplus soil 
that might be generated at the Site, and to inform the City and Caltrans of potential health 
and safety issues for workers during the proposed reconstruction and reconfiguration. 

Conclusions 
The following conclusions are made based on the results of the analysis of the soil samples; 
the guidelines in CCR Title 22, Section 66261.24, “Characteristics of Toxicity for Waste 
Classification;” and a statistical data evaluation (90 and 95 percent UCL). 
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• Soils along US-101 (both north and southbound) within the top 0.5 feet bgs are 
hazardous as per California regulations, but within the parameters of the DTSC variance 
(Type Y-1), dated July 1, 2009.   

• The average lead concentrations (90 percent and 95 percent upper confidence level 
[UCL]) for the various soil depths per segment (according to proposed construction 
staging) and combination thereof are shown in Table ES-1.  

TABLE ES-1 
Summary of ADL Concentrations 

UCL 
Depth 
(feet) 

Total 
Lead 

 (mg/kg) 

Soluble 
Lead  

(WET) 
 (mg/L) 

Soluble 
Lead  

(WET-DI) 
(mg/L) 

Soluble 
Lead 

(TCLP) 
 (mg/L) 

Caltrans  
Soil  

Type (a) 

US-101 Northbound 
90% UCL All Depths 52.21 2.67 NA  < 5.0 X 

 0.5 124.68 6.14 <1.5 mg/L  < 5.0 Y-1 
 1.5, 3, 5, 6 31.1 1.27 NA  < 5.0 X 

95% UCL All Depths 54.78 2.79 NA  < 5.0 X 
 0.5 132.82 6.5 NA  < 5.0 Z-2 
 1.5, 3, 5, 6 32.82 1.37 NA  < 5.0 X 

US-101 Southbound 
90% UCL All Depths 50.98 1.54 NA  < 5.0 X 

 0.5 165.59 5.9 <1.5 mg/L  < 5.0 Y-1 
 1.5,3, 5, 6, 7, 10, 13 21.01 0.6 NA  < 5.0 X 

95% UCL All Depths 55.42 1.7 NA  < 5.0 X 
 0.5 183.19 6.54 NA  < 5.0 Z-2 
 1.5,3, 5, 6, 7, 10, 13 22.69 0.6 NA  < 5.0 X 

Notes: 
(a)Soil classification per Caltrans guidelines. 
Numbers in red font indicate exceedances of California hazardous criteria for soluble lead (> 5 mg/L) 
ft = feet   
mg/kg = milligrams per kilogram   
mg/L = milligrams per liter    
NA = not applicable 
TCLP = toxicity characteristic leaching procedure 
UCL = upper confidence level 
WET = waste extraction test 
WET-DI = waste extraction test-deionized water 
 

• No groundwater was encountered at any of the soil boring locations.   

Recommendations  
Based on the findings of the ADL Investigation, the following recommendations are made. 

• Based on statistical analysis of the analytical data collected during the ADL 
Investigation, the soils along US-101 (both north and southbound) within the top 0.5 feet 
bgs are hazardous as per California regulations but can be re-used as fill material on the 
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job site within the DTSC Variance. If soil is re-used it must be placed a minimum of 
five feet above the maximum historic water table elevation and covered with at least 
one foot of nonhazardous soil. Soil below the 0.5 feet bgs is non-hazardous. 

 Based on analytical results the following locations are considered hot spots. Soils at 
these locations are considered California hazardous waste (classified as Y-1). So these 
areas should be managed separately from other locations that are considered non-
hazardous areas. The following hot spot areas should be managed as follows. 

Sample Location (s) Hot Spot Area Recommendation 
US101NB-SB-21 

US101NB-SB-24 

US101NB-SB-28 

US101NB-SB-33 

US101NB-SB-45 

US101NB-SB-49 

US101NB-SB-52 

US101NB-SB-54 

US101NB-SB-56 

US101SB-SB-12 

US101SB-SB-14 

The area of the hot spot should 
cover a minimum one half the 
distances to the next sampling 
location (on both sides) and up to 
depth of 0.5 feet bgs and the entire 
width of the excavation. 

Soil at the hot spot area is 
considered California hazardous 
waste but can re-used as fill 
material on the job site in 
accordance with the DTSC 
Variance. If soil is re-used, it must 
be placed a minimum of five feet 
above the maximum historic water 
table elevation and covered with 
at least one foot of nonhazardous 
soil.  

Soil below the 0.5 feet bgs is non-
hazardous. 

US101NB-SB-25 

US101NB-SB-37 

US101NB-SB-51 

The area of hot spot should cover a 
minimum one half the distances to 
the next sampling location (on both 
sides) and up to depth of 1.5-feet 
bgs and the entire width of the 
excavation. 

Soil at the hot spot area is 
considered California hazardous 
waste but can re-used as fill 
material on the job site in 
accordance with the DTSC 
Variance. If soil is re-used, it must 
be placed a minimum of five feet 
above the maximum historic water 
table elevation and covered with 
at least one foot of nonhazardous 
soil. 

Soil below the 1.5 feet bgs is non-
hazardous. 

US101NB-SB-41 

US101NB-SB-50 

US101NB-SB-53 

The area of hot spot should cover a 
minimum one half the distances to 
the next sampling location (on both 
sides) and up to depth of 3 feet bgs 
and the entire width of the 
excavation. 

Soil at the hot spot area is 
considered California hazardous 
waste but can re-used as fill 
material on the job site in 
accordance with the DTSC 
Variance. If soil is re-used, it must 
be placed a minimum of five feet 
above the maximum historic water 
table elevation and covered with 
at least one foot of nonhazardous 
soil. 

Soil below the 3 feet bgs is non-
hazardous. 
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• If surplus material (Classified as Z-2) is generated at the Site, the soil must be disposed 
of at a Class I Disposal site. Hazardous waste soils must be packaged, labeled, 
placarded, and transported in accordance with all applicable DTSC, Caltrans, and 
California Highway Patrol requirements, including the use of registered hazardous 
waste transporters. Vehicles may not be loaded in excess of the legal gross weight limit 
set in the California Vehicle Code. Soil generated from Caltrans ROW and the City ROW 
will require separate manifest documents (including EPA identification numbers). 

• Earthwork involving material containing ADL should be handled according to Caltrans 
specifications (Section 19, “Earthwork” of the Standard Specifications).  

• During construction, workers should be notified about the hazards of working in a lead 
contaminated environment. 

• If future construction or modifications entail deeper excavations, a soil investigation 
should be conducted to that depth according to Caltrans requirements. 
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1.0 Introduction 

This report documents and summarizes the results of the aerially deposited lead (ADL) 
investigation conducted by CH2M HILL from September 19 through 24, 2011, within the 
right-of-way (ROW) for the proposed United States-101 Highway (US-101) and State Route-23 
(SR-23) Interchange project and provides conclusions and recommendations for handling 
ADL impacted soil. This ROW, hereby referred to as the Site, is located in the City of 
Thousand Oaks (the City), Ventura County, California (Figure 1-1).  

1.1 Background 
The City retained CH2M HILL to provide preliminary engineering services for the plans, 
specifications, and estimates phase of the US-101/SR-23 Interchange Improvements project. 
The US-101/SR-23 Interchange Improvements project will reduce congestion along the busy 
US-101 corridor near the SR-23 interchange. The project improvements mainly include 
widening the northbound US-101 freeway and bridge undercrossings (UCs) including 
Hampshire Road UC (Bridge No. 52-0273), Conejo School Road UC (Bridge No. 52-0274), 
and Moorpark Road UC (Bridge No. 52-0237); improving on- and off-ramps; and 
constructing associated retaining walls and sound walls.  

These proposed improvements necessitate handling, transportation and disposal of 
soil potentially contaminated with hazardous levels of ADL during the excavation 
associated with construction activities.  

Typically, per California hazardous waste regulations, soil contaminated with hazardous 
levels of ADL are required to be transported and disposed of at a Class I disposal facility. 
However, for projects within a California Department of Transportation (Caltrans) ROW or 
developed by Caltrans, a variance (under specific conditions) was granted by the California 
Department of Toxic Substances Control (DTSC) on July 1, 2009, to excavate, collect and 
reuse contaminated soils within existing, specified highway corridor ROWs.  

Data from the investigation will be used to determine soil-handling options for surplus soil 
that might be generated at the Site, and to inform the City and Caltrans of potential health 
and safety issues for workers during the proposed reconstruction and reconfiguration. 

1.2 Objective 
The primary objective of this investigation was to determine the levels of ADL that might 
exist at the Site.   

1.3 Scope of Work 
The following activities were performed to meet the objectives stated above: 
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• Work Plan and Health and Safety Plan—Prepared a work plan for the ADL 
investigation based on Caltrans guidelines. In addition, a health and safety plan specific 
to the investigation was also prepared. 

• Site Reconnaissance—Performed site inspection to assess access and logistics for 
conducting this investigation and to delineate the Site. 

• Soil Sampling and Analysis—Collected soil samples for total and soluble lead, pH, and 
California Code of Regulations (CCR) Title 22 metals analysis.  

• Data Consolidation and Validation—Tabulated and validated analytical data from the 
laboratory according to EPA guidelines. Following that, statistical evaluation of the 
sample data (only for total and soluble lead) was conducted according to EPA SW-846 
guidelines (Chapter 9, Section 9.1, page 10). This included calculating the mean 
concentration of total lead (90 and 95 percent upper confidence level [UCL]). The mean 
concentration value was used to determine whether the soil was hazardous. 

• Investigation Report—Prepared an investigation report summarizing the field activities 
and results of the soil sampling analyses. 

1.4 Previous Investigations 
Several past assessments were conducted for the Site. This included a Project Study Report 
(PSR) and Preliminary Environmental Assessment Report (PEAR). The following 
subsections provide a brief summary of the conclusions for these assessments. 

1.4.1 Project Study Report for Ventura 101 (KP 0.29/4.25) – May 2001 
This PSR involved the widening of US-101 from the Los Angeles/Ventura County line to 
the US-101/SR-23 interchange in the City of Thousand Oaks in Ventura Country. According 
to the report, past experience indicates the possibility of encountering ADL, specifically that 
the top 6 inches may be considered contaminated by ADL at levels higher than the DTSC 
Variance threshold of 350 milligrams per kilogram (mg/kg).  

The report also indicated the possibility of asbestos containing materials (ACM) on the 
bridge and expansion joints, and/or utility lines/conduits. It recommended an asbestos 
survey and abatement be conducted before construction. 

1.4.2 Preliminary Environmental Assessment Report US101/SR23 Interchange 
and US101 – November 2002 

The PEAR recommended a site investigation (SI) be performed to determine the extent of 
possible contamination.  

1.4.3 Supplemental Project Study Report Ventura 101 (KP 0.3/6.5) and SR 23 
(KP5.4/5.8) – May 2003 

This report, which extended the project study area, recommended both an ADL study and 
an asbestos survey and asbestos abatement before construction. 
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1.4.4 Findings of No Significant Impact/Negative Declaration Report, US101/ 
SR-23 Interchange Improvement Project – February 2005 

This report involved an evaluation of hazardous materials/waste impact at the Site from the 
proposed improved project and concluded there were no hazardous waste sites within the 
Caltrans ROW. Because the entire project is within the Caltrans ROW, there were no 
hazardous materials/waste impacts other than ADL (ADL determination was made based 
on a hazardous waste assessment study conducted in August 2004). 
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2.0 Field Activities 

This section describes the field activities associated with the ADL investigation conducted 
from September 19 through September 24, 2011. Activities included site reconnaissance, 
determination of sampling locations, sample collection and handling, equipment 
decontamination, and waste management. The field investigation was conducted in general 
accordance with the Work Plan and Health and Safety Plan prepared for this investigation. 
A summary and explanation of the field investigation activities conducted are presented 
in Table 2-1.  

TABLE 2-1 
Summary of Field Investigation Activities 

Field Investigation Activity 
Number of 
Locations Comments 

Site Reconnaissance/Marking of 
Sampling Locations 

Site-wide Field-locate sampling locations and assess site access 
issues 

Utility Clearance 72 Underground Dig Alert services were notified before the 
start of field work to evaluate the presence of buried 
utilities at or in the vicinity of the soil boring locations 

Soil Boring and Sampling 72 Soil borings were conducted using a combination of 
hand auger and Geoprobe drill rig 

 

2.1 Mark Sampling Locations 
Before sampling, a site reconnaissance was conducted to review current site conditions and 
mark the sampling locations. For this site investigation, 72 soil sample locations (Figures 2-1a 
through 2-1t) were selected. A summary of the soil sampling locations and the sampling 
depths is provided in Table 2-2. 

TABLE 2-2 
Summary of Soil Sampling Locations and Sampling Depths 

Location 

No. of 
Sampling 
Locations 

Sample Depths 
(ft) 

US-101 Northbound   

US101-NB-SB01 to US101-NB-SB13 13 0.5, 1.5, 3 

US101-NB-SB14 to US101-NB-SB39 26 0.5, 1.5, 3, 5, 6 

US101-NB-SB40 to US101-NB-SB48 9 0.5, 1.5, 3 

US101-NB-SB49 to US101-NB-SB51 3 0.5, 1.5, 3, 5, 6 

US101-NB-SB52 to US101-NB-SB57 6 0.5, 1.5, 3 
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TABLE 2-2 
Summary of Soil Sampling Locations and Sampling Depths 

Location 

No. of 
Sampling 
Locations 

Sample Depths 
(ft) 

US-101 Southbound   

US101-SB-SB01 to US101-SB-SB04 4 0.5, 1.5, 3, 5 

US101-SB-SB05 to US101-SB-SB06 2 0.5, 1.5, 3, 5, 6 

US101-SB-SB07 to US101-SB-SB10 4 0.5, 1.5, 3, 5, 7, 10, 13 

US101-SB-SB11 to US101-SB-SB15 5 0.5, 1.5, 3 

 

The sample locations were recorded using a hand-held global positioning system (GPS) unit 
(North American Datum [NAD] 83 datum). A summary of the soil samples collected, 
including the GPS coordinates, is provided in Appendix A.  

2.2 Utility Survey 
A utility survey was performed before commencing boring advancement and sample 
collection. The utility survey was used to identify and locate underground utilities, buried 
piping, and/or other subsurface structures within the boreholes. The utility survey 
consisted of contacting Underground Dig Alert and reviewing underground utility maps 
obtained from Caltrans.  

2.3 Soil Boring and Sampling 
Soil samples were collected throughout the Site to determine the nature and levels of ADL. 
The following subsections provide the approach and field procedures for sampling within 
the Site. 

2.3.1 Approach 
Approximately 72 soil borings (57 along northbound US-101 and 15 along southbound 
US-101) were advanced at the Site. Borings along the freeway and on-/off-ramps were 
drilled at approximately 300-foot intervals and within 5 to 20 feet from the edge of the 
pavement. Sampling depths at these locations were selected based on the maximum depth 
of excavations proposed at the Site. 

The soil boring locations were selected to account for data grouping (in line with proposed 
construction staging) and statistical analysis. Several boring locations (from those proposed 
in the Workplan) were adjusted in the field because of accessibility restrictions. Table 2-2 
provides a breakdown of sampling locations by area.  
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2.3.2 Soil Boring 
Soil borings were drilled using a combination of hand-auger and direct-push technology 
(for example, GeoProbe 5400 drill rig or equivalent). Both of these drilling techniques are 
briefly summarized below. 

Hand-auger borings are drilled using a 4-inch-diameter, stainless-steel, bucket-type auger 
attached to a “T” type handle by a solid-steel, threaded rod. The auger is advanced by 
manually twisting the handle while applying downward-pressure. The auger is screwed 
into the ground in this fashion for a depth of approximately 6 inches. The bucket at this 
point becomes full and is withdrawn and emptied adjacent to the boring. This process 
continues until the sample depth is reached.  

The direct-push technology consists of a vehicle-mounted, hydraulic-powered machine that 
uses static force and percussion to advance a small-diameter 4-feet specialized rod into the 
ground. The rod is advanced to the desired depth by adding multiple 4-foot lengths of rod 
until the target sampling depth is reached.  

After sampling, the soil borings were backfilled with bentonite chips. The borehole was 
backfilled to approximately 1 foot below ground surface (bgs) with bentonite chips, and 
topped off with soil from the borehole vicinity.  

2.3.3 Soil Sampling 
Depending upon the depth of soil borings, soil samples were collected using either a slide-
hammer lined with a sample sleeve or a GeoProbe MacroCore sampler from a maximum 
depth of 13 feet bgs. No groundwater was encountered at any of the sampling depths. 

For the initial 5 feet bgs, soil samples were collected using the slide-hammer lined with a 
sample sleeve (6-inch stainless steel ring). Using the hand-auger, the soil boring was 
advanced approximately 6 inches past the desired sampling depth. Then, using the slide-
hammer, the sample sleeve was pushed into the ground to collect a grab sample. Using this 
procedure, soil samples were collected from approximately 0.5 foot, 1.5 feet, 3 feet, 5 feet, 
and 6 feet bgs. Before collecting surface samples, the soil sample location was cleared of 
debris and/or vegetation. Once samples were collected, all cuttings were returned to their 
corresponding borehole. The laboratory was notified regarding the need of sample 
homogenization before sample analysis.  

For deeper borings advanced using a direct-push drill rig, soil samples were collected using a 
Macro-Core Open-Tube Sampler, continuous-core lined with a disposable clear acetate liner. 
A representative soil sample was obtained by driving the sampler into the undisturbed soil 
to reach the desired sampling depth. Four soil cores (each 4 feet long) were collected from 
each soil boring location (the maximum depth of sampling for deeper borings is 13 feet bgs).  

Once the desired depth was reached, the sampler was retrieved and the liner and soil core 
were removed. The soil core was inspected visually for soil stains and other signs of 
contamination. The acetate liner was then cut into 6-inch sections and capped with Teflon 
film and plastic end caps. Using this procedure, soil samples were collected from 0.5 foot, 
1.5 feet, 3 feet, 5 feet, 7 feet, 10 feet, and 13 feet bgs. 
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2.3.4 Equipment Decontamination 
Equipment used for soil sampling was decontaminated before use at each sampling 
location. Equipment included samplers, hand auger, trowels, and miscellaneous field 
equipment. The following decontamination procedures were followed: 

• Wash with tap water, using a brush if necessary 

• Wash with Alconox, or a phosphate-free detergent and tap water solution, using a brush 
if necessary 

• Rinse with tap water 

• Rinse with distilled or deionized water 

• Air dry 

2.3.5 Sample Handling, Packaging, and Shipping 
Acetate liners were capped with Teflon film and plastic end caps. After attaching sample 
labels, the glass jars and acetate liners were sealed in separate zip-lock plastic bags and 
packed in insulated coolers maintained at 4 degrees Celsius (°C). Soil sample information 
including sample description and location information were logged in the daily field logbook.    

At the end of the day, the insulated coolers were sent to the analytical laboratory for 
analysis under chain-of-custody (COC) protocol. The purpose of the COC procedure is to 
document the possession of the samples from collection through storage and analysis to 
reporting. The field team leader was responsible for the care and custody of the samples 
until the samples were transferred to the laboratory for analysis. The COC was placed in a 
zip-lock plastic bag and taped to the inside of the cooler lid. Once all samples were stored 
inside the cooler, the cooler was sealed with strapping tape. Coolers were picked up by the 
laboratory couriers at the end of the fieldwork. 

2.3.6 Field Quality Control Requirements 
Field quality control (QC) samples were collected to aid in evaluating the quality of 
sampling results. The field QC samples aid in assessing contamination derived from 
shipping or sample handling, site-specific matrix interferences, sample heterogeneity, and 
uncertainty introduced in the collection process. The types of field QC samples that were 
collected are described below. 

Equipment Blanks 
Equipment rinsate blanks were collected to evaluate field sampling and decontamination 
procedures. Equipment rinsate blanks were obtained by passing American Society for 
Testing and Materials (ASTM) Type II reagent water or equivalent, through or over the 
decontaminated sampling devices. A total of five equipment blanks (one per COC) were 
collected for this soil investigation.  

Field Duplicates 
Field duplicate samples were collected simultaneously from the same source under identical 
conditions into separate sample containers. Twenty-four duplicate samples were collected 
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for this soil investigation. A duplicate sample is treated independently of its parent sample 
and is sent blind to the laboratory. An acceptance criterion (the Relative Percent Difference 
[RPD]) for field duplicates is 50 percent for soil samples.  

Matrix Spikes/Matrix Spike Duplicates 
A matrix spike (MS) is a solution of method analytes, or a subset of method analytes for 
multi-analyte methods at known concentrations, that is spiked into a field sample before 
sample preparation and analysis. The MS is subjected to the same preparation and analytical 
procedures as the field sample. Spiked samples are used to indicate the appropriateness of 
the method for the matrix by measuring recovery. Another aliquot of the sample is spiked 
as above for the matrix spike duplicate (MSD) analysis. For this project, MS/MSD analysis 
was performed on four samples.   

2.4 Laboratory Analyses 
Soil samples collected during the investigation were analyzed by a laboratory certified by the 
California Department of Health Services Environmental Laboratory Accreditation Program 
(DHS-ELAP) for the analytical methods listed in Table 2-3. For this site investigation, 
laboratory analytical services were provided by Calscience Environmental Laboratories 
(Calscience) located at 7440 Lincoln Way, Garden Grove, California. The soil samples were 
analyzed according to EPA SW-846 methods.  

TABLE 2-3 
Summary of Laboratory Analyses for Soil Samples 

Chemical Parameters 
No. of Soil 
Samples 

Extraction 
Method Analytical Method 

Lead (total)  260 EPA 3050B EPA 6010 

CCR Title 22 metals 32 EPA 3050B EPA Method 6010 

Lead (soluble) (WET) 148 Cal WET EPA 6010 

Chromium (soluble) (WET) 3 Cal WET EPA 6010 

Lead (soluble) (WET DI) 25 Cal WET EPA 6010 

Lead (soluble) (TCLP) 87 EPA 1311 EPA 6010 

Chromium (soluble) (TCLP) 3 EPA 1311 EPA 6010 

pH 63 EPA 3550B EPA 9045A 

Notes: 
DI = deionized 
EPA = United States Environmental Protection Agency  
TCLP = toxicity characteristic leaching procedure  
WET = waste extraction test 
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2.5 Investigative-Derived Waste Management 
Three types of investigation-derived waste (IDW) materials were generated during the field 
activities. These waste materials included:  (1) household garbage and discarded personal 
protective equipment (PPE), (2) auger cuttings, and (3) decontamination water.   

• Disposable materials included: (1) household garbage such as paper towels and cups, 
and (2) PPE such as gloves. These wastes were contained in trash bags and disposed of 
as municipal solid waste.   

Auger cuttings were returned to their individual borehole at the completion of soil 
sampling. Minimal amount of decontamination water was generated during the field 
activities. These were used to hydrate the boreholes at the completion of soil sampling at 
the Site.    
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3.0 Results 

This section provides a summary of field observations and the laboratory analytical results. 
The analytical results were evaluated to determine whether hazardous waste criteria were 
triggered, as outlined below. 

3.1 Field Observations 
The Site consists of a high-volume traffic freeway, on-/off-ramps, and roads that run 
through areas ranging from urban to rural to light-commercial businesses. Soil samples 
collected were evaluated for soil lithology. The subsurface at the boring locations consisted 
predominantly of silty sand, with fine- to medium-grained sand, loose to medium dense, 
dry, with a trace of gravel. At some locations, large amounts of gravels and some cobbles 
were encountered. These appear to be part of the base material used for shoulder/off-ramp 
construction. No odor or staining was observed at any of the boring locations. 

Samples were not collected at several locations because of refusal at these locations to a 
hand auger (see Appendix A). A Geoprobe could not be mobilized at these locations 
because it was either inaccessible or not safe to conduct the activities.   

3.2 Hazardous Waste Criteria 
Regulatory criteria for classifying waste as “California hazardous” are listed in CCR Title 22, 
Section 66261.24, “Characteristics of Toxicity for Waste Classification.” Criteria for 
classifying waste as “Resource, Conservation, and Recovery Act (RCRA) hazardous” are 
listed in Code of Federal Regulations (CFR) Title 40, Part 261.   

Waste containing metals is classified as “California hazardous” when: (1) the total metal 
concentration exceeds the total threshold limit concentration (TTLC), or (2) the soluble metal 
concentration exceeds the soluble threshold limit concentration (STLC) based on a waste 
extraction test (WET) analysis. A material is classified as “RCRA hazardous” when the 
soluble metal concentration exceeds the Federal Regulatory Level based on toxicity 
characteristics leaching procedure (TCLP) testing.  

Waste classified as either “California hazardous” or “RCRA hazardous” requires 
management as hazardous waste and disposal at an approved disposal facility. However, if 
it meets the requirements of the DTSC lead variance, it can be reused at the Site within 
certain limitations.   

3.3 Data Validation 
Before submitting the soil samples to the laboratory, the COC documentation was reviewed 
for accuracy and completeness. In addition, once the laboratory received the samples, a 
sample receipt form was generated and faxed to CH2M HILL. CH2M HILL then compared 
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the sample receipt forms to the COC forms for accuracy and to make sure that the samples 
were logged properly in the laboratory.  

Once the laboratory reports were generated, it was then reviewed for accuracy and 
consistency with COC documentation. The results of the QC samples were reviewed for 
adherence to established laboratory control limits. Percent recoveries of the laboratory 
continuation standards (LCS) and MS/MSD were observed to be within acceptable 
laboratory control limits (that is, percent recoveries) of 80 to 120 percent. The LCS is the 
criteria that would indicate the need to reject a sample batch for reanalysis. Because the 
samples fall within 80 to 120 percent of the LCS, the laboratory results were determined to 
be adequate for the purpose of this evaluation. 

3.4 Analytical Results 
A summary of the analytical laboratory results is presented in Tables 3-1 and 3-2. 
Reproductions of the laboratory reports and COC documentation for soil samples are 
included in Appendix B. Soil samples were analyzed for total lead, CCR Title 22 metals, 
soluble lead, soluble chromium, and pH.   

3.4.1 Total Lead 
A total of 260 soil samples were collected for total lead analysis from the Site to evaluate the 
presence of ADL. The analytical results were divided into two groups: US-101 Northbound 
and US-101 Southbound.  

The total lead concentrations for samples from the US-101 Northbound group ranged from 
0.5 to 780 mg/kg. A summary of the soil sample results is provided in Table 3-1. Soil 
samples did not exhibit total lead concentrations greater than the TTLC of 1,000 mg/kg.   

The total lead concentrations for samples from the US-101 Southbound group ranged from 
0.5 to 437 mg/kg. A summary of the soil sample results is provided in Table 3-1. Soil 
samples did not exhibit total lead concentrations greater than the TTLC of 1,000 mg/kg.   

3.4.2 CCR Title 22 Metals 
In addition to the total lead samples, 32 samples were analyzed for CCR Title 22 metals. 
Low levels of metals were detected in all samples. Three samples had chromium 
concentrations (ranging from 53.3 mg/kg to 78 mg/kg) that exceeded 10 times the STLC 
value (5 mg/kg) and five samples had lead concentrations (ranging from 0.5 to 193 mg/kg) 
that exceeded 10 times the STLC value. However, none of the detected metal concentrations 
exceeded the California hazardous waste criteria TTLC. A summary of the detected metal 
concentrations is provided in Table 3-1. 

3.4.3 Soluble Lead and Chromium (California WET - Citric) 
One hundred and forty eight soil samples (approximately 50 percent of the total number of 
soil samples with the highest total lead values) were analyzed for soluble lead using citric 
acid as the extractant via the WET.  

For the US-101 Northbound group, a total of 114 soil samples were analyzed for soluble 
lead. The soil samples exhibited extraction concentrations ranging from 0.1 milligrams per 
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liter (mg/L) to 40.4 mg/L. Twenty-three soil samples exhibited soluble lead concentrations 
greater than the STLC of 5 mg/L (see Figure 3-1). A summary of the WET results is shown 
in Table 3-2.   

For the US-101 Southbound group, a total of 34 soil samples were analyzed for soluble lead.  
The soil samples exhibited extraction concentrations ranging from 0.108 mg/L to 16.2 mg/L. 
Two soil samples exhibited soluble lead concentrations greater than the STLC of 5 mg/L 
(see Figure 3-1). A summary of the WET results is shown in Table 3-2.  

In addition, three soil samples were analyzed for soluble chromium. All of these samples 
were collected from the US-101 Northbound group. No soluble chromium was detected 
above the reporting limit of 0.1 mg/L.   

3.4.4 Soluble Lead (California WET - DI) 
Twenty-five soil samples were selected for further analysis for soluble lead using deionized 
(DI) water as extractant via the WET. Twenty-three samples were from the US-101 
Northbound group. The soil samples exhibited extraction concentrations ranging from 
non-detect to 3.96 mg/L.  

Two samples were from the US-101 Southbound group.  The concentrations were non-
detect (less than 0.1 mg/L) and 0.142 mg/L. A summary of the WET-DI results is shown in 
Table 3-2.   

3.4.5 Soluble Lead and Chromium (TCLP) 
Eighty-seven soil samples (approximately 30 percent of the total number of soil samples 
with the highest total lead values) were analyzed for soluble lead using the TCLP 
procedure.  

For the US-101 Northbound group, a total of 70 soil samples were analyzed for soluble lead.  
The soil samples exhibited extraction concentrations ranging from non-detect (less than 
0.1 mg/L) to 2.39 mg/L. None of these samples had concentrations exceeding the TCLP of 
5 mg/L. A summary of the TCLP results is shown in Table 3-2.   

For the US-101 Southbound group, a total of 17 soil samples were analyzed for soluble lead.  
The soil samples exhibited extraction concentrations ranging from non-detect (less than 0.1 
mg/L) to 0.466 mg/L. None of these samples had concentrations exceeding the TCLP of 
5 mg/L. A summary of the TCLP results is shown in Table 3-2. 

In addition, three soil samples were analyzed for soluble chromium. All of these samples 
were collected from the US-101 Northbound group. No soluble chromium was detected 
above the reporting limit of 0.1 mg/L.   

3.4.6 pH 
Sixty-three samples were analyzed for pH. The pH values ranged from 6.15 to 8.36. 
A summary of the pH values is shown in Table 3-3. 
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3.5 Statistical Data Evaluation 
The average amount of lead contamination thought to be in the soil at a particular site is 
represented by the “true mean.”True mean is the mean determined if an infinite number of 
samples from the site could be taken and analyzed. The true mean is approximated using a 
limited number of samples, and that approximate is qualified with a level of confidence.  
Lead contamination in the soil is statistically expressed using one-tailed 95 percent UCLs of 
the true mean. In other words, if the sample sets were collected randomly, 95 percent of 
the time the means of the sample sets would be equal or greater than the true mean. The 
95 percent UCL was calculated per EPA SW-846 guidelines (Chapter 9, Section 9.1, page 10) 
and Caltrans guidelines.   

The following subsections provide a summary of the statistical evaluation methods, data 
correlation, and statistical evaluation summary. Datasets used are provided in Appendix C.   

3.5.1 Statistical Evaluation Methods  
This statistical analysis was conducted for one-tailed 90 percent and 95 percent UCL in 
accordance with EPA SW-846 Guidance. The 90 percent and 95 percent UCL concentration 
of the mean for total lead and soluble lead was calculated for each of the two segments 
(US 101 Northbound and US-101 Southbound).   

3.5.2 Data Correlation 
A linear regression analysis was performed using the soluble lead (STLC WET-Citric Acid) 
versus total lead concentration (TTLC). This is necessary to indicate the validity of the 
predicted soluble lead concentrations. TTLC represents the independent variable (x), and 
the soluble lead concentration (STLC WET-Citric Acid) represents the dependent  
variable (y).   

The regression analysis used all the available total lead-soluble datasets (147 pairs) as 
one set. As per guidelines, the regression analysis should have a correlation with an r-value 
equal to or greater than 0.8. After that, the trend line equation (Y=mx+b; m=intercept of the 
line, and b=constant) was generated and used for predicting the soluble lead concentration 
(STLC WET-Citric Acid). 

For this investigation dataset, the calculated coefficient of correlation value was determined 
to be 0.8. Therefore, reanalysis of samples and/or laboratory procedure adjustments was not 
necessary. Table C-2 in Appendix C provides a summary of the calculations. 

3.5.3 Statistical Evaluation 
The 95 percent UCL was calculated per EPA SW-846 guidelines (Chapter 9, Section 9.1, 
page 10) and Caltrans guidelines. The 95 percent TTLC UCL was performed for the purpose 
of soil relinquishment (surplus material) to the contractors and to determine the appropriate 
waste classifications as required by Health and Safety Code and the disposal facility. The 
UCL calculations were done as follows: 
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• The 95 percent UCL for the TTLC for all layers combined was calculated first. If the UCL 
for TTLC was less than 50 mg/kg, then the calculation for the 95 percent UCL for TTLC 
was complete. The STLC was then calculated using the regression analysis equation. 

• If the UCL for TTLC was greater than 50 mg/kg from the combined layers, the UCL was 
recalculated as follows: 

1. Eliminated the first layer (surface layer) and recalculated the 95 percent UCL for this 
layer only, followed by calculating the predicted soluble lead (STLC) using the 
regression analysis equation. 

2. Performed UCL calculation for the remaining layers (for example, 1.5 feet, 3 feet, and 
5 feet). Recalculated the 95 percent UCL for the combined layers, followed by 
calculating the predicted soluble lead (STLC) using the regression analysis equation.  
If the UCL is TTLC was greater than 50 mg/kg at the combined underlying layers, 
the analysis continued with Step 3. 

3. Isolated the top 2 layers (surface and 1.5 feet) and recalculated the 95 percent UCL 
for the combined layers. Then calculated the predicted soluble lead (STLC) using the 
regression analysis equation. 

4. Performed the UCL calculation for the remaining layers (3 feet and 5 feet).  
Recalculated the 95 percent UCL for the combined layers, followed by calculating the 
predicted soluble lead (STLC) using the regression analysis equation. 

5. Repeated the layer elimination process for total investigative depths until the 
95 percent UCL for TTLC was less than 50 mg/kg. 

For both northbound and southbound datasets, the 95 percent UCL evaluation was 
completed at Step 2. The results are summarized in Table 3-4.  
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US-101 Northbound
US101-NB-SB01-0.5 N mg/kg 0.75 2.39 79.9 0.364 1.96 30.6 8.87 20.6 69.6 0.0835 2.43 34.3 0.75 0.25 0.75 44.6 83.6

US101-NB-SB01-1.5 N mg/kg 17.1

US101-NB-SB01-3 N mg/kg 24.5

US101-NB-SB02-0.5 N mg/kg 54.2

US101-NB-SB02-1.5 N mg/kg 30.4

US101-NB-SB02-3 N mg/kg 16.4

US101-NB-SB03-0.5 N mg/kg 67.3

US101-NB-SB03-1.5 N mg/kg 15.7

US101-NB-SB03-3 N mg/kg 56.7

US101-NB-SB04-0.5 N mg/kg 0.75 4.14 132 0.778 6.34 30.3 10.9 28.6 25.8 0.0835 4.11 48.1 0.75 0.25 0.75 85.1 88.9

US101-NB-SB04-1.5 N mg/kg 13.4

US101-NB-SB04-3 N mg/kg 8.8

US101-NB-SB05-0.5 N mg/kg 31.2

US101-NB-SB05-1.5 N mg/kg 8.03

US101-NB-SB05-3 N mg/kg 6.16

US101-NB-SB06-0.5 N mg/kg 0.75 3.16 109 0.423 0.99 33.8 12.8 23.9 17.7 0.0835 2.27 42 0.75 0.25 0.75 40.3 56.7

US101-NB-SB06-1.5 N mg/kg 14.3

US101-NB-SB06-3 N mg/kg 5.53

US101-NB-SB07-0.5 N mg/kg 49.6

US101-NB-SB07-1.5 N mg/kg 7.89

US101-NB-SB07-3 N mg/kg 13.3

US101-NB-SB08-0.5 N mg/kg 0.75 2.73 127 0.452 1.04 32.9 14.2 21.7 70.9 0.0835 1.74 40.6 1.48 0.25 0.75 42 59

US101-NB-SB08-1.5 N mg/kg 76.4

US101-NB-SB08-3 N mg/kg 20.7

US101-NB-SB09-0.5 N mg/kg 104

US101-NB-SB09-1.5 N mg/kg 96.8

US101-NB-SB09-3 N mg/kg 10.7

US101-NB-SB10-0.5 N mg/kg 20.1

US101-NB-SB10-1.5 N mg/kg 12.3

US101-NB-SB10-3 N mg/kg 30.1

US101-NB-SB11-0.5 N mg/kg 45.2

US101-NB-SB11-1.5 N mg/kg 23.9

US101-NB-SB11-3 N mg/kg 20.6

US101-NB-SB12-0.5 N mg/kg 15.8

US101-NB-SB12-1.5 N mg/kg 10.7

US101-NB-SB12-3 N mg/kg 10.9

US101-NB-SB13-0.5 N mg/kg 32.6

US101-NB-SB13-1.5 N mg/kg 4.51
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US101-NB-SB13-3 N mg/kg 5.7

US101-NB-SB14-0.5 N mg/kg 0.75 3.32 77.4 0.301 0.5 21.9 8.34 21 85.4 0.185 1.56 25.4 0.75 0.25 0.75 31.8 81.3

US101-NB-SB14-1.5 N mg/kg 57.5

US101-NB-SB14-3 N mg/kg 12.6

US101-NB-SB14-5 N mg/kg 39.2

US101-NB-SB14-6 N mg/kg 57.3

US101-NB-SB15-0.5 N mg/kg 0.75 3.06 145 0.383 0.5 30.8 10.9 20.2 56.2 0.0835 2.46 35.3 0.75 0.25 0.75 41.9 68.9

US101-NB-SB15-1.5 N mg/kg 29.8

US101-NB-SB15-3 N mg/kg 82.9

US101-NB-SB16-0.5 N mg/kg 20.2

US101-NB-SB16-1.5 N mg/kg 1.07

US101-NB-SB16-3 N mg/kg 0.5

US101-NB-SB16-5 N mg/kg 5.65

US101-NB-SB16-6 N mg/kg 0.5

US101-NB-SB17-0.5 N mg/kg 0.75 0.768 77.9 0.424 0.644 31.2 15 43.1 37.2 0.0835 3.26 40.9 0.75 0.25 0.75 32.9 60.3

US101-NB-SB17-1.5 N mg/kg 18.2

US101-NB-SB17-3 N mg/kg 23.3

US101-NB-SB18-0.5 N mg/kg 143

US101-NB-SB61-0.5 FD mg/kg 104

US101-NB-SB18-1.5 N mg/kg 44.5

US101-NB-SB19-0.5 N mg/kg 101

US101-NB-SB62-1.5 FD mg/kg 68.1

US101-NB-SB19-1.5 N mg/kg 84.4

US101-NB-SB20-0.5 N mg/kg 45.5

US101-NB-SB63-0.5 FD mg/kg 34.9

US101-NB-SB20-1.5 N mg/kg 4.47

US101-NB-SB20-3 N mg/kg 4.1

US101-NB-SB20-5 N mg/kg 4.34

US101-NB-SB20-6 N mg/kg 2.88

US101-NB-SB21-0.5 N mg/kg 469

US101-NB-SB21-1.5 N mg/kg 4.53

US101-NB-SB64-1.5 FD mg/kg 3.6

US101-NB-SB21-3 N mg/kg 0.75 2.22 66.2 0.381 0.5 27.5 10.4 16.6 6.02 0.0835 2.07 35.9 0.75 0.25 0.75 32.3 37.2

US101-NB-SB21-5 N mg/kg 5.46

US101-NB-SB21-6 N mg/kg 10.7

US101-NB-SB22-0.5 N mg/kg 28.1

US101-NB-SB65-0.5 FD mg/kg 5.35

US101-NB-SB22-1.5 N mg/kg 4.34

US101-NB-SB22-3 N mg/kg 5.03
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US101-NB-SB22-5 N mg/kg 4.45

US101-NB-SB22-6 N mg/kg 4.11

US101-NB-SB23-0.5 N mg/kg 19.9

US101-NB-SB23-1.5 N mg/kg 4.59

US101-NB-SB23-3 N mg/kg 0.75 3.04 96.1 0.504 1.07 33.7 14.6 15.6 4.78 0.0835 1.71 43.4 0.75 0.25 0.75 34 35.6

US101-NB-SB66-3 FD mg/kg 0.75 2.12 60.3 0.428 0.5 26.5 12.3 12.2 4.67 0.0835 0.826 26.4 0.75 0.25 0.75 26.1 27.4

US101-NB-SB23-5 N mg/kg 4.84

US101-NB-SB23-6 N mg/kg 5.03

US101-NB-SB24-0.5 N mg/kg 136

US101-NB-SB24-1.5 N mg/kg 9.45

US101-NB-SB24-3 N mg/kg 5.94

US101-NB-SB24-5 N mg/kg 0.75 2.42 78.8 0.338 0.5 23.9 9.04 12.5 6.74 0.0835 1.44 28.3 0.75 0.25 0.75 28 27.6

US101-NB-SB67-5 FD mg/kg 0.75 2.66 93.7 0.394 0.5 25.9 11.9 14.7 9.68 0.0835 2.04 33.2 0.75 0.25 0.75 32.6 33.1

US101-NB-SB24-6 N mg/kg 5.66

US101-NB-SB25-0.5 N mg/kg 140

US101-NB-SB25-1.5 N mg/kg 21.8

US101-NB-SB25-3 N mg/kg 7.3

US101-NB-SB25-5 N mg/kg 6.2

US101-NB-SB25-6 N mg/kg 5.2

US101-NB-SB68-6 FD mg/kg 5.77

US101-NB-SB26-0.5 N mg/kg 18

US101-NB-SB26-1.5 N mg/kg 9

US101-NB-SB26-3 N mg/kg 5.76

US101-NB-SB26-5 N mg/kg 0.75 2.31 109 0.522 0.5 36.7 15.6 18.7 6.07 0.0835 0.751 59.1 0.75 0.25 0.75 41.4 41.6

US101-NB-SB69-5 FD mg/kg 0.75 0.75 67.6 0.544 0.5 32 13.9 13.8 5.65 0.0835 0.258 45.3 0.75 0.25 0.75 30.4 33.2

US101-NB-SB26-6 N mg/kg 5.75

US101-NB-SB27-0.5 N mg/kg 82.1

US101-NB-SB27-1.5 N mg/kg 15.2

US101-NB-SB27-3 N mg/kg 21

US101-NB-SB27-5 N mg/kg 10.9

US101-NB-SB27-6 N mg/kg 5.39

US101-NB-SB70-6 FD mg/kg 4.76

US101-NB-SB28-0.5 N mg/kg 174

US101-NB-SB28-1.5 N mg/kg 5.39

US101-NB-SB28-3 N mg/kg 29.9

US101-NB-SB71-3 FD mg/kg 11.6

US101-NB-SB29-0.5 N mg/kg 15.1

US101-NB-SB29-1.5 N mg/kg 6.61

US101-NB-SB29-3 N mg/kg 4.92
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US101-NB-SB29-5 N mg/kg 9.54

US101-NB-SB29-6 N mg/kg 4.76

US101-NB-SB30-0.5 N mg/kg 68.6

US101-NB-SB30-1.5 N mg/kg 76.2

US101-NB-SB30-3 N mg/kg 25.6

US101-NB-SB30-5 N mg/kg 16.2

US101-NB-SB31-0.5 N mg/kg 1.19

US101-NB-SB31-1.5 N mg/kg 0.876

US101-NB-SB31-3 N mg/kg 0.959

US101-NB-SB31-5 N mg/kg 0.584

US101-NB-SB31-6 N mg/kg 0.963

US101-NB-SB32-0.5 N mg/kg 1.15

US101-NB-SB32-1.5 N mg/kg 0.936

US101-NB-SB32-3 N mg/kg 0.94

US101-NB-SB32-5 N mg/kg 0.905

US101-NB-SB32-6 N mg/kg 0.75 0.75 92.4 0.557 0.534 78 17.2 21.8 0.91 0.0835 0.555 49.1 0.75 0.25 0.75 35.3 42.7

US101-NB-SB33-0.5 N mg/kg 61.7

US101-NB-SB33-1.5 N mg/kg 5.06

US101-NB-SB33-3 N mg/kg 3.58

US101-NB-SB33-5 N mg/kg 2

US101-NB-SB33-6 N mg/kg 2.67

US101-NB-SB34-0.5 N mg/kg 11.9

US101-NB-SB34-1.5 N mg/kg 3.97

US101-NB-SB34-3 N mg/kg 3.96

US101-NB-SB78-3 FD mg/kg 3.75

US101-NB-SB34-5 N mg/kg 0.75 0.75 27.1 0.289 0.5 25.7 14.3 18.9 0.819 0.0835 0.25 43.9 0.75 0.25 0.75 23.6 37.2

US101-NB-SB34-6 N mg/kg 3.87

US101-NB-SB35-0.5 N mg/kg 59.5

US101-NB-SB35-1.5 N mg/kg 0.5

US101-NB-SB35-3 N mg/kg 24.5

US101-NB-SB36-0.5 N mg/kg 71.8

US101-NB-SB36-1.5 N mg/kg 6.2

US101-NB-SB36-3 N mg/kg 0.75 0.75 43.5 0.254 0.5 3.23 2.12 5.01 5.33 0.0835 0.25 4.88 0.75 0.25 0.75 8.11 343

US101-NB-SB37-0.5 N mg/kg 504

US101-NB-SB37-1.5 N mg/kg 202

US101-NB-SB37-3 N mg/kg 98.7

US101-NB-SB38-0.5 N mg/kg 18.4

US101-NB-SB38-1.5 N mg/kg 6.1

US101-NB-SB38-3 N mg/kg 0.551
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US101-NB-SB38-5 N mg/kg 0.5

US101-NB-SB79-5 FD mg/kg 0.5

US101-NB-SB38-6 N mg/kg 0.5

US101-NB-SB39-0.5 N mg/kg 4.96

US101-NB-SB39-1.5 N mg/kg 0.724

US101-NB-SB39-3 N mg/kg 0.671

US101-NB-SB39-5 N mg/kg 2.36

US101-NB-SB80-5 FD mg/kg 0.707

US101-NB-SB39-6 N mg/kg 1.84

US-101-NB-SB40-0.5 N mg/kg 8.94

US-101-NB-SB40-1.5 N mg/kg 2.33

US-101-NB-SB40-3 N mg/kg 0.5

US-101-NB-SB41-0.5 N mg/kg 193

US-101-NB-SB72-0.5 FD mg/kg 211

US-101-NB-SB41-1.5 N mg/kg 177

US-101-NB-SB41-3 N mg/kg 216

US-101-NB-SB42-0.5 N mg/kg 24.5

US-101-NB-SB42-1.5 N mg/kg 1.07

US-101-NB-SB73-1.5 FD mg/kg 0.5

US-101-NB-SB42-3 N mg/kg 0.5

US-101-NB-SB43-0.5 N mg/kg 0.75 2.42 124 0.34 0.749 39.5 12.5 14.6 1.22 0.0835 0.377 35.4 0.75 0.25 0.75 36.4 32.5

US-101-NB-SB43-1.5 N mg/kg 1.73

US-101-NB-SB43-3 N mg/kg 1.73

US-101-NB-SB74-3 FD mg/kg 2.49

US-101-NB-SB44-0.5 N mg/kg 99.5

US-101-NB-SB44-1.5 N mg/kg 2.37

US-101-NB-SB44-3 N mg/kg 5.9

US-101-NB-SB45-0.5 N mg/kg 0.75 2.4 26.7 0.25 0.5 10.3 3.6 7.04 56 0.0835 0.25 8.94 0.75 0.25 0.75 11.7 44.9

US-101-NB-SB45-1.5 N mg/kg 1.18

US-101-NB-SB45-3 N mg/kg 3.75

US-101-NB-SB46-0.5 N mg/kg 49.1

US-101-NB-SB75-0.5 FD mg/kg 44.9

US-101-NB-SB46-1.5 N mg/kg 36.9

US-101-NB-SB46-3 N mg/kg 43

US-101-NB-SB47-0.5 N mg/kg 0.75 1.59 48.1 0.25 0.5 10.7 5.17 7.36 16.3 0.0835 0.538 14.3 0.75 0.25 0.75 20.7 22.2

US-101-NB-SB47-1.5 N mg/kg 1.78

US-101-NB-SB47-3 N mg/kg 1.5

US-101-NB-SB48-0.5 N mg/kg 26.9

US-101-NB-SB48-1.5 N mg/kg 1.76
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US-101-NB-SB76-1.5 FD mg/kg 1.73

US-101-NB-SB48-3 N mg/kg 1.34

US101-NB-SB49-0.5 N mg/kg 103

US101-NB-SB49-1.5 N mg/kg 0.75 2.05 44.9 0.259 0.5 32.8 10.4 14 31.6 0.0835 0.393 35.1 0.75 0.25 0.75 28.9 37.5

US101-NB-SB49-3.0 N mg/kg 11.9

US-101-NB-SB50-0.5 N mg/kg 134

US-101-NB-SB77-0.5 FD mg/kg 161

US-101-NB-SB50-1.5 N mg/kg 0.75 1.77 46.3 0.264 0.5 44.4 11.5 18.5 193 0.0835 0.279 41.2 0.75 0.25 0.75 24.7 63.5

US-101-NB-SB50-3 N mg/kg 248

US-101-NB-SB50-5 N mg/kg 0.5

US-101-NB-SB50-6 N mg/kg 0.654

US-101-NB-SB51-0.5 N mg/kg 24.4

US-101-NB-SB51-1.5 N mg/kg 228

US-101-NB-SB51-3 N mg/kg 3.17

US-101-NB-SB51-5 N mg/kg 2.33

US-101-NB-SB51-6 N mg/kg 0.837

US-101-NB-SB52-0.5 N mg/kg 176

US-101-NB-SB52-1.5 N mg/kg 0.75 6.45 52.5 0.491 0.649 55.1 13.7 19.1 8.76 0.0835 0.25 43.4 0.75 0.25 0.75 45.7 43.1

US-101-NB-SB52-3 N mg/kg 6.76

US-101-NB-SB53-0.5 N mg/kg 90.1

US-101-NB-SB53-1.5 N mg/kg 273

US-101-NB-SB53-3 N mg/kg 221

US-101-NB-SB54-0.5 N mg/kg 780

US-101-NB-SB54-1.5 N mg/kg 0.75 7.01 53.3 0.4 0.574 53.3 12.1 19 31 0.0835 0.343 40.3 0.75 0.25 0.75 39.1 41

US-101-NB-SB54-3 N mg/kg 6.48

US-101-NB-SB55-0.5 N mg/kg 13.3

US-101-NB-SB55-1.5 N mg/kg 3.06

US-101-NB-SB55-3 N mg/kg 2.76

US-101-NB-SB56-0.5 N mg/kg 203

US-101-NB-SB56-1.5 N mg/kg 24.8

US-101-NB-SB56-3 N mg/kg 4.01

US-101-NB-SB57-0.5 N mg/kg 12

US-101-NB-SB57-1.5 N mg/kg 4.88

US-101-NB-SB57-3 N mg/kg 1.45

US-101 Southbound
US101-SB-SB01-0.5 N mg/kg 60.2

US101-SB-SB01-1.5 N mg/kg 0.75 1.8 115 0.435 3.35 33.6 13.6 19.5 1.42 0.0835 2.45 51.8 0.75 0.25 0.75 41.5 45.7

US101-SB-SB01-3 N mg/kg 0.997

US101-SB-SB01-5 N mg/kg 1.57
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US101-SB-SB02-0.5 N mg/kg 6.33

US101-SB-SB02-1.5 N mg/kg 2.56

US101-SB-SB02-3 N mg/kg 1.24

US101-SB-SB02-5 N mg/kg 3.81

US101-SB-SB03-0.5 N mg/kg 74.4

US101-SB-SB03-1.5 N mg/kg 28.5

US101-SB-SB03-3 N mg/kg 26

US101-SB-SB03-5 N mg/kg 2.81

US101-SB-SB04-0.5 N mg/kg 85.3

US101-SB-SB04-1.5 N mg/kg 0.75 0.932 71.6 0.383 0.5 29.1 12.2 14.3 2.31 0.0835 0.633 39.2 0.75 0.25 0.75 31.1 33

US101-SB-SB04-3.0 N mg/kg 5.25

US101-SB-SB04-5 N mg/kg 4.3

US101-SB-SB05-0.5 N mg/kg 15.6

US101-SB-SB05-1.5 N mg/kg 2.72

US101-SB-SB05-3.0 N mg/kg 4.67

US101-SB-SB05-5 N mg/kg 8.05

US101-SB-SB43-05 FD mg/kg 0.5

US101-SB-SB05-6 N mg/kg 29.8

US101-SB-SB06-0.5 N mg/kg 71.5

US101-SB-SB06-1.5 N mg/kg 9.77

US101-SB-SB06-3.0 N mg/kg 0.75 1.82 70.8 0.254 0.808 16 5.77 9.73 13.1 0.0835 1.32 24.8 0.75 0.25 0.75 28.3 25.5

US101-SB-SB06-5.0 N mg/kg 18.8

US101-SB-SB06-6.0 N mg/kg 78.6

US101-SB-SB41-6 FD mg/kg 39.2

US101-SB-SB07-0.5 N mg/kg 0.75 1.6 95.3 0.351 1.83 24.9 9.6 17.6 44.3 0.0835 1.18 27.7 0.75 0.25 0.75 32.7 62.2

US101-SB-SB07-1.5 N mg/kg 15.5

US101-SB-SB07-3.0 N mg/kg 16.9

US101-SB-SB42-3 FD mg/kg 16.6

US101-SB-SB08-0.5 N mg/kg 0.75 1.78 93.1 0.327 1.47 27.2 11.4 15.9 146 0.0835 1.19 30.5 0.75 0.25 0.75 30.1 66.1

US101-SB-SB08-1.5 N mg/kg 0.949

US101-SB-SB08-3.0 N mg/kg 0.648

US101-SB-SB08-5.0 N mg/kg 17

US101-SB-SB08-7.0 N mg/kg 0.659

US101-SB-SB08-10.0 N mg/kg 1.8

US101-SB-SB08-13.0 N mg/kg 0.5

US101-SB-SB09-0.5 N mg/kg 0.75 2.65 107 0.5 2.35 38.6 15.9 21.3 12.7 0.0835 1.89 45.7 0.75 0.25 0.75 43.5 56.4

US101-SB-SB09-1.5 N mg/kg 20.1

US101-SB-SB10-0.5 N mg/kg 30.8

US101-SB-SB10-1.5 N mg/kg 3.15
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Table 3-1
Summary of Metal Analytical Results

Sample ID Sample 
Type Units Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

US101-SB-SB10-3.0 N mg/kg 0.5

US101-SB-SB10-5.0 N mg/kg 8.34

US101-SB-SB10-7.0 N mg/kg 4.58

US101-SB-SB10-10.0 N mg/kg 2.27

US101-SB-SB44-10 FD mg/kg 1.54

US101-SB-SB10-13.0 N mg/kg 0.5

US101-SB-SB11-0.5 N mg/kg 13.7

US101-SB-SB11-1.5 N mg/kg 0.75 0.75 21 0.25 0.5 3.04 1.92 3.27 1.38 0.0835 0.25 2.72 0.75 0.25 0.75 6.47 9.67

US101-SB-SB11-3 N mg/kg 1.27

US101-SB-SB12-0.5 N mg/kg 290

US101-SB-SB12-1.5 N mg/kg 85.9

US101-SB-SB12-3 N mg/kg 1.78

US101-SB-SB13-0.5 N mg/kg 11.6

US101-SB-SB13-1.5 N mg/kg 0.75 0.75 26.1 0.312 0.5 31.9 15.7 16.5 8.53 0.0835 0.25 45.9 0.75 0.25 0.75 21.7 30.7

US101-SB-SB13-3 N mg/kg 23

US101-SB-SB14-0.5 N mg/kg 437

US101-SB-SB14-1.5 N mg/kg 120

US101-SB-SB14-3 N mg/kg 5.2

US101-SB-SB15-0.5 N mg/kg 0.75 0.75 40.8 0.468 0.5 42 22.1 26.6 37 0.0835 0.25 59.1 0.75 0.25 0.75 37.1 53.5

US101-SB-SB15-1.5 N mg/kg 10.9

US101-SB-SB15-3 N mg/kg 4.68

mg/kg 0.75 7.01 145 0.778 6.34 78 22.1 43.1 780 0.185 4.11 59.1 1.48 0.25 0.75 85.1 343

mg/kg 500 500 10,000 75 100 2,500 8,000 2,500 1,000 20 3,500 2,000 100 500 700 2,400 5,000

mg/L 15 5 100 0.75 1 5 80 25 5 0.2 350 20 1 5 70 240 500

mg/kg 150 50 1000 7.5 10 50 800 250 50 2 3500 200 10 50 70 240 2500

mg/L 15 5 100 NA 1 5 NA NA 5 0.2 NA NA 1 5 NA NA NA

mg/kg 300 100 2000 NA 20 100 NA NA 100 4 NA NA 20 100 NA NA NA

Notes
N = normal field sample

FD = field duplicate

US101-SB-SB44-10 = duplicate of preceding sample

mg/kg = milligrams per kilogram

mg/L = milligrams per liter   

TTLC = total threshold limit concentration

STLC = soluble threshold limit concentration

TCLP = toxicity characteristic leaching procedure 

maximum
TTLC
STLC
10xSTLC
TCLP
20xTCLP
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Table 3-2
Summary of Soluble Metals Analytical Results

