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Linda S. Adams
.Secretary for

Environmental Protection

JUt 0 6 2009

State Water Resources Control Board
Executive Office

Charles R. Hoppin, Chairman Arnold Schwarzenegger
1001 I Street· Sacramento, California 95814· (916) 341-5615 Governor

Mailing Address: P.O. Box 100 • Sacramento, California· 95812-0100
Fax (916) 341-5621 • http://www.waterboards.ca.goY

Ms. Susan Miller
Contra Costa Transportation Authority
3478 Buskirk Ave., Suite 100
Pleasant Hill, CA 94523

Dear Ms. Miller:·

CLEAN WATER ACT (CWA) SECTION 401 WATER QUAliTY CERTIFICATION FOR THE
STATE ROUTE 4 WIDENING PROJECT (PROJECT), CITIES OF PITTSBURG AND
ANTIOCH, CONTRA COSTA COUNTY (CORPS FILE #2002-26746N)

On April 11, 2008, the San Francisco Bay Regional Water Quality Control Board
(San Francisco Bay Water Board) received an application from the Contra Costa Transportation
Authority (Authority) for CWA section 401 Water Quality Certification (Certification) for
Phase 1 of the Project. San Francisco Bay Water Board staff reviewed the information
submitted by the Authority describing the project activities and the proposed water quality
protection measures.

On February 11, 2009, the project file was forwarded to the State Water Resources Control
Board (State Water Board) because the project was expanded to include Phase 2, which
extends into the jurisdiction of the Central Valley Regional Water Quality Control Board (Central
Valley Water Board). The State Water Board issues or denies certifications that affect waters
within multiple Regional Water Boards. State Water Board staff consulted with the
San Francisco Bay Water Board and Central Valley Water Board, as well as the U.S. Army
Corps of Engineers.

Pursuant to Title 23, section 3838 of the California Code of Regulations, I hereby make the
Certification determination described in the Enclosure for these projects. Attachments A
through D to the Enclosure are also a part of this Certification.

If you require further assistance, please contact Amna Hawatky, the staff person most
knowledgeable on the subject, at (916) 341-5483 (ahawatky@waterboards.ca.gov). You may
also contact Bill Orme, Chief of the 401 Certification and Wetlands Protection Unit, at
(916) 341-5464 (borme@waterboards.ca.gov).

Sincerely,

·D~f{~
Dorothy Ric~ .
Executive Director

Enclosure

cc: (See next page)
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Ms. Susan Miller

cc:·· (all with Enclosure)

Mr. Jan Novak
U.R.S. Corporation
1333 Broadway, Suite 800
Oakland, CA 94612
Jan Novak@URSCorp.com
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Mr. David Smith
.Wetlands Regulatory Office
U.S. Environmental Protection Agency, Region.9
75 Hawthorne St. .
San Francisco, CA 94105
Smith.DavidW@epamail.epa.gov

Ms. Jane Hicks
Regulatory Branch
San Francisco District
U.S. Army Corps of Engineers
1455 Market Street
San Francisco, CA 94103-1398
jane:m.hicks@usace.army.mil

Mr. Bruce H. Wolfe
San Francisco Bay Regional Water Quality Control Board
1515 Clay Street, Suite 1400 .
Oakland, CA 94612
BWolfe@waterboards.ca.gov

Ms. Pamela Creedon
Central Valley Regional Water Quality Control Board
11020 Sun Center Drive, #200
Rancho Cordova, CA 95670-6114
PCreedon@waterboards.ca.gov

Ms. Melissa Escaron .
California Department of Fish and Game
P.O. Box 47
Yountville, CA 94599
MESCARON@dfg.ca.gov

cc: (See continuation page)
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Ms. Susan Miller

cc: (all with Enclosure)

Mr. Hardeep Takhar
California Department of Transportation
111 Grand Avenue
Oakland, CA 94612
Hardeep S Takhar@dot.ca.gov

Mr. Ryan Olah
U.S. Fish and Wildlife Service
2800 Cottage Way, Room W-2605
Sacramento, CA 95825
ryan olah@fws.gov
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Linda S. Adams
SecretGlY for

Environmental Protection

State Water Resources Control Board
Executive Office

Charles R. Hoppin, Chairman Arnold Schwarzenegger
1001 I Street· Sacramento, California 95814' (916) 341-5603 Governor

Mailing Address: P.O. Box 100 • Sacramento, California' 95812-0100
Fa, (916) 341-5621 • http://www.waterboards.ca.gov

ACTION ON REQUESTFOR CLEAN WATER ACT (CWA) SECTION 401
WATER QUALITY CERTIFICATION FOR THE STATE ROUTE 4 (SR4) WIDENING

PROJECT, CONTRA COSTA COUNTY (Corps File No. 2002-26746N)

PROJECT: CWA Section 401 Certification SR4 Widening Project, Contra Costa County

APPLICANT: Ms. Susan Miller
Contra Costa Transportation Authority
3478 Buskirk Avenue, Suite 100
Pleasant Hill, CA 94523

This Order responds to your request for a 401 Water Quality Certification (Certification) for the
Contra Costa County Transportation Authority's (Authority) SR4 Widening Project (Project).
The Authority has applied for a U.S. Army Corps of Engineers (Corps) Individual Permit (Corps
No. 2002-26746N) pursuant to section 404 of the CWA (33 U.S.C. 1344) for the proposed
Project. The Authority has applied to the State Water Resources Control Board (State Water
Board) for a Certification that the Project will not violate State water quality standards.

ACTION:

IZI Order for Standard Certification

D Order for an Amendment of a
Technically Conditioned Certification

PROJECT DESCRIPTION:

D Order for Denial of Certification
D Order for Waiver of Waste Discharge

Requirements

The Authority proposes to widen SR4 in the cities of Pittsburg and Antioch, through Contra
Costa County. The Project is located 0.8 miles west of Loveridge Road, and approximately 0.7
miles east of Hillcrest Avenue. This Certification applies to the entirety of the Project from
Loveridge Road to State Route 160.

The Project's purpose is to provide traffic congestion relief and meet future traffic demand
through the year 2030. Widening activities consist of converting the existing four lane highway
to an eight lane facility (three lanes plus a commuter lane). The Project has been designed
with additional space within the SR4 median to accommodate the possibility of future public
transit improvements.

The primary receiving waters in the Project area are Old Kirker Creek, KirkerCreek, the
Los. Medanos Wasteway, and West Antioch Creek. All drain to Suisun Bay, approximately four
miles north of SR4. Work in jurisdictional waters includes:

• Replacement of a box culvert at Old Kirker Creek. The existing Old Kirker Creek
concrete box culvert will be replaced with a higher capacity double box culvert and
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extended approximately 38 feet upstream. Approximate.lY 28 linear feet of riprap will be
placed upstream of th~ new culvert; .

• In-kind replacement and extension of box culverts at Kirker Creek and the Los Medanos
Wasteway. Rock slope protection will be placed at the outlets and inlets of both
culverts. Kirker Creek currently crosses beneath SR4 through a 72 inch concrete pipe·
and double box culver:t, and daylights north of Loveridge Road; this systerTiwili be
replaced in-kind and extended to the south by approximately 98 linear feet with an
additional 82 linear feet of riprap; and

• Relocation of a 36 inch sanitary sewer line crossing Ole;! Kirker Creek. The existing line
crosses the creek south of the upstream end of the existing culvert and will be relocated
south of the existing SR4 crossing.

Additional work includes:

• Widening of the Roosevelt Lane pedestrian undercrossing and the Cavallo Road
undercrossings;

• Reconstruction of the Love,ridge Road, Somersville Road, Contra Loma; Boulevard-L
Street, Lone Tree Way- A Street, and Hillcrest Avenue interchanges. A sixth
intersection at G street would be redesigned to accommodate a new SR4 overstructure;

• Replacement of the Century Boulevard undercrossing structure; and
• Shifting of SR4 frontage roads California Avenue and North Pa.rk Boulevard to the north

to accommodate widening and interchange improvement activities.

STANDARD CONDITIONS:

1. This Certification action is subject to modification or revocation upon administrative or
judicial review, including review and amendment pursuant to section 13330 of the California
Water Code and Article 6(commencing with section 3867) of Chapter 28, Title 23 of the
California Code of Regulations.

2. This Certification action is not intended and shall not be construed to apply to any activity
involving a hydroelectric facility requiring a Federal Energy Regulatory Commission (FERC)
license or an amendment to a FERC·license unless the pertinent certification application
was filed pursuant to subsection 3855(b) of Chapter 28, Title 23 of the California Code of
Regulations, and the application specifically identifi~d that a FERC license or amendment to
a FERC license for a hydroelectric facility was being sought.

3. This Certification is conditioned upon total payment of any fee required under
Chapter 28, Title 23 of the California Code of Regulations and owed by the applicant.

California Environmental Protection Agency
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ADDITIONAL CONDITIONS:

1. Best Management Practices (BMPs)

a. Appropriate BMPs shall be implemented throughout the project activities to help
minimize sediment disturbance and suspension within the water. All BMP materials .
shall be on site and ready for use prior to project implementation. BMPs shall be in full
compliance with all specifications governing the proper design, installation, operation,
and maintenance of such management practices:

b. No equipment shall be operated in areas of flowing or standing water; no fueling,
cleaning or maintenance of vehicles or equipment shall take place within jurisdictional
waters or within any areas where an accidental discharge may occur.

c. Activities shall not cause turbidity increases in surface water to exceed:

(a) where natural turbidity is between 0 and 5 Nephelometric Turbidity Units (NTUs),
increases shall not exceed 1 NTU;

(b) where natural turbidity is between 5 and 50 NTUs, increases shall not exceed
20 percent; .

(c)where natural turbidity is between 50 and 100 NTUs, increases shall not exceed
10 NTUs;

(d) where natural turbidity is greater than 100 NTUs, increases shall not exceed
10 percent.

Except that these limits will be eased during in-water working periods to allow a turbidity
increase of 15 NTU over background turbidity as measured in surface waters 300 feet
downstream from the working area. In determining compliancewith the above limits,
appropriate. averaging periods may be applied provided that beneficial uses will be fully
protected.

d. Activities shall not cause settleable matter to exceed 0.1 mill in surface waters as
.measured in surface waters 300 feet downstream from the project.

e. In the event that project activities occur in surface waters, result in the deposition of soil
materials, or create a visible plume, the following monitoring shall be conducted
immediately upstream and 300 feet downstream of the work site and the results
reported to the State Water Board:

California Environmental Protection Agency
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Unit Type of Frequency of SampleParameter Sample

Every 4 hours during

Turbidity NTU Grab work in water
':"{

Settleable mill Grab Same as above.
Material

f. The Authority shall notify the State Water Board immediately if the above criteria are
exceeded.

g. Dewatering and diversion activities shall be executed as described in the "Dewatering.
and Non-Storm Water Discharge Control Plan" revised May 9,2009. Any deviation from
the Project plans shall require State Water Board approval.

h. Stream diversion activities shall occur only between April 1st and October 15th
.

i. Prior to dewatering and diversion activities, the Authority shall ensure a biologist is on
site to ensure no sensitive aquatic species are stranded in areas of dewatering and
diversion. .

j. The Authority shall immediately remove stream diversion structures when diversion is no .
longer necessary. All diverted streams· sh.all be returned to their original condition.

k. All on- and off-site biofiltration swales shall incorporate a soil amendment to enhance
their infiltrative capacity and be maintained on a regular basis to ensure optimal
treatment functionality. .

I. The off-site stormwater treatment project shall be completed at or before Project
completion.

m. No debris, soil,' silt, sand, cement, concrete, or washings thereof, other construction
related materials or wastes, oil or petroleum products or other organic or earthen
material shall be allowed to enter into or be placed where it may be washed by rainfall or
runoff into jurisdictional wetlands or waters. Upon completion of construction, all
construction-related materials shall be removed from the work area and any areas
adjacent to the work area.

n. Disturbance or removal of vegetation shall be minimized. The site shall be stabilized
utilizing BMPs, including the successful reestablishment of native vegetation, to
enhance wildlife habitat values, and t6 prevent and control erosion and sedimentation.
Revegetation work is not confined to the period of April 1st to October 15, but must be
completed in the same calendar year.

California Environmental Protection Agency
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2. Monitoring Reports

a. Monitoringreports will be submitted by November 1st of each monitoring year to the
401 Program Managers of the State Water Board and the appropriate Regional Water
Board(s) documenting work undertaken the previous year(s). The reports, at a
minimum, shall include:

i. Names, titles, and affiliations of all persons who prepared the report and conducted
field·work;

ii. Copies of Corps permits, any special Conditions, and subsequent Letters of
Memorandum;

iii. Analysis of all quantitative monitoring data;
iv. Electronic or color copies of all photo-documentation;
v. Maps showing the monitoring area, vegetation survey sites, and photo-

documentation points; and .
vi. Remedial action recommendations, as r:leeded.

b. Monitoring reports shall be submitted for five years. Reports shall be directed to:
Program Manager, Certification and Wetlands Program at the following State arid
appropriate Regional Water Board office(s):

StateWater Resources Control Board
Division of Water Quality
1001 "I" Street 15th Floor,
Sacramento, CA 95814

San Francisco Bay Regional Water Quality Control Board
1515 Clay Street, Suite 1400
Oakland, CA 94612

Central Valley Regional Water Quality Control Board
Sacramento Office
11020 Sun Center Drive, Suite 200
Rancho Cordova, CA 95670-6114

c. The Authority shall notify the State Water Board within 24 hours of any noncompliance
that may impact the beneficial uses of waters of the State. The notification shall include
the volume and type of materials discharged and recovered, measures used to contain
the discharge, and measures used to prevent future discharges.

ADMINISTRATIVE CONDITIONS:

1. The Authority shall submit to the State Water Board a Bill of Sale of 0.944 acres of seasonal
freshwater wetland mitigation credits from Elsie Gridley Mitigation Bank.

2. The Authority shall adhere to the conditions imposed by the Project Individual Permit,
issued to the Authority by the Corps.

California Environmental Protection Agency
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3. A copy of the Storm Water Pollution Prevention Plan (SWPPP) shall be provided to the

State Water Board at least 30 days prior to the start of construction. Except as expressly
allowed in this Certification, the discharge, or creation of the potential for discharge, to
waters of the State of any construction wastes and/or soil materials including cement, fresh
'concrete, or washings thereof, silts, clay; sand, oil or petroleum products and other organic
materials to waters of the State is prohibited.

4. The Authority shall maintain a copy of this Certification and supporting documentation
(Attachments) at the Project site during construction for review by site personnel and
agencies. All personnel (employees, contractors, and subcontractors) performing work on
the proposed project shall be adequately informed and trained regarding the conditions of
this Certification.

5. The Authority shall grant State Water Board and Regional Water Board staff, or an
authorized representative, upon presentation of credentials and other documents as may .be
required by law, permission to enter the project, site at reasonable times, to ensure
compliance with the terms and conditions of this Certification and/or to determine the
impacts the project may have on the waters of the State.

6. In the event of any violation or threatened violation of the conditions of this Certification, the
violation or threatened violation must be subject to any remedies, penalties, processes, or
sanctions as provided for under State law.

7. The State Water Board reserves the right to suspend, cancel, or modify and reissue this
Certification, after providing notice to the Authority and/or responsible Project Site
Supervisor, if the State Water Board determines that the project fails to comply with any of
the terms or conditions of the Certification. '

8. Designs and details for all post construction BMPs shall be submitted to the State Water
Board for review and approval. Post construction BMPs shall not be constructed until State
Water Board staff has approved the designs for the BMPs.

9. The activity(ies) described in the 401 Certification application shall not result in the taking of
any State endangered species, threatened species, or candidate species, or the habitat of
such a species unless the activity is authorized by the California Department of Fish and
G.ame pursuant to a permit, memorandum of understanding, or other document or program
in accordance with Fish and Game Code sections 2081, 2081.1, or 2086.

10. All protective measures included in the Biological Opinion (#1-1-05-F-0158 and amendment
issued on April 15, 2008) issued by the United States Fish and Wildlife Service on June 13, 2005
and the 1602 Lake and Streambed Alteration Agreement (#1600-2008-0217-3) issued by the
California Department of Fish and Game on November 6, 2008 for this project will be
implemented. All protective measures included in the 1602 Lake and Streambed Alteration
Agreement for the Somersville to State Route 160 segment will be implemented. A c'opy of the
1602 Lake and Streambed Alteration Agreement for the Somersville to State Route 160 shall be
provided to the State Water Board prior to any discharge to waters of the State.

11. Any significant modifications to the Mitigation and Monitoring Report, June 2009 (Attachment D)
must be approved by the State Water Board before implementation.

California Environmental Protection Agency
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12. This Certification does not obviate the need to obtain other permits that may be required by

federal, state, or local authorities.

13. Failure to comply with any condition of this Certification shall constitute a violation of the
CWA and the Porter-Cologne Water Quality Control Act. Any such certification previously
granted shall immediately be revoked, and any or all discharges shall cease. The permittee
may then be subject to administrative and/or civil liability pursuant to Water Code section .
13385.

14. Certification is conditioned upon total payment of the full fee required in State regulations
(23 CCR section 3833). State Water Board staff received two checks one on
March 1, 2009 ($943:00) and another April 4, 2009 ($347.00) for fees associated with this
Project. .

STATE WATER BOARD CONTACT PERSON:

If you have any questions, please contact State Water Board Environmental Scientist Amna
Hawatky at (916) 341-5483 (ahawatky@waterboards.ca.gov). You may also contactBili
Orme, Chief of the 401 Certification and Wetlands Protection Unit, at (916) 341-5464
(borme@waterboards.ca.gov).

WATER QUALITY CERTIFICATION:

I hereby issue an order certifying that. any discharge from the referen<;::ed project will comply
with the applicable provisions of Clean Water Act sections 301 (Effluent Limitations),
302 (Water Quality Related Effluent Limitations), 303 (Water Quality Standards and
Implementation Plans), 306 (National Standards of Performance), and 307 (Toxic and
Pretreatment Effluent Standards), if all of the conditions listed in the certification action are met.
This discharge is also regulated pursuant to State Water Board Quality Order No.
2003-0017-DWQ, which authorizes this certification to serve as Waste Discharge Requirements
pursuant to.the Porter-Cologne Water Quality Control Act (Wat. Code, § 13000 et seq.).

Except insofar as may be modified by any preceding conditions, all certification actions are
contingent on: (a) the discharge being limited and all proposed mitigation being completed in
strict compliance with the Mitigation and Monitoring Report for Jurisdictional Waters of the U.S,
Projec;t Information Sheet (Attachment B), and (b) compliance with all applicable requirements
of the Regional Water Board's Water Quality Control Plan.

'/ . 06· u~

Attachments:

Date

A. Signatory Requirements
B. Project Information Sheet
C. Project Impacts and Mitigation
D. Mitigation and Monitoring Report
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DEPARTMENT OF THE ARMY'
SAN FRANCISCO DISTRICTJ U.S. ARMY CORPS OF ENGINEERS

1455 MARKET STREET
SAN FRANCISCO J CALIFORNIA 94100-1398

DEPARTMENT OF THE ARMY PERMIT

PERMITTEE: Ms. Susan Miller, Contra Costa Transportation Authority

PERMIT NO.: 2002-26746S

ISSUING OFFICE: San Francisco District, U.S. Army Corps of Engineers

NOTE: The term Uyou" and its derivatives, as used in this permit, means the permittee or any future transferee. The term
lIthis office" refers to the appropriate District or Division office ofthe Corps of Engineers having jurisdiction over the
permitted activity or the appropriate official of that office acting under the authority ofthe commanding officer.,
You are authorized to perform work in accordance with the terms and conditions specified below:

PROJECT DESCRIPTION: The Contra Costa Transit Authority (CCTA) is authorized through this Department ofthe
Army permit to perform the following work:

A. Fill 0.048 acre (100 lineal feet) ofwetland supported by sediment within a concrete lined Kirker Creek located
between the existing highway and some unused railroad tracks on the south side of SR-4.

B. Fill 0.021 acre ofwetland and 0.005 acre of waters of the U.S. by placing approximately 66 lineal feet of Old
Kirker Creek on the south side of SR-4 into a culvert.

C. Fill 0.010 acre ofwetland on the north side of SR-4 at the northwest edge of Loveridge Road at Old Kirker
Creek.

D. Fill 0.022 acre (75 lineal feet) of waters ofU.S. to extend culverts on both the north and south side of SR-4 at the
Los Medanos Wasteway.

E. Fill 0.060 acre ofwetlands and 0.066 acre of waters of the U.S. at the West Antioch Creek Complex, which will
place approximately 1040 lineal feet ofwaters and combined wetland into new culverts.

The project is approximately 6.1 miles long. The work will widen the highway from two lanes in each direction to four lanes
in each direction, one HOV lane and three mixed flow lanes. Auxiliary lanes, which span between on ramps to offramps,
have been designed into the project to allow for longer distance and safer merging oftraffic. Five main intersections,
Loveridge Road, Somersville, Contra Lorna Boulevard-L Street, Lone Tree Way-A Street and Hillcrest Avenue, will be
redesigned to accommodate the highway widening and to improve traffic flow. The G Street interchange, which currently has

, an eastbound exit ramp and westbound entrance ramp will be reconstructed to remove highway access and accommodate
highway widening. The Cavallo Road Undercrossing and the Roosevelt Lane Pedestrian Undercrossing will be widened.
(Refer to "State Route 4 (East) Widening Project: Loveridge Road To State Route 160", dated November 10,2003.)

Because of funding and construction restrictions, the project will be built in four segments and some of
the segments will be divided into phases. The work is planned to be completed over the next 10 years, as
funding becomes available. Segment 1 is scheduled to be constructed first, beginning in 2009. The timing
and order of Segment 2, Segment 3, and Segment 4 will be determined as funding becomes available. The
segments and phases of construction are described below.

Segment 1: The Loveridge Road segment, between PM 23.7 and PM 25.8, is scheduled to be constructed
first. It will tie into the previously completed SR-4 project, which ended in Pittsburg at approximately PM
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24.2 (where Kirker Creek passes under SR-4). The Loveridge Road segment ends at PM 25.8, slightly east
of the Los Medanos Wasteway. (For details of Segment I, refer to "Project Plans for Construction on State
Highway in Contra Costa County, in Pittsburg and Antioch from 0.9 KM West of Loveridge Road
Overcrossing to 0.3 KM West of Somersville Road Undercrossing", and dated September 17, 2008).

Segment 2: The second segment, the Somersville Road Undercrossing segment, extends eastward from
where the Loveridge Road segment ends and is between PM R25.61 and PM R26.62. (For details of the
Somersville Road Undercrossing phase, refer to "Project Plans for Construction on State Highway in
Contra Costa County, in Antioch and Pittsburg from 0.7 Mile West of Somersville Road Undercrossing to
0.5 Mile East of Somersville Road Undercrossing", dated July IS, 2008).

Segment 3: Segment 3 begins at PM 26.5 and ends at PM 27.5. The Contra Lorna Boulevard-L Street
Interchange will be rebuilt to accommodate widening of Contra Lorna Boulevard and L Street to a four
lane facility with room for left turn lanes. SR-4 will be widened and elevated 3 feet to allow more
overhead over Contra Lorna Boulevard-L Street, and the on and off ramps will be redesigned, adjacent to
where West Antioch Creek crosses under SR-4.

The G Street Overcrossing will be reconstructed along with some of the local street intersections to
accommodate SR-4 widening, improve local traffic flow and remove the on and off ramps so there will be
no SR-4 access from G Street. (For details of Segment 3, refer to the project plans entitled "Project Plans for
Construction of State Highway in Contra Costa County, in Antioch from 0.3 Mile West of Contra Lorna
Boulevard Undercrossing to 0.2 Mile East of G Street Overcrossing lf and dated April 22, 2009.)

Segment 4: Segment 4 begins at the end of Segment 3 and extends to PM 29.7, near the SR4/Route 160
Interchange. Segment 4 is divided into 2 phases, which CCTA refers to as Phase 4a and Phase 4b. Phase
4a will rebuild the SR-4/Lone Tree Way-A Street Interchange and the Cavallo Road Undercrossing. Phase
4b will reconfigure the SR-4/Hillcrest Avenue Interchange and widen the highway to the end of the
project limits. (For details of Segment 4A, see the project plans entitled "Project Plans for Construction on
State Highway in Contra Costa County, in Antioch from 0.61 Miles West of II A" Street Undercrossing to
0.10 Miles East of Hillcrest Avenue Overcrossing" and dated January 16, 2009. For details of Segment 4B,
see the project plans entitled IlProject Plans for Construction on State Highway in Contra Costa County, in
Antioch from 0.33 Miles West of Hillcrest Avenue Overcrossing to 0.98 Miles East of Hillcrest Avenue
Overcrossing" and dated April 17, 2009.)

PROJECT LOCATION:" This project is located in Pittsburg and Antioch in Contra Costa County, California. The
project is on. State Route 4 (SR-4) starting 0.84 mile west ofLoveridge Road (Post Mile 23.7) and ending approximately

"0.7 mile east ofHillcrest Avenue (Post Mile 29.7).

PERMIT CONDITIONS

GENERAL CONDITIONS:

1. The time limit for completing the work authorized ends on July 15,2019. Ifyou find that you need more time to
complete the authorized activity, submit your request for a time extension to this office for consideration at least
one month before the above date is reached.

2. You must maintain the activity authorized by this permit in good condition and in conformance with the terms
and conditions of this permit. You are not relieved ofthis requirement ifyou abandon the permitted activity,
although you may make a good faith transfer to a third party in compliance with General Condition 4 below.
Should you wish to cease to maintain the authorized activity or should you desire to abandon it without a good
faith transfer, you must obtain a modification ofthis permit from this office, which may require restoration ofthe
area.

3. Ifyou discover any previously unknown historic or archeological remains while accomplishing the activity
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authorized by this permit, you must immediately notify this office ofwhat you have found. We will initiate the
Federal and State coordination required to determine if the remains warrant a recovery effort or if the site is
eligible for listing in the National Register of Historic Places.

4. Ifyou sell the property associated with this permit, you must obtain the signature of the new owner in the space
provided and forward a copy ofthe permit to this office to validate the transfer of this authorization.

5. If a conditioned water quality certification has been issued for your project, you must comply with the conditions
specified in the certification as special conditions to this permit. For your convenience, a copy ofthe
certification is attached if it contains such conditions.

6. You must allow representatives from this office to inspect the authorized activity at any time deemed necessary
to ensure that it is being or has been accomplished in accordance with the terms and conditions ofyour permit.

7. You understand and agree that, if future operations by the United States require the removal, relocation or other
alteration ofthe structure or work authorized herein, or if, in the opinion ofthe Secretary ofthe Army or his
authorized representative, said structure or work shall cause unreasonable obstruction to the free navigation of
the navigable waters, you will be required, upon due notice from the Corps of Engineers, to remove, relocate, or
alter the structural work or obstructions caused thereby, without expense to the United States. No claim shall be
made against the United States on account of any such removal or alteration.

SPECIAL CONDITIONS:

1. This Corps permit does not authorize you to take an endangered species. In order to legally take a listed species, you
must have a separate authorization under the Endangered Species Act (ESA) (e.g., an ESA Section 10 permit or a
Biological Opinion (BO) under ESA Section 7 with "incidental takeu provisions with which you must comply). The
enclosed U.S. Fish and Wildlife Service (FWS) BO dated June 13,2005 (151422SWR04SR9275:ES) (as amended
by Amendment to Biological Opinion for the State Route 4 Widening Project dated April 15, 2008 (Service File No.
1-1-05-F-0158» contains mandatory terms and conditions to implement the reasonable and prudent measures that
are associated with t1incidental taken that is also specified in the BO. Your authorization under this Corps permit is
conditional upon your compliance with all of the mandatory terms and conditions associated with incidental take
authorized by the attached BO, whose terms and conditions are incorporated by reference in this permit. Failure to
comply with the terms and conditions associated with incidental take ofthe BO, where a take ofthe listed species
occurs, will constitute an unauthorized take and it will also constitute non-compliance with this Corps permit. The
FWS is the appropriate authority to determine compliance with the tenns and conditions of its BO and with the ESA.

2. CCTA will mitigate for the 0.139 acre ofpermanent wetland loss within the three segments ofthe project through
the purchase of 0.14 acre ofwetland credits from an approved wetland creation mitigation bank within the service
area ofthe Contra Costa County SR-4 Widening Project..

3. CCTA may not begin construction on any part ofthe SR-4 project that will impact Corps jurisdiction until the
Corps has received copies of receipts from the mitigation bank purchases (see Special Conditions 2 and above)
and has approved these purchases in writing.

4. For permanent impact to 0.093 acre ofother waters ofthe United States, CCTA shall use standard BMP (best
management practices) erosion control standards on all disturbed ground associated with Corps jurisdiction, re-grade
the soil surface to conform to existing grades, and plant the disturbed areas with an appropriate native species
ground cover seed·mix.

5. CCTA will provide the Corps with the [mal project plans for all project segments prior to start of work.
CCTA will apply to the Corps for a permit modification before any work in waters of the U.S. if either of
the following conditions arise: a) the [mal project plans for any segment are signifiamtly different than the
above permitted project description; or b) if impacts to waters ofthe U.S. are greater for any segmmt than
described in the above permitted project description. .
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FURTHER INFORMATION:

1. Congressional Authorities: You have been authorized to undertake the activity described above pursuant to:

( ) Section 10 ofthe Rivers and Harbors Act of 1899 (33 U.S.C. Section 403).
(X) Section 404 ofthe Clean Water Act (33 U.S.C. Section 1344).
( ) Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 (33 U.S.C. Section 1413).

2. Limits ofthis authorization:

a. This permit does not obviate the need to obtain other Federal, State, or local authorizations required by law.

b. This permit does not grant any property rights or exclusive privileges.

c. This permit does not authorize any injury to the property or rights of others.

d. This permit does not authorize interference with any existing or proposed Federal project.

3. Limits of Federal Liability: In issuing this permit, the Federal Government does not assume any liability for the
following:

a. Damages to the permitted project or uses thereof as a result ofother permitted or unpermitted activities or
from natural causes.

b. Damages to the permitted project or uses thereof as a result of current or future activities undertaken by or
on behalf of the United States in the public interest.

c. Damages to persons, property, or to other permitted or unpermitted activities or structures caused by the
activity authorized by this permit.

d. Design or construction deficiencies associated with the permitted work.

e. Damage claims associated with any future modification, suspension, or revocation ofthis permit.

4. Reliance on Applicant's Data: The determination of this office that issuance ofthis permit is not contrary to the
public interest was made in reliance on the information you provided.

5. Reevaluation of Permit Decision: This office may reevaluate its decision on this permit at any time the
circumstances warrant. Circumstances that could require a reevaluation include, but are not limited to, the
following:

a. You fail to comply with the terms and conditions ofthis permit.

b. The information provided by you in support ofyour permit application proves to have been false,
incomplete, or inaccurate. (See Item 4 above.)

c. Significant new information surfaces which this office did not consider in reaching the original public
interest decision.

Such a reevaluation may result in a determination that it is appropriate to use the suspension, modification, and
revocation procedures contained in 33 C.F.R. Section 325.7 or enforcement procedures such as those contained
in 33 C.F.R. Sections 326.4 and 326.5. The referenced enforcement procedures provide for the issuance of an
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administrative order requiring you to comply with the terms and conditions ofyour permit and for the inithtion
of legal action where appropriate. You will be required to pay for any corrective measures ordered by this office,
and ifyou fail to comply with such directive, this office may in certain situations (such as those specified in 33
C.F.R. Section 209.170) accomplish the corrective measures by contract or otherwise and bill you for the cost.

6. Extensions: General Condition 1 establishes a time limit for the completion ofthe activity authorized by this
permit. Unless there are circumstances requiring either a prompt completion ofthe authorized activity or a
reevaluation ofthe public interest decision, the Corps will normally give favorable consideration to a request for
an extension ofthis time limit.

Your signature below, as permittee, indicates that you accept and agree to comply with the terms and conditions of this
permit.

(PERMITTEE) t

This permit becomes effective when the Federal official, designated to act for the Secretary ofthe Army, has signed
below.

(,v--baurence M. Farrell
Lieutenant Colonel, U.S. Army
District Commander

7(2-'1(09
(DATE)

When the structures or work authorized by this permit are still in existence at the time the property is transferred, the terms
and conditions ofthis permit will continue to be binding on the new owner(s) of the property. To validate the transfer of
this permit and the associated liabilities associated with compliance with its terms and conditions, have the transferee sign
and date below.

(TRANSFEREE)

ENG FORM 1721, Nov 86 5
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DEPARTMENT OF THE ARMY
SAN FRANCISCO DISTRICT, U.S. ARMY CORPS OF ENGINEERS

1455 MARKET STREET

SAN FRANCISCO, CALIFORNIA 94103·1398

Regulatory Division

SUBJECT: File Number 2002-26746S

Ms. Susan Miller
Contra Costa Transportation Authority

3478 Buskirk Avenue, Suite 100
Pleasant Hill, California 94523

Dear Ms. Miller:

JUL 24 2009

Enclosed is your signed copy of a Department of the Army permit (Enclosure 1) to widen
and improve State Route 4 (SR-4) in the cities ofPittsburg and Antioch, Contra Costa County,
California. The project would widen SR-4 from the existing four lanes to eight lanes with one
High-Occupancy Vehicle lane (HOV) in each direction. The project also includes redesign and
reconstruction of the interchanges within the project limits and the addition of auxiliary lanes
between on-ramps and off-ramps.

Please complete the appropriate parts of "Project Status ll form (Enclosure 2), and return it to
this office as your work progresses. You are responsible for ensuring that the contractor or
workers executing the activity authorized herein are knowledgeable of the terms and conditions
of this authorization.

Should you have any questions regarding this matter, please call Hal Durio of our
Regulatory Division at 415-503-6785. Please address all correspondence to the Regulatory
Division and refer to the File Number at the head of this letter. Ifyou would like to provide
comments on our permit review process, please complete the Customer Survey Form available
online at http://per2.nwp.usace.army.mil/survey.html.

Sincerely,

CvLaurence M. Farrell
Lieutenant Colonel, U.S. Army
Commanding

Enclosures



Copies Furnished (w/enc11 only):

US FWS, Sacramento, CA
CA DFG, Yountville, CA
CA RWQCB, Oakland, CA
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PROJECT STATUS

Please use the forms below to report the dates when you start and finish the work authorized by the enclosed permit. Also ifyou suspend
work for an extended period of time, use the forms below to report the dates you suspended and resumedwork. The second copy is provided
for your records. Ifyou fmd that you cannot complete the work within the time granted by the permit, please apply for a time extension at
least one month before your permit expires. Ifyou materially change the plan (J scope of the work, it will be necessary for you to submit new
drawings and a request for a modification of your permit.

(cut as needed) -----------------------------------------------------------------------------------------------------------------------------------------

Date: _

NOTICE OF COMPLETION OF WORK under Department ofthe Army Permi No. 26746S
TO: District Engineer, US Army Corps ofEngineers, RegulatoryDivision, 1455 Market Street, 16th F~oor, San Francisco, CA 94103-1398

In compliance with the conditions of Permit No. 26746S, this is to notify you that work was completed on _

Permittee: Ms. Susan Miller, Contra Costa Transportation Authority

Address: 3478 Buskirk Avenue, Suite 100, Pleasant Hill, CA 94523

(cut as needed) -----------------------------------------------------------------------------------------------------------------------------------------------

Date:------

NOTICE OF RESUMPTION OF WORK under Department ofthe Army Permit No. 26746S
TO: District Engineer, US Army Corps ofEngineers, RegulatoryDivision, 1455 Market Street, 16th Floor, San Francisco, CA 94103-1398

In compliance with the conditions of Permit No.26746S, this is to notify you that work was completed on "'-

Permittee: Ms. Susan Miller, Contra Costa Transportation Authority

Address: 3478 Buskirk Avenue, Suite 100, Pleasant Hill, CA 94523

(cut as needed) -----------------------------------------------------------------------------------------------------------------------------------------------

Date:-------

NOTICE OF SUSPENSION OF WORK under Department of the Army Permit No. 26746S
TO: District Engineer, US Army Corps ofEngineers, RegulatoryDivision, 1455 Market Street, 16th Floor, San Francisco, CA 94103-1398

In compliance with the conditions of Permit No. 26746S, this is to notify you that work was completed on _

Permittee: Ms. Susan Miller, Contra Costa Transportation Authority

Address: 3478 Buskirk Avenue, Suite 100, Pleasant Hill,.CA 94523

(cut as needed) -------------------------------------------------------------------------------------------------------------------------------------------

Date:-------

NOTICE OF COMMENCEMENT OF WORK under Department of the Army Permit No. 26746S
TO: District Engineer, US Army Corps of Engineers, RegulatoryDivision, 1455 Market Street, 16th Floor, San Francisco, CA 94103-1398

In compliance with the conditions of Permit No. 26746S, this is to notify you that work was completed on _

Permittee: Ms. Susan Miller, Contra Costa Transportation Authority
Address: 3478 Buskirk Avenue, Suite 100, Pleasant Hill, CA 94523

29 May 03
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FINAL FOUNDATION REPORT

A STREET UNDERCROSSING AT STATE ROUTE 4

LEFT AND RIGHT BRIDGES (BRIDGE NO. 28-0401LIR)

ANTIOCH, CONTRA COSTA COUNTY, CALIFORNIA
04-CC-4-R27.8 EA 2285Fl

INTRODUCTION

This report presents the results of our geotechnical engineering investigation for the proposed new

bridges along eastbound and westbound State Route 4 over A Street Undercrossing in Antioch,

Contra Costa County, CA. Our work was performed generally in accordance with the scope of

work as per our agreement. The general location of the site and its vicinity are shown on the

Project Location Map, Plate 1.

The geotechnical recommendations presented in this report are intended for design input and are

not intended to be used as specifications. These recommendations should not be used for direct

bidding purposes.

PROPOSED CONSTRUCTION

Based on the preliminary plans provided by T. Y. Lin International, the proposed project consists

of demolition of the existing left and right bridges for the A Street Undercrossing at State Route 4

in Antioch, Contra Costa County, California and replacement by new bridges. The new bridges

will be two-span cast-in-place prestressed concrete box girder structures that will span over Lone

Tree Way/A Street. Per the plans provided, the structures will be 200 feet long and 71 feet wide

along the same alignment. The new bridges will accommodate four 12-foot lanes in each direction

with 10-foot shoulders and concrete barriers. Abutments 1 and 3 will be open face abutments on

fill. Support at Bent 2 will consist of four 7-ft diameter columns flared at the top. The abutments

and the four columns in Bent 2 will all be supported on cast-in-drilled-hole (CIDH) piles.

PURPOSE AND SCOPE

The purpose of this investigation was to evaluate the general soil conditions at the project site, to

evaluate their engineering properties, and to provide recommendations for foundation support of
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the proposed project.

The scope ofwork performed for this investigation included a review of the readily available soils

and geologic literature, obtaining representative soil samples and logging soil materials

encountered in four drilled borings, laboratory testing of the collected samples, engineering

analysis of the field and laboratory data, and preparation of this report. The basis for this

investigation is the preliminary plans provided to us by T. Y. Lin International. We have presented

the descriptive log of the boreholes in Appendix A.

Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter

unforeseen variations in the soil conditions during construction nor is it practical to determine all

such variations during an acceptable program of drilling and sampling for a project of this scope.

Such variations, when encountered, generally require additional engineering services to attain a

properly constructed project. We, therefore, recommend that a contingency fund be provided to

accommodate any additional charges resulting from technical services that may be required during

construction.

Our recommendations in this report are based on the above information. Any major deviation

should be reported to this office for consideration.

SITE CONDITIONS

The project is located at the crossing of Lone Tree Way/A Street and State Route 4, in the City of

Antioch, Contra Costa County. Per the As-Built drawings, the existing bridges (which will be

demolished) were constructed in 1969. They are single span, cast-in-place prestressed concrete

structures, 155 feet long and 41 feet wide, each carrying two 12-ft wide traffic lanes and have a

10-ft shoulder adjacent to the outer lane and a 5-ft shoulder adjacent to the inner lane. Railing

(Type 9) barriers are present on the outside edges of the shoulders. The abutments are founded on

16-in.diameter 70 ton Cast-in-drilled-hole (CIDH) piles.

The existing bridge abutments are on approach fill. The top of the fill is at an approximate

elevation of69 feet, which is approximately 10 to 15 feet above adjacent ground. To accommodate
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the wider new bridges, additional fill will be required, particularly on the south side.

FIELD EXPLORATION AND LABORATORY TESTING

Field Exploration

The exploration program was based on the proposed plans, discussions with design engineer, and

readily available data of the existing undercrossing. Two (2) exploratory borings were drilled in

September, 2006, one near each abutment. Borings were drilled from the top ofthe embankment to

depths of approximately 100. Two additional borings were drilled in July, 2009, adjacent to the

previous borings to depths of approximately 130 feet. The latter borings were drilled to gain

pertinent additional information beyond 100-ft depth. The test borings were advanced with a

truck-mounted drill rig, using the hollow stem auger drilling method. The boring locations are

shown on the plan portion of the Log of Test Borings in Appendix A.