WET-DI

Soluble 
Chromium Soluble Lead Lead Chromium Lead

US-101 Northbound

US101-NB-SB01-0.5 N mg/L 2.09 0.1U

US101-NB-SB01-3 N mg/L 1.56

US101-NB-SB02-0.5 N mg/L 1.28 0.1U

US101-NB-SB02-1.5 N mg/L 0.915

US101-NB-SB03-0.5 N mg/L 2.05 0.1U

US101-NB-SB03-3 N mg/L 1.22 0.1U

US101-NB-SB04-0.5 N mg/L 0.442

US101-NB-SB05-0.5 N mg/L 1.31

US101-NB-SB07-0.5 N mg/L 0.757 0.1U

US101-NB-SB08-0.5 N mg/L 2.37 0.1U

US101-NB-SB08-1.5 N mg/L 2.69 0.1U

US101-NB-SB08-3 N mg/L 0.349

US101-NB-SB09-0.5 N mg/L 4.18 0.1U

US101-NB-SB09-1.5 N mg/L 0.828 0.1U

US101-NB-SB10-3 N mg/L 1.1

US101-NB-SB11-0.5 N mg/L 0.52 0.1U

US101-NB-SB11-1.5 N mg/L 0.652

US101-NB-SB11-3 N mg/L 0.522

US101-NB-SB13-0.5 N mg/L 0.797

US101-NB-SB14-0.5 N mg/L 4.93 0.1U

US101-NB-SB14-1.5 N mg/L 3.46 0.1U

US101-NB-SB14-5 N mg/L 4.11 0.1U

US101-NB-SB14-6 N mg/L 2.87 0.1U

US101-NB-SB15-0.5 N mg/L 1.3 0.1U

US101-NB-SB15-1.5 N mg/L 0.971

US101-NB-SB15-3 N mg/L 0.821 0.1U

US101-NB-SB17-0.5 N mg/L 1.12 0.1U

US101-NB-SB17-1.5 N mg/L 0.465

US101-NB-SB17-3 N mg/L 1.05 0.1U

US101-NB-SB18-0.5 N mg/L 3.99 0.1U

US101-NB-SB61-0.5 N mg/L 2.17 0.1U

US101-NB-SB18-1.5 N mg/L 0.791 0.1U

US101-NB-SB19-0.5 N mg/L 3.48 0.1U

US101-NB-SB19-1.5 N mg/L 3.53 0.1U

US101-NB-SB62-1.5 N mg/L 1.64 0.1U

US101-NB-SB20-0.5 N mg/L 1.7 0.1U

US101-NB-SB63-0.5 N mg/L 1.36 0.1U

US101-NB-SB21-0.5 N mg/L 36.8 0.124 1.34

US101-NB-SB21-6 N mg/L 0.207

US101-NB-SB22-0.5 N mg/L 2.4 0.1U

US101-NB-SB23-0.5 N mg/L 0.151 0.1U

US101-NB-SB24-0.5 N mg/L 6.93 0.1U 0.209

Sample ID Units

WET - Citric Acid TCLP
Sample 

Type
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Table 3-2
Summary of Soluble Metals Analytical Results

WET-DI

Soluble 
Chromium Soluble Lead Lead Chromium Lead

Sample ID Units

WET - Citric Acid TCLP
Sample 

Type

US101-NB-SB24-1.5 N mg/L 0.365

US101-NB-SB24-5 N mg/L 0.1

US101-NB-SB67-5 FD mg/L 0.1

US101-NB-SB25-0.5 N mg/L 5.23 0.1U 0.116

US101-NB-SB25-1.5 N mg/L 9.12 0.1U 0.1U

US101-NB-SB25-3 N mg/L 0.1

US101-NB-SB25-5 N mg/L 0.1

US101-NB-SB26-0.5 N mg/L 0.1 0.1U

US101-NB-SB26-1.5 N mg/L 0.1

US101-NB-SB26-5 N mg/L 0.1

US101-NB-SB27-0.5 N mg/L 0.689 0.1U

US101-NB-SB27-1.5 N mg/L 0.335

US101-NB-SB27-3 N mg/L 0.258 0.1U

US101-NB-SB27-5 N mg/L 0.1

US101-NB-SB28-0.5 N mg/L 13.5 0.1U 0.308

US101-NB-SB28-3 N mg/L 1.18 0.1U

US101-NB-SB71-3 FD mg/L 0.309

US101-NB-SB29-0.5 N mg/L 0.87

US101-NB-SB29-1.5 N mg/L 0.1

US101-NB-SB29-5 N mg/L 0.125

US101-NB-SB30-0.5 N mg/L 3.41 0.1U

US101-NB-SB30-1.5 N mg/L 3.2 0.1U

US101-NB-SB30-3 N mg/L 0.357 0.1U

US101-NB-SB30-5 N mg/L 0.277

US101-NB-SB32-6 N mg/L 0.1U 0.1U

US101-NB-SB33-0.5 N mg/L 18.2 0.102 0.1U

US101-NB-SB34-0.5 N mg/L 0.493 0.1U

US101-NB-SB35-0.5 N mg/L 3.56 0.1U

US101-NB-SB35-3 N mg/L 1.6 0.1U

US101-NB-SB36-0.5 N mg/L 4.76 0.176

US101-NB-SB36-1.5 N mg/L 0.218

US101-NB-SB36-3 N mg/L 0.154

US101-NB-SB37-0.5 N mg/L 40.4 0.27 2.39

US101-NB-SB37-1.5 N mg/L 7.71 0.1U 0.502

US101-NB-SB37-3 N mg/L 3.51 0.1U

US101-NB-SB38-0.5 N mg/L 0.186 0.1U

US101-NB-SB38-1.5 N mg/L 0.1

US101-NB-SB39-0.5 N mg/L 0.1

US-101-NB-SB40-0.5 N mg/L 0.632

US-101-NB-SB41-0.5 N mg/L 18.6 0.12 0.642

US-101-NB-SB72-0.5 FD mg/L 19.2 0.1U 0.54

US-101-NB-SB41-1.5 N mg/L 15.3 0.1U 0.134

US-101-NB-SB41-3 N mg/L 10.4 0.1U 0.732
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Table 3-2
Summary of Soluble Metals Analytical Results

WET-DI

Soluble 
Chromium Soluble Lead Lead Chromium Lead

Sample ID Units

WET - Citric Acid TCLP
Sample 

Type

US-101-NB-SB42-0.5 N mg/L 0.243

US-101-NB-SB44-0.5 N mg/L 2.39 0.1U

US-101-NB-SB45-0.5 N mg/L 5.39 0.1U 0.1U

US-101-NB-SB46-0.5 N mg/L 3.26 0.1U

US-101-NB-SB75-0.5 FD mg/L 0.874

US-101-NB-SB46-1.5 N mg/L 0.613 0.1U

US-101-NB-SB46-3 N mg/L 1.19

US-101-NB-SB47-0.5 N mg/L 0.492

US-101-NB-SB48-0.5 N mg/L 0.797

US101-NB-SB49-0.5 N mg/L 5.52 3.96 0.1U

US101-NB-SB49-1.5 N mg/L 2.16 0.112

US101-NB-SB49-3.0 N mg/L 0.631

US-101-NB-SB50-0.5 N mg/L 7.75 0.1U 0.124

US-101-NB-SB77-0.5 FD mg/L 9.73 0.1U 0.164

US-101-NB-SB50-1.5 N mg/L 1.45 0.149

US-101-NB-SB50-3 N mg/L 14.3 0.1U 0.253

US-101-NB-SB51-0.5 N mg/L 1.67

US-101-NB-SB51-1.5 N mg/L 13.2 0.276 0.171

US-101-NB-SB52-0.5 N mg/L 8.38 0.1U 0.1U

US-101-NB-SB52-1.5 N mg/L 0.1U 0.193 0.1U

US-101-NB-SB53-0.5 N mg/L 1.34 0.1U

US-101-NB-SB53-1.5 N mg/L 20.2 0.181 0.196

US-101-NB-SB53-3 N mg/L 19.5 0.1237 0.708

US-101-NB-SB54-0.5 N mg/L 10.8 0.177 0.578

US-101-NB-SB54-1.5 N mg/L 0.1U 0.714 0.1U

US-101-NB-SB55-0.5 N mg/L 0.556

US-101-NB-SB56-0.5 N mg/L 5.8 0.1U 0.1U

US-101-NB-SB56-1.5 N mg/L 0.368

US-101-NB-SB57-0.5 N mg/L 0.424

US-101 Southbound

US101-SB-SB01-0.5 N mg/L 1.5 0.1U

US101-SB-SB03-0.5 N mg/L 3.19

US101-SB-SB03-1.5 N mg/L 1.69 0.1U

US101-SB-SB03-3 N mg/L 0.334 0.1U

US101-SB-SB04-0.5 N mg/L 3.56 0.1U

US101-SB-SB05-0.5 N mg/L 0.258

US101-SB-SB05-6 N mg/L 0.362 0.1U

US101-SB-SB06-0.5 N mg/L 2.65

US101-SB-SB06-1.5 N mg/L 0.122

US101-SB-SB06-3.0 N mg/L 0.449

US101-SB-SB06-5.0 N mg/L 1.87 0.11

US101-SB-SB06-6.0 N mg/L 0.204 0.1U

US101-SB-SB41-6 FD mg/L 1.27 0.1U
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Table 3-2
Summary of Soluble Metals Analytical Results

WET-DI

Soluble 
Chromium Soluble Lead Lead Chromium Lead

Sample ID Units

WET - Citric Acid TCLP
Sample 

Type

US101-SB-SB07-0.5 N mg/L 1.91 0.1U

US101-SB-SB07-1.5 N mg/L 0.606

US101-SB-SB07-3.0 N mg/L 0.663

US101-SB-SB42-3 FD mg/L 0.547

US101-SB-SB08-0.5 N mg/L 2.1 0.145

US101-SB-SB08-5.0 N mg/L 1.01

US101-SB-SB09-0.5 N mg/L 0.458

US101-SB-SB09-1.5 N mg/L 0.849 0.1U

US101-SB-SB10-0.5 N mg/L 0.361 0.1U

US101-SB-SB10-5.0 N mg/L 0.456

US101-SB-SB11-0.5 N mg/L 3.12

US101-SB-SB12-0.5 N mg/L 11 0.142 0.1U

US101-SB-SB12-1.5 N mg/L 0.538

US101-SB-SB13-0.5 N mg/L 0.279

US101-SB-SB13-1.5 N mg/L 0.209

US101-SB-SB13-3 N mg/L 0.108 0.1U

US101-SB-SB14-0.5 N mg/L 16.2 0.1U 0.466

US101-SB-SB14-1.5 N mg/L 0.65 0.1U

US101-SB-SB14-3 N mg/L 0.115

US101-SB-SB15-0.5 N mg/L 0.217 0.1U

US101-SB-SB15-1.5 N mg/L 0.138

mg/L 5 5

mg/L 5 5

Notes:
N = normal field sample
FD = field duplicate
US101-SB-SB44-10 = duplicate of preceding sample
mg/L = milligrams per liter   
STLC = soluble threshold limit concentration
TCLP = toxicity characteristic leaching procedure 
U = non-detect at or above the stated reporting limit
WET-DI = waste extraction test-deionized water 
Cells shaded in light pink and red font are those that exceed hazardous criteria

STLC
TCLP
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Table 3-3
Summary of pH Analytical Results

Sample ID Units Result
US-101 Northbound
US101-NB-SB01-0.5 PH UNITS 7.23

US101-NB-SB02-0.5 PH UNITS 6.96

US101-NB-SB03-0.5 PH UNITS 7.09

US101-NB-SB04-0.5 PH UNITS 7.07

US101-NB-SB05-0.5 PH UNITS 7.77

US101-NB-SB06-0.5 PH UNITS 6.15

US101-NB-SB07-0.5 PH UNITS 6.92

US101-NB-SB08-0.5 PH UNITS 7.27

US101-NB-SB09-0.5 PH UNITS 6.72

US101-NB-SB10-0.5 PH UNITS 7.35

US101-NB-SB11-0.5 PH UNITS 7.49

US101-NB-SB12-0.5 PH UNITS 7.89

US101-NB-SB13-0.5 PH UNITS 7.49

US101-NB-SB14-0.5 PH UNITS 7.38

US101-NB-SB15-0.5 PH UNITS 7.47

US101-NB-SB16-0.5 PH UNITS 7.29

US101-NB-SB17-0.5 PH UNITS 7.58

US101-NB-SB18-0.5 PH UNITS 6.34

US101-NB-SB19-0.5 PH UNITS 7.71

US101-NB-SB20-0.5 PH UNITS 7.76

US101-NB-SB21-0.5 PH UNITS 7.54

US101-NB-SB22-0.5 PH UNITS 7.29

US101-NB-SB23-0.5 PH UNITS 7.42

US101-NB-SB24-0.5 PH UNITS 7.63

US101-NB-SB25-0.5 PH UNITS 8.16

US101-NB-SB26-0.5 PH UNITS 7.42

US101-NB-SB27-0.5 PH UNITS 7.14

US101-NB-SB28-0.5 PH UNITS 7.62

US101-NB-SB29-0.5 PH UNITS 7.56

US101-NB-SB30-0.5 PH UNITS 7.55

US101-NB-SB31-0.5 PH UNITS 7.34

US101-NB-SB32-0.5 PH UNITS 6.74

US101-NB-SB33-0.5 PH UNITS 7.85

US101-NB-SB34-0.5 PH UNITS 7.51

US101-NB-SB35-0.5 PH UNITS 7.67

US101-NB-SB36-0.5 PH UNITS 7.82

US101-NB-SB37-0.5 PH UNITS 6.31

US101-NB-SB38-0.5 PH UNITS 7.02

US101-NB-SB39-0.5 PH UNITS 6.76
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Table 3-3
Summary of pH Analytical Results

Sample ID Units Result

US-101-NB-SB40-0.5 PH UNITS 7.34

US-101-NB-SB41-0.5 PH UNITS 7.68

US-101-NB-SB42-0.5 PH UNITS 8.33

US-101-NB-SB43-0.5 PH UNITS 7.97

US-101-NB-SB44-0.5 PH UNITS 6.77

US-101-NB-SB45-0.5 PH UNITS 7.15

US101-NB-SB49-0.5 PH UNITS 7.21

US-101 Southbound
US101-SB-SB01-0.5 PH UNITS 7.39

US101-SB-SB02-0.5 PH UNITS 8.36

US101-SB-SB03-0.5 PH UNITS 8

US101-SB-SB04-0.5 PH UNITS 7.34

US101-SB-SB05-0.5 PH UNITS 7.7

US101-SB-SB06-0.5 PH UNITS 7.76

US101-SB-SB07-0.5 PH UNITS 7.49

US101-SB-SB08-0.5 PH UNITS 6.24

US101-SB-SB09-0.5 PH UNITS 6.87

US101-SB-SB10-0.5 PH UNITS 8.01

US101-SB-SB11-0.5 PH UNITS 7.28

US101-SB-SB12-0.5 PH UNITS 6.64

US101-SB-SB13-0.5 PH UNITS 7.73

US101-SB-SB14-0.5 PH UNITS 6.7
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Table 3-4
Summary of ADL Concentrations

Soluble Lead Soluble Lead Soluble Lead
(WET) (WET-DI) (TCLP)

(feet)  (mg/kg)  (mg/L) (mg/L)  (mg/L)
US-101 Northbound

All Depths 52.21 2.67 NA <5

0.5 124.68 6.14 <1.5 <5

1.5, 3, 5, 6 31.1 1.27 NA <5

All Depths 54.78 2.79 NA <5

0.5 132.82 6.5 NA <5

1.5, 3, 5, 6 32.82 1.37 NA <5

US-101 Southbound
All Depths 50.98 1.54 NA <5

0.5 165.59 5.9 <1.5 <5

1.5,3, 5, 6, 7, 10, 13 21.01 0.6 NA <5

All Depths 55.42 1.7 NA <5

0.5 183.19 6.54 NA <5

1.5,3, 5, 6, 7, 10, 13 22.69 0.6 NA <5

DI = deionized

TCLP = toxicity characteristic leaching procedure 

WET-DI = waste extraction test-deionized water 
Numbers in red font indicate exceedances of California hazardous criteria for soluble lead (> 5 mg/L)

UCL = upper confidence level

90% UCL

95% UCL

90% UCL

95% UCL

NA = not applicable
mg/L = milligrams per liter   

UCL

Notes:

Depth Total Lead

mg/kg = milligrams per kilogram  
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4.0 Conclusions and Recommendations 

CH2M HILL conducted a soil investigation at the Site from September 19 through 
September 24, 2011. This investigation was conducted to provide Caltrans and the City with 
site characterization data to help them determine whether the Site has been impacted by 
hazardous levels of ADL. Based on the results of the investigation, the following 
conclusions were reached and recommendations offered. 

4.1 Conclusions 
The following conclusions are made based on the results of the analysis of the soil samples; 
the guidelines in CCR Title 22, Section 66261.24, “Characteristics of Toxicity for Waste 
Classification;” and a statistical data evaluation (90 and 95 percent UCL). 

• Soils along US-101 (both north and southbound) within the top 0.5 feet bgs are 
hazardous as per California regulations but within the parameters of the DTSC variance 
(Type Y-1), dated July 1, 2009. 

• No groundwater was encountered at any of the soil boring locations.   

4.2 Recommendations 
Based on the findings of the ADL Investigation, the following recommendations are made. 

• Based on statistical analysis of the analytical data collected during the ADL Investigation, 
the soils along US-101 (both north and southbound) within the top 0.5 feet bgs are 
hazardous as per California regulations but can be re-used as fill material on the job site 
within the DTSC Variance. If soil is re-used it must be placed a minimum of five feet 
above the maximum historic water table elevation and covered with at least one foot of 
nonhazardous soil. Soil below the 0.5 feet bgs is non-hazardous. 

• Based on analytical results the following locations are considered hot spots. Soils at 
these locations are considered California hazardous waste (classified as Y-1). So these 
areas should be managed separately from other locations that are considered non-
hazardous areas. The following hot spot areas should be managed as follows. 

 



4.0 CONCLUSIONS AND RECOMMENDATIONS 

SCO/US101_SR23_ADL INV REPORT_FINAL.DOCX/111190002 4-2 

Sample Location (s) Hot Spot Area Recommendation 
US101NB-SB-21 

US101NB-SB-24 

US101NB-SB-28 

US101NB-SB-33 

US101NB-SB-45 

US101NB-SB-49 

US101NB-SB-52 

US101NB-SB-54 

US101NB-SB-56 

US101SB-SB-12 

US101SB-SB-14 

The area of the hot spot should 
cover a minimum one half the 
distances to the next sampling 
location (on both sides) and up to 
depth of 0.5 feet bgs and the entire 
width of the excavation. 

Soil at the hot spot area is 
considered California hazardous 
waste but can re-used as fill 
material on the job site in 
accordance with the DTSC 
Variance. If soil is re-used, it must 
be placed a minimum of five feet 
above the maximum historic water 
table elevation and covered with 
at least one foot of nonhazardous 
soil.  

Soil below the 0.5 feet bgs is non-
hazardous. 

US101NB-SB-25 

US101NB-SB-37 

US101NB-SB-51 

The area of hot spot should cover a 
minimum one half the distances to 
the next sampling location (on both 
sides) and up to depth of 1.5-feet 
bgs and the entire width of the 
excavation. 

Soil at the hot spot area is 
considered California hazardous 
waste but can re-used as fill 
material on the job site in 
accordance with the DTSC 
Variance. If soil is re-used, it must 
be placed a minimum of five feet 
above the maximum historic water 
table elevation and covered with 
at least one foot of nonhazardous 
soil. 

Soil below the 1.5 feet bgs is non-
hazardous. 

US101NB-SB-41 

US101NB-SB-50 

US101NB-SB-53 

The area of hot spot should cover a 
minimum one half the distances to 
the next sampling location (on both 
sides) and up to depth of 3 feet bgs 
and the entire width of the 
excavation. 

Soil at the hot spot area is 
considered California hazardous 
waste but can re-used as fill 
material on the job site in 
accordance with the DTSC 
Variance. If soil is re-used, it must 
be placed a minimum of five feet 
above the maximum historic water 
table elevation and covered with 
at least one foot of nonhazardous 
soil. 

Soil below the 3 feet bgs is non-
hazardous. 

 

 If surplus material (Classified as Z-2) is generated at the Site, the soil must be disposed 
of at a Class I Disposal site. Hazardous waste soils must be packaged, labeled, 
placarded, and transported in accordance with all applicable DTSC, Caltrans, and 
California Highway Patrol requirements, including the use of registered hazardous 
waste transporters. Vehicles may not be loaded in excess of the legal gross weight limit 
set in the California Vehicle Code. Soil generated from Caltrans ROW and the City ROW 
will require separate manifest documents (including EPA identification numbers). 

 Earthwork involving material containing ADL should be handled according to Caltrans 
specifications (Section 19, "Earthwork" of the Standard Specifications).  
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 During construction, workers should be notified about the hazards of working in a lead 
contaminated environment. 

 If future construction or modifications entail deeper excavations, a soil investigation 
should be conducted to that depth according to Caltrans requirements. 
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FIGURE 2-1c 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1d 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1e 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1f 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1g 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1h 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1i 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1j 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1k 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1l 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1m 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

No soil sample locations on this sheet.
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FIGURE 2-1n 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1o 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

No soil sample locations on this sheet.
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FIGURE 2-1p 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1q 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1r 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1s 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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FIGURE 2-1t 
Soil Sampling Locations
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

END CONSTRUCTION
Sta"S" 120+30.59  PM R3.8

UCTION
9 PM R3 8
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Legend:
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FIGURE 3-1a 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

BEGIN CONSTRUCTION
Sta"A" 19+95.41  PM R0.1
BEGIN

Sta"A"

No soil sample locations on this sheet.
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FIGURE 3-1b 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance                    
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances
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4 ft - 6 ft
8 ft - 13 ft
Soil Sampling LocationUS101NB-SB-01 No hazardous waste criteria exceedance for the

soil boring locations shown on this map
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FIGURE 3-1c 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
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No hazardous waste criteria exceedance for the
soil boring locations shown on this map
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FIGURE 3-1d 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

No hazardous waste criteria exceedance for the
soil boring locations shown on this map
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FIGURE 3-1e 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances
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Soil Sampling LocationUS101NB-SB-01

No hazardous waste criteria exceedance for the
soil boring locations shown on this map
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FIGURE 3-1f 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances

2 ft - 3 ft
4 ft - 6 ft
8 ft - 13 ft
Soil Sampling LocationUS101NB-SB-01

No hazardous waste criteria exceedance for the
soil boring locations shown on this map



ES042611034629SCO400486.01.04.01.12.CH   ADL_soil_sample_locations_07_rev.ai  1/12 

0 10050

 Approximate scale in feet

FIGURE 3-1g 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01

* Duplicate sample for the corresponding location
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FIGURE 3-1h  
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1i 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

US101NB-SB-33
(0.5' = 18.2 mg/L)

US101NB-SB-30US101NB-SB-29US101NB-SB-28
(0.5' = 13.5 mg/L)
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Legend:
Soil Disturbances
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8 ft - 13 ft
Soil Sampling Location

Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1j 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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* Duplicate sample for the corresponding location

Legend:
Soil Disturbances
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Soil Sampling Location

Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1k 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances
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4 ft - 6 ft
8 ft - 13 ft
Soil Sampling Location

Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1l 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances

2 ft - 3 ft
4 ft - 6 ft
8 ft - 13 ft
Soil Sampling LocationUS101NB-SB-01

No hazardous waste criteria exceedance for the
soil boring locations shown on this map
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FIGURE 3-1m 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

No soil sample locations on this sheet.
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FIGURE 3-1n 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances

2 ft - 3 ft
4 ft - 6 ft
8 ft - 13 ft
Soil Sampling LocationUS101NB-SB-01

No hazardous waste criteria exceedance for the
soil boring locations shown on this map
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FIGURE 3-1o 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011

No soil sample locations on this sheet.
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FIGURE 3-1p 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
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No hazardous waste criteria exceedance for the
soil boring locations shown on this map
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FIGURE 3-1q 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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* Duplicate sample for the corresponding location

Legend:
Soil Disturbances
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Soil Sampling Location

Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1r 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Legend:
Soil Disturbances
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Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1s 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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(1.5' = 20.2 mg/L
3' = 19.5 mg/L)
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(1.5' = 13.2 mg/L)

* Duplicate sample for the corresponding location

Legend:
Soil Disturbances

2 ft - 3 ft
4 ft - 6 ft
8 ft - 13 ft
Soil Sampling Location

Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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FIGURE 3-1t 
Soil Sampling Locations with Hazardous Waste Criteria Exceedance
ADL Investigation
US101/SR23 Interchange Improvement Project

Source: Caltrans – Contour Grading Sheets Created on April 21, 2011
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Sta"S" 120+30.59  PM R3.8

UCTION
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(0.5 = 5.8 mg/L)
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Legend:
Soil Disturbances

2 ft - 3 ft
4 ft - 6 ft
8 ft - 13 ft
Soil Sampling Location

Sample locations where 
sample results exceeded 
the California Hazardous 
Waste Criteria for Lead.

mg/L = milligrams per liter

US101NB-SB-01
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Sample Summary and GPS Coordinates 

  





Sample Summary
ADL Investigation

US-101/SR-23 Interchange Improvement Project (EA 07-1952U1)

Sample Summary_GPS_ADL Investigation_US101_SR23.xlsx-Sample Summary Page 1/12

Total 
Lead

WET 
Lead

WET
Cr WET (DI) TCLP 

Lead
TCLP

Cr
Total 

Metals pH

US101-NB-SB01-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB01-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB01-3 3 N Soil 09/20/11 1 1

US101-NB-SB02-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB02-1.5 1.5 N Soil 09/20/11 1 1

US101-NB-SB02-3 3 N Soil 09/20/11 1

US101-NB-SB03-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB03-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB03-3 3 N Soil 09/20/11 1 1 1

US101-NB-SB04-0.5 0.5 N Soil 09/20/11 1 1 1

US101-NB-SB04-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB04-3 3 N Soil 09/20/11 1

US101-NB-SB05-0.5 0.5 N Soil 09/20/11 1 1 1

US101-NB-SB05-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB05-3 3 N Soil 09/20/11 1

US101-NB-SB06-0.5 0.5 N Soil 09/20/11 1 1

US101-NB-SB06-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB06-3 3 N Soil 09/20/11 1

US101-NB-SB07-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB07-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB07-3 3 N Soil 09/20/11 1

US101-NB-SB08-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB08-1.5 1.5 N Soil 09/20/11 1 1 1

US101-NB-SB08-3 3 N Soil 09/20/11 1 1

US101-NB-SB09-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB09-1.5 1.5 N Soil 09/20/11 1 1 1

US101-NB-SB09-2 2 N Soil 09/20/11 1

US101-NB-SB02

6

5

US101-NB-SB03

8

9

US101-NB-SB08

US101-NB-SB04

US101-NB-SB05

US 101 Northbound

Sample 
Date

US101-NB-SB06

US101-NB-SB07

3

4

US101-NB-SB09

Serial 
No.

Field Samples

2

Sample 
Type RemarksSample 

Matrix

Chemical Parameters

US101-NB-SB01

Sample 
Depth 
(feet)

Sample ID

7

Borehole ID

1
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US101-NB-SB10-0.5 0.5 N Soil 09/20/11 1 1

US101-NB-SB10-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB10-3 3 N Soil 09/20/11 1 1

US101-NB-SB11-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB11-1.5 1.5 N Soil 09/20/11 1 1

US101-NB-SB11-3 3 N Soil 09/20/11 1 1

US101-NB-SB12-0.5 0.5 N Soil 09/20/11 1 1

US101-NB-SB12-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB12-3 3 N Soil 09/20/11 1

US101-NB-SB13-0.5 0.5 N Soil 09/20/11 1 1 1

US101-NB-SB13-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB13-3 3 N Soil 09/20/11 1

US101-NB-SB14-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB14-1.5 1.5 N Soil 09/20/11 1 1 1

US101-NB-SB14-3 3 N Soil 09/20/11 1

US101-NB-SB14-5 5 N Soil 09/20/11 1 1 1

US101-NB-SB14-6 6 N Soil 09/20/11 1 1 1

US101-NB-SB15-0.5 0.5 N Soil 09/20/11 1 1 1 1

US101-NB-SB15-1.5 1.5 N Soil 09/20/11 1 1

US101-NB-SB15-3 3 N Soil 09/20/11 1 1 1

US101-NB-SB15-5 5 N Soil NS refusal

US101-NB-SB15-6 6 N Soil NS refusal

US101-NB-SB16-0.5 0.5 N Soil 09/20/11 1 1

US101-NB-SB16-1.5 1.5 N Soil 09/20/11 1

US101-NB-SB16-3 3 N Soil 09/20/11 1

US101-NB-SB16-5 5 N Soil 09/20/11 1

US101-NB-SB16-6 6 N Soil 09/20/11 1

15 US101-NB-SB15

16 US101-NB-SB16

US101-NB-SB10

11 US101-NB-SB11

12 US101-NB-SB12

13 US101-NB-SB13

14 US101-NB-SB14

10
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US101-NB-SB17-0.5 0.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB17-1.5 1.5 N Soil 09/23/11 1 1

US101-NB-SB17-3 3 N Soil 09/23/11 1 1 1

US101-NB-SB17-5 5 N Soil NS refusal

US101-NB-SB17-6 6 N Soil NS refusal

US101-NB-SB18-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB18-1.5 1.5 N Soil 09/21/11 1 1 1

US101-NB-SB18-3 3 N Soil NS refusal

US101-NB-SB18-5 5 N Soil NS refusal

US101-NB-SB18-6 6 N Soil NS refusal

US101-NB-SB19-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB19-1.5 1.5 N Soil 09/21/11 1 1 1

US101-NB-SB19-3 3 N Soil NS refusal

US101-NB-SB19-5 5 N Soil NS refusal

US101-NB-SB19-6 6 N Soil NS refusal

US101-NB-SB20-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB20-1.5 1.5 N Soil 09/21/11 1

US101-NB-SB20-3 3 N Soil 09/21/11 1

US101-NB-SB20-5 5 N Soil 09/21/11 1

US101-NB-SB20-6 6 N Soil 09/21/11 1

US101-NB-SB21-0.5 0.5 N Soil 09/21/11 1 1 1 1 1

US101-NB-SB21-1.5 1.5 N Soil 09/21/11 1

US101-NB-SB21-3 3 N Soil 09/21/11 1

US101-NB-SB21-5 5 N Soil 09/21/11 1

US101-NB-SB21-6 6 N Soil 09/21/11 1 1

US101-NB-SB22-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB22-1.5 1.5 N Soil 09/21/11 1

US101-NB-SB22-3 3 N Soil 09/21/11 1

US101-NB-SB22-5 5 N Soil 09/21/11 1

US101-NB-SB22-6 6 N Soil 09/21/11 1

17 US101-NB-SB17

18 US101-NB-SB18

19 US101-NB-SB19

22

20 US101-NB-SB20

21 US101-NB-SB21

US101-NB-SB22
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US101-NB-SB23-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB23-1.5 1.5 N Soil 09/21/11 1

US101-NB-SB23-3 3 N Soil 09/21/11 1

US101-NB-SB23-5 5 N Soil 09/21/11 1

US101-NB-SB23-6 6 N Soil 09/21/11 1

US101-NB-SB24-0.5 0.5 N Soil 09/21/11 1 1 1 1 1

US101-NB-SB24-1.5 1.5 N Soil 09/21/11 1 1

US101-NB-SB24-3 3 N Soil 09/21/11 1

US101-NB-SB24-5 5 N Soil 09/21/11 1 1

US101-NB-SB24-6 6 N Soil 09/21/11 1

US101-NB-SB25-0.5 0.5 N Soil 09/21/11 1 1 1 1 1

US101-NB-SB25-1.5 1.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB25-3 3 N Soil 09/21/11 1 1

US101-NB-SB25-5 5 N Soil 09/21/11 1 1

US101-NB-SB25-6 6 N Soil 09/21/11 1

US101-NB-SB26-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB26-1.5 1.5 N Soil 09/21/11 1 1

US101-NB-SB26-3 3 N Soil 09/21/11 1

US101-NB-SB26-5 5 N Soil 09/21/11 1 1

US101-NB-SB26-6 6 N Soil 09/21/11 1

US101-NB-SB27-0.5 0.5 N Soil 09/21/11 1 1 1 1

US101-NB-SB27-1.5 1.5 N Soil 09/21/11 1 1

US101-NB-SB27-3 3 N Soil 09/21/11 1 1 1

US101-NB-SB27-5 5 N Soil 09/21/11 1 1

US101-NB-SB27-6 6 N Soil 09/21/11 1

US101-NB-SB28-0.5 0.5 N Soil 09/21/11 1 1 1 1 1

US101-NB-SB28-1.5 1.5 N Soil 09/21/11 1

US101-NB-SB28-3 3 N Soil 09/21/11 1 1 1

US101-NB-SB28-5 5 N Soil 09/21/11 1

US101-NB-SB28-6 6 N Soil NS refusal

28 US101-NB-SB28

25 US101-NB-SB25

26 US101-NB-SB26

27 US101-NB-SB27

23 US101-NB-SB23

24 US101-NB-SB24
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US101-NB-SB29-0.5 0.5 N Soil 09/21/11 1 1 1

US101-NB-SB29-1.5 1.5 N Soil 09/21/11 1 1

US101-NB-SB29-3 3 N Soil 09/21/11 1 1

US101-NB-SB29-5 5 N Soil 09/21/11 1 1

US101-NB-SB29-6 6 N Soil 09/21/11 1

US101-NB-SB30-0.5 0.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB30-1.5 1.5 N Soil 09/23/11 1 1 1

US101-NB-SB30-3 3 N Soil 09/23/11 1 1 1

US101-NB-SB30-5 5 N Soil 09/23/11 1 1

US101-NB-SB30-6 6 N Soil 09/23/11 1

US101-NB-SB31-0.5 0.5 N Soil 09/23/11 1 1

US101-NB-SB31-1.5 1.5 N Soil 09/23/11 1

US101-NB-SB31-3 3 N Soil 09/23/11 1

US101-NB-SB31-5 5 N Soil 09/23/11 1

US101-NB-SB31-6 6 N Soil 09/23/11 1

US101-NB-SB32-0.5 0.5 N Soil 09/23/11 1 1

US101-NB-SB32-1.5 1.5 N Soil 09/23/11 1

US101-NB-SB32-3 3 N Soil 09/23/11 1

US101-NB-SB32-5 5 N Soil 09/23/11 1

US101-NB-SB32-6 6 N Soil 09/23/11 1 1 1

US101-NB-SB33-0.5 0.5 N Soil 09/21/11 1 1 1 1 1

US101-NB-SB33-1.5 1.5 N Soil 09/21/11 1

US101-NB-SB33-3 3 N Soil 09/21/11 1

US101-NB-SB33-5 5 N Soil 09/21/11 1

US101-NB-SB33-6 6 N Soil 09/21/11 1

US101-NB-SB34-0.5 0.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB34-1.5 1.5 N Soil 09/23/11 1

US101-NB-SB34-3 3 N Soil 09/23/11 1

US101-NB-SB34-5 5 N Soil NS refusal

US101-NB-SB34-6 6 N Soil NS refusal

34 US101-NB-SB34

31 US101-NB-SB31

32 US101-NB-SB32

33 US101-NB-SB33

29 US101-NB-SB29

30 US101-NB-SB30
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US101-NB-SB35-0.5 0.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB35-1.5 1.5 N Soil 09/23/11 1

US101-NB-SB35-3 3 N Soil 09/23/11 1 1 1

US101-NB-SB35-5 5 N Soil NS refusal

US101-NB-SB35-6 6 N Soil NS refusal

US101-NB-SB36-0.5 0.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB36-1.5 1.5 N Soil 09/23/11 1 1

US101-NB-SB36-3 3 N Soil 09/23/11 1 1

US101-NB-SB36-5 5 N Soil NS refusal

US101-NB-SB36-6 6 N Soil NS refusal

US101-NB-SB37-0.5 0.5 N Soil 09/23/11 1 1 1 1 1

US101-NB-SB37-1.5 1.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB37-3 3 N Soil 09/23/11 1 1 1

US101-NB-SB37-5 5 N Soil NS refusal

US101-NB-SB37-6 6 N Soil NS refusal

US101-NB-SB38-0.5 0.5 N Soil 09/23/11 1 1 1 1

US101-NB-SB38-1.5 1.5 N Soil 09/23/11 1 1

US101-NB-SB38-3 3 N Soil 09/23/11 1

US101-NB-SB38-5 5 N Soil 09/23/11 1

US101-NB-SB38-6 6 N Soil 09/23/11 1

US101-NB-SB39-0.5 0.5 N Soil 09/23/11 1 1 1

US101-NB-SB39-1.5 1.5 N Soil 09/23/11 1

US101-NB-SB39-3 3 N Soil 09/23/11 1

US101-NB-SB39-5 5 N Soil 09/23/11 1

US101-NB-SB39-6 6 N Soil 09/23/11 1

US101-NB-SB40-0.5 0.5 N Soil 09/22/11 1 1 1

US101-NB-SB40-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB40-3 3 N Soil 09/22/11 1

35 US101-NB-SB35

36 US101-NB-SB36

37 US101-NB-SB37

38 US101-NB-SB38

39 US101-NB-SB39

40 US101-NB-SB40
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US101-NB-SB41-0.5 0.5 N Soil 09/22/11 1 1 1 1 1

US101-NB-SB41-1.5 1.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB41-3 3 N Soil 09/22/11 1 1 1 1

US101-NB-SB42-0.5 0.5 N Soil 09/22/11 1 1 1

US101-NB-SB42-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB42-3 3 N Soil 09/22/11 1

US101-NB-SB43-0.5 0.5 N Soil 09/22/11 1 1

US101-NB-SB43-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB43-3 3 N Soil 09/22/11 1

US101-NB-SB44-0.5 0.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB44-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB44-3 3 N Soil 09/22/11 1

US101-NB-SB45-0.5 0.5 N Soil 09/22/11 1 1 1 1 1

US101-NB-SB45-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB45-3 3 N Soil 09/22/11 1

US101-NB-SB46-0.5 0.5 N Soil 09/22/11 1 1 1

US101-NB-SB46-1.5 1.5 N Soil 09/22/11 1 1 1

US101-NB-SB46-3 3 N Soil 09/22/11 1 1

US101-NB-SB47-0.5 0.5 N Soil 09/22/11 1 1

US101-NB-SB47-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB47-3 3 N Soil 09/22/11 1

US101-NB-SB48-0.5 0.5 N Soil 09/22/11 1 1

US101-NB-SB48-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB48-3 3 N Soil 09/22/11 1

US101-NB-SB49-0.5 0.5 N Soil 09/24/11 1 1 1 1 1

US101-NB-SB49-1.5 1.5 N Soil 09/24/11 1 1 1

US101-NB-SB49-3 3 N Soil 09/24/11 1 1

US101-NB-SB49-5 5 N Soil NS refusal

US101-NB-SB49-6 6 N Soil NS refusal

43 US101-NB-SB43

44 US101-NB-SB44

48 US101-NB-SB48

46 US101-NB-SB46

47 US101-NB-SB47

42 US101-NB-SB42

45 US101-NB-SB45

41 US101-NB-SB41

49 US101-NB-SB49
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US101-NB-SB50-0.5 0.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB50-1.5 1.5 N Soil 09/22/11 1 1 1

US101-NB-SB50-3 3 N Soil 09/22/11 1 1 1 1

US101-NB-SB50-5 5 N Soil 09/22/11 1

US101-NB-SB50-6 6 N Soil 09/22/11 1

US101-NB-SB51-0.5 0.5 N Soil 09/22/11 1 1

US101-NB-SB51-1.5 1.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB51-3 3 N Soil 09/22/11 1

US101-NB-SB51-5 5 N Soil 09/22/11 1

US101-NB-SB51-6 6 N Soil 09/22/11 1

US101-NB-SB52-0.5 0.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB52-1.5 1.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB52-3 3 N Soil 09/22/11 1

US101-NB-SB53-0.5 0.5 N Soil 09/22/11 1 1 1

US101-NB-SB53-1.5 1.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB53-3 3 N Soil 09/22/11 1 1 1 1

US101-NB-SB54-0.5 0.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB54-1.5 1.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB54-3 3 N Soil 09/22/11 1

US101-NB-SB55-0.5 0.5 N Soil 09/22/11 1 1

US101-NB-SB55-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB55-3 3 N Soil 09/22/11 1

US101-NB-SB56-0.5 0.5 N Soil 09/22/11 1 1 1 1

US101-NB-SB56-1.5 1.5 N Soil 09/22/11 1 1

US101-NB-SB56-3 3 N Soil 09/22/11 1

US101-NB-SB57-0.5 0.5 N Soil 09/22/11 1 1

US101-NB-SB57-1.5 1.5 N Soil 09/22/11 1

US101-NB-SB57-3 3 N Soil 09/22/11 1

58 US101-NB-SB61 US101-NB-SB61-0.5 0.5 FD Soil 09/21/11 1 1 1 1 Field Duplicate of US101-NB-SB18-0.5

59 US101-NB-SB62 US101-NB-SB62-1.5 1.5 FD Soil 09/21/11 1 1 1 Field Duplicate of US101-NB-SB19-1.5

60 US101-NB-SB63 US101-NB-SB63-0.5 0.5 FD Soil 09/21/11 1 1 1 1 Field Duplicate of US101-NB-SB20-0.5

55 US101-NB-SB55

56 US101-NB-SB56

51 US101-NB-SB51

US101-NB-SB54

52 US101-NB-SB52

53 US101-NB-SB53

50 US101-NB-SB50

54

57 US101-NB-SB57
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61 US101-NB-SB64 US101-NB-SB64-1.5 1.5 FD Soil 09/21/11 1 Field Duplicate of US101-NB-SB21-1.5

62 US101-NB-SB65 US101-NB-SB65-0.5 0.5 FD Soil 09/21/11 1 Field Duplicate of US101-NB-SB22-0.5

63 US101-NB-SB66 US101-NB-SB66-3 3 FD Soil 09/21/11 1 Field Duplicate of US101-NB-SB23-3

64 US101-NB-SB67 US101-NB-SB67-5 5 FD Soil 09/21/11 1 1 Field Duplicate of US101-NB-SB24-5

65 US101-NB-SB68 US101-NB-SB68-6 6 FD Soil 09/21/11 1 Field Duplicate of US101-NB-SB25-6

66 US101-NB-SB69 US101-NB-SB69-5 5 FD Soil 09/21/11 1 Field Duplicate of US101-NB-SB26-5

67 US101-NB-SB70 US101-NB-SB70-6 6 FD Soil 09/21/11 1 Field Duplicate of US101-NB-SB27-6

68 US101-NB-SB71 US101-NB-SB71-3 3 FD Soil 09/21/11 1 1 Field Duplicate of US101-NB-SB28-3

69 US101-NB-SB72 US101-NB-SB72-0.5 0.5 FD Soil 09/22/11 1 1 1 1 1 Field Duplicate of US101-NB-SB41-0.5

70 US101-NB-SB73 US101-NB-SB73-1.5 1.5 FD Soil 09/22/11 1 Field Duplicate of US101-NB-SB42-1.5

71 US101-NB-SB74 US101-NB-SB74-3 3 FD Soil 09/22/11 1 Field Duplicate of US101-NB-SB44-3

72 US101-NB-SB75 US101-NB-SB75-0.5 0.5 FD Soil 09/22/11 1 1 Field Duplicate of US101-NB-SB46-0.5

73 US101-NB-SB76 US101-NB-SB76-1.5 1.5 FD Soil 09/22/11 1 Field Duplicate of US101-NB-SB48-1.5

74 US101-NB-SB77 US101-NB-SB77-0.5 0.5 FD Soil 09/22/11 1 1 1 1 Field Duplicate of US101-NB-SB50-0.5

75 US101-NB-SB78 US101-NB-SB78-3 3 FD Soil 09/23/11 1 Field Duplicate of US101-NB-SB34-3

76 US101-NB-SB79 US101-NB-SB79-5 5 FD Soil 09/23/11 1 Field Duplicate of US101-NB-SB38-5

77 US101-NB-SB80 US101-NB-SB80-5 5 FD Soil 09/23/11 1 Field Duplicate of US101-NB-SB39-5

US101-SB-SB01-0.5 0.5 N Soil 09/24/11 1 1 1 1

US101-SB-SB01-1.5 1.5 N Soil 09/24/11 1

US101-SB-SB01-3 3 N Soil 09/24/11 1

US101-SB-SB01-5 5 N Soil 09/24/11 1

US101-SB-SB02-0.5 0.5 N Soil 09/24/11 1 1

US101-SB-SB02-1.5 1.5 N Soil 09/24/11 1

US101-SB-SB02-3 3 N Soil 09/24/11 1

US101-SB-SB02-5 5 N Soil 09/24/11 1

US101-SB-SB03-0.5 0.5 N Soil 09/24/11 1 1 1 1

US101-SB-SB03-1.5 1.5 N Soil 09/24/11 1 1 1

US101-SB-SB03-3 3 N Soil 09/24/11 1 1

US101-SB-SB03-5 5 N Soil 09/24/11 1

2 US101-SB-SB02

3

1 US101-SB-SB01

US101-SB-SB03

US 101 Southbound
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Total 
Lead

WET 
Lead

WET
Cr WET (DI) TCLP 

Lead
TCLP

Cr
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Metals pH
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Serial 

No.

 

Sample 
Type RemarksSample 

Matrix

Chemical ParametersSample 
Depth 
(feet)

Sample IDBorehole ID

US101-SB-SB04-0.5 0.5 N Soil 09/24/11 1 1 1 1

US101-SB-SB04-1.5 1.5 N Soil 09/24/11 1

US101-SB-SB04-3 3 N Soil 09/24/11 1

US101-SB-SB04-5 5 N Soil 09/24/11 1

US101-SB-SB05-0.5 0.5 N Soil 09/24/11 1 1 1

US101-SB-SB05-1.5 1.5 N Soil 09/24/11 1

US101-SB-SB05-3 3 N Soil 09/24/11 1

US101-SB-SB05-5 5 N Soil 09/24/11 1

US101-SB-SB05-6 6 N Soil 09/24/11 1 1 1

US101-SB-SB06-0.5 0.5 N Soil 09/24/11 1 1 1

US101-SB-SB06-1.5 1.5 N Soil 09/24/11 1 1

US101-SB-SB06-3 3 N Soil 09/24/11 1 1

US101-SB-SB06-5 5 N Soil 09/24/11 1 1 1

US101-SB-SB06-6 6 N Soil 09/24/11 1 1 1

US101-SB-SB07-0.5 0.5 N Soil 09/24/11 1 1 1 1

US101-SB-SB07-1.5 1.5 N Soil 09/24/11 1 1

US101-SB-SB07-3 3 N Soil 09/24/11 1 1

US101-SB-SB07-5 5 N Soil NS refusal

US101-SB-SB07-7 7 N Soil NS refusal

US101-SB-SB07-10 10 N Soil NS refusal

US101-SB-SB07-13 13 N Soil NS refusal

US101-SB-SB08-0.5 0.5 N Soil 09/24/11 1 1 1 1

US101-SB-SB08-1.5 1.5 N Soil 09/24/11 1

US101-SB-SB08-3 3 N Soil 09/24/11 1

US101-SB-SB08-5 5 N Soil 09/24/11 1 1

US101-SB-SB08-7 7 N Soil 09/24/11 1

US101-SB-SB08-10 10 N Soil 09/24/11 1

US101-SB-SB08-13 13 N Soil 09/24/11 1

4 US101-SB-SB04

5 US101-SB-SB05

8 US101-SB-SB08

6 US101-SB-SB06

7 US101-SB-SB07
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Sample IDBorehole ID

US101-SB-SB09-0.5 0.5 N Soil 09/24/11 1 1 1

US101-SB-SB09-1.5 1.5 N Soil 09/24/11 1 1 1

US101-SB-SB09-3 3 N Soil NS refusal

US101-SB-SB09-5 5 N Soil NS refusal

US101-SB-SB09-7 7 N Soil NS refusal

US101-SB-SB09-10 10 N Soil NS refusal

US101-SB-SB09-13 13 N Soil NS refusal

US101-SB-SB10-0.5 0.5 N Soil 09/24/11 1 1 1 1

US101-SB-SB10-1.5 1.5 N Soil 09/24/11 1

US101-SB-SB10-3 3 N Soil 09/24/11 1

US101-SB-SB10-5 5 N Soil 09/24/11 1 1

US101-SB-SB10-7 7 N Soil 09/24/11 1

US101-SB-SB10-10 10 N Soil 09/24/11 1

US101-SB-SB10-13 13 N Soil 09/24/11 1

US101-SB-SB11-0.5 0.5 N Soil 09/23/11 1 1 1

US101-SB-SB11-1.5 1.5 N Soil 09/23/11 1

US101-SB-SB11-3 3 N Soil 09/23/11 1

US101-SB-SB12-0.5 0.5 N Soil 09/23/11 1 1 1 1 1

US101-SB-SB12-1.5 1.5 N Soil 09/23/11 1 1

US101-SB-SB12-3 3 N Soil 09/23/11 1

US101-SB-SB13-0.5 0.5 N Soil 09/23/11 1 1 1

US101-SB-SB13-1.5 1.5 N Soil 09/23/11 1 1

US101-SB-SB13-3 3 N Soil 09/23/11 1 1 1

US101-SB-SB14-0.5 0.5 N Soil 09/23/11 1 1 1 1 1

US101-SB-SB14-1.5 1.5 N Soil 09/23/11 1 1 1

US101-SB-SB14-3 3 N Soil 09/23/11 1 1

US101-SB-SB15-0.5 0.5 N Soil 09/23/11 1 1 1

US101-SB-SB15-1.5 1.5 N Soil 09/23/11 1 1

US101-SB-SB15-3 3 N Soil 09/23/11 1

16 US101-SB-SB41 US101-SB-SB41-6 6 FD Soil 09/24/11 1 1 1 Field Duplicate of US101-SB-SB06-6

17 US101-SB-SB42 US101-SB-SB42-3 3 FD Soil 09/24/11 1 1 Field Duplicate of US101-SB-SB07-3

US101-SB-SB099

10 US101-SB-SB10

15 US101-SB-SB15

13 US101-SB-SB13

US101-SB-SB11

12 US101-SB-SB12

14 US101-SB-SB14

11



Sample Summary
ADL Investigation

US-101/SR-23 Interchange Improvement Project (EA 07-1952U1)

Sample Summary_GPS_ADL Investigation_US101_SR23.xlsx-Sample Summary Page 12/12

Total 
Lead

WET 
Lead

WET
Cr WET (DI) TCLP 

Lead
TCLP

Cr
Total 

Metals pH
Sample 

Date
Serial 

No.

 

Sample 
Type RemarksSample 

Matrix

Chemical ParametersSample 
Depth 
(feet)

Sample IDBorehole ID

18 US101-SB-SB43 US101-SB-SB43-5 5 FD Soil 09/24/11 1 Field Duplicate of US101-SB-SB08-5

19 US101-SB-SB44 US101-SB-SB44-10 10 FD Soil 09/24/11 1 Field Duplicate of US101-SB-SB10-10

260 148 3 25 87 3 32 63

EB01-092011 EB Aqueous 09/20/11 1

EB02-092111 EB Aqueous 09/21/11 1

EB03-092211 EB Aqueous 09/22/11 1

EB04-092311 EB Aqueous 09/23/11 1

EB05-092411 EB Aqueous 09/24/11 1

0 0 0 0 0 0 5 0

260 148 3 25 87 3 37 63

Notes:
Cr = total chromium

DI = deionized water

EB = Equipment Blank

FD = Field Duplicate

N = Normal Field Sample

NS = not sampled due to refusal at boring location

TB = Trip Blank

Grand Total

1

Equipment Blanks 

Total Equipment Blank Samples

One per day and analyze for total metalsEquipment Blank

Total Soil Samples (Field+Duplicate)
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US101 Northbound

US101-NB-SB01 1880413.08 6312643.67 34.1566641 -118.8231450

US101-NB-SB02 1880599.24 6312437.46 34.1571710 -118.8238317

US101-NB-SB03 1880926.45 6312366.50 34.1580685 -118.8240751

US101-NB-SB04 1880807.92 6312237.50 34.1577399 -118.8244983

US101-NB-SB05 1881610.57 6311217.42 34.1599224 -118.8278918

US101-NB-SB06 1881722.06 6311053.54 34.1602250 -118.8284366

US101-NB-SB07 1882192.30 6310466.18 34.1615038 -118.8303909

US101-NB-SB08 1882354.87 6310247.21 34.1619455 -118.8311191

US101-NB-SB09 1882535.91 6310028.50 34.1624380 -118.8318470

US101-NB-SB10 1883386.59 6308981.42 34.1647516 -118.8353316

US101-NB-SB11 1883489.14 6308874.37 34.1650310 -118.8356882

US101-NB-SB12 1883773.34 6308607.69 34.1658058 -118.8365776

US101-NB-SB13 1883995.56 6308435.80 34.1664125 -118.8371519

US101-NB-SB14 1883707.43 6308589.52 34.1656243 -118.8366359

US101-NB-SB15 1883828.88 6308459.18 34.1659550 -118.8370701

US101-NB-SB16 1883937.12 6308346.66 34.1662499 -118.8374450

US101-NB-SB17 1883952.27 6308258.29 34.1662895 -118.8377375

US101-NB-SB18 1884073.01 6308165.46 34.1666191 -118.8380477

US101-NB-SB19 1884179.30 6308019.74 34.1669078 -118.8385324

US101-NB-SB20 1884191.80 6308150.74 34.1669452 -118.8380997

US101-NB-SB21 1884317.39 6307889.88 34.1672843 -118.8389654

US101-NB-SB22 1884486.60 6307643.96 34.1677436 -118.8397831

US101-NB-SB23 1884674.68 6307408.06 34.1682550 -118.8405681

US101-NB-SB24 1884872.81 6307165.36 34.1687938 -118.8413759

US101-NB-SB25 1885050.66 6306940.13 34.1692773 -118.8421254

US101-NB-SB26 1885275.84 6306676.73 34.1698900 -118.8430024

US101-NB-SB27 1885433.02 6306485.22 34.1703175 -118.8436398

US101-NB-SB28 1885622.37 6306231.23 34.1708319 -118.8444847

US101-NB-SB29 1885810.07 6306001.11 34.1713424 -118.8452507

US101-NB-SB30 1886011.20 6305746.10 34.1718891 -118.8460993

US101-NB-SB31 1885964.91 6305716.56 34.1717612 -118.8461957

US101-NB-SB32 1886007.16 6305665.67 34.1718762 -118.8463651

US101-NB-SB33 1886200.97 6305520.74 34.1724054 -118.8468496

US101-NB-SB34 1886395.81 6305309.02 34.1729358 -118.8475550

US101-NB-SB35 1886575.99 6305081.12 34.1734256 -118.8483134

US101-NB-SB36 1886761.19 6304847.70 34.1739291 -118.8490903

US101-NB-SB37 1886940.72 6304616.70 34.1744171 -118.8498590

US101-NB-SB38 1887961.89 6300747.34 34.1771324 -118.8626800

Borehole_ID Northing Easting Latitude Longitude
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Borehole_ID Northing Easting Latitude Longitude

US101-NB-SB39 1887891.43 6300559.24 34.1769344 -118.8632999

US101-NB-SB40 1887920.99 6299302.40 34.1769859 -118.8674560

US101-NB-SB41 1887945.86 6299042.49 34.1770480 -118.8683160

US101-NB-SB42 1888074.26 6297709.97 34.1773691 -118.8727251

US101-NB-SB43 1888121.59 6297410.42 34.1774920 -118.8737168

US101-NB-SB44 1888182.92 6297108.10 34.1776533 -118.8747181

US101-NB-SB45 1888240.88 6296817.33 34.1778056 -118.8756811

US101-NB-SB46 1888294.75 6296645.54 34.1779496 -118.8762506

US101-NB-SB47 1888098.09 6297208.20 34.1774226 -118.8743847

US101-NB-SB48 1888127.42 6296905.69 34.1774960 -118.8753857

US101-NB-SB49 1888158.34 6296631.37 34.1775744 -118.8762935

US101-NB-SB50 1888168.94 6296445.39 34.1775991 -118.8769087

US101-NB-SB51 1888206.00 6296109.70 34.1776928 -118.8780196

US101-NB-SB52 1888256.69 6296321.58 34.1778372 -118.8773205

US101-NB-SB53 1888265.51 6296038.97 34.1778547 -118.8782551

US101-NB-SB54 1888321.25 6295762.54 34.1780012 -118.8791706

US101-NB-SB55 1888486.50 6295288.78 34.1784439 -118.8807417

US101-NB-SB56 1888624.37 6295043.66 34.1788168 -118.8815561

US101-NB-SB57 1888747.20 6294838.19 34.1791493 -118.8822390

US101 Southbound

US101-SB-SB01 1880321.33 6312399.94 34.1564065 -118.8239482

US101-SB-SB02 1880446.95 6312225.84 34.1567478 -118.8245270

US101-SB-SB03 1881765.51 6310633.74 34.1603349 -118.8298254

US101-SB-SB04 1881965.33 6310411.26 34.1608789 -118.8305662

US101-SB-SB05 1883888.31 6308063.69 34.1661093 -118.8383791

US101-SB-SB06 1884002.99 6307919.33 34.1664211 -118.8388594

US101-SB-SB07 1884103.81 6307727.97 34.1666937 -118.8394948

US101-SB-SB08 1884327.39 6307498.07 34.1673028 -118.8402609

US101-SB-SB09 1884535.89 6307252.36 34.1678700 -118.8410790

US101-SB-SB10 1884698.49 6307050.90 34.1683122 -118.8417494

US101-SB-SB11 1886955.82 6304212.32 34.1744491 -118.8511963

US101-SB-SB12 1887084.95 6303962.04 34.1747981 -118.8520273

US101-SB-SB13 1887257.43 6303580.66 34.1752632 -118.8532930

US101-SB-SB14 1887307.69 6303376.28 34.1753965 -118.8539701

US101-SB-SB15 1887370.57 6303006.63 34.1755607 -118.8551939
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Soil Boring Locations Sample ID

US-101 Northbound
US101-NB-SB15-5

US101-NB-SB15-6

US101-NB-SB17-5

US101-NB-SB17-6

US101-NB-SB18-3

US101-NB-SB18-5

US101-NB-SB18-6

US101-NB-SB19-3

US101-NB-SB19-5

US101-NB-SB19-6
US101-NB-SB28 US101-NB-SB28-6

US101-NB-SB34-5

US101-NB-SB34-6

US101-NB-SB35-5

US101-NB-SB35-6

US101-NB-SB36-5

US101-NB-SB36-6

US101-NB-SB37-5

US101-NB-SB37-6

US101-NB-SB49-5

US101-NB-SB49-6

US-101 Southbound
US101-SB-SB07-5

US101-SB-SB07-7

US101-SB-SB07-10

US101-SB-SB07-13

US101-SB-SB09-3

US101-SB-SB09-5

US101-SB-SB09-7
US101-SB-SB09-10
US101-SB-SB09-13

US101-NB-SB35

US101-NB-SB15

US101-NB-SB17

US101-NB-SB18

US101-NB-SB19

US101-NB-SB34

US101-NB-SB36

US101-NB-SB37

US101-NB-SB49

US101-SB-SB07

US101-SB-SB09
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Project Manager

09/28/2011

Page 1 of 49

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx


Contents
Client Project Name: US 101 / SR23 Interchange Improvement

Work Order Number: 11-09-1328

1 Detections Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Client Sample Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.1  EPA 9045D pH (Solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2  EPA 6010B ICP Metals (Solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3  EPA 6010B/7471A CAC Title 22 Metals / EPA 7471A Mercury (Solid) . 22
2.4  EPA 6010B/7470A CAC Title 22 Metals / EPA 7470A Mercury 25

3 Quality Control Sample Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.1  MS/MSD and/or Duplicate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.2  LCS/LCSD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4 Glossary of Terms and Qualifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5 Chain of Custody/Sample Receipt Form . . . . . . . . . . . . . . . . . . . . . . . . . 40

Page 2 of 49



DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB01-0.5
Arsenic   2.39 mg/kg EPA 6010B EPA 3050B0.750
Barium 79.9 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.364 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   1.96 mg/kg EPA 6010B EPA 3050B0.500
Chromium 30.6 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   8.87 mg/kg EPA 6010B EPA 3050B0.250
Copper 20.6 mg/kg EPA 6010B EPA 3050B0.500
Lead 69.6 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   2.43 mg/kg EPA 6010B EPA 3050B0.250
Nickel 34.3 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 44.6 mg/kg EPA 6010B EPA 3050B0.250
Zinc 83.6 mg/kg EPA 6010B EPA 3050B1.00
pH 7.23 pH units EPA 9045D N/A0.01

US101-NB-SB01-1.5
Lead 17.1 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB01-3
Lead 24.5 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB02-0.5
Lead 54.2 mg/kg EPA 6010B EPA 3050B0.500
pH 6.96 pH units EPA 9045D N/A0.01

US101-NB-SB02-1.5
Lead 30.4 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB02-3
Lead 16.4 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB03-0.5
Lead 67.3 mg/kg EPA 6010B EPA 3050B0.500
pH 7.09 pH units EPA 9045D N/A0.01

US101-NB-SB03-1.5
Lead 15.7 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB03-3
Lead 56.7 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB04-0.5
Arsenic   4.14 mg/kg EPA 6010B EPA 3050B0.750
Barium 132 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.778 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   6.34 mg/kg EPA 6010B EPA 3050B0.500
Chromium 30.3 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 10.9 mg/kg EPA 6010B EPA 3050B0.250
Copper 28.6 mg/kg EPA 6010B EPA 3050B0.500
Lead 25.8 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   4.11 mg/kg EPA 6010B EPA 3050B0.250
Nickel 48.1 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 85.1 mg/kg EPA 6010B EPA 3050B0.250
Zinc 88.9 mg/kg EPA 6010B EPA 3050B1.00
pH 7.07 pH units EPA 9045D N/A0.01

US101-NB-SB04-1.5
Lead 13.4 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB04-3
Lead 8.80 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB05-0.5
Lead 31.2 mg/kg EPA 6010B EPA 3050B0.500
pH 7.77 pH units EPA 9045D N/A0.01

US101-NB-SB05-1.5
Lead 8.03 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB05-3
Lead 6.16 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB06-0.5
Arsenic   3.16 mg/kg EPA 6010B EPA 3050B0.750
Barium 109 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.423 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.990 mg/kg EPA 6010B EPA 3050B0.500
Chromium 33.8 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 12.8 mg/kg EPA 6010B EPA 3050B0.250
Copper 23.9 mg/kg EPA 6010B EPA 3050B0.500
Lead 17.7 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   2.27 mg/kg EPA 6010B EPA 3050B0.250
Nickel 42.0 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 40.3 mg/kg EPA 6010B EPA 3050B0.250
Zinc 56.7 mg/kg EPA 6010B EPA 3050B1.00
pH 6.15 pH units EPA 9045D N/A0.01

US101-NB-SB06-1.5
Lead 14.3 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB06-3
Lead 5.53 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB07-0.5
Lead 49.6 mg/kg EPA 6010B EPA 3050B0.500
pH 6.92 pH units EPA 9045D N/A0.01

US101-NB-SB07-1.5
Lead 7.89 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB07-3
Lead 13.3 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB08-0.5
Arsenic   2.73 mg/kg EPA 6010B EPA 3050B0.750
Barium 127 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.452 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   1.04 mg/kg EPA 6010B EPA 3050B0.500
Chromium 32.9 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 14.2 mg/kg EPA 6010B EPA 3050B0.250
Copper 21.7 mg/kg EPA 6010B EPA 3050B0.500
Lead 70.9 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.74 mg/kg EPA 6010B EPA 3050B0.250
Nickel 40.6 mg/kg EPA 6010B EPA 3050B0.250
Selenium   1.48 mg/kg EPA 6010B EPA 3050B0.750
Vanadium 42.0 mg/kg EPA 6010B EPA 3050B0.250
Zinc 59.0 mg/kg EPA 6010B EPA 3050B1.00
pH 7.27 pH units EPA 9045D N/A0.01

US101-NB-SB08-1.5
Lead 76.4 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB08-3
Lead 20.7 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB09-0.5
Lead 104 mg/kg EPA 6010B EPA 3050B0.500
pH 6.72 pH units EPA 9045D N/A0.01

US101-NB-SB09-1.5
Lead 96.8 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB09-3
Lead 10.7 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB10-0.5
Lead 20.1 mg/kg EPA 6010B EPA 3050B0.500
pH 7.35 pH units EPA 9045D N/A0.01

US101-NB-SB10-1.5
Lead 12.3 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB10-3
Lead 30.1 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB11-0.5
Lead 45.2 mg/kg EPA 6010B EPA 3050B0.500
pH 7.49 pH units EPA 9045D N/A0.01

US101-NB-SB11-1.5
Lead 23.9 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB11-3
Lead 20.6 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB12-0.5
Lead 15.8 mg/kg EPA 6010B EPA 3050B0.500
pH 7.89 pH units EPA 9045D N/A0.01

US101-NB-SB12-1.5
Lead 10.7 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB12-3
Lead 10.9 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB13-0.5
Lead 32.6 mg/kg EPA 6010B EPA 3050B0.500
pH 7.49 pH units EPA 9045D N/A0.01

US101-NB-SB13-1.5
Lead 4.51 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB13-3
Lead 5.70 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB14-0.5
Arsenic   3.32 mg/kg EPA 6010B EPA 3050B0.750
Barium 77.4 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.301 mg/kg EPA 6010B EPA 3050B0.250
Chromium 21.9 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   8.34 mg/kg EPA 6010B EPA 3050B0.250
Copper 21.0 mg/kg EPA 6010B EPA 3050B0.500
Lead 85.4 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.56 mg/kg EPA 6010B EPA 3050B0.250
Nickel 25.4 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 31.8 mg/kg EPA 6010B EPA 3050B0.250
Zinc 81.3 mg/kg EPA 6010B EPA 3050B1.00
pH 7.38 pH units EPA 9045D N/A0.01
Mercury 0.185 mg/kg EPA 7471A EPA 7471A Total0.0835

US101-NB-SB14-1.5
Lead 57.5 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB14-3
Lead 12.6 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB14-5
Lead 39.2 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB14-6
Lead 57.3 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB15-0.5
Arsenic   3.06 mg/kg EPA 6010B EPA 3050B0.750
Barium 145 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.383 mg/kg EPA 6010B EPA 3050B0.250
Chromium 30.8 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 10.9 mg/kg EPA 6010B EPA 3050B0.250
Copper 20.2 mg/kg EPA 6010B EPA 3050B0.500
Lead 56.2 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   2.46 mg/kg EPA 6010B EPA 3050B0.250
Nickel 35.3 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 41.9 mg/kg EPA 6010B EPA 3050B0.250
Zinc 68.9 mg/kg EPA 6010B EPA 3050B1.00
pH 7.47 pH units EPA 9045D N/A0.01

US101-NB-SB15-1.5
Lead 29.8 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB15-3
Lead 82.9 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB16-0.5
Lead 20.2 mg/kg EPA 6010B EPA 3050B0.500
pH 7.29 pH units EPA 9045D N/A0.01

US101-NB-SB16-1.5
Lead 1.07 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB16-5
Lead 5.65 mg/kg EPA 6010B EPA 3050B0.500

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB01-0.5 11-09-1328-1-A PH 4
19:5808:15

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.23

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB02-0.5 11-09-1328-4-A PH 4
19:5808:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.96

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB03-0.5 11-09-1328-7-A PH 4
19:5809:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.09

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB04-0.5 11-09-1328-10-A PH 4
19:5809:40

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.07

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB05-0.5 11-09-1328-13-A PH 4
19:5810:00

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.77

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB06-0.5 11-09-1328-16-A PH 4
19:5810:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.15

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB07-0.5 11-09-1328-19-A PH 4
19:5810:40

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.92

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB08-0.5 11-09-1328-22-A PH 4
19:5810:55

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.27

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB09-0.5 11-09-1328-25-A PH 4
19:5811:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.72

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB10-0.5 11-09-1328-28-A PH 4
19:5811:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.35

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB11-0.5 11-09-1328-31-A PH 4
19:5812:05

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.49

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB12-0.5 11-09-1328-34-A PH 4
19:5812:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.89

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB13-0.5 11-09-1328-37-A PH 4
19:5812:55

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.49

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB14-0.5 11-09-1328-40-A PH 4
19:5813:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.38

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB15-0.5 11-09-1328-45-A PH 4
19:5814:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.47

09/20/11 09/20/11 09/20/11Solid B0920PHD5US101-NB-SB16-0.5 11-09-1328-48-A PH 4
19:5814:50

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.29

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB01-1.5 11-09-1328-2-A ICP 5300
19:5808:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 117.1

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB01-3 11-09-1328-3-A ICP 5300
20:0008:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 124.5

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB02-0.5 11-09-1328-4-A ICP 5300
20:0108:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 154.2

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB02-1.5 11-09-1328-5-A ICP 5300
20:0308:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 130.4

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB02-3 11-09-1328-6-A ICP 5300
20:0409:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 116.4

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB03-0.5 11-09-1328-7-A ICP 5300
20:0609:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 167.3

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB03-1.5 11-09-1328-8-A ICP 5300
17:1109:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 115.7

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB03-3 11-09-1328-9-A ICP 5300
20:0909:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 156.7

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB04-1.5 11-09-1328-11-A ICP 5300
20:1209:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 113.4

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB04-3 11-09-1328-12-A ICP 5300
20:1409:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 18.80

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB05-0.5 11-09-1328-13-A ICP 5300
20:1510:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 131.2

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB05-1.5 11-09-1328-14-A ICP 5300
20:1710:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 18.03

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB05-3 11-09-1328-15-A ICP 5300
20:1810:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.16

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB06-1.5 11-09-1328-17-A ICP 5300
20:2010:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 114.3

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB06-3 11-09-1328-18-A ICP 5300
20:2110:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.53

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB07-0.5 11-09-1328-19-A ICP 5300
20:2310:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 149.6

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB07-1.5 11-09-1328-20-A ICP 5300
20:2410:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 17.89

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB07-3 11-09-1328-21-A ICP 5300
20:2610:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 113.3

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB08-1.5 11-09-1328-23-A ICP 5300
20:3011:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 176.4

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB08-3 11-09-1328-24-A ICP 5300
20:3111:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 120.7

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB09-0.5 11-09-1328-25-A ICP 5300
20:3211:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1104

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB09-1.5 11-09-1328-26-A ICP 5300
20:3411:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 196.8

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB09-3 11-09-1328-27-A ICP 5300
17:2011:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 110.7

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB10-0.5 11-09-1328-28-A ICP 5300
20:3711:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 120.1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 5 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB10-1.5 11-09-1328-29-A ICP 5300
20:3811:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 112.3

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB10-3 11-09-1328-30-A ICP 5300
20:4012:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 130.1

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB11-0.5 11-09-1328-31-A ICP 5300
20:4112:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 145.2

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB11-1.5 11-09-1328-32-A ICP 5300
20:4312:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 123.9

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB11-3 11-09-1328-33-A ICP 5300
20:4712:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 120.6

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB12-0.5 11-09-1328-34-A ICP 5300
20:4812:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 115.8

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 6 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB12-1.5 11-09-1328-35-A ICP 5300
20:5012:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 110.7

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB12-3 11-09-1328-36-A ICP 5300
20:5112:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 110.9

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB13-0.5 11-09-1328-37-A ICP 5300
20:5212:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 132.6

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB13-1.5 11-09-1328-38-A ICP 5300
20:5413:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.51

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB13-3 11-09-1328-39-A ICP 5300
20:5513:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.70

09/20/11 09/23/11 09/23/11Solid 110923L05US101-NB-SB14-1.5 11-09-1328-41-A ICP 5300
20:5713:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 157.5

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 7 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB14-3 11-09-1328-42-A ICP 5300
20:5813:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 112.6

09/20/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB14-5 11-09-1328-43-A ICP 5300
21:0014:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 139.2

09/20/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB14-6 11-09-1328-44-A ICP 5300
21:0414:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 157.3

09/20/11 09/23/11 09/26/11Solid 110923L06US101-NB-SB15-1.5 11-09-1328-46-A ICP 5300
20:5514:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 129.8

09/20/11 09/23/11 09/26/11Solid 110923L06US101-NB-SB15-3 11-09-1328-47-A ICP 5300
20:5714:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 182.9

09/20/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB16-0.5 11-09-1328-48-A ICP 5300
17:2514:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 120.2

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 8 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/23/11 09/26/11Solid 110923L06US101-NB-SB16-1.5 11-09-1328-49-A ICP 5300
20:5815:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.07

09/20/11 09/23/11 09/26/11Solid 110923L06US101-NB-SB16-3 11-09-1328-50-A ICP 5300
20:5915:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/20/11 09/23/11 09/26/11Solid 110923L06US101-NB-SB16-5 11-09-1328-51-A ICP 5300
21:0115:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.65

09/20/11 09/23/11 09/26/11Solid 110923L06US101-NB-SB16-6 11-09-1328-52-A ICP 5300
21:0615:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/23/11Solid 110923L04Method Blank 097-01-002-15,256 ICP 5300
16:33

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/23/11Solid 110923L05Method Blank 097-01-002-15,257 ICP 5300
16:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 9 of 9

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11N/A 09/26/11Solid 110923L06Method Blank 097-01-002-15,258 ICP 5300
19:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB01-0.5 11-09-1328-1-A ICP 5300
17:5808:15

-Mercury analysis was performed on 09/23/11 11:23 with batch 110922L06.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.39 Molybdenum 0.250 1  2.43
Barium 0.500 179.9 Nickel 0.250 134.3
Beryllium 0.250 1  0.364 Selenium 0.750 1ND
Cadmium 0.500 1  1.96 Silver 0.250 1ND
Chromium 0.250 130.6 Thallium 0.750 1ND
Cobalt 0.250 1  8.87 Vanadium 0.250 144.6
Copper 0.500 120.6 Zinc 1.00 183.6
Lead 0.500 169.6

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB04-0.5 11-09-1328-10-A ICP 5300
18:0309:40

-Mercury analysis was performed on 09/23/11 11:25 with batch 110922L06.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  4.14 Molybdenum 0.250 1  4.11
Barium 0.500 1132 Nickel 0.250 148.1
Beryllium 0.250 1  0.778 Selenium 0.750 1ND
Cadmium 0.500 1  6.34 Silver 0.250 1ND
Chromium 0.250 130.3 Thallium 0.750 1ND
Cobalt 0.250 110.9 Vanadium 0.250 185.1
Copper 0.500 128.6 Zinc 1.00 188.9
Lead 0.500 125.8

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB06-0.5 11-09-1328-16-A ICP 5300
18:0510:20

-Mercury analysis was performed on 09/23/11 11:27 with batch 110922L06.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  3.16 Molybdenum 0.250 1  2.27
Barium 0.500 1109 Nickel 0.250 142.0
Beryllium 0.250 1  0.423 Selenium 0.750 1ND
Cadmium 0.500 1  0.990 Silver 0.250 1ND
Chromium 0.250 133.8 Thallium 0.750 1ND
Cobalt 0.250 112.8 Vanadium 0.250 140.3
Copper 0.500 123.9 Zinc 1.00 156.7
Lead 0.500 117.7

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/20/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB08-0.5 11-09-1328-22-A ICP 5300
18:0610:55

-Mercury analysis was performed on 09/23/11 11:29 with batch 110922L06.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.73 Molybdenum 0.250 1  1.74
Barium 0.500 1127 Nickel 0.250 140.6
Beryllium 0.250 1  0.452 Selenium 0.750 1  1.48
Cadmium 0.500 1  1.04 Silver 0.250 1ND
Chromium 0.250 132.9 Thallium 0.750 1ND
Cobalt 0.250 114.2 Vanadium 0.250 142.0
Copper 0.500 121.7 Zinc 1.00 159.0
Lead 0.500 170.9

09/20/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB14-0.5 11-09-1328-40-A ICP 5300
18:0813:30

-Mercury analysis was performed on 09/23/11 11:32 with batch 110922L06.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 10.185
Arsenic 0.750 1  3.32 Molybdenum 0.250 1  1.56
Barium 0.500 177.4 Nickel 0.250 125.4
Beryllium 0.250 1  0.301 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 121.9 Thallium 0.750 1ND
Cobalt 0.250 1  8.34 Vanadium 0.250 131.8
Copper 0.500 121.0 Zinc 1.00 181.3
Lead 0.500 185.4

09/20/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB15-0.5 11-09-1328-45-A ICP 5300
18:1014:30

-Mercury analysis was performed on 09/23/11 11:38 with batch 110922L06.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  3.06 Molybdenum 0.250 1  2.46
Barium 0.500 1145 Nickel 0.250 135.3
Beryllium 0.250 1  0.383 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 130.8 Thallium 0.750 1ND
Cobalt 0.250 110.9 Vanadium 0.250 141.9
Copper 0.500 120.2 Zinc 1.00 168.9
Lead 0.500 156.2

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/22/11N/A 09/23/11Solid 110922L06Method Blank 099-04-007-8,257 Mercury
11:11

-Preparation/analysis for Mercury was performed by EPA 7471A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.0835 1ND

09/23/11N/A 09/23/11Solid 110923L04Method Blank 097-01-002-15,256 ICP 5300
16:33

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

09/23/11N/A 09/26/11Solid 110923L06Method Blank 097-01-002-15,258 ICP 5300
19:25

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 3010A Total / EPA 7470A TotalPreparation:

EPA 6010B / EPA 7470AMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

09/20/11 09/22/11 09/23/11Aqueous 110922LA3EB01-092011 11-09-1328-53-A ICP 5300
12:0315:45

-Mercury analysis was performed on 09/22/11 13:39 with batch 110922L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Molybdenum 0.0100 1ND
Arsenic 0.0100 1ND Nickel 0.0100 1ND
Barium 0.0100 1ND Selenium 0.0150 1ND
Beryllium 0.0100 1ND Silver 0.00500 1ND
Cadmium 0.0100 1ND Thallium 0.0150 1ND
Chromium 0.0100 1ND Vanadium 0.0100 1ND
Cobalt 0.0100 1ND Mercury 0.000500 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND
Lead 0.0100 1ND

09/22/11N/A 09/22/11Aqueous 110922L02Method Blank 099-04-008-5,581 Mercury
12:34

-Preparation/analysis for Mercury was performed by EPA 7470A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.000500 1ND

09/22/11N/A 09/23/11Aqueous 110922LA3Method Blank 097-01-003-11,973 ICP 5300
01:38

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Lead 0.0100 1ND
Arsenic 0.0100 1ND Molybdenum 0.0100 1ND
Barium 0.0100 1ND Nickel 0.0100 1ND
Beryllium 0.0100 1ND Selenium 0.0150 1ND
Cadmium 0.0100 1ND Silver 0.00500 1ND
Chromium 0.0100 1ND Thallium 0.0150 1ND
Cobalt 0.0100 1ND Vanadium 0.0100 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/20/11Date Received:

Quality Control Sample ID

US101-NB-SB03-1.5

MS/MSD Batch
Number

110923S04

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 1417 50-1151525.00
0-20Arsenic 494 75-1259025.00
0-20Barium 686 75-12511625.00
0-20Beryllium 7102 75-1259525.00
0-20Cadmium 598 75-1259325.00
0-20Chromium 1104 75-12510625.00
0-20Cobalt 3106 75-12510125.00
0-20Copper 1105 75-12510425.00
0-20Lead 297 75-12510025.00
0-20 3Molybdenum 570 75-1256625.00
0-20Nickel 1104 75-12510225.00
0-20Selenium 083 75-1258425.00
0-20Silver 394 75-1259112.50
0-20Thallium 6102 75-1259725.00
0-20Vanadium 195 75-1259925.00
0-20Zinc 288 75-1258425.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

R
et

ur
n 

to
 C

on
te

nt
s

Page 26 of 49



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/20/11Date Received:

Quality Control Sample ID

US101-NB-SB09-3

MS/MSD Batch
Number

110923S05

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 291 75-1258925.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/20/11Date Received:

Quality Control Sample ID

US101-NB-SB16-0.5

MS/MSD Batch
Number

110923S06

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 1419 50-1152125.00
0-20Arsenic 2102 75-1259925.00
0-20Barium 2112 75-12510525.00
0-20Beryllium 1106 75-12510725.00
0-20Cadmium 297 75-1259625.00
0-20Chromium 398 75-1259325.00
0-20Cobalt 3109 75-12510525.00
0-20Copper 2107 75-12510425.00
0-20Lead 1115 75-12511325.00
0-20Molybdenum 081 75-1258125.00
0-20Nickel 1106 75-12510425.00
0-20Selenium 194 75-1259325.00
0-20Silver 293 75-1259112.50
0-20Thallium 199 75-1259825.00
0-20Vanadium 188 75-1258625.00
0-20 3Zinc 2123 75-12512925.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3005A Filt.Preparation:

09/20/11Date Received:

Quality Control Sample ID

11-09-1343-1

MS/MSD Batch
Number

110922SA3

Matrix

Aqueous

Date
Analyzed

09/23/11

Date
Prepared

09/22/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Antimony 1109 72-1321100.5000
0-11Arsenic 3108 80-1401110.5000
0-6Barium 1108 87-1231090.5000
0-8Beryllium 2106 89-1191080.5000
0-7Cadmium 1109 82-1241100.5000
0-8Chromium 0107 86-1221070.5000
0-7Cobalt 1110 83-1251110.5000
0-7Copper 1113 78-1261140.5000
0-7Lead 2112 84-1201130.5000
0-7Molybdenum 1111 78-1261120.5000
0-7Nickel 2108 84-1201100.5000
0-9Selenium 3107 79-1271100.5000
0-7Silver 1105 86-1281060.2500
0-8Thallium 1104 79-1211050.5000
0-7Vanadium 1105 88-1181060.5000
0-8 3,4Zinc 9121 89-1311330.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

aboratories, Inc.
nvironmental Quality Control - Duplicate

Work Order No:

Method:

Project:

Preparation:

Date Received:CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

EPA 9045D
N/A

09/20/11
11-09-1328

Quality Control Sample ID
Duplicate Batch

NumberMatrix

09/20/1109/20/11

Instrument

US101-NB-SB01-0.5 PH 4Solid B0920PHD5

Date
Prepared:

Date
Analyzed:

QualifiersRPD CLParameter RPDSample Conc DUP Conc

pH 0-257.23 7.32 1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7471A TotalPreparation:

09/20/11Date Received:

Quality Control Sample ID

US101-NB-SB06-0.5

MS/MSD Batch
Number

110922S06

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/22/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 1101 71-1371000.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 7470A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7470A TotalPreparation:

09/20/11Date Received:

Quality Control Sample ID

11-09-1355-2

MS/MSD Batch
Number

110922S02

Matrix

Aqueous

Date
Analyzed

09/22/11

Date
Prepared

09/22/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Mercury 273 57-141720.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1328
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,256

Matrix

Solid

LCS Batch Number

110923L04

Lab File ID

110923-l-04

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added Conc Recovered LCS %Rec %Rec CL  ME_CL

80-12089Antimony 25.00 22.29 73-127
80-120105Arsenic 25.00 26.31 73-127
80-120105Barium 25.00 26.29 73-127
80-120104Beryllium 25.00 26.10 73-127
80-120110Cadmium 25.00 27.58 73-127
80-120116Chromium 25.00 28.95 73-127
80-120115Cobalt 25.00 28.84 73-127
80-120106Copper 25.00 26.56 73-127
80-120111Lead 25.00 27.64 73-127
80-120108Molybdenum 25.00 26.94 73-127
80-120115Nickel 25.00 28.83 73-127
80-120104Selenium 25.00 26.12 73-127
80-120111Silver 12.50 13.93 73-127
80-120109Thallium 25.00 27.37 73-127
80-120109Vanadium 25.00 27.13 73-127
80-120108Zinc 25.00 26.88 73-127

Total number of LCS compounds :
Total number of ME compounds:
Total number of ME compounds allowed :
LCS ME CL validation result :

16
0

Pass

1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1328
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,257

Matrix

Solid

LCS Batch Number

110923L05

Lab File ID

110923-l-05

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120113Lead 25.00 28.22

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit

R
et

ur
n 

to
 C

on
te

nt
s

Page 34 of 49



alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1328
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,258

Matrix

Solid

LCS Batch Number

110923L06

Lab File ID

110923-l-06

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added Conc Recovered LCS %Rec %Rec CL  ME_CL

80-12088Antimony 25.00 22.11 73-127
80-120105Arsenic 25.00 26.32 73-127
80-120105Barium 25.00 26.18 73-127
80-120102Beryllium 25.00 25.52 73-127
80-120110Cadmium 25.00 27.55 73-127
80-120115Chromium 25.00 28.85 73-127
80-120116Cobalt 25.00 28.90 73-127
80-120106Copper 25.00 26.39 73-127
80-120110Lead 25.00 27.43 73-127
80-120107Molybdenum 25.00 26.78 73-127
80-120115Nickel 25.00 28.78 73-127
80-120107Selenium 25.00 26.74 73-127
80-120111Silver 12.50 13.82 73-127
80-120109Thallium 25.00 27.24 73-127
80-120108Vanadium 25.00 26.99 73-127
80-120107Zinc 25.00 26.81 73-127

Total number of LCS compounds :
Total number of ME compounds:
Total number of ME compounds allowed :
LCS ME CL validation result :

16
0

Pass

1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1328

US 101 / SR23 Interchange Improvement

EPA 3010A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/22/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 110922LA3

Date
Prepared

Date
Analyzed

09/23/11

Quality Control Sample ID

097-01-003-11,973

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20680-120Antimony 98 73-127930.5000
0-20880-120Arsenic 100 73-127920.5000
0-20880-120Barium 104 73-127960.5000
0-20880-120Beryllium 99 73-127910.5000
0-20780-120Cadmium 106 73-127980.5000
0-20680-120Chromium 104 73-127980.5000
0-20880-120Cobalt 110 73-1271020.5000
0-20880-120Copper 105 73-127970.5000
0-20880-120Lead 107 73-127990.5000
0-20780-120Molybdenum 104 73-127970.5000
0-20880-120Nickel 108 73-127990.5000
0-20780-120Selenium 97 73-127910.5000
0-20880-120Silver 99 73-127920.2500
0-20880-120Thallium 108 73-127990.5000
0-20780-120Vanadium 101 73-127930.5000
0-20780-120Zinc 105 73-127980.5000

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7471A

11-09-1328

US 101 / SR23 Interchange Improvement

EPA 7471A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/22/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

Mercury 110922L06

Date
Prepared

Date
Analyzed

09/23/11

Quality Control Sample ID

099-04-007-8,257

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

99 0-10085-121Mercury 990.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7470A

11-09-1328

US 101 / SR23 Interchange Improvement

EPA 7470A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/22/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

Mercury 110922L02

Date
Prepared

Date
Analyzed

09/22/11

Quality Control Sample ID

099-04-008-5,581

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

100 0-10185-121Mercury 1000.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1328

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1328

Virendra Patel
Project Manager

10/6/2011

Supplemental Report 1

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 33

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB01-0.5
Lead 2.09 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB01-3
Lead 1.56 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB02-0.5
Lead 1.28 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB02-1.5
Lead 0.915 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB03-0.5
Lead 2.05 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB03-3
Lead 1.22 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB04-0.5
Lead 0.442 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB05-0.5
Lead 1.31 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB07-0.5
Lead 0.757 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB08-0.5
Lead 2.37 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB08-1.5
Lead 2.69 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB08-3
Lead 0.349 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB09-0.5
Lead 4.18 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB09-1.5
Lead 0.828 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB10-3
Lead 1.10 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB11-0.5
Lead 0.520 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB11-1.5
Lead 0.652 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB11-3
Lead 0.522 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB13-0.5
Lead 0.797 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB14-0.5
Lead 4.93 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB14-1.5
Lead 3.46 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB14-5
Lead 4.11 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB14-6
Lead 2.87 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB15-0.5
Lead 1.30 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB15-1.5
Lead 0.971 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB15-3
Lead 0.821 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1328
US 101 / SR23 Interchange Improvement
09/20/11  18:25

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/03/11Solid 111003LA1AUS101-NB-SB01-0.5 11-09-1328-1-A ICP 5300
21:2908:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.09

09/20/11 09/30/11 10/03/11Solid 111003LA1AUS101-NB-SB01-3 11-09-1328-3-A ICP 5300
21:3008:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.56

09/20/11 09/30/11 10/03/11Solid 111003LA1AUS101-NB-SB02-0.5 11-09-1328-4-A ICP 5300
21:3608:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.28

09/20/11 09/30/11 10/03/11Solid 111003LA1AUS101-NB-SB02-1.5 11-09-1328-5-A ICP 5300
21:3808:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.915

09/20/11 09/30/11 10/03/11Solid 111003LA1AUS101-NB-SB03-0.5 11-09-1328-7-A ICP 5300
21:3909:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.05

09/20/11 09/30/11 10/03/11Solid 111003LA1AUS101-NB-SB03-3 11-09-1328-9-A ICP 5300
21:4109:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.22

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB04-0.5 11-09-1328-10-A ICP 5300
18:3409:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.442

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB05-0.5 11-09-1328-13-A ICP 5300
18:3510:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.31

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB07-0.5 11-09-1328-19-A ICP 5300
18:3610:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.757

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB08-0.5 11-09-1328-22-A ICP 5300
18:3710:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.37

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB08-1.5 11-09-1328-23-A ICP 5300
18:3811:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.69

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB08-3 11-09-1328-24-A ICP 5300
18:4111:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.349

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

R
et

ur
n 

to
 C

on
te

nt
s

Page 7 of 33



Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB09-0.5 11-09-1328-25-A ICP 5300
18:4211:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 14.18

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB09-1.5 11-09-1328-26-A ICP 5300
18:4411:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.828

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB10-3 11-09-1328-30-A ICP 5300
18:4512:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.10

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB11-0.5 11-09-1328-31-A ICP 5300
18:4612:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.520

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB11-1.5 11-09-1328-32-A ICP 5300
18:4712:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.652

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB11-3 11-09-1328-33-A ICP 5300
18:4812:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.522

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB13-0.5 11-09-1328-37-A ICP 5300
18:4912:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.797

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB14-0.5 11-09-1328-40-A ICP 5300
18:5013:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 14.93

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB14-1.5 11-09-1328-41-A ICP 5300
18:5113:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.46

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB14-5 11-09-1328-43-A ICP 5300
18:5414:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 14.11

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB14-6 11-09-1328-44-A ICP 5300
18:5514:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.87

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB15-0.5 11-09-1328-45-A ICP 5300
18:5614:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.30

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

R
et

ur
n 

to
 C

on
te

nt
s

Page 9 of 33



Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 5 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB15-1.5 11-09-1328-46-A ICP 5300
18:5714:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.971

09/20/11 09/30/11 10/04/11Solid 111003LA4US101-NB-SB15-3 11-09-1328-47-A ICP 5300
18:5814:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.821

09/30/11N/A 09/30/11Aqueous 111003LA1AMethod Blank 097-05-006-5,913 ICP 5300
16:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/30/11N/A 10/04/11Aqueous 111003LA4Method Blank 097-05-006-5,917 ICP 5300
18:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB01-0.5 11-09-1328-1-A ICP 5300
21:4608:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB02-0.5 11-09-1328-4-A ICP 5300
21:4808:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB03-0.5 11-09-1328-7-A ICP 5300
21:5009:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB03-3 11-09-1328-9-A ICP 5300
21:5209:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB07-0.5 11-09-1328-19-A ICP 5300
21:5710:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB08-0.5 11-09-1328-22-A ICP 5300
21:5910:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB08-1.5 11-09-1328-23-A ICP 5300
22:0111:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB09-0.5 11-09-1328-25-A ICP 5300
22:0311:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB09-1.5 11-09-1328-26-A ICP 5300
22:0511:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB11-0.5 11-09-1328-31-A ICP 5300
22:0712:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB14-0.5 11-09-1328-40-A ICP 5300
22:0913:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB14-1.5 11-09-1328-41-A ICP 5300
22:1013:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/20/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1328Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB14-5 11-09-1328-43-A ICP 5300
22:1214:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB14-6 11-09-1328-44-A ICP 5300
22:1414:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB15-0.5 11-09-1328-45-A ICP 5300
22:1914:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/20/11 09/30/11 10/03/11Solid 111003LA2US101-NB-SB15-3 11-09-1328-47-A ICP 5300
22:2114:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/30/11N/A 10/03/11Aqueous 111003LA2Method Blank 099-14-021-380 ICP 5300
12:54

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/20/11Date Received:

Quality Control Sample ID

11-09-1936-7

MS/MSD Batch
Number

111003SA1

Matrix

Solid

Date
Analyzed

10/03/11

Date
Prepared

09/29/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 195 75-125975.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject:

T22.11.5. AIIPreparation:

09/20/11Date Received

Quality Control Sample ID

11-09-1936-7

PDS / PDSD  Batch
Number

111003SA1

Matrix

Solid

Date Analyzed

10/03/11

Date
Prepared

09/29/11

Instrument

ICP 5300

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %RECSPIKE ADDED

0-20Lead 295 97 75-1255.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/20/11Date Received:

Quality Control Sample ID

US101-NB-SB15-3

MS/MSD Batch
Number

111003SA4

Matrix

Solid

Date
Analyzed

10/04/11

Date
Prepared

09/30/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 1103 75-1251025.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1328

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 1311Preparation:

09/20/11Date Received:

Quality Control Sample ID

11-09-1575-1

MS/MSD Batch
Number

111003SA2

Matrix

Solid

Date
Analyzed

10/03/11

Date
Prepared

09/30/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-7Lead 2105 84-1201035.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1328

US 101 / SR23 Interchange Improvement

T22.11.5. AIIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/30/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111003LA1A

Date
Prepared

Date
Analyzed

09/30/11

Quality Control Sample ID

097-05-006-5,913

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

105 0-20580-120Lead 1105.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1328

US 101 / SR23 Interchange Improvement

T22.11.5. AIIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/30/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111003LA4

Date
Prepared

Date
Analyzed

10/04/11

Quality Control Sample ID

097-05-006-5,917

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

103 0-20280-120Lead 1055.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1328

US 101 / SR23 Interchange Improvement

EPA 1311Preparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/30/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111003LA2

Date
Prepared

Date
Analyzed

10/03/11

Quality Control Sample ID

099-14-021-380

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

112 0-20180-120Lead 1145.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1328

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1433

Virendra Patel
Project Manager

10/3/2011

Page 1 of 58

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB18-0.5
Lead 143 mg/kg EPA 6010B EPA 3050B0.500
pH 6.34 pH units EPA 9045D N/A0.01

US101-NB-SB18-1.5
Lead 44.5 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB19-0.5
Lead 101 mg/kg EPA 6010B EPA 3050B0.500
pH 7.71 pH units EPA 9045D N/A0.01

US101-NB-SB19-1.5
Lead 84.4 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB20-0.5
Lead 45.5 mg/kg EPA 6010B EPA 3050B0.500
pH 7.76 pH units EPA 9045D N/A0.01

US101-NB-SB61-0.5
Lead 104 mg/kg EPA 6010B EPA 3050B0.500
pH 6.64 pH units EPA 9045D N/A0.01

US101-NB-SB62-1.5
Lead 68.1 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB20-1.5
Lead 4.47 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB20-3
Lead 4.10 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB20-5
Lead 4.34 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB20-6
Lead 2.88 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB63-0.5
Lead 34.9 mg/kg EPA 6010B EPA 3050B0.500
pH 7.75 pH units EPA 9045D N/A0.01

US101-NB-SB21-0.5
Lead 469 mg/kg EPA 6010B EPA 3050B0.500
pH 7.54 pH units EPA 9045D N/A0.01

US101-NB-SB21-1.5
Lead 4.53 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB21-3
Arsenic   2.22 mg/kg EPA 6010B EPA 3050B0.750
Barium 66.2 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.381 mg/kg EPA 6010B EPA 3050B0.250
Chromium 27.5 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 10.4 mg/kg EPA 6010B EPA 3050B0.250
Copper 16.6 mg/kg EPA 6010B EPA 3050B0.500
Lead   6.02 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   2.07 mg/kg EPA 6010B EPA 3050B0.250
Nickel 35.9 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 32.3 mg/kg EPA 6010B EPA 3050B0.250
Zinc 37.2 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB21-5
Lead 5.46 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB21-6
Lead 10.7 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB64-1.5
Lead 3.60 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB22-0.5
Lead 28.1 mg/kg EPA 6010B EPA 3050B0.500
pH 7.29 pH units EPA 9045D N/A0.01

US101-NB-SB22-1.5
Lead 4.34 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB22-3
Lead 5.03 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB22-5
Lead 4.45 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB22-6
Lead 4.11 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB65-0.5
Lead 5.35 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB23-0.5
Lead 19.9 mg/kg EPA 6010B EPA 3050B0.500
pH 7.42 pH units EPA 9045D N/A0.01

US101-NB-SB23-1.5
Lead 4.59 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB23-3
Arsenic   3.04 mg/kg EPA 6010B EPA 3050B0.750
Barium 96.1 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.504 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   1.07 mg/kg EPA 6010B EPA 3050B0.500
Chromium 33.7 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 14.6 mg/kg EPA 6010B EPA 3050B0.250
Copper 15.6 mg/kg EPA 6010B EPA 3050B0.500
Lead   4.78 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.71 mg/kg EPA 6010B EPA 3050B0.250
Nickel 43.4 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 34.0 mg/kg EPA 6010B EPA 3050B0.250
Zinc 35.6 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB23-5
Lead 4.84 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB23-6
Lead 5.03 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB66-3
Arsenic   2.12 mg/kg EPA 6010B EPA 3050B0.750
Barium 60.3 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.428 mg/kg EPA 6010B EPA 3050B0.250
Chromium 26.5 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 12.3 mg/kg EPA 6010B EPA 3050B0.250
Copper 12.2 mg/kg EPA 6010B EPA 3050B0.500
Lead   4.67 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.826 mg/kg EPA 6010B EPA 3050B0.250
Nickel 26.4 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 26.1 mg/kg EPA 6010B EPA 3050B0.250
Zinc 27.4 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB24-0.5
Lead 136 mg/kg EPA 6010B EPA 3050B0.500
pH 7.63 pH units EPA 9045D N/A0.01

US101-NB-SB24-1.5
Lead 9.45 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB24-3
Lead 5.94 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB24-5
Arsenic   2.42 mg/kg EPA 6010B EPA 3050B0.750
Barium 78.8 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.338 mg/kg EPA 6010B EPA 3050B0.250
Chromium 23.9 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   9.04 mg/kg EPA 6010B EPA 3050B0.250
Copper 12.5 mg/kg EPA 6010B EPA 3050B0.500
Lead   6.74 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.44 mg/kg EPA 6010B EPA 3050B0.250
Nickel 28.3 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 28.0 mg/kg EPA 6010B EPA 3050B0.250
Zinc 27.6 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB24-6
Lead 5.66 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB67-5
Arsenic   2.66 mg/kg EPA 6010B EPA 3050B0.750
Barium 93.7 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.394 mg/kg EPA 6010B EPA 3050B0.250
Chromium 25.9 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 11.9 mg/kg EPA 6010B EPA 3050B0.250
Copper 14.7 mg/kg EPA 6010B EPA 3050B0.500
Lead   9.68 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   2.04 mg/kg EPA 6010B EPA 3050B0.250
Nickel 33.2 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 32.6 mg/kg EPA 6010B EPA 3050B0.250
Zinc 33.1 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB25-0.5
Lead 140 mg/kg EPA 6010B EPA 3050B0.500
pH 8.16 pH units EPA 9045D N/A0.01

US101-NB-SB25-1.5
Lead 21.8 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB25-3
Lead 7.30 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB25-5
Lead 6.20 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB25-6
Lead 5.20 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB68-6
Lead 5.77 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB26-0.5
Lead 18.0 mg/kg EPA 6010B EPA 3050B0.500
pH 7.42 pH units EPA 9045D N/A0.01

US101-NB-SB26-1.5
Lead 9.00 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB26-3
Lead 5.76 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB26-5
Arsenic   2.31 mg/kg EPA 6010B EPA 3050B0.750
Barium 109 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.522 mg/kg EPA 6010B EPA 3050B0.250
Chromium 36.7 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 15.6 mg/kg EPA 6010B EPA 3050B0.250
Copper 18.7 mg/kg EPA 6010B EPA 3050B0.500
Lead   6.07 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.751 mg/kg EPA 6010B EPA 3050B0.250
Nickel 59.1 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 41.4 mg/kg EPA 6010B EPA 3050B0.250
Zinc 41.6 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB26-6
Lead 5.75 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB69-5
Barium 67.6 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.544 mg/kg EPA 6010B EPA 3050B0.250
Chromium 32.0 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 13.9 mg/kg EPA 6010B EPA 3050B0.250
Copper 13.8 mg/kg EPA 6010B EPA 3050B0.500
Lead   5.65 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.258 mg/kg EPA 6010B EPA 3050B0.250
Nickel 45.3 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 30.4 mg/kg EPA 6010B EPA 3050B0.250
Zinc 33.2 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB27-0.5
Lead 82.1 mg/kg EPA 6010B EPA 3050B0.500
pH 7.14 pH units EPA 9045D N/A0.01

US101-NB-SB27-1.5
Lead 15.2 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB27-3
Lead 21.0 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB27-5
Lead 10.9 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB27-6
Lead 5.39 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB70-6
Lead 4.76 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB28-0.5
Lead 174 mg/kg EPA 6010B EPA 3050B0.500
pH 7.62 pH units EPA 9045D N/A0.01

US101-NB-SB28-1.5
Lead 5.39 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB28-3
Lead 29.9 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB71-3
Lead 11.6 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB29-0.5
Lead 15.1 mg/kg EPA 6010B EPA 3050B0.500
pH 7.56 pH units EPA 9045D N/A0.01

US101-NB-SB29-1.5
Lead 6.61 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB29-3
Lead 4.92 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB29-5
Lead 9.54 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB29-6
Lead 4.76 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB33-0.5
Lead 61.7 mg/kg EPA 6010B EPA 3050B0.500
pH 7.85 pH units EPA 9045D N/A0.01

US101-NB-SB33-1.5
Lead 5.06 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB33-3
Lead 3.58 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB33-5
Lead 2.00 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB33-6
Lead 2.67 mg/kg EPA 6010B EPA 3050B0.500

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB18-0.5 11-09-1433-1-A PH 4
20:0308:38

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.34

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB19-0.5 11-09-1433-3-A PH 4
20:0309:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.71

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB20-0.5 11-09-1433-5-A PH 4
20:0309:40

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.76

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB61-0.5 11-09-1433-6-A PH 4
20:0308:40

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.64

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB63-0.5 11-09-1433-12-A PH 4
20:0309:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.75

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB21-0.5 11-09-1433-13-A PH 4
20:0310:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.54

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB22-0.5 11-09-1433-19-A PH 4
20:0310:55

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.29

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB23-0.5 11-09-1433-25-A PH 4
20:0311:10

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.42

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB24-0.5 11-09-1433-31-A PH 4
20:0311:35

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.63

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB25-0.5 11-09-1433-37-A PH 4
20:0312:05

Result DF Qual UnitsRLParameter

pH unitspH 0.01 18.16

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB26-0.5 11-09-1433-43-A PH 4
20:0312:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.42

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB27-0.5 11-09-1433-49-A PH 4
20:0312:50

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.14

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB28-0.5 11-09-1433-55-A PH 4
20:0313:15

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.62

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB29-0.5 11-09-1433-59-A PH 4
20:0313:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.56

09/21/11 09/21/11 09/21/11Solid B0921PHD3US101-NB-SB33-0.5 11-09-1433-64-A PH 4
20:0314:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.85

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB18-0.5 11-09-1433-1-A ICP 5300
18:1408:38

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1143

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB18-1.5 11-09-1433-2-A ICP 5300
18:1608:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 144.5

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB19-0.5 11-09-1433-3-A ICP 5300
18:1709:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1101

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB19-1.5 11-09-1433-4-A ICP 5300
18:1909:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 184.4

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB20-0.5 11-09-1433-5-A ICP 5300
18:2009:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 145.5

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB61-0.5 11-09-1433-6-A ICP 5300
18:2108:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1104

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB62-1.5 11-09-1433-7-A ICP 5300
18:2309:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 168.1

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB20-1.5 11-09-1433-8-A ICP 5300
18:2410:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.47

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB20-3 11-09-1433-9-A ICP 5300
18:2610:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.10

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB20-5 11-09-1433-10-A ICP 5300
18:2710:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.34

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB20-6 11-09-1433-11-A ICP 5300
18:3110:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.88

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB63-0.5 11-09-1433-12-A ICP 5300
18:3209:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 134.9

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB21-0.5 11-09-1433-13-A ICP 5300
18:3410:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1469

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB21-1.5 11-09-1433-14-A ICP 5300
18:3510:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.53

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB21-5 11-09-1433-16-A ICP 5300
18:3710:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.46

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB21-6 11-09-1433-17-A ICP 5300
18:3811:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 110.7

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB64-1.5 11-09-1433-18-A ICP 5300
18:4010:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.60

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB22-0.5 11-09-1433-19-A ICP 5300
18:4110:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 128.1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB22-1.5 11-09-1433-20-A ICP 5300
16:5611:03

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.34

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB22-3 11-09-1433-21-A ICP 5300
18:4411:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.03

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB22-5 11-09-1433-22-A ICP 5300
18:4811:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.45

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB22-6 11-09-1433-23-A ICP 5300
18:4911:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.11

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB65-0.5 11-09-1433-24-A ICP 5300
18:5111:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.35

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB23-0.5 11-09-1433-25-A ICP 5300
18:5211:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 119.9

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 5 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB23-1.5 11-09-1433-26-A ICP 5300
18:5411:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.59

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB23-5 11-09-1433-28-A ICP 5300
17:0111:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.84

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB23-6 11-09-1433-29-A ICP 5300
18:5611:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.03

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB24-0.5 11-09-1433-31-A ICP 5300
18:5811:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1136

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB24-1.5 11-09-1433-32-A ICP 5300
18:5911:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 19.45

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB24-3 11-09-1433-33-A ICP 5300
19:0111:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.94

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 6 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB24-6 11-09-1433-35-A ICP 5300
19:0611:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.66

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB25-0.5 11-09-1433-37-A ICP 5300
19:0812:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1140

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB25-1.5 11-09-1433-38-A ICP 5300
19:0912:08

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 121.8

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB25-3 11-09-1433-39-A ICP 5300
19:1012:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 17.30

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB25-5 11-09-1433-40-A ICP 5300
19:1212:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.20

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB25-6 11-09-1433-41-A ICP 5300
19:1312:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.20

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 7 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB68-6 11-09-1433-42-A ICP 5300
19:1512:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.77

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB26-0.5 11-09-1433-43-A ICP 5300
19:1612:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 118.0

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB26-1.5 11-09-1433-44-A ICP 5300
19:1812:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 19.00

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB26-3 11-09-1433-45-A ICP 5300
19:2212:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.76

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB26-6 11-09-1433-47-A ICP 5300
19:2312:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.75

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB27-0.5 11-09-1433-49-A ICP 5300
19:2412:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 182.1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 8 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB27-1.5 11-09-1433-50-A ICP 5300
19:2612:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 115.2

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB27-3 11-09-1433-51-A ICP 5300
19:2713:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 121.0

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB27-5 11-09-1433-52-A ICP 5300
19:2913:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 110.9

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB27-6 11-09-1433-53-A ICP 5300
19:3013:08

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.39

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB70-6 11-09-1433-54-A ICP 5300
19:3213:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.76

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB28-0.5 11-09-1433-55-A ICP 5300
19:3313:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1174

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 9 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB28-1.5 11-09-1433-56-A ICP 5300
17:0613:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.39

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB28-3 11-09-1433-57-A ICP 5300
19:3913:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 129.9

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB71-3 11-09-1433-58-A ICP 5300
19:4013:28

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 111.6

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB29-0.5 11-09-1433-59-A ICP 5300
19:4113:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 115.1

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB29-1.5 11-09-1433-60-A ICP 5300
19:4313:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.61

09/21/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB29-3 11-09-1433-61-A ICP 5300
19:4413:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.92

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 10 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB29-5 11-09-1433-62-A ICP 5300
19:4614:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 19.54

09/21/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB29-6 11-09-1433-63-A ICP 5300
19:4714:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.76

09/21/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB33-0.5 11-09-1433-64-A ICP 5300
19:4914:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 161.7

09/21/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB33-1.5 11-09-1433-65-A ICP 5300
19:5014:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.06

09/21/11 09/23/11 09/23/11Solid 110923L06US101-NB-SB33-3 11-09-1433-66-A ICP 5300
19:5214:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.58

09/21/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB33-5 11-09-1433-67-A ICP 5300
19:5515:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 11 of 11

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 09/23/11 09/23/11Solid 110923L04US101-NB-SB33-6 11-09-1433-68-A ICP 5300
19:5715:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.67

09/23/11N/A 09/23/11Solid 110923L04Method Blank 097-01-002-15,256 ICP 5300
16:33

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/26/11Solid 110923L06Method Blank 097-01-002-15,258 ICP 5300
19:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/23/11Solid 110923L01Method Blank 097-01-002-15,259 ICP 5300
16:28

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/23/11Solid 110923L02Method Blank 097-01-002-15,260- ICP 5300
16:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/23/11Solid 110923L03Method Blank 097-01-002-15,261 ICP 5300
16:32

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/21/11 09/23/11 09/23/11Solid 110923L01US101-NB-SB21-3 11-09-1433-15-A ICP 5300
17:4610:50

-Mercury analysis was performed on 09/22/11 18:26 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.22 Molybdenum 0.250 1  2.07
Barium 0.500 166.2 Nickel 0.250 135.9
Beryllium 0.250 1  0.381 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 127.5 Thallium 0.750 1ND
Cobalt 0.250 110.4 Vanadium 0.250 132.3
Copper 0.500 116.6 Zinc 1.00 137.2
Lead 0.500 1  6.02

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB23-3 11-09-1433-27-A ICP 5300
17:4811:20

-Mercury analysis was performed on 09/22/11 18:28 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  3.04 Molybdenum 0.250 1  1.71
Barium 0.500 196.1 Nickel 0.250 143.4
Beryllium 0.250 1  0.504 Selenium 0.750 1ND
Cadmium 0.500 1  1.07 Silver 0.250 1ND
Chromium 0.250 133.7 Thallium 0.750 1ND
Cobalt 0.250 114.6 Vanadium 0.250 134.0
Copper 0.500 115.6 Zinc 1.00 135.6
Lead 0.500 1  4.78

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB66-3 11-09-1433-30-A ICP 5300
17:4911:25

-Mercury analysis was performed on 09/22/11 18:30 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.12 Molybdenum 0.250 1  0.826
Barium 0.500 160.3 Nickel 0.250 126.4
Beryllium 0.250 1  0.428 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 126.5 Thallium 0.750 1ND
Cobalt 0.250 112.3 Vanadium 0.250 126.1
Copper 0.500 112.2 Zinc 1.00 127.4
Lead 0.500 1  4.67

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB24-5 11-09-1433-34-A ICP 5300
17:5111:50

-Mercury analysis was performed on 09/22/11 18:32 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.42 Molybdenum 0.250 1  1.44
Barium 0.500 178.8 Nickel 0.250 128.3
Beryllium 0.250 1  0.338 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 123.9 Thallium 0.750 1ND
Cobalt 0.250 1  9.04 Vanadium 0.250 128.0
Copper 0.500 112.5 Zinc 1.00 127.6
Lead 0.500 1  6.74

09/21/11 09/23/11 09/23/11Solid 110923L02US101-NB-SB67-5 11-09-1433-36-A ICP 5300
17:5311:52

-Mercury analysis was performed on 09/22/11 18:35 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.66 Molybdenum 0.250 1  2.04
Barium 0.500 193.7 Nickel 0.250 133.2
Beryllium 0.250 1  0.394 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 125.9 Thallium 0.750 1ND
Cobalt 0.250 111.9 Vanadium 0.250 132.6
Copper 0.500 114.7 Zinc 1.00 133.1
Lead 0.500 1  9.68

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB26-5 11-09-1433-46-A ICP 5300
17:5412:42

-Mercury analysis was performed on 09/22/11 18:37 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.31 Molybdenum 0.250 1  0.751
Barium 0.500 1109 Nickel 0.250 159.1
Beryllium 0.250 1  0.522 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 136.7 Thallium 0.750 1ND
Cobalt 0.250 115.6 Vanadium 0.250 141.4
Copper 0.500 118.7 Zinc 1.00 141.6
Lead 0.500 1  6.07

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/21/11 09/23/11 09/23/11Solid 110923L03US101-NB-SB69-5 11-09-1433-48-A ICP 5300
17:5612:42

-Mercury analysis was performed on 09/22/11 18:39 with batch 110922L07.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1  0.258
Barium 0.500 167.6 Nickel 0.250 145.3
Beryllium 0.250 1  0.544 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 132.0 Thallium 0.750 1ND
Cobalt 0.250 113.9 Vanadium 0.250 130.4
Copper 0.500 113.8 Zinc 1.00 133.2
Lead 0.500 1  5.65

09/22/11N/A 09/22/11Solid 110922L07Method Blank 099-04-007-8,254 Mercury
18:10

-Preparation/analysis for Mercury was performed by EPA 7471A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.0835 1ND

09/23/11N/A 09/23/11Solid 110923L01Method Blank 097-01-002-15,259 ICP 5300
16:28

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

09/23/11N/A 09/23/11Solid 110923L02Method Blank 097-01-002-15,260- ICP 5300
16:30

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/23/11N/A 09/23/11Solid 110923L03Method Blank 097-01-002-15,261 ICP 5300
16:32

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 3010A Total / EPA 7470A TotalPreparation:

EPA 6010B / EPA 7470AMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

09/21/11 09/22/11 09/26/11Aqueous 110922LA3EB02-092111 11-09-1433-69-A ICP 5300
13:3915:18

-Mercury analysis was performed on 09/23/11 14:25 with batch 110923L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Molybdenum 0.0100 1ND
Arsenic 0.0100 1ND Nickel 0.0100 1ND
Barium 0.0100 1ND Selenium 0.0150 1ND
Beryllium 0.0100 1ND Silver 0.00500 1ND
Cadmium 0.0100 1ND Thallium 0.0150 1ND
Chromium 0.0100 1ND Vanadium 0.0100 1ND
Cobalt 0.0100 1ND Mercury 0.000500 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND
Lead 0.0100 1ND