Selected samples were generally obtained from 3.0-inch O.D. & 2.5 inches LD. (Modified

California) samplers at various depths. Occasionally, 2.0-inch O.D. & lA-inch LD. (Standard

Penetration Test) sampler was used, particularly in the dense granular layers and hard clays below

70 feet. The samplers were driven in subsurface soils under the impact of a 140-lb hammer having

a free fall of 30 inches. The blow counts are presented on the "Log of Test Borings". (When

correlating standard penetration data in similar soils, the blow counts for the Modified California

Sampler can be taken as roughly 1.6 times that for the Standard Penetration Test in similar soils).

The samples were sealed and transported to our laboratory for further evaluation and testing. The

field investigation was conducted under the supervision of our field engineer who logged the test

borings and prepared the samples for subsequent laboratory testing and evaluation.

Laboratory Testing

Laboratory tests were performed on selected samples obtained during field exploration to

determine the physical and engineering properties of the subsoils. Laboratory data of moisture

contents, dry density, grain size distribution, Atterberg Limits and unconfined compression tests

are presented on the Log of Test Borings. A detailed description of laboratory testing performed is

presented in Appendix B.
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Boring Logs

The bore logs presented in Appendix A were prepared from the field logs which were edited after

visual re-examination of the soil samples in the laboratory and results of classification tests on

selected soil samples as indicated on the logs. The abrupt stratum changes shown on these logs

may be gradual and relatively minor changes in soil types within a stratum may not be noted on the

logs due to field limitations. Appendix A also includes log of test borings available from as-built

drawings for the existing undercrossing.

SUBSURFACE CONDITIONS

Subsurface conditions in both the borings drilled indicate predominantly lean clays and sandy clays

with occasional layers of sandy soils to a depth of approximately 60 feet. The clays are generally

very stiff to a depth of 30 feet, turning to hard clays below that depth. Very hard/very dense

interbedded layers of sandstone and siltstone were encountered in all the four borings at depths of

approximately 70 feet. The sandstones and siltstones are judged to belong to Tulare Formation

(Pliocene). Four boring logs, drilled in 1957 are shown on the as-built drawings. The boring logs

indicate predominantly silts and sandy silts with interbedded sand layers. The discrepancies

between the current and As-built boring logs may be attributed to changes in soil classification

over the years.

During field exploration in September, 2006, groundwater was encountered (during drilling)

approximately at 63-ft depth (Elev. 5.6 feet) in boring AST-154 on the west end and approximately

at 56.5-ft depth (Elev. 11.7 feet) in boring AST-155 on the east side of the bridge. During field

exploration in July, 2009, groundwater was encountered (during drilling) approximately at 80-ft

depth (Elev. -11.4 feet) in boring AST-154A on the west end and approximately at 60-ft depth

(Elev. 8.2 feet) in boring AST-155A on the east side of the bridge. In boring 155A, groundwater

rose approximately 20 feet (Elev. 28.2 feet) prior to grouting of the hole. However, the

groundwater may vary with the passage of time due to seasonal groundwater fluctuation, surface

and subsurface flows, ground surface run-off and other factors that may not be present at the time

of investigation.
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GEOLOGY

General geologic features pertaining to the site were evaluated with reference to the "Geologic Map

of Quaternary Geology of Contra Costa County and Surrounding Areas, CA: Derived from Digital

Database open-file 97-98" by EJ. Helley and R.W. GraYmer 1997; Scale 1:100000. Based on the

map, the site is located in an area covered by Pleistocene alluvial deposits (Qpaf). A geologic map of

the general project area is shown on Plate 2. Description of the main geologic units is as follows:

Qpaf(Alluvial Fans and Fluvial Deposits (Pleistocene)) - Brown dense gravely and clayey

sand or clayey gravel thatfines upward to sandy clay. These deposits display various sorting

and are located in most stream channels in the county. All Qpafdeposits can be related to

modern stream courses. They are distinguished from younger alluvial fans and fluvial

deposits by higher topographic position, greater degree of dissection, and stronger soil

profile development. They are less permeable than Holocene deposits, and locally contain

fresh water mollusks and extinct late Pleistocene vertebrate fossils. They are overlain by

Holocene deposits on lowerparts ofthe alluvialplain, and incised by channels that are partly

filled with Holocene alluvium on higher parts of the alluvial plain. Maximum thickness is

unknown but at least 50m (150feet).

Another map ('Preliminary geologic map emphasizing bedrock formations in Contra Costa County:

A digital database', compiled by GraYmer, Jones and Brabb (USGS Open File Report 94-622) was

also considered for additional information for the bedrock. Bedrock (Tulare Formation) exposed at

the surface is noted to the south of the site. The rock has a shallow dip towards the north and is

therefore expected to underlie the hard Pleistocene clays at the site. Description of the rock is as

follows:

Ttu (I'ulare Formation (Pliocene) - Poorly consolidated, non-marine, gray to maroon

siltstone, sandstone, and conglomerate. This formation contains tuff correlated with the

Putah tuff.
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EARTHQUAKE CONSIDERATIONS

Seismic Sources

The project is located in a seismically active part of Northern California. Many faults exist in the

area, which are capable of producing earthquakes which may cause strong ground shaking at the

site.

Applicable major faults in the vicinity of the project site were identified and their associated

maximum earthquake magnitudes were established using the In-Progress Seismic Hazard Map

currently under development by Caltrans and the associated Data Base. The documents were

supplied to us by Caltrans, with the understanding that the fault locations in the map and the

associated magnitudes in the Data Base have essentially been finalized. Pertinent information is

summarized below. The moment magnitudes noted in the table represent the largest earthquakes

that could occur on the given fault based on the current understanding of the regional tectonic

structure. A fault map of the project vicinity is shown on Plate 3.

Fault Fault Type
Distance from Site Maximum Moment

Fault No.(1) (miles) Magnitude

Vaca Fault Zone
14 RLSS(2) 3.4 6.9

Great Valley Fault 5
24 Reverse

4.4 6.5
Fault

Greenville Fault Zone (Clayton 351
RLSS 4.1 6.6

Section)
Concord Fault Zone (Ygnacio 341

RLSS 6.9 6.6
Valley Section)

(1) Number of the Fault in the Data Base associated with the Caltrans In-Progress Seismic Hazard Map
(2) RLSS - Right-left Strike Slip Fault

Based on the Caltrans In-Progress Seismic Hazard Map and the attenuation relationship by Sadigh

et al. (1997), the controlling fault is the Vaca Fault Zone (Fault No. 14 in the map), which is

associated with a Maximum Moment Magnitude (Mmax) of 6.9. A peak bedrock acceleration

(PBA) of O.50g is anticipated at the site.
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Seismic HazardslLiguefaction Impact

Potential seismic hazards may arise from three sources: surface fault rupture, ground shaking and

liquefaction. Since no active faults pass through the site, the potential for fault rupture is relatively

low. Based on available geological and seismic information, the possibility of the site to

experience strong ground shaking may be considered significant.

Liquefaction is a phenomenon in which saturated soils are subject to a temporary but essentially

total loss of shear strength under the reversing, cyclic shear stresses associated with earthquake

shaking. Submerged, cohesionless sands and silts of low relative density are the type of soils

which usually are susceptible to liquefaction - the susceptibility increases with decreasing relative

density (reflected by the number of blows to drive a sampler), and decreasing fines content.

Accepted procedures for the assessment of liquefaction potential for cohesionless soils have

evolved over the years through research and field observations (Youd et aI, 2001). Recent research

and field observations have shown that clays oflow plasticity are also potentially liquefiable, based

on the moisture content and plasticity characteristics of the clay. Procedures for the assessment of

liquefaction potential for clay soils have also been established and have received general

acceptance (Bray et. aI., 2004).

Potential for liquefaction at the site is low, due to the predominant presence of stiff clay soils and

the relatively low groundwater table.

FINDINGS AND RECOMMENDATIONS

General

Based on the findings of the investigation, it is our opinion that the site is feasible for the planned

bridge structures provided the recommendations presented in this report are incorporated into the

final design and construction.
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This report was prepared specifically for the proposed bridge structures according to the plans

provided to us. Normal construction procedures were assumed throughout our analysis and

represent one of the bases of recommendations presented herein. Our design criteria have been

based upon the materials encountered at the site. Therefore, we should be notified in the event that

these conditions are changed, so as to modify or amend our recommendations.

Foundations

For the proposed structure, 24-inch diameter CIDH piles are recommended for foundation support

at the two abutment locations and 84-inch CIDH piles are recommended for the column

foundations for Bent 2.

Pile Design

Pertinent foundation design information was provided by T. Y. Lin International (Structural

Engineers for the project), which are presented in the following tables (Foundation Design Data

and Foundation Design Loads).

FOUNDATION DESIGN DATA L ft B ·d- e rI 1ge

Support Design Pile Type Finish Pile Pile Cap Size Permissible No. of Piles

No Method Grade Cut-off (ft) Settlement per Support

Elev. (ft) Elev. (ft) B(2) L(3) (inch)

Abutment WSD 24-in 62.33 54.75 10 72.5 0.5(1) 22

1 CIDH

Bent 2 LRFD 84-in 44.00 42.00 N/A N/A 0.5(1) 1

CIDH

Abutment WSD 24-in 61.83 54.25 10 72.5 0.5(1) 22

3 CIDH

Note: (l) Per MTD - 3-1 (2) B = Width (3) L = Length
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FOUNDATION LOADS L ft B ·d- e n ~e

Service-I Limit State (kips) Strength Limit State (Controlling Extreme Limit State

Group, kips) (Controlline; Group, kips)

Total Load Permanent Compression Tension Compression Tension

Support Loads

No. Per Per Per Support Per Max. Per Max. Per Max. Per Max.

Supp. Pile Supp. Per Supp. Per Supp. Per Pile Supp. Per

Pile Pile Pile

Abutment 2366 114(1) 1821 N/A N/A N/A N/A N/A N/A N/A N/A

1 142(4)

Bent 2 1303 1303 907 2259 2259 0 0 1015 1015 0 0

Abutment 2366 114(1) 1821 N/A N/A N/A N/A N/A N/A N/A N/A

3 142(4)

Notes: (1) Group 1 Loading - 100% of allowable; (4) Group 4 Loading - 125% of allowable

FOUNDATION DESIGN DATA Ri ht B ·d- 19J rI 1ge

Support Design Pile Finish Pile Pile Cap Size Permissibl No. of Piles per

No Method Type Grade Cut-off (ft) e Support

Elev. (ft) Elev. (ft) B(2) L(3) Settlement

(inch)

Abutment WSD 24-in 62.33 54.75 10 72.5 0.5(1) 22

1 CIDH

Bent 2 LRFD 84-in 44.00 42.00 N/A N/A 0.5(1) 1

CIDH

Abutment WSD 24-in 61.83 54.25 10 72.5 0.5(1) 22

3 CIDH

Note: Per MTD - 3-1 (2) B = Width (3) L = Length
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FOUNDATION LOADS R' ht B ·d- 19l rt 1ge

Service-I Limit State (kips) Strength Limit State (Controlling Extreme Limit State

Group, kips) (Controlling Group, kips)

Total Load Permanent Compression Tension Compression Tension

Support Loads

No. Per Per Per Support Per Max. Per Max. Per Max. Per Max.

Supp. Pile Supp. Per Supp. Per Supp. Per Pile Supp. Per

Pile Pile Pile

Abutment 2366 114(1) 1821 N/A N/A N/A N/A N/A N/A N/A N/A

1 142(4)

Bent 2 1303 1303 907 2259 2259 0 0 1015 1015 0 0

Abutment 2366 114(1) 1821 N/A N/A N/A N/A N/A N/A N/A N/A

3 142(4)

Notes: (1) Group 1 Loading - 100% of allowable; (4) Group 4 Loading - 125% of allowable

Consistent with the current Caltrans requirements, Working Stress Design (WSD) was used for the

abutment foundations and Load Resistance Factor Design (LRFD) was used for the foundations for

Bent 2 for the two bridges.

The abutment foundations were evaluated for the foundation design data and loading conditions

using Caltrans November 2003 Bridge Design Specifications for foundations, using Working

Stress Design (WSD) methods. The Bent 2 foundations were evaluated for the foundation design

data and loading conditions using AASHTO LRFD Bridge Design Specifications - 3rd Edition,

with Interims Through 2006 and current Caltrans Amendments (v3.06.01). The actual load

demands on the piles, based upon WSD and LRFD are presented in the table below for the two

bridges.
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LOAD DEMANDS L ft B 'd- c n 12C

Service Loads Required Nominal Resistance Required Nominal

(kips) (kips) Resistance (kips)

Support Design Strength Limit Extreme Limit

No. Method Compo Tens. Compo Tens. Compo Tens. Compo Tens.

<<1>=0.7) <<1>=0.7) <<1>=1.0) <<1>=1.0)

Abutment WSD 114 0 N/A N/A N/A N/A 228 0

1

Bent 2 LRFD 1303 0 3203 0 1015 0 3203 0

Abutment WSD 114 0 N/A N/A N/A N/A 228 0

3

LOAD DEMANDS R' ht B 'd- 12 rl12c

Service Loads Required Nominal Resistance Required Nominal

(kips) (kips) Resistance (kips)

Support Design Strength Limit Extreme Limit

No. Method Compo Tens. Compo Tens. Compo Tens. Compo Tens.

<<1>=0.7) <<1>=0.7) <<1>=1.0) <<1>=1.0)

Abutment WSD 114 0 N/A N/A N/A N/A 228 0

1

Bent 2 LRFD 1303 0 3203 0 1105 0 3203 0

Abutment WSD 114 0 N/A N/A N/A N/A 228 0

3

Estimation of the pile capacities was made using the site-specific subsurface conditions for the

loads computed above and other pertinent information provided by the Structural Engineer. The

computer program SHAFT developed by Ensoft, Inc. was used for the computations. The program

computes capacities for drilled shafts (CIDH piles) based on procedures proposed by O'Neil and

Reese (1999). The procedures utilize an a factor (a=O.55) for "Clay" and a ~ factor for "Sand"

where ~ is a function of depths below ground surface and independent of soil friction angle The

SHAFT program also computes the pile settlement and associated mobilization of shaft and
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end-bearing resistance, consistent with the O'Neil and Reese (1999) procedures.

The pile data table is presented below. Pile capacity computations (SHAFT output) are presented

in Appendix C. End bearing was neglected in the estimation of axial pile capacities for all piles.

PILE DATA TABLE L ft B 'd- e n 12e

Nominal Resistance Nominal

Location Pile Type
(kips Cut-off Design Specified Driving

Elev. (ft) Tip Elev. (fti l
) Tip Elev. (ft) Resistance

Compression Tension (kips)

Abutment 1 24-in CIDH 230 0 54.75 34.0(a),34.0(b)
34.0

N/A

Bent 2 84-in CIDH 3210 0 42.00 -I8.5(a), -6.0(b)
-18.5

N/A

Abutment 3 24-in CIDH 230 0 54.25 29.0(a),34.0(b)
29.0

N/A

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Lateral Loads

PILE DATA TABLE R' h B 'd- 121 t n 12e

Nominal Resistance Nominal

Location Pile Type
(kips Cut-off Design Specified Driving

Elev. (ft) Tip Elev. (ft)(l), Tip Elev. (ft) Resistance
Compression Tension (kips)

Abutment 1(1) 24-in CIDH 230 0 54.75 34.0(a),34.0(b)
34.0

N/A

Bent 2 84-in CIDH 3210 0 42.00 -I8.5(a), -6.0(b)
-18.5

N/A

Abutment 3(1) 24-in CIDH 230 0 54.25 29.0(a),34.0(b)
29.0

N/A

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Lateral Load.

CIDH Pile Installation

Caltrans standard specification for "Cast-in-Place Concrete Piling" should be used for the

construction of CIDH piles. Groundwater will be encountered during pile construction for the

84-inch Bent 2 piles and may also be encountered for the abutment piles. The construction of the

CIDH piles should be in accordance with the Caltrans specifications, which include necessary
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QAlQC procedures. It is prudent to make the contractor aware of these conditions so that he takes

appropriate steps to comply with the standards and maintain the integrity of the CIDH piles. The

use oftemporary steel casing should be anticipated at all times to maintain the integrity of the piles,

particularly when drilling through the embankment fill. It is also recommended that the

specifications set certain to pre-qualify the potential contractors. This is particularly significant for

the 68-ft long 84-inch diameter piles for Bent 2, which will require installation of a large diameter

CIDH pile below groundwater.

All piles excavations should be observed by the geotechnical engineer or regulatory agency prior

to the placement of reinforcement and concrete so that if conditions differ from those anticipated,

appropriate recommendations can be made.

Lateral Pile Capacity

Lateral load analyses may be performed using the LPILE program to determine the behavior of the

piles under lateral loading conditions. Geotechnical parameters recommended for use in the LPILE

program are presented below. The following parameters are based on field borings and laboratory

testing data. The elevation information is based on the topographic information provided to us.

Geotechnical Parameters for LPILE Analysis
Abutment 1 - Left and Right Bridge

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 45 Very StiffLean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .005 0.0723FREE WATER

35 to 45 Dense Silty Sand 8, API SAND ~=35° 125 -- 0.0752

20 to 35 Very StiffLean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .005 0.0723FREE WATER

5 to 20 Very StiffLean Clay 3, STIFF CLAY wlo Su 17.36 psi 1000 .005 0.0723
FREE WATER

oto 5 Very Stiff Sandy Silt 8, API SAND ~=25° 125 -- 0.0376

Below 5 Hard Lean Clay 3, STIFF CLAY wlo Su = 27.78 psi 2000 .004 0.0376
FREE WATER
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Bent 2 - Left and Right Bridges

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 20 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .00267 0.0723FREE WATER

4t020 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .00267 0.0723FREE WATER

ot04 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .00267 0.0376FREE WATER

Below 0 Hard Lean Clay
3, STIFF CLAY wlo

Su = 41.67 psi 2000 .00214 0.0376FREE WATER

Abutment 3 - Left and Right Bridges

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 40 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 17.36 psi 1000 .005 0.0723FREE WATER

20 to 40 Hard Lean Clay
3, STIFF CLAY wlo

Su = 27.78 psi 2000 .004 0.0723FREE WATER

5 to 20 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 17.36 psi 1000 .005 0.0723FREE WATER

3 to 5 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 17.36 psi 1000 .005 0.0376FREE WATER

Below 3 Very Dense Sand 8, API SAND ~=40° 125 -- 0.0405

Analyses were performed for the CIDH piles for the lateral loads provided by the designer. In all

analyses, a 'pinned' pile head connection was assumed. The results are presented in the table

below. Appropriate Group Reduction Factors were used in the analyses corresponding to the pile

spacings, as noted in the table.
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LATERAL LOAD (LPILE) ANALYSIS RESULTS

Support CIDH Cut-off Shear Load on Deflection on Maximum Bending
No. Pile Elevation top of Pile Top of Pile Moment

Diameter (ft) (kips) (inches) Magnitude At depth
(inches) (kip-ft) (ft)(l)

27 0.0478 55.1 4
Abut 1 24 54.75 37 0.0973 86.1 5

47 0.162 122.2 5
72 (long) 0.0080 292.6 7

Bent i 2
) 84 42.00 73 (trans) 0.0119 320.0 8

147 (long) 0.0369 685.3 9
155 (trans) 0.0617 858.1 11

27 0.0753 67.1 5
Abut 3 24 54.25 37 0.151 105.1 6

47 0.255 148.0 6

Notes:
1. Depth measured from top of pile (bottom of footing)

2. Used Cracked Section: Moment of Inertia reduced by 50 percent.

3. Group factors of0.6 used for Abutments corresponding to a pile spacing of3 times the diameter,
as recommended by Caltrans

4. For Bent 2, Group Factors based on GROUP 7.0 Program (0.80 for Longitudinal and 0.62 for
Transverse)

5. Loads provided by Antonio Luo

Lateral Earth Pressures

Abutment retaining walls and wing walls should be designed to resist the following Applied

Lateral Earth Pressures and live load. These values assume no hydrostatic pore pressure buildup

behind the wall and are based on well-drained backfill behind the walls supported in native soil.
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Applied Lateral Earth Pressure

Active Condition

At-Rest Condition

Passive Resistance

36 pcf Equivalent Fluid Pressure (EFP) for engineered fill

55 pcf Equivalent Fluid Pressure (EFP) for engineered fill

310 pcf EFP with a maximum value of 3100 psf.

5 ksf (ultimate) for seismic design of the abutment backwall

(5.5 feet high or greater); for activated height less than 5.5 feet

modify proportionally, i.e. 5 x (lI/5.5) ksf. A minimum lateral

wall movement of 2% of wall height to mobilize the full

ultimate passive pressure is required.

Cantilever walls which are free to rotate at least 0.004 radians may be assumed flexible for the

active condition. Walls that are not capable of this movement should be assumed rigid and

designed for the at-rest condition. The effect of any surcharge (dead, live, or traffic load) should

be added to the preceding lateral earth pressures. A coefficient of 0.3 may be used to determine the

additional earth pressure resulting from the surcharge.

Seismic Design Criteria

The value ofPBA for the project site was calculated from the distances to the applicable faults in

the project vicinity using the Caltrans In-Progress Seismic Hazard Map and the attenuation relation

by Sadigh et al. (1997). The computed PBA value was increased by 20%, also per Sadigh (1997),

to account for the reverse fault effect, wherever applicable. The PBA computations based on

Sadigh attenuation relation are presented in Appendix C. Based on the computations, the

maximum PBA computed within the project limit is 0.5g.

Based on the available boring information in the vicinity of the project site, the subsurface soil
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conditions at the project site generally matches the criteria for Soil Type D, as per Caltrans Seismic

Design Criteria (Version 1.4, June 2006). Based on Caltrans Seismic Design Criteria and the above

information, the seismic design criteria are as follows:

1.
2.
3.

Closest Distance to Fault
PBA
Design ARS Curve

3.4 miles (5.5 km)
0.5g
Caltrans Seismic Design Criteria June
2006 Version 1.4 Figure B.8 (Soil Profile
Type D).

4. Design ARS Curve (see Plate 4): Curve based on Caltrans SDC (v. 1.4, 6/2006) for
different structural periods. The curve is based on (Governing Fault - Vaca Fault Zone;
Mmax =6.9) Figure B.8, PBA = 0.5g. The curve is modified for near fault effects as
required by SDC.

A copy of the ARS Design Curve is included on Plate No.4 of this report.

Grading

All grading operations should be performed in accordance with the project specifications and

Caltrans Standard Specifications for Earthwork (Section 19). A representative from our office or

regulatory agency should observe all excavated areas during grading and perform moisture and

density tests on prepared subgrade and compacted fill material. Any fill material imported to the

site should be non-expansive, relatively granular material having a Plasticity Index (P.I.) of less

than 15. It should also be non-corrosive, free ofdeleterious material and should be reviewed by the

Geotechnical Engineer.

Should there be any alterations of the proposed construction that will affect the stated bases of our

recommendations, we should be informed so that we can review such changes and amend or

submit additional recommendations. Our office should review the final grading plans prior to

grading to see that the intent of our recommendations is included in the plans.
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Engineered Fill Engineered fill should be non-expansive and consist of relatively granular

material having a P.1. of less than 15. The fill shall also be free of organic and inorganic debris,

rubble and any other deleterious material. The on-site soils may be used as engineered fill,

provided they meet the above criteria.

Low Expansion Materials at Abutments As per Caltrans standards, "Low Expansion Material"

should be used at the abutments for the project. A schematic drawing showing standard "Limits

of Low Expansion Material at Abutments" per Caltrans requirements is shown on Plate 5. The

material within this limit should have Sand Equivalent (SE) more than 20 as determined in

accordance with California Test Method 217 and Expansion Index (EI) less than 50 as determined

in accordance with ASTM D4829. In addition, as general requirements, fill material should be free

of organic material and rocks or lumps greater than 4 inches in diameter, have a plastic index (PI)

of less than 15, and compacted as per Caltrans Standard Specification.

Approach Embankment The maXImum embankment fill thickness is anticipated to be

approximately 10 to 15 feet at all the abutment locations. The approach embankments will have a

2(H): 1(V) slope on both sides. Under the bridge, paved slopes may be constructed at 1.5(H): 1 (V)

slope. The available boring data indicates that the subsurface soil conditions generally consist of

stiff to very stiff clays. Based on the boring information, it appears that the consolidation

settlement due to the placement ofthe embankment fill is anticipated to be relatively quick (during

construction) and therefore insignificant. Standard Caltrans 30-day waiting period is considered

adequate.

Corrosion

The corrosion investigations performed are in general accordance with the provisions of California

Test Method 643. A summary of the corrosion test data is presented below.
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Resistivity Sulfate Chloride
Boring Depth (ft) PH

(ohms-em) (ppm) (ppm)

AST-154 8 7.50 860 89.1 10.9

Based on the data, the site subsoil is non-corrosive per Caltrans corrosion design guidelines, and

standard Type II modified or Type I-P (MS) modified cement may be used for the concrete

substructures. The minimum cement factor and cover thickness should be per Caltrans Bridge

Design Specifications (Section 8.22).

Plan Review

We recommend that final plans for foundations be reviewed by this office prior to construction so

that the intent of our recommendations is included in the project plans and specifications and to

further see that no misunderstandings or misinterpretations have occurred.

Construction Observation

To a degree, the performance of any structure is dependent upon construction procedures and

quality. Hence, observation of foundation excavations, and pile installations should be carried out

by the regulating agencies. If the subsurface conditions different from those forming the basis of

our recommendations is encountered, this office should be informed in order to assess the need for

design changes. Therefore, the recommendations presented in this report are contingent upon good

quality control and these geotechnical observations during construction.

INVESTIGATION LIMITATIONS

Our services consist of professional opinions and recommendations made in accordance with

generally accepted geotechnical engineering principles and practices and are based on our site

reconnaissance and the assumption that the subsurface conditions do not deviate from observed

conditions. All work done is in accordance with generally accepted geotechnical engineering

principles and practices. No warranty, expressed or implied, ofmerchantability or fitness, is made

or intended in connection with our work or by the furnishing of oral or written reports or findings.
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The scope of our services did not include any environmental assessment or investigation for the

presence or absence of hazardous or toxic materials in structures, soil, surface water, groundwater

or air, below or around this site. Unanticipated soil conditions are commonly encountered and

cannot be fully determined by taking soil samples and excavating test borings; different soil

conditions may require that additional expenditures be made during construction to attain a

properly constructed project. Some contingency fund is thus recommended to accommodate these

possible extra costs.

This report has been prepared for the proposed project as described earlier, to assist the engineer in

the design of this project. In the event any changes in the design or location of the facilities are

planned, or if any variations or undesirable conditions are encountered during construction, our

conclusions and recommendations shall not be considered valid unless the changes or variations

are reviewed and our recommendations modified or approved by us in writing.

This report is issued with the understanding that it is the designer's responsibility to ensure that the

information and recommendations contained herein are incorporated into the project and that

necessary steps are also taken to see that the recommendations are carried out in the field.

The findings in this report are valid as of the present date. However, changes in the subsurface

conditions can occur with the passage of time, whether they are due to natural processes or to the

works of man, on this or adjacent properties. In addition, changes in applicable or appropriate

standards occur, whether they result from legislation or from the broadening of knowledge.

Accordingly, the findings in this report might be invalidated, wholly or partially, by changes

outside of our control.

Respectfully submitted,
PARIKH CONSULTANTS, INC.

~vlt0~
Partha Sircar, Ph.D., P.E. C54619

Senior Engineer
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Caltrans SDC (v 1.4, June 2006), Figure B.8,
Governing Fault: Vaca Fault Zone
Fault Distance =5.45 km (3.4 miles)
(Mw =6.9, Soil Profile Type D, PBA =0.5g)

Notes:
(a) The new (in-progress) Caltrans Hazard Map and Data Base was used
(b) PBA was obtained by using Sadigh Attenuation Relationship:0.49g (rounded off to 0.5 g)
(c) The following modifications were then applied for near-fault effects:

(1) No change of Sa for structural periods ~ 0.5 sec
(2) 20% increase of Sa for structural periods> 1 sec
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EXPANSIVE SOIL EXCLUSION ZONE

GUIDELINE FOR DEFINING EXPANSIVE SOIL AND THE ZONE
AROUND BRIDGE ABUTMENTS IN WHICH EXPANSIVE SOIL IS TO
BE EXCLUDED (ALSO APPLICABLE TO WINGWALLS AND
RETAINING WALLS).

Expansive soU materials shaU DOl be placed as part ofthe embankment witbin tbe limits
ofa brid.ge abutment as shown in Figure 1 below for the full width of the embankment.
Expansive soil materials for this requit'eJbent are defined as baving either an Expansion
Index (EI) greater than 50. (Expansion Ind.ex to be determined in accordance with ASTM
D (829) or a Sand Equivalent (SE) less than 20 (Sand Equivalent to be determined in
acoordance with California Test Method 2J1). 'J'hj$ n:quirement is exclusive of the
strocltlre backfill and pervious backfiU material n:quirementsas shown on the plans and
set forth in the Standard Sped3ficatkms under Sections 19-3.06 and 19-3.065 respectively.

Figure 1 TYPICAL SECTION - EXPANSIVE SOIL EXCLUSION
ZONE IN BRIDGE EMBANKMENT

.. (SEE TI<BLEmo-)

NOT TO SCAj!:

LOW EXPANSION MATERIAL

A STREET UNDERCROSSING
CONTRA COSTA COUNTY, CALIFORNIAfj PARIKH CONSULTANTS, INC.

• GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.AST PLATE NO.: 5
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APPENDIXB

LABORATORY TESTS

Classification Tests

The field classification of the samples was visually verified in the laboratory according to the Unified Soil
Classification System. The results are presented on "Log of Test Borings", Appendix A.

Moisture-Density

The natural moisture contents and dry unit weights were determined for selected undisturbed samples of the soils in
general accordance with ASTM Test Method D 2216-92. This information was used to classify and correlate the
soils. The results are presented at the appropriate depths on the "Log of Test Borings", Appendix A.

Atterberg Limits

The Atterberg Limits were determined for selected samples of the fine-grained materials. These results were used to
classify the soils, as well as to obtain an indication of the effective strength characteristics and expansion potential
with variations in moisture content. The Atterberg Limits were determined in general accordance with ASTM Test
Method D 4318-93. The results of these tests are presented on Plate B-2, "Plasticity Chart".

Grain Size Classification

Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples of granular soil to
aid in the classification. The results are presented on Plates B-3A and B-3B, "Grain Size Distribution Curves".

Hydrometer

Hydrometer test (ASTM Test Method D 422) was performed on selected samples to aid in the classification. The
result is presented on Plate B-4, " Grain Size Distribution Curves"

Unconfined Compression Tests

Strength tests were performed on selected undisturbed samples using unconfined compression machine. Unconfined
compression tests were performed in general accordance with ASTM Test Method D 2166-91. The results are
presented on "Log of Test Borings"

Corrosion Test

Corrosion test was performed on selected sample to determine the corrosion potential of the soils. The pH and
minimum resistively test was performed according to California Test Method 643. The test was performed by Sunland
Analytical. The test result is presented on Plate B-4.

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

A STREET UNDERCROSSING
CONTRA COSTA COUNTY, CALIFORNIA

JOB NO.: 206117.AST IPLATE NO.: B-1
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PLASTICITY CHART
Boring Sample Depth Test Moisture LL PL PI Description
Number Number (feet) Symbol Content (%)
AST-154 MC-2 8.0 • 16 34 17 17 LEAN CLAY (CL)
AST-154 MC-7 30.0 1%1 11 33 17 16 SILTY SAND (SM)
AST-154 MC-12 55.0 A 25 41 24 17 LEAN CLAY (CL)

AST-154A SPT-7 99.5 * 50 99 56 43 ELASTIC SILT (MH)
AST-155 MC-2 10.0 0 19 28 21 7 SILTY CLAY (CL-ML)
AST-155 MC-4 15.0 0 15 37 17 20 SILT (ML)
AST-155 MC-11 50.0 0 24 26 15 11 LEAN CLAY (CL)
AST-155 MC-12 55.0 6. 56 44 23 21 LEAN CLAY (CL)

AST-155A SPT-8 109.5 @ 62 69 40 29 SANDY ELASTIC SILT (MH)

mPARIKH CONSULTANTS, INC.
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GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.AST B-2
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Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D. \ Randy Horney An
General Manager \ Lab Manager ./ rv

The reported analysis was requested for the following location:
Location 206117.AST/A ST.BDGE Site ID : AST 154 #2 @ 8'.

Thank you for your business.

* For future reference to this analysis please use SUN # 49465-98602.

EVALUATION FOR SOIL CORROSION

Soil pH 7.50

Minimum Resistivity 0.86 ohm-cm (x1000)

Chloride

Sulfate

10.9 ppm

89.1 ppm

00.00109 %

00.00891 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4
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C4 = -2.1C3= a
C7= a

km

[Jmenuation Relationships for Shallow Crustal Earthquakes (Sadigh, et ai, 1997)
Fault = Vaca fault zone (RLSS Fault, Map NO: 14)

Mmax = 6.9 Rrup = 5.48
M>=6.5 ROCK SITE:

C1 = -1.274 C2 = 1.1
C5 = -0.48451 C6 = 0.524

A=C1 +C2M+C3(8.5M)"2.5= 6.316
B=C4*Ln(Rrup+exp(C5+C6M»= -7.026
C=C7*Ln(Rrup+2)= a
Ln(y) = A+B+C = -0.710
Y= Exp(Ln(y» = 0.49 Peak Bed Rock Acceleration PBA = 0.490 - Use 0.5g

Fault = Great valley fault 5 (Reverse Fault, Map No: 24)
Mmax = 6.5 Rrup = 7.045 km

A= 5.876
B= -6.811
C= a

Ln(y) = -0.935
Y= 0.39 Peak Bed Rock Acceleration PBA = 0.39g x 1.2 = 0.468g

Fault = Greenville fault zone (Clayton section, RLSS Fault, Map No: 351)
Mmax = 6.6 Rrup = 6.59 km

A= 5.986
B= -6.855
C= a

Ln(y) = -0.869
Y= 0.42 Peak Bed Rock Acceleration PBA = 0.42g

Fault = Concord fault zone (Ygnacio valley section, RLSS Fault, Map No: 341)
Mmax=6.6 Rrup=11.136 km

A= 5.986
B= -7.191
C= a

Ln(y) = -1.205
Y= 0.30 Peak Bed Rock Acceleration PBA = 0.3g

fj PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.AST

A STREET UNDERCROSSING
CONTRA COSTA COUNTY, CALIFORNIA

IPlate No: 6B



AXIAL PILE CAPACITIES

(SHAFT Program)



SHAFT Runs SR Bypass - Lone Tree Way-A Street Undercrossing
Job No. 206117.LNT

Pile capacities computed using SHAFT program - Output follows
Note: Neglected End Bearing for Pile Capacity

Revised August 23, 2009

Abutment 1 (based on boring AST-154)

Left & Right Bridges - 24-in CIDH Pile

Ground Surface Elevation 62.0 (approx.)
Nominal Compression Load = 230 kips = 115 tons
Reqd. Shaft Length per SHAFT output = 26.5 ft
Recommended Penetration =28.0 feet (absence of sand layer)
Reqd. Tip Elevation =62.0-28.0 =34.0

Abutment 3 (based on boring AST-155)

Left & Right Bridges - 24-in CIDH PIle

Ground Surface Elevation 62.0 (approx.)
Nominal Compression Load = 240 kips = 120 tons
Reqd. Shaft Lengthn per SHAFT output = 32.0 ft
Recommended Penetration = 33.0 feet
Reqd. Tip Elevation = 62.0 - 33.0 = 29.0

Bent 2 (based on borings AST-154 & AST-155)

84-in CIDH Pile
(Assumed Granular IGM at bottom)

Ground Surface Elevation 44.0 (approx.)
Nominal Compression Load = 3210 kips = 1605 tons
Reqd. Shaft Length per SHAFT output =62.5 ft
Recommended Penetration =62.5 feet
Reqd. Tip Elevation = 44.0 -62.50 =-18.5
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Ultimate Axial Capacity (tons)

Skin Friction

o Tip Resistance

l> Total Capacity
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Lone Tree Way - A Street Undercrossing @ SR4 - Left & Right Bridges - Abutment 1 - 24-in ClDH Pile



A Street - Abut 1.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

A Street- SR4 - Abutment 1

A Street - Abut 1.sfo
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT TH E BOTTOM

0.400E+04
0.170E+02

PROPOSED DEPTH =

NUMBER OF LAYERS

WATER TABLE DEPTH

40.0 FT

6

57.0 FT.

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----CLAY

AT THE TOP

O.799E+OO
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.139E+03
0.400E+04
0.270E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.270E+02

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT

= 0.550E+00
= 0.900E+01
= 0.350E+04
= O.OOOE+OO

O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.170E+02

0.943E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO

= 0.130E+03

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03

= O.640E+04



A street - Abut 1.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

A Street - Abut 1.sfo
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.400E+04
0.170E+02

A Street- SR4 - Abutment 1

PROPOSED DEPTH =

NUMBER OF LAYERS

WATER TABLE DEPTH

40.0 FT

6

57.0 FT.

AT THE BOTTOM

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----CLAY

0.799E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03
o.400E+04
0.270E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.270E+02

LAYER NO 1----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.170E+02

0.943E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04



A Street - Abut 1.sfo A Street - Abut 1.sfo
DEPTH, FT = 0.570E+02 AREA DF DNE PERCENT STEEL = 4.524 SQ. IN.

ELASTIC MODULUS, Ec = 0.360E+07 LB/SQ IN
VOLUME OF UNDERREAM = 0.000 CU.YDS.