09/23/11N/A 09/23/11Aqueous 110923L01Method Blank 099-04-008-5,587 Mercury
13:20

-Preparation/analysis for Mercury was performed by EPA 7470A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.000500 1ND

09/22/11N/A 09/23/11Aqueous 110922LA3Method Blank 097-01-003-11,973 ICP 5300
01:38

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Lead 0.0100 1ND
Arsenic 0.0100 1ND Molybdenum 0.0100 1ND
Barium 0.0100 1ND Nickel 0.0100 1ND
Beryllium 0.0100 1ND Selenium 0.0150 1ND
Cadmium 0.0100 1ND Silver 0.00500 1ND
Chromium 0.0100 1ND Thallium 0.0150 1ND
Cobalt 0.0100 1ND Vanadium 0.0100 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB22-1.5

MS/MSD Batch
Number

110923S01

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 416 50-1151625.00
0-20Arsenic 489 75-1258525.00
0-20 3,4Barium 60130 75-12539925.00
0-20Beryllium 1103 75-12510225.00
0-20Cadmium 096 75-1259625.00
0-20Chromium 6124 75-12510825.00
0-20Cobalt 3109 75-12510625.00
0-20Copper 3110 75-12510525.00
0-20Lead 2106 75-12510425.00
0-20 3Molybdenum 270 75-1256825.00
0-20Nickel 6117 75-12510425.00
0-20Selenium 684 75-1257925.00
0-20Silver 197 75-1259812.50
0-20Thallium 199 75-1259925.00
0-20Vanadium 6109 75-1259725.00
0-20Zinc 7111 75-1259825.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB23-5

MS/MSD Batch
Number

110923S02

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 725 50-1152325.00
0-20Arsenic 295 75-1259425.00
0-20 3Barium 5133 75-12510725.00
0-20Beryllium 199 75-1259825.00
0-20Cadmium 7112 75-12510225.00
0-20Chromium 0122 75-12512125.00
0-20Cobalt 4115 75-12510825.00
0-20Copper 0112 75-12511225.00
0-20Lead 1104 75-12510325.00
0-20 3Molybdenum 880 75-1257325.00
0-20 3Nickel 12178 75-12513025.00
0-20Selenium 787 75-1258025.00
0-20Silver 194 75-1259312.50
0-20Thallium 2105 75-12510325.00
0-20 3Vanadium 2126 75-12512225.00
0-20Zinc 0111 75-12511225.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB28-1.5

MS/MSD Batch
Number

110923S03

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 1519 50-1152225.00
0-20Arsenic 4100 75-12510425.00
0-20Barium 1104 75-12510725.00
0-20Beryllium 4101 75-12510525.00
0-20Cadmium 396 75-1259925.00
0-20Chromium 4109 75-12511425.00
0-20Cobalt 3105 75-12510925.00
0-20Copper 0108 75-12510825.00
0-20Lead 6103 75-12511125.00
0-20Molybdenum 594 75-1259925.00
0-20Nickel 1108 75-12510925.00
0-20Selenium 594 75-1259925.00
0-20Silver 4100 75-12510412.50
0-20Thallium 898 75-12510625.00
0-20Vanadium 3123 75-12511825.00
0-20Zinc 599 75-12510525.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/21/11Date Received:

Quality Control Sample ID

11-09-1328-8

MS/MSD Batch
Number

110923S04

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 297 75-12510025.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/21/11Date Received:

Quality Control Sample ID

11-09-1328-48

MS/MSD Batch
Number

110923S06

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 1115 75-12511325.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3005A Filt.Preparation:

09/21/11Date Received:

Quality Control Sample ID

11-09-1343-1

MS/MSD Batch
Number

110922SA3

Matrix

Aqueous

Date
Analyzed

09/23/11

Date
Prepared

09/22/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Antimony 1109 72-1321100.5000
0-11Arsenic 3108 80-1401110.5000
0-6Barium 1108 87-1231090.5000
0-8Beryllium 2106 89-1191080.5000
0-7Cadmium 1109 82-1241100.5000
0-8Chromium 0107 86-1221070.5000
0-7Cobalt 1110 83-1251110.5000
0-7Copper 1113 78-1261140.5000
0-7Lead 2112 84-1201130.5000
0-7Molybdenum 1111 78-1261120.5000
0-7Nickel 2108 84-1201100.5000
0-9Selenium 3107 79-1271100.5000
0-7Silver 1105 86-1281060.2500
0-8Thallium 1104 79-1211050.5000
0-7Vanadium 1105 88-1181060.5000
0-8 3,4Zinc 9121 89-1311330.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject:

EPA 3005A Filt.Preparation:

09/21/11Date Received

Quality Control Sample ID

11-09-1343-1

PDS / PDSD  Batch
Number

110922SA3

Matrix

Aqueous

Date Analyzed

09/28/11

Date
Prepared

09/22/11

Instrument

ICP 5300

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %RECSPIKE ADDED

0-10 5Antimony 272 73 75-1250.5000

0-11Arsenic 294 96 75-1250.5000

0-6Barium 1100 102 75-1250.5000

0-8Beryllium 296 98 75-1250.5000

0-7Cadmium 198 99 75-1250.5000

0-8Chromium 097 97 75-1250.5000

0-7Cobalt 0101 101 75-1250.5000

0-7Copper 197 98 75-1250.5000

0-7Lead 1100 101 75-1250.5000

0-7Molybdenum 098 98 75-1250.5000

0-7Nickel 198 99 75-1250.5000

0-9Selenium 198 99 75-1250.5000

0-7Silver 194 94 75-1250.2500

0-8Thallium 1103 104 75-1250.5000

0-7Vanadium 096 96 75-1250.5000

0-8Zinc 0102 103 75-1250.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

aboratories, Inc.
nvironmental Quality Control - Duplicate

Work Order No:

Method:

Project:

Preparation:

Date Received:CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

EPA 9045D
N/A

09/21/11
11-09-1433

Quality Control Sample ID
Duplicate Batch

NumberMatrix

09/21/1109/21/11

Instrument

US101-NB-SB18-0.5 PH 4Solid B0921PHD3

Date
Prepared:

Date
Analyzed:

QualifiersRPD CLParameter RPDSample Conc DUP Conc

pH 0-256.34 6.36 0

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7471A TotalPreparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB23-3

MS/MSD Batch
Number

110922S07

Matrix

Solid

Date
Analyzed

09/22/11

Date
Prepared

09/22/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 994 71-1371030.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 7470A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7470A TotalPreparation:

09/21/11Date Received:

Quality Control Sample ID

11-09-1394-1

MS/MSD Batch
Number

110923S01

Matrix

Sea Water

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-7Mercury 3102 66-126990.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1433

US 101 / SR23 Interchange Improvement

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/23/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110923L01

Date
Prepared

Date
Analyzed

09/26/11

Quality Control Sample ID

097-01-002-15,259

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20180-120Antimony 117 73-12711825.00
0-20280-120Arsenic 107 73-12710925.00
0-20080-120Barium 110 73-12711025.00
0-20080-120Beryllium 105 73-12710525.00
0-20080-120Cadmium 113 73-12711325.00
0-20180-120Chromium 108 73-12710725.00
0-20180-120Cobalt 114 73-12711625.00
0-20080-120Copper 109 73-12710925.00
0-20180-120Lead 115 73-12711625.00
0-20280-120Molybdenum 105 73-12710725.00
0-20080-120Nickel 115 73-12711425.00
0-20280-120Selenium 109 73-12711125.00
0-20180-120Silver 107 73-12710712.50
0-20280-120Thallium 107 73-12711025.00
0-20080-120Vanadium 105 73-12710525.00
0-20180-120Zinc 115 73-12711425.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1433
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,260

Matrix

Solid

LCS Batch Number

110923L02

Lab File ID

110923-l-02

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added Conc Recovered LCS %Rec %Rec CL  ME_CL

80-12090Antimony 25.00 22.60 73-127
80-120107Arsenic 25.00 26.77 73-127
80-120105Barium 25.00 26.20 73-127
80-120104Beryllium 25.00 26.02 73-127
80-120109Cadmium 25.00 27.36 73-127
80-120115Chromium 25.00 28.68 73-127
80-120115Cobalt 25.00 28.74 73-127
80-120106Copper 25.00 26.46 73-127
80-120112Lead 25.00 27.95 73-127
80-120109Molybdenum 25.00 27.28 73-127
80-120114Nickel 25.00 28.62 73-127
80-120109Selenium 25.00 27.28 73-127
80-120111Silver 12.50 13.82 73-127
80-120110Thallium 25.00 27.49 73-127
80-120108Vanadium 25.00 26.99 73-127
80-120107Zinc 25.00 26.79 73-127

Total number of LCS compounds :
Total number of ME compounds:
Total number of ME compounds allowed :
LCS ME CL validation result :

16
0

Pass

1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1433
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,261

Matrix

Solid

LCS Batch Number

110923L03

Lab File ID

110923-l-03

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added Conc Recovered LCS %Rec %Rec CL  ME_CL

80-12092Antimony 25.00 22.93 73-127
80-120107Arsenic 25.00 26.70 73-127
80-120105Barium 25.00 26.19 73-127
80-120105Beryllium 25.00 26.26 73-127
80-120110Cadmium 25.00 27.52 73-127
80-120115Chromium 25.00 28.79 73-127
80-120116Cobalt 25.00 28.88 73-127
80-120107Copper 25.00 26.64 73-127
80-120112Lead 25.00 28.05 73-127
80-120110Molybdenum 25.00 27.43 73-127
80-120115Nickel 25.00 28.73 73-127
80-120108Selenium 25.00 26.97 73-127
80-120111Silver 12.50 13.91 73-127
80-120111Thallium 25.00 27.85 73-127
80-120109Vanadium 25.00 27.15 73-127
80-120107Zinc 25.00 26.67 73-127

Total number of LCS compounds :
Total number of ME compounds:
Total number of ME compounds allowed :
LCS ME CL validation result :

16
0

Pass

1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1433
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,256

Matrix

Solid

LCS Batch Number

110923L04

Lab File ID

110923-l-04

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120111Lead 25.00 27.64

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1433
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,258

Matrix

Solid

LCS Batch Number

110923L06

Lab File ID

110923-l-06

Instrument

ICP 5300

Date Analyzed

09/23/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120110Lead 25.00 27.43

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1433

US 101 / SR23 Interchange Improvement

EPA 3010A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/22/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 110922LA3

Date
Prepared

Date
Analyzed

09/23/11

Quality Control Sample ID

097-01-003-11,973

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20680-120Antimony 98 73-127930.5000
0-20880-120Arsenic 100 73-127920.5000
0-20880-120Barium 104 73-127960.5000
0-20880-120Beryllium 99 73-127910.5000
0-20780-120Cadmium 106 73-127980.5000
0-20680-120Chromium 104 73-127980.5000
0-20880-120Cobalt 110 73-1271020.5000
0-20880-120Copper 105 73-127970.5000
0-20880-120Lead 107 73-127990.5000
0-20780-120Molybdenum 104 73-127970.5000
0-20880-120Nickel 108 73-127990.5000
0-20780-120Selenium 97 73-127910.5000
0-20880-120Silver 99 73-127920.2500
0-20880-120Thallium 108 73-127990.5000
0-20780-120Vanadium 101 73-127930.5000
0-20780-120Zinc 105 73-127980.5000

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7471A

11-09-1433

US 101 / SR23 Interchange Improvement

EPA 7471A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/22/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

Mercury 110922L07

Date
Prepared

Date
Analyzed

09/22/11

Quality Control Sample ID

099-04-007-8,254

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

100 0-10585-121Mercury 950.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7470A

11-09-1433

US 101 / SR23 Interchange Improvement

EPA 7470A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/23/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

Mercury 110923L01

Date
Prepared

Date
Analyzed

09/23/11

Quality Control Sample ID

099-04-008-5,587

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

104 0-10185-121Mercury 1030.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1433

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1433

Virendra Patel
Project Manager

10/10/2011

Supplemental Report 1

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 34

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx


Contents
Client Project Name: US 101 / SR23 Interchange Improvement

Work Order Number: 11-09-1433

1 Detections Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Client Sample Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1  EPA 6010B STLC ICP Metals (Aqueous) . . . . . . . . . . . . . . . . . . . . . 6
2.2  EPA 6010B TCLP/SPLP ICP Metals (Aqueous) . . . . . . . . . . . . . . . . . 12

3 Quality Control Sample Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.1  MS/MSD and/or Duplicate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.2  LCS/LCSD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4 Glossary of Terms and Qualifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

5 Chain of Custody/Sample Receipt Form . . . . . . . . . . . . . . . . . . . . . . . . . 23

Page 2 of 34



DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB18-0.5
Lead 3.99 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB18-1.5
Lead 0.791 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB19-0.5
Lead 3.48 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB19-1.5
Lead 3.53 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB20-0.5
Lead 1.70 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB61-0.5
Lead 2.17 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB62-1.5
Lead 1.64 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB63-0.5
Lead 1.36 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB21-0.5
Lead 1.34 mg/L EPA 6010B EPA 13110.100
Lead 36.8 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB21-6
Lead 0.207 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB22-0.5
Lead 2.40 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB23-0.5
Lead 0.151 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB24-0.5
Lead 0.209 mg/L EPA 6010B EPA 13110.100
Lead 6.93 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB24-1.5
Lead 0.365 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB25-0.5
Lead 0.116 mg/L EPA 6010B EPA 13110.100
Lead 5.23 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB25-1.5
Lead 9.12 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB27-0.5
Lead 0.689 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB27-1.5
Lead 0.335 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB27-3
Lead 0.258 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB28-0.5
Lead 0.308 mg/L EPA 6010B EPA 13110.100
Lead 13.5 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB28-3
Lead 1.18 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB71-3
Lead 0.309 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB29-0.5
Lead 0.870 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB29-5
Lead 0.125 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB33-0.5
Lead 18.2 mg/L EPA 6010B T22.11.5. AII0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB18-0.5 11-09-1433-1-A ICP 5300
00:0608:38

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.99

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB18-1.5 11-09-1433-2-A ICP 5300
00:0708:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.791

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB19-0.5 11-09-1433-3-A ICP 5300
00:0809:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.48

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB19-1.5 11-09-1433-4-A ICP 5300
00:0909:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.53

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB20-0.5 11-09-1433-5-A ICP 5300
00:1009:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.70

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB61-0.5 11-09-1433-6-A ICP 5300
00:1308:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.17

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB62-1.5 11-09-1433-7-A ICP 5300
00:1409:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.64

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB63-0.5 11-09-1433-12-A ICP 5300
00:1509:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.36

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB21-0.5 11-09-1433-13-A ICP 5300
00:1610:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 136.8

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB21-6 11-09-1433-17-A ICP 5300
00:1711:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.207

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB22-0.5 11-09-1433-19-A ICP 5300
00:1810:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.40

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB23-0.5 11-09-1433-25-A ICP 5300
00:1911:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.151

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB24-0.5 11-09-1433-31-A ICP 5300
00:2011:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 16.93

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB24-1.5 11-09-1433-32-A ICP 5300
00:2111:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.365

09/21/11 10/03/11 10/08/11Solid 111005LA3US101-NB-SB24-5 11-09-1433-34-A ICP 5300
00:2211:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB67-5 11-09-1433-36-A ICP 5300
00:2511:52

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB25-0.5 11-09-1433-37-A ICP 5300
00:2612:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 15.23

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB25-1.5 11-09-1433-38-A ICP 5300
00:2712:08

Result DF Qual UnitsRLParameter

mg/LLead 0.100 19.12

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB25-3 11-09-1433-39-A ICP 5300
00:2812:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB25-5 11-09-1433-40-A ICP 5300
00:2912:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB26-0.5 11-09-1433-43-A ICP 5300
00:3012:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB26-1.5 11-09-1433-44-A ICP 5300
00:3112:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB26-5 11-09-1433-46-A ICP 5300
00:3212:42

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB27-0.5 11-09-1433-49-A ICP 5300
00:3312:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.689

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 5 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB27-1.5 11-09-1433-50-A ICP 5300
00:3412:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.335

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB27-3 11-09-1433-51-A ICP 5300
00:3713:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.258

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB27-5 11-09-1433-52-A ICP 5300
00:3813:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB28-0.5 11-09-1433-55-A ICP 5300
00:3913:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 113.5

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB28-3 11-09-1433-57-A ICP 5300
00:4013:25

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.18

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB71-3 11-09-1433-58-A ICP 5300
00:4113:28

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.309

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 6 of 6

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB29-0.5 11-09-1433-59-A ICP 5300
00:4213:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.870

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB29-1.5 11-09-1433-60-A ICP 5300
00:4313:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB29-5 11-09-1433-62-A ICP 5300
00:4414:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.125

09/21/11 10/03/11 10/08/11Solid 111006LA8US101-NB-SB33-0.5 11-09-1433-64-A ICP 5300
00:4514:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 118.2

10/03/11N/A 10/05/11Aqueous 111005LA3Method Blank 097-05-006-5,919 ICP 5300
18:06

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

10/03/11N/A 10/08/11Aqueous 111006LA8Method Blank 097-05-006-5,922 ICP 5300
00:02

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB18-0.5 11-09-1433-1-A ICP 5300
20:1508:38

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB18-1.5 11-09-1433-2-A ICP 5300
20:2408:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB19-0.5 11-09-1433-3-A ICP 5300
20:2609:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB19-1.5 11-09-1433-4-A ICP 5300
20:2809:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB20-0.5 11-09-1433-5-A ICP 5300
20:2909:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB61-0.5 11-09-1433-6-A ICP 5300
20:3108:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB62-1.5 11-09-1433-7-A ICP 5300
20:3309:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB63-0.5 11-09-1433-12-A ICP 5300
20:3509:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB21-0.5 11-09-1433-13-A ICP 5300
20:3710:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.34

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB22-0.5 11-09-1433-19-A ICP 5300
20:4210:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB23-0.5 11-09-1433-25-A ICP 5300
20:4411:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB24-0.5 11-09-1433-31-A ICP 5300
20:4611:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.209

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB25-0.5 11-09-1433-37-A ICP 5300
20:4812:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.116

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB25-1.5 11-09-1433-38-A ICP 5300
20:5012:08

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB26-0.5 11-09-1433-43-A ICP 5300
20:5212:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB27-0.5 11-09-1433-49-A ICP 5300
20:5312:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB27-3 11-09-1433-51-A ICP 5300
21:0213:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB28-0.5 11-09-1433-55-A ICP 5300
21:0313:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.308

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB28-3 11-09-1433-57-A ICP 5300
21:0513:25

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/03/11 10/04/11Solid 111004LA4US101-NB-SB33-0.5 11-09-1433-64-A ICP 5300
21:0714:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

10/03/11N/A 10/04/11Aqueous 111004LA4Method Blank 099-14-021-382 ICP 5300
20:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

R
et

ur
n 

to
 C

on
te

nt
s

Page 15 of 34



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/21/11Date Received:

Quality Control Sample ID

11-10-0168-1

MS/MSD Batch
Number

111005SA3

Matrix

Aqueous

Date
Analyzed

10/05/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 4106 75-1251015.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB67-5

MS/MSD Batch
Number

111006SA8

Matrix

Solid

Date
Analyzed

10/08/11

Date
Prepared

10/03/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 0101 75-1251015.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 1311Preparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB18-0.5

MS/MSD Batch
Number

111004SA4

Matrix

Solid

Date
Analyzed

10/04/11

Date
Prepared

10/03/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-7Lead 6113 84-1201065.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1433
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,919

Matrix

Aqueous

LCS Batch Number

111005LA3

Lab File ID

111004-la-3d

Instrument

ICP 5300

Date Analyzed

10/05/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120107Lead 5.000 5.369

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1433

US 101 / SR23 Interchange Improvement

T22.11.5. AIIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/03/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111006LA8

Date
Prepared

Date
Analyzed

10/08/11

Quality Control Sample ID

097-05-006-5,922

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

115 0-20180-120Lead 1145.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1433

US 101 / SR23 Interchange Improvement

EPA 1311Preparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/03/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111004LA4

Date
Prepared

Date
Analyzed

10/04/11

Quality Control Sample ID

099-14-021-382

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

103 0-20880-120Lead 1125.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1433

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1433

Virendra Patel
Project Manager

10/17/2011

Supplemental Report 2

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 20

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1433
US 101 / SR23 Interchange Improvement
09/21/11  18:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB21-0.5
Lead 0.124 mg/L EPA 6010B T22.11.5.AII DI0.100

US101-NB-SB33-0.5
Lead 0.102 mg/L EPA 6010B T22.11.5.AII DI0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 2

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/21/11 10/10/11 10/13/11Solid 111012LA2US101-NB-SB21-0.5 11-09-1433-13-A ICP 5300
14:1610:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.124

09/21/11 10/10/11 10/13/11Solid 111012LA2US101-NB-SB24-0.5 11-09-1433-31-A ICP 5300
14:2111:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/10/11 10/13/11Solid 111012LA2US101-NB-SB25-0.5 11-09-1433-37-A ICP 5300
14:2912:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/10/11 10/13/11Solid 111012LA2US101-NB-SB25-1.5 11-09-1433-38-A ICP 5300
14:3112:08

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/10/11 10/13/11Solid 111012LA2US101-NB-SB28-0.5 11-09-1433-55-A ICP 5300
14:3313:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/21/11 10/10/11 10/13/11Solid 111012LA2US101-NB-SB33-0.5 11-09-1433-64-A ICP 5300
14:3514:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.102

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/21/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1433Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 2

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

10/10/11N/A 10/13/11Aqueous 111012LA2Method Blank 097-05-006-5,938 ICP 5300
14:11

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1433

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5.AII DIPreparation:

09/21/11Date Received:

Quality Control Sample ID

US101-NB-SB21-0.5

MS/MSD Batch
Number

111012SA2

Matrix

Solid

Date
Analyzed

10/13/11

Date
Prepared

10/10/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 0111 75-1251115.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1433

US 101 / SR23 Interchange Improvement

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/10/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111012LA2

Date
Prepared

Date
Analyzed

10/13/11

Quality Control Sample ID

097-05-006-5,938

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

113 0-20180-120Lead 1145.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1433

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1541

Virendra Patel
Project Manager

10/4/2011

Page 1 of 55

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB40-0.5
Lead 8.94 mg/kg EPA 6010B EPA 3050B0.500
pH 7.34 pH units EPA 9045D N/A0.01

US-101-NB-SB40-1.5
Lead 2.33 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB41-0.5
Lead 193 mg/kg EPA 6010B EPA 3050B0.500
pH 7.68 pH units EPA 9045D N/A0.01

US-101-NB-SB41-1.5
Lead 177 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB41-3
Lead 216 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB72-0.5
Lead 211 mg/kg EPA 6010B EPA 3050B0.500
pH 7.65 pH units EPA 9045D N/A0.01

US-101-NB-SB42-0.5
Lead 24.5 mg/kg EPA 6010B EPA 3050B0.500
pH 8.33 pH units EPA 9045D N/A0.01

US-101-NB-SB42-1.5
Lead 1.07 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB43-0.5
Arsenic   2.42 mg/kg EPA 6010B EPA 3050B0.750
Barium 124 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.340 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.749 mg/kg EPA 6010B EPA 3050B0.500
Chromium 39.5 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 12.5 mg/kg EPA 6010B EPA 3050B0.250
Copper 14.6 mg/kg EPA 6010B EPA 3050B0.500
Lead   1.22 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.377 mg/kg EPA 6010B EPA 3050B0.250
Nickel 35.4 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 36.4 mg/kg EPA 6010B EPA 3050B0.250
Zinc 32.5 mg/kg EPA 6010B EPA 3050B1.00
pH 7.97 pH units EPA 9045D N/A0.01

US-101-NB-SB43-1.5
Lead 1.73 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB43-3
Lead 1.73 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB44-0.5
Lead 99.5 mg/kg EPA 6010B EPA 3050B0.500
pH 6.77 pH units EPA 9045D N/A0.01

US-101-NB-SB44-1.5
Lead 2.37 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB44-3
Lead 5.90 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB74-3
Lead 2.49 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB45-0.5
Arsenic   2.40 mg/kg EPA 6010B EPA 3050B0.750
Barium 26.7 mg/kg EPA 6010B EPA 3050B0.500
Chromium 10.3 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   3.60 mg/kg EPA 6010B EPA 3050B0.250
Copper   7.04 mg/kg EPA 6010B EPA 3050B0.500
Lead 56.0 mg/kg EPA 6010B EPA 3050B0.500
Nickel   8.94 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 11.7 mg/kg EPA 6010B EPA 3050B0.250
Zinc 44.9 mg/kg EPA 6010B EPA 3050B1.00
pH 7.15 pH units EPA 9045D N/A0.01

US-101-NB-SB45-1.5
Lead 1.18 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB45-3
Lead 3.75 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB46-0.5
Lead 49.1 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB46-1.5
Lead 36.9 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB46-3
Lead 43.0 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB75-0.5
Lead 44.9 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB47-0.5
Arsenic   1.59 mg/kg EPA 6010B EPA 3050B0.750
Barium 48.1 mg/kg EPA 6010B EPA 3050B0.500
Chromium 10.7 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   5.17 mg/kg EPA 6010B EPA 3050B0.250
Copper   7.36 mg/kg EPA 6010B EPA 3050B0.500
Lead 16.3 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.538 mg/kg EPA 6010B EPA 3050B0.250
Nickel 14.3 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 20.7 mg/kg EPA 6010B EPA 3050B0.250
Zinc 22.2 mg/kg EPA 6010B EPA 3050B1.00

US-101-NB-SB47-1.5
Lead 1.78 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB47-3
Lead 1.50 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB48-0.5
Lead 26.9 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB48-1.5
Lead 1.76 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB48-3
Lead 1.34 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB50-0.5
Lead 134 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB50-1.5
Arsenic   1.77 mg/kg EPA 6010B EPA 3050B0.750
Barium 46.3 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.264 mg/kg EPA 6010B EPA 3050B0.250
Chromium 44.4 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 11.5 mg/kg EPA 6010B EPA 3050B0.250
Copper 18.5 mg/kg EPA 6010B EPA 3050B0.500
Lead 193 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.279 mg/kg EPA 6010B EPA 3050B0.250
Nickel 41.2 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 24.7 mg/kg EPA 6010B EPA 3050B0.250
Zinc 63.5 mg/kg EPA 6010B EPA 3050B1.00

US-101-NB-SB50-3
Lead 248 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB50-6
Lead 0.654 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB51-0.5
Lead 24.4 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB51-1.5
Lead 228 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB51-3
Lead 3.17 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB51-5
Lead 2.33 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB51-6
Lead 0.837 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB76-1.5
Lead 1.73 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB77-0.5
Lead 161 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB52-0.5
Lead 176 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB52-1.5
Arsenic   6.45 mg/kg EPA 6010B EPA 3050B0.750
Barium 52.5 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.491 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.649 mg/kg EPA 6010B EPA 3050B0.500
Chromium 55.1 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 13.7 mg/kg EPA 6010B EPA 3050B0.250
Copper 19.1 mg/kg EPA 6010B EPA 3050B0.500
Lead   8.76 mg/kg EPA 6010B EPA 3050B0.500
Nickel 43.4 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 45.7 mg/kg EPA 6010B EPA 3050B0.250
Zinc 43.1 mg/kg EPA 6010B EPA 3050B1.00

US-101-NB-SB52-3
Lead 6.76 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB53-0.5
Lead 90.1 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB53-1.5
Lead 273 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB53-3
Lead 221 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB54-0.5
Lead 780 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB54-1.5
Arsenic   7.01 mg/kg EPA 6010B EPA 3050B0.750
Barium 53.3 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.400 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.574 mg/kg EPA 6010B EPA 3050B0.500
Chromium 53.3 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 12.1 mg/kg EPA 6010B EPA 3050B0.250
Copper 19.0 mg/kg EPA 6010B EPA 3050B0.500
Lead 31.0 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.343 mg/kg EPA 6010B EPA 3050B0.250
Nickel 40.3 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 39.1 mg/kg EPA 6010B EPA 3050B0.250
Zinc 41.0 mg/kg EPA 6010B EPA 3050B1.00

US-101-NB-SB54-3
Lead 6.48 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB55-0.5
Lead 13.3 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB55-1.5
Lead 3.06 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB55-3
Lead 2.76 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB56-0.5
Lead 203 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB56-1.5
Lead 24.8 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB56-3
Lead 4.01 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB57-0.5
Lead 12.0 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB57-1.5
Lead 4.88 mg/kg EPA 6010B EPA 3050B0.500

US-101-NB-SB57-3
Lead 1.45 mg/kg EPA 6010B EPA 3050B0.500

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 2

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB40-0.5 11-09-1541-1-A PH 4
20:3608:35

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.34

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB41-0.5 11-09-1541-4-A PH 4
20:3608:50

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.68

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB72-0.5 11-09-1541-7-A PH 4
20:3608:52

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.65

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB42-0.5 11-09-1541-8-A PH 4
20:3608:55

Result DF Qual UnitsRLParameter

pH unitspH 0.01 18.33

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB43-0.5 11-09-1541-12-A PH 4
20:3609:10

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.97

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB44-0.5 11-09-1541-15-A PH 4
20:3609:25

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.77

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 2

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/22/11 09/22/11Solid B0922PHD2US-101-NB-SB45-0.5 11-09-1541-19-A PH 4
20:3609:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.15

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB40-0.5 11-09-1541-1-A ICP 5300
22:5308:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 18.94

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB40-1.5 11-09-1541-2-A ICP 5300
22:5408:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.33

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB40-3 11-09-1541-3-A ICP 5300
22:5508:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB41-0.5 11-09-1541-4-A ICP 5300
22:5608:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1193

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB41-1.5 11-09-1541-5-A ICP 5300
22:5708:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1177

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB41-3 11-09-1541-6-A ICP 5300
22:5809:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1216

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB72-0.5 11-09-1541-7-A ICP 5300
23:0108:52

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1211

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB42-0.5 11-09-1541-8-A ICP 5300
23:0208:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 124.5

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB42-1.5 11-09-1541-9-A ICP 5300
23:0309:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.07

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB42-3 11-09-1541-10-A ICP 5300
23:0409:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB73-1.5 11-09-1541-11-A ICP 5300
23:0509:02

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB43-1.5 11-09-1541-13-A ICP 5300
23:0609:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.73

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB43-3 11-09-1541-14-A ICP 5300
23:0709:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.73

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB44-0.5 11-09-1541-15-A ICP 5300
23:0809:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 199.5

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB44-1.5 11-09-1541-16-A ICP 5300
23:0909:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.37

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB44-3 11-09-1541-17-A ICP 5300
23:1009:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.90

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB74-3 11-09-1541-18-A ICP 5300
23:1409:38

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.49

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB45-1.5 11-09-1541-20-A ICP 5300
23:1509:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.18

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB45-3 11-09-1541-21-A ICP 5300
23:1609:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.75

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB46-0.5 11-09-1541-22-A ICP 5300
23:1710:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 149.1

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB46-1.5 11-09-1541-23-A ICP 5300
23:1810:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 136.9

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB46-3 11-09-1541-24-A ICP 5300
23:1910:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 143.0

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB75-0.5 11-09-1541-25-A ICP 5300
23:2010:02

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 144.9

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB47-1.5 11-09-1541-27-A ICP 5300
23:2110:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.78

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 5 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB47-3 11-09-1541-28-A ICP 5300
23:2210:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.50

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB48-0.5 11-09-1541-29-A ICP 5300
23:2310:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 126.9

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB48-1.5 11-09-1541-30-A ICP 5300
23:2710:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.76

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB48-3 11-09-1541-31-A ICP 5300
23:2810:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.34

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB50-0.5 11-09-1541-32-A ICP 5300
23:2910:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1134

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB50-3 11-09-1541-34-A ICP 5300
23:3010:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1248

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 6 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB50-5 11-09-1541-35-A ICP 5300
23:3111:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB50-6 11-09-1541-36-A ICP 5300
23:3211:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.654

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB51-0.5 11-09-1541-37-A ICP 5300
23:3311:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 124.4

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB51-1.5 11-09-1541-38-A ICP 5300
23:3411:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1228

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB51-3 11-09-1541-39-A ICP 5300
23:3511:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.17

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB51-5 11-09-1541-40-A ICP 5300
23:3611:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.33

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 7 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB51-6 11-09-1541-41-A ICP 5300
23:4011:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.837

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB76-1.5 11-09-1541-42-A ICP 5300
23:4111:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.73

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB77-0.5 11-09-1541-43-A ICP 5300
23:4211:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1161

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB52-0.5 11-09-1541-44-A ICP 5300
23:4311:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1176

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB52-3 11-09-1541-46-A ICP 5300
23:4412:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.76

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB53-0.5 11-09-1541-47-A ICP 5300
22:3612:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 190.1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 8 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB53-1.5 11-09-1541-48-A ICP 5300
22:3712:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1273

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB53-3 11-09-1541-49-A ICP 5300
22:3812:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1221

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB54-0.5 11-09-1541-50-A ICP 5300
22:3912:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1780

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB54-3 11-09-1541-52-A ICP 5300
22:4013:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.48

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB55-0.5 11-09-1541-53-A ICP 5300
22:4113:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 113.3

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB55-1.5 11-09-1541-54-A ICP 5300
22:4213:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.06

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 9 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB55-3 11-09-1541-55-A ICP 5300
22:4313:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.76

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB56-0.5 11-09-1541-56-A ICP 5300
22:4414:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1203

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB56-1.5 11-09-1541-57-A ICP 5300
22:4514:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 124.8

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB56-3 11-09-1541-58-A ICP 5300
22:4914:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.01

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB57-0.5 11-09-1541-59-A ICP 5300
22:5014:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 112.0

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB57-1.5 11-09-1541-60-A ICP 5300
22:5114:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.88

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 10 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 09/23/11 09/26/11Solid 110923L11AUS-101-NB-SB57-3 11-09-1541-61-A ICP 5300
22:5215:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.45

09/23/11N/A 09/26/11Solid 110923L11AMethod Blank 097-01-002-15,263 ICP 5300
13:47

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/26/11Solid 110923L08Method Blank 097-01-002-15,268 ICP 5300
22:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/27/11Solid 110923L09Method Blank 097-01-002-15,269 ICP 5300
23:02

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11N/A 09/26/11Solid 110923L10Method Blank 097-01-002-15,270 ICP 5300
22:04

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/22/11 09/23/11 09/26/11Solid 110923L08US-101-NB-SB43-0.5 11-09-1541-12-A ICP 5300
22:2209:10

-Mercury analysis was performed on 09/23/11 16:42 with batch 110923L03.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.42 Molybdenum 0.250 1  0.377
Barium 0.500 1124 Nickel 0.250 135.4
Beryllium 0.250 1  0.340 Selenium 0.750 1ND
Cadmium 0.500 1  0.749 Silver 0.250 1ND
Chromium 0.250 139.5 Thallium 0.750 1ND
Cobalt 0.250 112.5 Vanadium 0.250 136.4
Copper 0.500 114.6 Zinc 1.00 132.5
Lead 0.500 1  1.22

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB45-0.5 11-09-1541-19-A ICP 5300
22:2309:45

-Mercury analysis was performed on 09/23/11 16:49 with batch 110923L03.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.40 Molybdenum 0.250 1ND
Barium 0.500 126.7 Nickel 0.250 1  8.94
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 110.3 Thallium 0.750 1ND
Cobalt 0.250 1  3.60 Vanadium 0.250 111.7
Copper 0.500 1  7.04 Zinc 1.00 144.9
Lead 0.500 156.0

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB47-0.5 11-09-1541-26-A ICP 5300
22:2510:10

-Mercury analysis was performed on 09/23/11 16:51 with batch 110923L03.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  1.59 Molybdenum 0.250 1  0.538
Barium 0.500 148.1 Nickel 0.250 114.3
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 110.7 Thallium 0.750 1ND
Cobalt 0.250 1  5.17 Vanadium 0.250 120.7
Copper 0.500 1  7.36 Zinc 1.00 122.2
Lead 0.500 116.3

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/22/11 09/23/11 09/26/11Solid 110923L09US-101-NB-SB50-1.5 11-09-1541-33-A ICP 5300
22:2610:50

-Mercury analysis was performed on 09/23/11 16:53 with batch 110923L03.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  1.77 Molybdenum 0.250 1  0.279
Barium 0.500 146.3 Nickel 0.250 141.2
Beryllium 0.250 1  0.264 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 144.4 Thallium 0.750 1ND
Cobalt 0.250 111.5 Vanadium 0.250 124.7
Copper 0.500 118.5 Zinc 1.00 163.5
Lead 0.500 1193

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB52-1.5 11-09-1541-45-A ICP 5300
22:2812:00

-Mercury analysis was performed on 09/23/11 16:55 with batch 110923L03.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  6.45 Molybdenum 0.250 1ND
Barium 0.500 152.5 Nickel 0.250 143.4
Beryllium 0.250 1  0.491 Selenium 0.750 1ND
Cadmium 0.500 1  0.649 Silver 0.250 1ND
Chromium 0.250 155.1 Thallium 0.750 1ND
Cobalt 0.250 113.7 Vanadium 0.250 145.7
Copper 0.500 119.1 Zinc 1.00 143.1
Lead 0.500 1  8.76

09/22/11 09/23/11 09/26/11Solid 110923L10US-101-NB-SB54-1.5 11-09-1541-51-A ICP 5300
22:2913:20

-Mercury analysis was performed on 09/23/11 16:58 with batch 110923L03.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  7.01 Molybdenum 0.250 1  0.343
Barium 0.500 153.3 Nickel 0.250 140.3
Beryllium 0.250 1  0.400 Selenium 0.750 1ND
Cadmium 0.500 1  0.574 Silver 0.250 1ND
Chromium 0.250 153.3 Thallium 0.750 1ND
Cobalt 0.250 112.1 Vanadium 0.250 139.1
Copper 0.500 119.0 Zinc 1.00 141.0
Lead 0.500 131.0

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/23/11N/A 09/23/11Solid 110923L03Method Blank 099-04-007-8,259 Mercury
16:22

-Preparation/analysis for Mercury was performed by EPA 7471A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.0835 1ND

09/23/11N/A 09/26/11Solid 110923L08Method Blank 097-01-002-15,268 ICP 5300
22:00

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

09/23/11N/A 09/27/11Solid 110923L09Method Blank 097-01-002-15,269 ICP 5300
23:02

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

09/23/11N/A 09/26/11Solid 110923L10Method Blank 097-01-002-15,270 ICP 5300
22:04

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 3010A Total / EPA 7470A TotalPreparation:

EPA 6010B / EPA 7470AMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

09/22/11 09/23/11 09/24/11Aqueous 110923LA1EB03-092211 11-09-1541-62-A ICP 5300
19:2415:30

-Mercury analysis was performed on 09/26/11 13:37 with batch 110926L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Molybdenum 0.0100 1ND
Arsenic 0.0100 1ND Nickel 0.0100 1ND
Barium 0.0100 1ND Selenium 0.0150 1ND
Beryllium 0.0100 1ND Silver 0.00500 1ND
Cadmium 0.0100 1ND Thallium 0.0150 1ND
Chromium 0.0100 1ND Vanadium 0.0100 1ND
Cobalt 0.0100 1ND Mercury 0.000500 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND
Lead 0.0100 1ND

09/26/11N/A 09/26/11Aqueous 110926L01Method Blank 099-04-008-5,588 Mercury
13:01

-Preparation/analysis for Mercury was performed by EPA 7470A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.000500 1ND

09/23/11N/A 09/23/11Aqueous 110923LA1Method Blank 097-01-003-11,977 ICP 5300
18:24

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Lead 0.0100 1ND
Arsenic 0.0100 1ND Molybdenum 0.0100 1ND
Barium 0.0100 1ND Nickel 0.0100 1ND
Beryllium 0.0100 1ND Selenium 0.0150 1ND
Cadmium 0.0100 1ND Silver 0.00500 1ND
Chromium 0.0100 1ND Thallium 0.0150 1ND
Cobalt 0.0100 1ND Vanadium 0.0100 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB43-0.5

MS/MSD Batch
Number

110923S08

Matrix

Solid

Date
Analyzed

09/26/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 328 50-1152725.00
0-20Arsenic 496 75-12510125.00
0-20 QBarium 4X4X 75-1254X25.00
0-20Beryllium 1100 75-12510125.00
0-20Cadmium 299 75-1259725.00
0-20 3Chromium 152 75-1255525.00
0-20Cobalt 592 75-1258425.00
0-20Copper 091 75-1259125.00
0-20Lead 3104 75-12510025.00
0-20Molybdenum 891 75-1259925.00
0-20 3Nickel 368 75-1256225.00
0-20Selenium 483 75-1258725.00
0-20Silver 399 75-12510212.50
0-20Thallium 084 75-1258425.00
0-20Vanadium 078 75-1257925.00
0-20 3Zinc 574 75-1256425.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB45-0.5

MS/MSD Batch
Number

110923S09

Matrix

Solid

Date
Analyzed

09/26/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 1449 50-1155725.00
0-20Arsenic 7105 75-1259725.00
0-20 3Barium 1157 75-12515325.00
0-20Beryllium 5103 75-1259825.00
0-20Cadmium 3103 75-12510025.00
0-20Chromium 17125 75-1259925.00
0-20Cobalt 7116 75-12510725.00
0-20Copper 9113 75-12510125.00
0-20 3,4Lead 30218 75-12510125.00
0-20Molybdenum 199 75-1259825.00
0-20Nickel 13123 75-12510325.00
0-20Selenium 495 75-1259125.00
0-20Silver 398 75-1259612.50
0-20Thallium 193 75-1259325.00
0-20Vanadium 11112 75-1259625.00
0-20 3,4Zinc 22163 75-1259525.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB47-0.5

MS/MSD Batch
Number

110923S10

Matrix

Solid

Date
Analyzed

09/26/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Antimony 352 50-1155125.00
0-20Arsenic 6104 75-1259825.00
0-20 3Barium 1732 75-1257325.00
0-20Beryllium 2103 75-12510125.00
0-20Cadmium 2103 75-12510125.00
0-20Chromium 194 75-1259625.00
0-20Cobalt 4105 75-12510025.00
0-20Copper 2101 75-1259925.00
0-20Lead 097 75-1259725.00
0-20Molybdenum 4103 75-1259925.00
0-20Nickel 086 75-1258625.00
0-20Selenium 7100 75-1259325.00
0-20Silver 099 75-1259912.50
0-20Thallium 697 75-1259125.00
0-20Vanadium 280 75-1258425.00
0-20Zinc 289 75-1258625.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/22/11Date Received:

Quality Control Sample ID

11-09-1565-1

MS/MSD Batch
Number

110923S11

Matrix

Solid

Date
Analyzed

09/26/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 1109 75-12511025.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 3010A TotalPreparation:

09/22/11Date Received:

Quality Control Sample ID

11-09-1474-1

MS/MSD Batch
Number

110923SA1

Matrix

Aqueous

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Antimony 382 72-132790.5000
0-11Arsenic 394 80-140980.5000
0-6Barium 1113 87-1231150.5000
0-8Beryllium 0106 89-1191060.5000
0-7Cadmium 0112 82-1241120.5000
0-8Chromium 1109 86-1221100.5000
0-7Cobalt 0116 83-1251160.5000
0-7Copper 1109 78-1261100.5000
0-7Lead 1115 84-1201160.5000
0-7Molybdenum 1106 78-1261070.5000
0-7Nickel 0115 84-1201150.5000
0-9Selenium 1105 79-1271060.5000
0-7Silver 1107 86-1281080.2500
0-8Thallium 2117 79-1211190.5000
0-7Vanadium 1107 88-1181080.5000
0-8Zinc 0112 89-1311120.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject:

EPA 3010A TotalPreparation:

09/22/11Date Received

Quality Control Sample ID

11-09-1474-1

PDS / PDSD  Batch
Number

110923SA1

Matrix

Aqueous

Date Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

ICP 5300

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %RECSPIKE ADDED

0-10Antimony 176 77 75-1250.5000

0-11Arsenic 090 90 75-1250.5000

0-6Barium 198 98 75-1250.5000

0-8Beryllium 1101 103 75-1250.5000

0-7Cadmium 1108 107 75-1250.5000

0-8Chromium 1106 105 75-1250.5000

0-7Cobalt 0112 111 75-1250.5000

0-7Copper 1105 104 75-1250.5000

0-7Lead 1109 108 75-1250.5000

0-7Molybdenum 1101 99 75-1250.5000

0-7Nickel 0110 110 75-1250.5000

0-9Selenium 099 99 75-1250.5000

0-7Silver 188 87 75-1250.2500

0-8Thallium 1113 112 75-1250.5000

0-7Vanadium 0104 103 75-1250.5000

0-8Zinc 1109 107 75-1250.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

aboratories, Inc.
nvironmental Quality Control - Duplicate

Work Order No:

Method:

Project:

Preparation:

Date Received:CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

EPA 9045D
N/A

09/22/11
11-09-1541

Quality Control Sample ID
Duplicate Batch

NumberMatrix

09/22/1109/22/11

Instrument

11-09-1447-1 PH 4Solid B0922PHD2

Date
Prepared:

Date
Analyzed:

QualifiersRPD CLParameter RPDSample Conc DUP Conc

pH 0-256.68 6.69 0

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7471A TotalPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB43-0.5

MS/MSD Batch
Number

110923S03

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 1104 71-1371030.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7471A TotalPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB45-0.5

MS/MSD Batch
Number

110923S03A

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 497 71-1371010.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7471A TotalPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB47-0.5

MS/MSD Batch
Number

110923S03B

Matrix

Solid

Date
Analyzed

09/23/11

Date
Prepared

09/23/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 1100 71-1371010.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 7470A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 7470A TotalPreparation:

09/22/11Date Received:

Quality Control Sample ID

11-09-1570-21

MS/MSD Batch
Number

110926S01

Matrix

Aqueous

Date
Analyzed

09/26/11

Date
Prepared

09/26/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Mercury 0111 57-1411110.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1541
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,268

Matrix

Solid

LCS Batch Number

110923L08

Lab File ID

110923-l-08

Instrument

ICP 5300

Date Analyzed

09/27/11

Parameter QualifiersConc Added Conc Recovered LCS %Rec %Rec CL  ME_CL

80-120100Antimony 25.00 25.10 73-127
80-120104Arsenic 25.00 25.97 73-127
80-120114Barium 25.00 28.52 73-127
80-120110Beryllium 25.00 27.51 73-127
80-120112Cadmium 25.00 28.07 73-127
80-120110Chromium 25.00 27.51 73-127
80-120119Cobalt 25.00 29.66 73-127
80-120114Copper 25.00 28.45 73-127
80-120118Lead 25.00 29.62 73-127
80-120109Molybdenum 25.00 27.36 73-127
80-120116Nickel 25.00 29.11 73-127
80-120108Selenium 25.00 26.99 73-127
80-120109Silver 12.50 13.65 73-127
80-120117Thallium 25.00 29.34 73-127
80-120108Vanadium 25.00 26.97 73-127
80-120112Zinc 25.00 28.03 73-127

Total number of LCS compounds :
Total number of ME compounds:
Total number of ME compounds allowed :
LCS ME CL validation result :

16
0

Pass

1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1541

US 101 / SR23 Interchange Improvement

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/23/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110923L09

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

097-01-002-15,269

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20380-120Antimony 101 73-1279825.00
0-20280-120Arsenic 104 73-12710225.00
0-20180-120Barium 113 73-12711325.00
0-20280-120Beryllium 107 73-12710525.00
0-20180-120Cadmium 112 73-12711125.00
0-20080-120Chromium 108 73-12710825.00
0-20280-120Cobalt 119 73-12711625.00
0-20080-120Copper 113 73-12711325.00
0-20280-120Lead 117 73-12711525.00
0-20380-120Molybdenum 110 73-12710725.00
0-20280-120Nickel 117 73-12711525.00
0-20280-120Selenium 109 73-12710625.00
0-20080-120Silver 108 73-12710812.50
0-20280-120Thallium 117 73-12711425.00
0-20080-120Vanadium 106 73-12710625.00
0-20180-120Zinc 112 73-12711125.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 3050BPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1541
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-01-002-15,270

Matrix

Solid

LCS Batch Number

110923L10

Lab File ID

110923-l-10

Instrument

ICP 5300

Date Analyzed

09/27/11

Parameter QualifiersConc Added Conc Recovered LCS %Rec %Rec CL  ME_CL

80-12099Antimony 25.00 24.75 73-127
80-120103Arsenic 25.00 25.77 73-127
80-120113Barium 25.00 28.31 73-127
80-120109Beryllium 25.00 27.20 73-127
80-120111Cadmium 25.00 27.69 73-127
80-120108Chromium 25.00 26.95 73-127
80-120117Cobalt 25.00 29.22 73-127
80-120113Copper 25.00 28.16 73-127
80-120117Lead 25.00 29.17 73-127
80-120108Molybdenum 25.00 27.01 73-127
80-120115Nickel 25.00 28.64 73-127
80-120108Selenium 25.00 26.91 73-127
80-120107Silver 12.50 13.42 73-127
80-120116Thallium 25.00 29.03 73-127
80-120106Vanadium 25.00 26.43 73-127
80-120111Zinc 25.00 27.68 73-127

Total number of LCS compounds :
Total number of ME compounds:
Total number of ME compounds allowed :
LCS ME CL validation result :

16
0

Pass

1

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1541

US 101 / SR23 Interchange Improvement

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/23/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110923L11A

Date
Prepared

Date
Analyzed

09/26/11

Quality Control Sample ID

097-01-002-15,263

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

116 0-20580-120Lead 11125.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1541

US 101 / SR23 Interchange Improvement

EPA 3010A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/23/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 110923LA1

Date
Prepared

Date
Analyzed

09/23/11

Quality Control Sample ID

097-01-003-11,977

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20180-120Antimony 102 73-1271030.5000
0-20180-120Arsenic 103 73-1271040.5000
0-20080-120Barium 112 73-1271120.5000
0-20080-120Beryllium 103 73-1271030.5000
0-20080-120Cadmium 111 73-1271110.5000
0-20080-120Chromium 110 73-1271100.5000
0-20080-120Cobalt 115 73-1271150.5000
0-20180-120Copper 108 73-1271090.5000
0-20080-120Lead 111 73-1271120.5000
0-20080-120Molybdenum 106 73-1271060.5000
0-20080-120Nickel 113 73-1271140.5000
0-20080-120Selenium 100 73-1271010.5000
0-20080-120Silver 105 73-1271060.2500
0-20080-120Thallium 109 73-1271090.5000
0-20080-120Vanadium 107 73-1271080.5000
0-20080-120Zinc 109 73-1271090.5000

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7471A

11-09-1541

US 101 / SR23 Interchange Improvement

EPA 7471A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/23/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

Mercury 110923L03

Date
Prepared

Date
Analyzed

09/23/11

Quality Control Sample ID

099-04-007-8,259

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

104 0-10085-121Mercury 1030.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7470A

11-09-1541

US 101 / SR23 Interchange Improvement

EPA 7470A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

Mercury 110926L01

Date
Prepared

Date
Analyzed

09/26/11

Quality Control Sample ID

099-04-008-5,588

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

104 0-10285-121Mercury 1020.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1541

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1541

Virendra Patel
Project Manager

10/13/2011

Supplemental Report 1

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 33

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB40-0.5
Lead 0.632 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB41-0.5
Lead 0.642 mg/L EPA 6010B EPA 13110.100
Lead 18.6 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB41-1.5
Lead 0.134 mg/L EPA 6010B EPA 13110.100
Lead 15.3 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB41-3
Lead 0.732 mg/L EPA 6010B EPA 13110.100
Lead 10.4 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB72-0.5
Lead 0.540 mg/L EPA 6010B EPA 13110.100
Lead 19.2 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB42-0.5
Lead 0.243 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB44-0.5
Lead 2.39 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB45-0.5
Lead 5.39 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB46-0.5
Lead 3.26 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB46-1.5
Lead 0.613 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB46-3
Lead 1.19 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB75-0.5
Lead 0.874 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB47-0.5
Lead 0.492 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB48-0.5
Lead 0.797 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB50-0.5
Lead 0.124 mg/L EPA 6010B EPA 13110.100
Lead 7.75 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB50-1.5
Lead 0.149 mg/L EPA 6010B EPA 13110.100
Lead 1.45 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB50-3
Lead 0.253 mg/L EPA 6010B EPA 13110.100
Lead 14.3 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB51-0.5
Lead 1.67 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB51-1.5
Lead 0.171 mg/L EPA 6010B EPA 13110.100
Lead 13.2 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB77-0.5
Lead 0.164 mg/L EPA 6010B EPA 13110.100
Lead 9.73 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB52-0.5
Lead 8.38 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB52-1.5
Lead 0.193 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US-101-NB-SB53-0.5
Lead 1.34 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB53-1.5
Lead 0.196 mg/L EPA 6010B EPA 13110.100
Lead 20.2 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB53-3
Lead 0.708 mg/L EPA 6010B EPA 13110.100
Lead 19.5 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB54-0.5
Lead 0.578 mg/L EPA 6010B EPA 13110.100
Lead 10.8 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB54-1.5
Lead 0.714 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB55-0.5
Lead 0.556 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB56-0.5
Lead 5.80 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB56-1.5
Lead 0.368 mg/L EPA 6010B T22.11.5. AII0.100

US-101-NB-SB57-0.5
Lead 0.424 mg/L EPA 6010B T22.11.5. AII0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/11/11Solid 111007LA7US-101-NB-SB40-0.5 11-09-1541-1-A ICP 5300
17:4108:35

Parameter Result RL DF Qual
Lead 0.100 10.632

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB41-0.5 11-09-1541-4-A ICP 5300
17:1108:50

Parameter Result RL DF Qual
Lead 0.100 118.6

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB41-1.5 11-09-1541-5-A ICP 5300
17:1208:55

Parameter Result RL DF Qual
Lead 0.100 115.3

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB41-3 11-09-1541-6-A ICP 5300
17:1309:00

Parameter Result RL DF Qual
Lead 0.100 110.4

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB72-0.5 11-09-1541-7-A ICP 5300
17:1608:52

Parameter Result RL DF Qual
Lead 0.100 119.2

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB42-0.5 11-09-1541-8-A ICP 5300
17:1708:55

Parameter Result RL DF Qual
Lead 0.100 10.243

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB44-0.5 11-09-1541-15-A ICP 5300
17:1809:25

Parameter Result RL DF Qual
Lead 0.100 12.39

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB45-0.5 11-09-1541-19-A ICP 5300
17:1909:45

Parameter Result RL DF Qual
Lead 0.100 15.39

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB46-0.5 11-09-1541-22-A ICP 5300
17:2110:00

Parameter Result RL DF Qual
Lead 0.100 13.26

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB46-1.5 11-09-1541-23-A ICP 5300
17:2210:05

Parameter Result RL DF Qual
Lead 0.100 10.613

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB46-3 11-09-1541-24-A ICP 5300
17:2310:10

Parameter Result RL DF Qual
Lead 0.100 11.19

09/22/11 10/05/11 10/10/11Solid 111007LA7US-101-NB-SB75-0.5 11-09-1541-25-A ICP 5300
17:2410:02

Parameter Result RL DF Qual
Lead 0.100 10.874

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB47-0.5 11-09-1541-26-A ICP 5300
17:0610:10

Parameter Result RL DF Qual
Lead 0.100 10.492

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB48-0.5 11-09-1541-29-A ICP 5300
18:2010:30

Parameter Result RL DF Qual
Lead 0.100 10.797

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB50-0.5 11-09-1541-32-A ICP 5300
18:2110:45

Parameter Result RL DF Qual
Lead 0.100 17.75

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB50-1.5 11-09-1541-33-A ICP 5300
17:2610:50

Parameter Result RL DF Qual
Lead 0.100 11.45

09/22/11 10/05/11 10/11/11Solid 111007LA8US-101-NB-SB50-3 11-09-1541-34-A ICP 5300
17:4310:55

Parameter Result RL DF Qual
Lead 0.100 114.3

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB51-0.5 11-09-1541-37-A ICP 5300
17:3111:15

Parameter Result RL DF Qual
Lead 0.100 11.67

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB51-1.5 11-09-1541-38-A ICP 5300
17:3211:20

Parameter Result RL DF Qual
Lead 0.100 113.2

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB77-0.5 11-09-1541-43-A ICP 5300
17:3311:30

Parameter Result RL DF Qual
Lead 0.100 19.73

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB52-0.5 11-09-1541-44-A ICP 5300
17:3411:50

Parameter Result RL DF Qual
Lead 0.100 18.38

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 4 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/11/11Solid 111007LA9US-101-NB-SB52-1.5 11-09-1541-45-A ICP 5300
17:4412:00

Parameter Result RL DF Qual Parameter Result RL DF Qual
Chromium 0.100 1ND Lead 0.100 10.193

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB53-0.5 11-09-1541-47-A ICP 5300
17:3612:25

Parameter Result RL DF Qual
Lead 0.100 11.34

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB53-1.5 11-09-1541-48-A ICP 5300
17:3712:35

Parameter Result RL DF Qual
Lead 0.100 120.2

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB53-3 11-09-1541-49-A ICP 5300
17:3812:40

Parameter Result RL DF Qual
Lead 0.100 119.5

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB54-0.5 11-09-1541-50-A ICP 5300
17:3912:50

Parameter Result RL DF Qual
Lead 0.100 110.8

09/22/11 10/05/11 10/12/11Solid 111007LA8US-101-NB-SB54-1.5 11-09-1541-51-A ICP 5300
19:0713:20

Parameter Result RL DF Qual Parameter Result RL DF Qual
Chromium 0.100 1ND Lead 0.100 10.714

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB55-0.5 11-09-1541-53-A ICP 5300
17:4313:40

Parameter Result RL DF Qual
Lead 0.100 10.556

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 5 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB56-0.5 11-09-1541-56-A ICP 5300
17:4414:20

Parameter Result RL DF Qual
Lead 0.100 15.80

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB56-1.5 11-09-1541-57-A ICP 5300
17:4614:30

Parameter Result RL DF Qual
Lead 0.100 10.368

09/22/11 10/05/11 10/10/11Solid 111007LA8US-101-NB-SB57-0.5 11-09-1541-59-A ICP 5300
17:4714:50

Parameter Result RL DF Qual
Lead 0.100 10.424

10/05/11N/A 10/10/11Aqueous 111007LA8Method Blank 097-05-006-5,926 ICP 5300
17:02

Parameter Result RL DF Qual
Lead 0.100 1ND

10/05/11N/A 10/10/11Aqueous 111007LA7Method Blank 097-05-006-5,929 ICP 5300
16:25

Parameter Result RL DF Qual
Lead 0.100 1ND

10/05/11N/A 10/10/11Aqueous 111007LA9Method Blank 097-05-006-5,930 ICP 5300
15:20

Parameter Result RL DF Qual Parameter Result RL DF Qual
Chromium 0.100 1ND Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB41-0.5 11-09-1541-4-A ICP 5300
19:2308:50

Parameter Result RL DF Qual
Lead 0.100 10.642

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB41-1.5 11-09-1541-5-A ICP 5300
19:2408:55

Parameter Result RL DF Qual
Lead 0.100 10.134

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB41-3 11-09-1541-6-A ICP 5300
19:2609:00

Parameter Result RL DF Qual
Lead 0.100 10.732

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB72-0.5 11-09-1541-7-A ICP 5300
19:2808:52

Parameter Result RL DF Qual
Lead 0.100 10.540

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB44-0.5 11-09-1541-15-A ICP 5300
19:3009:25

Parameter Result RL DF Qual
Lead 0.100 1ND

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB45-0.5 11-09-1541-19-A ICP 5300
19:3209:45

Parameter Result RL DF Qual
Lead 0.100 1ND

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB46-0.5 11-09-1541-22-A ICP 5300
19:3710:00

Parameter Result RL DF Qual
Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..

R
et

ur
n 

to
 C

on
te

nt
s

Page 11 of 33



Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB50-0.5 11-09-1541-32-A ICP 5300
19:3910:45

Parameter Result RL DF Qual
Lead 0.100 10.124

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB50-1.5 11-09-1541-33-A ICP 5300
19:4110:50

Parameter Result RL DF Qual
Lead 0.100 10.149

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB50-3 11-09-1541-34-A ICP 5300
19:4310:55

Parameter Result RL DF Qual
Lead 0.100 10.253

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB51-1.5 11-09-1541-38-A ICP 5300
19:4511:20

Parameter Result RL DF Qual
Lead 0.100 10.171

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB77-0.5 11-09-1541-43-A ICP 5300
19:4711:30

Parameter Result RL DF Qual
Lead 0.100 10.164

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB52-0.5 11-09-1541-44-A ICP 5300
19:4911:50

Parameter Result RL DF Qual
Lead 0.100 1ND

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB52-1.5 11-09-1541-45-A ICP 5300
19:5112:00

Parameter Result RL DF Qual
Chromium 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB53-0.5 11-09-1541-47-A ICP 5300
19:5312:25

Parameter Result RL DF Qual
Lead 0.100 1ND

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB53-1.5 11-09-1541-48-A ICP 5300
19:5512:35

Parameter Result RL DF Qual
Lead 0.100 10.196

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB53-3 11-09-1541-49-A ICP 5300
20:0012:40

Parameter Result RL DF Qual
Lead 0.100 10.708

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB54-0.5 11-09-1541-50-A ICP 5300
20:0212:50

Parameter Result RL DF Qual
Lead 0.100 10.578

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB54-1.5 11-09-1541-51-A ICP 5300
20:0413:20

Parameter Result RL DF Qual
Chromium 0.100 1ND

09/22/11 10/05/11 10/06/11Solid 111006LA7US-101-NB-SB56-0.5 11-09-1541-56-A ICP 5300
20:0614:20

Parameter Result RL DF Qual
Lead 0.100 1ND

10/05/11N/A 10/06/11Aqueous 111006LA7Method Blank 099-14-021-386 ICP 5300
18:06

Parameter Result RL DF Qual Parameter Result RL DF Qual
Chromium 0.100 1ND Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB45-0.5

MS/MSD Batch
Number

111007SA7

Matrix

Solid

Date
Analyzed

10/10/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 9111 75-125925.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB47-0.5

MS/MSD Batch
Number

111007SA8

Matrix

Solid

Date
Analyzed

10/10/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 592 75-125975.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/22/11Date Received:

Quality Control Sample ID

11-10-0293-1

MS/MSD Batch
Number

111007SA9

Matrix

Aqueous

Date
Analyzed

10/10/11

Date
Prepared

10/07/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Chromium 197 75-125965.000
0-20Lead 196 75-125975.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1541

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US 101 / SR23 Interchange ImprovementProject

EPA 1311Preparation:

09/22/11Date Received:

Quality Control Sample ID

US-101-NB-SB45-0.5

MS/MSD Batch
Number

111006SA7

Matrix

Solid

Date
Analyzed

10/07/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-8Chromium 0104 86-1221055.000
0-7Lead 1110 84-1201115.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1541
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,929

Matrix

Aqueous

LCS Batch Number

111007LA7

Lab File ID

111007-la-7

Instrument

ICP 5300

Date Analyzed

10/10/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120104Lead 5.000 5.184

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US 101 / SR23 Interchange Improvement

11-09-1541
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,926

Matrix

Aqueous

LCS Batch Number

111007LA8

Lab File ID

111007-la-8

Instrument

ICP 5300

Date Analyzed

10/10/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120107Lead 5.000 5.326

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1541

US 101 / SR23 Interchange Improvement

T22.11.5. AIIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/05/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111007LA9

Date
Prepared

Date
Analyzed

10/10/11

Quality Control Sample ID

097-05-006-5,930

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

102 0-20580-120Chromium 1065.000
102 0-20480-120Lead 1065.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1541

US 101 / SR23 Interchange Improvement

EPA 1311Preparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/05/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111006LA7

Date
Prepared

Date
Analyzed

10/06/11

Quality Control Sample ID

099-14-021-386

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

109 0-20180-120Chromium 1075.000
112 0-20280-120Lead 1115.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1541

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

R
et

ur
n 

to
 C

on
te

nt
s

Page 22 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 23 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 24 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 25 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 26 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 27 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 28 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 29 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 30 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 31 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 32 of 33



R
et

ur
n 

to
 C

on
te

nt
s

Page 33 of 33



Analytical Report For
Client: CH2M Hill

Client Project Name: US 101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1541

Virendra Patel
Project Manager

10/21/2011

Supplemental Report 2

Additional requested analyses are reported as a 
stand-alone report.

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx


DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1541
US 101 / SR23 Interchange Improvement
09/22/11  19:35

Client Sample ID
Extraction

US-101-NB-SB41-0.5
Lead 0.120 mg/L EPA 6010B T22.11.5.AII DI0.100

US-101-NB-SB51-1.5
Lead 0.276 mg/L EPA 6010B T22.11.5.AII DI0.100

US-101-NB-SB53-1.5
Lead 0.181 mg/L EPA 6010B T22.11.5.AII DI0.100

US-101-NB-SB53-3
Lead 0.237 mg/L EPA 6010B T22.11.5.AII DI0.100

US-101-NB-SB54-0.5
Lead 0.177 mg/L EPA 6010B T22.11.5.AII DI0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.



Analytical Report

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 1 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB41-0.5 11-09-1541-4-A ICP 5300
21:1608:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.120

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB41-1.5 11-09-1541-5-A ICP 5300
21:1808:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB41-3 11-09-1541-6-A ICP 5300
21:2009:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB72-0.5 11-09-1541-7-A ICP 5300
21:2208:52

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB45-0.5 11-09-1541-19-A ICP 5300
21:1109:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB50-0.5 11-09-1541-32-A ICP 5300
21:2410:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers



Analytical Report

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 2 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB50-3 11-09-1541-34-A ICP 5300
21:2610:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB51-1.5 11-09-1541-38-A ICP 5300
21:2811:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.276

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB77-0.5 11-09-1541-43-A ICP 5300
21:3411:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB52-0.5 11-09-1541-44-A ICP 5300
21:3611:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB53-1.5 11-09-1541-48-A ICP 5300
21:3812:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.181

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB53-3 11-09-1541-49-A ICP 5300
21:4012:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.237

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers



Analytical Report

CH2M Hill 09/22/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1541Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US 101 / SR23 Interchange Improvement Page 3 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB54-0.5 11-09-1541-50-A ICP 5300
21:4212:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.177

09/22/11 10/14/11 10/17/11Solid 111017LA4US-101-NB-SB56-0.5 11-09-1541-56-A ICP 5300
21:4414:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

10/14/11N/A 10/17/11Aqueous 111017LA4Method Blank 097-05-006-5,944 ICP 5300
20:47

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers



CH2M Hill Date Received: N/A
6 Hutton Centre Drive, Suite 700 Work Order No.: 11-09-1541
Santa Ana, CA  92707-5735 Preparation: T22.11.5.All DI

Method: EPA 6010B

Project:  US 101 / SR23 Interchange Improvement

Date MS/MSD Batch
Quality Control Sample ID Matrix Instrument Analyzed Number

Parameter MS %REC MSD %REC %REC CL RPD RPD CL Qualifier

Lead 117 113 75-125 3 0 - 20

Quality Control - Spike/Spike Duplicate

US-101-NB-SB45-0.5 111017SA4Aqueous 10/17/11

Date
Prepared

10/14/11ICP 5300



Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1541

US 101 / SR23 Interchange Improvement

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/14/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111017LA4

Date
Prepared

Date
Analyzed

10/17/11

Quality Control Sample ID

097-05-006-5,944

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

103 0-20180-120Lead 1025.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit



Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1541

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

























Analytical Report For
Client: CH2M Hill

Client Project Name: US101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1630

Virendra Patel
Project Manager

10/5/2011

Supplemental Report 1

The original report has been revised/corrected.

Page 1 of 53

mailto:vpatel@calscience.com
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB17-0.5
Arsenic   0.768 mg/kg EPA 6010B EPA 3050B0.750
Barium 77.9 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.424 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.644 mg/kg EPA 6010B EPA 3050B0.500
Chromium 31.2 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 15.0 mg/kg EPA 6010B EPA 3050B0.250
Copper 43.1 mg/kg EPA 6010B EPA 3050B0.500
Lead 37.2 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   3.26 mg/kg EPA 6010B EPA 3050B0.250
Nickel 40.9 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 32.9 mg/kg EPA 6010B EPA 3050B0.250
Zinc 60.3 mg/kg EPA 6010B EPA 3050B1.00
pH 7.58 pH units EPA 9045D N/A0.01

US101-NB-SB17-1.5
Lead 18.2 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB17-3
Lead 23.3 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB30-0.5
Lead 68.6 mg/kg EPA 6010B EPA 3050B0.500
pH 7.55 pH units EPA 9045D N/A0.01

US101-NB-SB30-1.5
Lead 76.2 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB30-3
Lead 25.6 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB30-5
Lead 16.2 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB31-0.5
Lead 1.19 mg/kg EPA 6010B EPA 3050B0.500
pH 7.34 pH units EPA 9045D N/A0.01

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB31-1.5
Lead 0.876 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB31-3
Lead 0.959 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB31-5
Lead 0.584 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB31-6
Lead 0.963 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB32-0.5
Lead 1.15 mg/kg EPA 6010B EPA 3050B0.500
pH 6.74 pH units EPA 9045D N/A0.01

US101-NB-SB32-1.5
Lead 0.936 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB32-3
Lead 0.940 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB32-5
Lead 0.905 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB32-6
Barium 92.4 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.557 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.534 mg/kg EPA 6010B EPA 3050B0.500
Chromium 78.0 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 17.2 mg/kg EPA 6010B EPA 3050B0.250
Copper 21.8 mg/kg EPA 6010B EPA 3050B0.500
Lead   0.910 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.555 mg/kg EPA 6010B EPA 3050B0.250
Nickel 49.1 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 35.3 mg/kg EPA 6010B EPA 3050B0.250
Zinc 42.7 mg/kg EPA 6010B EPA 3050B1.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB34-0.5
Lead 11.9 mg/kg EPA 6010B EPA 3050B0.500
pH 7.51 pH units EPA 9045D N/A0.01

US101-NB-SB34-1.5
Lead 3.97 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB34-3
Lead 3.96 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB34-5
Barium 27.1 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.289 mg/kg EPA 6010B EPA 3050B0.250
Chromium 25.7 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 14.3 mg/kg EPA 6010B EPA 3050B0.250
Copper 18.9 mg/kg EPA 6010B EPA 3050B0.500
Lead   0.819 mg/kg EPA 6010B EPA 3050B0.500
Nickel 43.9 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 23.6 mg/kg EPA 6010B EPA 3050B0.250
Zinc 37.2 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB34-6
Lead 3.87 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB35-0.5
Lead 59.5 mg/kg EPA 6010B EPA 3050B0.500
pH 7.67 pH units EPA 9045D N/A0.01

US101-NB-SB35-3
Lead 24.5 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB36-0.5
Lead 71.8 mg/kg EPA 6010B EPA 3050B0.500
pH 7.82 pH units EPA 9045D N/A0.01

US101-NB-SB36-1.5
Lead 6.20 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB36-3
Barium 43.5 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.254 mg/kg EPA 6010B EPA 3050B0.250
Chromium   3.23 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   2.12 mg/kg EPA 6010B EPA 3050B0.250
Copper   5.01 mg/kg EPA 6010B EPA 3050B0.500
Lead   5.33 mg/kg EPA 6010B EPA 3050B0.500
Nickel   4.88 mg/kg EPA 6010B EPA 3050B0.250
Vanadium   8.11 mg/kg EPA 6010B EPA 3050B0.250
Zinc 343 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB78-3
Lead 3.75 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB37-0.5
Lead 504 mg/kg EPA 6010B EPA 3050B0.500
pH 6.31 pH units EPA 9045D N/A0.01

US101-NB-SB37-1.5
Lead 202 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB37-3
Lead 98.7 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB38-0.5
Lead 18.4 mg/kg EPA 6010B EPA 3050B0.500
pH 7.02 pH units EPA 9045D N/A0.01

US101-NB-SB38-1.5
Lead 6.10 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB38-3
Lead 0.551 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB39-0.5
Lead 4.96 mg/kg EPA 6010B EPA 3050B0.500
pH 6.76 pH units EPA 9045D N/A0.01

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB39-1.5
Lead 0.724 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB39-3
Lead 0.671 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB39-5
Lead 2.36 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB39-6
Lead 1.84 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB15-0.5
Barium 40.8 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.468 mg/kg EPA 6010B EPA 3050B0.250
Chromium 42.0 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 22.1 mg/kg EPA 6010B EPA 3050B0.250
Copper 26.6 mg/kg EPA 6010B EPA 3050B0.500
Lead 37.0 mg/kg EPA 6010B EPA 3050B0.500
Nickel 59.1 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 37.1 mg/kg EPA 6010B EPA 3050B0.250
Zinc 53.5 mg/kg EPA 6010B EPA 3050B1.00

US101-SB-SB15-1.5
Lead 10.9 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB15-3
Lead 4.68 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB14-0.5
Lead 437 mg/kg EPA 6010B EPA 3050B0.500
pH 6.70 pH units EPA 9045D N/A0.01

US101-SB-SB14-1.5
Lead 120 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB14-3
Lead 5.20 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB13-0.5
Lead 11.6 mg/kg EPA 6010B EPA 3050B0.500
pH 7.73 pH units EPA 9045D N/A0.01

US101-SB-SB13-1.5
Barium 26.1 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.312 mg/kg EPA 6010B EPA 3050B0.250
Chromium 31.9 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 15.7 mg/kg EPA 6010B EPA 3050B0.250
Copper 16.5 mg/kg EPA 6010B EPA 3050B0.500
Lead   8.53 mg/kg EPA 6010B EPA 3050B0.500
Nickel 45.9 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 21.7 mg/kg EPA 6010B EPA 3050B0.250
Zinc 30.7 mg/kg EPA 6010B EPA 3050B1.00

US101-SB-SB13-3
Lead 23.0 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB12-0.5
Lead 290 mg/kg EPA 6010B EPA 3050B0.500
pH 6.64 pH units EPA 9045D N/A0.01

US101-SB-SB12-1.5
Lead 85.9 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB12-3
Lead 1.78 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB11-0.5
Lead 13.7 mg/kg EPA 6010B EPA 3050B0.500
pH 7.28 pH units EPA 9045D N/A0.01

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB11-1.5
Barium 21.0 mg/kg EPA 6010B EPA 3050B0.500
Chromium   3.04 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   1.92 mg/kg EPA 6010B EPA 3050B0.250
Copper   3.27 mg/kg EPA 6010B EPA 3050B0.500
Lead   1.38 mg/kg EPA 6010B EPA 3050B0.500
Nickel   2.72 mg/kg EPA 6010B EPA 3050B0.250
Vanadium   6.47 mg/kg EPA 6010B EPA 3050B0.250
Zinc   9.67 mg/kg EPA 6010B EPA 3050B1.00

US101-SB-SB11-3
Lead 1.27 mg/kg EPA 6010B EPA 3050B0.500

US101-NB-SB80-5
Lead 0.707 mg/kg EPA 6010B EPA 3050B0.500

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB17-0.5 11-09-1630-1-A PH 4
19:5408:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.58

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB30-0.5 11-09-1630-4-A PH 4
19:5409:00

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.55

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB31-0.5 11-09-1630-8-A PH 4
19:5409:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.34

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB32-0.5 11-09-1630-13-A PH 4
19:5409:35

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.74

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB34-0.5 11-09-1630-18-A PH 4
19:5410:00

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.51

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB35-0.5 11-09-1630-23-A PH 4
19:5410:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.67

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

R
et

ur
n 

to
 C

on
te

nt
s

Page 10 of 53



Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US101 / SR23 Interchange Improvement Page 2 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB36-0.5 11-09-1630-26-A PH 4
19:5410:32

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.82

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB37-0.5 11-09-1630-30-A PH 4
19:5410:35

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.31

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB38-0.5 11-09-1630-33-A PH 4
19:5410:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.02

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-NB-SB39-0.5 11-09-1630-38-A PH 4
19:5410:55

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.76

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-SB-SB14-0.5 11-09-1630-46-A PH 4
19:5411:40

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.70

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-SB-SB13-0.5 11-09-1630-49-A PH 4
19:5412:00

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.73

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

R
et

ur
n 

to
 C

on
te

nt
s

Page 11 of 53



Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US101 / SR23 Interchange Improvement Page 3 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-SB-SB12-0.5 11-09-1630-52-A PH 4
19:5412:20

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.64

09/23/11 09/23/11 09/23/11Solid B0923PHD2US101-SB-SB11-0.5 11-09-1630-55-A PH 4
19:5412:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.28

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB17-1.5 11-09-1630-2-A ICP 5300
15:5708:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 118.2

09/23/11 09/26/11 09/27/11Solid 110926L07US101-NB-SB17-3 11-09-1630-3-A ICP 5300
23:3208:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 123.3

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB30-0.5 11-09-1630-4-A ICP 5300
16:0109:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 168.6

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB30-1.5 11-09-1630-5-A ICP 5300
16:0209:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 176.2

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB30-3 11-09-1630-6-A ICP 5300
16:0309:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 125.6

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB30-5 11-09-1630-7-A ICP 5300
16:0409:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 116.2

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 2 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB31-0.5 11-09-1630-8-A ICP 5300
16:0509:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.19

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB31-1.5 11-09-1630-9-A ICP 5300
16:0609:22

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.876

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB31-3 11-09-1630-10-A ICP 5300
16:0709:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.959

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB31-5 11-09-1630-11-A ICP 5300
16:0809:28

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.584

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB31-6 11-09-1630-12-A ICP 5300
16:1209:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.963

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB32-0.5 11-09-1630-13-A ICP 5300
16:1309:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.15

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 3 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB32-1.5 11-09-1630-14-A ICP 5300
16:1409:38

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.936

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB32-3 11-09-1630-15-A ICP 5300
16:1509:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.940

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB32-5 11-09-1630-16-A ICP 5300
16:1509:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.905

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB34-0.5 11-09-1630-18-A ICP 5300
16:1610:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 111.9

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB34-1.5 11-09-1630-19-A ICP 5300
16:1710:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.97

09/23/11 09/26/11 09/28/11Solid 110926L06US101-NB-SB34-3 11-09-1630-20-A ICP 5300
16:1810:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.96

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 4 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB34-6 11-09-1630-22-A ICP 5300
16:1910:18

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.87

09/23/11 09/26/11 09/27/11Solid 110926L08US101-NB-SB35-0.5 11-09-1630-23-A ICP 5300
23:4010:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 159.5

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB35-1.5 11-09-1630-24-A ICP 5300
16:2010:22

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB35-3 11-09-1630-25-A ICP 5300
16:2510:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 124.5

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB36-0.5 11-09-1630-26-A ICP 5300
16:2610:32

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 171.8

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB36-1.5 11-09-1630-27-A ICP 5300
16:2810:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.20

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 5 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB78-3 11-09-1630-29-A ICP 5300
16:2910:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.75

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB37-0.5 11-09-1630-30-A ICP 5300
16:3010:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1504

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB37-1.5 11-09-1630-31-A ICP 5300
16:3110:38

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1202

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB37-3 11-09-1630-32-A ICP 5300
16:3210:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 198.7

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB38-0.5 11-09-1630-33-A ICP 5300
16:3310:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 118.4

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB38-1.5 11-09-1630-34-A ICP 5300
16:3410:46

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.10

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 6 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB38-3 11-09-1630-35-A ICP 5300
16:3810:48

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.551

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB38-5 11-09-1630-36-A ICP 5300
16:3910:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB38-6 11-09-1630-37-A ICP 5300
16:4010:52

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB39-0.5 11-09-1630-38-A ICP 5300
16:4110:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.96

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB39-1.5 11-09-1630-39-A ICP 5300
16:4210:58

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.724

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB39-3 11-09-1630-40-A ICP 5300
16:4311:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.671

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 7 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L07US101-NB-SB39-5 11-09-1630-41-A ICP 5300
16:4411:02

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.36

09/23/11 09/26/11 09/28/11Solid 110926L08US101-NB-SB39-6 11-09-1630-42-A ICP 5300
16:4511:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.84

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB15-1.5 11-09-1630-44-A ICP 5300
16:4611:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 110.9

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB15-3 11-09-1630-45-A ICP 5300
16:4711:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.68

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB14-0.5 11-09-1630-46-A ICP 5300
16:5011:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1437

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB14-1.5 11-09-1630-47-A ICP 5300
16:5111:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1120

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 8 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB14-3 11-09-1630-48-A ICP 5300
16:5211:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.20

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB13-0.5 11-09-1630-49-A ICP 5300
16:5312:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 111.6

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB13-3 11-09-1630-51-A ICP 5300
16:5412:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 123.0

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB12-0.5 11-09-1630-52-A ICP 5300
16:5512:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1290

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB12-1.5 11-09-1630-53-A ICP 5300
16:5612:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 185.9

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB12-3 11-09-1630-54-A ICP 5300
16:5712:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.78

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 9 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB11-0.5 11-09-1630-55-A ICP 5300
16:5812:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 113.7

09/23/11 09/26/11 09/28/11Solid 110926L08US101-SB-SB11-3 11-09-1630-57-A ICP 5300
16:5912:58

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.27

09/23/11 09/26/11 09/28/11Solid 110926L08US101-NB-SB79-5 11-09-1630-59-A ICP 5300
17:0310:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/23/11 09/26/11 09/28/11Solid 110926L08US101-NB-SB80-5 11-09-1630-60-A ICP 5300
17:0410:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.707

09/26/11N/A 09/30/11Solid 110926L06Method Blank 097-01-002-15,274 ICP 5300
13:46

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/26/11N/A 09/27/11Solid 110926L07Method Blank 097-01-002-15,275 ICP 5300
23:13

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 10 of 10

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/26/11N/A 09/27/11Solid 110926L08Method Blank 097-01-002-15,276 ICP 5300
23:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/23/11 09/26/11 09/27/11Solid 110926L06US101-NB-SB17-0.5 11-09-1630-1-A ICP 5300
23:2908:30

-Mercury analysis was performed on 09/27/11 12:13 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  0.768 Molybdenum 0.250 1  3.26
Barium 0.500 177.9 Nickel 0.250 140.9
Beryllium 0.250 1  0.424 Selenium 0.750 1ND
Cadmium 0.500 1  0.644 Silver 0.250 1ND
Chromium 0.250 131.2 Thallium 0.750 1ND
Cobalt 0.250 115.0 Vanadium 0.250 132.9
Copper 0.500 143.1 Zinc 1.00 160.3
Lead 0.500 137.2

09/23/11 09/26/11 09/27/11Solid 110926L06US101-NB-SB32-6 11-09-1630-17-A ICP 5300
23:4309:50

-Mercury analysis was performed on 09/27/11 12:15 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1  0.555
Barium 0.500 192.4 Nickel 0.250 149.1
Beryllium 0.250 1  0.557 Selenium 0.750 1ND
Cadmium 0.500 1  0.534 Silver 0.250 1ND
Chromium 0.250 178.0 Thallium 0.750 1ND
Cobalt 0.250 117.2 Vanadium 0.250 135.3
Copper 0.500 121.8 Zinc 1.00 142.7
Lead 0.500 1  0.910

09/23/11 09/26/11 09/27/11Solid 110926L06US101-NB-SB34-5 11-09-1630-21-A ICP 5300
23:4510:15

-Mercury analysis was performed on 09/27/11 12:22 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 127.1 Nickel 0.250 143.9
Beryllium 0.250 1  0.289 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 125.7 Thallium 0.750 1ND
Cobalt 0.250 114.3 Vanadium 0.250 123.6
Copper 0.500 118.9 Zinc 1.00 137.2
Lead 0.500 1  0.819

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 Interchange Improvement Page 2 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/23/11 09/26/11 09/27/11Solid 110926L08US101-NB-SB36-3 11-09-1630-28-A ICP 5300
23:4610:40

-Mercury analysis was performed on 09/27/11 12:24 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 143.5 Nickel 0.250 1  4.88
Beryllium 0.250 1  0.254 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1  3.23 Thallium 0.750 1ND
Cobalt 0.250 1  2.12 Vanadium 0.250 1  8.11
Copper 0.500 1  5.01 Zinc 1.00 1343
Lead 0.500 1  5.33

09/23/11 09/26/11 09/27/11Solid 110926L08US101-SB-SB15-0.5 11-09-1630-43-A ICP 5300
23:4711:15

-Mercury analysis was performed on 09/27/11 12:26 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 140.8 Nickel 0.250 159.1
Beryllium 0.250 1  0.468 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 142.0 Thallium 0.750 1ND
Cobalt 0.250 122.1 Vanadium 0.250 137.1
Copper 0.500 126.6 Zinc 1.00 153.5
Lead 0.500 137.0

09/23/11 09/26/11 09/27/11Solid 110926L08US101-SB-SB13-1.5 11-09-1630-50-A ICP 5300
23:4812:05

-Mercury analysis was performed on 09/27/11 12:28 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 126.1 Nickel 0.250 145.9
Beryllium 0.250 1  0.312 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 131.9 Thallium 0.750 1ND
Cobalt 0.250 115.7 Vanadium 0.250 121.7
Copper 0.500 116.5 Zinc 1.00 130.7
Lead 0.500 1  8.53

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 Interchange Improvement Page 3 of 3
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/23/11 09/26/11 09/27/11Solid 110926L08US101-SB-SB11-1.5 11-09-1630-56-A ICP 5300
23:5012:50

-Mercury analysis was performed on 09/27/11 12:31 with batch 110927L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 121.0 Nickel 0.250 1  2.72
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1  3.04 Thallium 0.750 1ND
Cobalt 0.250 1  1.92 Vanadium 0.250 1  6.47
Copper 0.500 1  3.27 Zinc 1.00 1  9.67
Lead 0.500 1  1.38

09/27/11N/A 09/27/11Solid 110927L01Method Blank 099-04-007-8,263 Mercury
12:02

-Preparation/analysis for Mercury was performed by EPA 7471A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.0835 1ND

09/26/11N/A 09/30/11Solid 110926L06Method Blank 097-01-002-15,274 ICP 5300
13:46

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

09/26/11N/A 09/27/11Solid 110926L08Method Blank 097-01-002-15,276 ICP 5300
23:15

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 3010A Total / EPA 7470A TotalPreparation:

EPA 6010B / EPA 7470AMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

09/23/11 09/26/11 09/30/11Aqueous 110926LA6EB04-092311 11-09-1630-58-A ICP 5300
14:1613:15

-Mercury analysis was performed on 09/26/11 18:50 with batch 110926L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Molybdenum 0.0100 1ND
Arsenic 0.0100 1ND Nickel 0.0100 1ND
Barium 0.0100 1ND Selenium 0.0150 1ND
Beryllium 0.0100 1ND Silver 0.00500 1ND
Cadmium 0.0100 1ND Thallium 0.0150 1ND
Chromium 0.0100 1ND Vanadium 0.0100 1ND
Cobalt 0.0100 1ND Mercury 0.000500 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND
Lead 0.0100 1ND

09/26/11N/A 09/26/11Aqueous 110926L01Method Blank 099-04-008-5,588 Mercury
13:01

-Preparation/analysis for Mercury was performed by EPA 7470A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.000500 1ND

09/26/11N/A 09/27/11Aqueous 110926LA6Method Blank 097-01-003-11,987 ICP 5300
22:14

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Lead 0.0100 1ND
Arsenic 0.0100 1ND Molybdenum 0.0100 1ND
Barium 0.0100 1ND Nickel 0.0100 1ND
Beryllium 0.0100 1ND Selenium 0.0150 1ND
Cadmium 0.0100 1ND Silver 0.00500 1ND
Chromium 0.0100 1ND Thallium 0.0150 1ND
Cobalt 0.0100 1ND Vanadium 0.0100 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB17-0.5

MS/MSD Batch
Number

110926S06

Matrix

Solid

Date
Analyzed

09/27/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3,4Antimony 458 50-1151325.00
0-20Arsenic 694 75-12510025.00
0-20Barium 096 75-1259725.00
0-20Beryllium 6103 75-12510925.00
0-20Cadmium 599 75-12510525.00
0-20 3Chromium 19147 75-12510025.00
0-20Cobalt 0101 75-12510025.00
0-20 3,4Copper 45167 75-1254225.00
0-20 3Lead 18104 75-1256325.00
0-20Molybdenum 892 75-1258325.00
0-20 3Nickel 13131 75-1259525.00
0-20 3Selenium 2066 75-1258125.00
0-20Silver 5102 75-12510712.50
0-20Thallium 887 75-1259525.00
0-20Vanadium 297 75-1259325.00
0-20Zinc 7106 75-1258325.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB17-3

MS/MSD Batch
Number

110926S07

Matrix

Solid

Date
Analyzed

09/27/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 4103 75-1259625.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 3050BPreparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB35-0.5

MS/MSD Batch
Number

110926S08

Matrix

Solid

Date
Analyzed

09/27/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 1243 50-1153825.00
0-20Arsenic 2101 75-1259925.00
0-20 3Barium 474 75-1258725.00
0-20Beryllium 1105 75-12510625.00
0-20Cadmium 298 75-12510025.00
0-20Chromium 293 75-1259625.00
0-20Cobalt 399 75-12510225.00
0-20 3Copper 15102 75-12512825.00
0-20 3Lead 11147 75-12510725.00
0-20Molybdenum 097 75-1259725.00
0-20 3Nickel 971 75-1258425.00
0-20Selenium 297 75-1259525.00
0-20Silver 1104 75-12510312.50
0-20Thallium 093 75-1259225.00
0-20Vanadium 491 75-1259825.00
0-20 3Zinc 1171 75-12510925.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 3010A TotalPreparation:

09/23/11Date Received:

Quality Control Sample ID

11-09-1570-21

MS/MSD Batch
Number

110926SA6

Matrix

Aqueous

Date
Analyzed

09/27/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Antimony 2103 72-1321000.5000
0-11Arsenic 295 80-140930.5000
0-6Barium 295 87-123930.5000
0-8Beryllium 396 89-119930.5000
0-7Cadmium 286 82-124840.5000
0-8Chromium 696 86-122870.5000
0-7 3Cobalt 384 83-125820.5000
0-7 3,4Copper 10128 78-1261050.5000
0-7Lead 287 84-120850.5000
0-7 3Molybdenum 275 78-126730.5000
0-7 3Nickel 789 84-120790.5000
0-9 3Selenium 170 79-127690.5000
0-7 3Silver 5130 86-1281240.2500
0-8 3Thallium 277 79-121760.5000
0-7Vanadium 4105 88-118990.5000
0-8 4Zinc 11130 89-131990.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject:

EPA 3010A TotalPreparation:

09/23/11Date Received

Quality Control Sample ID

11-09-1570-21

PDS / PDSD  Batch
Number

110926SA6

Matrix

Aqueous

Date Analyzed

09/29/11

Date
Prepared

09/27/11

Instrument

ICP 5300

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %RECSPIKE ADDED

0-10Antimony 281 83 75-1250.5000

0-11Arsenic 591 95 75-1250.5000

0-6Barium 184 85 75-1250.5000

0-8Beryllium 282 83 75-1250.5000

0-7Cadmium 177 78 75-1250.5000

0-8Chromium 281 83 75-1250.5000

0-7Cobalt 175 77 75-1250.5000

0-7Copper 188 90 75-1250.5000

0-7Lead 180 81 75-1250.5000

0-7Molybdenum 184 85 75-1250.5000

0-7 5Nickel 273 75 75-1250.5000

0-9Selenium 1104 106 75-1250.5000

0-7Silver 2108 111 75-1250.2500

0-8Thallium 075 75 75-1250.5000

0-7Vanadium 289 92 75-1250.5000

0-8Zinc 185 88 75-1250.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

aboratories, Inc.
nvironmental Quality Control - Duplicate

Work Order No:

Method:

Project:

Preparation:

Date Received:CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 Interchange Improvement

EPA 9045D
N/A

09/23/11
11-09-1630

Quality Control Sample ID
Duplicate Batch

NumberMatrix

09/23/1109/23/11

Instrument

11-09-1565-1 PH 4Solid B0923PHD2

Date
Prepared:

Date
Analyzed:

QualifiersRPD CLParameter RPDSample Conc DUP Conc

pH 0-257.79 7.82 0

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 7471A TotalPreparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB17-0.5

MS/MSD Batch
Number

110927S01

Matrix

Solid

Date
Analyzed

09/27/11

Date
Prepared

09/27/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 0108 71-1371070.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 7470A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 7470A TotalPreparation:

09/23/11Date Received:

Quality Control Sample ID

11-09-1570-21

MS/MSD Batch
Number

110926S01

Matrix

Aqueous

Date
Analyzed

09/26/11

Date
Prepared

09/26/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Mercury 0111 57-1411110.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926L06

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

097-01-002-15,274

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20180-120Antimony 107 73-12710925.00
0-20180-120Arsenic 98 73-1279925.00
0-20080-120Barium 107 73-12710725.00
0-20180-120Beryllium 103 73-12710425.00
0-20180-120Cadmium 105 73-12710625.00
0-20180-120Chromium 103 73-12710325.00
0-20080-120Cobalt 110 73-12711025.00
0-20180-120Copper 108 73-12710725.00
0-20280-120Lead 107 73-12711025.00
0-20280-120Molybdenum 101 73-12710225.00
0-20180-120Nickel 109 73-12711025.00
0-20280-120Selenium 99 73-12710125.00
0-20180-120Silver 105 73-12710412.50
0-20180-120Thallium 100 73-12710125.00
0-20080-120Vanadium 102 73-12710125.00
0-20080-120Zinc 106 73-12710625.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926L07

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

097-01-002-15,275

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

112 0-20280-120Lead 11025.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926L08

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

097-01-002-15,276

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20180-120Antimony 107 73-12710825.00
0-20280-120Arsenic 98 73-12710025.00
0-20180-120Barium 106 73-12710725.00
0-20280-120Beryllium 100 73-12710225.00
0-20180-120Cadmium 105 73-12710625.00
0-20180-120Chromium 101 73-12710225.00
0-20280-120Cobalt 110 73-12711225.00
0-20080-120Copper 106 73-12710525.00
0-20380-120Lead 108 73-12711125.00
0-20280-120Molybdenum 102 73-12710325.00
0-20280-120Nickel 107 73-12711025.00
0-20380-120Selenium 99 73-12710225.00
0-20180-120Silver 103 73-12710212.50
0-20180-120Thallium 101 73-12710225.00
0-20180-120Vanadium 99 73-12710025.00
0-20280-120Zinc 105 73-12710725.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

EPA 3010A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926LA6

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

097-01-003-11,987

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20380-120Antimony 93 73-127900.5000
0-20580-120Arsenic 99 73-127940.5000
0-20680-120Barium 111 73-1271040.5000
0-20580-120Beryllium 103 73-127980.5000
0-20580-120Cadmium 108 73-1271030.5000
0-20580-120Chromium 106 73-1271000.5000
0-20480-120Cobalt 114 73-1271090.5000
0-20580-120Copper 108 73-1271030.5000
0-20480-120Lead 113 73-1271080.5000
0-20480-120Molybdenum 105 73-1271010.5000
0-20480-120Nickel 112 73-1271070.5000
0-20580-120Selenium 103 73-127980.5000
0-20680-120Silver 104 73-127980.2500
0-20480-120Thallium 112 73-1271080.5000
0-20580-120Vanadium 103 73-127980.5000
0-20580-120Zinc 115 73-1271100.5000

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7471A

11-09-1630

US101 / SR23 Interchange Improvement

EPA 7471A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/27/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

Mercury 110927L01

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

099-04-007-8,263

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

100 0-10185-121Mercury 1000.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7470A

11-09-1630

US101 / SR23 Interchange Improvement

EPA 7470A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

Mercury 110926L01

Date
Prepared

Date
Analyzed

09/26/11

Quality Control Sample ID

099-04-008-5,588

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

104 0-10285-121Mercury 1020.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1630

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1630

Virendra Patel
Project Manager

10/13/2011

Supplemental Report 2

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 34

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB17-0.5
Lead 1.12 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB17-1.5
Lead 0.465 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB17-3
Lead 1.05 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB30-0.5
Lead 3.41 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB30-1.5
Lead 3.20 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB30-3
Lead 0.357 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB30-5
Lead 0.277 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB34-0.5
Lead 0.493 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB35-0.5
Lead 3.56 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB35-3
Lead 1.60 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB36-0.5
Lead 0.176 mg/L EPA 6010B EPA 13110.100
Lead 4.76 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB36-1.5
Lead 0.218 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB36-3
Lead 0.154 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB37-0.5
Lead 2.39 mg/L EPA 6010B EPA 13110.100
Lead 40.4 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB37-1.5
Lead 0.502 mg/L EPA 6010B EPA 13110.100
Lead 7.71 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB37-3
Lead 3.51 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB38-0.5
Lead 0.186 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB15-0.5
Lead 0.217 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB15-1.5
Lead 0.138 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB14-0.5
Lead 0.466 mg/L EPA 6010B EPA 13110.100
Lead 16.2 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB14-1.5
Lead 0.650 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB14-3
Lead 0.115 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB13-0.5
Lead 0.279 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB13-1.5
Lead 0.209 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB13-3
Lead 0.108 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB12-0.5
Lead 11.0 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB12-1.5
Lead 0.538 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB11-0.5
Lead 3.12 mg/L EPA 6010B T22.11.5. AII0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB17-0.5 11-09-1630-1-A ICP 5300
16:3408:30

Parameter Result RL DF Qual
Lead 0.100 11.12

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB17-1.5 11-09-1630-2-A ICP 5300
16:3508:35

Parameter Result RL DF Qual
Lead 0.100 10.465

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB17-3 11-09-1630-3-A ICP 5300
16:3608:40

Parameter Result RL DF Qual
Lead 0.100 11.05

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB30-0.5 11-09-1630-4-A ICP 5300
16:3709:00

Parameter Result RL DF Qual
Lead 0.100 13.41

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB30-1.5 11-09-1630-5-A ICP 5300
16:4009:05

Parameter Result RL DF Qual
Lead 0.100 13.20

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB30-3 11-09-1630-6-A ICP 5300
16:4109:10

Parameter Result RL DF Qual
Lead 0.100 10.357

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB30-5 11-09-1630-7-A ICP 5300
16:4209:15

Parameter Result RL DF Qual
Lead 0.100 10.277

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 2 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/12/11Solid 111007LA9US101-NB-SB32-6 11-09-1630-17-A ICP 5300
13:4609:50

Parameter Result RL DF Qual
Chromium 0.100 1ND

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB34-0.5 11-09-1630-18-A ICP 5300
16:4510:00

Parameter Result RL DF Qual
Lead 0.100 10.493

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB35-0.5 11-09-1630-23-A ICP 5300
16:4610:20

Parameter Result RL DF Qual
Lead 0.100 13.56

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB35-3 11-09-1630-25-A ICP 5300
16:4710:25

Parameter Result RL DF Qual
Lead 0.100 11.60

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB36-0.5 11-09-1630-26-A ICP 5300
16:4810:32

Parameter Result RL DF Qual
Lead 0.100 14.76

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB36-1.5 11-09-1630-27-A ICP 5300
16:4910:35

Parameter Result RL DF Qual
Lead 0.100 10.218

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB36-3 11-09-1630-28-A ICP 5300
16:5010:40

Parameter Result RL DF Qual
Lead 0.100 10.154

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 3 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB37-0.5 11-09-1630-30-A ICP 5300
16:5310:35

Parameter Result RL DF Qual
Lead 0.100 140.4

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB37-1.5 11-09-1630-31-A ICP 5300
16:5410:38

Parameter Result RL DF Qual
Lead 0.100 17.71

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB37-3 11-09-1630-32-A ICP 5300
16:5510:40

Parameter Result RL DF Qual
Lead 0.100 13.51

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB38-0.5 11-09-1630-33-A ICP 5300
16:5610:45

Parameter Result RL DF Qual
Lead 0.100 10.186

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB38-1.5 11-09-1630-34-A ICP 5300
16:5710:46

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/10/11Solid 111007LA6US101-NB-SB39-0.5 11-09-1630-38-A ICP 5300
16:5810:55

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB15-0.5 11-09-1630-43-A ICP 5300
18:1011:15

Parameter Result RL DF Qual
Lead 0.100 10.217

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 4 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB15-1.5 11-09-1630-44-A ICP 5300
18:1111:20

Parameter Result RL DF Qual
Lead 0.100 10.138

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB14-0.5 11-09-1630-46-A ICP 5300
18:1211:40

Parameter Result RL DF Qual
Lead 0.100 116.2

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB14-1.5 11-09-1630-47-A ICP 5300
18:1311:45

Parameter Result RL DF Qual
Lead 0.100 10.650

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB14-3 11-09-1630-48-A ICP 5300
18:1411:50

Parameter Result RL DF Qual
Lead 0.100 10.115

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB13-0.5 11-09-1630-49-A ICP 5300
18:1512:00

Parameter Result RL DF Qual
Lead 0.100 10.279

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB13-1.5 11-09-1630-50-A ICP 5300
18:1612:05

Parameter Result RL DF Qual
Lead 0.100 10.209

09/23/11 10/05/11 10/10/11Solid 111007LA7US101-SB-SB13-3 11-09-1630-51-A ICP 5300
18:1912:10

Parameter Result RL DF Qual
Lead 0.100 10.108

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 5 of 5
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/10/11Solid 111007LA9US101-SB-SB12-0.5 11-09-1630-52-A ICP 5300
16:5912:20

Parameter Result RL DF Qual
Lead 0.100 111.0

09/23/11 10/05/11 10/10/11Solid 111007LA9US101-SB-SB12-1.5 11-09-1630-53-A ICP 5300
17:0012:25

Parameter Result RL DF Qual
Lead 0.100 10.538

09/23/11 10/05/11 10/10/11Solid 111007LA9US101-SB-SB11-0.5 11-09-1630-55-A ICP 5300
17:0112:45

Parameter Result RL DF Qual
Lead 0.100 13.12

10/05/11N/A 10/10/11Aqueous 111007LA6Method Blank 097-05-006-5,928 ICP 5300
16:24

Parameter Result RL DF Qual
Lead 0.100 1ND

10/05/11N/A 10/10/11Aqueous 111007LA7Method Blank 097-05-006-5,929 ICP 5300
16:25

Parameter Result RL DF Qual
Lead 0.100 1ND

10/05/11N/A 10/10/11Aqueous 111007LA9Method Blank 097-05-006-5,930 ICP 5300
15:20

Parameter Result RL DF Qual Parameter Result RL DF Qual
Chromium 0.100 1ND Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 3
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB17-0.5 11-09-1630-1-A ICP 5300
18:1708:30

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB17-3 11-09-1630-3-A ICP 5300
18:1908:40

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB30-0.5 11-09-1630-4-A ICP 5300
18:2109:00

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB30-1.5 11-09-1630-5-A ICP 5300
18:2709:05

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB30-3 11-09-1630-6-A ICP 5300
18:2809:10

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB32-6 11-09-1630-17-A ICP 5300
18:3009:50

Parameter Result RL DF Qual
Chromium 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB35-0.5 11-09-1630-23-A ICP 5300
18:3410:20

Parameter Result RL DF Qual
Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 2 of 3
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB35-3 11-09-1630-25-A ICP 5300
18:3610:25

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB36-0.5 11-09-1630-26-A ICP 5300
18:3810:32

Parameter Result RL DF Qual
Lead 0.100 10.176

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB37-0.5 11-09-1630-30-A ICP 5300
18:4010:35

Parameter Result RL DF Qual
Lead 0.100 12.39

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB37-1.5 11-09-1630-31-A ICP 5300
18:4210:38

Parameter Result RL DF Qual
Lead 0.100 10.502

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB37-3 11-09-1630-32-A ICP 5300
18:4410:40

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-NB-SB38-0.5 11-09-1630-33-A ICP 5300
18:4910:45

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/10/11Solid 111006LA6US101-SB-SB15-0.5 11-09-1630-43-A ICP 5300
15:3811:15

Parameter Result RL DF Qual
Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 3 of 3
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-SB-SB14-0.5 11-09-1630-46-A ICP 5300
18:5111:40

Parameter Result RL DF Qual
Lead 0.100 10.466

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-SB-SB14-1.5 11-09-1630-47-A ICP 5300
18:5311:45

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-SB-SB13-3 11-09-1630-51-A ICP 5300
18:5512:10

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-SB-SB12-0.5 11-09-1630-52-A ICP 5300
19:1512:20

Parameter Result RL DF Qual
Lead 0.100 1ND

09/23/11 10/05/11 10/06/11Solid 111006LA6US101-SB-SB12-1.5 11-09-1630-53-A ICP 5300
19:1812:25

Parameter Result RL DF Qual
Lead 0.100 1ND

10/05/11N/A 10/06/11Aqueous 111006LA6Method Blank 099-14-021-387 ICP 5300
18:01

Parameter Result RL DF Qual Parameter Result RL DF Qual
Chromium 0.100 1ND Lead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB17-0.5

MS/MSD Batch
Number

111007SA6

Matrix

Solid

Date
Analyzed

10/10/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 15101 75-125845.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/23/11Date Received:

Quality Control Sample ID

11-09-1541-19

MS/MSD Batch
Number

111007SA7

Matrix

Solid

Date
Analyzed

10/10/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 9111 75-125925.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/23/11Date Received:

Quality Control Sample ID

11-10-0293-1

MS/MSD Batch
Number

111007SA9

Matrix

Aqueous

Date
Analyzed

10/10/11

Date
Prepared

10/07/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Chromium 197 75-125965.000
0-20Lead 196 75-125975.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

EPA 1311Preparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB17-0.5

MS/MSD Batch
Number

111006SA6

Matrix

Solid

Date
Analyzed

10/07/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-8Chromium 1101 86-1221015.000
0-7Lead 4106 84-1201025.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 Interchange Improvement

11-09-1630
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,928

Matrix

Aqueous

LCS Batch Number

111007LA6

Lab File ID

111007-la-6

Instrument

ICP 5300

Date Analyzed

10/10/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120105Lead 5.000 5.231

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 Interchange Improvement

11-09-1630
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,929

Matrix

Aqueous

LCS Batch Number

111007LA7

Lab File ID

111007-la-7

Instrument

ICP 5300

Date Analyzed

10/10/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120104Lead 5.000 5.184

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

T22.11.5. AIIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/05/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111007LA9

Date
Prepared

Date
Analyzed

10/10/11

Quality Control Sample ID

097-05-006-5,930

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

102 0-20580-120Chromium 1065.000
102 0-20480-120Lead 1065.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

EPA 1311Preparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/05/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111006LA6

Date
Prepared

Date
Analyzed

10/06/11

Quality Control Sample ID

099-14-021-387

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

107 0-20180-120Chromium 1085.000
112 0-20180-120Lead 1115.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1630

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US101 / SR23 Interchange Improvement
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1630

Virendra Patel
Project Manager

10/21/2011

Supplemental Report 3

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 24

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx


DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1630
US101 / SR23 Interchange Improvement
09/23/11  18:20

Client Sample ID
Extraction

US101-NB-SB37-0.5
Lead 0.270 mg/L EPA 6010B T22.11.5.AII DI0.100

US101-SB-SB12-0.5
Lead 0.142 mg/L EPA 6010B T22.11.5.AII DI0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.