LAYER NO 5----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA = 0.481E+00 PREDICTED RESULTS
UNDRAINED SHEAR STRENGTH, LB/SQ FT = O.OOOE+OO -----------------
INTERNAL FRICTION ANGLE, DEG. = 0.250E+02
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO QS = ULTIMATE SIDE RESISTANCE;
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 QB = ULTIMATE BASE RESISTANCE;
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.400E+04 WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
DEPTH, FT = 0.570E+02 QU = TOTAL ULTIMATE RESISTANCE;

QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
APPLIED TO THE ULTIMATE BASE RESISTANCE;

AT THE BOTTOM QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
APPLIED TO THE ULTIMATE SIDE RESISTANCE AND

SKIN FRICTION COEFFICIENT- BETA = 0.437E+00 THE ULTIMATE BASE RESISTANCE.
UNDRAINED SHEAR STRENGTH, LB/SQ FT = O.OOOE+OO
INTERNAL FRICTION ANGLE, DEG. = 0.250E+02 LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO (FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 11.0 1.28 6.05 49.49 55.53 22.54 18.91 43.38
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.400E+04 12.0 1.40 12.10 49.49 61.58 28.59 21. 33 44.10
DEPTH, FT = 0.620E+02 13.0 1. 51 18.15 49.49 67.63 34.64 23.75 44.71

14.0 1.63 24.19 45.28 69.47 39.29 24.77 42.64
15.0 1. 75 30.24 40.98 71.22 43.90 25.76 40.80

LAYER NO 6----CLAY 16.0 1.86 36.29 40.10 76.39 49.66 27.88 41.03
17.0 1.98 42.34 41.45 83.79 56.16 30.75 42.35

AT THE TOP 18.0 2.09 48.39 41.90 90.29 62.35 33.32 43.10
19.0 2.21 54.44 41.90 96.33 68.40 35.74 43.57

STRENGTH REDUCTION FACTOR-ALPHA = 0.550E+00 20.0 2.33 67.24 41.90 109.13 81.20 40.86 46.89
END BEARING COEFFICIENT-Nc = 0.900E+01 21.0 2.44 -74-.25 41.90 116.14 88.21 43.66 47.53
UNDRAINED SHEAR STRENGTH, LB/SQ FT = 0.400E+04 22.0 2.56 81. 50 41.90 123.40 95.47 46.57 48.20
INTERNAL FRICTION ANGLE, DEG. = O.OOOE+OO 23.0 2.68 89.00 41.90 130.90 102.97 49.57 48.91
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO 24.0 2.79 96.73 44.61 141. 34 111.60 53.56 50.61
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 25.0 2.91 104.68 47.86 152.54 120.63 57.82 52.43
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.640E+04 26.0 3.03 112.84 49.49 162.33 129.34 61.63 53.65
DEPTH, FT = 0.620E+02 27.0 3.14 121.21 49.49 170.69 137.70 64.98 54.33

28.0 3.26 129.77 49.49 179.25 146.26 68.40 55.01
29.0 3.37 138.52 49.49 188.00 155.01 71.90 55.71

AT THE BOTTOM 30.0 3.49 144.57 49.49 194.05 161.06 74.32 55.58
31.0 3.61 150.62 49.49 200.10 167.11 76.74 55.47

STRENGTH REDUCTION FACTOR-ALPHA = 0.550E+00 32.0 3.72 156.66 49.49 206.15 173.16 79.16 55.36
END BEARING COEFFICIENT-Nc = 0.900E+01 33.0 3.84 162.71 49.49 212.20 179.21 81. 58 55.26
UNDRAINED SHEAR STRENGTH, LB/SQ FT = 0.400E+04 34.0 3.96 168.76 49.49 218.25 185.26 84.00 55.16
INTERNAL FRICTION ANGLE, DEG. = O.OOOE+OO 35.0 4.07 174.81 49.49 224.29 191. 30 86.42 55.07
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO 36.0 4.19 180.86 49.49 230.34 197.35 88.84 54.98
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 37.0 4.31 186.91 49.49 236.39 203.40 91.26 54.90
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.640E+04 38.0 4.42 192.95 49.49 242.44 209.45 93.68 54.82
DEPTH, FT = 0.800E+02 39.0 4.54 199.00 44.44 243.44 213.81 94.41 53.64

40.0 4.65 205.05 38.38 243.43 217.84 94.81 52.30

DRILLED SHAFT INFORMATION RESULT FROM TREND (AVERAGED) LINE

TOP LOAD TOP MOVEMENT TIP LOAD TIP MOVEMENT
DIAMETER OF STEM = 2.000 FT. ton IN. ton IN.
DIAMETER OF BASE = 2.000 FT. 0.5882E+00 0.2723E-03 0.1263E-01 0.1000E-03
END OF STEM TO BASE = 0.000 FT. 0.5882E+01 0.2723E-02 0.1263E+00 0.1000E-02
ANGLE OF BELL = 0.000 DEG. 0.1481E+02 0.6818E-02 0.3158E+00 0.2500E-02
IGNORED TOP PORTION = 7.500 FT. 0.2987E+02 0.1370E-01 0.6316E+00 0.5000E-02
IGNORED BOTTOM PORTION = 2.000 FT. 0.4490E+02 0.2058E-01 0.9474E+00 0.7500E-02



O.5987E+02
O.1228E+03
O.1740E+03
O.1977E+03
O.2085E+03
O.2264E+03
O.2210E+03
O.2251E+03
O.2268E+03
o.2278E+03

A street - Abut l.sfo
O.2746E-Ol O.1263E+Ol
O.6361E-Ol O.3158E+Ol
O.1066E+OO O.6316E+Ol
O.1418E+OO O.9474E+Ol
O.1711E+OO O.1263E+02
O.3300E+OO O.2194E+02
O.5804E+OO O.3056E+02
O.8329E+OO O.3478E+02
O.1084E+Ol O.3659E+02
O.2485E+Ol O.3803E+02

O.lOOOE-Ol
O.2500E-Ol
O.5000E-Ol
O.7500E-Ol
O.lOOOE+OO
O.2500E+OO
O.5000E+OO
O.7500E+OO
O.lOOOE+Ol
O.2400E+Ol
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Ultimate Skin Friction (tons)

180

v Dia=2 ft
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Ultimate Axial Capacity (tons)
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Skin Friction

o Tip Resistance

t:; Total Capacity
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A Street - Abut 3.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

A Street- SR4 - Abutment 3

A Street - Abut 3.sfo
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

O.125E+03
0.640E+04
0.220E+02

PROPOSED DEPTH ;

NUMBER OF LAYERS

WATER TABLE DEPTH

40.0 FT

4

57.0 FT.

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
OEPTH, FT

LAYER NO 3----CLAY

O.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
O.640E+04
0.420E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY; 2.50
------------------------------------------------------ -
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY; 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

0.550E+OO
O.900E+01
O.250E+04
O.OOOE+OO
O.OOOE+OO
O.125E+03
O.640E+04
0.420E+02

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

; 0.550E+00
; 0.900E+01

0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.220E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT

O.550E+OO
O.900E+01
O.250E+04
O.OOOE+OO
O.OOOE+OO
O.125E+03
0.640E+04
O.590E+02

O.463E+OO
O.OOOE+OO
O.400E+02
O.OOOE+OO
O.130E+03
O.400E+04
O.590E+02

0.293E+OO
O.OOOE+OO
O.400E+02
O.OOOE+OO
O.130E+03
O.400E+04



46.97
45.32

DEPTH, FT
A street - Abut 3.sfo

= 0.800E+02 39.0
40.0

4.54 164.17
4.65 171. 08

A Street - Abut 3.sfo
48.98 213.15 180.50
39.89 210.97 184.38

81.99
81. 73

DRILLED SHAFT INFORMATION
-------------------------

RESULT FROM TREND (AVERAGED) LINE

QS = ULTIMATE SIDE RESISTANCE;
QB = ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU = TOTAL ULTIMATE RESISTANCE;
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

DIAMETER OF STEM
DIAMETER OF BASE
END OF STEM TO BASE
ANGLE OF BELL
IGNORED TOP PORTION
IGNORED BOTTOM PORTION
AREA OF ONE PERCENT STEEL
ELASTIC MODULUS, Ec
VOLUME OF UNDERREAM

PREDICTED RESULTS
-----------------

2.000
2.000
0.000
0.000
8.000
2.000
4.524

= 0.360E+07
0.000

FT.
FT.
FT.
DEG.
FT.
FT.
SQ. IN.
LB/SQ IN
CU.YDS.

TOP LOAD
ton

0.5114E+00
0.5114E+01
0.1284E+02
0.2590E+02
0.3895E+02
0.5198E+02
0.1068E+03
o.1472E+03
0.1664E+03
0.1704E+03
0.1803E+03
0.1718E+03
0.1787E+03
0.1848E+03
0.2071E+03

TOP MOVEMENT
IN.

0.2626E-03
0.2626E-02
0.6570E-02
0.1319E-01
0.1983E-01
0.2646E-01
0.6113E-01
0.1009E+00
0.1345E+00
0.1612E+00
0.3170E+00
0.5660E+00
0.8201E+00
0.1074E+01
0.2487E+01

TIP LOAD
ton

0.5818E-02
0.5818E-01
0.1454E+00
0.2909E+00
0.4363E+00
0.5818E+00
0.1454E+01
0.2909E+01
0.4363E+01
0.5818E+01
0.1423E+02
0.2295E+02
0.2987E+02
0.3600E+02
0.5824E+02

TIP MOVEMENT
IN.

0.1000E-03
0.1000E-02
0.2500E-02
0.5000E-02
o.7500E-02
0.1000E-01
0.2500E-01
0.5000E-01
0.7500E-01
0.1000E+00
0.2500E+00
0.5000E+00
0.7500E+00
0.1000E+01
0.2400E+01

LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
(FEET) (CU. YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
11.0 1.28 4.32 35.35 39.67 16.10 13.51 30.99
12.0 1.40 8.64 35.35 43.99 20.42 15.24 31.50
13.0 1. 51 12.96 35.35 48.31 24.74 16.97 31.93
14.0 1.63 17.28 35.35 52.63 29.06 18.69 32.30
15.0 1. 75 21.60 35.35 56.95 33.38 20.42 32.63
16.0 1.86 25.92 35.35 61.27 37.70 22.15 32.91
17.0 1.98 30.24 35.35 65.59 42.02 23.88 33.15
18.0 2.09 34.56 35.35 69.91 46.34 25.61 33.38
19.0 2.21 38.88 42.92 81.80 53.19 29.86 37.00
20.0 2.33 43.20 52.01 95.21 60.54 34.62 40.91
21.0 2.44 47.52 56.56 104.08 66.37 37.86 42.59
22.0 2.56 51.84 56.56 108.40 70.70 39.59 42.34
23.0 2.68 56.16 56.56 112.72 75.02 41.32 42.11
24.0 2.79 60.48 56.56 117.04 79.34 43.05 41. 91
25.0 2.91 67.40 56.56 123.95 86.25 45.81 42.61
26.0 3.03 74.31 56.56 130.86 93.16 48.58 43.25
27.0 3.14 81.22 56.56 137.78 100.07 51. 34 43.85
28.0 3.26 88.13 56.56 144.69 106.99 54.11 44.41
29.0 3.37 95.05 56.56 151. 60 113.90 56.87 44.92
30.0 3.49 101. 96 56.56 158.51 120.81 59.64 45.41
31.0 3.61 108.87 56.56 165.43 127.72 62.40 45.86
32.0 3.72 115.78 56.56 172.34 134.63 65.17 46.28
33 0 3 84 122.70 56.56 179.25 141. 55 67.93 46.68
34.0 3.96 129.61 56.56 186.16 148.46 70.70 47.05
35.0 4.07 136.52 56.56 193.08 155.37 73.46 47.40
36.0 4.19 143.43 56.56 199.99 162.28 76.22 47.74
37.0 4.31 150.34 56.56 206.90 169.20 78.99 48.05
38.0 4.42 157.26 56.56 213.81 176.11 81. 75 48.35
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Ultimate Skin Friction (tons)
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A street undercrossings - Bent 2 Granular Rock Bottom - 7FT cidh.sfo
VERTICALLY LOAOEO ORILLEO SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

A Street undercrossings - Bent
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL,
DEPTH, FT

2 Granular Rock Bottom - 7FT cidh.sfo
= 0.125E+03

LB/SQ FT = O. 640E+04
= 0.240E+02

A Street undercrossing - SR4 - Bent 2 - Granular Rock Bottom -7FT cidh

PROPOSED DEPTH =

NUMBER OF LAYERS

WATER TABLE DEPTH =

73.0 FT

38.0 FT.

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
o.440E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50

FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 3----GRAVEL

AT THE TOP

ELASTIC MODULUS OF GRAVEL, LB/SQ IN
POISSION RATIO OF GRAVEL
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

O.OOOE+OO
0.350E+00
0.100E+03
0.150E+03
0.100E+ll
0.440E+02

LAYER NO 1----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

AT THE BOTTOM

ELASTIC MODULUS OF GRAVEL, LB/SQ IN
POISSION RATIO OF GRAVEL
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

DRILLED SHAFT INFORMATION

O.OOOE+OO
0.350E+00
0.100E+03
0.150E+03
0.100E+ll
0.900E+02

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.240E+02

DIAMETER OF STEM
DIAMETER OF BASE
END OF STEM TO BASE
ANGLE OF BELL
IGNORED TOP PORTION
IGNORED BOTTOM PORTION
AREA OF ONE PERCENT STEEL =
ELASTIC MODULUS, Ec
VOLUME OF UNDERREAM

PREDICTED RESULTS

7.000
7.000
0.000
0.000
5.000
0.000

55.425
0.360E+07

0.000

FT.
FT.
FT.
DEG.
FT.
FT.
SQ.IN.
LB/SQ IN
CU.YDS.

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO

QS
QB
WT
QU

= ULTIMATE SIDE RESISTANCE;
= ULTIMATE BASE RESISTANCE;
= WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
= TOTAL ULTIMATE RESISTANCE;



A Street undercrossings - Bent 2 Granular Rock Bottom - 7FT cidh.sfo A street undercrossings - Bent 2 Granular Rock Bottom - 7FT cidh.sfo
QBD = TDTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY 62.§ 88 38 1651 34 1235.59 2886.93 2063.21 1072.40 32.66

APPLIED TO THE ULTIMATE BASE RESISTANCE; 63. 89.81 1705.51 1238.47 2943.98 2118.34 1095.03 32.78
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY 64.0 91.23 1759.84 1241. 32 3001.17 2173.62 1117.71 32.90

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND 65.0 92.66 1814.33 1244.15 3058.48 2229.04 1140.45 33.01
THE ULTIMATE BASE RESISTANCE. 66.0 94.09 1868.97 1246.96 3115.92 2284.62 1163.24 33.12

67.0 95.51 1923.77 1249.73 3173.50 2340.35 1186.08 33.23
LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME 68.0 96.94 1978.72 1252.49 3231.21 2396.22 1208.98 33.33
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS) 69.0 98.36 2033.83 1255.22 3289.04 2452.23 1231.94 33.44
6.0 8.55 21.17 492.68 513.85 185.40 172 .69 60.08 70.0 99.79 2089.08 1257.92 3347.01 2508.39 1254.94 33.54
7.0 9.98 42.34 488.67 531.01 205.23 179.83 53.21 71.0 101.21 2144.50 1260.60 3405.10 2564.70 1278.00 33.64
8.0 11.40 63.51 484.73 548.24 225.09 186.98 48.07 72.0 102.64 2200.06 1263.26 3463.32 2621.15 1301.11 33.74
9.0 12.83 84.68 480.85 565.53 244.96 194.16 44.08 73.0 104.06 2255.77 1261. 54 3517.31 2676.28 1322.82 33.80

10.0 14.26 105.85 477 .04 582.88 264.86 201. 35 40.89
11.0 15.68 127.02 465.76 592.78 282.27 206.06 37.80
12.0 17.11 148.18 454.08 602.26 299.54 210.63 35.21 LOAD SETTLEMENT RELATIONSHIP
13.0 18.53 169.35 442.14 611.49 316.73 215.12 33.00 ------------------------------------------
14.0 19.96 190.52 430.03 620.56 333.87 219.55 31.09 LOAD SETTLEMENT
15.0 21. 38 211.69 417.77 629.46 350.95 223.93 29.44 (TON) (IN.)
16.0 22.81 232.86 405.37 638.23 367.98 228.27 27.98 0.238E+03 0.473E-01
17.0 24.23 254.03 392.83 646.86 384.98 232.56 26.69 0.476E+03 0.945E-01
18.0 25.66 275.20 382.19 657.39 402.60 237.48 25.62 0.714E+03 0.142E+00
19.0 27.09 296.37 373.43 669.80 420.85 243.02 24.73 0.952E+03 0.189E+00
20.0 28.51 317.54 366.52 684.06 439.71 249.19 23.99 0.119E+04 0.236E+00
21.0 29.94 338.71 361.41 700.12 459.18 255.95 23.39 0.143E+04 0.284E+00
22.0 31.36 359.88 358.03 717.91 479.22 263.29 22.89 0.167E+04 0.331E+00
23.0 32.79 381.05 356.33 737.37 499.82 271.19 22.49 0.190E+04 0.378E+00
24.0 34.21 402.22 356.25 758.46 520.97 279.64 22.17 0.214E+04 0.425E+00
25.0 35.64 417.34 356.23 773.57 536.08 285.68 21.71 0.238E+04 0.473E+00
26.0 37.06 432.46 356.23 788.69 551. 20 291. 73 21.28 0.265E+04 0.145E+01
27.0 38.49 447.58 356.23 803.81 566.32 297.78 20.88 0.293E+04 0.242E+01
28.0 39.92 462.70 356.23 818.93 581.44 303.82 20.52 0.320E+04 0.340E+01
29.0 41.34 477 .82 356.23 834.05 596.56 309.87 20.18 0.348E+04 0.437E+01
30.0 42.77 492.94 356.23 849.17 611.69 315.92 19.86 0.348E+04 0.525E+01
31.0 44.19 508.06 419.18 927.25 647.79 342.95 20.98
32.0 45.62 523.18 486.64 1009.82 685.39 371.48 22.14
33.0 47.04 538.30 558.61 1096.91 724.50 401. 52 23.32
34.0 48.47 553 .42 635.11 1188.53 765.13 433.07 24.52
35.0 49.89 568.54 716.16 1284.71 807.27 466.14 25.75
36.0 51. 32 583.67 801. 78 1385.44 850.93 500.73 27.00
37.0 52.74 598.79 891.98 1490.76 896.11 536.84 28.26
38.0 54.17 613 .91 969.99 1583.89 937.24 568.89 29.24
39.0 55.60 629.03 1035.74 1664.77 974.28 596.86 29.94
40.0 57.02 644.15 1089.17 1733.32 1007.21 620.72 30.40
41.0 58.45 659.27 1130.22 1789.49 1036.01 640.45 30.62
42.0 59.87 674.39 1158.82 1833.21 1060.67 656.03 30.62
43.0 61.30 689.51 1174.92 1864.43 1081.15 667.44 30.42
44.0 62.72 704.63 1178.44 1883.07 1097.44 674.66 30.02
45.0 64.15 755.75 1181.91 1937.67 1149.72 696.27 30.21
46.0 65.57 807.05 1185.35 1992.41 1202.17 717.94 30.38
47.0 67.00 858.54 1188.75 2047.29 1254.79 739.66 30.56
48.0 68.43 910.19 1192.11 2102.30 1307.56 761.45 30.72
49.0 69.85 962.03 1195.43 2157.46 1360.51 783.29 30.89
50.0 71.28 1014.04 1198.72 2212.76 1413 .61 805.19 31.04
51.0 72 .70 1066.23 1201.97 2268.19 1466.88 827.15 31.20
52.0 74.13 1118.58 1205.18 2323.77 1520.31 849.16 31.35
53.0 75.55 1171.11 1208.37 2379.47 1573.90 871. 23 31.49
54.0 76.98 1223.81 1211. 51 2435.32 1627.64 893.36 31.64
55.0 78.40 1276.67 1214.63 2491. 30 1681. 55 915.54 31.77
56.0 79.83 1329.70 1217.71 2547.42 1735.61 937.79 31.91
57.0 81.26 1382.90 1220.77 2603.67 1789.82 960.08 32.04
58.0 82.68 1436.27 1223.79 2660.05 1844.20 982.44 32.17
59.0 84.11 1489.79 1226.78 2716.57 1898.72 1004.84 32.30
60.0 85.53 1543.48 1229.75 2773.23 1953.40 1027.31 32.42
61.0 86.96 1597.33 1232.68 2830.01 2008.23 1049.83 32.54



PILE LATERAL LOAD BEHAVIOR
(LPILE Program)
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Unfactored Bending Moment (in-kips)
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A Street - Abutment l.lpo

LPILE plus for windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected to Lateral Loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

Pri nti ng opti ons:

- ~~11e~e~~tf~~e;~:a~r1~i~dc~~~nfu~in1~~~tho~fn~i l:~ear force, and
- printing Increment (spacing of output points)::: 1

Pile Structural properties and Geometry

3600000.
3600000.

Modulus of
Elasticity
lbs/sq.in

720.00 in
-90.00 in

.00 deg.

Point Depth pile Moment of
X Diameter Inertia
in in in**4

-----------
0.0000 24.00000000 16286.0000

720.0000 24.00000000 16286.0000

Structural properties of pile defined using 2 points

pile
Area

Sq.in

452.4000
452.4000

s:\ongoing projects\2006\206117 TYLln Rte 4 project\A

A street - Abutment 1. 1pd
A Street - Abutment l.lpo
A street - Abutment 1.1pp
A street - Abutment 1. 1pr

This program is licensed to:

Gary Parikh
Parikh consultants

Path to file locations:
St-Lone Tree\LPILE\
Name of input data file:
Name of output file:
Name of plot output file:
Name of runti me fi 1e:

Time and Date of Analysis
soil and Rock Layering Information

Problem Title

SR4 - A Street - Abutment 1 - 24-i n CIDH pi le

program opti ons

654.000 in
990.000 in

234.000 in
414.000 in

414.000 in
594.000 in

114.000 in
234.000 in

90.000 lbs/in**3
90.000 lbs/in**3

594.000 in
654.000 in
125.000 lbs/in"''''3
125.000 lbs/in"'*3

-90.000 in
114.000 in

The soil profile is modelled using 6 layers

Layer 1 is stiff clay without free water
Distance from top of pile to top of layer :::
Distance from top of pile to bottom of layer :::

Layer 2 is sand, p-y criteria by API RP-2A, 1987
Distance from top of pile to top of layer :::

~~~t:~b~r:d~m m~~el~~ ~i ~~/~o~o~~o~oif ~:~:~ :
p-y subgrade modulus k for bottom of layer :::

Layer 3 is stiff clay without free water
Distance from top of pile to top of layer :::
Distance from top of pile to bottom of layer =

Layer 4 is stiff clay without free water
Distance from top of pile to top of layer ::
Distance from top of pile to bottom of layer =

Layer 5 is sand, p-y criteria by API RP-2A, 1987
Distance from top of pile to top of layer c

~~~t:~b~r:d~mm~~el~~ ~i~~rt~o~o~~o~oif ~:~:~ :
p-y subgrade modulus k for bottom of layer =

Layer 6 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

(Depth of lowest layer extends 270.00 in below pile tip)60
100

Time: 18:23: 2Date: August 23, 2009

Units used in computations - us Customary units, inches, pounds

Basic Program options:

Analysis T'¥pe 1:
- Computatlon of Lateral pile Response using user-specified constant EI

computation options:

= ~~~ly~~;e~~:~l~=?e~~l~~~~e~;yf~~r~~~u~s:~t~gnanalysis
- Ana1ysi s assumes no shear resi stance at pil e ti p

= :ga~~~~~t:~io~i~fdf~~~9~~i~~l:tiff~~::tm~~~¥x elements

= ~~~~~;i ~i ~:s~~:~o~~es~n :~~~m~~~~t~c~fn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

so1uti on Control Parameters:
- Number of pi le increments =
- Maximum number of iterations allowed =

A street - Abutment 1.1 po A Street - Abutment 1. 1po

Effective unit weight of soil vs. Depth
Point

No.
Depth X
in

p-mult y-mult

Distribution of effective unit weight of soil with depth
is defi ned usi ng 12 poi nts

.000
720.000

.6000

.6000
1.0000
1.0000

Point Def;lth X Eff. uni t wei ght
No. ln lbs/i n"'*3----------------
1 -90.00 .07230
2 114.00 .07230
3 114.00 .07520
4 234.00 .07520
5 234.00 .07230
6 414.00 .07230
7 414.00 .07230
8 594.00 .07230
9 594.00 .03760

10 654.00 .03760
11 654.00 .03760
12 990.00 .03760

Loadi ng Type

Static loading criteria was used for computation of p-y curves

pile-head Loading and Pile-head Fixity conditions

Number of loads specified::: 3

Load Case Numbe r 1

shear strength of Soi 1s

Distribution of shear strength parameters with depth
defi ned us; ng 12 poi nts

~~~:;hf~~c~o~~d~i~ech~~~tion~ are sh~~~oo~~o~oib~t (BC Type 1)

:~i~ln~o:~m:~tpifeP~~:dhead: 200000:8g8 lb;lbs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 2
Point Def;lth X cohesion c Angle of Friction E50 or RQD
No. ln lbs/i n**2 Deg. ILrm %

---- --------------
1 -90.000 24.30000 .00 .00500 .0
2 114.000 24.30000 .00 .00500 .0
3 114.000 .00000 35.00
4 234.000 .00000 35.00
5 234.000 24.31000 .00 .00500 .0
6 414.000 24.31000 .00 .00500 .0
7 414.000 17.36000 .00 .00500 .0
8 594.000 17.36000 .00 .00500 .0
9 594.000 .00000 25.00

10 654.000 .00000 25.00
11 654.000 27.78000 .00 .00400 .0
12 990.000 27.78000 .00 .00400 .0

Notes:

(1) Cohesion: uniaxial compressive strength for rock materials.
(2)

6:~~~ito~a~~~sa~ille~~r~:~e~~~edlf~rs~~~t~hen input values are O.(l)
(4) RQD and Lrm are reported only for weak rock strata.

~~~:;hf~~C~o~~d~Hech~~~ti on~ are Sh3~OOO~~0~oib~t (BC Type 1)

:i~~n~O:dm:~tpiieP~~:dhead: 200000:888 ~t:;lbs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 3

~~~:;hf~~c~o~~d~Hech~~~tion~ are sh:~ooo~~o~oib~t (BC Type 1)

:~~~~n~o:~m:~tpifeP~~:dhead: 200000:ggg It:; lbs

(zero moment at pile head for this load indicates a free-head condition)

computed values of load Di stri buti on and Def1 ecti on
for Lateral Loading for Load Case Number 1

p-y Modification Factors

Distribution of p-y multipliers with depth defined using 2 points

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~H~:~ ~~~:~tf~~c~ii; ~~~d head: 27000:ggg 1~~lbs
specified axial load at pile head::: 200000.000 lbs

(Zero moment for this load indicates free-head conditions)



0.000 .047823 2.26010-08 27000.0000 -.0008734
12.000 .037342 285156. 20203.1240 -.0008442
24.000 .027562 488927. 13514.9787 -.0007650
36.000 .018982 613188. 7052.6786 -.0006522
48.000 .011909 661322. 947.5436 -.0005218
60.000 .006459 638434. -4641.1992 -.0003888
72.000 .002578 551799. -9476.4157 -.0002670
84.000 5.200-05 412281. -11939.4974 -.0001683
96.000 - .001461 266059. -10149.9383 -9.88860-05

108.000 -.002321 169157. -5687.2935 -5.43470-05
120.000 -.002766 129825. -3100.6471 -2.37500-05
132.000 -.002891 94855.6618 -2712.1879 -7.56890-07
144.000 -.002784 64736.3678 -2300.8700 1.55750-05
156.000 -.002517 39560.0190 -1896.3558 2.62490-05
168.000 -.002154 19097.8347 -1521.9990 3.22520-05
180.000 -.001743 2877.2355 -1194.7283 3.45010-05
192.000 -.001326 -9741.2479 -925.2389 3.37980-05
204.000 -.000932 -19490.7278 -718.3589 3.08070-05
216.000 -.000587 -27129.7336 -573.4685 2.60360-05
228.000 - .000307 -33378.9424 -484.8608 1. 98430-05
240.000 -.000110 -38861.6403 270.1781 1.24500-05
252.000 -8.590-06 -26954.4300 1050.3500 5.71490-06
264.000 2.690-05 -13680.6725 930.2639 1.55640-06
276.000 2.880-05 -4635.5674 565.0018 -3.18050-07
288.000 1.930-05 -119.1026 249.8414 -8.04630-07
300.000 9.450-06 1364.4882 61.4331 -6.77180-07
312.000 3.000-06 1358.5421 -20.3001 -3.98510-07
324.000 -1.130-07 879.1994 -39.2563 -1.69510-07
336.000 -1.070-06 417.2049 -31.5104 -3.68360-08
348.000 -9.970-07 123.1270 -17.9618 1.84610-08
360.000 -6.240-07 -13.9672 -7.3213 2.96320-08
372.000 -2.860-07 -52.7266 -1.3486 . 2.28060-08
384.000 -7.680-08 -46.4441 1.0314 1.26580-08
396.000 1.800-08 -28.0348 1.4174 5.03550-09
408.000 4.400-08 -12.4499 1.0103 8.92440-10
420.000 3.940-08 -3.7927 .5365161 -7.69780-10
432.000 2.550-08 .4301667 .2319559 -1.11390-09
444.000 1.270-08 1.7796 .0527004 -8.87750-10
456.000 4.240-09 1.6992 -.0266900 -5.31730-10
468.000 -5.890-11 1.1416 -.0462644 -2.41010-10
480.000 -1.550-09 .5900478 -.0387274 -6.37930-11
492.000 -1. 590-09 .2124565 -.0240141 1. 83330-11
504.000 -1.110-09 .0136212 -.0113632 4.14690-11
516.000 -5.950-10 -.0604585 -.0033772 3.66760-11
528.000 -2.290-10 -.0676080 .0004829 2.35700-11
540.000 -2.900-11 -.0489812 .0016916 1.16390-11
552.000 5.050-11 -.0270648 .0015911 3.85630-12
564.000 6.350-11 -.0108143 .0010567 -2.01720-14
576.000 5.000-11 -.0017044 .0005246 -1.30130-12
588.000 3.230-11 .0017817 .0001389 -1.29340-12
600.000 1.900-11 .0016344 -1.64350-05 -9.43800-13
612.000 9.640-12 .0013918 -2.24220-05 -6.34110-13
624.000 3.740-12 .0010993 -2.52910-05 -3.79180-13
636.000 5.400-13 .0007866 -2.62280-05 -1.86180-13
648.000 -7.280-13 .0004707 -2.61830-05 - 5.75120-14
660.000 -8.400-13 .0001585 -1.93520-05 6.87960-15
672.000 -5.630-13 6.19570-06 -8.22460-06 2.37360-14
684.000 -2.700-13 -3.89820-05 -1.61470-06 2.03810-14
696.000 -7.380-14 -3.26550-05 1.11580-06 1.30500-14
708.000 4.270-14 -1.22670-05 1.36230-06 8.45260-15

442.0866 -568.6070
652.1983 -564.2057
802.3425 -550.4852
893.9014 -526.5648
929.3681 -490.9577
912 . 5031 -440.4994
848.6686 -365.3700
745.8674 -45.1436
638.1270 343.4035
566.7266 400.3707
537.7457 30.7371
511.9791 34.0061
489.7863 34.5468
471. 2356 32.8722
456.1585 29.5206
444.2067 25.0245
449.2643 19.8904
456.4480 14.5896
462.0766 9.5588
466.6812 5.2091
470.7210 120.6307
461.9475 9.3980
452.1670 -29.4123
445.5023 -31.4647
442.1744 -21.0620
443.0920 -10.3394
443.0877 -3.2828
442.7345 .1234721
442.3941 1.1675
442.1774 1.0906
442.0969 .6828334
442.1255 .3126106
442.1209 .0840561
442.1073 -.0197101
442.0958 - .0481510
442.0894 -.0308074
442.0870 -.0199526
442.0880 -.0099233
442.0879 -.0033084
442.0875 4.60420-05
442 .0871 .0012101
442.0868 .0012421
442.0867 .0008664
442.0867 .0004646
442.0867 .0001788
442.0867 2.26770-05
442.0867 -3.94380-05
442.0867 -4.96240-05
442.0867 -3.90600-05
442.0867 -2.52260-05
442.0867 -6.55680-07
442.0867 -3.42090-07
442 . 0866 -1.36090-07
442.0866 -2.01380-08
442.0866 2.78000-08
442.0866 1.11050-06
442.0866 7.44100-07
442.0866 3.57540-07
442.0866 9.75400-08
442.0866 -5.64460-08

computed Values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 2

output verification:

Computed forces and moments are within specified convergence limits.

soi 1 Res

lbs~in

-679.0408
-679.2732
-670.3938
-651. 5987
-621.6785
-578.4754
-517 .0900
-420.9098
274.1387
443.6066

58.4815
71. 7834
77.5612
76.9928
71.3855
62.0895
50.4387
37.7207
25.1710
13.9916

334.8058
35.6890

-72.3369
-81. 3989
-55.6852
-27.9071

-9.2322

442.0866 -1. 70610-07

442.0866
735.9873
957.6703

1107.9691
1188.8039
1203.3097
1156.0633
1053.6013

906.1789
787.6155
715.9506
650.3563
592.2761
542.3516
500.5471
466.2881
445.5681
467.8977
486.2122
501.8344
515.9427
494.4906
469.2261
451.6234
442.6528
444.5831
444.6833

Total
Stress

lbs/i n**2

slope
S
Rad.

.04782304 in
- .00087340

661322.16260 lbs-in
27000.00000 lb.
48.00000000 in

0.00000 in
18

8

shear
V
lb.

37000.0000 -.0015679
28850.1157 -.0015271
20752.1135 - .0014147
12820.1587 -.0012506

5180.4958 - .0010544
-2020.4275 - .0008450
-8593.8201 -.0006401

-14221.8192 -.0004560
-15102.4460 - .0003066
-10795.9745 -.0001942

-7783.4464 -.0001081
-7001. 8569 -4.11670-05
-6105.7892 8.61910-06
-5178.4652 4.34040-05
-4288.1950 6.54500-05
-3487.3450 7.69300-05
-2812.1760 7.98080-05
-2283.2195 7.57400-05
-1905.8692 6.60260-05
-1670.8933 5.16000-05

421. 8912 3.30430-05
2644.8598 1.55070-05
2424.9719 4.45970-06
1502.5567 -6.34240-07

680.0521 -2.03740-06
178.4986 -1.76930-06
-44.3372 -1.06190-06

A Street - Abutment 1.lpo
0.0000 0.0000 7.19730-15

Moment
M

lbs-in

Deflect.
~
ln

Depth
X
in

720.000 1.29E-13

0.000 .097287 -2.82520-08
12.000 .078471 398872.
24.000 .060635 699733.
36.000 .044518 903713.
48.000 .030621 1013420.
60.000 .019212 1033107.
72.000 .010341 968985.
84.000 .003850 829927.
96.000 -.000602 629850.

108.000 -.003508 468940.
120.000 -.005262 371679.
132.000 - .006103 282657.
144.000 -.006250 203832.
156.000 -.005896 136076.
168.000 -.005209 79340.5748
180.000 -.004326 32845.4279
192.000 -.003362 -4724.9725
204.000 -.002410 -35029.8748
216.000 -.001544 -59885.7915
228.000 -.000826 -81087.6632
240.000 -.000306 -100235.
252.000 -3.260-05 -71120.8822
264.000 6.610-05 -36832.7101
276.000 7.440-05 -12942.9629
288.000 5.090-05 -768.3043
300.000 2.550-05 3388.0676
312.000 8.440-06 3524.1551

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~ ~~:~ ~~~:~tf~~c~ii~ ~~~~ head: 37000: ggg ~ ~~1bs
specified axial load at pile head = 200000.000 lbs

(zero moment for this load indicates free-head conditions)

output summary for Load Case No.1:

pi le-head deflection
coml?uted slope at pile head

::=i ~~~ ~h~~~ n~o~~~ent
g:~~~ ~~ ~~~~~~ ~h~~~ nfo~~:ent
Number of iterations =
Number of zero deflection points =

Soi 1 Res

lbs~in

Total
Stress

lbs/i n**2

A Street - Abutment 1.lpo
Moment Shear slope

M V S
lbs-in lbs Rad.

Deflect.
~
ln

Depth
X
in

computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 3

output Verification:

Computed forces and moments are within specified convergence limits.

pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~ii~ h~~d head: 47000:888 ~~~lbS
specified axial load at pile head = 200000.000 lbs

A Street - Abutment 1. lpo
314.000 2.400-08 2329.0712 -99.8880 -4.62930-07
336.000 -2.670-06 1129.0660 -82.5139 -1.09030-07
348.000 -2.590-06 349.2605 -47.9640 4.22550-08
360.000 -1.660-06 -22.2736 -20.0705 7.57180-08
372.000 -7.760-07 -132.7959 -4.1048 5.98490-08
384.000 -2.200-07 -121.0763 2.4330 3.38680-08
396.000 3.730-08 -74.5657 3.6357 1.38470-08
408.000 1.120-07 -33.8864 2.6571 2.74780-09
420.000 1.030-07 -10.8082 1.4393 -1.82610-09
432.000 6.800-08 .6663563 .6368375 -2.86400-09
444.000 3.450-08 4.4897 .1565208 -2.33630-09
456.000 1.190-08 4.4341 -.0609760 -1.42310-09
468.000 3.080-10 3.0331 -.1183852 -6.58920-10
480.000 -3.870-09 1.5960 -.1016705 -1.85190-10
492.000 -4.140-09 .5939009 -.0641231 3.89160-11
504.000 -2.940-09 .0568462 -.0309535 1.05510-10
516.000 -1.600-09 -.1494906 -.0096533 9.60310-11
528.000 -6.350-10 -.1752930 .0008443 6.27930-11
540.000 -9.720-11 -.1295298 .0042780 3.15980-11
552.000 1. 230-10 - .0727730 .0041571 1.08950-11
564.000 1.640-10 -.0298116 .0028106 3.97110-13
576.000 1.320-10 -.0053210 .0014194 -3.19830-12
588.000 8.760-11 .0042690 .0003880 -3.30590-12
600.000 5.310-11 .0040061 -3.35100-05 -2.45910-12
612.000 2.860-11 .0034766 -5.06150-05 -1.69330-12
624.000 1.250-11 .0027994 -5.94230-05 -1.05100-12
636.000 3.330-12 .0020555 -6.28960-05 -5.54200-13
648.000 -8.000-13 .0012926 -6.34560-05 -2.11570-13
660.000 -1.750-12 .0005335 -4.93790-05 -2.46870-14
672.000 -1.390-12 .0001076 -2.44380-05 4.09250-14
684.000 -7.700-13 -5.31970-05 -7.28690-06 4.64950-14
696.000 -2.770-13 -6.74890-05 1.01450-06 3.41440-14
708.000 4.980-14 -2.90130-05 2.81690-06 2.42680-14
720.000 3.050-13 0.0000 0.0000 2.12990-14

(zero moment for this
A Street - Abutment 1.1 po

load indicates free-head conditions)

Depth Deflect. Moment Shear slope Total soi 1 Res
X ~ M V S Stress

lb.~inin ln lbs-in lb. Rad. lbs/in**2
-------- --------- ----------- ----------- ----------- ----------- -----------

0.000 .162329 -1.13010-08 47000.0000 -.0024243 442.0866 -771. 7403
12.000 .133238 514253. 37717.3137 - .0023717 821.0033 -775.3741
24.000 .105409 916600. 28446.5345 -.0022252 1117.4639 -769.7557
36.000 .079832 1207651. 19304.0086 - .0020078 1331. 9191 -753.9986
48.000 .057221 1389533. 10419.1233 - .0017421 1465.9354 -726.8156
60.000 .038023 1466072 • 1941.8763 - .0014498 1522.3311 -686.0589
72.000 .022425 1443098. -5938.8209 - .0011521 1505.4030 -627.3906
84.000 .010372 1329070. -12937.2667 - .0008684 1421. 3843 -539.0170
96.000 .001584 1136772 . -18276.2865 - .0006161 1279.6931 -350.8196

108.000 - .004413 893396. -17562.1686 - .0004083 1100.3672 469.8393
120.000 -.008215 717239. -14195.3501 -.0002435 970.5695 91.2971
132.000 -.010256 553877 . -12923.8611 -.0001134 850.1991 120.6177
144.000 -.010937 407611. -11385.9204 -1.49910-05 742.4262 135.7057
156.000 - .010616 280687. -9740.0404 5.54480-05 648.9047 138.6076
168.000 -.009606 173584. -8118.5105 .0001019 569.9882 131.6474
180.000 - .008170 85352.9709 -6625.0748 .0001284 504.9772 117.2586
192.000 -.006524 13965.4801 -5334.3512 .0001386 452.3768 97.8620
204.000 -.004843 -43336.7359 -4292.4144 .0001356 474.0184 75.7941
216.000 -.003269 -89703.3144 -3517.9571 .0001220 508.1827 53.2821
228.000 - .001916 -128353. -3003.4848 9.96630-05 536.6610 32.4633
240.000 - .000877 -162265. -610.6654 6.99220-05 561.6485 366.3399
252.000 - .000238 -143345. 3146.7650 3.86470-05 547.7073 259.8985
264.000 5.020-05 -86928.4792 4376.9845 1. 50810-05 506.1381 -54.8619
276.000 .000124 -38369.5640 3231.4617 2.25860-06 470.3585 -136.0586
288.000 .000104 -9384.2394 1730.1371 -2.62840-06 449.0012 -114.1622
300.000 6.130-05 3166.3430 642.8538 -3.26470-06 444.4197 -67.0517
312.000 2.600-05 6059.9233 69.8511 -2.32050-06 446.5518 -28.4487
324.000 5.600-06 4853.9084 -137.6085 -1.20360-06 445.6632 -6.1279
336.000 -2.880-06 2763.0977 -155.4677 -4.24090-07 444.1226 3.1513
348.000 -4.580-06 1124.7190 -106.5210 -2.62180-08 442.9154 5.0065
360.000 -3.510-06 206.7184 -53.4443 loI004E-07 442.2390 3.8397
372.000 -1.940-06 -158.4724 -17.7017 1.14980-07 442.2034 2.1174
384.000 -7.510-07 -218.6740 - .0709764 7.63790-08 442.2478 .8210109
396.000 -1.020-07 -160.5425 5.5278 3.75710-08 442.2049 .1121246
408.000 1. 510-07 -86.1862 5.2081 1.23210-08 442.1502 - .1654085
420.000 1.930-07 -35.6064 3.3100 -1.42500-10 442.1129 - .1509430
432.000 1.480-07 -6.7450 1. 7117 -4.47660-09 442.0916 - .1154481
444.000 8.580-08 5.4953 .6169191 -4.60450-09 442.0907 - .0670116
456.000 3.730-08 8.0832 .0401361 -3.21490-09 442.0926 -.0291189
468.000 8.620-09 6.4740 - .1749907 -1. 72520-09 442.0914 -.0067355
480.000 -4.130-09 3.8917 -.1960469 -6.64380-10 442.0895 .0032262
492.000 -7.320-09 1.7721 -.1423648 -8.47680-11 442.0880 .0057209
504.000 -6.160-09 .4753568 - .0791468 1.45230-10 442.0870 .0048155
516.000 -3.840-09 -.1281570 - .0322660 1. 80760-10 442.0867 .0029980
528.000 -1.830-09 -.2998939 -.0057191 1. 36950-10 442.0869 .0014265
540.000 -5.510-10 - .2660739 .0054214 7.90340-11 442.0868 .0004303
552.000 7.080-11 -.1701593 .0076713 3.43910-11 442.0868 -5.53290-05
564.000 2.750-10 - .0821284 .0060524 8.57210-12 442.0867 - .0002145
576.000 2.770-10 - .0249419 .0034693 -2.38520-12 442.0867 - .0002160
588.000 2.170-10 .0011462 .0011545 -4. 8204E-12 442.0866 - .0001698
600.000 1.610-10 .0027887 .0001025 -4.4177E-12 442.0867 -5.56350-06
612.000 lo11E-10 .0036286 4.5476E-OS -3.7610E-12 442.0867 -3.94870-06
624.000 7.06E-ll .0038982 6.3710E-06 -2.9907E-12 442.0867 -2.56890-06
636.000 3.95E-ll .0037959 -1. 78790-05 -2.20330-12 442.0867 -1.47280-06
648.000 lo77E-ll .0034796 -3.07770-05 -1.45870-12 442.0867 -6.76820-07
660.000 4.49E-12 .0030642 -7.04740-05 -7.89060-13 442.0867 -5.93920-06
672 .000 -1.210-12 .0017921 -9.64920-05 -2.92090-13 442.0867 1.60280-06
684.000 -2.520-12 .0007498 -6.69150-05 -3.19590-14 442.0866 3.32680-06

443.8028 -.0262302
442.9186 2.9219
442.3440 2.8364
442.1031 1.8125
442.1845 .8484481
442.1759 .2411923
442.1416 -.0407499
442.1116 -.1223454
442 . 0946 - .0806182
442.0871 -.0531308
442.0900 -.0269220
442.0899 -.0093275
442.0889 -.0002407
442.0878 .0030265
442.0871 .0032314
442.0867 .0022968
442. 0868 .0012532
442.0868 .0004964
442.0867 7.59030-05
442.0867 -9.60490-05
442.0867 -.0001284
442.0867 -.0001035
442.0867 -6.84080-05
442.0867 -1.83780-06
442.0867 -1.01310-06
442.0867 -4.54820-07
442.0867 -1.24000-07
442.0866 3.05640-08
442.0866 2.31560-06
442.0866 1.84120-06
442.0866 1. 01740-06
442.0866 3.66220-07
442.0866 -6.58180-08
442.0866 -4.03660-07

. 09728662 in
- .00156795

1033107. lbs-i n
37000.00000 lb.
60.00000000 in

0.00000 in
25

8

output summary for Load Case No.2:

Pile-head deflection
coml?uted slope at pile head

::i~~~ ~h~~~ nfo~~ent

g:~~~ ~~ ~:~~~~~ ~h~~~n~o~~~ent
Number of iterations '"
Number of zero deflection points =



A Street - Abutment l.lpo
696.000 -1.98E-12 .0001862 -3.1254E-05 6.3834E-14
708.000 -9.85E-13 -6.0286E-07 -7.7438E-06 8.2833E-14
720.000 8.42E-15 0.0000 0.0000 8.2771E-14

442. 0866 2. 6166E-06
442.0866 1. 3018E-06
442.0866 -1.1132E-08

output verification:

computed forces and moments are wi thi n sped fi ed convergence 1imi ts.

output summary for Load Case No.3:

pil e-head defl ecti on
coml?uted slope at pile head

=~i ~~~ ~h~~~ nfo~~:ent
g:~~~ ~~ ~:~~~~~ ~h~~~nfo~~~ent
Number of iterations '"
Number of zero deflection points =

.16232943 in
- .00242429

1466072. lbs-i n
47000.00000 lbs
60 .00000000 i n

0.00000 in
28

8

summary of Pile Response(s)

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 '" shear and Moment,
Type 2 :::: shear and slope,
Type 3 '" shear and Rot. sti ffness,
Type 4 '" Deflection and Moment,
Type 5 = Deflection and slope,

y = pil e-head di sp1acment in
M = Pile-head Moment lbs-in
V = pi 1e-head shear Force 1bs
s = Pile-head slope, radians
R '" Rot. sti ffness of pi 1e-head i n-l bs/rad

Load pi 1e-Head
Type condi ti on

1

Pile-Head
condition

2

Axial
Load
lbs

pi le-Head
Deflection

in

Maximum
Moment
in-lbs

Maximum
shear
lbs

1 v",
1 v",
1 v:

27000. M=
37000. M:
47000. M:

0.000
0.000
0.000

200000.
200000.
200000.

.0478230

.0972866

.1623294

661322. 27000.0000
1033107. 37000.0000
1466072. 47000.0000

The analysis ended normally.
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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Lone Tree Way - A Street UC @ SR4 - Left & Right Bridges - Abutment 3 - 24-in. CIDH Pile



A Street - Abutment 3.1 po

lPIlE plus for Windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled Shafts
subjected to lateral loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

A Street - Abutment 3.1po
Deflection tolerance for convergence::: l.OOOOE-05 in

- Maximum allowable deflection 1.0000E+02 in

printing ORtions:
- 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) ""

pile Structural properties and Geometry

3600000.
3600000.

Modulus of
Elasticity
lbs/Sq.in

720.00 in
-90.00 in

.00 deg.

452.4000
452.4000

Point Depth pile Moment of
X Diameter Inertia
in in in........4

-----------
0.0000 24.00000000 16286.0000

720.0000 24.00000000 16286.0000

Structural properties of pile defined using 2 points

Pile
Area

sq.in

s:\ongoing projects\2006\206117 TYlln Rte 4 project\A

A Street - Abutment 3.1 pd
A Street - Abutment 3.1 po
A Street - Abutment 3.1 pp
A Street - Abutment 3.1 pr

Path to file locations:
SLlone Tree\lPllE\
Name of input data file:
Name of output file:
Name of plot output file:
Name of runti me fi' e:

This program is licensed to:

;:~¥kha~~~~ultants

Time and Date of Analysis
Soi 1 and Rock layeri ng Information

Problem Title

SR4 - A Street - Abutment 3 - 24-i n CIDH pi 1e

Program opti ons

units used in computations - US customary units, inches, pounds

Basi c program options:

Analysis Type 1:
- computatlon of lateral pi 1e Response Usi ng User-speci fi ed Constant EI

computation options:

= ~~~"y~i~e~~:~l~=~e~~l~f~~e~;yf~~~~~u~s:~t~~nanalysis
- Analysis assumes no shear resistance at pile tip

= ~ga~~~~~t~~io~i ~fdf~~~9~~i ~~
1
:tiff~~:~tm~~~¥x elements

= ~~~~~~i ~i ~~s~~~~o~~es~i1 ~~~~m~~~~t~c~fn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

solution control Parameters:
- Number of pile increments "" 60
- Maximum number of iterations allowed"" 100

402.000 in
582.000 in

582.000 in
606.000 in

-90.000 in
162.000 in

162.000 in
402.000 in

606.000 in
978.000 in
125 .000 lbs/i n**3
125.000 lbs/in**3

The soil profile is modelled using 5 layers

layer 1 is stiff clay without free water
Distance from top of pile to top of layer ""
Distance from top of pile to bottom of layer ""

layer 2 is stiff clay without free water
Distance from top of pile to top of layer ""
Distance from top of pile to bottom of layer ""

layer 3 is stiff clay without free water
Distance from top of pile to top of layer ""
Distance from top of pile to bottom of layer ""

layer 4 is stiff clay without free water
Distance from top of pile to top of layer ""
Distance from top of pile to bottom of layer ""

layer 5 is sand, p-y criteria by API RP-2A, 1987
Distance from top of pile to top of layer ""

~!~t:~b~r~d~m m~d~l~~ ki
}~rt~o~o~~o~oif ~:~:~ :

p-y subgrade modulus k for bottom of layer ""

(Depth of lowest layer extends 258.00 in below pile tip)

Effecti ve uni t wei ght of soi 1 vs. Depth

Di stri buti on of effecti ve uni t wei ght of soi 1 wi th depth

Time: 18:39:24Date: August 23, 2009

is defi ned usi ng 10 poi nts
A Street - Abutment 3.lpo A Street - Abutment 3.1 po

loadi ng Type

Di stri buti on of shear strength parameters wi th depth
clefi ned usi ng 10 poi nts

Point Del?th x Eff. Unit weight
No. ln lbs/in**3

----------------
1 -90.00 .07230
2 162.00 .07230
3 162.00 .07230
4 402.00 .07230
5 402.00 .07230
6 582.00 .07230
7 582.00 .03760
8 606.00 .03760
9 606.00 .04050

10 978.00 .04050

Shear Strength of soils

Point Del?th X cohesion c Angle of Friction E50 or
No. ln lbs/i n**2 Deg. iLrm

---- --------------
1 -90.000 17.36000 .00 .00500
2 162.000 17.36000 .00 .00500
3 162.000 27.77000 .00 .00400
4 402.000 27.77000 .00 .00400
5 402.000 17.36000 .00 .00500
6 582.000 17.36000 .00 .00500
7 582.000 10.42000 .00 .00700
8 606.000 10.42000 .00 .00700
9 606.000 .00000 40.00

10 978.000 .00000 40.00

Notes:

RQD
%

.0

.0

.0

.0

.0

.0

.0

.0

static loading criteria was used for computation of p-y curves

Pile-head loading and Pile-head Fixity Conditions

Number of loads specified"" 3

Load Case Number 1