Page 2 of 24



Analytical Report

CH2M Hill 09/23/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1630Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 Interchange Improvement Page 1 of 1

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/23/11 10/14/11 10/17/11Solid 111017LA4US101-NB-SB37-0.5 11-09-1630-30-A ICP 5300
21:4810:35

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.270

09/23/11 10/14/11 10/17/11Solid 111017LA4US101-NB-SB37-1.5 11-09-1630-31-A ICP 5300
21:5010:38

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/23/11 10/14/11 10/17/11Solid 111017LA4US101-SB-SB14-0.5 11-09-1630-46-A ICP 5300
21:5211:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/23/11 10/14/11 10/17/11Solid 111017LA4US101-SB-SB12-0.5 11-09-1630-52-A ICP 5300
21:5812:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.142

10/14/11N/A 10/17/11Aqueous 111017LA4Method Blank 097-05-006-5,944 ICP 5300
20:47

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

Page 3 of 24



CH2M Hill Date Received: N/A
6 Hutton Centre Drive, Suite 700 Work Order No.: 11-09-1630
Santa Ana, CA  92707-5735 Preparation: T22.11.5.All DI

Method: EPA 6010B

Project:  US101 / SR23 Interchange Improvement

Date MS/MSD Batch
Quality Control Sample ID Matrix Instrument Analyzed Number

Parameter MS %REC MSD %REC %REC CL RPD RPD CL Qualifier

Lead 117 113 75-125 3 0 - 20

Quality Control - Spike/Spike Duplicate

11-09-1541-19 111017SA4Aqueous 10/17/11

Date
Prepared

10/14/11ICP 5300

Page 4 of 24



Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/23/11Date Received:

Quality Control Sample ID

US101-NB-SB17-0.5

MS/MSD Batch
Number

111007SA6

Matrix

Solid

Date
Analyzed

10/10/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 15101 75-125845.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 5 of 24



Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/23/11Date Received:

Quality Control Sample ID

11-09-1541-19

MS/MSD Batch
Number

111007SA7

Matrix

Solid

Date
Analyzed

10/10/11

Date
Prepared

10/05/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 9111 75-125925.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 6 of 24



Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1630

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 Interchange ImprovementProject

T22.11.5. AIIPreparation:

09/23/11Date Received:

Quality Control Sample ID

11-10-0293-1

MS/MSD Batch
Number

111007SA9

Matrix

Aqueous

Date
Analyzed

10/10/11

Date
Prepared

10/07/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Chromium 197 75-125965.000
0-20Lead 196 75-125975.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 7 of 24



Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 Interchange Improvement

11-09-1630
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,928

Matrix

Aqueous

LCS Batch Number

111007LA6

Lab File ID

111007-la-6

Instrument

ICP 5300

Date Analyzed

10/10/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120105Lead 5.000 5.231

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit

Page 8 of 24



Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 Interchange Improvement

11-09-1630
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,929

Matrix

Aqueous

LCS Batch Number

111007LA7

Lab File ID

111007-la-7

Instrument

ICP 5300

Date Analyzed

10/10/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120104Lead 5.000 5.184

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit

Page 9 of 24



Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

T22.11.5. AIIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/05/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111007LA9

Date
Prepared

Date
Analyzed

10/10/11

Quality Control Sample ID

097-05-006-5,930

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

102 0-20480-120Lead 1065.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 10 of 24



Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1630

US101 / SR23 Interchange Improvement

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/14/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111017LA4

Date
Prepared

Date
Analyzed

10/17/11

Quality Control Sample ID

097-05-006-5,944

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

103 0-20180-120Lead 1025.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 11 of 24



Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1630

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US101 / SR23 ADL
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1655

Virendra Patel
Project Manager

10/5/2011

Page 1 of 50

mailto:vpatel@calscience.com
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB49-0.5
Lead 103 mg/kg EPA 6010B EPA 3050B0.500
pH 7.21 pH units EPA 9045D N/A0.01

US101-NB-SB49-1.5
Arsenic   2.05 mg/kg EPA 6010B EPA 3050B0.750
Barium 44.9 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.259 mg/kg EPA 6010B EPA 3050B0.250
Chromium 32.8 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 10.4 mg/kg EPA 6010B EPA 3050B0.250
Copper 14.0 mg/kg EPA 6010B EPA 3050B0.500
Lead 31.6 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.393 mg/kg EPA 6010B EPA 3050B0.250
Nickel 35.1 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 28.9 mg/kg EPA 6010B EPA 3050B0.250
Zinc 37.5 mg/kg EPA 6010B EPA 3050B1.00

US101-NB-SB49-3.0
Lead 11.9 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB10-0.5
Lead 30.8 mg/kg EPA 6010B EPA 3050B0.500
pH 8.01 pH units EPA 9045D N/A0.01

US101-SB-SB10-1.5
Lead 3.15 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB10-5.0
Lead 8.34 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB10-7.0
Lead 4.58 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB10-10.0
Lead 2.27 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB09-0.5
Arsenic   2.65 mg/kg EPA 6010B EPA 3050B0.750
Barium 107 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.500 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   2.35 mg/kg EPA 6010B EPA 3050B0.500
Chromium 38.6 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 15.9 mg/kg EPA 6010B EPA 3050B0.250
Copper 21.3 mg/kg EPA 6010B EPA 3050B0.500
Lead 12.7 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.89 mg/kg EPA 6010B EPA 3050B0.250
Nickel 45.7 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 43.5 mg/kg EPA 6010B EPA 3050B0.250
Zinc 56.4 mg/kg EPA 6010B EPA 3050B1.00
pH 6.87 pH units EPA 9045D N/A0.01

US101-SB-SB09-1.5
Lead 20.1 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB08-0.5
Arsenic   1.78 mg/kg EPA 6010B EPA 3050B0.750
Barium 93.1 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.327 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   1.47 mg/kg EPA 6010B EPA 3050B0.500
Chromium 27.2 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 11.4 mg/kg EPA 6010B EPA 3050B0.250
Copper 15.9 mg/kg EPA 6010B EPA 3050B0.500
Lead 146 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.19 mg/kg EPA 6010B EPA 3050B0.250
Nickel 30.5 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 30.1 mg/kg EPA 6010B EPA 3050B0.250
Zinc 66.1 mg/kg EPA 6010B EPA 3050B1.00
pH 6.24 pH units EPA 9045D N/A0.01

US101-SB-SB08-1.5
Lead 0.949 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB08-3.0
Lead 0.648 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB08-5.0
Lead 17.0 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB08-7.0
Lead 0.659 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB08-10.0
Lead 1.80 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB07-0.5
Arsenic   1.60 mg/kg EPA 6010B EPA 3050B0.750
Barium 95.3 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.351 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   1.83 mg/kg EPA 6010B EPA 3050B0.500
Chromium 24.9 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   9.60 mg/kg EPA 6010B EPA 3050B0.250
Copper 17.6 mg/kg EPA 6010B EPA 3050B0.500
Lead 44.3 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.18 mg/kg EPA 6010B EPA 3050B0.250
Nickel 27.7 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 32.7 mg/kg EPA 6010B EPA 3050B0.250
Zinc 62.2 mg/kg EPA 6010B EPA 3050B1.00
pH 7.49 pH units EPA 9045D N/A0.01

US101-SB-SB07-1.5
Lead 15.5 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB07-3.0
Lead 16.9 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB06-0.5
Lead 71.5 mg/kg EPA 6010B EPA 3050B0.500
pH 7.76 pH units EPA 9045D N/A0.01

US101-SB-SB06-1.5
Lead 9.77 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB06-3.0
Arsenic   1.82 mg/kg EPA 6010B EPA 3050B0.750
Barium 70.8 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.254 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   0.808 mg/kg EPA 6010B EPA 3050B0.500
Chromium 16.0 mg/kg EPA 6010B EPA 3050B0.250
Cobalt   5.77 mg/kg EPA 6010B EPA 3050B0.250
Copper   9.73 mg/kg EPA 6010B EPA 3050B0.500
Lead 13.1 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   1.32 mg/kg EPA 6010B EPA 3050B0.250
Nickel 24.8 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 28.3 mg/kg EPA 6010B EPA 3050B0.250
Zinc 25.5 mg/kg EPA 6010B EPA 3050B1.00

US101-SB-SB06-5.0
Lead 18.8 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB06-6.0
Lead 78.6 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB05-0.5
Lead 15.6 mg/kg EPA 6010B EPA 3050B0.500
pH 7.70 pH units EPA 9045D N/A0.01

US101-SB-SB05-1.5
Lead 2.72 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB05-3.0
Lead 4.67 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB05-5
Lead 8.05 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB05-6
Lead 29.8 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB04-0.5
Lead 85.3 mg/kg EPA 6010B EPA 3050B0.500
pH 7.34 pH units EPA 9045D N/A0.01

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB04-1.5
Arsenic   0.932 mg/kg EPA 6010B EPA 3050B0.750
Barium 71.6 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.383 mg/kg EPA 6010B EPA 3050B0.250
Chromium 29.1 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 12.2 mg/kg EPA 6010B EPA 3050B0.250
Copper 14.3 mg/kg EPA 6010B EPA 3050B0.500
Lead   2.31 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   0.633 mg/kg EPA 6010B EPA 3050B0.250
Nickel 39.2 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 31.1 mg/kg EPA 6010B EPA 3050B0.250
Zinc 33.0 mg/kg EPA 6010B EPA 3050B1.00

US101-SB-SB04-3.0
Lead 5.25 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB04-5
Lead 4.30 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB03-0.5
Lead 74.4 mg/kg EPA 6010B EPA 3050B0.500
pH 8.00 pH units EPA 9045D N/A0.01

US101-SB-SB03-1.5
Lead 28.5 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB03-3
Lead 26.0 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB03-5
Lead 2.81 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB02-0.5
Lead 6.33 mg/kg EPA 6010B EPA 3050B0.500
pH 8.36 pH units EPA 9045D N/A0.01

US101-SB-SB02-1.5
Lead 2.56 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB02-3
Lead 1.24 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB02-5
Lead 3.81 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB01-0.5
Lead 60.2 mg/kg EPA 6010B EPA 3050B0.500
pH 7.39 pH units EPA 9045D N/A0.01

US101-SB-SB01-1.5
Arsenic   1.80 mg/kg EPA 6010B EPA 3050B0.750
Barium 115 mg/kg EPA 6010B EPA 3050B0.500
Beryllium   0.435 mg/kg EPA 6010B EPA 3050B0.250
Cadmium   3.35 mg/kg EPA 6010B EPA 3050B0.500
Chromium 33.6 mg/kg EPA 6010B EPA 3050B0.250
Cobalt 13.6 mg/kg EPA 6010B EPA 3050B0.250
Copper 19.5 mg/kg EPA 6010B EPA 3050B0.500
Lead   1.42 mg/kg EPA 6010B EPA 3050B0.500
Molybdenum   2.45 mg/kg EPA 6010B EPA 3050B0.250
Nickel 51.8 mg/kg EPA 6010B EPA 3050B0.250
Vanadium 41.5 mg/kg EPA 6010B EPA 3050B0.250
Zinc 45.7 mg/kg EPA 6010B EPA 3050B1.00

US101-SB-SB01-3
Lead 0.997 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB01-5
Lead 1.57 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB41-6
Lead 39.2 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB42-3
Lead 16.6 mg/kg EPA 6010B EPA 3050B0.500

US101-SB-SB44-10
Lead 1.54 mg/kg EPA 6010B EPA 3050B0.500

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US101 / SR23 ADL Page 1 of 2

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-NB-SB49-0.5 11-09-1655-1-A PH 4
18:0508:05

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.21

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB10-0.5 11-09-1655-4-A PH 4
18:0509:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 18.01

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB09-0.5 11-09-1655-11-A PH 4
18:0510:15

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.87

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB08-0.5 11-09-1655-13-A PH 4
18:0510:57

Result DF Qual UnitsRLParameter

pH unitspH 0.01 16.24

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB07-0.5 11-09-1655-20-A PH 4
18:0511:45

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.49

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB06-0.5 11-09-1655-23-A PH 4
18:0512:05

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.76

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 N/APreparation:

EPA 9045DMethod:

Project: US101 / SR23 ADL Page 2 of 2

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB05-0.5 11-09-1655-28-A PH 4
18:0512:40

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.70

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB04-0.5 11-09-1655-33-A PH 4
18:0513:10

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.34

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB03-0.5 11-09-1655-37-A PH 4
18:0513:30

Result DF Qual UnitsRLParameter

pH unitspH 0.01 18.00

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB02-0.5 11-09-1655-41-A PH 4
18:0500:00

Result DF Qual UnitsRLParameter

pH unitspH 0.01 18.36

09/24/11 09/24/11 09/24/11Solid B0924PHD1US101-SB-SB01-0.5 11-09-1655-45-A PH 4
18:0500:00

Result DF Qual UnitsRLParameter

pH unitspH 0.01 17.39

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 1 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L01US101-NB-SB49-0.5 11-09-1655-1-A ICP 5300
18:0008:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1103

09/24/11 09/26/11 09/29/11Solid 110926L01US101-NB-SB49-3.0 11-09-1655-3-A ICP 5300
18:0108:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 111.9

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-0.5 11-09-1655-4-A ICP 5300
18:0209:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 130.8

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-1.5 11-09-1655-5-A ICP 5300
18:0309:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.15

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-3.0 11-09-1655-6-A ICP 5300
18:0409:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-5.0 11-09-1655-7-A ICP 5300
18:0509:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 18.34

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 2 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-7.0 11-09-1655-8-A ICP 5300
18:0609:48

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.58

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-10.0 11-09-1655-9-A ICP 5300
18:0709:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.27

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB10-13.0 11-09-1655-10-A ICP 5300
18:0810:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB09-1.5 11-09-1655-12-A ICP 5300
18:0910:55

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 120.1

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-1.5 11-09-1655-14-A ICP 5300
18:1210:59

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.949

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-3.0 11-09-1655-15-A ICP 5300
18:1311:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.648

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 3 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-5.0 11-09-1655-16-A ICP 5300
18:1411:02

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 117.0

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-7.0 11-09-1655-17-A ICP 5300
18:1511:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.659

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-10.0 11-09-1655-18-A ICP 5300
18:1611:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.80

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-13.0 11-09-1655-19-A ICP 5300
18:1711:15

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB07-1.5 11-09-1655-21-A ICP 5300
18:1811:50

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 115.5

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB07-3.0 11-09-1655-22-A ICP 5300
18:1912:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 116.9

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 4 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB06-0.5 11-09-1655-23-A ICP 5300
18:2012:05

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 171.5

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB06-1.5 11-09-1655-24-A ICP 5300
18:2112:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 19.77

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB06-5.0 11-09-1655-26-A ICP 5300
18:2512:25

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 118.8

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB06-6.0 11-09-1655-27-A ICP 5300
18:2612:28

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 178.6

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB05-0.5 11-09-1655-28-A ICP 5300
13:4712:40

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 115.6

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB05-1.5 11-09-1655-29-A ICP 5300
18:2712:41

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.72

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 5 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB05-3.0 11-09-1655-30-A ICP 5300
18:2812:42

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.67

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB05-5 11-09-1655-31-A ICP 5300
18:2912:45

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 18.05

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB05-6 11-09-1655-32-A ICP 5300
18:3012:48

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 129.8

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB04-0.5 11-09-1655-33-A ICP 5300
18:3113:10

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 185.3

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB04-3.0 11-09-1655-35-A ICP 5300
18:3213:20

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 15.25

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB04-5 11-09-1655-36-A ICP 5300
18:3313:23

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 14.30

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 6 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB03-0.5 11-09-1655-37-A ICP 5300
18:3413:30

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 174.4

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB03-1.5 11-09-1655-38-A ICP 5300
18:3813:32

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 128.5

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB03-3 11-09-1655-39-A ICP 5300
18:3913:34

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 126.0

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB03-5 11-09-1655-40-A ICP 5300
18:4013:38

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.81

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB02-0.5 11-09-1655-41-A ICP 5300
12:0500:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 16.33

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB02-1.5 11-09-1655-42-A ICP 5300
18:4200:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 12.56

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 7 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB02-3 11-09-1655-43-A ICP 5300
18:4300:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.24

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB02-5 11-09-1655-44-A ICP 5300
18:4400:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 13.81

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB01-0.5 11-09-1655-45-A ICP 5300
18:4500:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 160.2

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB01-3 11-09-1655-47-A ICP 5300
18:4600:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 10.997

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB01-5 11-09-1655-48-A ICP 5300
18:4700:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.57

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB41-6 11-09-1655-49-A ICP 5300
18:5100:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 139.2

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050BPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 8 of 8

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB42-3 11-09-1655-50-A ICP 5300
18:5200:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 116.6

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB43-05 11-09-1655-51-A ICP 5300
18:5300:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB44-10 11-09-1655-52-A ICP 5300
18:5400:00

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 11.54

09/26/11N/A 09/29/11Solid 110926L03Method Blank 097-01-002-15,267 ICP 5300
12:01

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/26/11N/A 09/29/11Solid 110926L01Method Blank 097-01-002-15,285 ICP 5300
13:32

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

09/26/11N/A 09/29/11Solid 110926L02Method Blank 097-01-002-15,286 ICP 5300
13:35

Result DF Qual UnitsRLParameter

mg/kgLead 0.500 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 ADL Page 1 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/24/11 09/26/11 09/29/11Solid 110926L01US101-NB-SB49-1.5 11-09-1655-2-A ICP 5300
13:4308:20

-Mercury analysis was performed on 09/26/11 16:16 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.05 Molybdenum 0.250 1  0.393
Barium 0.500 144.9 Nickel 0.250 135.1
Beryllium 0.250 1  0.259 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 132.8 Thallium 0.750 1ND
Cobalt 0.250 110.4 Vanadium 0.250 128.9
Copper 0.500 114.0 Zinc 1.00 137.5
Lead 0.500 131.6

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB09-0.5 11-09-1655-11-A ICP 5300
13:5610:15

-Mercury analysis was performed on 09/26/11 16:18 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  2.65 Molybdenum 0.250 1  1.89
Barium 0.500 1107 Nickel 0.250 145.7
Beryllium 0.250 1  0.500 Selenium 0.750 1ND
Cadmium 0.500 1  2.35 Silver 0.250 1ND
Chromium 0.250 138.6 Thallium 0.750 1ND
Cobalt 0.250 115.9 Vanadium 0.250 143.5
Copper 0.500 121.3 Zinc 1.00 156.4
Lead 0.500 112.7

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB08-0.5 11-09-1655-13-A ICP 5300
13:5710:57

-Mercury analysis was performed on 09/26/11 16:21 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  1.78 Molybdenum 0.250 1  1.19
Barium 0.500 193.1 Nickel 0.250 130.5
Beryllium 0.250 1  0.327 Selenium 0.750 1ND
Cadmium 0.500 1  1.47 Silver 0.250 1ND
Chromium 0.250 127.2 Thallium 0.750 1ND
Cobalt 0.250 111.4 Vanadium 0.250 130.1
Copper 0.500 115.9 Zinc 1.00 166.1
Lead 0.500 1146

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 ADL Page 2 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/24/11 09/26/11 09/29/11Solid 110926L01US101-SB-SB07-0.5 11-09-1655-20-A ICP 5300
13:5811:45

-Mercury analysis was performed on 09/26/11 16:23 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  1.60 Molybdenum 0.250 1  1.18
Barium 0.500 195.3 Nickel 0.250 127.7
Beryllium 0.250 1  0.351 Selenium 0.750 1ND
Cadmium 0.500 1  1.83 Silver 0.250 1ND
Chromium 0.250 124.9 Thallium 0.750 1ND
Cobalt 0.250 1  9.60 Vanadium 0.250 132.7
Copper 0.500 117.6 Zinc 1.00 162.2
Lead 0.500 144.3

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB06-3.0 11-09-1655-25-A ICP 5300
14:0012:15

-Mercury analysis was performed on 09/26/11 16:25 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  1.82 Molybdenum 0.250 1  1.32
Barium 0.500 170.8 Nickel 0.250 124.8
Beryllium 0.250 1  0.254 Selenium 0.750 1ND
Cadmium 0.500 1  0.808 Silver 0.250 1ND
Chromium 0.250 116.0 Thallium 0.750 1ND
Cobalt 0.250 1  5.77 Vanadium 0.250 128.3
Copper 0.500 1  9.73 Zinc 1.00 125.5
Lead 0.500 113.1

09/24/11 09/26/11 09/29/11Solid 110926L02US101-SB-SB04-1.5 11-09-1655-34-A ICP 5300
14:0113:15

-Mercury analysis was performed on 09/26/11 16:27 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  0.932 Molybdenum 0.250 1  0.633
Barium 0.500 171.6 Nickel 0.250 139.2
Beryllium 0.250 1  0.383 Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 129.1 Thallium 0.750 1ND
Cobalt 0.250 112.2 Vanadium 0.250 131.1
Copper 0.500 114.3 Zinc 1.00 133.0
Lead 0.500 1  2.31

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 ADL Page 3 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/24/11 09/26/11 09/29/11Solid 110926L03US101-SB-SB01-1.5 11-09-1655-46-A ICP 5300
14:0200:00

-Mercury analysis was performed on 09/26/11 16:30 with batch 110926L02.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Mercury 0.0835 1ND
Arsenic 0.750 1  1.80 Molybdenum 0.250 1  2.45
Barium 0.500 1115 Nickel 0.250 151.8
Beryllium 0.250 1  0.435 Selenium 0.750 1ND
Cadmium 0.500 1  3.35 Silver 0.250 1ND
Chromium 0.250 133.6 Thallium 0.750 1ND
Cobalt 0.250 113.6 Vanadium 0.250 141.5
Copper 0.500 119.5 Zinc 1.00 145.7
Lead 0.500 1  1.42

09/26/11N/A 09/26/11Solid 110926L02Method Blank 099-04-007-8,260 Mercury
11:12

-Preparation/analysis for Mercury was performed by EPA 7471A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.0835 1ND

09/26/11N/A 09/29/11Solid 110926L03Method Blank 097-01-002-15,267 ICP 5300
12:01

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

09/26/11N/A 09/29/11Solid 110926L01Method Blank 097-01-002-15,285 ICP 5300
13:32

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3050B / EPA 7471A TotalPreparation:

EPA 6010B / EPA 7471AMethod:

Project: US101 / SR23 ADL Page 4 of 4
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

09/26/11N/A 09/29/11Solid 110926L02Method Blank 097-01-002-15,286 ICP 5300
13:35

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.750 1ND Lead 0.500 1ND
Arsenic 0.750 1ND Molybdenum 0.250 1ND
Barium 0.500 1ND Nickel 0.250 1ND
Beryllium 0.250 1ND Selenium 0.750 1ND
Cadmium 0.500 1ND Silver 0.250 1ND
Chromium 0.250 1ND Thallium 0.750 1ND
Cobalt 0.250 1ND Vanadium 0.250 1ND
Copper 0.500 1ND Zinc 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 3010A Total / EPA 7470A TotalPreparation:

EPA 6010B / EPA 7470AMethod:

Project: US101 / SR23 ADL Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

09/24/11 09/26/11 09/30/11Aqueous 110926LA6E05-092411 11-09-1655-53-A ICP 5300
14:1900:00

-Mercury analysis was performed on 09/26/11 18:52 with batch 110926L01.Comment(s):
Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Molybdenum 0.0100 1ND
Arsenic 0.0100 1ND Nickel 0.0100 1ND
Barium 0.0100 1ND Selenium 0.0150 1ND
Beryllium 0.0100 1ND Silver 0.00500 1ND
Cadmium 0.0100 1ND Thallium 0.0150 1ND
Chromium 0.0100 1ND Vanadium 0.0100 1ND
Cobalt 0.0100 1ND Mercury 0.000500 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND
Lead 0.0100 1ND

09/26/11N/A 09/26/11Aqueous 110926L01Method Blank 099-04-008-5,588 Mercury
13:01

-Preparation/analysis for Mercury was performed by EPA 7470A.Comment(s):
Parameter Result RL DF Qual
Mercury 0.000500 1ND

09/26/11N/A 09/27/11Aqueous 110926LA6Method Blank 097-01-003-11,987 ICP 5300
22:14

Parameter Result RL DF Qual Parameter RLResult DF Qual
Antimony 0.0150 1ND Lead 0.0100 1ND
Arsenic 0.0100 1ND Molybdenum 0.0100 1ND
Barium 0.0100 1ND Nickel 0.0100 1ND
Beryllium 0.0100 1ND Selenium 0.0150 1ND
Cadmium 0.0100 1ND Silver 0.00500 1ND
Chromium 0.0100 1ND Thallium 0.0150 1ND
Cobalt 0.0100 1ND Vanadium 0.0100 1ND
Copper 0.0100 1ND Zinc 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 3050BPreparation:

09/24/11Date Received:

Quality Control Sample ID

US101-NB-SB49-1.5

MS/MSD Batch
Number

110926S01

Matrix

Solid

Date
Analyzed

09/29/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 1626 50-1153025.00
0-20Arsenic 691 75-1259725.00
0-20Barium 489 75-1257925.00
0-20Beryllium 097 75-1259725.00
0-20Cadmium 196 75-1259525.00
0-20Chromium 4106 75-1259625.00
0-20Cobalt 195 75-1259325.00
0-20Copper 2103 75-1259925.00
0-20Lead 2101 75-12510525.00
0-20Molybdenum 187 75-1258825.00
0-20Nickel 898 75-1258025.00
0-20Selenium 279 75-1258025.00
0-20Silver 198 75-1259712.50
0-20Thallium 281 75-1258325.00
0-20Vanadium 4107 75-12511525.00
0-20Zinc 290 75-1258425.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 3050BPreparation:

09/24/11Date Received:

Quality Control Sample ID

US101-SB-SB05-0.5

MS/MSD Batch
Number

110926S02

Matrix

Solid

Date
Analyzed

09/29/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 528 50-1153025.00
0-20Arsenic 593 75-1259725.00
0-20 3Barium 458 75-1256825.00
0-20Beryllium 398 75-12510125.00
0-20Cadmium 297 75-1259925.00
0-20Chromium 3111 75-12510525.00
0-20Cobalt 197 75-1259925.00
0-20Copper 498 75-12510425.00
0-20Lead 1686 75-12511125.00
0-20Molybdenum 090 75-1259025.00
0-20Nickel 090 75-1259025.00
0-20Selenium 179 75-1258025.00
0-20Silver 498 75-12510212.50
0-20Thallium 186 75-1258525.00
0-20Vanadium 694 75-12510725.00
0-20Zinc 777 75-1259525.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 3050BPreparation:

09/24/11Date Received:

Quality Control Sample ID

US101-SB-SB02-0.5

MS/MSD Batch
Number

110926S03

Matrix

Solid

Date
Analyzed

09/29/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20 3Antimony 336 50-1153725.00
0-20Arsenic 194 75-1259625.00
0-20 3Barium 15142 75-1258325.00
0-20Beryllium 494 75-1259825.00
0-20Cadmium 490 75-1259325.00
0-20Chromium 490 75-1259525.00
0-20Cobalt 093 75-1259425.00
0-20Copper 297 75-1259925.00
0-20Lead 687 75-1259425.00
0-20Molybdenum 192 75-1259325.00
0-20Nickel 290 75-1259325.00
0-20Selenium 193 75-1259325.00
0-20Silver 397 75-12510012.50
0-20Thallium 481 75-1258525.00
0-20Vanadium 293 75-1259025.00
0-20Zinc 184 75-1258525.00

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 3010A TotalPreparation:

09/24/11Date Received:

Quality Control Sample ID

11-09-1570-21

MS/MSD Batch
Number

110926SA6

Matrix

Aqueous

Date
Analyzed

09/27/11

Date
Prepared

09/26/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Antimony 2103 72-1321000.5000
0-11Arsenic 295 80-140930.5000
0-6Barium 295 87-123930.5000
0-8Beryllium 396 89-119930.5000
0-7Cadmium 286 82-124840.5000
0-8Chromium 696 86-122870.5000
0-7 3Cobalt 384 83-125820.5000
0-7 3,4Copper 10128 78-1261050.5000
0-7Lead 287 84-120850.5000
0-7 3Molybdenum 275 78-126730.5000
0-7 3Nickel 789 84-120790.5000
0-9 3Selenium 170 79-127690.5000
0-7 3Silver 5130 86-1281240.2500
0-8 3Thallium 277 79-121760.5000
0-7Vanadium 4105 88-118990.5000
0-8 4Zinc 11130 89-131990.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject:

EPA 3010A TotalPreparation:

09/24/11Date Received

Quality Control Sample ID

11-09-1570-21

PDS / PDSD  Batch
Number

110926SA6

Matrix

Aqueous

Date Analyzed

09/29/11

Date
Prepared

09/27/11

Instrument

ICP 5300

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %RECSPIKE ADDED

0-10Antimony 281 83 75-1250.5000

0-11Arsenic 591 95 75-1250.5000

0-6Barium 184 85 75-1250.5000

0-8Beryllium 282 83 75-1250.5000

0-7Cadmium 177 78 75-1250.5000

0-8Chromium 281 83 75-1250.5000

0-7Cobalt 175 77 75-1250.5000

0-7Copper 188 90 75-1250.5000

0-7Lead 180 81 75-1250.5000

0-7Molybdenum 184 85 75-1250.5000

0-7 5Nickel 273 75 75-1250.5000

0-9Selenium 1104 106 75-1250.5000

0-7Silver 2108 111 75-1250.2500

0-8Thallium 075 75 75-1250.5000

0-7Vanadium 289 92 75-1250.5000

0-8Zinc 185 88 75-1250.5000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

aboratories, Inc.
nvironmental Quality Control - Duplicate

Work Order No:

Method:

Project:

Preparation:

Date Received:CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 ADL

EPA 9045D
N/A

09/24/11
11-09-1655

Quality Control Sample ID
Duplicate Batch

NumberMatrix

09/24/1109/24/11

Instrument

US101-NB-SB49-0.5 PH 4Solid B0924PHD1

Date
Prepared:

Date
Analyzed:

QualifiersRPD CLParameter RPDSample Conc DUP Conc

pH 0-257.21 7.24 0

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 7471A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 7471A TotalPreparation:

09/24/11Date Received:

Quality Control Sample ID

11-09-1565-1

MS/MSD Batch
Number

110926S02

Matrix

Solid

Date
Analyzed

09/26/11

Date
Prepared

09/26/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-14Mercury 7111 71-1371000.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 7470A

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 7470A TotalPreparation:

09/24/11Date Received:

Quality Control Sample ID

11-09-1570-21

MS/MSD Batch
Number

110926S01

Matrix

Aqueous

Date
Analyzed

09/26/11

Date
Prepared

09/26/11

Instrument

Mercury

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-10Mercury 0111 57-1411110.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1655

US101 / SR23 ADL

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926L01

Date
Prepared

Date
Analyzed

10/03/11

Quality Control Sample ID

097-01-002-15,285

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20380-120Antimony 95 73-1279825.00
0-20380-120Arsenic 98 73-12710225.00
0-20380-120Barium 106 73-12710925.00
0-20180-120Beryllium 102 73-12710325.00
0-20380-120Cadmium 104 73-12710725.00
0-20480-120Chromium 104 73-12710725.00
0-20380-120Cobalt 110 73-12711325.00
0-20380-120Copper 105 73-12710825.00
0-20380-120Lead 104 73-12710825.00
0-20380-120Molybdenum 102 73-12710525.00
0-20380-120Nickel 108 73-12711225.00
0-20380-120Selenium 96 73-1279925.00
0-20380-120Silver 100 73-12710412.50
0-20580-120Thallium 103 73-12710825.00
0-20380-120Vanadium 102 73-12710525.00
0-20280-120Zinc 105 73-12710725.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1655

US101 / SR23 ADL

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926L02

Date
Prepared

Date
Analyzed

10/03/11

Quality Control Sample ID

097-01-002-15,286

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20680-120Antimony 92 73-1279825.00
0-20780-120Arsenic 95 73-12710225.00
0-20680-120Barium 103 73-12711025.00
0-20580-120Beryllium 98 73-12710325.00
0-20580-120Cadmium 102 73-12710825.00
0-20580-120Chromium 102 73-12710725.00
0-20580-120Cobalt 108 73-12711325.00
0-20680-120Copper 102 73-12710825.00
0-20680-120Lead 101 73-12710725.00
0-20680-120Molybdenum 99 73-12710525.00
0-20580-120Nickel 107 73-12711225.00
0-20680-120Selenium 93 73-1279925.00
0-20580-120Silver 99 73-12710412.50
0-20880-120Thallium 100 73-12710825.00
0-20580-120Vanadium 100 73-12710525.00
0-20580-120Zinc 103 73-12710925.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1655

US101 / SR23 ADL

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926L03

Date
Prepared

Date
Analyzed

09/29/11

Quality Control Sample ID

097-01-002-15,267

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20380-120Antimony 105 73-12710325.00
0-20380-120Arsenic 102 73-1279925.00
0-20180-120Barium 109 73-12710725.00
0-20180-120Beryllium 101 73-12710025.00
0-20280-120Cadmium 108 73-12710625.00
0-20280-120Chromium 105 73-12710325.00
0-20280-120Cobalt 112 73-12711025.00
0-20280-120Copper 107 73-12710525.00
0-20380-120Lead 112 73-12710925.00
0-20380-120Molybdenum 106 73-12710225.00
0-20280-120Nickel 110 73-12710825.00
0-20280-120Selenium 102 73-12710025.00
0-20180-120Silver 103 73-12710212.50
0-20380-120Thallium 110 73-12710725.00
0-20180-120Vanadium 103 73-12710225.00
0-20380-120Zinc 108 73-12710525.00

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1655

US101 / SR23 ADL

EPA 3010A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 110926LA6

Date
Prepared

Date
Analyzed

09/27/11

Quality Control Sample ID

097-01-003-11,987

Parameter QualifiersRPD CL%REC CLLCSD %REC ME_CL RPDLCS %RECSPIKE ADDED
0-20380-120Antimony 93 73-127900.5000
0-20580-120Arsenic 99 73-127940.5000
0-20680-120Barium 111 73-1271040.5000
0-20580-120Beryllium 103 73-127980.5000
0-20580-120Cadmium 108 73-1271030.5000
0-20580-120Chromium 106 73-1271000.5000
0-20480-120Cobalt 114 73-1271090.5000
0-20580-120Copper 108 73-1271030.5000
0-20480-120Lead 113 73-1271080.5000
0-20480-120Molybdenum 105 73-1271010.5000
0-20480-120Nickel 112 73-1271070.5000
0-20580-120Selenium 103 73-127980.5000
0-20680-120Silver 104 73-127980.2500
0-20480-120Thallium 112 73-1271080.5000
0-20580-120Vanadium 103 73-127980.5000
0-20580-120Zinc 115 73-1271100.5000

PassLCS ME CL validation result :
1Total number of ME compounds allowed :

0Total number of ME compounds :
16Total number of LCS compounds :

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7471A

11-09-1655

US101 / SR23 ADL

EPA 7471A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

Mercury 110926L02

Date
Prepared

Date
Analyzed

09/26/11

Quality Control Sample ID

099-04-007-8,260

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

97 0-10085-121Mercury 970.8350

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7470A

11-09-1655

US101 / SR23 ADL

EPA 7470A TotalPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

09/26/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

Mercury 110926L01

Date
Prepared

Date
Analyzed

09/26/11

Quality Control Sample ID

099-04-008-5,588

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

104 0-10285-121Mercury 1020.01000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1655

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US101 / SR23 ADL
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1655

Virendra Patel
Project Manager

10/22/2011

Supplemental Report 1

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 32

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-NB-SB49-0.5
Lead 5.52 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB49-1.5
Lead 0.112 mg/L EPA 6010B EPA 13110.100
Lead 2.16 mg/L EPA 6010B T22.11.5. AII0.100

US101-NB-SB49-3.0
Lead 0.631 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB10-0.5
Lead 0.361 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB10-5.0
Lead 0.456 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB09-0.5
Lead 0.458 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB09-1.5
Lead 0.849 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB08-0.5
Lead 0.145 mg/L EPA 6010B EPA 13110.100
Lead 2.10 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB08-5.0
Lead 1.01 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB07-0.5
Lead 1.91 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB07-1.5
Lead 0.606 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB07-3.0
Lead 0.663 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB06-0.5
Lead 2.65 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB06-1.5
Lead 0.122 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB06-3.0
Lead 0.449 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB06-5.0
Lead 0.110 mg/L EPA 6010B EPA 13110.100
Lead 1.87 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB06-6.0
Lead 0.204 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB05-0.5
Lead 0.258 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB05-6
Lead 0.362 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB04-0.5
Lead 3.56 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB03-0.5
Lead 3.19 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB03-1.5
Lead 1.69 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB03-3
Lead 0.334 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB01-0.5
Lead 1.50 mg/L EPA 6010B T22.11.5. AII0.100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.

R
et

ur
n 

to
 C

on
te

nt
s

Page 4 of 32



DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

alscience
nvironmental

aboratories, Inc.

US101-SB-SB41-6
Lead 1.27 mg/L EPA 6010B T22.11.5. AII0.100

US101-SB-SB42-3
Lead 0.547 mg/L EPA 6010B T22.11.5. AII0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 1 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-NB-SB49-0.5 11-09-1655-1-A ICP 5300
12:5308:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 15.52

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-NB-SB49-1.5 11-09-1655-2-A ICP 5300
12:5508:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.16

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-NB-SB49-3.0 11-09-1655-3-A ICP 5300
12:5708:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.631

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB10-0.5 11-09-1655-4-A ICP 5300
12:5809:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.361

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB10-5.0 11-09-1655-7-A ICP 5300
13:0009:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.456

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB09-0.5 11-09-1655-11-A ICP 5300
13:0210:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.458

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 2 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB09-1.5 11-09-1655-12-A ICP 5300
13:0410:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.849

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB08-0.5 11-09-1655-13-A ICP 5300
13:0510:57

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.10

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB08-5.0 11-09-1655-16-A ICP 5300
13:1011:02

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.01

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB07-0.5 11-09-1655-20-A ICP 5300
13:1211:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.91

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB07-1.5 11-09-1655-21-A ICP 5300
13:1311:50

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.606

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB07-3.0 11-09-1655-22-A ICP 5300
13:1512:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.663

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 3 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB06-0.5 11-09-1655-23-A ICP 5300
13:1712:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 12.65

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB06-1.5 11-09-1655-24-A ICP 5300
13:1812:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.122

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB06-3.0 11-09-1655-25-A ICP 5300
13:2012:15

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.449

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB06-5.0 11-09-1655-26-A ICP 5300
13:2212:25

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.87

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB06-6.0 11-09-1655-27-A ICP 5300
13:2412:28

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.204

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB05-0.5 11-09-1655-28-A ICP 5300
13:2512:40

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.258

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 4 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB05-6 11-09-1655-32-A ICP 5300
13:3012:48

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.362

09/24/11 10/07/11 10/12/11Solid 111011LA1US101-SB-SB04-0.5 11-09-1655-33-A ICP 5300
13:3213:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.56

09/24/11 10/07/11 10/12/11Solid 111011LA2US101-SB-SB03-0.5 11-09-1655-37-A ICP 5300
13:3313:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.19

09/24/11 10/07/11 10/12/11Solid 111011LA2US101-SB-SB03-1.5 11-09-1655-38-A ICP 5300
13:3513:32

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.69

09/24/11 10/07/11 10/12/11Solid 111011LA2US101-SB-SB03-3 11-09-1655-39-A ICP 5300
13:3713:34

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.334

09/24/11 10/07/11 10/12/11Solid 111011LA2US101-SB-SB01-0.5 11-09-1655-45-A ICP 5300
13:3900:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.50

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 T22.11.5. AIIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 5 of 5

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111011LA2US101-SB-SB41-6 11-09-1655-49-A ICP 5300
13:4000:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 11.27

09/24/11 10/07/11 10/12/11Solid 111011LA2US101-SB-SB42-3 11-09-1655-50-A ICP 5300
13:4200:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.547

10/07/11N/A 10/12/11Aqueous 111011LA2Method Blank 097-05-006-5,931 ICP 5300
12:32

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

10/07/11N/A 10/12/11Aqueous 111011LA1Method Blank 097-05-006-5,933 ICP 5300
12:31

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 1 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-NB-SB49-0.5 11-09-1655-1-A ICP 5300
13:5008:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-NB-SB49-1.5 11-09-1655-2-A ICP 5300
13:5208:20

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.112

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB10-0.5 11-09-1655-4-A ICP 5300
13:5309:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB09-1.5 11-09-1655-12-A ICP 5300
13:5510:55

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB08-0.5 11-09-1655-13-A ICP 5300
13:5710:57

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.145

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB07-0.5 11-09-1655-20-A ICP 5300
13:5911:45

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 2 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB06-0.5 11-09-1655-23-A ICP 5300
14:0012:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB06-5.0 11-09-1655-26-A ICP 5300
14:0212:25

Result DF Qual UnitsRLParameter

mg/LLead 0.100 10.110

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB06-6.0 11-09-1655-27-A ICP 5300
14:0412:28

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB05-6 11-09-1655-32-A ICP 5300
14:0512:48

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB04-0.5 11-09-1655-33-A ICP 5300
14:1013:10

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB03-0.5 11-09-1655-37-A ICP 5300
14:1213:30

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 EPA 1311Preparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 3 of 3

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB03-1.5 11-09-1655-38-A ICP 5300
14:1413:32

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB03-3 11-09-1655-39-A ICP 5300
14:1513:34

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB01-0.5 11-09-1655-45-A ICP 5300
14:1700:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

09/24/11 10/07/11 10/12/11Solid 111010LA5US101-SB-SB41-6 11-09-1655-49-A ICP 5300
14:1900:00

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

10/07/11N/A 10/12/11Aqueous 111010LA5Method Blank 099-14-021-392 ICP 5300
12:29

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

T22.11.5. AIIPreparation:

09/24/11Date Received:

Quality Control Sample ID

US101-SB-SB08-5.0

MS/MSD Batch
Number

111011SA1

Matrix

Solid

Date
Analyzed

10/12/11

Date
Prepared

10/07/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 293 75-125955.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

T22.11.5. AIIPreparation:

09/24/11Date Received:

Quality Control Sample ID

11-09-1717-1

MS/MSD Batch
Number

111011SA2

Matrix

Solid

Date
Analyzed

10/12/11

Date
Prepared

10/07/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-20Lead 3102 75-1251005.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

R
et

ur
n 

to
 C

on
te

nt
s

Page 15 of 32



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 11-09-1655

Method: EPA 6010B

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

CH2M Hill

US101 / SR23 ADLProject

EPA 1311Preparation:

09/24/11Date Received:

Quality Control Sample ID

US101-NB-SB49-0.5

MS/MSD Batch
Number

111010SA5

Matrix

Solid

Date
Analyzed

10/12/11

Date
Prepared

10/07/11

Instrument

ICP 5300

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPDSPIKE ADDED

0-7Lead 3101 84-120975.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 ADL

11-09-1655
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,933

Matrix

Aqueous

LCS Batch Number

111011LA1

Lab File ID

111011-la-1

Instrument

ICP 5300

Date Analyzed

10/12/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120103Lead 5.000 5.150

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

T22.11.5. AIIPreparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 ADL

11-09-1655
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

097-05-006-5,931

Matrix

Aqueous

LCS Batch Number

111011LA2

Lab File ID

111011-la-2

Instrument

ICP 5300

Date Analyzed

10/12/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120108Lead 5.000 5.408

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Laboratory Control Sample

EPA 1311Preparation:
EPA 6010BMethod:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

US101 / SR23 ADL

11-09-1655
Date Received:
Work Order No:

Project:

N/A

Quality Control Sample ID

099-14-021-392

Matrix

Aqueous

LCS Batch Number

111010LA5

Lab File ID

111010-la-5

Instrument

ICP 5300

Date Analyzed

10/12/11

Parameter QualifiersConc Added LCS %Rec %Rec CLConc Recovered

80-120104Lead 5.000 5.194

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1655

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Analytical Report For
Client: CH2M Hill

Client Project Name: US101 / SR23 ADL
Attention: Partha Bora

6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

WORK ORDER NUMBER: 11-09-1655

Virendra Patel
Project Manager

10/24/2011

Supplemental Report 2

Additional requested analyses are reported as a 
stand-alone report.

Page 1 of 18

mailto:vpatel@calscience.com
https://www.calscience.com/clientwebaccess/login.aspx


DETECTIONS SUMMARY

Analyte Result Qualifiers
Reporting
Limit Units Method

Client:

Attn:

Work Order:
Project name:
Received:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

Partha Bora

11-09-1655
US101 / SR23 ADL
09/24/11  16:40

Client Sample ID
Extraction

US101-NB-SB49-0.5
Lead 3.96 mg/L EPA 6010B T22.11.5.AII DI0.100

Subcontracted analyses, if any, are not included in this summary.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

*MDL is shown.

Page 2 of 18



Analytical Report

CH2M Hill 09/24/11Date Received:
6 Hutton Centre Drive, Suite 700 11-09-1655Work Order No:
Santa Ana, CA 92707-5735 T22.11.5.AII DIPreparation:

EPA 6010BMethod:

Project: US101 / SR23 ADL Page 1 of 1

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

09/24/11 10/14/11 10/17/11Solid 111017LA4US101-NB-SB49-0.5 11-09-1655-1-A ICP 5300
21:4608:05

Result DF Qual UnitsRLParameter

mg/LLead 0.100 13.96

10/14/11N/A 10/17/11Aqueous 111017LA4Method Blank 097-05-006-5,944 ICP 5300
20:47

Result DF Qual UnitsRLParameter

mg/LLead 0.100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

Page 3 of 18



CH2M Hill Date Received: N/A
6 Hutton Centre Drive, Suite 700 Work Order No.: 11-09-1630
Santa Ana, CA  92707-5735 Preparation: T22.11.5.All DI

Method: EPA 6010B

Project:  US101 / SR23 ADL

Date MS/MSD Batch
Quality Control Sample ID Matrix Instrument Analyzed Number

Parameter MS %REC MSD %REC %REC CL RPD RPD CL Qualifier

Lead 117 113 75-125 3 0 - 20

Quality Control - Spike/Spike Duplicate

11-09-1541-19 111017SA4Aqueous 10/17/11

Date
Prepared

10/14/11ICP 5300

Page 4 of 18



Quality Control - LCS/LCS Duplicate

Method: EPA 6010B

11-09-1655

US101 / SR23 ADL

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

CH2M Hill
6 Hutton Centre Drive, Suite 700
Santa Ana, CA 92707-5735

N/A

10/14/11

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP 5300 111017LA4

Date
Prepared

Date
Analyzed

10/17/11

Quality Control Sample ID

097-05-006-5,944

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %RECSPIKE ADDED

103 0-20180-120Lead 1025.000

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 5 of 18



Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

11-09-1655

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution.
Therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out
of control due to matrix interference.  The associated LCS and/or LCSD was in control
and, therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Surrogate recovery below the acceptance limit.6
Surrogate recovery above the acceptance limit.7
Analyte was present in the associated method blank.B
Sample analyzed after holding time expired.BU
Concentration exceeds the calibration range.E
Sample was extracted past end of recommended max. holding time.ET
The chromatographic pattern was inconsistent with the profile of the reference fuel
standard.

HD

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but heavier hydrocarbons were also present (or detected).

HDH

The sample chromatographic pattern for TPH matches the chromatographic pattern of
the specified standard but lighter hydrocarbons were also present (or detected).

HDL

Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS/LCSD Recovery Percentage is within Marginal Exceedance (ME) Control Limit
range.

ME

Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

The sample extract was subjected to Silica Gel treatment prior to analysis.SG
% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z

Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis, not
corrected for % moisture. All QC results are reported on a wet weight basis.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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Appendix C 
UCL Calculations 

  



App C_UCL Calculations Data_US101 ADL Investigation.xlsx-Table C-1 Page 1 of 5

Table C-1
Summary of Soil Analytical Results

Total Lead Soluble Lead
STLC/WET-Citric

Soluble Lead
STLC/WET-DI

Soluble Lead
TCLP

(mg/kg) (mg/L (mg/L (mg/L
US-101 Northbound

US101-NB-SB01-0.5 69.6 2.09 0.1

US101-NB-SB01-1.5 17.1

US101-NB-SB01-3 24.5 1.56

US101-NB-SB02-0.5 54.2 1.28 0.1

US101-NB-SB02-1.5 30.4 0.915

US101-NB-SB02-3 16.4

US101-NB-SB03-0.5 67.3 2.05 0.1

US101-NB-SB03-1.5 15.7

US101-NB-SB03-3 56.7 1.22 0.1

US101-NB-SB04-0.5 25.8 0.442

US101-NB-SB04-1.5 13.4

US101-NB-SB04-3 8.8

US101-NB-SB05-0.5 31.2 1.31

US101-NB-SB05-1.5 8.03

US101-NB-SB05-3 6.16

US101-NB-SB06-0.5 17.7

US101-NB-SB06-1.5 14.3

US101-NB-SB06-3 5.53

US101-NB-SB07-0.5 49.6 0.757 0.1

US101-NB-SB07-1.5 7.89

US101-NB-SB07-3 13.3

US101-NB-SB08-0.5 70.9 2.37 0.1

US101-NB-SB08-1.5 76.4 2.69 0.1

US101-NB-SB08-3 20.7 0.349

US101-NB-SB09-0.5 104 4.18 0.1

US101-NB-SB09-1.5 96.8 0.828 0.1

US101-NB-SB09-3 10.7

US101-NB-SB10-0.5 20.1

US101-NB-SB10-1.5 12.3

US101-NB-SB10-3 30.1 1.1

US101-NB-SB11-0.5 45.2 0.52 0.1

US101-NB-SB11-1.5 23.9 0.652

US101-NB-SB11-3 20.6 0.522

US101-NB-SB12-0.5 15.8

US101-NB-SB12-1.5 10.7

US101-NB-SB12-3 10.9

US101-NB-SB13-0.5 32.6 0.797

US101-NB-SB13-1.5 4.51

US101-NB-SB13-3 5.7

US101-NB-SB14-0.5 85.4 4.93 0.1

US101-NB-SB14-1.5 57.5 3.46 0.1

US101-NB-SB14-3 12.6

US101-NB-SB14-5 39.2 4.11 0.1

US101-NB-SB14-6 57.3 2.87 0.1

US101-NB-SB15-0.5 56.2 1.3 0.1

US101-NB-SB15-1.5 29.8 0.971

US101-NB-SB15-3 82.9 0.821 0.1

US101-NB-SB16-0.5 20.2

US101-NB-SB16-1.5 1.07

US101-NB-SB16-3 0.5

US101-NB-SB16-5 5.65

US101-NB-SB16-6 0.5

US101-NB-SB17-0.5 37.2 1.12 0.1

US101-NB-SB17-1.5 18.2 0.465

US101-NB-SB17-3 23.3 1.05 0.1

US101-NB-SB18-0.5 143 3.99 0.1

US101-NB-SB18-1.5 44.5 0.791 0.1

US101-NB-SB19-0.5 101 3.48 0.1

US101-NB-SB19-1.5 84.4 3.53 0.1

US101-NB-SB20-0.5 45.5 1.7 0.1

US101-NB-SB20-1.5 4.47

US101-NB-SB20-3 4.1

US101-NB-SB20-5 4.34

US101-NB-SB20-6 2.88

US101-NB-SB21-0.5 469 36.8 0.124 1.34

US101-NB-SB21-1.5 4.53

Sample ID



App C_UCL Calculations Data_US101 ADL Investigation.xlsx-Table C-1 Page 2 of 5

Table C-1
Summary of Soil Analytical Results

Total Lead Soluble Lead
STLC/WET-Citric

Soluble Lead
STLC/WET-DI

Soluble Lead
TCLPSample ID

US101-NB-SB21-3 6.02

US101-NB-SB21-5 5.46

US101-NB-SB21-6 10.7 0.207

US101-NB-SB22-0.5 28.1 2.4 0.1

US101-NB-SB22-1.5 4.34

US101-NB-SB22-3 5.03

US101-NB-SB22-5 4.45

US101-NB-SB22-6 4.11

US101-NB-SB23-0.5 19.9 0.151 0.1

US101-NB-SB23-1.5 4.59

US101-NB-SB23-3 4.78

US101-NB-SB23-5 4.84

US101-NB-SB23-6 5.03

US101-NB-SB24-0.5 136 6.93 0.1 0.29

US101-NB-SB24-1.5 9.45 0.365

US101-NB-SB24-3 5.94

US101-NB-SB24-5 6.74 0.1

US101-NB-SB24-6 5.66

US101-NB-SB25-0.5 140 5.23 0.1 0.116

US101-NB-SB25-1.5 21.8 9.12 0.1 0.1

US101-NB-SB25-3 7.3 0.1

US101-NB-SB25-5 6.2 0.1

US101-NB-SB25-6 5.2

US101-NB-SB26-0.5 18 0.1 0.1

US101-NB-SB26-1.5 9 0.1

US101-NB-SB26-3 5.76

US101-NB-SB26-5 6.07 0.1

US101-NB-SB26-6 5.75

US101-NB-SB27-0.5 82.1 0.689 0.1

US101-NB-SB27-1.5 15.2 0.335

US101-NB-SB27-3 21 0.258 0.1

US101-NB-SB27-5 10.9 0.1

US101-NB-SB27-6 5.39

US101-NB-SB28-0.5 174 13.5 0.1 0.38

US101-NB-SB28-1.5 5.39

US101-NB-SB28-3 29.9 1.18 0.1

US101-NB-SB29-0.5 15.1 0.87

US101-NB-SB29-1.5 6.61 0.1

US101-NB-SB29-3 4.92

US101-NB-SB29-5 9.54 0.125

US101-NB-SB29-6 4.76

US101-NB-SB30-0.5 68.6 3.41 0.1

US101-NB-SB30-1.5 76.2 3.2 0.1

US101-NB-SB30-3 25.6 0.357 0.1

US101-NB-SB30-5 16.2 0.277

US101-NB-SB31-0.5 1.19

US101-NB-SB31-1.5 0.876

US101-NB-SB31-3 0.959

US101-NB-SB31-5 0.584

US101-NB-SB31-6 0.963

US101-NB-SB32-0.5 1.15

US101-NB-SB32-1.5 0.936

US101-NB-SB32-3 0.94

US101-NB-SB32-5 0.905

US101-NB-SB32-6 0.91 0

US101-NB-SB33-0.5 61.7 18.2 0.12 0.1

US101-NB-SB33-1.5 5.06

US101-NB-SB33-3 3.58

US101-NB-SB33-5 2

US101-NB-SB33-6 2.67

US101-NB-SB34-0.5 11.9 0.493 0.1

US101-NB-SB34-1.5 3.97

US101-NB-SB34-3 3.96

US101-NB-SB34-5 0.819

US101-NB-SB34-6 3.87

US101-NB-SB35-0.5 59.5 3.56 0.1

US101-NB-SB35-1.5 0.5

US101-NB-SB35-3 24.5 1.6 0.1
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Table C-1
Summary of Soil Analytical Results

Total Lead Soluble Lead
STLC/WET-Citric

Soluble Lead
STLC/WET-DI

Soluble Lead
TCLPSample ID

US101-NB-SB36-0.5 71.8 4.76 0.176

US101-NB-SB36-1.5 6.2 0.218

US101-NB-SB36-3 5.33 0.154

US101-NB-SB37-0.5 504 40.4 0.27 2.39

US101-NB-SB37-1.5 202 7.71 0.1 0.52

US101-NB-SB37-3 98.7 3.51 0.1

US101-NB-SB38-0.5 18.4 0.186 0.1

US101-NB-SB38-1.5 6.1 0.1

US101-NB-SB38-3 0.551

US101-NB-SB38-5 0.5

US101-NB-SB38-6 0.5

US101-NB-SB39-0.5 4.96 0.1

US101-NB-SB39-1.5 0.724

US101-NB-SB39-3 0.671

US101-NB-SB39-5 2.36

US101-NB-SB39-6 1.84

US-101-NB-SB40-0.5 8.94 0.632

US-101-NB-SB40-1.5 2.33

US-101-NB-SB40-3 0.5

US-101-NB-SB41-0.5 193 18.6 0.12 0.642

US-101-NB-SB41-1.5 177 15.3 0.1 0.134

US-101-NB-SB41-3 216 10.4 0.1 0.732

US-101-NB-SB42-0.5 24.5 0.243

US-101-NB-SB42-1.5 1.07

US-101-NB-SB42-3 0.5

US-101-NB-SB43-0.5 1.22

US-101-NB-SB43-1.5 1.73

US-101-NB-SB43-3 1.73

US-101-NB-SB44-0.5 99.5 2.39 0.1

US-101-NB-SB44-1.5 2.37

US-101-NB-SB44-3 5.9

US-101-NB-SB45-0.5 56 5.39 0.1 0.1

US-101-NB-SB45-1.5 1.18

US-101-NB-SB45-3 3.75

US-101-NB-SB46-0.5 49.1 3.26 0.1

US-101-NB-SB46-1.5 36.9 0.613 0.1

US-101-NB-SB46-3 43 1.19

US-101-NB-SB47-0.5 16.3 0.492

US-101-NB-SB47-1.5 1.78

US-101-NB-SB47-3 1.5

US-101-NB-SB48-0.5 26.9 0.797

US-101-NB-SB48-1.5 1.76

US-101-NB-SB48-3 1.34

US101-NB-SB49-0.5 103 5.52 3.96 0.1

US101-NB-SB49-1.5 31.6 2.16 0.112

US101-NB-SB49-3.0 11.9 0.631

US-101-NB-SB50-0.5 134 7.75 0.1 0.124

US-101-NB-SB50-1.5 193 1.45 0.149

US-101-NB-SB50-3 248 14.3 0.1 0.253

US-101-NB-SB50-5 0.5

US-101-NB-SB50-6 0.654

US-101-NB-SB51-0.5 24.4 1.67

US-101-NB-SB51-1.5 228 13.2 0.276 0.171

US-101-NB-SB51-3 3.17

US-101-NB-SB51-5 2.33

US-101-NB-SB51-6 0.837

US-101-NB-SB52-0.5 176 8.38 0.1 0.1

US-101-NB-SB52-1.5 8.76 0.193

US-101-NB-SB52-3 6.76

US-101-NB-SB53-0.5 90.1 1.34 0.1

US-101-NB-SB53-1.5 273 20.2 0.181 0.196

US-101-NB-SB53-3 221 19.5 0.1237 0.78

US-101-NB-SB54-0.5 780 10.8 0.177 0.578

US-101-NB-SB54-1.5 31 0.714

US-101-NB-SB54-3 6.48

US-101-NB-SB55-0.5 13.3 0.556

US-101-NB-SB55-1.5 3.06

US-101-NB-SB55-3 2.76
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Table C-1
Summary of Soil Analytical Results

Total Lead Soluble Lead
STLC/WET-Citric

Soluble Lead
STLC/WET-DI

Soluble Lead
TCLPSample ID

US-101-NB-SB56-0.5 203 5.8 0.1 0.1

US-101-NB-SB56-1.5 24.8 0.368

US-101-NB-SB56-3 4.01

US-101-NB-SB57-0.5 12 0.424

US-101-NB-SB57-1.5 4.88

US-101-NB-SB57-3 1.45

US101-NB-SB61-0.5 104 2.17 0.1

US101-NB-SB62-1.5 68.1 1.64 0.1

US101-NB-SB63-0.5 34.9 1.36 0.1

US101-NB-SB64-1.5 3.6

US101-NB-SB65-0.5 5.35

US101-NB-SB66-3 4.67

US101-NB-SB67-5 9.68 0.1

US101-NB-SB68-6 5.77

US101-NB-SB69-5 5.65

US101-NB-SB70-6 4.76

US101-NB-SB71-3 11.6 0.309

US-101-NB-SB72-0.5 211 19.2 0.1 0.54

US-101-NB-SB73-1.5 0.5

US-101-NB-SB74-3 2.49

US-101-NB-SB75-0.5 44.9 0.874

US-101-NB-SB76-1.5 1.73

US-101-NB-SB77-0.5 161 9.73 0.1 0.164

US101-NB-SB78-3 3.75

US101-NB-SB79-5 0.5

US101-NB-SB80-5 0.707

US-101 Southbound
US101-SB-SB01-0.5 60.2 1.5 0.1

US101-SB-SB01-1.5 1.42

US101-SB-SB01-3 0.997

US101-SB-SB01-5 1.57

US101-SB-SB02-0.5 6.33

US101-SB-SB02-1.5 2.56

US101-SB-SB02-3 1.24

US101-SB-SB02-5 3.81

US101-SB-SB03-0.5 74.4 3.19

US101-SB-SB03-1.5 28.5 1.69 0.1

US101-SB-SB03-3 26 0.334 0.1

US101-SB-SB03-5 2.81

US101-SB-SB04-0.5 85.3 3.56 0.1

US101-SB-SB04-1.5 2.31

US101-SB-SB04-3.0 5.25

US101-SB-SB04-5 4.3

US101-SB-SB05-0.5 15.6 0.258

US101-SB-SB05-1.5 2.72

US101-SB-SB05-3.0 4.67

US101-SB-SB05-5 8.05

US101-SB-SB05-6 29.8 0.362 0.1

US101-SB-SB06-0.5 71.5 2.65

US101-SB-SB06-1.5 9.77 0.122

US101-SB-SB06-3.0 13.1 0.449

US101-SB-SB06-5.0 18.8 1.87 0.11

US101-SB-SB06-6.0 78.6 0.204 0.1

US101-SB-SB07-0.5 44.3 1.91 0.1

US101-SB-SB07-1.5 15.5 0.606

US101-SB-SB07-3.0 16.9 0.663

US101-SB-SB08-0.5 146 2.1 0.145

US101-SB-SB08-1.5 0.949

US101-SB-SB08-3.0 0.648

US101-SB-SB08-5.0 17 1.01

US101-SB-SB08-7.0 0.659

US101-SB-SB08-10.0 1.8

US101-SB-SB08-13.0 0.5

US101-SB-SB09-0.5 12.7 0.458

US101-SB-SB09-1.5 20.1 0.849 0.1

US101-SB-SB10-0.5 30.8 0.361 0.1

US101-SB-SB10-1.5 3.15

US101-SB-SB10-3.0 0.5
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Table C-1
Summary of Soil Analytical Results

Total Lead Soluble Lead
STLC/WET-Citric

Soluble Lead
STLC/WET-DI

Soluble Lead
TCLPSample ID

US101-SB-SB10-5.0 8.34 0.456

US101-SB-SB10-7.0 4.58

US101-SB-SB10-10.0 2.27

US101-SB-SB10-13.0 0.5

US101-SB-SB11-0.5 13.7 3.12

US101-SB-SB11-1.5 1.38

US101-SB-SB11-3 1.27

US101-SB-SB12-0.5 290 11 0.142 0.1

US101-SB-SB12-1.5 85.9 0.538

US101-SB-SB12-3 1.78

US101-SB-SB13-0.5 11.6 0.279

US101-SB-SB13-1.5 8.53 0.209

US101-SB-SB13-3 23 0.108 0.1

US101-SB-SB14-0.5 437 16.2 0.1 0.466

US101-SB-SB14-1.5 120 0.65 0.1

US101-SB-SB14-3 5.2 0.115

US101-SB-SB15-0.5 37 0.217 0.1

US101-SB-SB15-1.5 10.9 0.138

US101-SB-SB15-3 4.68

US101-SB-SB41-6 39.2 1.27 0.1

US101-SB-SB42-3 16.6 0.547

US101-SB-SB43-05 0.5

US101-SB-SB44-10 1.54
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Table C-2
Linear Regression Analysis

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-NB-SB01-0.5 69.6 2.09

2 US101-NB-SB01-3 24.5 1.56

3 US101-NB-SB02-0.5 54.2 1.28

4 US101-NB-SB02-1.5 30.4 0.915

5 US101-NB-SB03-0.5 67.3 2.05

6 US101-NB-SB03-3 56.7 1.22

7 US101-NB-SB04-0.5 25.8 0.442

8 US101-NB-SB05-0.5 31.2 1.31

9 US101-NB-SB07-0.5 49.6 0.757

10 US101-NB-SB08-0.5 70.9 2.37

11 US101-NB-SB08-1.5 76.4 2.69

12 US101-NB-SB08-3 20.7 0.349

13 US101-NB-SB09-0.5 104 4.18

14 US101-NB-SB09-1.5 96.8 0.828

15 US101-NB-SB10-3 30.1 1.1

16 US101-NB-SB11-0.5 45.2 0.52

17 US101-NB-SB11-1.5 23.9 0.652

18 US101-NB-SB11-3 20.6 0.522

19 US101-NB-SB13-0.5 32.6 0.797

20 US101-NB-SB14-0.5 85.4 4.93

21 US101-NB-SB14-1.5 57.5 3.46

22 US101-NB-SB14-5 39.2 4.11

23 US101-NB-SB14-6 57.3 2.87

24 US101-NB-SB15-0.5 56.2 1.3

25 US101-NB-SB15-1.5 29.8 0.971

26 US101-NB-SB15-3 82.9 0.821

27 US101-NB-SB17-0.5 37.2 1.12

28 US101-NB-SB17-1.5 18.2 0.465

29 US101-NB-SB17-3 23.3 1.05

30 US101-NB-SB18-0.5 143 3.99

31 US101-NB-SB18-1.5 44.5 0.791

32 US101-NB-SB19-0.5 101 3.48

33 US101-NB-SB19-1.5 84.4 3.53

34 US101-NB-SB20-0.5 45.5 1.7

35 US101-NB-SB21-0.5 469 36.8

36 US101-NB-SB21-6 10.7 0.207

37 US101-NB-SB22-0.5 28.1 2.4

38 US101-NB-SB23-0.5 19.9 0.151

39 US101-NB-SB24-0.5 136 6.93

Sample ID
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Table C-2
Linear Regression Analysis