~~~:~hf~~C~o~~d:i"ech~~~tion~ are sh~~ooo~~o~oib~t (BC Type 1)

:~i~1n~o:dm:~tp~feP~~:dhead : 200000:888 19;lbs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 2

~~~:~hf~~c~o~~d~i"ech~~~tion~ are Sh~~ooo~~o~oib~t (BC Type 1)

:~i~1n~o:dm:~\N/~~:dhead: 200000:88g 19;lbs

(zero moment at pile head for this load indicates a free-head condition)

load Case Number 3

~~~:~hf~~c~o~~d~Hech~~~ ti on~ are Sh:~ooo~~o~oib~t (BC Type 1)

:~i~1n~o:dm:~tpNeP~~:dhead: 200000:8881g;lbs

(zero moment at pile head for this load indicates a free-head condition)

g~ cohesion::: uniaxial compressive strength for rock materials.

(3) ~:}~~ito~ai~~sa~illec~r~:~e~~~edlf~rsiSOt:hen input values are O.
(4) RQD and Lrm are reported only for weak rock strata.

computed values of load Distribution and Deflection
for lateral loading for load Case Number 1

p-y Modification Factors

Distribution of p-y multipliers with depth defined using 2 points

Pile-head boundary conditions are Shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~/~~c~ii; ~~~d head: 27000:88g ~~:lbs
specified axial load at pile head 200000.000 lbs

(zero moment for this load indicates free-head conditions)

Point
No.

Depth X
in

.000
720.000

p-mult

.6000

.6000

y-mult

1.0000
1.0000

Depth Deflect. Moment Shear slope Total Soil Res
X ¥ M V 5 Stress

lbs/inin 1n lbs-in lbs Rad. lbs/in**2
--------- ----------- ----------- ----------- -----------

0.000 .075341 -5.6503'-09 27000.0000 - .0011858 442.0866 -464.5526
12.000 .061112 293398. 21416.3203 -.0011558 658.2710 -466.0607
24.000 .047602 519539. 15850.8776 -.0010726 824.8985 -461. 5131
36.000 .035369 678968. 10379.0390 - .0009499 942.3699 -450.4600
48.000 .024804 773196. 5082.2774 - .0008013 1011.8002 -432.3336
60.000 .016137 804789. 50.1823 - .0006399 1035.0785 -406.3489



output verification:

computed forces and moments are within specified convergence limits.

A Street - Abutment 3.lpo
72.000 .009447 777472. -4615.4164 -.0004779
84.000 .004667 696313. -8789.9478 -.0003271
96.000 .001597 568083. -12287.0862 -.0001977

108.000 -7.810-05 402372. -13513.7984 -9.83940-05
120.000 -.000765 244224. -11800.3571 -3.22230-05
132.000 -.000851 119318. -8930.3164 4.98080-06
144.000 -.000645 29872.8185 -6020.9600 2.02490-05
156.000 -.000366 -25282.3508 -2878.4107 2.07180-05
168.000 -.000148 -39308.4871 -195.4720 1.41080-05
180.000 -2.690-05 -30041.3988 957.3179 7.01120-06
192.000 2.030-05 -16366.5112 996.9764 2.26190-06
204.000 2.740-05 -6124.8226 653.7562 -3.97870-08
216.000 1.940-05 -676.1706 307.6656 -7.35780-07
228.000 9.720-06 1262.6842 85.6420 -6.75760-07
240.000 3.160-06 1382.4814 -15.2011 -4.05060-07
252.000 -1.800-10 899.8033 -40.2745 -1. 71500-07
264.000 -9.530-07 416.7174 -32.7164 -3.67680-08
276.000 -8.830-07 114.7859 -18.1623 1.76240-08
288.000 -5.300-07 -19.2623 -6.9616 2.74000-08
300.000 -2.250-07 -52.4240 -.9743765 2.00640-08
312.000 -4.860-08 -42.7436 1.1953 1.03240-08
324.000 2.280-08 -23.7873 1.4004 3.51590-09
336.000 3.570-08 -9.1502 .9366213 1.45120-10
348.000 2.620-08 -1.3091 .4452008 -9.25260-10
360.000 1.350-08 1.5390 .1298319 -9.01720-10
372.000 4.600-09 1.8112 -.0139631 -5.58860-10
384.000 1.210-10 1.2066 -.0514209 -2.50030-10
396.000 -1.400-09 .5783205 -.0413050 -6.73630-11
408.000 -1.500-09 .2156118 -.0232180 1.38860-11
420.000 -1.060-09 .0210210 -.0112215 3.81020-11
432.000 -5.810-10 -.0538869 -.0035112 3.47390-11
444.000 -2.300-10 -.0634134 .0002913 2.27340-11
456.000 -3.530-11 -.0470039 .0015364 1.14350-11
468.000 4.410-11 -.0265954 .0014951 3.90270-12
480.000 5.830-11 -.0111403 .0010148 4.08860-14
492.000 4.510-11 -.0022404 .0005299 -1.32850-12
504.000 2.640-11 .0015836 .0001944 -1.39570-12
516.000 1.160-11 .0024329 1.59920-05 -9.84640-13
528.000 2.810-12 .0019722 -5.16950-05 -5.33830-13
540.000 -1.180-12 .0011948 -5.93290-05 -2.09730-13
552.000 -2.230-12 .0005493 -4.33710-05 -3.12450-14
564.000 -1.930-12 .0001541 -2.38970-05 4.07330-14
576.000 -1.250-12 -2.44330-05 -9.00580-06 5.39980-14
588.000 -6.320-13 -6.23450-05 -1.51570-06 4.51180-14
600.000 -1.670-13 -6.10260-05 5.48830-07 3.24920-14
612.000 1.480-13 -4.93290-05 9.60120-07 2.11990-14
624.000 3.420-13 -3.80850-05 8.92710-07 1.22530-14
636.000 4.420-13 -2.79630-05 7.81200-07 5.49390-15
648.000 4.740-13 -1.93620-05 6.46240-07 6.50770-16
660.000 4.580-13 -1.24570-05 5.04070-07 -2.60550-15
672 .000 4.110-13 -7.25200-06 3.66830-07 -4.62240-15
684.000 3.470-13 -3.63060-06 2.43070-07 -5.73610-15
696.000 2.740-13 -1.39090-06 1.38470-07 -6.25000-15
708.000 1.970-13 -2.77220-07 5.66690-08 -6.42070-15
720.000 1.200-13 0.0000 0.0000 -6.44900-15

output summary for load Case No.1:

Pile-head deflection .07534145 in

1014.9506 -371.2509
955.1503 -324.5044
860.6669 -258.3520
738.5659 53.9000
622.0383 231.6736
530.0035 246.6666
464.0978 238.2262
460.7154 285.5320
471. 0503 161. 6244
464.2220 30.5072
454.1460 -23.8975
446.5996 - 33.3059
442.5849 -24.3759
443.0170 -12.6280
443.1053 -4.1791
442.7497 .0002373
442.3937 1. 2594
442.1712 1.1662
442.1008 .7005350
442.1253 .2973357
442.1181 .0642707
442.1042 -.0300762
442.0934 -.0472251
442.0876 -.0346783
442.0878 -.0178831
442.0880 -.0060827
442.0875 -.0001603
442.0871 .0018463
442.0868 .0011682
442.0867 .0008312
442.0867 .0004539
442.0867 .0001799
442.0867 2.76100-05
442.0867 -3.44900-05
442.0867 -4.55600-05
442.0867 -3.52560-05
442.0867 -2.06530-05
442.0867 -9.08880-06
442.0867 -2.19240-06
442.0866 9.19950-07
442.0866 1. 73980-06
442.0866 1. 50580-06
442.0866 9.76120-07
442.0866 2.72240-07
442.0866 7.18530-08
442.0866 - 3.30430-09
442.0866 -7.93100-09
442.0866 -1.06540-08
442.0866 -1.18410-08
442.0866 -1.18540-08
442.0866 -1.10190-08
442.0866 -9.60730-09
442.0866 -7.82470-09
442.0866 -5.80940-09
442.0866 -3.63540-09

A Street - Abutment 3.lpo
coml?uted slope at pile head :: -.00118582

=:~i~~~ ~h~~~n~o~~:ent : 8~;~gg:gg~~~ ~~~-in

g:~~~ ~~ ~~~~~~ ~h~~~n~o~~~ent ~ 6o.08~ggg88 ~~
Number of iterations :: 21
Number of zero deflection points:: 8

computed values of load Distribution and Deflection
for lateral loading for load Case Number 2

pil e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~~~~~~~~ ~~~:~tf~~c~ii~ ~~~d head ~ 37000:888 ~~~lbs
specified axial load at pile head:: 200000.000 lbs

(zero moment for this load indicates free-head conditions)

Depth Deflect. Moment shear Slope Total soi 1 Res
X ~ M V S Stress

lbs~inin ln lbs-in lb. Rad. lbs/in**2
-------- --------- ----------- ----------- ----------- ----------- -----------

0.000 .150722 1.13010-08 37000.0000 - .0021020 442.0866 -552.4695
12.000 .125498 409267. 30337.7759 - .0020601 743.6465 -557.9012
24.000 .101280 737995. 23646.1608 - .0019427 985.8630 -557.3679
36.000 .078874 986100. 16999.2757 - .0017662 1168.6737 -550.4462
48.000 .058890 1154456. 10476.7946 -.0015472 1292.7233 -536.6339
60.000 .041741 1244969. 4165.2186 - .0013016 1359.4164 -515.2954
72.000 .027651 1260669. -1839.8259 - .0010452 1370.9842 -485.5454
84.000 .016656 1205831. -7428.8903 -.0007928 1330.5778 -445.9654
96.000 .008623 1086181. -12467.1222 -.0005582 1242.4164 -393.7399

108.000 .003258 909299. -16754.4908 - .0003540 1112.0848 -320.8215
120.000 .000126 685772 . -19222.6289 - .0001908 947.3838 -90.5349
132.000 - .001321 448872 . -18114.1731 -7.46810-05 772.8286 275.2775
144.000 - .001666 251391. -14650.6871 -3.01810-06 627.3187 301. 9702
156.000 - .001393 97269.9023 -11076.6581 3.26630-05 513.7580 293.7013
168.000 -.000882 -14605.7800 -7116.0914 4.11230-05 452.8486 366.3931
180.000 -.000406 -73713.6789 -2152.4990 3.20840-05 496.4010 460.8723
192.000 -.000112 -66419.7594 1402.2973 1. 77430-05 491.0267 131. 5938
204.000 1. 940-05 -40143.7104 2050.4765 6.83790-06 471.6657 -23.5639
216.000 5.210-05 -17241.1447 1515.7222 9.65270-07 454.7904 -65.5618
228.000 4.250-05 -3771.0101 790.8095 -1.18510-06 444.8652 -55.2570
240.000 2.370-05 1743.9708 271.4832 -1.39250-06 443.3717 -31.2974
252.000 9.12E-06 2751.2699 11.4134 -9.32470-07 444.1139 -12.0476
264.000 1. 310-06 2022.3694 -71.2312 -4.43950-07 443.5768 -1. 7265
276.000 -1.540-06 1043.8528 -69.4034 -1.30160-07 442.8558 2.0312
288.000 -1.820-06 357.3114 -42.8092 1. 32290-08 442.3499 2.4012
300.000 -1.220-06 16.3693 -18.7319 5.14700-08 442.0987 1.6117
312.000 -5.820-07 -92.5018 -4.4481 4.36790-08 442.1548 .7689819
324.000 -1. 710-07 -90.5941 1. 5248 2.49410-08 442.1534 .2265046
336.000 1.660-08 -56.0253 2.7521 9.93670-09 442.1279 - .0219630
348.000 6.710-08 -24.5916 2.0887 1.68650-09 442.1048 - .0886091
360.000 5.710-08 -5.9055 1.1043 -1.43440-09 442.0910 -.0754470
372.000 3.260-08 1. 9191 .3929249 -1.84240-09 442.0881 - .0431196
384.000 1.290-08 3.5336 .0320841 -1.28440-09 442.0893 - .0170205
396.000 1.810-09 2.6953 - .0843727 -6.46930-10 442.0886 - .0023890
408.000 -2.650-09 1.5117 - .0863078 -2.16400-10 442.0878 .0020665
420.000 -3.390-09 .6249653 - .0580404 2.26640-12 442.0871 .0026448
432.000 -2.590-09 .1187451 - .0300280 7.83760-11 442.0867 .0020240

computed values of load Distribution and Deflection
for Lateral loading for load Case Number 3

output verification:

computed forces and moments are wi thi n speci fi ed convergence 1i mi ts.

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~~~H~:~ ~~::~/~~c~ii; h~~d head: 47000:8gg ~~~lbs
specified axial load at pile head 200000.000 lbs

(zero moment for this load indicates free-head conditions)

Depth Defl ect. Moment Shear slope Total Soil Re.
X ~ M V S stress

lbs/inin ln lbs-i n lb. Rad. lbs/i n**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .255181 2.2601E-08 47000.0000 -.0032441 442.0866 -630.1897
12.000 . 216252 526412 . 39383.7013 -.0031903 829.9626 -639.1934
24.000 . 178615 960522 . 31694.7688 - .0030381 1149.8274 -642.2953
36.000 .143337 1301670 . 24006.4325 - .0028066 1401.1948 -639.0940

1584.2810 -629.1322
1700.0531 -611. 8621
1750.2866 -586.5811
1737.6393 -552.2953
1665.7551 -507.3877
1539.4343 -448.6170
1364.9746 -366.7196
1151.1515 -155.5380

920.4769 316.6583
723.1658 344.7121
562.2918 467.4524
450.9571 443.2804
497.5218 395.1622
519.8721 412.0182
498.4676 56.8865
470.9996 -78.3501
451. 8306 -91. 8121
442.3984 -61. 0101
444.7339 -28.8352
444.6321 -8.3202
443.6463 .9833479
442.7640 3.4176
442.2440 2.8686
442.1451 1.6268
442.1881 .6421835
442.1630 .1045382
442.1268 -.0967515
442.1008 - .1213094
442.0876 -.0836312
442.0899 -.0415515
442.0898 -.0081729
442.0887 .0001321
442.0877 .0030085
442.0870 .0030816
442.0867 .0021473
442.0868 .0011501
442.0868 .0004414
442.0867 5.49580-05
442.0867 -9.79820-05
442.0867 - .0001213
442.0867 -9.17280-05
442.0867 -5.28090-05
442.0867 -2.25550-05
442.0867 -4.42960-06
442.0867 4.33930-06
442.0866 4.27820-06
442.0866 4.75500-06
442.0866 2.44050-07
442.0866 2.33850-07
442.0866 2.10660-07
442.0866 1.78950-07
442.0866 1.4208E-07
442.0866 1.0227E-07
442.0866 6.0685E-08
442.0866 1. 76160-08
442.0866 -2.72730-08
442.0866 -7.45580-08

48.000 .111257 1550148.
A

s1Y3e9~t. 07~butm_e."o~ls·1t7°
60.000 .082984 1707270. 8951.1096 -.0021814
72.000 .058904 1775445. 1760.4505 -.0018250
84.000 .039184 1758281. -5072 . 8076 -.0014633
96.000 .023783 1660722. -11430.9056 -.0011134

108.000 .012462 1489284. -17166.9337 -.0007911
120.000 .004797 1252513. -22058.9530 -.0005105
132.000 .000210 962319. -25192.4985 -.0002838
144.000 -.002015 649255. -24225.7765 -.0001189
156.000 - .002644 381471. -20257.5536 -1. 34310-05
168.000 -.002337 163138. -15384.5666 4.23030-05
180.000 -.001629 12038.6312 -9920.1699 6.02310-05
192.000 -.000891 -75234.7270 -4889.5142 5.37630-05
204.000 - .000339 -105568. -46.4319 3.52600-05
216.000 -4.520-05 -76518.3433 2766.9960 1. 66260-05
228.000 6.030-05 -39239.6728 2638.2146 4.77970-06
240.000 6.950-05 -13224.1350 1617.2418 -5.89270-07
252.000 4.620-05 -423.0412 700.3088 -1.98590-06
264.000 2.180-05 3592.8086 161.2373 -1.66150-06
276.000 6.300-06 3454.6294 -61.6947 -9.40280-07
288.000 -7.440-07 2116.6489 -105.7156 -3.70130-07
300.000 -2.590-06 919.2307 -79.3100 -5.94500-08
312.000 -2.170-06 213.4954 -41. 5926 5.64710-08
324.000 -1.230-06 -79.2622 -14.6201 7.02080-08
336.000 -4.860-07 -137.7233 -1.0062 4.80020-08
348.000 -7.910-08 -103.6423 3.4741 2.33010-08
360.000 7.320-08 -54.4569 3.5208 7.12180-09
372.000 9.180-08 -19.1770 2.2124 -4.13730-10
384.000 6.330-08 -1.3562 .9828039 -2.51500-09
396.000 3.140-08 4.4223 .2317078 -2.20130-09
408.000 1.050-08 4.2153 -.0666389 -1.31730-09
420.000 -1.690-10 2.8293 -.1148840 -5.96380-10
432.000 -3.850-09 1.4610 -.0960406 -1.57320-10
444.000 -3.940-09 .5251184 -.0595000 4.59320-11
456.000 -2.750-09 .0327582 -.0281264 1.03020-10
468.000 -1.470-09 -.1504088 -.0083422 9.09840-11
480.000 -5.650-10 -.1678916 .0012069 5.84100-11
492.000 -7.040-11 -.1217234 .0041853 2.87710-11
504.000 1.250-10 -.0675814 .0039272 9.39850-12
516.000 1.550-10 -.0275157 .0026118 -3.33530-13
528.000 1.170-10 -.0048967 .0013339 -3.65050-12
540.000 6.760-11 .0045159 .0004667 -3.68950-12
552.000 2.890-11 .0063216 1.45070-05 -2.58040-12
564.000 5.670-12 .0048764 -.0001474 -1.43440-12
576.000 -5.550-12 .0027909 -.0001479 -6.49780-13
588.000 -9.920-12 .0013289 -9.62360-05 -2.28170-13
600.000 -1.100-11 .0004824 -4.20370-05 -4.28030-14
612.000 -1.100-11 .0003203 -1.20430-05 3.93350-14
624.000 -1.010-11 .0001931 -9.17550-06 9.18750-14
636.000 -8.750-12 9.96040-05 -6.50850-06 1.21830-13
648.000 -7.160-12 3.63520-05 -4.17080-06 1.35750-13
660.000 -5.490-12 -1.14760-06 -2.24470-06 1.39350-13
672 .000 -3.820-12 -1. 81880-05 -7.78590-07 1. 37370-13
684.000 -2.190-12 -2.04930-05 1. 99120-07 1. 33410-13
696.000 -6.160-13 -1.40500-05 6.68920-07 1.29880-13
708.000 9.25E-13 -5.0624E-06 6.1098E-07 1.2792E-13
720.000 2.450-12 0.0000 0.0000 1.27400-13

output verification:

computed forces and moments are within specified convergence limits.

output summary for Load Case No.3:

442.0867 .0011753
442.0868 .0005110
442.0867 .0001185
442.0867 -5.63590-05
442 .0867 - .0001002
442.0867 -8.44170-05
442.0867 -5.25790-05
442.0867 -2.50220-05
442.0867 -7.53050-06
442.0867 1.02710-06
442.0867 3.86910-06
442.0866 3.93220-06
442.0866 1. 702 50-06
442.0866 1.16540-06
442.0866 3.77860-08
442.0866 2.1194E-08
442.0866 8.03720-09
442.0866 -1.96560-09
442.0866 -9.2890E-09
442.0866 -1.45200-08
442.0866 -1.82840-08
442.0866 -2.11730-08
442.0866 -2.36880-08
442.0866 -2.61770-08

.15072215 in
- .00210198

1260669. lbs-in
37000.00000 lb.
72 .00000000 in

0.00000 in
22

8

A Street - Abutment 3.1 po
444.000 -1.500-09 -.0960821 -.0108322 8.06950-11
456.000 -6.540-10 -.1416156 -.0007141 5.63700-11
468.000 -1.520-10 -.1134910 .0030628 3.02630-11
480.000 7.210-11 -.0682526 .0034354 1.16640-11
492.000 1.280-10 -.0310965 .0024960 1.49650-12
504.000 1.080-10 - .0083568 .0013881 -2.54100-12
516.000 6.730-11 .0022310 .0005662 -3.16790-12
528.000 3.200-11 .0052463 .0001006 -2.40270-12
540.000 9.640-12 .0046560 -9.47530-05 -1.38940-12
552.000 -1.310-12 .0029789 -.0001338 -6.08020-13
564.000 -4.950-12 .0014483 -.0001044 -1.54940-13
576.000 -5.030-12 .0004742 -5.75880-05 4.18010-14
588.000 -3.950-12 6.60220-05 -2.37800-05 9.70840-14
600.000 -2.700-12 -9.70040-05 -6.57240-06 9.39130-14
612.000 -1.700-12 -9.21670-05 6.46610-07 7.45540-14
624.000 -9.140-13 -8.18430-05 1.00050-06 5.67460-14
636.000 -3.340-13 -6.84280-05 1.17590-06 4.13680-14
648.000 7.870-14 -5.38210-05 1.21230-06 2.88580-14
660.000 3.590-13 -3.94710-05 1.14480-06 1.93100-14
672.000 5.420-13 -2.64390-05 1.00190-06 1.25650-14
684.000 6.600-13 -1.54850-05 8.05100-07 8.27490-15
696.000 7.410-13 -7.15640-06 5.68360-07 5.95780-15
708.000 8.030-13 -1.87310-06 2.99190-07 5.03380-15
720.000 8.620-13 0.0000 0.0000 4.84210-15

output summary for load Case No.2:

Pile-head deflection
coml?uted slol?e at pile head

=~i~~~ ~h~~~n~o~~:ent

g:~~~ ~~ ~:~~ ~~~ ~h~~~n~o~~:ent
Number of iterations ::
Number of zero deflection points ::



A Street - Abutment 3.1po

.25518129 in
- .00324414

1775445. lbs-i n
47000.00000 lbs
72 .00000000 i n

0.00000 in
23

8

pi 1e-head defl ecti on
com~uted slo~e at pile head

=:~1~~~ ~h~~~n~o~~~ent

g:~ig ~~ ~:~~~~~ ~h~~~nfo~~:ent
Number of iterations =
Number of zero deflection points =

summary of pile Response(s)

Definition of symbols for Pile-Head Loading conditions:

Type 1 = shear and Moment,
Type 2 = shear and Slope.
Type 3 "" shear and Rot. Sti ffness,
Type 4 = Deflection and Moment,
Type 5 '" Deflection and slope,

y ::: pi 1e-head di sp1acment in
M = Pile-head Moment lbs-in
V = Pile-head shear Force lbs
s = Pile-head Slope, radians
R = Rot. stiffness of Pile-head in-lbs/rad

27000. M
37000. M·
47000. M-

Load pi 1e-Head
Type condi ti on

1

1 v=
1 v=
1 v=

pi le-Head
condition

2

0.000
0.000
0.000

Axial pi le-Head Maximum Maximum
load Deflection Moment shear
lbs in in-lbs lbs----------- -----------

200000. .0753415 804789. 27000.0000
200000. .1507222 1260669. 37000.0000
200000. .2551813 1775445. 47000.0000

The analysis ended normally.
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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A Street - Bent 2--trans .1 po

lPIlE plus for Windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected to lateral loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

A Street - Bent 2--trans .lpo
- Deflection tolerance for convergence =: 1.0000E-05 1n
- Maximum allowable deflection 1.0000E+02 in

Pri nti ng o~ti ons:
- 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

3600000.
3600000.

Modulus of
Elasticity
1bs/sq. i n

960.00 in
-24.00 in

.00 deg.

5541.8000
5541.8000

Point Depth pile Moment of
X Di ameter Inertia
in in in**4

-----------
0.0000 84.00000000 1221960.

960.0000 84.00000000 1221960.

Structural properties of pile defined using 2 points

Pile
Area

sq. in

s:\ongoing projects\2006\206117 TYlln Rte 4 project\A

A Street - Bent 2--trans.lpd
A Street - Bent 2--trans.lpo
A street - Bent 2--trans.lpp
A Street - Bent 2--trans.lpr

This program is licensed to:

Gary Pari kh
Pari kh consul tants

Path to file locations:
SLlone Tree\lPllE\
Name of input data file:
Name of output file:
Name of plot output fi 1e:
Name of runtime file:

Time and Date of Analysis
soil and Rock layering Information

sR4 - A Street - Bent 2 - 84-i n CIDH pi 1e - Transverse

Problem Title

Prag ram opti ons

Units used in computations - us customary units, inches, pounds

Basic Program options:

Analysis "f¥pe 1:
- computat10n of lateral pile Response using user-specified Constant EI

computati on opti ons:

= ~~~"y~~~e~~:~l~=?e~~l~f~~e~?f~~r~~~u~s:~t~~nanalysis
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft onl:(
- No computation of foundation stiffness matnx elements

=~~~1~~i ~i ~~s~~~~o~~es~i1 ~~~~m~~~~t~c~fn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

So1ution Control Parameters:
- Number of pile increments '" 80
- Maximum number of iterations allowed'" 100

264.000 in
456.000 in

456.000 in
504.000 in

-24.000 in
264.000 in

504.000 in
1200.000 in

.07230

Eff. Uni t wei ght
lbs/i n**3

-24.00

Point
No.

(Depth of lowest layer extends 240.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defi ned usi ng 8 poi nts

Effecti ve uni t wei ght of soil vs. oepth

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 '"
Distance from top of pile to bottom of layer =:

layer 2 is stiff clay without free water
Distance from top of pile to top of layer '"
Distance from top of pile to bottom of layer '"

layer 3 is stiff clay without free water
Distance from top of pile to top of layer '"
oistance from top of pile to bottom of layer '"

layer 4 is stiff clay without free water
Distance from top of pile to top of layer '"
Distance from top of pile to bottom of layer '"

Time: 16:43:52Date: August 24, 2009

264.00
264.00
456.00
456.00
504.00
504.00

1200.00

A Street - Bent 2--trans .1po
.07230
.07230
.07230
.03760
.03760
.03760
.03760

shear strength of soi 1s

A Street - Bent 2--trans .lpo

Number of loads specified", 2

load Case Number 1

~~~:~hf~~c~o~~d~i"ech~~~ti on~ are Sh~300~~go~oib~t (BC Type 1)

:~~~~n~o:dm:~tpH/~~:dhead : 3280000:8g8 ~b;lbs

(Zero moment at pile head for this load indicates a free-head condition)

load Case Numbe r 2

Distribution of shear strength parameters with depth
defi ned usi ng 8 poi nts

Point Dep.th X cohesion c Angle of Friction E50 or
No. ln lbs/i n**2 Deg. ILrm------------------

-24.000 24.31000 .00 .00267
264.000 24.31000 .00 .00267
264.000 17 .36000 .00 .00267
456.000 17 .36000 .00 .00267
456.000 17.36000 .00 .00267
504.000 17 .36000 .00 .00267
504.000 55.55000 .00 .00210

1200.000 55.55000 .00 .00210

RQD
%

.0

.0

.0

.0

.0

.0

.0

.0

~~~:~hf~~c~o~~d~Hech~~~ti on~ are S~5soo~~go~oib~t (BC Type 1)

~i~~n~o:dm:~tpiieP~~:dhead: 3280000:8gg ~b;lbs

(zero moment at pile head for this load indicates a free-head condition)

**** WARNING "'***

An unreasonable input value for shear strength has been specified for layer 4
defined using the stiff clay without free water criteria. The input value is
greater than 55.55 psi (8000 pst). You should check your input data for
correctness.

Notes:

(1) Cohesion'" uniaxial compressive strength for rock materials.

g~ 6:}~~ito~a~~~sa~illeb~r~:~e~~~edlf~rs~5~t~hen input values are O.
(4) RQD and ILrm are reported only for weak rock strata.

computed values of load Distribution and Deflection
for Lateral loading for load Case Number 1

p-y Modification Factors

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~ ~~:~ ~~~:~tf~~c~ii~ h~~d head: 73000: 888 ~ ~~1bs
specified axial load at pile head 3280000.000 lbs

(zero moment for this load indicates free-head conditions)

pile-head Loading and Pile-head Fixity Conditions

Static loading criteria was used for computation of p-y curves

Distribution of p-y multipliers with depth defined using 2 points

loadi ng Type

Depth Deflect. Moment Shear slope Total soil Res
X ¥ M V S Stress

1bs~inin ln lbs-in lbs Rad. lbs/in**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .011916 -2.6497E-07 73000.0000 - .0001153 591.8655 -776.4427
12 .000 .010532 824635. 63673.8357 - .0001142 620.2090 -777.9180
24.000 .009176 1537162. 54351. 7041 - .0001110 644.6993 -775.7706
36.000 .007869 2137812. 45078.0242 - .0001060 665.3442 -769.8428
48.000 .006632 2627376. 35899.2618 -9. 9465E-05 682.1710 -759.9510
60.000 .005482 3007224. 26864.3088 -9.1780E-05 695.2268 -745.8745
72 .000 .004430 3279344. 18025.0382 -8.3206E-05 704.5798 -727.3373
84.000 .003485 3446375. 9437.1586 -7.4032E-05 710.3208 -703.9760
96.000 .002653 3511664. 1161.6146 -6.4542E-05 712.5649 -675.2813

108.000 .001936 3479335. -6732.9515 -5. 5007E-05 711.4537 -640.4797
120.000 .001333 3354403. -15448.3830 -4.5686E-05 707.1597 -812.0922
132.000 .000839 3112170. -23466.5469 -3.6866E-05 698.8339 -524.2684
144.000 .000448 2794108. -28331. 7374 -2.8811E-05 687.9018 -286.5967
156.000 .000148 2434476. - 30632.7892 -2.1679E-05 675.5409 -96.9120
168.000 -7.24E-05 2060628. -30923.2791 -1.5548E-05 662.6913 48.4970
180.000 -.000225 1693542. -29706.0306 -1.0428E-05 650.0742 154.3778
192.000 -.000323 1348504. -27423.3533 -6.2785E-06 638.2149 226.0684

1.0000
1.0000

y-mult

.6200

.6200

p-mult

.000
960.000

Depth X
in

Point
No.



A Street - Bent 2--trans .lpo

Computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 2

output verification:

Computed forces and moments are wi thi n speci fi ed convergence 1i mi ts.

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~i;~ ~~~d head: 155000:8g8 ~~~lbs
specified axial load at pile head = 3280000.000 lbs

(zero moment for this load indicates free-head conditions)

.01191632 in
- .00011532

3511664. lbs-in
73000.00000 lbs
96 .00000000 i n

0.00000 in
13

5

Depth Deflect. Moment Shear slope Total soil Res
X ~ M V 5 Stress

lbs~inin ln lbs-in lbs Rad. lbs/in**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .061671 -2. 5437E-06 155000. - .0004454 591.8655 -1171.8671
12.000 .056327 1793156. 140866. - .0004429 653.4980 -1183.7901
24.000 .051041 3415653. 126610. - .0004358 709.2649 -1192.2361
36.000 .045867 4866102. 112274. - .0004245 759.1183 -1197.0716
48.000 .040852 6143650. 97902.6942 - .0004095 803.0289 -1198.1551
60.000 .036038 7248004. 83541. 7537 - .0003913 840.9866 -1195.3349
72 .000 .031462 8179452. 69239.0720 - .0003702 873.0014 -1188.4454
84.000 .027153 8938885. 55044.5844 -.0003469 899.1039 -1177.3026
96.000 .023137 9527827. 41010.5824 -.0003217 919.3464 -1161.6978

108.000 .019433 9948462. 27192.0701 -.0002951 933.8041 -1141. 3876
120.000 .016054 1.0204E+07 13647.2709 -.0002676 942.5758 -1116.0789
132.000 .013010 1.0297E+07 438.3659 - .0002397 945.7859 -1085.4052
144.000 .010302 1.0233E+07 -12367.3827 - .0002117 943.5859 -1048.8862
156.000 .007930 1.0017E+07 -24695.8423 - .0001840 936.1567 -1005.8571
168.000 .005885 9654843. - 36462. 9803 - .0001572 923.7121 -955.3326
180.000 .004157 9154173 . -47569.3144 - .0001316 906.5036 -895.7231
192 .000 .002728 8523536. -57888.5615 -.0001074 884.8280 -824.1515
204.000 .001578 7773306. -69612.2740 -8.5220E-05 859.0418 -1129.8006
216.000 .000683 6859550. -79385.7530 -6.5262E-05 827.6351 -499.1125
228.000 1. 17E-05 5873185. -82432.9386 -4.7896E-05 793.7327 -8.7517
240.000 - .000467 4884930. -80351.7657 -3.3222E-05 759.7654 355.6139
252.000 -.000786 3947358. -74556.0918 -2.1176E-05 727.5401 610.3318
264.000 - .000975 3097250. -66628.1230 -1.1567E-05 698.3211 710.9964
276.000 - .001063 2349194. - 58265.3771 -4.1389E-06 672.6096 682.7946
288.000 -.001074 1699207. -49949.1477 1. 3828E-06 650.2689 703.2436
300.000 -.001030 1150305. -41608.4185 5.2693E-06 631.4026 686.8779
312.000 - .000948 700190. -33624.0891 7.7933E-06 615.9317 643.8437
324.000 -.000843 342714. -26263.4050 9. 2157E-06 603.6449 582.9370

output summary for Load Case No.1:

pi 1e-head defl ecti on
computed slope at pile head

::~i~~~ ~h~~~n~o~~~ent
g:~i~ ~~ ~~~~~~ ~h~~~nfo~~:ent
Number of iterations =
Number of zero deflection points =

269.1223
289.0053
290.8623
279.3494
258.5224
213.3479
160.5318
135.8720
111.6244

88.7552
67.9306
49.5606
33.8430
20.8070
10.3535

2.2917
-3.6295
-7.6944

-10.1997
-11.4377
-11. 6844
-11. 6188
-10.5334
-9.1236
-7.5584
-8.6673
-9.8550
-6.9962
-4.5901
-2.6643
-1. 2012

- .1542339
.5391772
.9473111

1.1372
1.1697
1.0972

.9621530

.7973486

.6264934

.4655359

.3240536

.2066910

.1144968

.0460916
- .0013719
- .0314616
- .0479194
- .0542898
-.0536950
-.0487232
- .0414001
-.0332172
-.0251949
- .0179614
-.0118373
- .0069154
- .0031312
- .0003222

.0017251

.0032375

.0044278

.0054712

.0064871

627.4695
618.0524
610.0628
603.5108
598.3403
594.4485
592.1184
594.1599
595.5287
596.3445
596.7207
596.7600
596.5536
596.1791
595.7012
595.1717
594.6304
594.1068
593.6211
593.1856
592.8067
592.4854
592.2216
592.0099
591. 8876
592.0168
592.1030
592.1405
592.1433
592.1233
592.0901
592.0510
592.0111
591. 9738
591. 9412
591. 9142
591.8930
591.8773
591.8663
591.8717
591.8757
591.8773
591.8774
591.8764
591. 8748
591. 8731
591.8713
591.8697
591.8683
591.8672
591.8663
591.8657
591.8656
591.8658
591. 8659
591. 8660
591.8659
591.8658
591.8658
591.8657
591.8656
591.8655
591.8655
591.8655

A Street - Bent 2--trans .lpo
204.000 -.000376 1035875. -24452.2086 -3.0264E-06
216.000 -.000395 761889. -21103.4428 -5.7438E-07
228.000 - .000390 529438. -17624.2372 1. 1869E-06
240.000 -.000367 338814. -14202.9668 2.3711E-06
252.000 -.000333 188380. -10975.7362 3.0902E-06
264.000 -.000293 75153.1324 -8144.5145 3.4496E-06
276.000 -.000250 -7359.8024 -5901.2363 3.5421E-06
288.000 -.000208 -66755.3725 -4122.8138 3.441OE-06
300.000 -.000167 -106578. -2637.8354 3.2046E-06
312.000 -.000131 -130316. -1435.5579 2.8815E-06
324.000 -9.82E-05 -141258. -495.4432 2. 5111E-06
336.000 -7.04E-05 -142404. 209.5041 2.1242E-06
348.000 -4.73E-05 -136398. 709.9259 1.7439E-06
360.000 -2.86E-05 -125503. 1037.8261 1. 3867E-06
372.000 -1.40E-05 -111599. 1224.7892 1.0633E-06
384.000 - 3 .04E-06 -96191. 8177 1300.6602 7. 7990E-07
396.000 4.74E-06 -80444.4286 1292.6333 5. 3898E-07
408.000 9.89E-06 -65211.0472 1224.6900 3.4032E-07
420.000 1.29E-05 -51078.6573 1117.3254 1. 8170E-07
432.000 1.43E-05 -38409.5405 987.5012 5. 9649E-08
444.000 1.43E-05 -27383.3251 848.7688 -3.0088E-08
456.000 1.35E-05 -18036.7199 708.9496 -9.2038E-08
468.000 1.21E-05 -10361.2886 576.0361 -1.3077E-07
480.000 1.04E-05 -4201.5603 458.0938 -1.5063E-07
492.000 8.52E-06 644.8213 358.0020 -1.5548E-07
504.000 6.66E-06 4402.7275 260.6481 -1.4860E-07
516.000 4. 95E-06 6912.0739 149.5144 -1. 3317E-07
528.000 3.47E-06 8001.5563 48.4071 -1.1283E-07
540.000 2.24E-06 8082.7267 -21.1105 -9.0888E-08
552.000 1.28E-06 7502.0583 -64.6368 -6.9632E-08
564.000 5. 71E-07 6536.9251 -87.8300 -5.0484E-08
576.000 7.24E-08 5398.1125 -95.9628 -3.4205E-08
588.000 -2.50E-07 4236.5107 -93.6531 -2.1064E-08
600.000 -4.33E-07 3152.0955 -84.7342 -1.0987E-08
612.000 -5.13E-07 2203.7547 -72.2274 -3.6817E-09
624.000 -5.22E-07 1418.9272 -58.3865 1.2594E-09
636.000 -4.83E-07 802.3805 -44.7854 4.2891E-09
648.000 -4.19E-07 343.7405 -32.4294 5.8523E-09
660.000 -3.43E-07 23.6136 -21.8724 6.3533E-09
672.000 -2.66E-07 -181.6976 -13.3294 6.1377E-09
684.000 -1.95E-07 -296.7742 -6.7772 5.4851E-09
696.000 -1.34E-07 -344.7819 -2.0396 4. 6101E-09
708.000 -8.48E-08 -346.0887 1.1448 3.6678E-09
720.000 -4.64E-08 -317.5949 3.0719 2.7626E-09
732.000 -1.85E-08 -272.5795 4.0355 1. 9576E-09
744.000 5.44E-10 -220.8976 4.3038 1. 2846E-09
756.000 1.23E-08 -169.3896 4.1068 7.5223E-10
768.000 1.86E-08 -122.3938 3.6305 3.5426E-10
780.000 2. 08E-08 -82.2853 3.0173 7. 5093E-11
792.000 2.04E-08 -49.9857 2.3693 -1.0532E-10
804.000 1.83E-08 -25.4128 1.7548 -2.0815E-10
816.000 1.54E-08 -7.8534 1.2141 -2.5353E-10
828.000 1.22E-08 3.7454 .7663890 -2.5913E-10
840.000 9.19E-09 10.5604 .4159163 -2.3962E-10
852.000 6.48E-09 13.7462 .1569789 -2.0646E-10
864.000 4.23E-09 14.3441 -.0218129 -1.6815E-10
876.000 2.45E-09 13.2359 -.1343290 -1.3053E-10
888.000 1.10E-09 11.1305 -.1946087 -9.7300E-11
900.000 1.12E-10 8.5730 -.2153289 -7.0426E-11
912.000 -5.93E-1O 5.9682 -.2069115 -5.0593E-11
924.000 -1.10E-09 3.6111 -.1771358 -3.7527E-11
936.000 -1.49E-09 1.7198 -.1311438 -3.0256E-11
948.000 -1.83E-09 .4660217 -.0717498 -2.7275E-11
960.000 -2.15E-09 0.0000 0.0000 -2.6639E-11

Definition of Symbols for Pile-Head Loading conditions:

summary of pile Response(s)

A Street - Bent 2--trans .lpo
Maximum shear force = 155000.00000 lbs

g:~i~ ~~ ~~~~~~ ~h~~~n~o~~:ent: 13~:ggggg ~~
Number of iterations '" 15
Number of zero deflection points = 5

Type 1 = shear and Moment,
Type 2 :: shear and Slope,
Type 3 = shear and Rot. sti ffness,
Type 4 = Defl ecti on and Moment,
Type 5 = Deflection and slope.

Maximum
shear
lbs

Maximum
Moment
in- lbs

.0119163 3511664. 73000.0000

.0616713 1.0297E+07 155000.

pi le-Head
Deflection

in

y = pile-head displacment in
M = Pile-head Moment lbs-in
V = Pile-head shear Force lbs
S = Pile-head slope, radians
R = Rot. Sti ffness of Pile-head i n-l bs/rad

Axial
Load
lbs

3280000.
3280000.

0.000
0.000

pi le-Head
condi tion

2

1 v. 73000. M·
1 v= 1. 55E+05 M::

Load pi 1e-Head
Type condi ti on

1

511. 5463
435.6697
359.9910
287.9946
222.1077
163.8551
114.0170

72.7810
39.8832
14.7335
-3.6102

-16.2292
-23.6097
-26.8484
-39.1555
-54.9890
-48.1583
-40.0182
-31.6283
-23.7117
-16.7116
-10.8519
-6.1931
-2.6824

-.1963705
1.4261
2.3583
2.7681
2.8064
2.6015
2.2561
1.8484
1.4342
1.0499

.7168063

.4442696

.2333140

.0794403
-.0250391
-.0892218
- .1223428
- .1329353
- .1283427
- .1144999
- .0959058
-.0757235
-.0559553
- .0376541
- .0211444
- .0062400

.0075508

.0208280

.0341079

594.2420
596.3602
601.0747
604.0065
605.5115
605.9158
605.5076
604.5336
603.1980
601.6638
600.0556
598.4644
596.9528
595.5575
594.2948
593.2255
592.4283
591.8694
592.2224
592.4267
592.5136
592.5176
592.4679
592.3875
592.2938
592.1990
592.1113
592.0352
591. 9728
591.9242
591.8885
591.8669
591.8822
591.8905
591.8935
591.8930
591. 8903
591. 8865
591. 8822
591. 8781
591.8744
591.8713
591.8689
591.8671
591.8659
591.8658
591.8661
591.8662
591.8661
591.8660
591. 8657
591.8655
591. 8655

A Street - Bent 2--trans .lpo
336.000 -.000727 69143.1456 -19696.5054 9.7775E-06
348.000 -.000608 -130772. -14013.2094 9.6934E-06
360.000 -.000494 -267937. -9239.2448 9. 1496E-06
372.000 -.000389 -353234. -5351.3312 8.3024E-06
384.000 -.000295 -397022. -2290.7175 7.2791E-06
396.000 -.000214 -408785. 25.0594 6.1800E-06
408.000 - .000147 - 396908. 1692.2922 5. 0811E-06
420.000 -9.21E-05 -368569. 2813.0801 4.0370E-06
432.000 -4.97E-05 -329711. 3489.0655 3.0846E-06
444.000 -1.81E-05 -285075. 3816.7660 2.2461E-06
456.000 4.20E-06 -238286. 3883.5061 1.5323E-06
468.000 1. 87E-05 -191991. 3764.4698 9.4542E-07
480.000 2.69E-05 -148013. 3525.4362 4.8168E-07
492.000 3. 03E-05 -107419. 3222.6876 1. 3329E-07
504.000 3.01E-05 -70678.9621 2826.6642 -1.0963E-07
516.000 2.76E-05 -39570.0780 2261.7971 -2.6000E-07
528.000 2.39E-05 -16375.3637 1642.9131 -3.3630E-07
540.000 1.95E-05 -113.6899 1113.8542 -3.5879E-07
552.000 1. 52E-05 10385.3812 683.9752 -3.4478E-07
564.000 1. 13E-05 16328.8563 351.9351 -3.0835E-07
576.000 7.84E-06 18856.0970 109.3953 -2.6036E-07
588.000 5.03E-06 18974.8383 -55.9862 -2.0876E-07
600.000 2.83E-06 17528.8626 -158.2563 -1.5897E-07
612.000 1.21E-06 15189.2011 -211.5093 -1.1435E-07
624.000 8.76E-08 12461.6398 -228.7821 -7.6631E-08
636.000 -6. 28E-07 9704.4631 -221. 4036 -4. 6398E-08
648.000 -1.03E-06 7151. 6060 -198.6968 -2. 3408E-08
660.000 -1.19E-06 4937.5815 -167.9383 -6.9192E-09
672 .000 -1.19E-06 3121.6324 -134.4910 4.0730E-09
684.000 -1.09E-06 1709.4767 -102.0434 1.0662E-08
696.000 -9.36E-07 671.7526 -72.8978 1. 3910E-08
708.000 -7.58E-07 -41.1644 -48.2706 1. 4770E-08
720.000 -5. 82E-07 -487.9037 -28.5750 1.4049E-08
732.000 -4.21E-07 -728.0704 -13.6705 1.2390E-08
744.000 -2.84E-07 -816.9722 -3.0703 1.0283E-08
756.000 -1. 74E-07 -802.5661 3.8962 8.0738E-09
768.000 -9.06E-08 -724.0991 7.9617 5.9916E-09
780.000 -3.05E-08 -611.9571 9.8382 4.1693E-09
792.000 9.51E-09 -488.3100 10.1646 2. 6686E-09
804.000 3.35E-08 -368.2161 9.4791 1.5004E-09
816.000 4.55E-08 -260.9306 8.2097 6.4226E-10
828.000 4.90E-08 -171.2345 6.6780 5.2816E-11
840.000 4.68E-08 -100.6626 5.1103 -3.1803E-10
852.000 4.13E-08 -48.5613 3.6533 -5.2156E-10
864.000 3.43E-08 -12.9427 2.3908 -6.0545E-10
876.000 2.68E-08 8.8668 1.3611 -6.1101E-10
888.000 1.96E-08 19.7712 .5710019 -5.7195E-10
900.000 1.31E-08 22.6158 .0093455 -5.1414E-10
912.000 7.27E-09 20.0359 -.3434455 -4.5596E-10
924.000 2.12E-09 14.4090 -.5077522 -4.0898E-10
936.000 -2.55E-09 7.8821 -.4998874 -3.7858E-1O
948.000 -6.96E-09 2.4415 -.3296149 -3.6450E-1O
960.000 -1.13E-08 0.0000 0.0000 -3.6117E-10

output verification:

computed forces and moments are wi thi n speci fi ed conve rgence 1i mi ts.

output summary for Load Case No.2:

pi le-head deflection
computed slope at pile head
Max, mum bendi ng moment

.06167129 in
- .00044538
10297064. lbs-in
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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A Street - Bent 2--10ng .lpo

LPILE plus for windows, version 5.0 (5.0.21)

Anal ysi s of Indi vi dual pi 1es and Dri 11 ed shafts
subjected to Lateral Loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Ri ghts Rese rved

A Street - Bent 2--10ng .lpo
- 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

3600000.
3600000.

Modulus of
Elasticity
lbs/sq.in

960.00 in
-24.00 in

.00 deg.

5541. 8000
5541. 8000

Point Depth Pile Moment of
X Diameter Inertia
in in in**4

-----------
0.0000 84.00000000 1221960.

960.0000 84.00000000 1221960.

structural properties of pile defined using 2 points

Pile
Area

sq. in

s:\ongoing projects\2006\206117 TYLIn Rte 4 project\A

A Street - Bent 2--10ng.lpd
A Street - Bent 2--1ong.lpo
A Street - Bent 2--long.lpp
A Street - Bent 2--long.lpr

This program is licensed to:

~:~¥k~a~~~~ultants

Path to file locations:
SLLone Tree\LPILE\
Name of input data file:
Name of output fi 1e:
Name of plot output file:
Name of runtime file:

Time and Date of Analysis
soi 1 and ROck Layeri ng Information

Problem Title

Program Options

sR4 - A Street - Bent 2 - 84-in CIDH pile - Longitudinal

uni ts used in Computati ons - us customary uni ts, inches. pounds

Basi c program options:

Analysis Type 1:
- computation of Lateral Pile Response using user-specified Constant EI

computati on opti ons:

: ~~~~y~i~e~~:~l~:~e~~l~f:~e~;yf~~~~~u~s:~t~ ~nanal ysi s
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft onlr
- No computati on of foundati on sti ffness matrl x elements

=~~~~~~i ~i ~~s~~~~o~~es~il ~~~~m~~~~t~c~rn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

So1uti on Control Parameters:
- Number of pile increments '" 80
- Maximum number of iterations allowed"'" 100

264.000 in
456.000 in

456.000 in
504.000 in

-24.000 in
264.000 in

504.000 in
1200.000 in

.07230

Eff. uni t Wei ght
lbs/i n**3

-24.00

De!!th X
ln

Point
No.

Effective unit weight of Soil vs. Depth

Distribution of effective unit weight of soil with depth
is defi ned usi ng 8 poi nts

(Depth of lowest layer extends 240.00 in below pile tip)

The soil profile is modelled using 4 layers

Layer 1 is stiff clay without free water
Di stance from top of pi 1e to top of 1ayer '"
Distance from top of pile to bottom of layer '"

Layer 2 is stiff clay without free water
Distance from top of pile to top of layer '"
Di stance from top of pi 1e to bottom of 1ayer '"

Layer 3 is stiff clay without free water
Distance from top of pile to top of layer '"
Distance from top of pile to bottom of layer '"

Layer 4 is stiff clay without free water
Distance from top of pile to top of layer "'"
Di stance from top of pil e to bottom of 1ayer "'"

Time: 16:32:32Date: August 24, 2009

264.00
264.00
456.00
456.00
504.00
504.00

1200.00

A Street - Bent 2--10ng .lpo
.07230
.07230
.07230
.03760
.03760
.03760
.03760

shear strength of soils

A Street - Bent 2--10ng .lpo

Number of loads specified", 2

Load case Number 1

~~~:~hf~~c~o~~d~n'ech~~~ ti on= are Sh7~~OO~~0~oib~t (BC Type 1)

:~i:~n~o:dm:~tpi~eP~~:dhead: 3280000:ggg ~b;lbs

(zero moment at pile head for this load indicates a free-head condition)

Load case Number 2

Di stri but; on of shear strength parameters wi th depth
defi ned usi ng 8 poi nts

Point De!!th X cohesion c Angle of Friction ESO or
No. ln lbs/i n**2 Deg. iLrrn------------------

-24.000 24.31000 .00 .00267
264.000 24.31000 .00 .00267
264.000 17.36000 .00 .00267
456.000 17.36000 .00 .00267
456.000 17.36000 .00 .00267
504.000 17.36000 .00 .00267
504.000 55.55000 .00 .00210

1200.000 55.55000 .00 .00210

RQO
%

.0

.0

.0

.0

.0

.0

.0

.0

~~~:~hf~~c~o~~d~i~ech~~~tion= are s~:~~OO~~O~oib~t (BC Type 1)

::i~~nqo:dm:~tpif/~~:dhead: 3280000:ggg ~b; lbs

(zero moment at pile head for this load indicates a free-head condition)

**** WARNING ****

An unreasonable input value for shear strength has been specified for layer 4
defined using the stiff clay without free water criteria. The input value is
greater than 55. 5S psi (BOOO psf). You should check your input data for
correctness.

Notes:

(1) cohesion'" uniaxial compressive strength for rock materials.
(2) values of E50 are re~orted for clay strata.

~~~ ~~a~~ L~~e~r~i~~po~t~~n~~i~e~o~o~e~~Or~~kns~~~~~.values are O.

computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 1

p-y Modification Factors

pi le-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~;i~ ~:~d head: 72000:ggg 1~~lbs
specified axial load at pile head '" 3280000.000 lbs

(zero moment for this load indicates free-head conditions)

Static loading criteria was used for computation of p-y curves

Pile-head Loading and Pile-head Fixity conditions

Distribution of p-y multipliers with depth defined using 2 points

Loadi ng Type

Depth Deflect. Moment shear slope Total soil Res
X ¥ M V 5 Stress

lbsJinin ln lbs-in lbs Rad. lbs/i n**2--------- ----------- ----------- ----------- ----------- -----------
0.000 .008002 3.7096E-07 72000.0000 -8.7110E-05 591.8655 -906.9355

12.000 .006957 802129. 61128.9433 -8.6016E-05 619.4354 -904.9073
24.000 .005938 1473866. 50312.7093 -8.2912E-05 642.5237 -897.7984
36.000 .004967 2016161. 39613.5108 -7.8151E-05 661.1629 -885.4013
48.000 . 004062 2430742 . 29096.3535 -7.2086E-05 675.4125 -867.4582
60.000 . 003237 2720148 . 18829.7998 -6.5061E-05 685.3597 -843.6341
72 .000 . 002501 2887779 . 8887.2063 -5. 7412E-05 691.1213 -813.4649
84.000 .001859 2937961. -651.0960 -4.9466E-05 692.8461 -776.2522
96.000 .001313 2876047. -9870.7271 -4.1536E-05 690.7181 -760.3530

108.000 . 000862 2704333 . -17506.0442 -3.3925E-05 684.8161 -512.1998
120.000 .000499 2458572 . -22404.6776 -2.6883E-05 676.3691 -304.2391
132.000 .000217 2168737. -25043.0579 -2.0572E-05 666.4071 -135.4910
144.000 5.57E-06 1859158. -25877.3812 -1. 5078E-05 655.7666 -3.5629
156.000 -.000145 1548867. -25329.1214 -1.0430E-05 645.1016 94.9395
168.000 -.000245 1252080. -23775.2243 -6.6094E-06 634.9007 164.0433
180.000 -.000304 978782. -21542.4143 -3.5666E-06 625.5072 208.0917
192.000 -.000330 735343. -18904.9811 -1. 2287E-06 617.1399 231.4805

1. 0000
1.0000

y-mult

.8000

.8000

p-mult

.000
960.000

Depth X
in

Point
No.



A street - Bent 2--10ng .lpo A Street - Bent 2--10ng .lpo
204.000 -.000333 525159. -16085.3899 4.9055E-07 609.9157 238.4513
216.000 -.000319 349255. -13257.0721 1. 6832E-06 603.8697 232.9349 output verification:
228.000 - .000293 206857. -10548.7994 2.4417E-06 598.9753 218.4438
240.000 - .000260 95891. 6648 -8050.1008 2.8546E-06 595.1614 198.0059 computed forces and moments are wi thi n specifi ed convergence 1i mi ts.
252.000 - .000224 13429.3767 -5817.2628 3.0037E-06 592.3270 174.1337
264.000 - .000188 -43959.0957 -3950.5202 2.9621E-06 593.3764 136.9900
276.000 -.000153 -81616.2838 -2538.8463 2.7908E-06 594.6707 98.2890 Output summary for Load case No. 1:
288.000 -.000121 -105111. -1474.3290 2.5361E-06 595.4782 79.1306
300.000 -9.22E-05 -117200. -630.7022 2.2329E-06 595.8937 61.4739 Pile-head deflection .00800214 in
312.000 -6.73E-05 -120424. 12.4303 1. 9088E-06 596.0045 45.7149 coml?uted slol?e at pi le head - .00008711
324.000 -4.64E-05 -117052. 479.1299 1. 5849E-06 595.8886 32.0684

=:~i:~~ ~h~~~n~o~~~ent 2937961. lbs-i n
336.000 -2.93E-05 -109049. 795.1555 1.2765E-06 595.6136 20.6026 72000.00000 lbs
348.000 -1.57E-05 -98068.5127 986.3995 9.9402E-07 595.2362 11.2714 g:~~g ~~ ~:~~~~~ ~h~~~n~o~~~ent 84.00000000 i n
360.000 -5.42E-06 -85454.0342 1077 .6997 7.4371E-07 594.8026 3.9452 0.00000 in
372.000 2.11E-06 -72262.2650 1091.9918 5.2860E-07 594.3492 -1. 5632 Number of iterations :: 13
384.000 7.27E-06 -59287.8423 1049.7579 3.4917E-07 593.9032 -5.4758 Number of zero deflection points :: 5
396.000 1.05E-05 -47095.5625 968.7237 2.0407E-07 593.4842 -8.0299
408.000 1.22E-05 -36054.5381 863.7574 9.0663E-08 593.1047 -9.4644
420.000 1.27E-05 -26372.5226 746.9239 5.5171E-09 592.7719 -10.0078
432.000 1.23E-05 -18128.7998 627.6528 -5.5180E-08 592.4886 -9.8707
444.000 1.13E-05 -11304.5124 512.9820 -9.5324E-08 592.2540 -9.2411 ------------------------------------------------------------------------------
456.000 1.00E-05 -5809.7274 405.9492 -1.1867E-07 592.0651 -8.5977 Computed Values of Load Distribution and Deflection
468.000 8.49E-06 -1552.3900 310.1137 -1.2871E-07 591. 9188 -7.3749 for Lateral Loading for Load case Number 2
480.000 6.92E-06 1643.1328 229.3944 -1.2858E-07 591. 9219 -6.0783 ------------------------------------------------------------------------------
492.000 5.41E-06 3963.1970 164.1276 -1.2094E-07 592.0017 -4.7995
504.000 4.02E-06 5591. 7148 103.9358 -1.0791E-07 592.0577 -5.2325 pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)
516.000 2.82E-06 6466.1497 38.8777 -9.1460E-08 592.0877 -5.6105 ~~:~~~~:~ ~~~:~tf~~c~ii~ ~~~d head: 147000:ggg ~~~lbs528.000 1. 83E-06 6531. 9794 -16.9103 -7.3731E-08 592.0900 -3.6875
540.000 1.05E-06 6066.1059 -51.9143 -5.6548E-08 592.0740 -2.1465 specified axial load at pile head:: 3280000.000 lbs
552.000 4.69E-07 5290.4870 -70.6362 -4.1059E-08 592.0473 -.9738318
564.000 6.32E-08 4374.0684 -77.2766 -2.7877E-08 592.0158 - .1329020 (zero moment for thi s load indicates free-head conditions)
576.000 -2.00E-07 3438.0422 -75.5202 -1.7222E-08 591. 9836 .4256477
588.000 -3.50E-07 2562.9402 -68.4307 -9.0370E-09 591. 9535 .7559289 Depth Deflect. Moment Shear slope Total soi 1 Res
600.000 -4.17E-07 1796.4167 -58.4283 -3.0911E-09 591. 9272 .9111366 X Y " V 5 Stress

lbs~in612.000 -4.24E-07 1160.9040 -47.3226 9.4247E-10 591. 9054 .9398076 in ln lbs-in lbs Rad. 1bs/in**2
624.000 -3.94E-07 660.5990 -36.3818 3.4269E-09 591.8882 .8836715 --------- ----------- ----------- ----------- ----------- -----------
636.000 -3.42E-07 287.4718 -26.4193 4.7200E-09 591. 8753 .7767355 0.000 .036977 1. 6958E-06 147000. - .0003099 591. 8655 -1330.2187
648.000 -2.81E-07 26.1635 -17.8873 5.1477E-09 591.8664 .6452676 12.000 •033258 1680420 . 130987. - .0003076 649.6232 -1338.6004
660.000 -2.19E-07 -142.2290 -10.9654 4.9894E-09 591. 8703 .5083834 24.000 .029595 3167901. 114903. - .0003009 700.7494 -1342.0315
672.000 -1.61E-07 -237.3990 -5.6412 4.4717E-09 591. 8736 .3789917 36.000 . 026036 4461790 . 98809.2195 - .0002905 745.2217 -1340.3142
684.000 -1.11E-07 -277.9687 -1. 7778 3.7687E-09 591.8750 .2649050 48.000 .022622 5562194. 82767.9449 -.0002769 783.0436 -1333.2316
696.000 -7.05E-08 -280.3622 .8315034 3.0072E-09 591.8751 .1699747 60.000 . 019391 6470015 . 66845.3130 -.0002605 814.2464 -1320.5404
708.000 -3.90E-08 -258.2493 2.4223 2.2726E-09 591.8743 .0951529 72 .000 .016371 7186985 • 51110.3014 - .0002418 838.8893 -1301.9615
720.000 -1.60E-08 -222.4067 3.2297 1. 6170E-09 591.8731 .0394218 84.000 . 013587 7715700 . 35635.5490 - .0002215 857.0618 -1277.1639
732.000 -2. 25E-10 -180.8634 3.4696 1.0670E-09 591. 8717 .0005618 96.000 . 011055 8059675 . 20498.1264 - .0002000 868.8846 -1245.7399
744.000 9.62E-09 -139.2198 3.3275 6.3039E-10 591. 8702 - .0242481 108.000 .008787 8223398 . 5780.7115 -.0001778 874.5119 -1207.1626
756.000 1. 49E-08 -101.0530 2.9541 3.0268E-10 591. 8689 -.0379887 120.000 . 006788 8212406 . -8426.5278 -.0001554 874.1341 -1160.7106
768.000 1. 69E-08 -68.3458 2.4652 7.1630E-ll 591.8678 -.0434994 132.000 .005059 8033391. -22022 . 7319 -.0001332 867.9812 -1105.3234
780.000 1. 66E-08 -41.8951 1.9444 -7.8730E-ll 591.8669 -.0432932 144.000 . 003592 7694347 . -34890.4651 - .0001118 856.3279 -1039.2988
792.000 1. 50E-08 -21.6741 1.4479 -1.6543E-10 591.8662 - .0394627 156.000 .002376 7204817 . -46883.6966 -9.1431E-05 839.5023 -959.5731
804.000 1. 27E-08 -7.1334 1.0092 -2.0473E-10 591.8657 - .0336546 168.000 .001397 6576335. -58260.2575 -7.2634E-05 817.9007 -936.5204
816.000 1.01E-08 2.5618 .6446950 -2.1096E-10 591. 8655 - .0270890 180.000 . 000633 5812289 . -66483.9735 -5.5737E-05 791.6397 -434.0990
828.000 7.59E-09 8.3559 .3585107 -1. 9607E-10 591. 8657 - .0206084 192.000 5.95E-05 4985108. -69338.9291 -4.1010E-05 763.2086 -41. 7270
840.000 5.37E-09 11.1815 .1464204 -1. 6942E-10 591.8658 -.0147400 204.000 -.000351 4151383. -68081. 5617 -2. 8548E-05 734.5526 251.2882
852.000 3.52E-09 11.8833 -.0005972 -1.3796E-10 591.8659 -.0097629 216.000 -.000626 3353397. -63829.1604 -1. 8313E-05 707.1251 457.4454
864.000 2.06E-09 11.1780 - .0938062 -1.0651E-10 591.8658 - .0057719 228.000 -.000790 2620924. -57544.2910 -1.0164E-05 681. 9493 590.0329
876.000 9. 67E-10 9.6404 -.1448416 -7.8115E-ll 591.8658 - .0027340 240.000 -.000870 1973135. -50030.3115 -3.8980E-06 659.6841 662.2971
888.000 1. 88E-10 7.7080 -.1644618 -5.4453E-ll 591. 8657 - .0005360 252.000 - .000884 1420504. -41935.7799 7.3069E-07 640.6896 686.7915
900.000 -3. 39E-10 5.6976 - .1618095 - 3. 6169E-ll 591. 8657 .0009781 264.000 - .000852 966618. -34087.6064 3.9866E-06 625.0891 621.2374
912.000 -6.80E-10 3.8274 -.1440682 -2.3177E-ll 591. 8656 .0019788 276.000 -.000788 602087. -27322.5556 6.1262E-06 612.5598 506.2711
924.000 -8.96E-10 2.2417 -.1164128 -1.4899E-ll 591.8655 .0026304 288.000 - .000705 310395. -21516.3870 7.3707E-06 602.5340 461. 4237
936.000 -1.04E-09 1.0346 -.0821714 -1.0431E-ll 591.8655 .0030765 300.000 - .000611 85113.7670 -16301.3724 7.9102E-06 594.7909 407.7454
948.000 -1.15E-09 .2704504 -.0431387 -8.6506E-12 591.8655 .0034290 312.000 -.000515 -81460.9472 -11755.6867 7.9151E-06 594.6654 349.8689
960.000 -1.25E-09 0.0000 0.0000 -8.2817E-12 591. 8655 .0037608 324.000 -.000421 -197646. -7907.7032 7.5345E-06 598.6587 291.4617

summary of Pile Response(s)

Definition of symbols for Pile-Head Loading conditions:

Maximum shear force A str:et i4~~O~.~;;o6~n~b~lpo

g:~~g ~~ ~:~~~~~ ~h~~~n~o~~:ent: 108:ggggg ~~
Number of iterations :: 14
Number of zero deflection points:: 5

Load pi le-Head pi le-Head Axial Pile-Head Maximum Maximum
Type Condition Condi tion Load Deflection Moment shear

1 2 lbs in in-lbs lbs
---- ------------ ------------ ----------- ----------- ----------- -----------

1 v= 72000. "= 0.000 3280000. .0080021 2937961. 72000.0000
1 v= 1. 47E+05 "= 0.000 3280000. .0369767 8223398. 147000.

y:: pile-head displacment in
M:: Pile-head Moment lbs-in
V :: pi 1e-head Shear Force 1bs
S :: pi 1e-head slope I radi ans
R:: Rot. stiffness of Pile-head in-lbs/rad

Type 1 :: shear and Moment I

Type 2 '" shear and Slope,
Type 3 :c shear and Rot. sti ffness,
Type 4 :: Defl ecti on and Moment.
Type 5 :: Deflection and slope.

235.2992
183.3599
136.9336

96.7337
63.0091
35.6494
14.2801
-1.6536

-12.8161
-19.9247
-24.6097
-25.7140
-24.7816
-22 .4448
-27.9358
-34.5137
-26.8975
-19.8593
-13.7337
-8.6747
-4.7038
-1.7525

.3023987
1.6112
2.3304
2.6090
2.5789
2.3509
2.0130
1. 6314
1. 252 5

.9064555

.6098893

.3696491

.1854936

.0526280
- .0363005
-.0896925
- .1159254
- .1226596
- .1164463
- .1025646
- .0850210
- .0666540
-.0492983
- .0339737
-.0210747
- .0105469
- .0020411

.0049541

.0110005

.0166129

.0221700

601.2088
602.5933
603.0691
602.8660
602.1829
601.1869
600.0134
598.7683
597.5307
596.3559
595.2793
594.3241
593.4959
592.7901
592.1954
591. 9920
592.2777
592.4302
592.4843
592.4704
592.4135
592.3333
592.2443
592.1568
592.0773
592.0092
591.9541
591. 9117
591. 8809
591. 8708
591. 8835
591.8901
591.8921
591.8911
591. 8883
591. 8846
591. 8806
591.8767
591.8734
591.8706
591. 8684
591. 8667
591. 8656
591.8660
591.8663
591.8665
591.8664
591. 8663
591. 8661
591. 8658
591.8657
591.8655
591. 8655

A Street - Bent 2--10ng .lpo
336.000 -.000334 -271839. -4747.1381 6.8941E-06
348.000 -.000256 -312120. -2235.1835 6.0976E-06
360.000 -.000188 -325963. -313.4226 5.2273E-06
372.000 -.000131 -320053. 1088.5808 4.3462E-06
384.000 -8. 37E-05 -300180. 2047.0375 3.5003E-06
396.000 -4.66E-05 -271200. 2638.9884 2.7209E-06
408.000 -1.84E-05 -237058. 2938.5652 2.0277E-06
420.000 2.09E-06 -200834. 3014.3240 1.4305E-06
432.000 1.60E-05 -164827. 2927.5057 9. 3173E-07
444.000 2.45E-05 -130647. 2731.0607 5.2872E-07
456.000 2.87E-05 -99323.0097 2463.8544 2.1506E-07
468.000 2.96E-05 -71531.7856 2161.9122 -1.7972E-08
480.000 2.82E-05 -47435.7011 1858.9385 -1.8024E-07
492.000 2. 53E-05 -26903.0738 1575.5801 -2.8163E-07
504.000 2.15E-05 -9599.6087 1273.2965 -3.3142E-07
516.000 1. 73E-05 3682.1311 898.5996 -3.3949E-07
528.000 1. 33E-05 11993.5067 530.1323 -3.1811E-07
540.000 9.70E-06 16430.3483 249.5911 -2.7934E-07
552.000 6.62E-06 18005.6832 48.0327 -2.3237E-07
564.000 4.12E-06 17601.4250 -86.4183 -1.8380E-07
576.000 2.21E-06 15946.1138 -166.6897 -1.3805E-07
588.000 8.12E-07 13611.7396 -205.4278 -9.7732E-08
600.000 -1.38E-07 11023.5409 -214.1285 -6.4132E-08
612.000 -7.27E-07 8477.7040 -202.6471 -3.7533E-08
624.000 -1.04E-06 6162.9650 -178.9976 -1.7565E-08
636.000 -1.15E-06 4183.1451 -149.3612 -3.4532E-09
648.000 -1.12E-06 2578.5670 -118.2342 5. 7693E-09
660.000 -1.01E-06 1345.0693 -88.6557 1. 1121E-08
672.000 -8.55E-07 449.9546 -62.4723 1.3569E-08
684.000 -6.85E-07 -155.3338 -40.6058 1. 3971E-08
696.000 -5.20E-07 -525.6843 -23.3021 1.3042E-08
708.000 -3.72E-07 -715.6114 -10.3481 1. 1349E-08
720.000 -2.47E-07 -774.9321 -1.2500 9.3161E-09
732.000 -1.48E-07 -746.3455 4.6272 7.2412E-09
744.000 -7.36E-08 -664.4493 7.9581 5. 3170E-09
756.000 -2.06E-08 -555.7707 9.3868 3.6527E-09
768.000 1. 41E-08 -439.4540 9.4847 2.2953E-09
780.000 3.44E-08 -328.3174 8.7288 1. 2481E-09
792 .000 4.40E-08 -230.0613 7.4951 4.8651E-10
804.000 4.61E-08 -148.4737 6.0636 -2.9787E-11
816.000 4.33E-08 -84.5331 4.6289 -3.4759E-10
828.000 3.78E-08 -37.3518 3.3149 -5.1383E-10
840.000 3.10E-08 -4.9357 2.1894 -5.7151E-10
852.000 2.41E-08 15.2379 1.2793 -5.5746E-10
864.000 1.76E-08 25.8116 .5835960 -5.0147E-10
876.000 1.20E-08 29.2836 .0839640 -4.2633E-10
888.000 7.38E-09 27.8603 -.2463262 -3.4839E-10
900.000 3.66E-09 23.3992 -.4360555 -2.7847E-10
912.000 7.02E-10 17.4169 -.5115832 -2.2280E-10
924.000 -1.69E-09 11.1388 -.4941053 -1.8385E-10
936.000 -3.71E-09 5.5728 -.3983782 -1.6106E-10
948.000 -5.55E-09 1.5904 -.2326979 -1.5129E-10
960.000 -7.34E-09 0.0000 0.0000 -1.4912E-10

output veri fi cati on:

Computed forces and moments are wi thi n speci fi ed convergence 1i mi ts.

output summary for Load Case No.2:

pi 1e-head defl ecti on
computed slope at pile head
Maximum bendi ng moment

.03697665 in
-.00030985

8223398. lbs-in
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Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: EA: 228511 D PSRlPDS (Review No. ..1 ~ 650/0 PS&E Unchecked Details Reviewer Name:AIi Kaddoura- D APSIPSR (Review No. ..1 D PS&E (Review No.ll Functional Unit:327
Project Name: Route 4 Widenining D APSIPR (Review No. ..1 D Construction Support -

Cost Center:59
SEG3A DType Selection ~ Other:Foundation Reoort Phone Number: 510-286-4676

structure In'-ormation e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: A Street UC
Date of Review: 02/11109Dr No: 28-0401 L/Re-mail:

overcomer hor(Q),dot.ca.2ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

Page,
Doc. Section, or

./# (See Note 1) SSP Review Comments Consultant Responses
1 FR FR Prepared by Parikh Consultants No response required.

A Street Dated September 2008
UC

Bridge No.
28-

0401LIR
65% PS&E

2 Page 6 What is the reason behind using CIDH piles in Per as-built drawings, CIDH piles were used for the existing
lieu of as built driven piles for the abutments and A Street Undercrossing. Text has been revised to indicate
bents? that.

3 Appendix B It appears that end bearing was used to calculate No. End bearing was not used to calculate pile tip elevations
the pile tip elevations for the abutments. Caltrans for abutments.
policy neglects end bearing in the design.

4 Appendix B Unit weight of 139 pcfwas used in the Agreed. The input has been revised and the calculations

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Strueture Plans ISP=Special Provisions IFR=Foundation Rpt IDC=Design Cales ITS=Type Set. Report IQCC=Quant. Cheek Cales
RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Cheek Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

./= Comment Resolved
(for Reviewer's use)

Page lof3



Dist-EA: -228511 Str Name (if app.): A Street UC Str No. 28-0401 LIR
Reviewer: Ali Kaddoura Functional Unit: 327 02/11/09

Abutment 1 calculations in lieu of 130 pcf as shown on have been reperformed.
Shaft SHAFT program inputs and outputs.
Analyses

5 FR (C3) Not approved (resubmittal to GS required) No response required.
A Street

DC
Bridge No.

28-
040 IL/R

65% PS&E

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Strueture Plans ISP=Speeial Provisions IFR=Foundation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Cheek Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

0/= Comment Resolved
(for Reviewer's use)

Page 2 of3



Office of Special Funded Projects
Comment & Response Form

General Proiect Information Review Phase Reviewer Information

Dist: EA: 228511 bJ PSRlPDS (Review No. ..l D 650/0 PS&E Unchecked Details Reviewer Name:Ali Kaddoura.. o APS/PSR (Review No. ..l D PS&E (Review No. n Functional Unit:327
Project Name: Route 4 Widenining o APS/PR (Review No. ..l o Construction Support -

Cost Center:~
SEG3A DType Selection 181 Other:Final Foundation Renort Phone Number: 510-286-4676

structure IntormatIon e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Bor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: A Street UC <Replacement)
Date of Review: 11103/09Dr No: 28-0401 LIRe-mail:

overcomer horaudot.ca.~ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

-

Page,

Doc. Section, or
~# (See Note 1) SSP Review Comments Consultant Responses

1 Final FR FR Prepared by Parikh Consultants Not Required
A Street UC Dated September 2008
Replacement
Bridge No.
28-0401L/R

2 Page 2, For the statement" The scope of work Agreed. Text will be revised.
Purpose performed... and preparation of this report." the two
AND drilled borings, should corrected to four drilled
SCOPE borings. For the statement" It should be noted that Agreed. Text will be revised to

recommendations for foundation support for the left clarify.
bridge..." Why is the recommendation for the left
bridge only and not for both bridges, left and right?

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Structure Plans ISP=Special Provisions IFR;:Fo1.lndation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=HydrauJics Rpt ICC=Check Cales IQC=Quant. Cales I
OSFP Rev Fonn 10/29/08

.f'= Comment Resolved
(for Reviewer's use)

Page 10f2



Dist-EA: -228511 StrName (ifapp.): A Street UC <Replacement) Str No. 28-0401 L/R
Reviewer: Ali Kaddoura Functional Unit: 327 11/03/09

3 Page6 t In the table: Per e-mail from Hossein Salimi of
Seismic - The distance between the site and Vaca Fault Zone Caltrans dated March 2, 2010, no
Sources is 5.4 miles not 3.4 miles.

- The distance between the site and Great further action on this comment is

Valley Fault is 6.6 miles not 4.4 miles. required. (See attached e-mail)
Please correct and check all calculations based on

these values.
4 Our previous comments have been addressed to our

satisfaction.
5 Final FR (C2) Approved subject to OSFP verification

A Street DC
Replacement
Bridge No,
28-0401L/R

Note 1: Abbreviations for Typical Documents (if Abbr. is not below~ type in the document type)
P=Structure Plans ISP=Special Provisions IFR=Foundation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Cheek Cales
RP=Road Plans IE=Estimatc IH=Hydmulics Rpt ICC=Check Cales IQC=Quant. Cales I

OSFP Rev Form 10/29/08

./= Comment Resolved
(for Reviewer's use)

Page 2 of2



Partha Sircar

From:
To:
Sent:
Attach:
Subject:

FYI

"Hossain Salimi" <hossain_salimi@dot.ca.gov>
"Partha Sircar" <psircar@parikhnet.com>
Tuesday, March 02, 2010 10:53 AM
228511 GeoSeg 3A-1 stPSE.pdf
Fw: SR4 Segment 3A bridges - Seismic

Hossain Salimi
Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 03/02/201009:53 AM

Hossain
Salimi/HQ/Caltran
s/CAGov To

Ali KaddouraJD04/Caltrans/CAGov,
02/25/2010 10:43 Rifaat Nashed/HQ/Caltrans/CAGov
AM cc

Tim Pokrywka/D04/Caltrans/CAGov@DOT
Subject

Fw: SR4 Segment 3A bridges
Seismic

Gentlemen,

I am writing you in regards to the reports submitted by Parikh and our
subsequent attached comments (Bridges under EA # 04-228511). Parikh had
used the old 1996 Caltrans Seismic Hazard Map as well as the old Seismic
Design Criteria (SDC) to produce the seismic recommendations. These
bridges were type selected before the Department mandated changes to the
SDC became official. In fact, their findings are more conservative
compared to the new criteria. In light of this, I find it unreasonable for
us to request changes to the seismic recommendations of these reports. I
am satisfied with the findings in the reports and have no further comments.
In the future, I will check the type selection date of each bridge to see
if the changes to the new SDC are warranted.

Sincerely,

Hossain Salimi

4/7/2010



Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 02/25/2010 10:30 AM

Page 20f4

"Partha Sircar"
<psircar@parikhne
t.com> To

"Hossain Salimi"
02/24/2010 10:13 <hossain salimi@dot.ca.gov>
AM cc

Subject
SR4 Segment 3A bridges - Seismic

Hossein:

As I had discussed with you earlier, I have the same issues with the above
bridges. Please call me to advise.

Partha Sircar
Parikh Consultanta
(408) - 452 -9000

----- Original Message -----
From: "Hossain Salimi" <hossain salimi@dot.ca.gov>
To: "Rifaat Nashed" <rifaat nashed@dot.ca.gov>; "Ali Kaddoura"
<ali kaddoura@dot.ca.gov>
Cc: "Partha Sircar" <psircar@parikhnet.com>; "Tim Pokrywka"
<tim--!,okrywka@dot.ca.gov>
Sent: Thursday, December 17,2009 10:38 AM
Subject: Updated status of Somersville Rd DC replacement (04-228511)

>
> Hi Rifaat/Ali,
>
> I had a conversation with Mr. Sircar of Parikh subsequent to the e-mail I
> sent you. As it turns out, this project has been in the works for a long
> time, and the seismic analysis and design have already been completed
> using

4/7/2010



rage.) or ~

To
Rifaat Nashed/HQ/Caltrans/CAGov

11/30/2009 09:25 cc
AM Tim Pokrywka/D04/Caltrans/CAGov@DOT

Subject
Somersville Rd UC replacement

(04-228511)(Document link: Hossain
Salimi)

Hossain
Salimi/HQ/Caltran
s/CAGov

> the old SDC. Therefore, Parikh is not required to take any further
> actions
> regarding my comments. Thank you all.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
> ----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 12/17/2009 10:31
AM
> -----
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Rifaat,
>
> I reviewed the attached documents you sent me on November 19, 2009
(Report
> containing Final Foundation Report from Parikh Consultants to Mark Thomas
> and Company Inc. for the proposed Somersville Road Undercrossing
> replacement) and have the following comments. I should note that the
> proposed bridge (28-0398LIR) is located on Route 4 and will replace the
> existing 2-span structure (28-0211R).
>
> 1. According to the report, Parikh is using the in-progress Seismic
Hazard
> Map (CSHM). However, the distances as outlined in the table does not
> match our latest CSHM.
>
> 2. The Department has finalized the new ARS curves based on the new
> Seismic
> Design Criteria (SDC) and is now mandatory for use by both the Department
> personnel as well as our consultants effective September 30, 2009.
> However, Parikh is still using the ARS curve based on the 2001 SDC which
> was

4/7/2010



Page 40f4

Hossain
11/19/2009 03 :20 Salimi/HQ/Caltrans/CAGov@DOT
PM cc

Tim Pokrywka/D04/Caltrans/CAGov
Subject

Somerville Rd DC (Replacement)

To

Rifaat
Nashed/HQ/Caltran
s/CAGov

> based on Sadigh 1996 Attenuation Relationship models.
>
> To re-iterate, the Department has implemented the new SDC and the
> consultant shall re-submit the report using the now mandated seismic
> design
> criteria.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Hossain
>
> Please find attached the Final Foundation Report for Somerville Road
> Dndercrossing (Replacement) by PARIKH Consultant
>
> (See attached file: FR- Somerville Rd DC (Replacement).pdf)(See attached
> file: Appendix B- Lab Tests.pdf)(See attached file: Appendix C.pdf)
>
>
> Regards
>
> Rifaat Nashed
(See attached file: 228511GeoSeg 3A-lstPSE.pdf)

4/7/2010
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FINAL FOUNDATION REPORT

CAVALLO ROAD UNDERCROSSING AT STATE ROUTE 4

(BRIDGE NO. 28-0402L/R)

ANTIOCH, CONTRA COSTA COUNTY, CALIFORNIA

04-CC-4-R28.2 EA 2285Fl

INTRODUCTION

This report presents the results of our geotechnical engineering investigation for the proposed new

bridges along eastbound State Route 4 over Cavallo Road in Antioch, Contra Costa County, CA.

Our work was performed generally in accordance with the scope of work as per our agreement.

The general location of the site and its vicinity are shown on the Project Location Map, Plate 1.

The geotechnical recommendations presented in this report are intended for design input and are

not intended to be used as specifications. These recommendations should not be used for direct

bidding purposes.

PROPOSED CONSTRUCTION

Based on the plans provided by T. Y. Lin International in their Type Selection Report, the proposed

construction consists of demolition of the existing left and right bridges for the Cavallo Road

Undercrossing at State Route 4 in Antioch, Contra Costa County, California and replacement by

new bridges. The new bridges will be single span cast-in-place, prestressed concrete box girder

structures, each 130 feet long and 83 feet wide. The bridges will accommodate five 12-foot lanes

with two 10-foot shoulders. The superstructures will be supported on open face abutments in

approach fill embankments. The abutments will be supported on 24-inch diameter

cast-in-drilled-hole (CIDH) piles.

PURPOSE AND SCOPE

The purpose of this investigation was to evaluate the general soil conditions at the project site, to

evaluate their engineering properties, and to provide recommendations for foundation support of

the proposed project.



T. Y. Lin International
Job No. 206117.CAV (Cavallo Road Undercrossing at State Route 4)
April, 2010
Page 2

The scope ofwork performed for this investigation included a review ofthe readily available soils

and geologic literature, obtaining representative soil samples and logging soil materials

encountered in two drilled borings, laboratory testing of the collected samples, engineering

analysis of the field and laboratory data, and preparation of this report. The basis for this

investigation is the preliminary plans provided to us by T. Y. Lin International. We have presented

the descriptive log of the borehole in Appendix A.

Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter

unforeseen variations in the soil conditions during construction nor is it practical to determine all

such variations during an acceptable program of drilling and sampling for a project of this scope.

Such variations, when encountered, generally require additional engineering services to attain a

properly constructed project. We, therefore, recommend that a contingency fund be provided to

accommodate any additional charges resulting from technical services that may be required during

construction.

Our recommendations in this report are based on the above information. Any major deviation

should be reported to this office for consideration.

SITE CONDITIONS

The project is located at the crossing of Cavallo Road and State Route 4, in the City of Antioch,

Contra Costa County. Per the As-Built drawings, the existing bridges (which will be demolished)

were constructed in 1969. They are single span, cast-in-place prestressed concrete structures, 117

feet long and 39 feet wide, each carrying two 12-ft wide traffic lanes and have a 10-ft shoulder

adjacent to the outer lane and a 5-ft shoulder adjacent to the inner lane. Railing (Type 9) barriers

are present on the outside edges of the shoulders. The abutments are founded on spread footings.

Design footing pressures of 1.5 tsf are noted in the as-built drawings.

The existing bridge abutments are on approach fill. The top of the fill is at an approximate

elevation of60 feet, which is approximately 10 to 15 feet above adjacent ground. To accommodate

the wider new bridges, additional fill will be required on both sides of the existing bridges.
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FIELD EXPLORATION AND LABORATORY TESTING

Field Exploration

The exploration program was based on the proposed plans, discussions with design engineer, and

readily available data of the existing undercrossing. Two (2) exploratory borings were drilled in

September, 2006, one near each abutment. Borings were drilled from the top of the embankment

to depths of approximately 100 feet. The test borings were advanced with a truck-mounted drill

rig, using the hollow stem auger drilling method. The boring locations are shown on the plan

portion of the Log of Test Borings in Appendix A.

Selected samples were generally obtained from 3.0-inch O.D. & 2.5 inches I.D. (Modified

California) samplers at various depths. Occasionally, 2.0-inch O.D. & lA-inch I.D. (Standard

Penetration Test) sampler was used, particularly in the dense granular layers and hard clays below

70 feet. The samplers were driven in subsurface soils under the impact ofa l40-lb hammer having

a free fall of 30 inches. The blow counts are presented on the "Log of Test Borings". (When

correlating standard penetration data in similar soils, the blow counts for the Modified California

Sampler can be taken as roughly 1.6 times that for the Standard Penetration Test in similar soils).

The samples were sealed and transported to our laboratory for further evaluation and testing. The

field investigation was conducted under the supervision of our field engineer who logged the test

borings and prepared the samples for subsequent laboratory testing and evaluation.

Laboratory Testing

Laboratory tests were performed on selected samples obtained during field exploration to

determine the physical and engineering properties of the subsoils. Laboratory data of moisture

contents, dry density, Atterberg Limits and unconfined compression tests are presented on the Log

of Test Borings. A detailed description of laboratory testing performed is presented in Appendix

B.
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Boring Logs

The bore logs presented in Appendix A were prepared from the field logs which were edited after

visual re-examination of the soil samples in the laboratory and results of classification tests on

selected soil samples as indicated on the logs. The abrupt stratum changes shown on the log may

be gradual and relatively minor changes in soil types within a stratum may not be noted on the log

due to field limitations. Appendix A also includes log of test borings available from as-built

drawings for the existing undercrossing.

SUBSURFACE CONDITIONS

Subsurface conditions in both the borings drilled indicate predominantly lean clays and sandy clays

with occasional layers of sandy soils. The clays are generally very stiffto a depth of30 feet, turning

to hard clays below that depth. A layer of very dense poorly graded sand with silt and gravel, over

15 feet thick was encountered at a depth of approximately 70 feet in boring CAV-168 on the west

end of the bridge. All other sandy layers encountered in the two borings were 10 feet thick or less.

Below a depth of approximately 70 feet, very dense/very hard sand and clay layers were

encountered, which were judged to belong to the Tulare Formation (Pliocene). A single boring log,

drilled in 1957, is shown on the as-built plans. The boring log indicates predominantly silts with

interbedded sand layers. The discrepancies between the current and As-built boring logs may be

attributed to changes in soil classification over the years.

During field exploration, groundwater was encountered at elevations ranging from 4.5 feet to 5.5

feet in the two borings. However, the groundwater may vary with the passage of time due to

seasonal groundwater fluctuation, surface and subsurface flows, ground surface run-off and other

factors that may not be present at the time of investigation.

GEOLOGY

General geologic features pertaining to the site were evaluated with reference to the "Geologic Map

of Quaternary Geology of Contra Costa County and Surrounding Areas, CA: Derived from Digital

Database open-file 97-98" by E.J. Helley and R.W. GraYmer 1997; Scale 1:100000. Based on the
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map, the site is located in an area covered by Pleistocene alluvial deposits (Qpaf). A geologic map of

the general project area is shown on Plate 2. Description of the main geologic units is as follows:

Qpaf(Alluvial Fans and Fluvial Deposits (Pleistocene)) - Brown dense gravely and clayey

sand or clayey gravel thatfines upward to sandy clay. These deposits display various sorting

and are located in most stream channels in the county. All Qpafdeposits can be related to

modern stream courses. They are distinguished from younger alluvial fans and fluvial

deposits by higher topographic position, greater degree of dissection, and stronger soil

profile development. They are less permeable than Holocene deposits, and locally contain

fresh water mollusks and extinct late Pleistocene vertebrate fossils. They are overlain by

Holocene deposits on lowerparts ofthe alluvialplain, and incisedby channels that are partly

filled with Holocene alluvium on higher parts of the alluvial plain. Maximum thickness is

unknown but at least 50m (150 feet).

Another map ('Preliminary geologic map emphasizing bedrock formations in Contra Costa County:

A digital database', compiled by Graymer, Jones and Brabb (USGS Open File Report 94-622) was

also considered for additional information for the bedrock. Bedrock (Tulare Formation) exposed at

the surface is noted to the south of the site. The rock has a shallow dip towards the north and is

therefore expected to underlie the hard Pleistocene clays at the site. Description of the rock is as

follows:

Ttu (l'ulare Formation (Pliocene) - Poorly consolidated, non-marine, gray to maroon

siltstone, sandstone, and conglomerate. This formation contains tuff correlated with the

Putah tuff.

EARTHQUAKE CONSIDERATIONS

Seismic Sources

The project is located in a seismically active part of Northern California. Many faults exist in the

area, which are capable of producing earthquakes which may cause strong ground shaking at the

site.
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Applicable major faults in the vicinity of the project site were identified and their associated

maximum earthquake magnitudes were established using the In-Progress Seismic Hazard Map

currently under development by Caltrans and the associated Data Base. The documents were

supplied to us by Caltrans, with the understanding that the fault locations in the map and the

associated magnitudes in the Data Base have essentially been finalized. Pertinent information is

summarized below. The moment magnitudes noted in the table represent the largest earthquakes

that could occur on the given fault based on the current understanding of the regional tectonic

structure. A fault map of the project vicinity is shown on Plate 3.

Fault Fault Type
Distance from Site Maximum Moment

Fault NO.(l) (miles) Magnitude

Vaca Fault Zone
14 RLSS(2) 3.4 6.9

Great Valley Fault 5
24 Reverse

4.4 6.5
Fault

Greenville Fault Zone (Clayton 351
RLSS 4.1 6.6

Section)
Concord Fault Zone (Ygnacio 341

RLSS 6.9 6.6
Valley Section)

(1) Number of the Fault in the Data Base associated with the Caltrans In-Progress Seismic Hazard Map
(2) RLSS - Right-Lateral Strike Slip Fault

Based on the Caltrans In-Progress Seismic Hazard Map and the attenuation relationship by Sadigh

et al. (1997), the controlling fault is the Vaca Fault Zone (Fault No. 14 in the map), which is

associated with a Maximum Moment Magnitude (Mmax) of 6.9. A peak bedrock acceleration

(PBA) of O.SOg is anticipated at the site.

Seismic HazardslLiquefaction Impact

Potential seismic hazards may arise from three sources: surface fault rupture, ground shaking and

liquefaction. Since no active faults pass through the site, the potential for fault rupture is relatively

low. Based on available geological and seismic information, the possibility of the site to

experience strong ground shaking may be considered significant.

Liquefaction is a phenomenon in which saturated soils are subject to a temporary but essentially

total loss of shear strength under the reversing, cyclic shear stresses associated with earthquake
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shaking. Submerged, cohesionless sands and silts of low relative density are the type of soils

which usually are susceptible to liquefaction - the susceptibility increases with decreasing relative

density (reflected by the number of blows to drive a sampler), and decreasing fines content.

Accepted procedures for the assessment of liquefaction potential for cohesionless soils have

evolved over the years through research and field observations (Youd et aI, 2001). Recent research

and field observations have shown that clays oflow plasticity are also potentially liquefiable, based

on the moisture content and plasticity characteristics of the clay. Procedures for the assessment of

liquefaction potential for clay soils have also been established and have received general

acceptance. (Brayet. aI., 2004).

Potential for liquefaction at the site is low, due to the predominant presence of stiff clay soils and

the relatively low groundwater table.

FINDINGS AND RECOMMENDATIONS

General

Based on the findings of the investigation, it is our opinion that the site is feasible for the planned

bridge structures provided the recommendations presented in this report are incorporated into the

final design and construction.

This report was prepared specifically for the proposed bridge structures according to the plans

provided to us. Normal construction procedures were assumed throughout our analysis and

represent one of the bases of recommendations presented herein. Our design criteria have been

based upon the materials encountered at the site. Therefore, we should be notified in the event that

these conditions are changed, so as to modify or amend our recommendations.
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Foundations

For the proposed structure, 24-inch diameter CIDH piles are recommended for foundation support

at the two abutment locations.

Pile Design

Pertinent foundation design information was provided by T. Y. Lin International (Structural

Engineers for the project), which are presented in the following tables (Foundation Design Data

and Foundation Design Loads).

FOUNDATION DESIGN DATA L ft B ·d- e rl l2e

Support Design Pile Finish Pile Pile Cap Permissible No. of Piles

No Method Type Grade Elev. Cut-off Size (ft) Settlement per

(ft) Elev. (ft) B(2) L(3) (inch) Support

Abutment WSD 24-in 53.08 45.75 10 85.25 0.5(1) 28

1 CIDH

Abutment WSD 24-in 52.40 45.25 10 85.25 0.5(1) 28

2 CIDH

Notes: (1) Per MTD 3-1 (2) B = Width (3) L = Length

FOUNDATION LOADS L f B ·d- e t n 1ge
Service-I Limit State (kips) Strength Limit State (Controlling Extreme Limit State

Group, kips) (Controllinl! Group, kips)
Total Load Permane Compression Tension Compression Tension

nt Loads
Per Per Per Per Max. Per Max. Per Max. Per Max.

Support Supp. Pile Support Supp. Per Supp. Per Supp. Per Supp. Per
No. Pile. Pile Pile Pile

Abutment 3664 140(1) 3188 N/A N/A N/A N/A N/A N/A N/A N/A
1 159(4)

Abutment 3664 140(1) 3188 N/A N/A N/A N/A N/A N/A N/A N/A
2 159(4)

Notes: (1) Group 1 Loading - 100 % of allowable; (4) Group 4 Loading - 125% of allowable
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FOUNDATION DESIGN DATA R· ht B ·d- IgJ rl 1ge

Support Design Pile Finish Pile Pile Cap Permissible No. of Piles

No Method Type Grade Elev. Cut-off Size (ft) Settlement per

(ft) Elev. (ft) B(2) L(3) (inch) Support

Abutment WSD 24-in 51.88 44.75 10 85.25 0.5(1) 28

1 CIDH

Abutment WSD 24-in 51.20 44.25 10 85.25 0.5(1) 28

2 CIDH

Notes: (1) Per MTD 3-1 (2) B = Width (3) L = Length

FOUNDATION LOADS R· h B ·d- 121 t rl12e
Service-I Limit State (kips) Strength Limit State Extreme Limit State

(Controlline: Group, kips) (Controlline: Group, kips)
Total Load Permanent Compression Tension Compression Tension

Loads
Per Per Per Support Per Max. Per Max. Per Max. Per Max.

Support Supp. Pile Supp. Per Supp. Per Supp. Per Supp. Per
No. Pile Pile Pile Pile

Abutment 3631 138(1) 3155 N/A N/A N/A N/A N/A N/A N/A N/A
1 157(4)

Abutment 3631 138(1) 3155 N/A N/A N/A N/A N/A N/A N/A N/A
2 157(4)

Notes: (1) Group 1 Loading - 100 % of allowable; (4) Group 4 Loading - 125% of allowable

Consistent with the current Caltrans requirements, Working Stress Design (WSD) was used for the

abutment and wingwall foundations. The abutment and wingwall foundations were evaluated for

the foundation design data and loading condition using Caltrans November 2003 Bridge Design

Specifications for foundations, using Working Stress Design (WSD) methods. The actual load

demands on the piles, based upon WSD are presented in the table below.
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LOAD DEMANDS L ft B 'd- e rt 12e
Service Loads Required Nominal Resistance Required Nominal

(kips) (kips) Resistance (kips)
Strength Limit Extreme Limit

Support Design Compo Tens. Compo Tens.
No. Method Compo Tens.

<<1>=0.7) <<1>=0.7) <<1>=1.0) <<1>=1.0)
Compo Tens.

Abutment
WSD 140 0 N/A N/A N/A N/A 280 01

Abutment
WSD 140 0 N/A N/A N/A N/A 280 02

LOAD DEMANDS R' h B 'd- 121 t rt 12e
Service Loads Required Nominal Resistance Required Nominal

(kips) (kips) Resistance (kips)
Strength Limit Extreme Limit

Support Design Compo Tens. Compo Tens.
No. Method Compo Tens.

<<1>=0.7) <<1>=0.7) <<1>=1.0) <<1>=1.0)
Compo Tens.

Abutment
WSD 138 0 N/A N/A N/A N/A 276 01

Abutment
WSD 138 0 N/A N/A N/A N/A 276 0

2

Estimation of the pile capacities was made using the site-specific subsurface conditions for the

loads computed above and other pertinent information provided by the Structural Engineer. The

computer program SHAFT developed by Ensoft, Inc. was used for the computations. The program

computes capacities for drilled shafts (CIDH piles) based on procedures proposed by O'Neil and

Reese (1999). The procedures utilize an a factor (u=O.55) for "Clay" and a ~ factor for "Sand"

where ~ is a function of depths below ground surface and independent of soil friction angle The

SHAFT program also computes the pile settlement and associated mobilization of shaft and

end-bearing resistance, consistent with the O'Neil and Reese (1999) procedures. This feature is

particularly useful for large diameter piles.

The pile data table is presented below. Pile capacity computations (SHAFT output) are presented

in Appendix C. End bearing resistance was neglected in the estimation for pile capacities.
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PILE DATA TABLE L ft B ·d- e n Ige

Nominal Resistance

Location Pile Type (kips Cut-off Design Specified

Compression Tension
Elev. (ft) Tip Elev. (ft)(l) Tip Elev. (ft)

Abutment 1 24-in CIDH 280 0 45.75 17.0.0(a) 20.0 (b) 17.0

Abutment 2 24-in CIDH 280 0 45.25 21.0(a) 22.0 (b) 21.0

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Lateral Loads (75 kips)

PILE DATA TABLE R· ht B ·d- Ig nlge

Nominal Resistance

Location Pile Type (kips Cut-off Design Specified

Compression Tension
Elev. (ft) Tip Elev. (fti l

) Tip Elev. (ft)

Abutment 1 24-in CIDH 280 0 44.75 16.0(a) 19.0 (b) 16.0

Abutment 2 24-in CIDH 280 0 44.25 20.0(a) 21.0 (b) 20.0

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Lateral Loads (75 kips)

CIDH Pile Installation

Caltrans standard specification for "Cast-in-Place Concrete Piling" should be used for the

construction of CIDH piles. Based on the boring logs, there is only a minor possibility for

groundwater to be encountered during pile construction. The construction of the CIDH piles

should be in accordance with the Caltrans specifications, which include necessary QA/QC

procedures. It is prudent to make the contractor aware of these conditions so that he takes

appropriate steps to comply with the standards and maintain the integrity of the CIDH piles. The

use oftemporary steel casing should be anticipated at all times to maintain the integrity ofthe piles.

It is also recommended that the specifications set certain criteria to pre-qualify the potential

contractors.

All piles excavations should be observed by the geotechnical engineer or regulatory agency prior

to the placement of reinforcement and concrete so that if conditions differ from those anticipated,

appropriate recommendations can be made.
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Lateral Pile Capacity

Lateral load analyses may be performed using the LPILE program to determine the behavior of the

piles under lateral loading conditions. Geotechnical parameters recommended for use in the LPILE

program are presented below. The following parameters are based on field borings and laboratory

testing data. The elevation information is based on the topographic information provided to us.

Geotechnical Parameters for LPILE Analysis

Abutment 1 - Left Bridge

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 30 Very Stiff Lean Clay
3, STIFF CLAY w/o

Su = 17.36 psi 1000 .005 0.0723FREE WATER

10 to 30 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 500 .004 0.0723FREE WATER

2 to 10 Dense Sand with Silt 8, API SAND <1>=35° 125 -- 0.0752

2 to-8 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 2000 .004 0.0376FREE WATER

Below -8
Very Dense Sand with

8, API SAND Cu = 280 psi N/A 0.0405
Silt --

Abutment 2 - Left Bridge

Approx. LPILE Probable K Eso Effect. Unit
Elev. (ft.) Generalized Soil Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 40.5
Stiff to Very StiffLean 3, STIFF CLAY w/o

Su = 13.89 psi 750 .006 0.0723
Clay FREE WATER

5.5 to 40.5 Hard Lean Clay 3, STIFF CLAY w/o
Su = 27.78 psi 2000 .004 0.0376

FREE WATER

-7.5 to 5.5 Very StiffLean Clay
, STIFF CLAY w/o

Su = 17.36 psi 1000 .005 0.0376FREE WATER

Below -7.5 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 2000 .004 0.0376FREE WATER
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Abutment 1 - Right Bridge

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 29 Very StiffLean Clay
3, STIFF CLAY w/o

Su = 17.36 psi 1000 .005 0.0723FREE WATER

9t029 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 500 .004 0.0723FREE WATER

1 to 9 Dense Sand with Silt 8, API SAND ~=35° 120 -- 0.0752

-9 to 1 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 2000 .004 0.0376FREE WATER

Below -9
Very Dense Sand with

8, API SAND Cu = 280 psi N/A -- 0.0405Silt

Abutment 2 - Right Bridge

Approx. LPILE Probable K Eso Effect. Unit
Elev. (ft.) Generalized Soil Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 39.5
Stiffto Very StiffLean 3, STIFF CLAY w/o

Su = 13.89 psi 750 .006 0.0723Clay FREE WATER

4.5 to 39.5 Hard Lean Clay 3, STIFF CLAY w/o Su = 27.78 psi 2000 .004 0.0376
FREE WATER

-8.5 to 4.5 Very Stiff Lean Clay
, STIFF CLAY w/o

Su = 17.36 psi 1000 .005 0.0376FREE WATER

Below -8.5 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 2000 .004 0.0376FREE WATER

Analyses were performed for the CIDH piles for the lateral loads provided by the designer. In all

analyses, a 'pinned' pile head connection was assumed. The results are presented in the table

below. Appropriate Group Reduction Factors were used in the analyses corresponding to the pile

spacings, as noted in the table.
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LATERAL LOAD (LPILE) ANALYSIS RESULTS

Support CIDH Cut-off Shear Load on Deflection on Maximum Bending
No. Pile Elevation top of Pile Top of Pile Moment

Diameter (ft) (kips) (inches) Magnitude I At depth
(inches) (kip-ft) (fti l )

Left Bridge

24 0.055 55.8 5
Abut 1 24 45.75 34 0.121 91.2 5

44 0.213 132.7 6
24 0.066 66.8 5

Abut 2 24 45.25 34 0.133 107.6 6
44 0.226 153.3 6

Right Bridge

24 0.055 55.8 5
Abut 1 24 44.75 34 0.121 91.2 5

44 0.213 132.7 6
24 0.066 66.8 5

Abut 2 24 44.25 34 0.133 107.6 6
24 0.055 55.8 5

Notes:

(1) Depth measured from top ofpile (bottom of footing)

(2) Group factors of 0.6 used for Abutments corresponding to a pile spacing of three times the
diameter, consistent with Caltrans state-of-practice

(3) Loads provided by Antonio Luo

Lateral Earth Pressures

Abutment retaining walls and wing walls should be designed to resist the following Applied

Lateral Earth Pressures and live load. These values assume no hydrostatic pore pressure buildup

behind the wall and are based on well-drained backfill behind the walls supported in native soil.
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Active Condition

At-Rest Condition

Passive Resistance

Applied Lateral Earth Pressure

36 pcf Equivalent Fluid Pressure (EFP) for engineered fill

55 pcfEquivalent Fluid Pressure (EFP) for engineered fill

310 pcf EFP with a maximum value of 31 00 psf.

5 ksf (ultimate) for seismic design of the abutment backwall

(5.5 feet high or greater); for activated height less than 5.5 feet

modify proportionally, i.e. 5 x (H/5.5) ksf. A minimum lateral

wall movement of2% of wall height to mobilize the full

ultimate passive pressure is required.

Cantilever walls which are free to rotate at least 0.004 radians may be assumed flexible for the

active condition. Walls that are not capable of this movement should be assumed rigid and

designed for the at-rest condition. The effect of any surcharge (dead, live, or traffic load) should

be added to the preceding lateral earth pressures. A coefficient of0.3 may be used to determine the

additional earth pressure resulting from the surcharge.

Seismic Design Criteria

The value of PBA for the project site was calculated from the distances to the applicable faults in

the project vicinity using the Caltrans In-Progress Seismic Hazard Map and the attenuation relation

by Sadigh et al. (1997). The computed PBA value was increased by 20%, also per Sadigh (1997),

to account for the reverse fault effect, wherever applicable. The PBA computations based on

Sadigh attenuation relation are presented in Appendix C. Based on the computations; the

maximum PBA computed within the project limit is 0.5g,

Based on the available boring information in the vicinity of the project site, the subsurface soil

conditions at the project site generally matches the criteria for Soil Type D, as per Caltrans Seismic

Design Criteria (Version 1.4, June 2006). Based on Caltrans Seismic Design Criteria and the above

information, the seismic design criteria are as follows:
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Closest Distance to Fault
PBA
Design ARS Curve

1.
2.
3.

3.4 miles (5.5 km)
0.5g
Caltrans Seismic Design Criteria June
2006 Version 1.4 Figure B.8 (Soil Profile
Type D).

4. Design ARS Curve (see Plate 4): Curve based on Caltrans SDC (v. 1.4, 6/2006) for
different structural periods. The curve is based on (Governing Fault - Vaca Fault Zone; Mmax
=6.9) Figure B.8, PBA = 0.5g. The curve is modified for near fault effects as required by SDC.

A copy of the ARS Design Curve is included on Plate No.4 of this report.

Grading

All grading operations should be performed in accordance with the project specifications and

Caltrans Standard Specifications for Earthwork (Section 19). A representative from our office or

regulatory agency should observe all excavated areas during grading and perform moisture and

density tests on prepared subgrade and compacted fill material. Any fill material imported to the

site should be non-expansive, relatively granular material having a Plasticity Index (P.I.) of less

than 15. It should also be non-corrosive, free ofdeleterious material and should be reviewed by the

Geotechnical Engineer. Should there be any alterations of the proposed construction that will

affect the stated bases of our recommendations, we should be informed so that we can review such

changes and amend or submit additional recommendations. Our office should review the final

grading plans prior to grading to see that the intent of our recommendations is included in the

plans.

Engineered Fill Engineered fill should be non-expansive and consist of relatively granular

material having a P.I. of less than 15. The fill shall also be free of organic and inorganic debris,

rubble and any other deleterious material. The on-site soils may be used as engineered fill,

provided they meet the above criteria.
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Low Expansion Materials at Abutments As per Caltrans standards, "Low Expansion Material"

should be used at the abutments for the project. A schematic drawing showing standard "Limits

of Low Expansion Material at Abutments" per Caltrans requirements is shown on Plate 5. The

material within this limit should have Sand Equivalent (SE) more than 20 as determined in

accordance with California Test Method 217 and Expansion Index (EI) less than 50 as determined

in accordance with ASTM D4829. In addition, as general requirements, fill material should be free

oforganic material and rocks or lumps greater than 4 inches in diameter, have a plasticity index (PI)

of less than 15, and compacted as per Caltrans Standard Specifications.

Approach Embankment. The maxImum embankment fill thickness is anticipated to be

approximately 10 feet at the two abutment locations. The approach embankment will have a 2(H):

1(V) slope on both sides. Under the bridge, paved slopes may be constructed at 1.5(H): 1 (V) slope.

The available boring data indicates that the subsurface soil conditions predominantly consist of

stiff to very stiff clays below the fill. Based on the boring information, it appears that the

consolidation settlement due to the placement of the embankment fill is anticipated to be relatively

quick (during construction) and therefore insignificant. Standard Caltrans 30-day waiting period is

considered adequate.

Corrosion

The corrosion investigations performed are in general accordance with the provisions ofCalifornia

Test Method 643. A summary of the corrosion test data is presented below.

Resistivity Sulfate Chloride
Boring Depth (ft) PH

(ohms-em) (ppm) (ppm)

CAV-168 8.5 7.61 1450 43.6 6.2

Based on the data, the site subsoil is non-corrosive per Caltrans corrosion design guidelines, and
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standard Type II modified or Type I-P (MS) modified cement may be used for the concrete

substructures. The minimum cement factor and cover thickness should be per Caltrans Bridge

Design Specifications (Section 8.22).

Plan Review

We recommend that final plans for foundations be reviewed by this office prior to construction so

that the intent of our recommendations is included in the project plans and specifications and to

further see that no misunderstandings or misinterpretations have occurred.

Construction Observation

To a degree, the performance of any structure is dependent upon construction procedures and

quality. Hence, observation of foundation excavations, and pile installations should be carried out

by the regulating agencies. If the subsurface conditions different from those forming the basis of

our recommendations is encountered this office should be informed in order to assess the need for

design changes. Therefore, the recommendations presented in this report are contingent upon good

quality control and these geotechnical observations during construction.

INVESTIGATION LIMITATIONS

Our services consist of professional opinions and recommendations made in accordance with

generally accepted geotechnical engineering principles and practices and are based on our site

reconnaissance and the assumption that the subsurface conditions do not deviate from observed

conditions. All work done is in accordance with generally accepted geotechnical engineering

principles and practices. No warranty, expressed or implied, ofmerchantability or fitness, is made

or intended in connection with our work or by the furnishing of oral or written reports or findings.

The scope of our services did not include any environmental assessment or investigation for the

presence or absence ofhazardous or toxic materials in structures, soil, surface water, groundwater

or air, below or around this site. Unanticipated soil conditions are commonly encountered and

cannot be fully determined by taking soil samples and excavating test borings; different soil

conditions may require that additional expenditures be made during construction to attain a
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properly constructed project. Some contingency fund is thus recommended to accommodate these

possible extra costs.

This report has been prepared for the proposed project as described earlier, to assist the engineer in

the design of this project. In the event any changes in the design or location of the facilities are

planned, or if any variations or undesirable conditions are encountered during construction, our

conclusions and recommendations shall not be considered valid unless the changes or variations

are reviewed and our recommendations modified or approved by us in writing.

This report is issued with the understanding that it is the designer's responsibility to ensure that the

information and recommendations contained herein are incorporated into the project and that

necessary steps are also taken to see that the recommendations are carried out in the field.

The findings in this report are valid as of the present date. However, changes in the subsurface

conditions can occur with the passage of time, whether they are due to natural processes or to the

works of man, on this or adjacent properties. In addition, changes in applicable or appropriate

standards occur, whether they result from legislation or from the broadening of knowledge.

Accordingly, the findings in this report might be invalidated, wholly or partially, by changes

outside of our control.

Respectfully submitted,
PARIKH CONSULTANTS, INC.

Partha Sircar, Ph.D., P.E. C54619
Senior Engineer

ary~~rikl},\G.E. 666

ProjectM~ager
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Cavallo Road Undercrossing
S ectral Data
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Caltrans SDC (v 1.4, June 2006), Figure B.8,
Governing Fault: Vaca Fault Zone
Fault Distance = 5.45 km (3.4 miles)
(Mw = 6.9, Soil Profile Type D, PBA = 0.5g)

Notes:
(a) The new (in-progress) Caltrans Hazard Map and Data Base was used
(b) PBA was obtained by using Sadigh Attenuation Relationship: 0.49g (rounded off to 0.5 g)
(c) The following modifications were then applied for near-fault effects:

(1) No change of Sa for structural periods ~ 0.5 sec
(2) 20% increase of Sa for structural periods> 1 sec
(3) Linear interpolation for structural periods between 0.5 and 1 sec
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EXPANSIVE SOIL EXCLUSION ZONE

GUIDELINE FOR DEFINING EXPANSIVE SOIL AND THE ZONE
AROUND BRIDGE ABUTMENTS IN WHICH EXPANSIVE SOIL IS TO
BE EXCLUDED (ALSO APPLICABLE TO WINGWALLS AND
RETAINING WALLS).

Expanslve soU matedalssbaU DOl be plated as part ofthe embankment within the limits
ofa bridge abutment as shown in Figure 1 below for the fuJi width of the embankment.
Expansive soU materials for thJs requirement are defined as baving dther an Expansion
Index (£1) greeter tban 50. (Expansion Index to be detennioed in accordance with ASTM
D 4829) or a Sand EqUivalent (5£) less than 20 (Sand Equivalent to be determined in
ac:oordance with California Test Metbod 211). This requirement is exclusive of the
5tmCture backtUl and peMous bacldlU material requiremeotsas shown Oft. the plans and
set forth in the Standard Speclfic:ationsunder Sections 19-3.06 and 19·:J..065 respectively.

Figure 1 TYPICAL SECTION· EXPANSIVE SOIL EXCLUSION
ZONE IN BRIDGE EMBANKMENT

NOT TO $l:.4i.£

LOW EXPANSION MATERIAL

CAVALLO ROAD UNDERCROSSING
CONTRA COSTA COUNTY, CALIFORNIAmPARIKH CONSULTANTS, INC.

• GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.CAV PLATE NO.: 5
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APPENDIXB

LABORATORY TESTS

Classification Tests

The field classification of the samples was visually verified in the laboratory according to the Unified Soil
Classification System. The results are presented on "Log of Test Borings", Appendix A.

Moisture-Density

The natural moisture contents and dry unit weights were determined for selected undisturbed samples ofthe soils
in general accordance with ASTM Test Method D 2216-92. This information was used to classify and correlate
the soils. The results are presented at the appropriate depths on the "Log of Test Borings", Appendix A.

Atterberg Limits

The Atterberg Limits were determined for selected samples of the fine-grained materials. These results were
used to classify the soils, as well as to obtain an indication ofthe effective strength characteristics and expansion
potential with variations in moisture content. The Atterberg Limits were determined in general accordance with
ASTM Test Method D 4318-93. The results of these tests are presented on Plate B-2, "Plasticity Chart".

Grain Size Classification

Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples ofgranular
soil to aid in the classification. The results are presented on Plates B-3A to B-3C, "Grain Size Distribution
Curves".

Unconfined Compression Tests

Strength tests were performed on selected undisturbed samples using unconfined compression machine.
Unconfined compression tests were performed in general accordance with ASTM Test Method D 2166-91. The
results are presented on "Log of Test Borings"

Corrosion Test

Corrosion test was performed on selected sample to determine the corrosion potential of the soils. The pH and
minimum resistively test was performed according to California Test Method 643. The test was performed by
Sunland Analytical. The test result is presented on Plate B-4.
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CONTRA COSTA COUNTY, CALIFORNIA
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PLASTICITY CHART

Boring Sample Depth Test Moisture LL PL PI Description
Number Number (feet) Symbol Content (0/0)
CAV-168 MC-3 14.5 • 21 31 20 11 LEAN CLAY (CL)
CAV-168 MC-5 25.0 1%1 15 39 17 22 LEAN CLAY (CL)
CAV-169 MC-3 10.0 • 19 35 18 17 LEAN CLAY (CL)
CAV-169 MC-8 35.0 * 22 44 24 20 LEAN CLAY (CL)
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Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D. \ Randy Horney /~A~
General Manager \ Lab Manager / rL/

The reported analysis was requested for the following location:
Location 206117.CAV/CAVALO RD Site ID : CAV108 #2 @ 8.5. /'/'/ i/>/'

Thank you for your business.

* For future reference to this analysis please use SUN # 49464-98601.

EVALUATION FOR SOIL CORROSION

Soil pH 7.61

Minimum Resistivity 1.45 ohm-em (x1000)

Chloride

Sulfate

6.2 ppm

43.6 ppm

00.00062 %

00.00436 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4
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C4 = -2.1C3 =0
C7 = 0

km

~ttenuafionRelationships for-SFiillow Crustal Earthqual(es (Sadigh, et ai, 1997)
Fault = Vaca fault zone (RLSS Fault, Map NO: 14)

Mmax = 6.9 Rrup = 5.45
M>=6.5 ROCK SITE:

C1 = -1.274 C2 = 1.1
C5 = -0.48451 C6 = 0.524

A=C1+C2M+C3(8.5M)A2.5= 6.316
B=C4*Ln(Rrup+exp(C5+C6M»= -7.024
C=C7*Ln(Rrup+2)= 0
Ln(y) = A+B+C = -0.708
Y= Exp(Ln(y» = 0.49 Peak Bed Rock Acceleration PBA = 0.490 - Use 0.5g

Fault = Great valley fault 5 (Reverse Fault, Map No: 24)
Mmax = 6.5 Rrup = 7.045 km

A= 5.876
B= -6.811
C= 0

Ln(y) = -0.935
Y= 0.39 Peak Bed Rock Acceleration PBA = 0.39g x 1.2 = 0.468g

Fault = Greenville fault zone (Clayton section, RLSS Fault, Map No: 351)
Mmax = 6.6 Rrup = 6.59 km

A= 5.986
B= -6.855
C= 0

Ln(y) = -0.869
y = 0.42 Peak Bed Rock Acceleration PBA = 0.42g

Fault = Concord fault zone (Ygnacio valley section, RLSS Fault, Map No: 341)
Mmax = 6.6 Rrup = 11.136 km

A= 5.986
B= -7.191
C= 0

Ln(y) = -1.205
Y= 0.30 Peak Bed Rock Acceleration PBA = 0.3g

mPARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.CAV

CAVALLO ROAD UNDERCROSSING
CONTRA COSTA COUNTY, CA

IPlate No: 6B



AXIAL PILE CAPACITIES

(SHAFT Program)



SHAFT Runs - 24-in. CIDH Pile
SR Bypass - Cavallo Road Undercrossing

Job No. 206117.CAV
Pile capacities computed using SHAFT program - Output follows

Note: Neglected End Bearing for Pile Capacity

Abutment 1 (based on boring CAV-168)

Left Bridge
Ground Surface Elevation = 53.0 (approx.)
Nominal Compression Load = 280 kips = 140 tons
Reqd. Shaft Length per SHAFT output = 36.0 ft
Recommended Penetration = 36.0 feet
Reqd. Tip Elevation = 53.0-36.0 = 17.0

Right Bridge
Ground Surface Elevation =52.0 (approx.)
Nominal Compression Load = 280 kips = 140 tons
Reqd. Shaft Length per SHAFT output = 36.0 ft
Recommended Penetration = 36 feet
Reqd. Tip Elevation = 52.0 - 36.0 = 16.0

Abutment 2 (based on boring CAV-169)

Left Bridge
Ground Surface Elevation = 52.5 (approx.)
Nominal Compression Load = 280 kips = 140 tons
Reqd. Shaft Lengthn per SHAFT output = 31.5 ft
Recommended Penetration = 31.5 feet
Reqd. Tip Elevation = 52.5 - 31.5 = 21.0

Right Bridge
Ground Surface Elevation = 51.5 (approx.)
Nominal Compression Load = 280 kips = 140 tons
Reqd. Shaft Lengthn per SHAFT output = 31.5 ft
Recommended Penetration = 31.5 feet
Reqd. Tip Elevation = 51.5 - 31.5 = 20.0



depth= 0 - 23; Clay

depth= 23 - 43; Clay

depth= 43 - 51; Sand

depth= 51 - 61; Clay
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Ultimate Skin Friction (tons)
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Ultimate Axial Capacity (tons)
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Cavallo Road - Abut 1.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

Cavallo Roadt- SR4 - Abutment 1

Cavallo Road - Abut 1.sfo
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

0.125E+03
0.640E+04
0.230E+02

PROPOSED DEPTH

NUMBER OF LAYERS

WATER TABLE DEPTH

40.0 FT

4

48.0 FT.

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----SAND

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.430E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.615E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03
0.400E+04
0.430E+02

LAYER NO 1----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.230E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO

AT THE BOTTOM

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT

0.536E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03
0.400E+04
0.510E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.510E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04



cavallo Road - Abut 1.sfo Cavallo Road - Abut 1.sfo
DEPTH, FT = 0.610E+02 39.0 4.54 161.58 56.56 218.13 180.43 83.48 48.06

40.0 4.65 168.49 51. 32 219.81 185.60 84.50 47.22

DRILLED SHAFT INFORMATION RESULT FROM TREND (AVERAGED) LINE

TOP LOAD TOP MOVEMENT TIP LOAD TIP MOVEMENT
DIAMETER OF STEM = 2.000 FT. ton IN. ton IN.
DIAMETER OF BASE = 2.000 FT. 0.5247E+00 0.2690E-03 0.1689E-01 0.1000E-03
END OF STEM TO BASE = 0.000 FT. 0.5247E+01 0.2690E-02 0.1689E+00 0.1000E-02
ANGLE OF BELL = 0.000 DEG. 0.1319E+02 0.6732E-02 0.4223E+00 0.2500E-02
IGNORED TOP PORTION = 8.000 FT. 0.2660E+02 0.1352E-01 0.8447E+00 0.5000E-02
IGNORED BOTTOM PORTION = 2.000 FT. 0.3999E+02 0.2032E-01 0.1267E+01 0.7500E-02
AREA OF ONE PERCENT STEEL = 4.524 SQ. IN. 0.5332E+02 0.2711E-01 0.1689E+01 0.1000E-01
ELASTIC MODULUS, Ec = 0.360E+07 LB/SQ IN 0.1089E+03 0.6245E-01 0.4223E+01 0.2500E-01
VOLUME OF UNDERREAM = 0.000 CU.YDS. 0.1517E+03 0.1038E+00 0.8447E+01 0.5000E-01

0.1724E+03 0.1385E+00 0.1267E+02 0.7500E-0l
0.1793E+03 0.1669E+00 0.1689E+02 0.1000E+00
0.1927E+03 0.3250E+00 0.2934E+02 0.2500E+00
0.1874E+03 0.5757E+00 0.4086E+02 0.5000E+00

PREDICTED RESULTS 0.1931E+03 0.8290E+00 0.4651E+02 0.7500E+00
0.1955E+03 0.1080E+01 0.4893E+02 0.1000E+01
0.1974E+03 0.2482E+01 0.5086E+02 0.2400E+01

QS = ULTIMATE SIDE RESISTANCE;
QB = ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU = TOTAL ULTIMATE RESISTANCE;
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
11.0 1. 28 4.32 35.35 39.67 16.10 13.51 30.99
12.0 1.40 8.64 35.35 43.99 20.42 15.24 31. 50
13.0 1. 51 12.96 35.35 48.31 24.74 16.97 31.93
14.0 1.63 17.28 35.35 52.63 29.06 18.69 32.30
15.0 1. 75 21. 60 35.35 56.95 33.38 20.42 32.63
16.0 1.86 25.92 35.35 61. 27 37.70 22.15 32.91
17.0 1.98 30.24 35.35 65.59 42.02 23.88 33.15
18.0 2.09 34.56 35.35 69.91 46.34 25.61 33.38
19.0 2.21 38.88 35.35 74.23 50.66 27.34 33.57
20.0 2.33 43.20 42.92 86.12 57.51 31.59 37.00
21.0 2.44 47.52 52.01 99.53 64.86 36.35 40.73
22.0 2.56 51. 84 56.56 108.40 70.70 39.59 42.34
23.0 2.68 56.16 56.56 112.72 75.02 41.32 42.11
24.0 2.79 60.48 56.56 117.04 79.34 43.05 41.91
25.0 2.91 64.80 56.56 121. 36 83.66 44.77 41.72
26.0 3.03 71.72 56.56 128.27 90.57 47.54 42.40
27 .0 3.14 78.63 56.56 135.18 97.48 50.30 43.03
28.0 3.26 85.54 56.56 142.10 104.39 53.07 43.61
29.0 3.37 92.45 56.56 149.01 111.31 55.83 44.15
30.0 3.49 99.37 56.56 155.92 118.22 58.60 44.66
31.0 3.61 106.28 56.56 162.83 125.13 61.36 45.14
32.0 3.72 113.19 56.56 169.75 132.04 64.13 45.58
33.0 3.84 120.10 56.56 176.66 138.95 66.89 46.00
34.0 3.96 127.02 56.56 183.57 145.87 69.66 46.40
35.0 4.07 133.93 56.56 190.48 152.78 72 .42 46.77
36.0 4.19 {lAO'. 84 , 56.56 197.40 159.69 75.19 47.12
37.0 4.31 147-dS 56.56 204.31 166.60 77 .95 47.45
38.0 4.42 154.66 56.56 211.22 173.52 80.72 47.77



depth= 0 - 12; Clay

depth= 12 - 47; Clay

depth= 47 - 59; Clay

depth= 59 - 90; Clay
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Ultimate Skin Friction (tons)
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Ultimate Axial Capacity (tons)
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Cavallo Road - Abut 2.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

Cavallo Roadt- SR4 - Abutment 2

Cavallo Road - Abut 2.sfo
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

0.125E+03
0.640E+04
O.120E+02

PROPOSED DEPTH

NUMBER OF LAYERS

WATER TABLE DEPTH

40.0 FT

4

48.0 FT.

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----CLAY

0.550E+OO
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.470E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

O.550E+OO
O.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.470E+02

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

0.550E+00
0.900E+01
0.200E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.200E+04
O.OOOE+OO
O.OOOE+OO
0.250E+04
0.640E+04
0.120E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

0.550E+OO
O.900E+01
O.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.590E+02

0.550E+OO
O.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
O.125E+03
0.640E+04
0.590E+02

0.550E+OO
0.900E+01
O.400E+04
O.OOOE+OO
O.OOOE+OO



PREDICTED RESULTS
-----------------

QS = ULTIMATE SIDE RESISTANCE;
QB = ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU = TOTAL ULTIMATE RESISTANCE;
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
11.0 1.28 3.46 56.56 60.01 22.31 20.23 46.88
12.0 1.40 6.91 56.56 63.47 25.76 21. 62 45.45
13.0 1. 51 10.37 56.56 66.92 29.22 23.00 44.24
14.0 1. 63 13.82 56.56 70.38 32.68 24.38 43.20
15.0 1. 75 20.74 56.56 77.29 39.59 27.15 44.28
16.0 1.86 27.65 56.56 84.21 46.50 29.91 45.22
17.0 1. 98 34.56 56.56 91.12 53.41 32.68 46.06
18.0 2.09 41. 47 56.56 98.03 60.33 35.44 46.80
19.0 2.21 48.39 56.56 104.94 67.24 38.21 47.46
20.0 2.33 55.30 56.56 111.86 74.15 40.97 48.06
21.0 2.44 62.21 56.56 118.77 81.06 43.74 48.60
22.0 2.56 69.12 56.56 125.68 87.98 46.50 49.09
23.0 2.68 76.04 56.56 132.59 94.89 49.27 49.54
24.0 2.79 82.95 56.56 139.50 101.80 52.03 49.95
25.0 2.91 89.86 56.56 146.42 108.71 54.80 50.33
26.0 3.03 96.77 56.56 153.33 115.63 57.56 50.68
27.0 3.14 103.69 56.56 160.24 122.54 60.33 51. 00
28.0 3.26 110.60 56.56 167.15 129.45 63.09 51. 30
29.0 3.37 117.51 56.56 174.07 136.36 65.86 51.58
30.0 3.49 124.42 56.56 180.98 143.28 68.62 51. 84
31. 0 3.61 131.34 56.56 187.89 150.19 71.39 52.08
32.0 3.72 138.25 56.56 194.80 157.10 74.15 52.31
33.0 3.84 145.16 56.56 201. 72 164.01 76.92 52.53
34.0 3.96 152.07 56.56 208.63 170.92 79.68 52.73
35.0 4.07 158.99 56.56 215.54 177.84 82.45 52.92
36.0 4.19 165.90 56.56 222.45 184.75 85.21 53.10

Cavallo Road - Abut 2.sfo
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

DRILLED SHAFT INFORMATION

DIAMETER OF STEM
DIAMETER OF BASE
END OF STEM TO BASE
ANGLE OF BELL
IGNORED TOP PORTION
IGNORED BOTTOM PORTION
AREA OF ONE PERCENT STEEL
ELASTIC MODULUS, Ec
VOLUME OF UNDERREAM

2.000
2.000
0.000
0.000
8.000
2.000
4.524

= 0.360E+07
0.000

FT.
FT.
FT.
DEG.
FT.
FT.
SQ. IN.
LB/SQ IN
CU.YDS.

= 0.125E+03
= 0.640E+04
= 0.900E+02

Cavallo Road - Abut 2.sfo
37.0 4.31 172.81 56.56 229.37 191.66 87.98 53.27
38.0 4.42 179.72 56.56 236.28 198.57 90.74 53.43
39.0 4.54 186.63 56.56 243.19 205.49 93.51 53.58
40.0 4.65 193.55 56.56 250.10 212.40 96.27 53.73

RESULT FROM TREND (AVERAGED) LINE

TOP LOAD TOP MOVEMENT TIP LOAD TIP MOVEMENT
ton IN. ton IN.

0.5694E+00 0.2876E-03 0.1862E-01 0.1000E-03
0.5694E+01 0.2876E-02 0.1862E+00 0.1000E-02
0.1433E+02 0.7205E-02 0.4654E+00 0.2500E-02
0.2891E+02 0.1448E-01 0.9308E+00 0.5000E-02
0.4347E+02 0.2176E-01 0.1396E+01 0.7500E-02
0.5791E+02 0.2903E-01 0.1862E+01 0.1000E-01
0.1181E+03 0.6630E-01 0.4654E+01 0.2500E-01
0.1646E+03 0.1093E+00 0.9308E+01 0.5000E-01
0.1869E+03 0.1447E+00 0.1396E+02 0.7500E-01
0.1944E+03 0.1734E+00 0.1862E+02 0.1000E+00
0.2091E+03 0.3322E+00 0.3233E+02 0.2500E+00
0.2037E+03 0.5831E+00 0.4503E+02 O.5000E+00
0.2099E+03 0.8368E+00 0.5125E+02 0.7500E+00
0.2126E+03 0.1088E+01 0.5392E+02 0.1000E+01
0.2147E+03 0.2490E+01 0.5605E+02 0.2400E+01



PILE LATERAL LOAD BEHAVIOR
(LPILE Program)
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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cavallo Road - Abutment 1.1po

LPILE plus for windows, version 5.0 (5.0.21)

Anal ysi s of Indi vi dua1 pil es and Dri 11 ed Shafts
subjected to Lateral Loadi ng usi ng the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Ri ghts Reserved

cava11 0 Road - Abutment 1. 1po
- Deflection tolerance for convergence = 1.0000E-05 ln
- Maxi mum all owab1e defl ecti on 1. 0000E+02 in

Pri nti ng Opti ons:
- values of pile-head deflection, bending moment, shear force, and

soi 1 reacti on are pri nted for full 1ength of pi 1e.
- Pri nti ng Increment (spaci ng of output poi nts) = 1

pile Structural properties and Geometry

Thi s prog ram is 1i censed to:

Gary Pari kh
Pari kh consul tants

Path to fil e 1ocati ons:
proj ect\cavall 0 Rd\LPILE\
Name of input data fi 1e:
Name of output fi 1e:
Name of plot output file:
Name of runti me fil e:

s: \Ongoi ng proj ects\2006\206117 TYLIn Rte 4

Cava110 Road - Abutment 1. 1pd
cavallo Road - Abutment 1.1po
Cava110 Road - Abutment 1. 1pp
Cava11 0 Road - Abutment 1. 1pr

pi 1e Length =