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

Sample ID

40 US101-NB-SB24-1.5 9.45 0.365

41 US101-NB-SB24-5 6.74 0.1

42 US101-NB-SB25-0.5 140 5.23

43 US101-NB-SB25-1.5 21.8 9.12

44 US101-NB-SB25-3 7.3 0.1

45 US101-NB-SB25-5 6.2 0.1

46 US101-NB-SB26-0.5 18 0.1

47 US101-NB-SB26-1.5 9 0.1

48 US101-NB-SB26-5 6.07 0.1

49 US101-NB-SB27-0.5 82.1 0.689

50 US101-NB-SB27-1.5 15.2 0.335

51 US101-NB-SB27-3 21 0.258

52 US101-NB-SB27-5 10.9 0.1

53 US101-NB-SB28-0.5 174 13.5

54 US101-NB-SB28-3 29.9 1.18

55 US101-NB-SB29-0.5 15.1 0.87

56 US101-NB-SB29-1.5 6.61 0.1

57 US101-NB-SB29-5 9.54 0.125

58 US101-NB-SB30-0.5 68.6 3.41

59 US101-NB-SB30-1.5 76.2 3.2

60 US101-NB-SB30-3 25.6 0.357

61 US101-NB-SB30-5 16.2 0.277

62 US101-NB-SB33-0.5 61.7 18.2

63 US101-NB-SB34-0.5 11.9 0.493

64 US101-NB-SB35-0.5 59.5 3.56

65 US101-NB-SB35-3 24.5 1.6

66 US101-NB-SB36-0.5 71.8 4.76

67 US101-NB-SB36-1.5 6.2 0.218

68 US101-NB-SB36-3 5.33 0.154

69 US101-NB-SB37-0.5 504 40.4

70 US101-NB-SB37-1.5 202 7.71

71 US101-NB-SB37-3 98.7 3.51

72 US101-NB-SB38-0.5 18.4 0.186

73 US101-NB-SB38-1.5 6.1 0.1

74 US101-NB-SB39-0.5 4.96 0.1

75 US-101-NB-SB40-0.5 8.94 0.632

76 US-101-NB-SB41-0.5 193 18.6

77 US-101-NB-SB41-1.5 177 15.3

78 US-101-NB-SB41-3 216 10.4
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Table C-2
Linear Regression Analysis

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

Sample ID

79 US-101-NB-SB42-0.5 24.5 0.243

80 US-101-NB-SB44-0.5 99.5 2.39

81 US-101-NB-SB45-0.5 56 5.39

82 US-101-NB-SB46-0.5 49.1 3.26

83 US-101-NB-SB46-1.5 36.9 0.613

84 US-101-NB-SB46-3 43 1.19

85 US-101-NB-SB47-0.5 16.3 0.492

86 US-101-NB-SB48-0.5 26.9 0.797

87 US101-NB-SB49-0.5 103 5.52

88 US101-NB-SB49-1.5 31.6 2.16

89 US101-NB-SB49-3.0 11.9 0.631

90 US-101-NB-SB50-0.5 134 7.75

91 US-101-NB-SB50-1.5 193 1.45

92 US-101-NB-SB50-3 248 14.3

93 US-101-NB-SB51-0.5 24.4 1.67

94 US-101-NB-SB51-1.5 228 13.2

95 US-101-NB-SB52-0.5 176 8.38

96 US-101-NB-SB52-1.5 8.76 0.193

97 US-101-NB-SB53-0.5 90.1 1.34

98 US-101-NB-SB53-1.5 273 20.2

99 US-101-NB-SB53-3 221 19.5

100 US-101-NB-SB54-0.5 780 10.8

101 US-101-NB-SB54-1.5 31 0.714

102 US-101-NB-SB55-0.5 13.3 0.556

103 US-101-NB-SB56-0.5 203 5.8

104 US-101-NB-SB56-1.5 24.8 0.368

105 US-101-NB-SB57-0.5 12 0.424

106 US101-NB-SB61-0.5 104 2.17

107 US101-NB-SB62-1.5 68.1 1.64

108 US101-NB-SB63-0.5 34.9 1.36

109 US101-NB-SB67-5 9.68 0.1

110 US101-NB-SB71-3 11.6 0.309

111 US-101-NB-SB72-0.5 211 19.2

112 US-101-NB-SB75-0.5 44.9 0.874

113 US-101-NB-SB77-0.5 161 9.73

114 US101-SB-SB01-0.5 60.2 1.5

115 US101-SB-SB03-0.5 74.4 3.19

116 US101-SB-SB03-1.5 28.5 1.69

117 US101-SB-SB03-3 26 0.334
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Table C-2
Linear Regression Analysis

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

Sample ID

118 US101-SB-SB04-0.5 85.3 3.56

119 US101-SB-SB05-0.5 15.6 0.258

120 US101-SB-SB05-6 29.8 0.362

121 US101-SB-SB06-0.5 71.5 2.65

122 US101-SB-SB06-1.5 9.77 0.122

123 US101-SB-SB06-3.0 13.1 0.449

124 US101-SB-SB06-5.0 18.8 1.87

125 US101-SB-SB06-6.0 78.6 0.204

126 US101-SB-SB07-0.5 44.3 1.91

127 US101-SB-SB07-1.5 15.5 0.606

128 US101-SB-SB07-3.0 16.9 0.663

129 US101-SB-SB08-0.5 146 2.1

130 US101-SB-SB08-5.0 17 1.01

131 US101-SB-SB09-0.5 12.7 0.458

132 US101-SB-SB09-1.5 20.1 0.849

133 US101-SB-SB10-0.5 30.8 0.361

134 US101-SB-SB10-5.0 8.34 0.456

135 US101-SB-SB11-0.5 13.7 3.12

136 US101-SB-SB12-0.5 290 11

137 US101-SB-SB12-1.5 85.9 0.538

138 US101-SB-SB13-0.5 11.6 0.279

139 US101-SB-SB13-1.5 8.53 0.209

140 US101-SB-SB13-3 23 0.108

141 US101-SB-SB14-0.5 437 16.2

142 US101-SB-SB14-1.5 120 0.65

143 US101-SB-SB14-3 5.2 0.115

144 US101-SB-SB15-0.5 37 0.217

145 US101-SB-SB15-1.5 10.9 0.138

146 US101-SB-SB41-6 39.2 1.27

147 US101-SB-SB42-3 16.6 0.547
1 4.96 0.10
2 780.00 40.40
3 72.59 3.37
4 103.38 6.10
5 10687.73 37.23
6 Correlation Coefficient 0.8Total lead to soluble lead

Minimum
Maximum
Mean
Standard Deviation (s)
Variance (s2)
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Table C-2
Linear Regression Analysis

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

Sample ID

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0237
C = Constant value 0.2613

Equation of a regression line is                    

y = 0.0237x + 0.2613 
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US 101 Northbound Calculations 
  





Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-NB-SB01-0.5 69.6 2.09 0.1

2 US101-NB-SB02-0.5 54.2 1.28 0.1

3 US101-NB-SB03-0.5 67.3 2.05 0.1

4 US101-NB-SB04-0.5 25.8 0.442

5 US101-NB-SB05-0.5 31.2 1.31

6 US101-NB-SB06-0.5 17.7

7 US101-NB-SB07-0.5 49.6 0.757 0.1

8 US101-NB-SB08-0.5 70.9 2.37 0.1

9 US101-NB-SB09-0.5 104 4.18 0.1

10 US101-NB-SB10-0.5 20.1

11 US101-NB-SB11-0.5 45.2 0.52 0.1

12 US101-NB-SB12-0.5 15.8

13 US101-NB-SB13-0.5 32.6 0.797

14 US101-NB-SB14-0.5 85.4 4.93 0.1

15 US101-NB-SB15-0.5 56.2 1.3 0.1

16 US101-NB-SB16-0.5 20.2

17 US101-NB-SB17-0.5 37.2 1.12 0.1

18 US101-NB-SB18-0.5 143 3.99 0.1

19 US101-NB-SB19-0.5 101 3.48 0.1

20 US101-NB-SB20-0.5 45.5 1.7 0.1

21 US101-NB-SB21-0.5 469 36.8 0.124 1.34

22 US101-NB-SB22-0.5 28.1 2.4 0.1

23 US101-NB-SB23-0.5 19.9 0.151 0.1

24 US101-NB-SB24-0.5 136 6.93 0.1 0.29

25 US101-NB-SB25-0.5 140 5.23 0.1 0.116

26 US101-NB-SB26-0.5 18 0.1 0.1

27 US101-NB-SB27-0.5 82.1 0.689 0.1

28 US101-NB-SB28-0.5 174 13.5 0.1 0.38

29 US101-NB-SB29-0.5 15.1 0.87

30 US101-NB-SB30-0.5 68.6 3.41 0.1

31 US101-NB-SB31-0.5 1.19

32 US101-NB-SB32-0.5 1.15

33 US101-NB-SB33-0.5 61.7 18.2 0.12 0.1

34 US101-NB-SB34-0.5 11.9 0.493 0.1

35 US101-NB-SB35-0.5 59.5 3.56 0.1

36 US101-NB-SB36-0.5 71.8 4.76 0.176

37 US101-NB-SB37-0.5 504 40.4 0.27 2.39

38 US101-NB-SB38-0.5 18.4 0.186 0.1

39 US101-NB-SB39-0.5 4.96 0.1

40 US-101-NB-SB40-0.5 8.94 0.632

41 US-101-NB-SB41-0.5 193 18.6 0.12 0.642

42 US-101-NB-SB42-0.5 24.5 0.243

43 US-101-NB-SB43-0.5 1.22

CommentsSample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

44 US-101-NB-SB44-0.5 99.5 2.39 0.1

45 US-101-NB-SB45-0.5 56 5.39 0.1 0.1

46 US-101-NB-SB46-0.5 49.1 3.26 0.1

47 US-101-NB-SB47-0.5 16.3 0.492

48 US-101-NB-SB48-0.5 26.9 0.797

49 US101-NB-SB49-0.5 103 5.52 3.96 0.1

50 US-101-NB-SB50-0.5 134 7.75 0.1 0.124

51 US-101-NB-SB51-0.5 24.4 1.67

52 US-101-NB-SB52-0.5 176 8.38 0.1 0.1

53 US-101-NB-SB53-0.5 90.1 1.34 0.1

54 US-101-NB-SB54-0.5 780 10.8 0.177 0.578

55 US-101-NB-SB55-0.5 13.3 0.556

56 US-101-NB-SB56-0.5 203 5.8 0.1 0.1

57 US-101-NB-SB57-0.5 12 0.424

58 US101-NB-SB61-0.5 104 2.17 0.1

59 US101-NB-SB63-0.5 34.9 1.36 0.1

60 US101-NB-SB65-0.5 5.35

61 US-101-NB-SB72-0.5 211 19.2 0.1 0.54

62 US-101-NB-SB75-0.5 44.9 0.874

63 US-101-NB-SB77-0.5 161 9.73 0.1 0.164

1000

5

5

5

Notes:

1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

California State (TTLC) (mg/kg)

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780

1 US101-NB-SB01-0.5 69.6 0.089 0.089

2 US101-NB-SB02-0.5 54.2 0.069 0.070

3 US101-NB-SB03-0.5 67.3 0.086 0.086

4 US101-NB-SB04-0.5 25.8 0.033 0.033

5 US101-NB-SB05-0.5 31.2 0.040 0.040

6 US101-NB-SB06-0.5 17.7 0.023 0.023

7 US101-NB-SB07-0.5 49.6 0.064 0.064

8 US101-NB-SB08-0.5 70.9 0.091 0.091

9 US101-NB-SB09-0.5 104 0.133 0.134

10 US101-NB-SB10-0.5 20.1 0.026 0.026

11 US101-NB-SB11-0.5 45.2 0.058 0.058

12 US101-NB-SB12-0.5 15.8 0.020 0.020

13 US101-NB-SB13-0.5 32.6 0.042 0.042

14 US101-NB-SB14-0.5 85.4 0.109 0.110

15 US101-NB-SB15-0.5 56.2 0.072 0.072

16 US101-NB-SB16-0.5 20.2 0.026 0.026

17 US101-NB-SB17-0.5 37.2 0.048 0.048

18 US101-NB-SB18-0.5 143 0.183 0.184

19 US101-NB-SB19-0.5 101 0.129 0.130

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

20 US101-NB-SB20-0.5 45.5 0.058 0.058

21 US101-NB-SB21-0.5 469 0.601 0.645

22 US101-NB-SB22-0.5 28.1 0.036 0.036

23 US101-NB-SB23-0.5 19.9 0.026 0.026

24 US101-NB-SB24-0.5 136 0.174 0.175

25 US101-NB-SB25-0.5 140 0.179 0.180

26 US101-NB-SB26-0.5 18 0.023 0.023

27 US101-NB-SB27-0.5 82.1 0.105 0.105

28 US101-NB-SB28-0.5 174 0.223 0.225

29 US101-NB-SB29-0.5 15.1 0.019 0.019

30 US101-NB-SB30-0.5 68.6 0.088 0.088

31 US101-NB-SB31-0.5 1.19 0.002 0.002

32 US101-NB-SB32-0.5 1.15 0.001 0.001

33 US101-NB-SB33-0.5 61.7 0.079 0.079
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

34 US101-NB-SB34-0.5 11.9 0.015 0.015

35 US101-NB-SB35-0.5 59.5 0.076 0.076

36 US101-NB-SB36-0.5 71.8 0.092 0.092

37 US101-NB-SB37-0.5 504 0.646 0.703

38 US101-NB-SB38-0.5 18.4 0.024 0.024

39 US101-NB-SB39-0.5 4.96 0.006 0.006

40 US-101-NB-SB40-0.5 8.94 0.011 0.011

41 US-101-NB-SB41-0.5 193 0.247 0.250

42 US-101-NB-SB42-0.5 24.5 0.031 0.031

43 US-101-NB-SB43-0.5 1.22 0.002 0.002

44 US-101-NB-SB44-0.5 99.5 0.128 0.128

45 US-101-NB-SB45-0.5 56 0.072 0.072

46 US-101-NB-SB46-0.5 49.1 0.063 0.063

47 US-101-NB-SB47-0.5 16.3 0.021 0.021

48 US-101-NB-SB48-0.5 26.9 0.034 0.034

49 US101-NB-SB49-0.5 103 0.132 0.132

50 US-101-NB-SB50-0.5 134 0.172 0.173

51 US-101-NB-SB51-0.5 24.4 0.031 0.031

52 US-101-NB-SB52-0.5 176 0.226 0.228

53 US-101-NB-SB53-0.5 90.1 0.116 0.116

54 US-101-NB-SB54-0.5 780 1.000 1.571

55 US-101-NB-SB55-0.5 13.3 0.017 0.017

56 US-101-NB-SB56-0.5 203 0.260 0.263

57 US-101-NB-SB57-0.5 12 0.015 0.015

58 US101-NB-SB61-0.5 104 0.133 0.134

59 US101-NB-SB63-0.5 34.9 0.045 0.045

60 US101-NB-SB65-0.5 5.35 0.007 0.007

61 US-101-NB-SB72-0.5 211 0.271 0.274

62 US-101-NB-SB75-0.5 44.9 0.058 0.058

63 US-101-NB-SB77-0.5 161 0.206 0.208

Minimum 1.15

Maximum 780

Number of samples (n) 63
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Variance (s2) 16,418.08

Mean 88.10 0.124
Notes:

1

NBD

Calculation for UCL ( 90 and 95 Percent)

0.224

0.028

62

t-value (1) for 90% and (n-1) degree of freedom 1.295

90% UCL (2) of the mean (transformed data) 0.161

90% UCL (mg/kg) (3) 124.68

t-value (1) for 95% and (n-1) degrees of freedom 1.670

95% UCL (2) of the mean (transformed data) 0.171

95% UCL (mg/kg) (3) 132.82

Notes:

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

x

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed
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Predicted Soluble Lead (WET) Results

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-NB-SB01-0.5 69.6 2.09

2 US101-NB-SB02-0.5 54.2 1.28

3 US101-NB-SB03-0.5 67.3 2.05

4 US101-NB-SB04-0.5 25.8 0.442

5 US101-NB-SB05-0.5 31.2 1.31

6 US101-NB-SB07-0.5 49.6 0.757

7 US101-NB-SB08-0.5 70.9 2.37

8 US101-NB-SB09-0.5 104 4.18

9 US101-NB-SB11-0.5 45.2 0.52

10 US101-NB-SB13-0.5 32.6 0.797

11 US101-NB-SB14-0.5 85.4 4.93

12 US101-NB-SB15-0.5 56.2 1.3

13 US101-NB-SB17-0.5 37.2 1.12

14 US101-NB-SB18-0.5 143 3.99

15 US101-NB-SB19-0.5 101 3.48

16 US101-NB-SB20-0.5 45.5 1.7

17 US101-NB-SB21-0.5 469 36.8

18 US101-NB-SB22-0.5 28.1 2.4

19 US101-NB-SB23-0.5 19.9 0.151

Sample ID

20 US101-NB-SB24-0.5 136 6.93

21 US101-NB-SB25-0.5 140 5.23

22 US101-NB-SB26-0.5 18 0.1

23 US101-NB-SB27-0.5 82.1 0.689

24 US101-NB-SB28-0.5 174 13.5

25 US101-NB-SB29-0.5 15.1 0.87

26 US101-NB-SB30-0.5 68.6 3.41

27 US101-NB-SB33-0.5 61.7 18.2

28 US101-NB-SB34-0.5 11.9 0.493

29 US101-NB-SB35-0.5 59.5 3.56

30 US101-NB-SB36-0.5 71.8 4.76

31 US101-NB-SB37-0.5 504 40.4

32 US101-NB-SB38-0.5 18.4 0.186

33 US101-NB-SB39-0.5 4.96 0.1

34 US-101-NB-SB40-0.5 8.94 0.632

35 US-101-NB-SB41-0.5 193 18.6

36 US-101-NB-SB42-0.5 24.5 0.243

UCL Calculation_US101_NB_0.5 Depths.xlsm-Correlation Lead_WET Page 6 of 8 3/21/2012



Predicted Soluble Lead (WET) Results

37 US-101-NB-SB44-0.5 99.5 2.39

38 US-101-NB-SB45-0.5 56 5.39

39 US-101-NB-SB46-0.5 49.1 3.26

40 US-101-NB-SB47-0.5 16.3 0.492

41 US-101-NB-SB48-0.5 26.9 0.797

42 US101-NB-SB49-0.5 103 5.52

43 US-101-NB-SB50-0.5 134 7.75

44 US-101-NB-SB51-0.5 24.4 1.67

45 US-101-NB-SB52-0.5 176 8.38

46 US-101-NB-SB53-0.5 90.1 1.34

47 US-101-NB-SB54-0.5 780 10.8

48 US-101-NB-SB55-0.5 13.3 0.556

49 US-101-NB-SB56-0.5 203 5.8

50 US-101-NB-SB57-0.5 12 0.424

51 US101-NB-SB61-0.5 104 2.17

52 US101-NB-SB63-0.5 34.9 1.36

53 US-101-NB-SB72-0.5 211 19.2

54 US-101-NB-SB75-0.5 44.9 0.874

55 US-101-NB-SB77-0.5 161 9.73
1 4.96 0.10
2 780.00 40.40
3 99 41 5 04

Minimum
Maximum
Mean3 99.41 5.04

4 133.47 8.06
5 17814.03 64.89
6 Correlation Coefficient 0.72

Mean

Variance (s2)
Total lead to soluble lead

Standard Deviation (s)

y = 0.0435x + 0.7179
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Predicted Soluble Lead (WET) Results

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0435
C = Constant value 0.7179

2

X Y
90 % UCL 124.68 6.14
95 % UCL 132.82 6.50

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total 
lead concentration. Following are expected solubility values:

Equation of a regression line is                   
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Summary of Lead Analytical Results

UCL Calculation_US101_NB_0.5_WET DI Depths.xlsm-Lead 1/2 3/21/2012

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-NB-SB01-0.5

2 US101-NB-SB02-0.5

3 US101-NB-SB03-0.5

4 US101-NB-SB04-0.5

5 US101-NB-SB05-0.5

6 US101-NB-SB06-0.5

7 US101-NB-SB07-0.5

8 US101-NB-SB08-0.5

9 US101-NB-SB09-0.5

10 US101-NB-SB10-0.5

11 US101-NB-SB11-0.5

12 US101-NB-SB12-0.5

13 US101-NB-SB13-0.5

14 US101-NB-SB14-0.5

15 US101-NB-SB15-0.5

16 US101-NB-SB16-0.5

17 US101-NB-SB17-0.5

18 US101-NB-SB18-0.5

19 US101-NB-SB19-0.5

20 US101-NB-SB20-0.5

21 US101-NB-SB21-0.5 0.124

22 US101-NB-SB22-0.5

23 US101-NB-SB23-0.5

24 US101-NB-SB24-0.5 0.1

25 US101-NB-SB25-0.5 0.1

26 US101-NB-SB26-0.5

27 US101-NB-SB27-0.5

28 US101-NB-SB28-0.5 0.1

29 US101-NB-SB29-0.5

30 US101-NB-SB30-0.5

31 US101-NB-SB31-0.5

32 US101-NB-SB32-0.5

33 US101-NB-SB33-0.5 0.12

34 US101-NB-SB34-0.5

35 US101-NB-SB35-0.5

36 US101-NB-SB36-0.5

37 US101-NB-SB37-0.5 0.27

38 US101-NB-SB38-0.5

39 US101-NB-SB39-0.5

40 US-101-NB-SB40-0.5

41 US-101-NB-SB41-0.5 0.12

42 US-101-NB-SB42-0.5

43 US-101-NB-SB43-0.5

CommentsSample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration



Summary of Lead Analytical Results

UCL Calculation_US101_NB_0.5_WET DI Depths.xlsm-Lead 2/2 3/21/2012

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

44 US-101-NB-SB44-0.5

45 US-101-NB-SB45-0.5 0.1

46 US-101-NB-SB46-0.5

47 US-101-NB-SB47-0.5

48 US-101-NB-SB48-0.5

49 US101-NB-SB49-0.5 3.96

50 US-101-NB-SB50-0.5 0.1

51 US-101-NB-SB51-0.5

52 US-101-NB-SB52-0.5 0.1

53 US-101-NB-SB53-0.5

54 US-101-NB-SB54-0.5 0.177

55 US-101-NB-SB55-0.5

56 US-101-NB-SB56-0.5 0.1

57 US-101-NB-SB57-0.5

58 US101-NB-SB61-0.5

59 US101-NB-SB63-0.5

60 US101-NB-SB65-0.5

61 US-101-NB-SB72-0.5 0.1

62 US-101-NB-SB75-0.5

63 US-101-NB-SB77-0.5 0.1

64

1000

5

5

5

Notes:
1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

California State (TTLC) (mg/kg)

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)



Calculated 90 and 95 Percent UCL Results

UCL Calculation_US101_NB_0.5_WET DI Depths.xlsm-UCL Total Lead1/3 3/21/2012

Normalize by 

3.96

1 US101-NB-SB01-0.5

2 US101-NB-SB02-0.5

3 US101-NB-SB03-0.5

4 US101-NB-SB04-0.5

5 US101-NB-SB05-0.5

6 US101-NB-SB06-0.5

7 US101-NB-SB07-0.5

8 US101-NB-SB08-0.5

9 US101-NB-SB09-0.5

10 US101-NB-SB10-0.5

11 US101-NB-SB11-0.5

12 US101-NB-SB12-0.5

13 US101-NB-SB13-0.5

14 US101-NB-SB14-0.5

15 US101-NB-SB15-0.5

16 US101-NB-SB16-0.5

17 US101-NB-SB17-0.5

18 US101-NB-SB18-0.5

19 US101-NB-SB19-0.5

20 US101-NB-SB20-0.5

21 US101-NB-SB21-0.5 0.124 0.031 0.031

22 US101-NB-SB22-0.5

23 US101-NB-SB23-0.5

24 US101-NB-SB24-0.5 0.1 0.025 0.025

25 US101-NB-SB25-0.5 0.1 0.025 0.025

26 US101-NB-SB26-0.5

27 US101-NB-SB27-0.5

28 US101-NB-SB28-0.5 0.1 0.025 0.025

29 US101-NB-SB29-0.5

30 US101-NB-SB30-0.5

31 US101-NB-SB31-0.5

32 US101-NB-SB32-0.5

33 US101-NB-SB33-0.5 0.12 0.030 0.030

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg



Calculated 90 and 95 Percent UCL Results

UCL Calculation_US101_NB_0.5_WET DI Depths.xlsm-UCL Total Lead2/3 3/21/2012

Normalize by 

3.96
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

34 US101-NB-SB34-0.5

35 US101-NB-SB35-0.5

36 US101-NB-SB36-0.5

37 US101-NB-SB37-0.5 0.27 0.068 0.068

38 US101-NB-SB38-0.5

39 US101-NB-SB39-0.5

40 US-101-NB-SB40-0.5

41 US-101-NB-SB41-0.5 0.12 0.030 0.030

42 US-101-NB-SB42-0.5

43 US-101-NB-SB43-0.5

44 US-101-NB-SB44-0.5

45 US-101-NB-SB45-0.5 0.1 0.025 0.025

46 US-101-NB-SB46-0.5

47 US-101-NB-SB47-0.5

48 US-101-NB-SB48-0.5

49 US101-NB-SB49-0.5 3.96 1.000 1.571

50 US-101-NB-SB50-0.5 0.1 0.025 0.025

51 US-101-NB-SB51-0.5

52 US-101-NB-SB52-0.5 0.1 0.025 0.025

53 US-101-NB-SB53-0.5

54 US-101-NB-SB54-0.5 0.177 0.045 0.045

55 US-101-NB-SB55-0.5

56 US-101-NB-SB56-0.5 0.1 0.025 0.025

57 US-101-NB-SB57-0.5

58 US101-NB-SB61-0.5

59 US101-NB-SB63-0.5

60 US101-NB-SB65-0.5

61 US-101-NB-SB72-0.5 0.1 0.025 0.025

62 US-101-NB-SB75-0.5

63 US-101-NB-SB77-0.5 0.1 0.025 0.025

Minimum 0.10

Maximum 3.96

Number of samples (n) 15



Calculated 90 and 95 Percent UCL Results

UCL Calculation_US101_NB_0.5_WET DI Depths.xlsm-UCL Total Lead3/3 3/21/2012

Normalize by 

3.96
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Variance (s2) 0.98

Mean 0.38 0.134
Notes:

1

NBD

Calculation for UCL ( 90 and 95 Percent)

0.398

0.103

14

t-value (1) for 90% and (n-1) degree of freedom 1.345

90% UCL (2) of the mean (transformed data) 0.272

90% UCL (mg/kg) (3) 1.06

t-value (1) for 95% and (n-1) degrees of freedom 1.761

95% UCL (2) of the mean (transformed data) 0.314

95% UCL (mg/kg) (3) 1.22

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

x 





Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-NB-SB01-1.5 17.1

2 US101-NB-SB01-3 24.5 1.56

3 US101-NB-SB02-1.5 30.4 0.915

4 US101-NB-SB02-3 16.4

5 US101-NB-SB03-1.5 15.7

6 US101-NB-SB03-3 56.7 1.22 0.1

7 US101-NB-SB04-1.5 13.4

8 US101-NB-SB04-3 8.8

9 US101-NB-SB05-1.5 8.03

10 US101-NB-SB05-3 6.16

11 US101-NB-SB06-1.5 14.3

12 US101-NB-SB06-3 5.53

13 US101-NB-SB07-1.5 7.89

14 US101-NB-SB07-3 13.3

15 US101-NB-SB08-1.5 76.4 2.69 0.1

16 US101-NB-SB08-3 20.7 0.349

17 US101-NB-SB09-1.5 96.8 0.828 0.1

18 US101-NB-SB09-3 10.7

19 US101-NB-SB10-1.5 12.3

20 US101-NB-SB10-3 30.1 1.1

21 US101-NB-SB11-1.5 23.9 0.652

22 US101-NB-SB11-3 20.6 0.522

23 US101-NB-SB12-1.5 10.7

24 US101-NB-SB12-3 10.9

25 US101-NB-SB13-1.5 4.51

26 US101-NB-SB13-3 5.7

27 US101-NB-SB14-1.5 57.5 3.46 0.1

28 US101-NB-SB14-3 12.6

29 US101-NB-SB14-5 39.2 4.11 0.1

30 US101-NB-SB14-6 57.3 2.87 0.1

31 US101-NB-SB15-1.5 29.8 0.971

32 US101-NB-SB15-3 82.9 0.821 0.1

33 US101-NB-SB16-1.5 1.07

34 US101-NB-SB16-3 0.5

35 US101-NB-SB16-5 5.65

36 US101-NB-SB16-6 0.5

37 US101-NB-SB17-1.5 18.2 0.465

38 US101-NB-SB17-3 23.3 1.05 0.1

39 US101-NB-SB18-1.5 44.5 0.791 0.1

40 US101-NB-SB19-1.5 84.4 3.53 0.1

41 US101-NB-SB20-1.5 4.47

42 US101-NB-SB20-3 4.1

43 US101-NB-SB20-5 4.34

CommentsSample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration

UCL Calculation_US101_NB_1.5_3_5_6 Depths.xlsm-Lead 1/14 3/21/2012



Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

44 US101-NB-SB20-6 2.88

45 US101-NB-SB21-1.5 4.53

46 US101-NB-SB21-3 6.02

47 US101-NB-SB21-5 5.46

48 US101-NB-SB21-6 10.7 0.207

49 US101-NB-SB22-1.5 4.34

50 US101-NB-SB22-3 5.03

51 US101-NB-SB22-5 4.45

52 US101-NB-SB22-6 4.11

53 US101-NB-SB23-1.5 4.59

54 US101-NB-SB23-3 4.78

55 US101-NB-SB23-5 4.84

56 US101-NB-SB23-6 5.03

57 US101-NB-SB24-1.5 9.45 0.365

58 US101-NB-SB24-3 5.94

59 US101-NB-SB24-5 6.74 0.1

60 US101-NB-SB24-6 5.66

61 US101-NB-SB25-1.5 21.8 9.12 0.1 0.1

62 US101-NB-SB25-3 7.3 0.1

63 US101-NB-SB25-5 6.2 0.1

64 US101-NB-SB25-6 5.2

65 US101-NB-SB26-1.5 9 0.1

66 US101-NB-SB26-3 5.76

67 US101-NB-SB26-5 6.07 0.1

68 US101-NB-SB26-6 5.75

69 US101-NB-SB27-1.5 15.2 0.335

70 US101-NB-SB27-3 21 0.258 0.1

71 US101-NB-SB27-5 10.9 0.1

72 US101-NB-SB27-6 5.39

73 US101-NB-SB28-1.5 5.39

74 US101-NB-SB28-3 29.9 1.18 0.1

75 US101-NB-SB29-1.5 6.61 0.1

76 US101-NB-SB29-3 4.92

77 US101-NB-SB29-5 9.54 0.125

78 US101-NB-SB29-6 4.76

79 US101-NB-SB30-1.5 76.2 3.2 0.1

80 US101-NB-SB30-3 25.6 0.357 0.1

81 US101-NB-SB30-5 16.2 0.277

82 US101-NB-SB31-1.5 0.876

83 US101-NB-SB31-3 0.959

84 US101-NB-SB31-5 0.584

85 US101-NB-SB31-6 0.963

86 US101-NB-SB32-1.5 0.936
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

87 US101-NB-SB32-3 0.94

88 US101-NB-SB32-5 0.905

89 US101-NB-SB32-6 0.91 0

90 US101-NB-SB33-1.5 5.06

91 US101-NB-SB33-3 3.58

92 US101-NB-SB33-5 2

93 US101-NB-SB33-6 2.67

94 US101-NB-SB34-1.5 3.97

95 US101-NB-SB34-3 3.96

96 US101-NB-SB34-5 0.819

97 US101-NB-SB34-6 3.87

98 US101-NB-SB35-1.5 0.5

99 US101-NB-SB35-3 24.5 1.6 0.1

100 US101-NB-SB36-1.5 6.2 0.218

101 US101-NB-SB36-3 5.33 0.154

102 US101-NB-SB37-1.5 202 7.71 0.1 0.52

103 US101-NB-SB37-3 98.7 3.51 0.1

104 US101-NB-SB38-1.5 6.1 0.1

105 US101-NB-SB38-3 0.551

106 US101-NB-SB38-5 0.5

107 US101-NB-SB38-6 0.5

108 US101-NB-SB39-1.5 0.724

109 US101-NB-SB39-3 0.671

110 US101-NB-SB39-5 2.36

111 US101-NB-SB39-6 1.84

112 US-101-NB-SB40-1.5 2.33

113 US-101-NB-SB40-3 0.5

114 US-101-NB-SB41-1.5 177 15.3 0.1 0.134

115 US-101-NB-SB41-3 216 10.4 0.1 0.732

116 US-101-NB-SB42-1.5 1.07

117 US-101-NB-SB42-3 0.5

118 US-101-NB-SB43-1.5 1.73

119 US-101-NB-SB43-3 1.73

120 US-101-NB-SB44-1.5 2.37

121 US-101-NB-SB44-3 5.9

122 US-101-NB-SB45-1.5 1.18

123 US-101-NB-SB45-3 3.75

124 US-101-NB-SB46-1.5 36.9 0.613 0.1

125 US-101-NB-SB46-3 43 1.19

126 US-101-NB-SB47-1.5 1.78

127 US-101-NB-SB47-3 1.5

128 US-101-NB-SB48-1.5 1.76

129 US-101-NB-SB48-3 1.34
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

130 US101-NB-SB49-1.5 31.6 2.16 0.112

131 US101-NB-SB49-3.0 11.9 0.631

132 US-101-NB-SB50-1.5 193 1.45 0.149

133 US-101-NB-SB50-3 248 14.3 0.1 0.253

134 US-101-NB-SB50-5 0.5

135 US-101-NB-SB50-6 0.654

136 US-101-NB-SB51-1.5 228 13.2 0.276 0.171

137 US-101-NB-SB51-3 3.17

138 US-101-NB-SB51-5 2.33

139 US-101-NB-SB51-6 0.837

140 US-101-NB-SB52-1.5 8.76 0.193

141 US-101-NB-SB52-3 6.76

142 US-101-NB-SB53-1.5 273 20.2 0.181 0.196

143 US-101-NB-SB53-3 221 19.5 0.1237 0.78

144 US-101-NB-SB54-1.5 31 0.714

145 US-101-NB-SB54-3 6.48

146 US-101-NB-SB55-1.5 3.06

147 US-101-NB-SB55-3 2.76

148 US-101-NB-SB56-1.5 24.8 0.368

149 US-101-NB-SB56-3 4.01

150 US-101-NB-SB57-1.5 4.88

151 US-101-NB-SB57-3 1.45

152 US101-NB-SB62-1.5 68.1 1.64 0.1

153 US101-NB-SB64-1.5 3.6

154 US101-NB-SB66-3 4.67

155 US101-NB-SB67-5 9.68 0.1

156 US101-NB-SB68-6 5.77

157 US101-NB-SB69-5 5.65

158 US101-NB-SB70-6 4.76

159 US101-NB-SB71-3 11.6 0.309

160 US-101-NB-SB73-1.5 0.5

161 US-101-NB-SB74-3 2.49

162 US-101-NB-SB76-1.5 1.73

163 US101-NB-SB78-3 3.75

164 US101-NB-SB79-5 0.5

165 US101-NB-SB80-5 0.707
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

1000

5

5

5

Notes:

1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

California State (TTLC) (mg/kg)

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)

UCL Calculation_US101_NB_1.5_3_5_6 Depths.xlsm-Lead 5/14 3/21/2012



Calculated 90 and 95 Percent UCL Results

Normalize by 

273

1 US101-NB-SB01-1.5 17.1 0.063 0.063

2 US101-NB-SB01-3 24.5 0.090 0.090

3 US101-NB-SB02-1.5 30.4 0.111 0.112

4 US101-NB-SB02-3 16.4 0.060 0.060

5 US101-NB-SB03-1.5 15.7 0.058 0.058

6 US101-NB-SB03-3 56.7 0.208 0.209

7 US101-NB-SB04-1.5 13.4 0.049 0.049

8 US101-NB-SB04-3 8.8 0.032 0.032

9 US101-NB-SB05-1.5 8.03 0.029 0.029

10 US101-NB-SB05-3 6.16 0.023 0.023

11 US101-NB-SB06-1.5 14.3 0.052 0.052

12 US101-NB-SB06-3 5.53 0.020 0.020

13 US101-NB-SB07-1.5 7.89 0.029 0.029

14 US101-NB-SB07-3 13.3 0.049 0.049

15 US101-NB-SB08-1.5 76.4 0.280 0.284

16 US101-NB-SB08-3 20.7 0.076 0.076

17 US101-NB-SB09-1.5 96.8 0.355 0.362

18 US101-NB-SB09-3 10.7 0.039 0.039

19 US101-NB-SB10-1.5 12.3 0.045 0.045

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

20 US101-NB-SB10-3 30.1 0.110 0.110

21 US101-NB-SB11-1.5 23.9 0.088 0.088

22 US101-NB-SB11-3 20.6 0.075 0.076

23 US101-NB-SB12-1.5 10.7 0.039 0.039

24 US101-NB-SB12-3 10.9 0.040 0.040

25 US101-NB-SB13-1.5 4.51 0.017 0.017

26 US101-NB-SB13-3 5.7 0.021 0.021

27 US101-NB-SB14-1.5 57.5 0.211 0.212

28 US101-NB-SB14-3 12.6 0.046 0.046

29 US101-NB-SB14-5 39.2 0.144 0.144

30 US101-NB-SB14-6 57.3 0.210 0.211

31 US101-NB-SB15-1.5 29.8 0.109 0.109

32 US101-NB-SB15-3 82.9 0.304 0.309

33 US101-NB-SB16-1.5 1.07 0.004 0.004
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Calculated 90 and 95 Percent UCL Results

Normalize by 

273
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

34 US101-NB-SB16-3 0.5 0.002 0.002

35 US101-NB-SB16-5 5.65 0.021 0.021

36 US101-NB-SB16-6 0.5 0.002 0.002

37 US101-NB-SB17-1.5 18.2 0.067 0.067

38 US101-NB-SB17-3 23.3 0.085 0.085

39 US101-NB-SB18-1.5 44.5 0.163 0.164

40 US101-NB-SB19-1.5 84.4 0.309 0.314

41 US101-NB-SB20-1.5 4.47 0.016 0.016

42 US101-NB-SB20-3 4.1 0.015 0.015

43 US101-NB-SB20-5 4.34 0.016 0.016

44 US101-NB-SB20-6 2.88 0.011 0.011

45 US101-NB-SB21-1.5 4.53 0.017 0.017

46 US101-NB-SB21-3 6.02 0.022 0.022

47 US101-NB-SB21-5 5.46 0.020 0.020

48 US101-NB-SB21-6 10.7 0.039 0.039

49 US101-NB-SB22-1.5 4.34 0.016 0.016

50 US101-NB-SB22-3 5.03 0.018 0.018

51 US101-NB-SB22-5 4.45 0.016 0.016

52 US101-NB-SB22-6 4.11 0.015 0.015

53 US101-NB-SB23-1.5 4.59 0.017 0.017

54 US101-NB-SB23-3 4.78 0.018 0.018

55 US101-NB-SB23-5 4.84 0.018 0.018

56 US101-NB-SB23-6 5.03 0.018 0.018

57 US101-NB-SB24-1.5 9.45 0.035 0.035

58 US101-NB-SB24-3 5.94 0.022 0.022

59 US101-NB-SB24-5 6.74 0.025 0.025

60 US101-NB-SB24-6 5.66 0.021 0.021

61 US101-NB-SB25-1.5 21.8 0.080 0.080

62 US101-NB-SB25-3 7.3 0.027 0.027

63 US101-NB-SB25-5 6.2 0.023 0.023

64 US101-NB-SB25-6 5.2 0.019 0.019

65 US101-NB-SB26-1.5 9 0.033 0.033

66 US101-NB-SB26-3 5.76 0.021 0.021
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Calculated 90 and 95 Percent UCL Results

Normalize by 

273
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

67 US101-NB-SB26-5 6.07 0.022 0.022

68 US101-NB-SB26-6 5.75 0.021 0.021

69 US101-NB-SB27-1.5 15.2 0.056 0.056

70 US101-NB-SB27-3 21 0.077 0.077

71 US101-NB-SB27-5 10.9 0.040 0.040

72 US101-NB-SB27-6 5.39 0.020 0.020

73 US101-NB-SB28-1.5 5.39 0.020 0.020

74 US101-NB-SB28-3 29.9 0.110 0.110

75 US101-NB-SB29-1.5 6.61 0.024 0.024

76 US101-NB-SB29-3 4.92 0.018 0.018

77 US101-NB-SB29-5 9.54 0.035 0.035

78 US101-NB-SB29-6 4.76 0.017 0.017

79 US101-NB-SB30-1.5 76.2 0.279 0.283

80 US101-NB-SB30-3 25.6 0.094 0.094

81 US101-NB-SB30-5 16.2 0.059 0.059

82 US101-NB-SB31-1.5 0.876 0.003 0.003

83 US101-NB-SB31-3 0.959 0.004 0.004

84 US101-NB-SB31-5 0.584 0.002 0.002

85 US101-NB-SB31-6 0.963 0.004 0.004

86 US101-NB-SB32-1.5 0.936 0.003 0.003

87 US101-NB-SB32-3 0.94 0.003 0.003

88 US101-NB-SB32-5 0.905 0.003 0.003

89 US101-NB-SB32-6 0.91 0.003 0.003

90 US101-NB-SB33-1.5 5.06 0.019 0.019

91 US101-NB-SB33-3 3.58 0.013 0.013

92 US101-NB-SB33-5 2 0.007 0.007

93 US101-NB-SB33-6 2.67 0.010 0.010

94 US101-NB-SB34-1.5 3.97 0.015 0.015

95 US101-NB-SB34-3 3.96 0.015 0.015

96 US101-NB-SB34-5 0.819 0.003 0.003

97 US101-NB-SB34-6 3.87 0.014 0.014

98 US101-NB-SB35-1.5 0.5 0.002 0.002

99 US101-NB-SB35-3 24.5 0.090 0.090
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Calculated 90 and 95 Percent UCL Results

Normalize by 

273
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

100 US101-NB-SB36-1.5 6.2 0.023 0.023

101 US101-NB-SB36-3 5.33 0.020 0.020

102 US101-NB-SB37-1.5 202 0.740 0.833

103 US101-NB-SB37-3 98.7 0.362 0.370

104 US101-NB-SB38-1.5 6.1 0.022 0.022

105 US101-NB-SB38-3 0.551 0.002 0.002

106 US101-NB-SB38-5 0.5 0.002 0.002

107 US101-NB-SB38-6 0.5 0.002 0.002

108 US101-NB-SB39-1.5 0.724 0.003 0.003

109 US101-NB-SB39-3 0.671 0.002 0.002

110 US101-NB-SB39-5 2.36 0.009 0.009

111 US101-NB-SB39-6 1.84 0.007 0.007

112 US-101-NB-SB40-1.5 2.33 0.009 0.009

113 US-101-NB-SB40-3 0.5 0.002 0.002

114 US-101-NB-SB41-1.5 177 0.648 0.705

115 US-101-NB-SB41-3 216 0.791 0.913

116 US-101-NB-SB42-1.5 1.07 0.004 0.004

117 US-101-NB-SB42-3 0.5 0.002 0.002

118 US-101-NB-SB43-1.5 1.73 0.006 0.006

119 US-101-NB-SB43-3 1.73 0.006 0.006

120 US-101-NB-SB44-1.5 2.37 0.009 0.009

121 US-101-NB-SB44-3 5.9 0.022 0.022

122 US-101-NB-SB45-1.5 1.18 0.004 0.004

123 US-101-NB-SB45-3 3.75 0.014 0.014

124 US-101-NB-SB46-1.5 36.9 0.135 0.136

125 US-101-NB-SB46-3 43 0.158 0.158

126 US-101-NB-SB47-1.5 1.78 0.007 0.007

127 US-101-NB-SB47-3 1.5 0.005 0.005

128 US-101-NB-SB48-1.5 1.76 0.006 0.006

129 US-101-NB-SB48-3 1.34 0.005 0.005

130 US101-NB-SB49-1.5 31.6 0.116 0.116

131 US101-NB-SB49-3.0 11.9 0.044 0.044

132 US-101-NB-SB50-1.5 193 0.707 0.785
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Calculated 90 and 95 Percent UCL Results

Normalize by 

273
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

133 US-101-NB-SB50-3 248 0.908 1.140

134 US-101-NB-SB50-5 0.5 0.002 0.002

135 US-101-NB-SB50-6 0.654 0.002 0.002

136 US-101-NB-SB51-1.5 228 0.835 0.988

137 US-101-NB-SB51-3 3.17 0.012 0.012

138 US-101-NB-SB51-5 2.33 0.009 0.009

139 US-101-NB-SB51-6 0.837 0.003 0.003

140 US-101-NB-SB52-1.5 8.76 0.032 0.032

141 US-101-NB-SB52-3 6.76 0.025 0.025

142 US-101-NB-SB53-1.5 273 1.000 1.571

143 US-101-NB-SB53-3 221 0.810 0.943

144 US-101-NB-SB54-1.5 31 0.114 0.114

145 US-101-NB-SB54-3 6.48 0.024 0.024

146 US-101-NB-SB55-1.5 3.06 0.011 0.011

147 US-101-NB-SB55-3 2.76 0.010 0.010

148 US-101-NB-SB56-1.5 24.8 0.091 0.091

149 US-101-NB-SB56-3 4.01 0.015 0.015

150 US-101-NB-SB57-1.5 4.88 0.018 0.018

151 US-101-NB-SB57-3 1.45 0.005 0.005

152 US101-NB-SB62-1.5 68.1 0.249 0.252

153 US101-NB-SB64-1.5 3.6 0.013 0.013

154 US101-NB-SB66-3 4.67 0.017 0.017

155 US101-NB-SB67-5 9.68 0.035 0.035

156 US101-NB-SB68-6 5.77 0.021 0.021

157 US101-NB-SB69-5 5.65 0.021 0.021

158 US101-NB-SB70-6 4.76 0.017 0.017

159 US101-NB-SB71-3 11.6 0.042 0.043

160 US-101-NB-SB73-1.5 0.5 0.002 0.002

161 US-101-NB-SB74-3 2.49 0.009 0.009

162 US-101-NB-SB76-1.5 1.73 0.006 0.006

163 US101-NB-SB78-3 3.75 0.014 0.014

164 US101-NB-SB79-5 0.5 0.002 0.002

165 US101-NB-SB80-5 0.707 0.003 0.003
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Calculated 90 and 95 Percent UCL Results

Normalize by 

273
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Minimum 0.50

Maximum 273

Number of samples (n) 165

Variance (s2) 2,381.21

Mean 22.67 0.092
Notes:

1

NBD

Calculation for UCL ( 90 and 95 Percent)

0.221

0.017

164

t-value (1) for 90% and (n-1) degree of freedom 1.287

90% UCL (2) of the mean (transformed data) 0.114

90% UCL (mg/kg) (3) 31.10

(1)

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

x

t-value (1) for 95% and (n-1) degrees of freedom 1.654

95% UCL (2) of the mean (transformed data) 0.120

95% UCL (mg/kg) (3) 32.82

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed
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Predicted Soluble Lead (WET) Results

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-NB-SB01-3 24.5 1.56

2 US101-NB-SB02-1.5 30.4 0.915

3 US101-NB-SB03-3 56.7 1.22

4 US101-NB-SB08-1.5 76.4 2.69

5 US101-NB-SB08-3 20.7 0.349

6 US101-NB-SB09-1.5 96.8 0.828

7 US101-NB-SB10-3 30.1 1.1

8 US101-NB-SB11-1.5 23.9 0.652

9 US101-NB-SB11-3 20.6 0.522

10 US101-NB-SB14-1.5 57.5 3.46

11 US101-NB-SB14-5 39.2 4.11

12 US101-NB-SB14-6 57.3 2.87

13 US101-NB-SB15-1.5 29.8 0.971

14 US101-NB-SB15-3 82.9 0.821

15 US101-NB-SB17-1.5 18.2 0.465

16 US101-NB-SB17-3 23.3 1.05

17 US101-NB-SB18-1.5 44.5 0.791

18 US101-NB-SB19-1.5 84.4 3.53

19 US101-NB-SB21-6 10.7 0.207

20 US101-NB-SB24-1.5 9.45 0.365

Sample ID

21 US101-NB-SB24-5 6.74 0.1

22 US101-NB-SB25-1.5 21.8 9.12

23 US101-NB-SB25-3 7.3 0.1

24 US101-NB-SB25-5 6.2 0.1

25 US101-NB-SB26-1.5 9 0.1

26 US101-NB-SB26-5 6.07 0.1

27 US101-NB-SB27-1.5 15.2 0.335

28 US101-NB-SB27-3 21 0.258

29 US101-NB-SB27-5 10.9 0.1

30 US101-NB-SB28-3 29.9 1.18

31 US101-NB-SB29-1.5 6.61 0.1

32 US101-NB-SB29-5 9.54 0.125

33 US101-NB-SB30-1.5 76.2 3.2

34 US101-NB-SB30-3 25.6 0.357

35 US101-NB-SB30-5 16.2 0.277

36 US101-NB-SB32-6 0.91 0

37 US101-NB-SB35-3 24.5 1.6

38 US101-NB-SB36-1.5 6.2 0.218
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Predicted Soluble Lead (WET) Results

39 US101-NB-SB36-3 5.33 0.154

40 US101-NB-SB37-1.5 202 7.71

41 US101-NB-SB37-3 98.7 3.51

42 US101-NB-SB38-1.5 6.1 0.1

43 US-101-NB-SB41-1.5 177 15.3

44 US-101-NB-SB41-3 216 10.4

45 US-101-NB-SB46-1.5 36.9 0.613

46 US-101-NB-SB46-3 43 1.19

47 US101-NB-SB49-1.5 31.6 2.16

48 US101-NB-SB49-3.0 11.9 0.631

49 US-101-NB-SB50-1.5 193 1.45

50 US-101-NB-SB50-3 248 14.3

51 US-101-NB-SB51-1.5 228 13.2

52 US-101-NB-SB52-1.5 8.76 0.193

53 US-101-NB-SB53-1.5 273 20.2

54 US-101-NB-SB53-3 221 19.5

55 US-101-NB-SB54-1.5 31 0.714

56 US-101-NB-SB56-1.5 24.8 0.368

57 US101-NB-SB62-1.5 68.1 1.64

58 US101-NB-SB67-5 9.68 0.1

59 US101-NB-SB71-3 11.6 0.309
1 0.91 0.00
2 273 00 20 20

Minimum
Maximum2 273.00 20.20

3 55.64 2.70
4 70.61 4.78
5 4985.97 22.89
6 Correlation Coefficient 0.87

Maximum
Mean

Variance (s2)
Total lead to soluble lead

Standard Deviation (s)
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Predicted Soluble Lead (WET) Results

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0587
C = Constant value -0.5599

2 This regression line is used to approximate the expected solubility concentration from total 
lead concentration. Following are expected solubility values:

Equation of a regression line is                   

y = 0.0587x - 0.5599
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Total Lead, mg/kg

Correlation of Total Lead to Soluble Lead

X Y
90 % UCL 31.10 1.27
95 % UCL 32.82 1.37

3 The slope of the line is not the coefficient of correlation when raw data is used.

g p y
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-NB-SB01-0.5 69.6 2.09 0.1