~~~~~ ~~gq~o~fd9~~~~dc~u~f~~: top of pi 1e ~

Structura1 properti es of pi 1e defi ned ~si ng

Point Depth pi le Moment of
X Di ameter Inerti a
in in in**4

-----------
0.0000 24. 00000000 16286.0000

720.0000 24. 00000000 16286.0000

720.00 in
-96.00 in

.00 deg.

poi nts

Pile
Area

Sq. in

452.4000
452.4000

Modulus of
Elasticity
lbs/sq. in

3600000.
3600000.

Ti me and Date of Anal ysi s
Soil and Rock Layering Information

probl em Titl e

Program opti ons

eBARTCavallo Road underpass - Abutment 1 - 24-in CIDH pile

-96.000 in
180.000 in

516.000 in
636.000 in

420.000 in
516.000 in
125.0001bs/in**3
125.000 lbs/in**3

180.000 in
420.000 in

636.000 in
924.000 in
125.000 lbs/in**3
125.000 lbs/in**3

The soil profile is modelled using 5 layers

Layer 1 is stiff clay without free water
Di stance from top of pil e to top of 1ayer =
Di stance from top of pi 1e to bottom of 1ayer =

Layer 2 is stiff cl ay wi thout free water
Di stance from top of pil e to top of 1ayer =
Di stance from top of pil e to bottom of 1ayer =

Layer 3 is sand, p-y criteria by API RP-2A, 1987
Di stance from top of pil e to top of 1ayer =

g~~t~~~~r~d~mm~dEl ~~ ~i }~rt~o~o~~o~oH ~ :~:~ ~
p-y subgrade modulus k for bottom of layer =

Layer 4 is stiff clay without free water
Di stance from top of pi 1e to top of 1ayer =
Di stance from top of pi 1e to bottom of 1ayer =

Layer 5 is sand. p-y criteria by API RP-2A, 1987
Di stance from top of pi 1e to top of 1ayer =
g~~t~~~~r~d~mm~dEl ~~ ~i }~/~o~o~~o~o~f ~ :~:~ :
p-y subgrade modulus k for bottom of layer =

(Depth of lowest layer extends 204.00 in below pile tip)

Effective Unit weight of Soil vs. Depth60
100

Time: 19:26:10Date: August 24, 2009

Units used in computations - US Customary units. inches. pounds

Basi c program options:

Analysis rype 1:
- Computatlon of Lateral pil e Response usi ng User-speci fi ed Constant EI

computati on Opti ons:

: ~~~~y~~~e~~:~ l~:~e~~,.~;~~e~?f~~r~~~u~s:~t~ gnanalysi s
- Analysis assumes no shear resistance at pile tip

: ~ga~~~~~t~~io~i ~fdf~~~~~~i g~
1
:t~ft~~~~tm~~~rx elements

: ~~~~~~i ~i ~~s ~~~~o~~es~~" ~~~~m~~~~t~c~fn~i ~~ pi 1e
- NO additional p-y curves to be computed at user-specified depths

Sol uti on control Parameters:
- Numbe r of pil e inc rements =
- Maximum number of iterations allowed =

Cava11 0 Road - Abutment 1. 1po

Distribution of effective unit weight of soil with depth
is defi ned usi ng 10 poi nts

cava110 Road - Abutment 1. 1po

Loadi ng Type

RQD
%

Point Del?th X Eff. uni t wei ght
NO. ln lbs/in**3

----------------
1 -96.00 .07230
2 180.00 .07230
3 180.00 .07230
4 420.00 .07230
5 420.00 .07520
6 516.00 .07520
7 516.00 .03760
8 636.00 .03760
9 636.00 .04050

10 924.00 .04050

shear St rength of Soil s

Di stri buti on of shear strength parameters wi th depth
defi ned usi ng 10 poi nts

point Del?th X cohesion c Angle of Friction E50 or
NO. ,n lbs/i n**2 Deg. iLrm

------------------
1 -96.000 17.36000 .00 .00500
2 180.000 17.36000 .00 .00500
3 180.000 27.78000 .00 .00400
4 420.000 27.78000 .00 .00400
5 420.000 .00000 35.00
6 516.000 .00000 35.00
7 516.000 27.78000 .00 .00400
8 636.000 27.78000 .00 .00400
9 636.000 .00000 40.00

10 924.000 .00000 40.00

Notes:

.0

.0

.0

.0

.0

.0

static loading criteria was used for computation of p-y curves

Pi 1e-head Loadi ng and pi 1e-head Fi xi ty condi ti ons

Numbe r of loads speci fi ed = 3

Load case Number 1

~~~:~hf~~c~o~~d~Hec~~~~tion~ are Sh~:oo~~gO~orb~t (BC Type 1)

~~~~~ nqo~dm:~\N /~~:lead ~ 200000: ggg ~ b;1bs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 2

~~~:~hf~~c~O~~d~H/~~~~tion~ are Sh~:OO~~gO~orb~t (BC Type 1)

~~~~~ nqo~dm:~\N /~~:lead : 200000: ggg ~ b;1bs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 3

~~~:~hf~~c~o~~d~Hec~~~~tion~ are Sh::oo~~go~orb~t (BC Type 1)

~~~~~ nqo~dm:~\N /~~:d head ~ 200000: ggg ~ b;1bs

(zero moment at pi 1e head for thi s load i ndi cates a free-head condi ti on)

(1) Cohesi on = uni axi al compressive strength for rock materi a1s.m6:}~~~ t o~a~~~/:~l,.eg~r~:~e~~~e~ln/g~t~lien input val ues are O.
(4) RQD and ILrm are reported only for weak rock strata.

computed values of Load Distribution and Deflection
for Lateral Loading for Load case Number 1

Distribution of p-y multipliers with depth defined using 2 points

p-y Modifi cati on Factors

point
NO.

1
2

Depth X
in

.000
720.000

p-mult

.6000

.6000

y-mul t

1. 0000
1.0000

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~ ~~:~ ~~~:~tf~~c~it~ ~~~d head: 24000: ggg ;~~1bs
specified axial load at pile head = 200000.000 lbs

(zero moment for thi s load i ndi cates free-head condi ti ons)

Depth Defl ect. Moment Shear slope Total soil Res
X ¥ M V S Stress p
in , n lbs-in lbs Rad. 1bs/i n**2 lbs/in

-------- --------- ----------- ----------- ----------- ----------- -----------
0.000 .055468 -2.8252E-08 24000.0000 -.0009300 442.0866 -442.6340

12.000 .044308 258362. 18693.9173 -.0009035 632.4555 -441. 7131
24.000 .033783 452991. 13436.7189 -.0008307 775.8636 -434.4866
36.000 .024371 584831. 8307.0898 -.0007245 873.0072 -420.4516



Output ve ri fi cati on :

computed forces and moments are wi thi n speci fi ed convergence 1i mi ts.

Cava110 Road - Abutment 1. 1po

computed val ues of Load Di stri buti on and Defl ecti on
for Lateral Loading for Load Case Number 2

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~i ~~ ~~~~ head ~ 34000: ggg ~ ~~1bs
specified axial load at pile head = 200000.000 lbs

(zero moment for thi s load i ndi cates free-head condi ti ons)

soi 1 Res

lbs/in

-537.4369
-540.7026
-537.8588
-528.4784
-512.0431
-487.8774
-454.9983
-411.7157
-354.2413
-268.5286

213.8173
279.7180
292.6121
274.4731
242.3420
281. 3086

92.3687
-24.6406
-52.6842
-41. 1995
-22.2775
-8.2161

-.8962707
1. 6454
1. 7936
1.1652

.5385322

.1476174
-.0256098
-.0682885
-.0556494
-.0310258
-.0117406
-.0006099

.0050431

442.0866
717.3061
935.0200

1095.4231
1199.4320
1248.7393
1245.8849
1194.3587
1098.7787

965.2898
803.0521
663.3239
553.1660
474.0007
460.2311
484.5674
479.0349
463.6837
450.9364
443.7746
443.1898
443.6167
443.1711
442.6299
442.2629
442.0871
442.1401
442.1361
442.1163
442.0992
442.0894
442.0879
442.0885
442.0879
442.0872

Total
Stress

lbs/in**2

slope
s
Rad.

.05546803 in
- .00092996

669079.32092 lbs-i n
24000.00000 lbs
60.00000000 in

0.00000 in
18

8

shear
v

lbs

Moment
M

lbs-in

Defl ect.
¥
1 n

Depth
X
in

0.000 .120586 0.0000 34000.0000 -.0017559
12.000 .099516 373519. 27531.1632 -.0017177
24.000 .079362 668993. 21059.7949 -.0016110
36.000 .060852 886687. 14661. 7717 -.0014518
48.000 .044519 1027844. 8418.6428 -.0012559
60.000 .030711 1094762. 2419.1201 -.0010386
72.000 .019592 1090888. -3238.1342 -.0008150
84.000 .011152 1020959. -8438.4182 -.0005988
96.000 .005220 891241. -13034.1602 -.0004031

108.000 .001477 710074. -16770.7799 -.0002393
120.000 -.000522 489890. -17099.0479 -.0001165
132.000 -.001318 300256. -14137.8363 -3.5611E-05
144.000 -.001377 150753. -10703.8560 1. 0544E-05
156.000 -.001065 43312.6368 -7301.3450 3.0405E-05
168.000 -.000647 -24625.0504 -4200.4546 3.2317E-05
180.000 -.000290 -57653.3946 -1058.5511 2. 3897E-05
192.000 -7.38E-05 -50144.9822 1183.5126 1. 2865E-05
204.000 1. 90E-05 -29310.8444 1589.8814 4.7338E-06
216.000 3.99E-05 -12010.5521 1125.9328 5.0509E-07
228.000 3.12E-05 -2290.8808 562.6306 -9.5849E-07
240.000 1. 69E-05 1497.1835 181.7685 -1.0397E-06
252.000 6.22E-06 2076.5526 -1.1932 -6.7398E-07
264.000 6.78E-07 1471.7829 -55.8674 -3.1086E-07
276.000 -1. 24E-06 737.2272 -51. 3727 -8. 4792E-08
288.000 -1.36E-06 239.2458 -30.7385 1. 5138E-08
300.000 -8. 81E-07 -.5703117 -12.9858 3. 9563E-08
312.000 -4.07E-07 -72.6036 -2.7637 3.2075E-08
324.000 -1.12E-07 -67.0527 1. 3532 1. 7783E-08
336.000 1. 94E-08 -40.2118 2.0853 6.8058E-09
348.000 5.17E-08 -17.0391 1.5219 9.4691E-10
360.000 4.21E-08 -3.6915 .7782431 -1.1746E-09
372.000 2.35E-08 1.6444 .2581921 -1. 3841E-09
384.000 8. 88E-09 2.5117 .0015936 -9. 5877E-10
396.000 4.61E-10 1.6872 -.0725099 -5.2906E-10
408.000 -3.82E-09 .7740459 -.0459108 -2.7718E-10

pi 1e-head defl ecti on
computed slope at pile head

~:~~~~~ ~h~~~n~o~~~ent

g:~~~ ~~ ~:~~ ~~~ ~h~~~n~o~~~ent
Number of i terati ons =
Numbe r of ze ro defl ecti on poi nts =

925.3278 -398.9240
935.0838 -368.8564
905.4607 -328.3042
840.7759 -272.2449
747.0090 -191.1194
632.8140 209.4134
540.7448 234.4503
473.5031 231.2398
453.3921 293.4888
464.9682 137.4796
461. 9460 41. 0389
454.5597 -4.5839
447.6537 -25.5461
443.4554 -22.6634
442.5122 -13.3190
442.8930 -5.3567
442.7052 -.9475484
442.4164 .7364495
442.2057 .9674128
442.0975 .6739318
442.1125 .3325900
442.1138 .1049327
442.1040 -.0030363
442.0946 -.0344278
442.0887 -.0309709
442.0871 -.0183165
442.0877 -.0076416
442.0875 -.0015590
442.0871 .0008932
442.0868 .0014074
442.0867 .0012595
442.0867 1. 8651E-05
442.0867 1. 5633E-05
442.0867 1. 2453E-05
442.0867 9. 3848E-06
442.0867 6. 6220E-06
442.0867 4.2869E-06
442.0867 2.4437E-06
442.0867 1. 1116E-06
442.0867 1. 2134E-05
442.0867 -3. 8251E-06
442.0867 -7. 1981E-06
442.0866 -5.5137E-06
442.0866 -2. 9382E-06
442.0866 -1. 0608E-06
442.0866 -9. 6754E-08
442.0866 2.3515E-07
442.0866 2. 6158E-07
442.0866 1. 9948E-07
442.0866 3.02 71E-09
442.0866 2. 0708E-09
442.0866 1. 2182E-09
442.0866 4.6235E-10
442.0866 -3. 6694E-10
442.0866 -8. 6222E-10
442.0866 -1. 4972E-09
442.0866 -2.1526E-09

Cava110 Road - Abutment 1. 1po
48.000 .016395 655839. 3390.8364 -.0005976
60.000 .010030 669079. -1215.8461 -.0004620
72.000 .005308 628876. -5398.8097 -.0003291
84.000 .002131 541088. -9002.1039 -.0002094
96.000 .000282 413831. -11782.2893 -.0001117

108.000 -.000550 258849. -11672.5250 -4.2838E-05
120.000 -.000746 133896. -9009.3427 -2.645 3E-06
132.000 -.000613 42637.3082 -6215.2025 1. 5421E-05
144.000 -.000376 -15343.3411 -3066.8313 1. 8214E-05
156.000 -.000176 -31054.0689 -481.0210 1. 3466E-05
168.000 -5. 25E-05 -26952.4797 590.0902 7. 5294E-06
180.000 4.72E-06 -16928.0446 808.8207 3. 0388E-06
192.000 2.04E-05 -7555.3687 628.0407 5. 3323E-07
204.000 1. 75E-05 -1857.6264 338.7837 -4.3007E-07
216.000 1.01E-05 577.5056 122.8897 -5.6108E-07
228.000 4.05E-06 1094.4186 10.8352 -3.8998E-07
240.000 7. 17E-07 839.4225 -26.9906 -1.9207E-07
252.000 -5.57E-07 447.5671 -28.2572 -6.0364E-08
264.000 -7.32E-07 161.5406 -18.0340 1. 9707E-09
276.000 -5.10E-07 14.7422 -8.1859 2.0011E-08
288.000 -2. 52E-07 -35.0173 -2.1468 1. 7936E-08
300.000 -7.94E-08 -36.8667 .4783563 1.0580E-08
312.000 2. 30E-09 -23.5876 1. 0897 4. 3930E-09
324.000 2.60E-08 -10.7341 .8649500 8.8056E-10
336.000 2. 34E-08 -2.8330 .4725577 -5. 0786E-10
348.000 1. 39E-08 .6097057 .1768331 -7.3539E-10
360.000 5. 78E-09 1. 4145 .0210840 -5. 2823E-10
372.000 1. 18E-09 1.1183 -.0341198 -2.6904E-10
384.000 -6.76E-10 .5969416 -.0381148 -9. 3507E-11
396.000 -1.06E-09 .2039514 -.0243113 -1.1546E-11
408.000 -9.53E-10 .0135250 -.0083102 1.0710E-11
420.000 -8.08E-10 .0044547 -.0006415 1.2550E-11
432.000 -6. 52E-10 -.0019321 -.0004358 1. 2808E-11
444.000 -5.00E-10 -.0060668 -.0002673 1.1990E-11
456.000 -3.64E-10 -.0084053 -.0001363 1.0509E-11
468.000 -2.48E-10 -.0093882 -4.0248E-05 8. 6876E-12
480.000 -1.55E-10 -.0094129 2.5205E-05 6.7635E-12
492.000 -8.58E-11 -.0088157 6.5589E-05 4.8981E-12
504.000 -3.78E-11 -.0078623 8.6921E-05 3. 1913E-12
516.000 -9.18E-12 -.0067449 .0001664 1. 6964E-12
528.000 2. 89E-12 -.0038769 .0002163 6. 0940E-13
540.000 5.45E-12 -.0015578 .0001501 5.3228E-14
552.000 4.17E-12 -.0002745 7.3841E-05 -1.3428E-13
564.000 2.22E-12 .0002150 2.3130E-05 -1.4036E-13
576.000 8.03E-13 .0002813 -8.6422E-07 -8.9569E-14
588.000 7.32E-14 .0001947 -7.8096E-06 -4.0852E-14
600.000 -1. 78E-13 9. 4089E-05 -6. 9793E-06 -1.1296E-14
612.000 -1.98E-13 2.7272E-05 -3.9989E-06 1. 1243E-15
624.000 -1.51E-13 -1.8906E-06 -1.2326E-06 3. 7218E-15
636.000 -1.09E-13 -2.3276E-06 -1.7547E-08 3.2901E-15
648.000 -7.19E-14 -2. 3275E-06 1. 3041E-08 2. 8137E-15
660.000 -4.10E-14 -2.0281E-06 3.2775E-08 2. 3680E-15
672.000 -1. 51E-14 -1.5523E-06 4.2858E-08 2.0015E-15
684.000 6.99E-15 -1.0091E-06 4. 3431E-08 1. 7394E-15
696.000 2. 66E-14 -5. 1831E-07 3. 6056E-08 1. 5831E-15
708.000 4.50E-14 -1.5139E-07 2.1899E-08 1. 5146E-15
720.000 6.30E-14 0.0000 0.0000 1. 4991E-15

Output Summary fo r Load Case No.1:

computed values of Load Di stri buti on and Defl ecti on
for Lateral Loading for Load case Number 3

Output verifi cati on:

Computed forces and moments are within specified convergence limits.

Depth Defl ect. Moment Shear slope Total Soi 1 Res
X ¥ M V S stress p
in ln lbs-in lbs Rad. 1bs/i n**2 lbs/in

-------- --------- ----------- ----------- ----------- ----------- -----------
0.000 .213138 3.3902E-08 44000.0000 -.0028057 442.0866 -619.6662

12.000 .179470 490118. 36522.5667 - .0027556 803.2197 -626.5726

pil e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~i~~ ~~~~ head ~ 44000: ggg ~ ~~1bs
speci fi ed axi all oad at pil e head = 200000.000 1bs

(zero moment for thi s load i ndi cates free-head condi ti ons)

Cava110 Road - Abutment 1. 1po
24.000 .147004 889768. 28998.3925 -.0026144 1097.6940 -627.4564
36.000 .116725 1198628. 21502.1524 -.0024006 1325.2709 -621.9170
48.000 .089389 1417343. 14113.6944 -.0021329 1486.4264 -609.4927
60.000 .065534 1547595. 6919.0048 -.0018295 1582.3998 -589.6222
72.000 .045481 1592181. 11.8553 -.0015082 1615.2520 -561. 5693
84.000 .029338 1555119. -6503.0927 -.0011861 1587.9436 -524.2553
96.000 .017014 1441800. -12503.5501 -.0008794 1504.4470 -475.8209

108.000 .008232 1259255. -17831.3716 -.0006030 1369.9423 -412.1494
120.000 .002542 1016741. -22216.8927 -.0003701 1191.2514 -318.7708
132.000 -.000650 727826. -22725.1375 -.0001915 978.3699 234.0633
144.000 -.002055 472258. -19380.2644 -6.8725E-05 790.0598 323.4155
156.000 -.002299 263029. -15443.4233 6. 5223E-06 635.8943 332.7246
168.000 -.001898 101584. -11544.0681 4. 3836E-05 516.9368 317.1679
180.000 -.001247 -14238.8063 -7511.3887 5.2775E-05 452.5782 354.9453
192.000 -.000632 -78942.5669 -3064.6236 4.3239E-05 500.2538 386.1822
204.000 -.000210 -87997.3167 879.6641 2.6154E-05 506.9256 271.1991
216.000 -3.84E-06 -57956.1694 2537.3477 1. 1218E-05 484.7904 5.0815
228.000 5.96E-05 -27154.8181 2095.1741 2.5079E-06 462.0951 -78.7771
240.000 5.63E-05 -7684.0283 1175.6493 -1.0575E-06 447.7485 -74.4771
252.000 3.42E-05 1065.8397 457.4027 -1.7347E-06 442.8720 -45.2307
264.000 1. 47E-05 3301.9643 69.3510 -1.2878E-06 444.5196 -19.4446
276.000 3.31E-06 2736.4452 -73.5869 -6.6980E-07 444.1029 -4.3784
288.000 -1.36E-06 1539.0944 -89.0337 -2.3225E-07 443.2207 1.8039
300.000 -2.26E-06 600.7501 -60.2733 -1.3266E-08 442.5293 2.9895
312.000 -1.68E-06 92.5988 -28.9878 5. 7690E-08 442.1549 2.2247
324.000 -8. 77E-07 -95.2342 -8.6831 5. 7420E-08 442.1568 1.1594
336.000 -3.05E-07 -116.0707 .6922192 3. 5796E-08 442.1722 .4031765
348.000 -1.80E-08 -78.7927 3.2541 1.5854E-08 442.1447 .0238057
360.000 7.55E-08 -38.0481 2.7984 3.8966E-09 442.1147 -.0997633
372.000 7.55E-08 -11.6506 1.6009 -1.1894E-09 442.0952 -.0998085
384.000 4. 69E-08 .3801185 .6299061 -2. 3428E-09 442.0869 -.0620298
396.000 1. 93E-08 3.4784 .1048164 -1. 9480E-09 442.0892 -.0254852
408.000 1. 76E-10 2.9051 -.0494933 -1.2947E-09 442.0888 -.0002331
420.000 -1.18E-08 2.2968 -.0492582 -7.6236E-10 442.0883 .0002723
432.000 -1.81E-08 1.7265 -.0450160 -3.5063E-10 442.0879 .0004347
444.000 -2.02E-08 1.2181 -.0393897 -4.9291E-11 442.0875 .0005030
456.000 -1.93E-08 .7814083 -.0333846 1.5533E-10 442.0872 .0004979
468.000 -1.65E-08 .4160740 -.0277583 2.7788E-10 442.0870 .0004399
480.000 -1. 26E-08 .1138759 -.0230275 3. 3211E-10 442.0867 .0003486
492.000 -8. 51E-09 - .1381804 -.0194813 3. 2962E-10 442.0868 .0002424
504.000 -4.72E-09 -.3552580 -.0171937 2.7912E-10 442.0869 .0001388
516.000 -1.81E-09 -.5521702 -.0020045 1. 8626E-10 442.0871 .0023927
528.000 -2.53E-10 -.4042603 .0143593 8.8382E-11 442.0869 .0003346
540.000 3. 11E-10 -.2079709 .0139003 2.5728E-11 442.0868 -.0004111
552.000 3. 64E-10 -.0707772 .0085441 -2.7983E-12 442.0867 -.0004816
564.000 2.44E-10 -.0028992 .0037205 -1.0338E-11 442.0867 -.0003223
576.000 1. 16E-10 .0185654 .0008648 -8. 7349E-12 442.0867 -.0001536
588.000 3.42E-11 .0178971 -.0003284 -5.0034E-12 442.0867 -4.5223E-05
600.000 -3.85E-12 .0107079 -.0005692 -2.0760E-12 442.0867 5.0883E-06
612.000 -1.56E-11 .0042461 -.0004149 -5.4567E-13 442.0867 2.0636E-05
624.000 -1.69E-11 .0007539 -.0001566 -3.3974E-14 442.0866 2.2399E-05
636.000 -1.64E-11 .0004868 -1.9506E-05 9.2994E-14 442.0866 4. 5801E-07
648.000 -1.47E-11 .0002853 -1.4217E-05 1. 7201E-13 442.0866 4.2348E-07
660.000 -1.23E-11 .0001447 -9.4863E-06 2.1602E-13 442.0866 3.6505E-07
672.000 -9.53E-12 5.6612E-05 -5.5475E-06 2.3662E-13 442.0866 2.9142E-07
684.000 -6.62E-12 1.0443E-05 -2.5485E-06 2.4348E-13 442.0866 2.0841E-07
696.000 -3. 69E-12 -5. 7201E-06 -5. 8194E-07 2. 4397E-13 442.0866 1.1935E-07
708.000 -7.65E-13 -4.6946E-06 2.8692E-07 2.4290E-13 442.0866 2.5463E-08
720.000 2.14E-12 0.0000 0.0000 2.4242E-13 442.0866 -7.3283E-08

Output veri fi cati on:

computed forces and moments are wi thi n speci fi ed convergence 1i mi ts.