2 US101-NB-SB01-1.5 17.1

3 US101-NB-SB01-3 24.5 1.56

4 US101-NB-SB02-0.5 54.2 1.28 0.1

5 US101-NB-SB02-1.5 30.4 0.915

6 US101-NB-SB02-3 16.4

7 US101-NB-SB03-0.5 67.3 2.05 0.1

8 US101-NB-SB03-1.5 15.7

9 US101-NB-SB03-3 56.7 1.22 0.1

10 US101-NB-SB04-0.5 25.8 0.442

11 US101-NB-SB04-1.5 13.4

12 US101-NB-SB04-3 8.8

13 US101-NB-SB05-0.5 31.2 1.31

14 US101-NB-SB05-1.5 8.03

15 US101-NB-SB05-3 6.16

16 US101-NB-SB06-0.5 17.7

17 US101-NB-SB06-1.5 14.3

18 US101-NB-SB06-3 5.53

19 US101-NB-SB07-0.5 49.6 0.757 0.1

20 US101-NB-SB07-1.5 7.89

21 US101-NB-SB07-3 13.3

22 US101-NB-SB08-0.5 70.9 2.37 0.1

23 US101-NB-SB08-1.5 76.4 2.69 0.1

24 US101-NB-SB08-3 20.7 0.349

25 US101-NB-SB09-0.5 104 4.18 0.1

26 US101-NB-SB09-1.5 96.8 0.828 0.1

27 US101-NB-SB09-3 10.7

28 US101-NB-SB10-0.5 20.1

29 US101-NB-SB10-1.5 12.3

30 US101-NB-SB10-3 30.1 1.1

31 US101-NB-SB11-0.5 45.2 0.52 0.1

32 US101-NB-SB11-1.5 23.9 0.652

33 US101-NB-SB11-3 20.6 0.522

34 US101-NB-SB12-0.5 15.8

35 US101-NB-SB12-1.5 10.7

36 US101-NB-SB12-3 10.9

37 US101-NB-SB13-0.5 32.6 0.797

38 US101-NB-SB13-1.5 4.51

39 US101-NB-SB13-3 5.7

40 US101-NB-SB14-0.5 85.4 4.93 0.1

41 US101-NB-SB14-1.5 57.5 3.46 0.1

42 US101-NB-SB14-3 12.6

43 US101-NB-SB14-5 39.2 4.11 0.1

CommentsSample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

44 US101-NB-SB14-6 57.3 2.87 0.1

45 US101-NB-SB15-0.5 56.2 1.3 0.1

46 US101-NB-SB15-1.5 29.8 0.971

47 US101-NB-SB15-3 82.9 0.821 0.1

48 US101-NB-SB16-0.5 20.2

49 US101-NB-SB16-1.5 1.07

50 US101-NB-SB16-3 0.5

51 US101-NB-SB16-5 5.65

52 US101-NB-SB16-6 0.5

53 US101-NB-SB17-0.5 37.2 1.12 0.1

54 US101-NB-SB17-1.5 18.2 0.465

55 US101-NB-SB17-3 23.3 1.05 0.1

56 US101-NB-SB18-0.5 143 3.99 0.1

57 US101-NB-SB18-1.5 44.5 0.791 0.1

58 US101-NB-SB19-0.5 101 3.48 0.1

59 US101-NB-SB19-1.5 84.4 3.53 0.1

60 US101-NB-SB20-0.5 45.5 1.7 0.1

61 US101-NB-SB20-1.5 4.47

62 US101-NB-SB20-3 4.1

63 US101-NB-SB20-5 4.34

64 US101-NB-SB20-6 2.88

65 US101-NB-SB21-0.5 469 36.8 0.124 1.34

66 US101-NB-SB21-1.5 4.53

67 US101-NB-SB21-3 6.02

68 US101-NB-SB21-5 5.46

69 US101-NB-SB21-6 10.7 0.207

70 US101-NB-SB22-0.5 28.1 2.4 0.1

71 US101-NB-SB22-1.5 4.34

72 US101-NB-SB22-3 5.03

73 US101-NB-SB22-5 4.45

74 US101-NB-SB22-6 4.11

75 US101-NB-SB23-0.5 19.9 0.151 0.1

76 US101-NB-SB23-1.5 4.59

77 US101-NB-SB23-3 4.78

78 US101-NB-SB23-5 4.84

79 US101-NB-SB23-6 5.03

80 US101-NB-SB24-0.5 136 6.93 0.1 0.29

81 US101-NB-SB24-1.5 9.45 0.365

82 US101-NB-SB24-3 5.94

83 US101-NB-SB24-5 6.74 0.1

84 US101-NB-SB24-6 5.66

85 US101-NB-SB25-0.5 140 5.23 0.1 0.116

86 US101-NB-SB25-1.5 21.8 9.12 0.1 0.1
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

87 US101-NB-SB25-3 7.3 0.1

88 US101-NB-SB25-5 6.2 0.1

89 US101-NB-SB25-6 5.2

90 US101-NB-SB26-0.5 18 0.1 0.1

91 US101-NB-SB26-1.5 9 0.1

92 US101-NB-SB26-3 5.76

93 US101-NB-SB26-5 6.07 0.1

94 US101-NB-SB26-6 5.75

95 US101-NB-SB27-0.5 82.1 0.689 0.1

96 US101-NB-SB27-1.5 15.2 0.335

97 US101-NB-SB27-3 21 0.258 0.1

98 US101-NB-SB27-5 10.9 0.1

99 US101-NB-SB27-6 5.39

100 US101-NB-SB28-0.5 174 13.5 0.1 0.38

101 US101-NB-SB28-1.5 5.39

102 US101-NB-SB28-3 29.9 1.18 0.1

103 US101-NB-SB29-0.5 15.1 0.87

104 US101-NB-SB29-1.5 6.61 0.1

105 US101-NB-SB29-3 4.92

106 US101-NB-SB29-5 9.54 0.125

107 US101-NB-SB29-6 4.76

108 US101-NB-SB30-0.5 68.6 3.41 0.1

109 US101-NB-SB30-1.5 76.2 3.2 0.1

110 US101-NB-SB30-3 25.6 0.357 0.1

111 US101-NB-SB30-5 16.2 0.277

112 US101-NB-SB31-0.5 1.19

113 US101-NB-SB31-1.5 0.876

114 US101-NB-SB31-3 0.959

115 US101-NB-SB31-5 0.584

116 US101-NB-SB31-6 0.963

117 US101-NB-SB32-0.5 1.15

118 US101-NB-SB32-1.5 0.936

119 US101-NB-SB32-3 0.94

120 US101-NB-SB32-5 0.905

121 US101-NB-SB32-6 0.91 0

122 US101-NB-SB33-0.5 61.7 18.2 0.12 0.1

123 US101-NB-SB33-1.5 5.06

124 US101-NB-SB33-3 3.58

125 US101-NB-SB33-5 2

126 US101-NB-SB33-6 2.67

127 US101-NB-SB34-0.5 11.9 0.493 0.1

128 US101-NB-SB34-1.5 3.97

129 US101-NB-SB34-3 3.96
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

130 US101-NB-SB34-5 0.819

131 US101-NB-SB34-6 3.87

132 US101-NB-SB35-0.5 59.5 3.56 0.1

133 US101-NB-SB35-1.5 0.5

134 US101-NB-SB35-3 24.5 1.6 0.1

135 US101-NB-SB36-0.5 71.8 4.76 0.176

136 US101-NB-SB36-1.5 6.2 0.218

137 US101-NB-SB36-3 5.33 0.154

138 US101-NB-SB37-0.5 504 40.4 0.27 2.39

139 US101-NB-SB37-1.5 202 7.71 0.1 0.52

140 US101-NB-SB37-3 98.7 3.51 0.1

141 US101-NB-SB38-0.5 18.4 0.186 0.1

142 US101-NB-SB38-1.5 6.1 0.1

143 US101-NB-SB38-3 0.551

144 US101-NB-SB38-5 0.5

145 US101-NB-SB38-6 0.5

146 US101-NB-SB39-0.5 4.96 0.1

147 US101-NB-SB39-1.5 0.724

148 US101-NB-SB39-3 0.671

149 US101-NB-SB39-5 2.36

150 US101-NB-SB39-6 1.84

151 US-101-NB-SB40-0.5 8.94 0.632

152 US-101-NB-SB40-1.5 2.33

153 US-101-NB-SB40-3 0.5

154 US-101-NB-SB41-0.5 193 18.6 0.12 0.642

155 US-101-NB-SB41-1.5 177 15.3 0.1 0.134

156 US-101-NB-SB41-3 216 10.4 0.1 0.732

157 US-101-NB-SB42-0.5 24.5 0.243

158 US-101-NB-SB42-1.5 1.07

159 US-101-NB-SB42-3 0.5

160 US-101-NB-SB43-0.5 1.22

161 US-101-NB-SB43-1.5 1.73

162 US-101-NB-SB43-3 1.73

163 US-101-NB-SB44-0.5 99.5 2.39 0.1

164 US-101-NB-SB44-1.5 2.37

165 US-101-NB-SB44-3 5.9

166 US-101-NB-SB45-0.5 56 5.39 0.1 0.1

167 US-101-NB-SB45-1.5 1.18

168 US-101-NB-SB45-3 3.75

169 US-101-NB-SB46-0.5 49.1 3.26 0.1

170 US-101-NB-SB46-1.5 36.9 0.613 0.1

171 US-101-NB-SB46-3 43 1.19

172 US-101-NB-SB47-0.5 16.3 0.492
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

173 US-101-NB-SB47-1.5 1.78

174 US-101-NB-SB47-3 1.5

175 US-101-NB-SB48-0.5 26.9 0.797

176 US-101-NB-SB48-1.5 1.76

177 US-101-NB-SB48-3 1.34

178 US101-NB-SB49-0.5 103 5.52 3.96 0.1

179 US101-NB-SB49-1.5 31.6 2.16 0.112

180 US101-NB-SB49-3.0 11.9 0.631

181 US-101-NB-SB50-0.5 134 7.75 0.1 0.124

182 US-101-NB-SB50-1.5 193 1.45 0.149

183 US-101-NB-SB50-3 248 14.3 0.1 0.253

184 US-101-NB-SB50-5 0.5

185 US-101-NB-SB50-6 0.654

186 US-101-NB-SB51-0.5 24.4 1.67

187 US-101-NB-SB51-1.5 228 13.2 0.276 0.171

188 US-101-NB-SB51-3 3.17

189 US-101-NB-SB51-5 2.33

190 US-101-NB-SB51-6 0.837

191 US-101-NB-SB52-0.5 176 8.38 0.1 0.1

192 US-101-NB-SB52-1.5 8.76 0.193

193 US-101-NB-SB52-3 6.76

194 US-101-NB-SB53-0.5 90.1 1.34 0.1

195 US-101-NB-SB53-1.5 273 20.2 0.181 0.196

196 US-101-NB-SB53-3 221 19.5 0.1237 0.78

197 US-101-NB-SB54-0.5 780 10.8 0.177 0.578

198 US-101-NB-SB54-1.5 31 0.714

199 US-101-NB-SB54-3 6.48

200 US-101-NB-SB55-0.5 13.3 0.556

201 US-101-NB-SB55-1.5 3.06

202 US-101-NB-SB55-3 2.76

203 US-101-NB-SB56-0.5 203 5.8 0.1 0.1

204 US-101-NB-SB56-1.5 24.8 0.368

205 US-101-NB-SB56-3 4.01

206 US-101-NB-SB57-0.5 12 0.424

207 US-101-NB-SB57-1.5 4.88

208 US-101-NB-SB57-3 1.45

209 US101-NB-SB61-0.5 104 2.17 0.1

210 US101-NB-SB62-1.5 68.1 1.64 0.1

211 US101-NB-SB63-0.5 34.9 1.36 0.1

212 US101-NB-SB64-1.5 3.6

213 US101-NB-SB65-0.5 5.35

214 US101-NB-SB66-3 4.67

215 US101-NB-SB67-5 9.68 0.1
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

216 US101-NB-SB68-6 5.77

217 US101-NB-SB69-5 5.65

218 US101-NB-SB70-6 4.76

219 US101-NB-SB71-3 11.6 0.309

220 US-101-NB-SB72-0.5 211 19.2 0.1 0.54

221 US-101-NB-SB73-1.5 0.5

222 US-101-NB-SB74-3 2.49

223 US-101-NB-SB75-0.5 44.9 0.874

224 US-101-NB-SB76-1.5 1.73

225 US-101-NB-SB77-0.5 161 9.73 0.1 0.164

226 US101-NB-SB78-3 3.75

227 US101-NB-SB79-5 0.5

228 US101-NB-SB80-5 0.707

1000

5

5

5

Notes:

1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

California State (TTLC) (mg/kg)

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780

1 US101-NB-SB01-0.5 69.6 0.089 0.089

2 US101-NB-SB01-1.5 17.1 0.022 0.022

3 US101-NB-SB01-3 24.5 0.031 0.031

4 US101-NB-SB02-0.5 54.2 0.069 0.070

5 US101-NB-SB02-1.5 30.4 0.039 0.039

6 US101-NB-SB02-3 16.4 0.021 0.021

7 US101-NB-SB03-0.5 67.3 0.086 0.086

8 US101-NB-SB03-1.5 15.7 0.020 0.020

9 US101-NB-SB03-3 56.7 0.073 0.073

10 US101-NB-SB04-0.5 25.8 0.033 0.033

11 US101-NB-SB04-1.5 13.4 0.017 0.017

12 US101-NB-SB04-3 8.8 0.011 0.011

13 US101-NB-SB05-0.5 31.2 0.040 0.040

14 US101-NB-SB05-1.5 8.03 0.010 0.010

15 US101-NB-SB05-3 6.16 0.008 0.008

16 US101-NB-SB06-0.5 17.7 0.023 0.023

17 US101-NB-SB06-1.5 14.3 0.018 0.018

18 US101-NB-SB06-3 5.53 0.007 0.007

19 US101-NB-SB07-0.5 49.6 0.064 0.064

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

20 US101-NB-SB07-1.5 7.89 0.010 0.010

21 US101-NB-SB07-3 13.3 0.017 0.017

22 US101-NB-SB08-0.5 70.9 0.091 0.091

23 US101-NB-SB08-1.5 76.4 0.098 0.098

24 US101-NB-SB08-3 20.7 0.027 0.027

25 US101-NB-SB09-0.5 104 0.133 0.134

26 US101-NB-SB09-1.5 96.8 0.124 0.124

27 US101-NB-SB09-3 10.7 0.014 0.014

28 US101-NB-SB10-0.5 20.1 0.026 0.026

29 US101-NB-SB10-1.5 12.3 0.016 0.016

30 US101-NB-SB10-3 30.1 0.039 0.039

31 US101-NB-SB11-0.5 45.2 0.058 0.058

32 US101-NB-SB11-1.5 23.9 0.031 0.031

33 US101-NB-SB11-3 20.6 0.026 0.026
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

34 US101-NB-SB12-0.5 15.8 0.020 0.020

35 US101-NB-SB12-1.5 10.7 0.014 0.014

36 US101-NB-SB12-3 10.9 0.014 0.014

37 US101-NB-SB13-0.5 32.6 0.042 0.042

38 US101-NB-SB13-1.5 4.51 0.006 0.006

39 US101-NB-SB13-3 5.7 0.007 0.007

40 US101-NB-SB14-0.5 85.4 0.109 0.110

41 US101-NB-SB14-1.5 57.5 0.074 0.074

42 US101-NB-SB14-3 12.6 0.016 0.016

43 US101-NB-SB14-5 39.2 0.050 0.050

44 US101-NB-SB14-6 57.3 0.073 0.074

45 US101-NB-SB15-0.5 56.2 0.072 0.072

46 US101-NB-SB15-1.5 29.8 0.038 0.038

47 US101-NB-SB15-3 82.9 0.106 0.106

48 US101-NB-SB16-0.5 20.2 0.026 0.026

49 US101-NB-SB16-1.5 1.07 0.001 0.001

50 US101-NB-SB16-3 0.5 0.001 0.001

51 US101-NB-SB16-5 5.65 0.007 0.007

52 US101-NB-SB16-6 0.5 0.001 0.001

53 US101-NB-SB17-0.5 37.2 0.048 0.048

54 US101-NB-SB17-1.5 18.2 0.023 0.023

55 US101-NB-SB17-3 23.3 0.030 0.030

56 US101-NB-SB18-0.5 143 0.183 0.184

57 US101-NB-SB18-1.5 44.5 0.057 0.057

58 US101-NB-SB19-0.5 101 0.129 0.130

59 US101-NB-SB19-1.5 84.4 0.108 0.108

60 US101-NB-SB20-0.5 45.5 0.058 0.058

61 US101-NB-SB20-1.5 4.47 0.006 0.006

62 US101-NB-SB20-3 4.1 0.005 0.005

63 US101-NB-SB20-5 4.34 0.006 0.006

64 US101-NB-SB20-6 2.88 0.004 0.004

65 US101-NB-SB21-0.5 469 0.601 0.645

66 US101-NB-SB21-1.5 4.53 0.006 0.006
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

67 US101-NB-SB21-3 6.02 0.008 0.008

68 US101-NB-SB21-5 5.46 0.007 0.007

69 US101-NB-SB21-6 10.7 0.014 0.014

70 US101-NB-SB22-0.5 28.1 0.036 0.036

71 US101-NB-SB22-1.5 4.34 0.006 0.006

72 US101-NB-SB22-3 5.03 0.006 0.006

73 US101-NB-SB22-5 4.45 0.006 0.006

74 US101-NB-SB22-6 4.11 0.005 0.005

75 US101-NB-SB23-0.5 19.9 0.026 0.026

76 US101-NB-SB23-1.5 4.59 0.006 0.006

77 US101-NB-SB23-3 4.78 0.006 0.006

78 US101-NB-SB23-5 4.84 0.006 0.006

79 US101-NB-SB23-6 5.03 0.006 0.006

80 US101-NB-SB24-0.5 136 0.174 0.175

81 US101-NB-SB24-1.5 9.45 0.012 0.012

82 US101-NB-SB24-3 5.94 0.008 0.008

83 US101-NB-SB24-5 6.74 0.009 0.009

84 US101-NB-SB24-6 5.66 0.007 0.007

85 US101-NB-SB25-0.5 140 0.179 0.180

86 US101-NB-SB25-1.5 21.8 0.028 0.028

87 US101-NB-SB25-3 7.3 0.009 0.009

88 US101-NB-SB25-5 6.2 0.008 0.008

89 US101-NB-SB25-6 5.2 0.007 0.007

90 US101-NB-SB26-0.5 18 0.023 0.023

91 US101-NB-SB26-1.5 9 0.012 0.012

92 US101-NB-SB26-3 5.76 0.007 0.007

93 US101-NB-SB26-5 6.07 0.008 0.008

94 US101-NB-SB26-6 5.75 0.007 0.007

95 US101-NB-SB27-0.5 82.1 0.105 0.105

96 US101-NB-SB27-1.5 15.2 0.019 0.019

97 US101-NB-SB27-3 21 0.027 0.027

98 US101-NB-SB27-5 10.9 0.014 0.014

99 US101-NB-SB27-6 5.39 0.007 0.007
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

100 US101-NB-SB28-0.5 174 0.223 0.225

101 US101-NB-SB28-1.5 5.39 0.007 0.007

102 US101-NB-SB28-3 29.9 0.038 0.038

103 US101-NB-SB29-0.5 15.1 0.019 0.019

104 US101-NB-SB29-1.5 6.61 0.008 0.008

105 US101-NB-SB29-3 4.92 0.006 0.006

106 US101-NB-SB29-5 9.54 0.012 0.012

107 US101-NB-SB29-6 4.76 0.006 0.006

108 US101-NB-SB30-0.5 68.6 0.088 0.088

109 US101-NB-SB30-1.5 76.2 0.098 0.098

110 US101-NB-SB30-3 25.6 0.033 0.033

111 US101-NB-SB30-5 16.2 0.021 0.021

112 US101-NB-SB31-0.5 1.19 0.002 0.002

113 US101-NB-SB31-1.5 0.876 0.001 0.001

114 US101-NB-SB31-3 0.959 0.001 0.001

115 US101-NB-SB31-5 0.584 0.001 0.001

116 US101-NB-SB31-6 0.963 0.001 0.001

117 US101-NB-SB32-0.5 1.15 0.001 0.001

118 US101-NB-SB32-1.5 0.936 0.001 0.001

119 US101-NB-SB32-3 0.94 0.001 0.001

120 US101-NB-SB32-5 0.905 0.001 0.001

121 US101-NB-SB32-6 0.91 0.001 0.001

122 US101-NB-SB33-0.5 61.7 0.079 0.079

123 US101-NB-SB33-1.5 5.06 0.006 0.006

124 US101-NB-SB33-3 3.58 0.005 0.005

125 US101-NB-SB33-5 2 0.003 0.003

126 US101-NB-SB33-6 2.67 0.003 0.003

127 US101-NB-SB34-0.5 11.9 0.015 0.015

128 US101-NB-SB34-1.5 3.97 0.005 0.005

129 US101-NB-SB34-3 3.96 0.005 0.005

130 US101-NB-SB34-5 0.819 0.001 0.001

131 US101-NB-SB34-6 3.87 0.005 0.005

132 US101-NB-SB35-0.5 59.5 0.076 0.076
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

133 US101-NB-SB35-1.5 0.5 0.001 0.001

134 US101-NB-SB35-3 24.5 0.031 0.031

135 US101-NB-SB36-0.5 71.8 0.092 0.092

136 US101-NB-SB36-1.5 6.2 0.008 0.008

137 US101-NB-SB36-3 5.33 0.007 0.007

138 US101-NB-SB37-0.5 504 0.646 0.703

139 US101-NB-SB37-1.5 202 0.259 0.262

140 US101-NB-SB37-3 98.7 0.127 0.127

141 US101-NB-SB38-0.5 18.4 0.024 0.024

142 US101-NB-SB38-1.5 6.1 0.008 0.008

143 US101-NB-SB38-3 0.551 0.001 0.001

144 US101-NB-SB38-5 0.5 0.001 0.001

145 US101-NB-SB38-6 0.5 0.001 0.001

146 US101-NB-SB39-0.5 4.96 0.006 0.006

147 US101-NB-SB39-1.5 0.724 0.001 0.001

148 US101-NB-SB39-3 0.671 0.001 0.001

149 US101-NB-SB39-5 2.36 0.003 0.003

150 US101-NB-SB39-6 1.84 0.002 0.002

151 US-101-NB-SB40-0.5 8.94 0.011 0.011

152 US-101-NB-SB40-1.5 2.33 0.003 0.003

153 US-101-NB-SB40-3 0.5 0.001 0.001

154 US-101-NB-SB41-0.5 193 0.247 0.250

155 US-101-NB-SB41-1.5 177 0.227 0.229

156 US-101-NB-SB41-3 216 0.277 0.281

157 US-101-NB-SB42-0.5 24.5 0.031 0.031

158 US-101-NB-SB42-1.5 1.07 0.001 0.001

159 US-101-NB-SB42-3 0.5 0.001 0.001

160 US-101-NB-SB43-0.5 1.22 0.002 0.002

161 US-101-NB-SB43-1.5 1.73 0.002 0.002

162 US-101-NB-SB43-3 1.73 0.002 0.002

163 US-101-NB-SB44-0.5 99.5 0.128 0.128

164 US-101-NB-SB44-1.5 2.37 0.003 0.003

165 US-101-NB-SB44-3 5.9 0.008 0.008
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

166 US-101-NB-SB45-0.5 56 0.072 0.072

167 US-101-NB-SB45-1.5 1.18 0.002 0.002

168 US-101-NB-SB45-3 3.75 0.005 0.005

169 US-101-NB-SB46-0.5 49.1 0.063 0.063

170 US-101-NB-SB46-1.5 36.9 0.047 0.047

171 US-101-NB-SB46-3 43 0.055 0.055

172 US-101-NB-SB47-0.5 16.3 0.021 0.021

173 US-101-NB-SB47-1.5 1.78 0.002 0.002

174 US-101-NB-SB47-3 1.5 0.002 0.002

175 US-101-NB-SB48-0.5 26.9 0.034 0.034

176 US-101-NB-SB48-1.5 1.76 0.002 0.002

177 US-101-NB-SB48-3 1.34 0.002 0.002

178 US101-NB-SB49-0.5 103 0.132 0.132

179 US101-NB-SB49-1.5 31.6 0.041 0.041

180 US101-NB-SB49-3.0 11.9 0.015 0.015

181 US-101-NB-SB50-0.5 134 0.172 0.173

182 US-101-NB-SB50-1.5 193 0.247 0.250

183 US-101-NB-SB50-3 248 0.318 0.324

184 US-101-NB-SB50-5 0.5 0.001 0.001

185 US-101-NB-SB50-6 0.654 0.001 0.001

186 US-101-NB-SB51-0.5 24.4 0.031 0.031

187 US-101-NB-SB51-1.5 228 0.292 0.297

188 US-101-NB-SB51-3 3.17 0.004 0.004

189 US-101-NB-SB51-5 2.33 0.003 0.003

190 US-101-NB-SB51-6 0.837 0.001 0.001

191 US-101-NB-SB52-0.5 176 0.226 0.228

192 US-101-NB-SB52-1.5 8.76 0.011 0.011

193 US-101-NB-SB52-3 6.76 0.009 0.009

194 US-101-NB-SB53-0.5 90.1 0.116 0.116

195 US-101-NB-SB53-1.5 273 0.350 0.358

196 US-101-NB-SB53-3 221 0.283 0.287

197 US-101-NB-SB54-0.5 780 1.000 1.571

198 US-101-NB-SB54-1.5 31 0.040 0.040
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

199 US-101-NB-SB54-3 6.48 0.008 0.008

200 US-101-NB-SB55-0.5 13.3 0.017 0.017

201 US-101-NB-SB55-1.5 3.06 0.004 0.004

202 US-101-NB-SB55-3 2.76 0.004 0.004

203 US-101-NB-SB56-0.5 203 0.260 0.263

204 US-101-NB-SB56-1.5 24.8 0.032 0.032

205 US-101-NB-SB56-3 4.01 0.005 0.005

206 US-101-NB-SB57-0.5 12 0.015 0.015

207 US-101-NB-SB57-1.5 4.88 0.006 0.006

208 US-101-NB-SB57-3 1.45 0.002 0.002

209 US101-NB-SB61-0.5 104 0.133 0.134

210 US101-NB-SB62-1.5 68.1 0.087 0.087

211 US101-NB-SB63-0.5 34.9 0.045 0.045

212 US101-NB-SB64-1.5 3.6 0.005 0.005

213 US101-NB-SB65-0.5 5.35 0.007 0.007

214 US101-NB-SB66-3 4.67 0.006 0.006

215 US101-NB-SB67-5 9.68 0.012 0.012

216 US101-NB-SB68-6 5.77 0.007 0.007

217 US101-NB-SB69-5 5.65 0.007 0.007

218 US101-NB-SB70-6 4.76 0.006 0.006

219 US101-NB-SB71-3 11.6 0.015 0.015

220 US-101-NB-SB72-0.5 211 0.271 0.274

221 US-101-NB-SB73-1.5 0.5 0.001 0.001

222 US-101-NB-SB74-3 2.49 0.003 0.003

223 US-101-NB-SB75-0.5 44.9 0.058 0.058

224 US-101-NB-SB76-1.5 1.73 0.002 0.002

225 US-101-NB-SB77-0.5 161 0.206 0.208

226 US101-NB-SB78-3 3.75 0.005 0.005

227 US101-NB-SB79-5 0.5 0.001 0.001

228 US101-NB-SB80-5 0.707 0.001 0.001

Minimum 0.50

Maximum 780

Number of samples (n) 228
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Calculated 90 and 95 Percent UCL Results

Normalize by 

780
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Variance (s2) 7,064.46

Mean 40.75 0.055
Notes:

1

NBD

Calculation for UCL ( 90 and 95 Percent)

0.136

0.009

227

t-value (1) for 90% and (n-1) degree of freedom 1.285

90% UCL (2) of the mean (transformed data) 0.067

90% UCL (mg/kg) (3) 52.21

t-value (1) for 95% and (n-1) degrees of freedom 1.652

95% UCL (2) of the mean (transformed data) 0.070

95% UCL (mg/kg) (3) 54.78

Notes:

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

x

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed
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Predicted Soluble Lead (WET) Results

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-NB-SB01-0.5 69.6 2.09

2 US101-NB-SB01-3 24.5 1.56

3 US101-NB-SB02-0.5 54.2 1.28

4 US101-NB-SB02-1.5 30.4 0.915

5 US101-NB-SB03-0.5 67.3 2.05

6 US101-NB-SB03-3 56.7 1.22

7 US101-NB-SB04-0.5 25.8 0.442

8 US101-NB-SB05-0.5 31.2 1.31

9 US101-NB-SB07-0.5 49.6 0.757

10 US101-NB-SB08-0.5 70.9 2.37

11 US101-NB-SB08-1.5 76.4 2.69

12 US101-NB-SB08-3 20.7 0.349

13 US101-NB-SB09-0.5 104 4.18

14 US101-NB-SB09-1.5 96.8 0.828

15 US101-NB-SB10-3 30.1 1.1

16 US101-NB-SB11-0.5 45.2 0.52

17 US101-NB-SB11-1.5 23.9 0.652

18 US101-NB-SB11-3 20.6 0.522

19 US101-NB-SB13-0.5 32.6 0.797

20 US101-NB-SB14-0.5 85.4 4.93

Sample ID

21 US101-NB-SB14-1.5 57.5 3.46

22 US101-NB-SB14-5 39.2 4.11

23 US101-NB-SB14-6 57.3 2.87

24 US101-NB-SB15-0.5 56.2 1.3

25 US101-NB-SB15-1.5 29.8 0.971

26 US101-NB-SB15-3 82.9 0.821

27 US101-NB-SB17-0.5 37.2 1.12

28 US101-NB-SB17-1.5 18.2 0.465

29 US101-NB-SB17-3 23.3 1.05

30 US101-NB-SB18-0.5 143 3.99

31 US101-NB-SB18-1.5 44.5 0.791

32 US101-NB-SB19-0.5 101 3.48

33 US101-NB-SB19-1.5 84.4 3.53

34 US101-NB-SB20-0.5 45.5 1.7

35 US101-NB-SB21-0.5 469 36.8

36 US101-NB-SB21-6 10.7 0.207

37 US101-NB-SB22-0.5 28.1 2.4

38 US101-NB-SB23-0.5 19.9 0.151
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Predicted Soluble Lead (WET) Results

39 US101-NB-SB24-0.5 136 6.93

40 US101-NB-SB24-1.5 9.45 0.365

41 US101-NB-SB24-5 6.74 0.1

42 US101-NB-SB25-0.5 140 5.23

43 US101-NB-SB25-1.5 21.8 9.12

44 US101-NB-SB25-3 7.3 0.1

45 US101-NB-SB25-5 6.2 0.1

46 US101-NB-SB26-0.5 18 0.1

47 US101-NB-SB26-1.5 9 0.1

48 US101-NB-SB26-5 6.07 0.1

49 US101-NB-SB27-0.5 82.1 0.689

50 US101-NB-SB27-1.5 15.2 0.335

51 US101-NB-SB27-3 21 0.258

52 US101-NB-SB27-5 10.9 0.1

53 US101-NB-SB28-0.5 174 13.5

54 US101-NB-SB28-3 29.9 1.18

55 US101-NB-SB29-0.5 15.1 0.87

56 US101-NB-SB29-1.5 6.61 0.1

57 US101-NB-SB29-5 9.54 0.125

58 US101-NB-SB30-0.5 68.6 3.41

59 US101-NB-SB30-1.5 76.2 3.2

60 US101-NB-SB30-3 25.6 0.357

61 US101 NB SB30 5 16 2 0 27761 US101-NB-SB30-5 16.2 0.277

62 US101-NB-SB32-6 0.91 0

63 US101-NB-SB33-0.5 61.7 18.2

64 US101-NB-SB34-0.5 11.9 0.493

65 US101-NB-SB35-0.5 59.5 3.56

66 US101-NB-SB35-3 24.5 1.6

67 US101-NB-SB36-0.5 71.8 4.76

68 US101-NB-SB36-1.5 6.2 0.218

69 US101-NB-SB36-3 5.33 0.154

70 US101-NB-SB37-0.5 504 40.4

71 US101-NB-SB37-1.5 202 7.71

72 US101-NB-SB37-3 98.7 3.51

73 US101-NB-SB38-0.5 18.4 0.186

74 US101-NB-SB38-1.5 6.1 0.1

75 US101-NB-SB39-0.5 4.96 0.1

76 US-101-NB-SB40-0.5 8.94 0.632

77 US-101-NB-SB41-0.5 193 18.6

78 US-101-NB-SB41-1.5 177 15.3

79 US-101-NB-SB41-3 216 10.4
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Predicted Soluble Lead (WET) Results

80 US-101-NB-SB42-0.5 24.5 0.243

81 US-101-NB-SB44-0.5 99.5 2.39

82 US-101-NB-SB45-0.5 56 5.39

83 US-101-NB-SB46-0.5 49.1 3.26

84 US-101-NB-SB46-1.5 36.9 0.613

85 US-101-NB-SB46-3 43 1.19

86 US-101-NB-SB47-0.5 16.3 0.492

87 US-101-NB-SB48-0.5 26.9 0.797

88 US101-NB-SB49-0.5 103 5.52

89 US101-NB-SB49-1.5 31.6 2.16

90 US101-NB-SB49-3.0 11.9 0.631

91 US-101-NB-SB50-0.5 134 7.75

92 US-101-NB-SB50-1.5 193 1.45

93 US-101-NB-SB50-3 248 14.3

94 US-101-NB-SB51-0.5 24.4 1.67

95 US-101-NB-SB51-1.5 228 13.2

96 US-101-NB-SB52-0.5 176 8.38

97 US-101-NB-SB52-1.5 8.76 0.193

98 US-101-NB-SB53-0.5 90.1 1.34

99 US-101-NB-SB53-1.5 273 20.2

100 US-101-NB-SB53-3 221 19.5

101 US-101-NB-SB54-0.5 780 10.8

102 US 101 NB SB54 1 5 31 0 714102 US-101-NB-SB54-1.5 31 0.714

103 US-101-NB-SB55-0.5 13.3 0.556

104 US-101-NB-SB56-0.5 203 5.8

105 US-101-NB-SB56-1.5 24.8 0.368

106 US-101-NB-SB57-0.5 12 0.424

107 US101-NB-SB61-0.5 104 2.17

108 US101-NB-SB62-1.5 68.1 1.64

109 US101-NB-SB63-0.5 34.9 1.36

110 US101-NB-SB67-5 9.68 0.1

111 US101-NB-SB71-3 11.6 0.309

112 US-101-NB-SB72-0.5 211 19.2

113 US-101-NB-SB75-0.5 44.9 0.874

114 US-101-NB-SB77-0.5 161 9.73
1 0.91 0.00
2 780.00 40.40
3 76.76 3.83
4 107.49 6.64
5 11554.71 44.14
6 Correlation Coefficient 0.8

Minimum
Maximum
Mean

Variance (s2)
Total lead to soluble lead

Standard Deviation (s)
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Predicted Soluble Lead (WET) Results

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0473
C = Constant value 0.2035

2 This regression line is used to approximate the expected solubility concentration from total 
lead concentration. Following are expected solubility values:

Equation of a regression line is                   

y = 0.0473x + 0.2035
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Correlation of Total Lead to Soluble Lead

X Y
90 % UCL 52.21 2.67
95 % UCL 54.78 2.79

3 The slope of the line is not the coefficient of correlation when raw data is used.

g p y
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-SB-SB01-0.5 60.2 1.5 0.1

2 US101-SB-SB02-0.5 6.33

3 US101-SB-SB03-0.5 74.4 3.19

4 US101-SB-SB04-0.5 85.3 3.56 0.1

5 US101-SB-SB05-0.5 15.6 0.258

6 US101-SB-SB06-0.5 71.5 2.65

7 US101-SB-SB07-0.5 44.3 1.91 0.1

8 US101-SB-SB08-0.5 146 2.1 0.145

9 US101-SB-SB09-0.5 12.7 0.458

10 US101-SB-SB10-0.5 30.8 0.361 0.1

11 US101-SB-SB11-0.5 13.7 3.12

12 US101-SB-SB12-0.5 290 11 0.142 0.1

13 US101-SB-SB13-0.5 11.6 0.279

14 US101-SB-SB14-0.5 437 16.2 0.1 0.466

15 US101-SB-SB15-0.5 37 0.217 0.1

1000

5

5

5

Notes:

1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

Comments

California State (TTLC) (mg/kg)

Sample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)

UCL Calculation_US101_SB_0.5 Depths.xlsm-Lead 1/5 3/21/2012



Calculated 90 and 95 Percent UCL Results

Normalize by 

437

1 US101-SB-SB01-0.5 60.2 0.138 0.138

2 US101-SB-SB02-0.5 6.33 0.014 0.014

3 US101-SB-SB03-0.5 74.4 0.170 0.171

4 US101-SB-SB04-0.5 85.3 0.195 0.196

5 US101-SB-SB05-0.5 15.6 0.036 0.036

6 US101-SB-SB06-0.5 71.5 0.164 0.164

7 US101-SB-SB07-0.5 44.3 0.101 0.102

8 US101-SB-SB08-0.5 146 0.334 0.341

9 US101-SB-SB09-0.5 12.7 0.029 0.029

10 US101-SB-SB10-0.5 30.8 0.070 0.071

11 US101-SB-SB11-0.5 13.7 0.031 0.031

12 US101-SB-SB12-0.5 290 0.664 0.726

13 US101-SB-SB13-0.5 11.6 0.027 0.027

14 US101-SB-SB14-0.5 437 1.000 1.571

15 US101-SB-SB15-0.5 37 0.085 0.085

Minimum 6.33

Maximum 437

Number of samples (n) 15

Variance (s2) 14 565 01

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Variance (s ) 14,565.01

Mean 89.10 0.247
Notes:

1

NBD

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

x
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Calculated 90 and 95 Percent UCL Results

Calculation for UCL ( 90 and 95 Percent)

0.409

0.105

14

t-value (1) for 90% and (n-1) degree of freedom 1.345

90% UCL (2) of the mean (transformed data) 0.389

90% UCL (mg/kg) (3) 165.59

t-value (1) for 95% and (n-1) degrees of freedom 1.761

95% UCL (2) of the mean (transformed data) 0.433

95% UCL (mg/kg) (3) 183.19

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

UCL Calculation_US101_SB_0.5 Depths.xlsm-UCL Total Lead 3/5 3/21/2012



Predicted Soluble Lead (WET) Results

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-SB-SB01-0.5 60.2 1.5

2 US101-SB-SB03-0.5 74.4 3.19

3 US101-SB-SB04-0.5 85.3 3.56

4 US101-SB-SB05-0.5 15.6 0.258

5 US101-SB-SB06-0.5 71.5 2.65

6 US101-SB-SB07-0.5 44.3 1.91

7 US101-SB-SB08-0.5 146 2.1

8 US101-SB-SB09-0.5 12.7 0.458

9 US101-SB-SB10-0.5 30.8 0.361

10 US101-SB-SB11-0.5 13.7 3.12

11 US101-SB-SB12-0.5 290 11

12 US101-SB-SB13-0.5 11.6 0.279

13 US101-SB-SB14-0.5 437 16.2

14 US101-SB-SB15-0.5 37 0.217
1 11.60 0.22
2 437.00 16.20
3 95.01 3.34
4 122.97 4.62
5 15120.83 21.34
6 Correlation Coefficient 0.96

Sample ID

Minimum
Maximum
Mean

Variance (s2)
Total lead to soluble lead

Standard Deviation (s)

UCL Calculation_US101_SB_0.5 Depths.xlsm-Correlation Lead_WET Page 4 of 5 3/21/2012



Predicted Soluble Lead (WET) Results

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0362
C = Constant value -0.0932

2 This regression line is used to approximate the expected solubility concentration from total 
lead concentration. Following are expected solubility values:

Equation of a regression line is                   

y = 0.0362x - 0.0932
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Correlation of Total Lead to Soluble Lead

X Y
90 % UCL 165.59 5.90
95 % UCL 183.19 6.54

3 The slope of the line is not the coefficient of correlation when raw data is used.

g p y
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-SB-SB01-1.5 1.42

2 US101-SB-SB01-3 0.997

3 US101-SB-SB01-5 1.57

4 US101-SB-SB02-1.5 2.56

5 US101-SB-SB02-3 1.24

6 US101-SB-SB02-5 3.81

7 US101-SB-SB03-1.5 28.5 1.69 0.1

8 US101-SB-SB03-3 26 0.334 0.1

9 US101-SB-SB03-5 2.81

10 US101-SB-SB04-1.5 2.31

11 US101-SB-SB04-3.0 5.25

12 US101-SB-SB04-5 4.3

13 US101-SB-SB05-1.5 2.72

14 US101-SB-SB05-3.0 4.67

15 US101-SB-SB05-5 8.05

16 US101-SB-SB05-6 29.8 0.362 0.1

17 US101-SB-SB06-1.5 9.77 0.122

18 US101-SB-SB06-3.0 13.1 0.449

19 US101-SB-SB06-5.0 18.8 1.87 0.11

20 US101-SB-SB06-6.0 78.6 0.204 0.1

21 US101-SB-SB07-1.5 15.5 0.606

22 US101-SB-SB07-3.0 16.9 0.663

23 US101-SB-SB08-1.5 0.949

24 US101-SB-SB08-3.0 0.648

25 US101-SB-SB08-5.0 17 1.01

26 US101-SB-SB08-7.0 0.659

27 US101-SB-SB08-10.0 1.8

28 US101-SB-SB08-13.0 0.5

29 US101-SB-SB09-1.5 20.1 0.849 0.1

30 US101-SB-SB10-1.5 3.15

31 US101-SB-SB10-3.0 0.5

32 US101-SB-SB10-5.0 8.34 0.456

33 US101-SB-SB10-7.0 4.58

34 US101-SB-SB10-10.0 2.27

35 US101-SB-SB10-13.0 0.5

36 US101-SB-SB11-1.5 1.38

37 US101-SB-SB11-3 1.27

38 US101-SB-SB12-1.5 85.9 0.538

39 US101-SB-SB12-3 1.78

40 US101-SB-SB13-1.5 8.53 0.209

41 US101-SB-SB13-3 23 0.108 0.1

42 US101-SB-SB14-1.5 120 0.65 0.1

43 US101-SB-SB14-3 5.2 0.115

CommentsSample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration

UCL Calculation_US101_SB_1.5_3_5_6_7_10_13 Depths.xlsm-Lead 1/7 3/21/2012



Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

44 US101-SB-SB15-1.5 10.9 0.138

45 US101-SB-SB15-3 4.68

46 US101-SB-SB41-6 39.2 1.27 0.1

47 US101-SB-SB42-3 16.6 0.547

48 US101-SB-SB43-05 0.5

49 US101-SB-SB44-10 1.54

1000

5

5

5

Notes:

1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

California State (TTLC) (mg/kg)

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)

UCL Calculation_US101_SB_1.5_3_5_6_7_10_13 Depths.xlsm-Lead 2/7 3/21/2012



Calculated 90 and 95 Percent UCL Results

Normalize by 

120

1 US101-SB-SB01-1.5 1.42 0.012 0.012

2 US101-SB-SB01-3 0.997 0.008 0.008

3 US101-SB-SB01-5 1.57 0.013 0.013

4 US101-SB-SB02-1.5 2.56 0.021 0.021

5 US101-SB-SB02-3 1.24 0.010 0.010

6 US101-SB-SB02-5 3.81 0.032 0.032

7 US101-SB-SB03-1.5 28.5 0.238 0.240

8 US101-SB-SB03-3 26 0.217 0.218

9 US101-SB-SB03-5 2.81 0.023 0.023

10 US101-SB-SB04-1.5 2.31 0.019 0.019

11 US101-SB-SB04-3.0 5.25 0.044 0.044

12 US101-SB-SB04-5 4.3 0.036 0.036

13 US101-SB-SB05-1.5 2.72 0.023 0.023

14 US101-SB-SB05-3.0 4.67 0.039 0.039

15 US101-SB-SB05-5 8.05 0.067 0.067

16 US101-SB-SB05-6 29.8 0.248 0.251

17 US101-SB-SB06-1.5 9.77 0.081 0.082

18 US101-SB-SB06-3.0 13.1 0.109 0.109

19 US101-SB-SB06-5.0 18.8 0.157 0.157

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

20 US101-SB-SB06-6.0 78.6 0.655 0.714

21 US101-SB-SB07-1.5 15.5 0.129 0.130

22 US101-SB-SB07-3.0 16.9 0.141 0.141

23 US101-SB-SB08-1.5 0.949 0.008 0.008

24 US101-SB-SB08-3.0 0.648 0.005 0.005

25 US101-SB-SB08-5.0 17 0.142 0.142

26 US101-SB-SB08-7.0 0.659 0.005 0.005

27 US101-SB-SB08-10.0 1.8 0.015 0.015

28 US101-SB-SB08-13.0 0.5 0.004 0.004

29 US101-SB-SB09-1.5 20.1 0.168 0.168

30 US101-SB-SB10-1.5 3.15 0.026 0.026

31 US101-SB-SB10-3.0 0.5 0.004 0.004

32 US101-SB-SB10-5.0 8.34 0.070 0.070

33 US101-SB-SB10-7.0 4.58 0.038 0.038

UCL Calculation_US101_SB_1.5_3_5_6_7_10_13 Depths.xlsm-UCL Total Lead3/7 3/21/2012



Calculated 90 and 95 Percent UCL Results

Normalize by 

120
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

34 US101-SB-SB10-10.0 2.27 0.019 0.019

35 US101-SB-SB10-13.0 0.5 0.004 0.004

36 US101-SB-SB11-1.5 1.38 0.012 0.012

37 US101-SB-SB11-3 1.27 0.011 0.011

38 US101-SB-SB12-1.5 85.9 0.716 0.798

39 US101-SB-SB12-3 1.78 0.015 0.015

40 US101-SB-SB13-1.5 8.53 0.071 0.071

41 US101-SB-SB13-3 23 0.192 0.193

42 US101-SB-SB14-1.5 120 1.000 1.571

43 US101-SB-SB14-3 5.2 0.043 0.043

44 US101-SB-SB15-1.5 10.9 0.091 0.091

45 US101-SB-SB15-3 4.68 0.039 0.039

46 US101-SB-SB41-6 39.2 0.327 0.333

47 US101-SB-SB42-3 16.6 0.138 0.139

48 US101-SB-SB43-05 0.5 0.004 0.004

49 US101-SB-SB44-10 1.54 0.013 0.013

Minimum 0.50

Maximum 120

Number of samples (n) 49Number of samples (n) 49

Variance (s2) 545.05

Mean 13.47 0.127
Notes:

1

NBD

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

x
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Calculated 90 and 95 Percent UCL Results

Normalize by 

120
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Calculation for UCL ( 90 and 95 Percent)

0.263

0.038

48

t-value (1) for 90% and (n-1) degree of freedom 1.299

90% UCL (2) of the mean (transformed data) 0.176

90% UCL (mg/kg) (3) 21.01

t-value (1) for 95% and (n-1) degrees of freedom 1.677

95% UCL (2) of the mean (transformed data) 0.190

95% UCL (mg/kg) (3) 22.69

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

UCL Calculation_US101_SB_1.5_3_5_6_7_10_13 Depths.xlsm-UCL Total Lead5/7 3/21/2012



Predicted Soluble Lead (WET) Results

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-SB-SB03-1.5 28.5 1.69

2 US101-SB-SB03-3 26 0.334

3 US101-SB-SB05-6 29.8 0.362

4 US101-SB-SB06-1.5 9.77 0.122

5 US101-SB-SB06-3.0 13.1 0.449

6 US101-SB-SB06-5.0 18.8 1.87

7 US101-SB-SB06-6.0 78.6 0.204

8 US101-SB-SB07-1.5 15.5 0.606

9 US101-SB-SB07-3.0 16.9 0.663

10 US101-SB-SB08-5.0 17 1.01

11 US101-SB-SB09-1.5 20.1 0.849

12 US101-SB-SB10-5.0 8.34 0.456

13 US101-SB-SB12-1.5 85.9 0.538

14 US101-SB-SB13-1.5 8.53 0.209

15 US101-SB-SB13-3 23 0.108

16 US101-SB-SB14-1.5 120 0.65

17 US101-SB-SB14-3 5.2 0.115

18 US101-SB-SB15-1.5 10.9 0.138

19 US101-SB-SB41-6 39.2 1.27

20 US101-SB-SB42-3 16.6 0.547

Sample ID

1 5.20 0.11
2 120.00 1.87
3 29.59 0.61
4 30.17 0.51
5 910.21 0.26
6 Correlation Coefficient 0.05

Minimum
Maximum
Mean

Variance (s2)
Total lead to soluble lead

Standard Deviation (s)

UCL Calculation_US101_SB_1.5_3_5_6_7_10_13 Depths.xlsm-Correlation Lead_WET Page 6 of 7 3/21/2012



Predicted Soluble Lead (WET) Results

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0008
C = Constant value 0.5867

2 This regression line is used to approximate the expected solubility concentration from total 
lead concentration. Following are expected solubility values:

Equation of a regression line is                   

y = 0.0008x + 0.5867
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Total Lead, mg/kg

Correlation of Total Lead to Soluble Lead

X Y
90 % UCL 21.01 0.60
95 % UCL 22.69 0.60

3 The slope of the line is not the coefficient of correlation when raw data is used.

g p y
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 

1 US101-SB-SB01-0.5 60.2 1.5 0.1

2 US101-SB-SB01-1.5 1.42

3 US101-SB-SB01-3 0.997

4 US101-SB-SB01-5 1.57

5 US101-SB-SB02-0.5 6.33

6 US101-SB-SB02-1.5 2.56

7 US101-SB-SB02-3 1.24

8 US101-SB-SB02-5 3.81

9 US101-SB-SB03-0.5 74.4 3.19

10 US101-SB-SB03-1.5 28.5 1.69 0.1

11 US101-SB-SB03-3 26 0.334 0.1

12 US101-SB-SB03-5 2.81

13 US101-SB-SB04-0.5 85.3 3.56 0.1

14 US101-SB-SB04-1.5 2.31

15 US101-SB-SB04-3.0 5.25

16 US101-SB-SB04-5 4.3

17 US101-SB-SB05-0.5 15.6 0.258

18 US101-SB-SB05-1.5 2.72

19 US101-SB-SB05-3.0 4.67

20 US101-SB-SB05-5 8.05

21 US101-SB-SB05-6 29.8 0.362 0.1

22 US101-SB-SB06-0.5 71.5 2.65

23 US101-SB-SB06-1.5 9.77 0.122

24 US101-SB-SB06-3.0 13.1 0.449

25 US101-SB-SB06-5.0 18.8 1.87 0.11

26 US101-SB-SB06-6.0 78.6 0.204 0.1

27 US101-SB-SB07-0.5 44.3 1.91 0.1

28 US101-SB-SB07-1.5 15.5 0.606

29 US101-SB-SB07-3.0 16.9 0.663

30 US101-SB-SB08-0.5 146 2.1 0.145

31 US101-SB-SB08-1.5 0.949

32 US101-SB-SB08-3.0 0.648

33 US101-SB-SB08-5.0 17 1.01

34 US101-SB-SB08-7.0 0.659

35 US101-SB-SB08-10.0 1.8

36 US101-SB-SB08-13.0 0.5

37 US101-SB-SB09-0.5 12.7 0.458

38 US101-SB-SB09-1.5 20.1 0.849 0.1

39 US101-SB-SB10-0.5 30.8 0.361 0.1

40 US101-SB-SB10-1.5 3.15

41 US101-SB-SB10-3.0 0.5

42 US101-SB-SB10-5.0 8.34 0.456

43 US101-SB-SB10-7.0 4.58

CommentsSample Number Sample 
Location

Sample 
Depth

(ft.)

Analyte Concentration
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Summary of Lead Analytical Results

Total 
Lead (1)

 mg/kg

Soluble 
Lead (2)

(WET)
 mg/L

Soluble 
Lead (3) 

(DI-WET) 
mg/L

Soluble 
Lead (4)

TCLP 
mg/L

pH (5) 
CommentsSample Number Sample 

Location

Sample 
Depth

(ft.)

Analyte Concentration

44 US101-SB-SB10-10.0 2.27

45 US101-SB-SB10-13.0 0.5

46 US101-SB-SB11-0.5 13.7 3.12

47 US101-SB-SB11-1.5 1.38

48 US101-SB-SB11-3 1.27

49 US101-SB-SB12-0.5 290 11 0.142 0.1

50 US101-SB-SB12-1.5 85.9 0.538

51 US101-SB-SB12-3 1.78

52 US101-SB-SB13-0.5 11.6 0.279

53 US101-SB-SB13-1.5 8.53 0.209

54 US101-SB-SB13-3 23 0.108 0.1

55 US101-SB-SB14-0.5 437 16.2 0.1 0.466

56 US101-SB-SB14-1.5 120 0.65 0.1

57 US101-SB-SB14-3 5.2 0.115

58 US101-SB-SB15-0.5 37 0.217 0.1

59 US101-SB-SB15-1.5 10.9 0.138

60 US101-SB-SB15-3 4.68

61 US101-SB-SB41-6 39.2 1.27 0.1

62 US101-SB-SB42-3 16.6 0.547

63 US101-SB-SB43-05 0.5

64 US101-SB-SB44-10 1.54

1000

5

5

5

Notes:

1 Total Lead by EPA Method 6010

2 Soluble Lead by WET Method (Citrate) (analyze all samples where total lead exceeds 50 mg/kg but less than 1,000 mg/kg) 

3 Soluble Lead by WET Method (Deionized) (analyze all samples whose WET concentrations exceed 5 mg/L)

4 Soluble Lead by TCLP Method

4 pH by EPA Method 9045A

ND Not detected at or above the laboratory reporting limits (0.1 mg/L for Soluble Lead analysis)

Not analyzed

California State (TTLC) (mg/kg)

pH

California State (STLC) (mg/L)

Federal (TCLP) (mg/L)

UCL Calculation_US101_SB_All Depths.xlsm-Lead 2/8 3/21/2012



Calculated 90 and 95 Percent UCL Results

Normalize by 

437

1 US101-SB-SB01-0.5 60.2 0.138 0.138

2 US101-SB-SB01-1.5 1.42 0.003 0.003

3 US101-SB-SB01-3 0.997 0.002 0.002

4 US101-SB-SB01-5 1.57 0.004 0.004

5 US101-SB-SB02-0.5 6.33 0.014 0.014

6 US101-SB-SB02-1.5 2.56 0.006 0.006

7 US101-SB-SB02-3 1.24 0.003 0.003

8 US101-SB-SB02-5 3.81 0.009 0.009

9 US101-SB-SB03-0.5 74.4 0.170 0.171

10 US101-SB-SB03-1.5 28.5 0.065 0.065

11 US101-SB-SB03-3 26 0.059 0.060

12 US101-SB-SB03-5 2.81 0.006 0.006

13 US101-SB-SB04-0.5 85.3 0.195 0.196

14 US101-SB-SB04-1.5 2.31 0.005 0.005

15 US101-SB-SB04-3.0 5.25 0.012 0.012

16 US101-SB-SB04-5 4.3 0.010 0.010

17 US101-SB-SB05-0.5 15.6 0.036 0.036

18 US101-SB-SB05-1.5 2.72 0.006 0.006

19 US101-SB-SB05-3.0 4.67 0.011 0.011

Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

20 US101-SB-SB05-5 8.05 0.018 0.018

21 US101-SB-SB05-6 29.8 0.068 0.068

22 US101-SB-SB06-0.5 71.5 0.164 0.164

23 US101-SB-SB06-1.5 9.77 0.022 0.022

24 US101-SB-SB06-3.0 13.1 0.030 0.030

25 US101-SB-SB06-5.0 18.8 0.043 0.043

26 US101-SB-SB06-6.0 78.6 0.180 0.181

27 US101-SB-SB07-0.5 44.3 0.101 0.102

28 US101-SB-SB07-1.5 15.5 0.035 0.035

29 US101-SB-SB07-3.0 16.9 0.039 0.039

30 US101-SB-SB08-0.5 146 0.334 0.341

31 US101-SB-SB08-1.5 0.949 0.002 0.002

32 US101-SB-SB08-3.0 0.648 0.001 0.001

33 US101-SB-SB08-5.0 17 0.039 0.039

UCL Calculation_US101_SB_All Depths.xlsm-UCL Total Lead 3/8 3/21/2012



Calculated 90 and 95 Percent UCL Results

Normalize by 

437
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

34 US101-SB-SB08-7.0 0.659 0.002 0.002

35 US101-SB-SB08-10.0 1.8 0.004 0.004

36 US101-SB-SB08-13.0 0.5 0.001 0.001

37 US101-SB-SB09-0.5 12.7 0.029 0.029

38 US101-SB-SB09-1.5 20.1 0.046 0.046

39 US101-SB-SB10-0.5 30.8 0.070 0.071

40 US101-SB-SB10-1.5 3.15 0.007 0.007

41 US101-SB-SB10-3.0 0.5 0.001 0.001

42 US101-SB-SB10-5.0 8.34 0.019 0.019

43 US101-SB-SB10-7.0 4.58 0.010 0.010

44 US101-SB-SB10-10.0 2.27 0.005 0.005

45 US101-SB-SB10-13.0 0.5 0.001 0.001

46 US101-SB-SB11-0.5 13.7 0.031 0.031

47 US101-SB-SB11-1.5 1.38 0.003 0.003

48 US101-SB-SB11-3 1.27 0.003 0.003

49 US101-SB-SB12-0.5 290 0.664 0.726

50 US101-SB-SB12-1.5 85.9 0.197 0.198

51 US101-SB-SB12-3 1.78 0.004 0.004

52 US101-SB-SB13-0.5 11.6 0.027 0.027

53 US101-SB-SB13-1.5 8.53 0.020 0.020

54 US101-SB-SB13-3 23 0.053 0.053

55 US101-SB-SB14-0.5 437 1.000 1.571

56 US101-SB-SB14-1.5 120 0.275 0.278

57 US101-SB-SB14-3 5.2 0.012 0.012

58 US101-SB-SB15-0.5 37 0.085 0.085

59 US101-SB-SB15-1.5 10.9 0.025 0.025

60 US101-SB-SB15-3 4.68 0.011 0.011

61 US101-SB-SB41-6 39.2 0.090 0.090

62 US101-SB-SB42-3 16.6 0.038 0.038

63 US101-SB-SB43-05 0.5 0.001 0.001

64 US101-SB-SB44-10 1.54 0.004 0.004

Minimum 0.50

Maximum 437
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Calculated 90 and 95 Percent UCL Results

Normalize by 

437
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Number of samples (n) 64

Variance (s2) 4,694.43

Mean 31.20 0.082
Notes:

1

NBD

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 
distribution (NBD). To normalize the data we use arsine transformation 
(Based on SW846 guidelines, Section 9.1).

x
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Calculated 90 and 95 Percent UCL Results

Normalize by 

437
Tranformed (1) 

(Arcsine)
Sample Number Location

Sample 
Depth

ft.

Total Lead
 mg/kg

Calculation for UCL ( 90 and 95 Percent)

0.219

0.027

63

t-value (1) for 90% and (n-1) degree of freedom 1.295

90% UCL (2) of the mean (transformed data) 0.117

90% UCL (mg/kg) (3) 50.98

t-value (1) for 95% and (n-1) degrees of freedom 1.669

95% UCL (2) of the mean (transformed data) 0.127

95% UCL (mg/kg) (3) 55.42

Notes:
(1) T values corresponding to one-tail probabilities (t0.10 and t0.05)
(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)
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Predicted Soluble Lead (WET) Results

Sampling 
Location

Sample 
Depth

Total Lead
 mg/kg

Soluble Lead
(WET)
 mg/L

1 US101-SB-SB01-0.5 60.2 1.5

2 US101-SB-SB03-0.5 74.4 3.19

3 US101-SB-SB03-1.5 28.5 1.69

4 US101-SB-SB03-3 26 0.334

5 US101-SB-SB04-0.5 85.3 3.56

6 US101-SB-SB05-0.5 15.6 0.258

7 US101-SB-SB05-6 29.8 0.362

8 US101-SB-SB06-0.5 71.5 2.65

9 US101-SB-SB06-1.5 9.77 0.122

10 US101-SB-SB06-3.0 13.1 0.449

11 US101-SB-SB06-5.0 18.8 1.87

12 US101-SB-SB06-6.0 78.6 0.204

13 US101-SB-SB07-0.5 44.3 1.91

14 US101-SB-SB07-1.5 15.5 0.606

15 US101-SB-SB07-3.0 16.9 0.663

16 US101-SB-SB08-0.5 146 2.1

17 US101-SB-SB08-5.0 17 1.01

18 US101-SB-SB09-0.5 12.7 0.458

19 US101-SB-SB09-1.5 20.1 0.849

20 US101-SB-SB10-0.5 30.8 0.361

21 US101-SB-SB10-5.0 8.34 0.456

Sample ID

22 US101-SB-SB11-0.5 13.7 3.12

23 US101-SB-SB12-0.5 290 11

24 US101-SB-SB12-1.5 85.9 0.538

25 US101-SB-SB13-0.5 11.6 0.279

26 US101-SB-SB13-1.5 8.53 0.209

27 US101-SB-SB13-3 23 0.108

28 US101-SB-SB14-0.5 437 16.2

29 US101-SB-SB14-1.5 120 0.65

30 US101-SB-SB14-3 5.2 0.115

31 US101-SB-SB15-0.5 37 0.217

32 US101-SB-SB15-1.5 10.9 0.138

33 US101-SB-SB41-6 39.2 1.27

34 US101-SB-SB42-3 16.6 0.547
1 5.20 0.11
2 437.00 16.20
3 56.52 1.74
4 86.88 3.23
5 7548.79 10.42
6 Correlation Coefficient 0.9

Minimum
Maximum
Mean

Variance (s2)
Total lead to soluble lead

Standard Deviation (s)
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Predicted Soluble Lead (WET) Results

Notes:
1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X
X = Total lead value

A = Intercept of the line 0.0345
C = Constant value -0.2154

2

X Y
90 % UCL 50.98 1.54
95 % UCL 55.42 1.70

This regression line is used to approximate the expected solubility concentration from total 
lead concentration. Following are expected solubility values:

Equation of a regression line is                   

y = 0.0345x - 0.2154

-50
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Total Lead, mg/kg

Correlation of Total Lead to Soluble Lead

95 % UCL 55.42 1.70

3 The slope of the line is not the coefficient of correlation when raw data is used.
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