442.0871 .0001430
442 .0870 .0001710
442.0869 .0001750
442.0868 .0001613
442.0867 .0001357
442.0867 .0001037
442.0867 6.9922E-05
442.0867 3. 8874E-05
442.0868 .0006416
442.0867 6. 7350E-05
442.0867 -.0001309
442.0867 -.0001416
442.0866 -9.1705E-05
442.0867 -4.2336E-05
442.0867 -1.1589E-05
442.0867 2. 2122E-06
442.0866 6.1687E-06
442.0866 6. 3534E-06
442.0866 1. 2564E-07
442.0866 1. 1321E-07
442.0866 9. 5269E-08
442.0866 7. 3954E-08
442.0866 5. 0619E-08
442.0866 2. 5950E-08
442.0866 1. 9578E-10
442.0866 -2. 7001E-08

.12058640 in
-.00175590

1094762. lbs-i n
34000.00000 lbs
60 . 00000000 in

0.00000 in
26

8

Cava11 0 Road - Abutment 1. 1po
420.000 -6.19E-09 .5866982 -.0147942 -1. 3793E-10
432.000 -7.13E-09 .4196479 -.0129107 -3. 4940E-11
444.000 -7. 03E-09 .2770083 -.0108352 3. 6354E-11
456.000 -6.25E-09 .1594286 -.0088177 8.1018E-11
468.000 -5.09E-09 .0649941 -.0070357 1.0398E-10
480.000 -3.76E-09 -.0099279 -.0055993 1.0962E-10
492.000 -2.45E-09 -.0699162 -.0045578 1.0145E-10
504.000 -1.32E-09 -.1198014 -.0039050 8.2034E-11
516.000 -4.85E-10 -.1640299 .0001776 5.2987E-11
528.000 -5.10E-11 - .1157931 .0044311 2. 4351E-11
540.000 9.91E-11 -.0578010 .0040496 6.5856E-12
552.000 1.07E-10 -.0186355 .0024145 -1.2367E-12
564.000 6.94E-11 .0001531 .0010149 -3.1281E-12
576.000 3.20E-11 .0057360 .0002106 -2.5254E-12
588.000 8. 77E-12 .0052198 -.0001129 -1.4042E-12
600.000 -1.67E-12 .0030323 -.0001692 -5.5975E-13
612.000 -4.67E-12 .0011618 -.0001189 -1.3054E-13
624.000 -4.81E-12 .0001791 -4.3776E-05 6. 6847E-15
636.000 -4.51E-12 .0001111 -4.9022E-06 3.6386E-14
648.000 -3.93E-12 6.1253E-05 -3.4691E-06 5.4029E-14
660.000 -3.21E-12 2.7630E-05 -2.2182E-06 6.3125E-14
672.000 -2. 42E-12 7. 7126E-06 -1. 2029E-06 6.6742E-14
684.000 -1. 61E-12 -1. 5595E-06 -4.5545E-07 6.7372E-14
696.000 -8.01E-13 -3. 5417E-06 3.9585E-09 6.6850E-14
708.000 -3.53E-15 -1.7854E-06 1.6083E-07 6.6304E-14
720.000 7. 90E-13 0.0000 0.0000 6.6122E-14

Output summary fo r Load Case No.2:

pil e-head defl ecti on
computed slope at pi 1e head

~:~~~~~ ~h~~~n~o~~~ent

g:~~~ ~~ ~:~~ ~~~ ~h~~~n~o~~~ent
Number of iterations =
Number of zero defl ecti on poi nts =



Cava110 Road - Abutment 1. 1po

Output Summary for Load case No.3:

pil e-head defl ecti on
computed slope at pi 1e head

~~~~~~~ ~~~~~n~o~~~ent

g:~~~ ~~ ~~~~~~~ ~~~~~n~o~~~ent
Number of i terati ons =
Number of zero deflection points =

.21313841 in
-.00280574

1592181. lbs-i n
44000.00000 1bs
72 . 00000000 i n

0.00000 in
28
8

Summary of pile Response(s)

Oefi ni ti on of symbols for pil e-Head Loadi ng Condi ti ons:

Type 1 = shear and Moment,
Type 2 = shear and slope,
Type 3 = shear and Rot. Sti ffness,
Type 4 = Oefl ecti on and Moment,
Type 5 = Oefl ecti on and slope,

y = pil e-head di spl acment in
M = pil e-head Moment 1bs-i n
V = Pile-head shear Force lbs
S = pi 1e-head Slope, radi ans
R = Rot. Sti ffness of pil e-head i n-l bs/rad

Load pi 1e-Head Pi le-Head Axial pi 1e-Head Maximum Maximum
Type Condition Condi tion Load oefl ecti on Moment Shear

1 2 lbs in in-lbs lbs
---- ------------ ------------ ----------- ----------- ----------- -----------

1 v= 24000. M= 0.000 200000. .0554680 669079. 24000.0000
1 v= 34000. M= 0.000 200000. .1205864 1094762. 34000.0000
1 v= 44000. M= 0.000 200000. .2131384 1592181. 44000.0000

The analysis ended normally.
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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cavallo Road - Abutment 2.1 po

LPILE plus for windows, version 5.0 (5.0.21)

Analysis of Individual Piles and Drilled Shafts
subj ected to Late ra1 Loadi ng usi ng the p-y M..thod

(c) 1985-2005 by Ensoft, Inc.
All Ri ghts Rese rved

cavallo Road - Abutment 2.1po
- Deflection tolerance for convergence = 1.0000E-05 in
- Maximum allowable deflection 1.0000E+02 in

Pri nti ng Oflti ons:
- 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

3600000.
3600000.

Modulus of
Elasticity
lbs/sq. in

720.00 in
-96.00 in

.00 deg.

Point Depth pi le Moment of
X Diameter Inertia
in in in**4

-----------
0.0000 24.00000000 16286.0000

720.0000 24.00000000 16286.0000

Structural properties of pile defined using 2 points

pile
Area

sq.in

452.4000
452.4000

s:\ongoing projects\2006\206117 TYLIn Rte 4

Cava11 0 Road - Abutment 2.1 pd
Cava110 Road - Abutment 2.1 po
Cava110 Road - Abutment 2.1 pp
Cava110 Road - Abutment 2.1 pr

This program is licensed to:

Gary parikh
pari kh consu1tants

Path to file locations:
project\cava110 Rd\LPILE\
Name of input data fi 1e:
Name of output fi 1e:
Name of plot output file:
Name of ru nti me fil e :

Time and Date of Analysis
Soi 1 and Rock Layeri ng Informati on

Problem Title

Program options

SR4 - cavallo Road undercrossing- Abutment 2 - 24-in CIDH Pile

uni ts used in computati ons - US Customary uni ts, inches, pounds

Basic Program Options:

Analysis Type 1:
- computati on of Lateral pi 1e Response Usi ng user-speci fi ed Constant EI

computation options:

= ~~~1y~~~e~~:~1~=~e~~m~~e~?f~~r~~~u~s:~t~ ~nana1ysi s
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computati on of foundati on sti ffness matri x elements

= ~~;~~~i ~i ~~s~~~~o~~es~il ~~~~m~~~~t~c~fn~i ~~ pi 1e
- NO additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pi 1e increments = 60
- Maximum number of iterations allowed = 100

48.000 in
468.000 in

-96.000 in
48.000 in

612.000 in
972.000 in

468.000 in
612.000 in

.07230

Eff. uni t wei ght
lbs/i n**3

-96.00

Depth X
in

point
No.

The soil profile is modelled using 4 layers

Layer 1 is stiff clay without free water
Di stance from top of pil e to top of 1aye r =
Distance from top of pile to bottom of layer =
Layer 2 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =
Layer 3 is stiff clay without free water
Distance from top of pile to top of layer =
Di stance from top of pil e to bottom of 1aye r =

Layer 4 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

Effecti ve uni t wei ght of Soil vs. Depth

(Depth of lowest layer extends 252.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defi ned usi ng 8 poi nts

Time: 19: 14: 21Date: August 24, 2009

48.00
48.00

468.00
468.00
612.00
612.00
972 .00

cavallo Road - Abutment 2.1po
.07230
.07230
.07230
.03760
.03760
.03760
.03760

Shear strength of Soils

cava110 Road - Abutment 2.1 po

Number of loads specified = 3

Load Case Numbe r 1

~~~:~hf~~c~o~~d~Hech~~~tion~ are Sh~:~o~~go~o~~~t (BC Type 1)

:~~~~n~o:~m:~\H/~~:/ead~ 200000:888 ~b~lbs

(Zero moment at pile head for this load indicates a free-head condition)

Load Case Number 2

RQD
%

Distribution of shear strength parameters with depth
defi ned usi ng 8 poi nts

Point DeJ:lth X cohesion c Angle of Friction E50 or
No. 1n lbs/in**2 Deg. k...rm

------------------
-96 .000 13.89000 .00 .00600
48.000 13.89000 .00 .00600
48.000 27.78000 .00 .00400

468.000 27.78000 .00 .00400
468.000 17.36000 .00 .00500
612.000 17.36000 .00 .00500
612.000 27.78000 .00 .00400
972 .000 27.78000 .00 .00400

Notes:

.0

.0

.0

.0

.0

.0

.0

.0

~~~:~hf~~c~O~~d~Hech~~~tion~ are Sh~:~o~~go~o~~~t (BC Type 1)

:~~~~n~o:~m:~tpH/~~:/ead ~ 200000: 888 ~ b~1bs

(Zero moment at pile head for this load indicates a free-head condition)

Load Case Number 3

~~~:~hf~~C~o~~d~Hech~~~ti on~ are Shmo~~go~o~~~t (BC Type 1)

:~~~~n~o:~m:~\H/~~:/ead~ 200000:888 ~b~lbS

(zero moment at pile head for this load indicates a free-head condition)

(1) Cohesion = uni axi al compressive strength for rock materi al s.

~243~ ~:~~~fto~a~~~/~illeg~r~:~e~~~e~l~~/g~t:heninput values are O.
() RQD and k...rm are reported only for weak rock strata.

computed values of Load Distribution and Deflection
for Lateral Loading for Load case Number 1

Distribution of p-y mUltipliers with depth defined using

p-y Modi fi cati on Factors

pi 1e-head boundary condi tions are Shear and Moment (BC Type 1)

~~:~n~:~ ~~~:~/~~c~i~~ ~~~~ head ~ 24000: 888 ~ ~~1bs
specified axial load at pile head 200000.000 lbs

(Zero moment for thi s load i ndi cates free-head condi tions)

Point
NO.

Depth X
in

p-mult y-mult

2 poi nts
Depth

X
in

Deflect.
¥
1n

Moment
M

lbs-in

Shear
V

lbs

slope
S
Rad.

Total
Stress

lbs/i n**2

Soi 1 Res

lbs/in

pi 1e-head Loadi ng and Pile-head Fi xi ty Condi tions

Stati c 1oadi n9 cri teri a was used for computati on of p-y curves

Loadi ng Type

.000
720.000

.6000

.6000
1.0000
1.0000

0.000 .065561 -2.2601E-08 24000.0000 - .0010766
12.000 .052642 264711. 19687.0566 -.0010495
24.000 .040373 477527. 15403.1469 -.0009735
36.000 .029277 639060. 11213.1588 -.0008592
48.000 .019751 750767. 6610.5155 - .0007170
60.000 .012069 801154. 797.3779 - .0005582
72.000 .006355 772583. -5400.8905 -.0003971
84.000 .002538 673439. -10759.2756 -.0002492
96.000 .000375 515557. -15374.2424 -.0001275

108.000 -.000522 305069. -15772.1299 -4.3499E-05
120.000 -.000669 137234. -12012.6992 1. 7647E-06
132.000 -.000479 16755.4397 -6891.2876 1.7524E-05
144.000 -.000249 -28240.5925 -2053.6174 1.6348E-05
156.000 -8.70E-05 -32609.8501 252.6174 1.0121E-05
168.000 -5.60E-06 -22226.3560 907.5561 4.5092E-06
180.000 2.12E-05 -10850.1488 788.2236 1.1242E-06

442.0866
637.1336
793.9423
912.9645
995.2737

1032.4001
1011.3486

938.2959
821. 9639
666.8702
543.2050
454.4325
462.8951
466.1145
458.4637
450.0814

-359.3398
-359.4841
-354.5008
-343.8305
-423.2767
-545.5796
-487.4652
-405.5990
-363.5621

297.2475
329.3243
524.2443
282.0340
102.3384

6.8180
. -26.7068



Output Verification:

computed forces and moments are within specified convergence limits.

cava11 0 Road - Abutment 2.1 po
192.000 2.14E-05 -3314.3865 461.1885 -3.2534E-07
204.000 1. 34E-05 219.9380 188.0629 -6.4202E-07
216.000 5. 97E-06 1202.2052 34.3599 -4. 9648E-07
228.000 1. 49E-06 1046.9576 -24.8423 -2.6631E-07
240.000 -4.18E-07 607.2672 -33.3554 -9.7017E-08
252.000 -8.37E-07 246.8945 -23.4020 -9.6040E-09
264.000 -6.49E-07 45.6644 -11.6207 2.0336E-08
276.000 -3.49E-07 -32.0991 -3.7100 2.1724E-08
288.000 -1.27E-07 -43.4808 .0656067 1. 3989E-08
300.000 -1.29E-08 -30.5917 1.1785 6.4089E-09
312.000 2.64E-08 -15.2276 1.0715 1. 7199E-09
324.000 2.84E-08 -4.8839 .6371368 -3.3827E-10
336.000 1. 83E-08 .0652967 .2671586 -8. 3139E-10
348.000 8.40E-09 1.5319 .0554295 -6.6794E-10
360.000 2.27E-09 1.3988 -.0291620 -3.6802E-10
372.000 -4.33E-10 .8337520 -.0437030 -1.3955E-10
384.000 -1.08E-09 .3506090 -.0316818 -1.8345E-11
396.000 -8.73E-10 .0734764 -.0161688 2.5055E-11
408.000 -4.82E-10 -.0375618 -.0054247 2.8730E-11
420.000 -1.83E-10 -.0568535 -.0001491 1.9068E-11
432.000 -2.43E-11 -.0412313 .0014971 9.0300E-12
444.000 3.34E-11 -.0209662 .0014245 2.6649E-12
456.000 3.97E-11 -.0070557 .0008447 -2.0283E-13
468.000 2.86E-11 -.0006928 .0003513 -9.9580E-13
480.000 1.58E-11 .0013803 9.8620E-05 -9.2544E-13
492.000 6.36E-12 .0016785 -5.1194E-06 -6.1240E-13
504.000 1.07E-12 .0012604 -3.9968E-05 -3.1164E-13
516.000 -1.12E-12 .0007208 -3.9759E-05 -1.0889E-13
528.000 -1. 54E-12 .0003067 -2. 7300E-05 -3.7396E-15
540.000 -1.21E-12 6.5624E-05 -1.4421E-05 3.4362E-14
552.000 -7.15E-13 -3.9583E-05 -5.4074E-06 3.7027E-14
564.000 -3.19E-13 -6.4332E-05 -5.5900E-07 2.6392E-14
576.000 -8.16E-14 -5.3126E-05 1. 3205E-06 1. 4372E-14
588.000 2.56E-14 -3.2710E-05 1.5832E-06 5. 5878E-15
600.000 5.25E-14 -1.5156E-05 1.2174E-06 6.8944E-16
612.000 4.21E-14 -3.4966E-06 7.0781E-07 -1.2194E-15
624.000 2.32E-14 1.8377E-06 2.6017E-07 -1.3891E-15
636.000 8.79E-15 2.7542E-06 6.4026E-09 -9.1922E-16
648.000 1. 14E-15 1.9958E-06 -7.2402E-08 -4.3312E-16
660.000 -1.60E-15 1.0187E-06 -6.8766E-08 -1.2462E-16
672.000 -1.85E-15 3.4602E-07 -4.1409E-08 1.5033E-17
684.000 -1.24E-15 2.4769E-08 -1.6913E-08 5.2979E-17
696.000 -5.75E-16 -6.0158E-08 -2.5021E-09 4.9357E-17
708.000 -5.71E-17 -3.5518E-08 2.5145E-09 3.9566E-17
720.000 3.74E-16 0.0000 0.0000 3.5931E-17

cavallo Road - Abutment 2.1 po

computed values of Load Distribution and Deflection
for Lateral Loadi ng for Load Case Number 2

soi 1 Res

lbs/in

442.0866 -429.1092
723.4083 -432.0544
958.7492 -429.8816

1148.2245 -422.0741
1292.5694 - 528.5401
1380.4166 -698.2958
1393.7113 -648.3588
1337.7456 -579.2576
1219.8786 -481. 0070
1050.5931 -472.0134

830.9265 385.7066
651. 9936 431.4068
518.7314 428.6309
453.2626 395.7065
499.0920492.5787
492.6292 133.7968
471. 9452 -30.5835
454.4915 -71.1182
444.5777 -56.4865
443.5173 -30.8792
444.1619 -11. 5755
443.5773 -1. 4155
442.8417 2.1767
442.3367 2.4420
442.0907 1.6055
442.1582 .7509289
442.1541 .2116501
442.1276 -.0302531
442.1042 -.0917790
442.0906 -.0758712
442.0883 -.0426044
442.0894 - .0165926
442.0887 -.0025285
442.0877 .0026581
442.0870 .0032237
442.0867 .0021845
442.0867 .0010504
442.0867 .0003101
442.0867 -3.9058E-05
442.0867 - .0001143
442.0867 -8.0897E-05
442.0866 -5.4041E-05
442.0867 -2. 7770E-05
442.0867 -9.8899E-06
442.0867 -5.2792E-07
442.0867 2. 9249E-06
442.0866 3.2262E-06

Total
Stress

lbs/i n**2

slope
s
Rad.

shear
v
lbs

Moment
M

lbs-in

Deflect.
¥ln

Depth
X
in

0.000 .133348 -5.6503E-08 34000.0000 -.0019567
12.000 .109867 381800. 28833.0183 -.0019177
24.000 .087324 701197. 23661. 4022 - .0018068
36.000 .066504 958347. 18549.6677 -.0016370
48.000 .048036 1154247. 12845.9822 -.0014208
60.000 .032404 1273470. 5484.9667 -.0011724
72.000 .019900 1291513. -2594.9609 -.0009099
84.000 .010568 1215558. -9960.6590 -.0006533
96.000 .004221 1055593. -16322.2461 -.0004209

108.000 .000467 825845. -22040.3685 -.0002283
120.000 -.001259 527720. -22558.2094 -8.9807E-05
132.000 -.001688 284879. -17655.5289 -6.6477E-06
144.000 - .001418 104020. -12495.3029 3. 3151E-05
156.000 -.000893 -15167.6712 -7549.2788 4.2244E-05
168.000 -.000405 -77365.8106 -2219.5679 3.2774E-05
180.000 - .000106 -68594.6170 1538.6849 1. 7837E-05
192.000 2. 35E-05 -40522.9919 2157.9649 6. 6704E-06
204.000 5. 38E-05 -16835.4779 1547.7549 8.0045E-07
216.000 4.27E-05 -3380.7165 782.1268 -1.2684E-06
228.000 2. 34E-05 1941.6527 257.9327 -1.4157E-06
240.000 8.76E-06 2816.4648 3.2046 -9.2876E-07
252.000 1.07E-06 2023.0200 -74.7417 -4.3350E-07
264.000 -1.65E-06 1024.7444 -70.1749 -1.2160E-07
276.000 -1.85E-06 339.4060 -42.4627 1.8005E-08
288.000 -1.21E-06 5.5523 -18.1777 5.3307E-08
300.000 -5.68E-07 -97.1137 -4.0392 4.3937E-08
312.000 -1. 60E-07 -91. 5983 1. 7363 2.4625E-08
324.000 2.29E-08 -55.5602 2.8247 9.5648E-09
336.000 6.94E-08 -23.8513 2.0925 1. 4380E-09
348.000 5.74E-08 -5.3469 1.0866 -1.5501E-09
360.000 3.22E-08 2.2347 .3757543 -1.8686E-09
372 .000 1.26E-08 3.6802 .0205722 -1. 2633E-09
384.000 1. 91E-09 2.7345 -.0941543 -6.0682E-10
396.000 -2.01E-09 1.4234 -.0933766 -1.8132E-10
408.000 -2.44E-09 .4943122 -.0580857 1.4928E-11
420.000 -1.65E-09 .0292334 -.0256363 6.8506E-11
432.000 -7.95E-10 -.1212874 -.0062265 5.9086E-11
444.000 -2.35E-10 -.1204852 .0019369 3.4343E-11
456.000 2. 95E-11 - .0749676 .0035632 1.4341E-11
468.000 1.10E-10 -.0350375 .0026433 3.0836E-12
480.000 1.04E-10 -.0115443 .0014723 -1.6835E-12
492.000 6.92E-11 .0003053 .0006627 -2.8336E-12
504.000 3.55E-11 .0043730 .0001718 -2.3549E-12
516.000 1.27E-11 .0044395 -5.4172E-05 -1.4530E-12
528.000 6.76E-13 .0030798 -.0001167 -6.8350E-13
540.000 -3.74E-12 .0016425 -.0001023 -2.0023E-13
552.000 -4.13E-12 .0006256 -6.5391E-05 3.1882E-14

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~~~:~ ~~;:~/~~c~i~~ ~~~~ head: 34000: ggg ~ ~~1bs
speci fi ed axi all oad at pi 1e head = 200000.000 1bs

(Zero moment for thi s load i ndi cates free-head condi ti ons)

444.5288 -27.7991
442.2487 -17.7219
442.9725 -7.8953
442.8581 -1. 9717
442.5341 .5528888
442 .2686 1. 1060
442.1203 .8575626
442.1103 .4608755
442.1187 .1683987
442.1092 .0170832
442.0979 - .0349159
442.0902 -.0374782
442.0867 -.0241848
442.0878 -.0111034
442.0877 -.0029952
442.0873 .0005717
442 .0869 .0014318
442.0867 .0011537
442.0867 .0006370
442.0867 .0002423
442.0867 3.2102E-05
442.0867 -4.4201E-05
442.0867 - 5. 2437E-05
442.0866 -2. 9793E-05
442.0867 -1.2321E-05
442.0867 -4. 9693E-06
442.0866 -8.3874E-07
442.0866 8.7357E-07
442.0866 1. 2028E-06
442.0866 9.4368E-07
442.0866 5. 5860E-07
442.0866 2.4947E-07
442.0866 6. 3776E-08
442.0866 -1.9987E-08
442 .0866 -4. 0990E-08
442.0866 -4. 3933E-08
442.0866 -3.0673E-08
442.0866 -1.1622E-08
442.0866 -1. 5122E-09
442 .0866 2 . 1181E-09
442.0866 2.4414E-09
442.0866 1. 6412E-09
442.0866 7.6067E-10
442.0866 7. 5426E-11
442.0866 -4. 9451E-10

.06556052 in
- .00107656

801153.69925 bs-i n
24000 . 00000 bs
60.00000000 n

0.00000 n
17
10

output summary for Load Case No.1:

pil e-head defl ecti on
computed slope at pi le head

~:~~~~~ ~h~~~n~o~~~ent
g:~~~ ~~ ~:~~~~~ ~h~~~n~o~~~ent
Number of iterations =
Number of zero deflection poi nts =

computed values of Load Distribution and Deflection
for Lateral Loadi ng for Load case Number 3

Output Veri fi cati on:

computed forces and moments are wi thi n speci fi ed convergence li mi los.

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~;:~/~~c~i~~ ~~~~ head: 44000: ggg ~ ~~1bs
specified axial load at pile head = 200000.000 lbs

(Zero moment for thi S load i ndi cates free-head condi tions)

Depth Deflect. Moment Shear slope Total Soil Res
X ¥ M V S Stress

lbs/inin ln lbs-in lbs Rad. lbs/i n**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .225984 2.2601E-08 44000.0000 - .0030399 442.0866 -489.5878
12.000 . 189505 500045. 38091. 7148 -.0029887 810.5347 -495.1263
24.000 .154255 928547. 32147.4815 - .0028425 1126.2672 -495.5792
36.000 .121285 1285229. 26231.1605 - .0026160 1389.0810 -490.4743
48.000 .091471 1570652. 19563.1711 - .0023237 1599.3885 -620.8573
60.000 .065516 1765899. 10842.1827 - .0019823 1743.2526 -832.6408
72 .000 .043897 1840379. 1105.6461 - .0016132 1798.1314 -790.1153
84.000 .026799 1800178. -8020.6570 - .0012406 1768.5102 -730.9352
96.000 .014122 1653838. -16309.1422 - .0008872 1660.6828 -650.4790

108.000 .005507 1413017. -23427.6445 - .0005733 1483.2387 -535.9380
120.000 .000363 1094326. -28932.7877 - .0003167 1248.4183 -381. 5858
132.000 - .002094 720150. -28490.9387 - .0001310 972.7143 455.2273
144.000 - .002782 411173. -22716.3341 -1. 5244E-05 745.0508 507.2068
156.000 - .002460 175031. -16614.5205 4.4747E-05 571.0548 509.7622

451. 0830 481. 6876
SOl. 9579 427.3839
525.4491 446.9254
501. 4791 51. 9504
471. 9678 -88.7875
451. 862 5 -97.8670
442.1364 -63.8735
444.9858 -29.6606
444.7862 -8.2216
443.7129 1. 3230
442.7793 3.7020
442.2380 3.0294
442.1551 1. 6899
442.1957 .6520845
442.1670 .0947020
442.1282 - .1087654
442.1009 - .1292463
442.0873 - .0869113
442.0903 - .0415393
442.0902 - .0122799
442.0889 .0011447
442.0876 .0047610
442.0869 .0040651
442.0867 .0023296
442 .0868 .0009271
442 . 0868 .0001112
442.0867 -.0001058
442.0867 -.0001393
442.0867 -.0001077
442.0867 -6.3014E-05
442.0867 -2. 7693E-05
442.0867 -6.6570E-06
442.0867 2.8056E-06
442.0867 5.2529E-06
442.0866 4.4709E-06
442.0866 2. 7961E-06
442.0866 1. 3298E-06
442.0866 5. 3508E-07
442.0866 -4.9811E-08
442.0866 -2. 5053E-07
442.0866 -2. 1711E-07
442.0866 -1.2577E-07
442.0866 -5.1259E-08
442.0866 -9.5094E-09
442.0866 7. 5132E-09
442.0866 1. 2306E-08
442.0866 1. 3860E-08

.22598394 in
-.00303990

1840379. bs-i n
44000 . 00000 bs
72 . 00000000 n

0.00000 n
21
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168.000 -.001708 12209.5180 -10665.8220 6. 3908E-05
180.000 -.000926 -81255.2192 -5211.3930 5.6842E-05
192.000 -.000344 -113137. 34.4628 3. 6949E-05
204.000 -3.93E-05 -80605.4659 3027.7173 1. 7122E-05
216.000 6.72E-05 -40553.7253 2806.6944 4.7226E-06
228.000 7.40E-05 -13267.4678 1686.7671 -7.8535E-07
240.000 4. 83E-05 -67.5459 716.3241 -2.1500E-06
252.000 2.24E-05 3934.6298 155.1196 -1.7543E-06
264.000 6.22E-06 3663.7443 -72 .1737 -9.7667E-07
276.000 -1.00E-06 2207.1480 -113.5654 -3.7586E-07
288.000 -2.80E-06 939.9782 -83.4152 -5.3791E-08
300.000 -2.29E-06 205.4406 -43.0264 6.3428E-08
312.000 -1.28E-06 -92.9591 -14.7106 7.4939E-08
324.000 -4.93E-07 -147.9728 -.6588854 5.0283E-08
336.000 -7.16E-08 -109.0137 3.8218 2.3984E-08
348.000 8.23E-08 -56.3639 3.7375 7.0593E-09
360.000 9.78E-08 -19.3487 2.3094 -6.8889E-10
372 .000 6.58E-08 -.9354489 1.0124 -2. 7647E-09
384.000 3.14E-08 4.9631 .2417343 -2.3525E-09
396.000 9.29E-09 4.8775 - .0811807 -1. 3455E-09
408.000 -8.66E-10 3.0212 -.1479919 -5.3717E-10
420.000 -3.60E-09 1.3282 -.1125581 -9.2058E-11
432.000 -3.08E-09 .3202249 -.0596018 7.6642E-11
444.000 -1. 76E-09 - .1025728 - .0212337 9.8916E-11
456.000 -7.01E-10 -.1898578 -.0016934 6.8989E-11
468.000 -1.07E-10 -.1435449 .0045367 3.4870E-11
480.000 1.35E-10 -.0811431 .0045692 1.1876E-11
492.000 1. 78E-10 - .0339419 .0030982 9.8167E-14
504.000 1. 38E-10 - .0067859 .0016163 -4.0698E-12
516.000 8.07E-11 .0048681 .0005921 -4.2661E-12
528.000 3.54E-11 .0074456 4.7884E-05 -3.0059E-12
540.000 8.52E-12 .0060317 -.0001582 -1.6267E-12
552.000 -3.59E-12 .0036563 -.0001813 -6.3523E-13
564.000 -6.72E-12 .0016830 -.0001330 -8.8823E-14
576.000 -5.72E-12 .0004654 -7.4629E-05 1.3104E-13
588.000 -3.58E-12 -.0001087 -3.1027E-05 1.6754E-13
600.000 -1.70E-12 -.0002801 -6.2725E-06 1.2775E-13
612.000 -5.13E-13 -.0002599 4.9165E-06 7.2495E-14
624.000 3.77E-14 -.0001624 7.8281E-06 2.9278E-14
636.000 1.90E-13 -7.2121E-05 6.0261E-06 5.2738E-15
648.000 1.64E-13 -1.7841E-05 3.2202E-06 -3.9327E-15
660.000 9.52E-14 5.1827E-06 1.1629E-06 -5.2281E-15
672.000 3.88E-14 1.0093E-05 1.0067E-07 -3.6649E-15
684.000 7.19E-15 7.6163E-06 -2.6394E-07 -1.8526E-15
696.000 -5.68E-15 3.7670E-06 -2.7591E-07 -6.8767E-16
708.000 -9.31E-15 9.9770E-07 -1.5700E-07 -2.0007E-16
720.000 -1.05E-14 0.0000 0.0000 -9.7967E-17

output Summary for Load case No.3:

pi le-head deflection
computed sl0l'e at pile head
Maxi mum bendl ng moment
Maximum shear force

g:~~~ ~~ ~:~~~~~ ~h~~~n~o~~~ent
Number of iterations
Number of zero defl ecti on poi nts

Output Verification:

computed forces and moments are wi thi n speci fi ed convergence 1imi los .

442.0866 2. 3271E-06
442 . 0866 1. 2880E-06
442.0866 5.2637E-07
442.0866 1. 0354E-07
442.0866 -8.6276E-08
442.0866 -1. 5405E-07
442.0866 -1.0970E-07
442.0866 -5. 5160E-08
442 .0866 -1. 7994E-08
442.0866 2.4883E-11
442.0866 5. 5452E-09
442.0866 5.2115E-09
442.0866 3.0786E-09
442.0866 7.6552E-10

.13334827 in
- .00195673

1291513. 1bs-i n
34000.00000 lbs
72 .00000000 i n

0.00000 in
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564.000 -2.98E-12 7.2980E-05 -3.2071E-05 1.0337E-13
576.000 -1.65E-12 - .0001446 -1.0380E-05 9.6047E-14
588.000 -6.74E-13 -.0001766 5.0665E-07 6.3178E-14
600.000 -1. 33E-13 - .0001327 4.2861E-06 3.1522E-14
612.000 8.27E-14 -7. 3883E-05 4.3897E-06 1.0378E-14
624.000 1.17E-13 -2.7426E-05 2.9477E-06 1.0623E-17
636.000 8.30E-14 -3.1391E-06 1.3651E-06 -3.1173E-15
648.000 4.17E-14 5.3522E-06 3.7597E-07 -2.8909E-15
660.000 1.36E-14 5.8980E-06 -6.2953E-08 -1. 7395E-15
672.000 -1.88E-17 3.8497E-06 -1.7077E-07 -7.4199E-16
684.000 -4.20E-15 1.8032E-06 -1.3734E-07 -1.6349E-16
696.000 -3.94E-15 5.5422E-07 -7.2805E-08 7.7754E-17
708.000 -2.33E-15 5.5467E-08 -2.3064E-08 1.4015E-16
720.000 -5.79E-16 0.0000 0.0000 1.4582E-16

output Summary for Load Case No.2:

pi 1e-head defl ecti on
computed slope at pil e head

=:~~~~~ ~h~~~n~o~~ent
g:~~~ ~~ ~:~~~~~ ~h~~~n~o~~~ent
Number of iterations =
Number of zero deflection points =
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summary of Pile Response(s)

Definition of symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,
Type 2 = Shear and slope,
Type 3 = Shear and Rot. Sti ffness,
Type 4 = Defl ecti on and Moment,
Type 5 = Deflection and slope,

y = pile-head displacment in
M = pil e-head Moment 1bs-i n
v = pi 1e-head shear Force 1bs
S = Pile-head slope, radians
R = Rot. Stiffness of Pile-head in-lbs/rad

Load pi 1e-Head
Type Condi ti on

1

pi le-Head
condition

2

Axial
Load
lbs

pi le-Head
Deflection

in

Maximum
Moment
in-lbs

Maximum
Shear
lbs

1 v=
1 v=
1 v=

24000. M=
34000. M=
44000. M=

0.000
0.000
0.000

200000.
200000.
200000.

.0655605

.1333483

.2259839

801154. 24000.0000
1291513. 34000.0000
1840379. 44000.0000

The anal ysi s ended normally.
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Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: EA: 228511 o PSRlPDS (Review No. -l ~ 65% PS&E Unchecked Details Reviewer Name:Ali Kaddoura- o APSIPSR (Review No. -l o PS&E (Review No.!l Functional Unit:327
Project Name: Route 4 Widenining o APSIPR (Review No. -l o Construction Support Cost Center:59
SEG3A DType Selection ~ Other:Foundation Renort Phone Number: 510-286-4676

structure In'-ormation e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Bor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Cavallo Rd. UC
Date of Review: 02/11/09

Br No: 28-0402RILe-mail:
overcomer horrtV,dot.ca.!!ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

Page,

Doc. Section, or
./# (See Note 1) SSP Review Comments Consultant Responses

1 FR FR Prepared by Parikh Consultants No response required.
Cavallo Rd Dated September 2008

UC
Bridge No.

28-
0402R1L

65% PS&E
2 P 10, Nominal Resistance units (kips) are missing Agreed. Units have been added in the table.

Pile Data
Tables

3 (C2) Approved subject to OSFP verification No response required.

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)

P=Strueture Plans ISP=Special Provisions IFR=Foundation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales

RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Cheek Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

-/= Comment Resolved
(for Reviewer's use)

Page 10f3



Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information
Dist: EA: 228511 bJ PSRlPDS (Review No• .J o 65% PS&E Unchecked Details Reviewer Name:Ali KaddouralR. Nashed.. o APS/PSR (Review No. .J o PS&E (Review No. .ll Functional Unit:327
Project Name: Route 4 Widenining D APS/PR (Review No. ...1 D Construction Support -

Cost Center:59
SEG3A DType Selection IZI Other:Final Foundation ReDort Phone Number: 510-286-4676

structure Intormatlon e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Cavallo Rd. DC
Date of Rcyiew: 11102/09Br No: 28-0402RILe-mail:

ovcrcomer hor(Q),dot.ca.l!ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

Page,
Doc. Section, or

./# (See Note 1) SSP Review Comments Consultant Responses
1 Final FR Final FR Prepared by Parikh Consultants No response required.

Cavallo Rd Dated August 2009
UC

Bridge No.
28-

0402R1L

2 Page 6 t In the table: Per e-mail from Hossein Salimi of
Seismic - The distance between the site and Vaca Fault Caltrans dated March 2, 2010, no
Sources Zone is 5.5 miles not 3.4 miles.

The distance between the site and Great further action on this comment is
-

Valley Fault is 6.6 miles not 4.4 miles. required. (See attached e-mail)
Please correct and check all calculations based on

these values.

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document tvPe)
P=Stnlct.ure Plans ISP--SpcciaJ Provisions IFR=Foundation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulics Rpt ICC=Check Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

.,/= Conunent Resolved
(for Reviewer's use)

Page 1 of2



Dist-EA: -228511 Str Name (if app.): Cavallo Rd. DC Str No. 28-0402R1L
Reviewer: Ali KaddouralR. Nashed FU11ctional Unit: 327 11102/09

3 Our previous comments have been addressed to our
satisfaction.

4 Final FR (C2) Approved subject to OSFP verification
Cavallo Rd

UC
Bridge No.

28-
0402RJL

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)

P=Structurc Plans ISP=Special Provisions IFR=Found.1tion Rpt IDC=DesignCa1cs ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulics Rpt ICC=Oleck Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

~= Comment Resolved
(for Reviewer's usc)

Page 2 of2



Partha Sircar

From:
To:
Sent:
Attach:
Subject:

FYI

"Hossain Salimi" <hossain_salimi@dot.ca.gov>
"Partha Sircar" <psircar@parikhnet.com>
Tuesday, March 02, 201010:53 AM
228511 GeoSeg 3A-1 stPSE.pdf
Fw: SR4 Segment 3A bridges - Seismic

Hossain Salimi
Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 03/02/2010 09:53 AM

Hossain
Salimi/HQ/Caltran
s/CAGov To

Ali KaddouraJD04/Caltrans/CAGov,
02/25/2010 10:43 Rifaat Nashed/HQ/Caltrans/CAGov
AM cc

Tim Pokrywka/D04/Caltrans/CAGov@DOT
Subject

Fw: SR4 Segment 3A bridges
Seismic

Gentlemen,

I am writing you in regards to the reports submitted by Parikh and our
subsequent attached comments (Bridges under EA # 04-228511). Parikh had
used the old 1996 Caltrans Seismic Hazard Map as well as the old Seismic
Design Criteria (SDC) to produce the seismic recommendations. These
bridges were type selected before the Department mandated changes to the
SDC became official. In fact, their findings are more conservative
compared to the new criteria. In light of this, I find it unreasonable for
us to request changes to the seismic recommendations of these reports. I
am satisfied with the findings in the reports and have no further comments.
In the future, I will check the type selection date of each bridge to see
if the changes to the new SDC are warranted.

Sincerely,

Hossain Salimi

4/7/2010



Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 02/25/2010 10:30 AM

Page 2 of4

"Partha Sircar"
<psircar@parikhne
t.com> To

"Hossain Salimi"
02/24/2010 10: 13 <hossain salimi@dot.ca.gov>
AM cc

Subject
SR4 Segment 3A bridges - Seismic

Hossein:

As I had discussed with you earlier, I have the same issues with the above
bridges. Please call me to advise.

Partha Sircar
Parikh Consultanta
(408) - 452 -9000

----- Original Message -----
From: "Hossain Salimi" <hossain salimi@dot.ca.gov>
To: "Rifaat Nashed" <rifaat nashed@dot.ca.gov>; "Ali Kaddoura"
<ali kaddoura@dot.ca.gov>
Cc: "Partha Sircar" <psircar@parikhnet.com>; "Tim Pokrywka"
<tim-!,okrywka@dot.ca.gov>
Sent: Thursday, December 17,2009 10:38 AM
Subject: Updated status of Somersville Rd UC replacement (04-228511)

>
> Hi RifaatlAli,
>
> I had a conversation with Mr. Sircar of Parikh subsequent to the e-mail I
> sent you. As it turns out, this project has been in the works for a long
> time, and the seismic analysis and design have already been completed
> using

4/7/2010



r agt; .J VI 't

To
Rifaat Nashed/HQ/Caltrans/CAGov

11/30/2009 09:25 cc
AM Tim Pokrywka/D04/Caltrans/CAGov@DOT

Subject
Somersville Rd DC replacement

(04-228511 )(Document link: Hossain
Salimi)

Hossain
Salimi/HQ/Caltran
s/CAGov

> the old SDC. Therefore, Parikh is not required to take any further
> actions
> regarding my comments. Thank you all.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
> ----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 12/17/2009 10:31
AM
> -----
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Rifaat,
>
> I reviewed the attached documents you sent me on November 19,2009
(Report
> containing Final Foundation Report from Parikh Consultants to Mark Thomas
> and Company Inc. for the proposed Somersville Road Undercrossing
> replacement) and have the following comments. I should note that the
> proposed bridge (28-0398L/R) is located on Route 4 and will replace the
> existing 2-span structure (28-0211R).
>
> 1. According to the report, Parikh is using the in-progress Seismic
Hazard
> Map (CSHM). However, the distances as outlined in the table does not
> match our latest CSHM.
>
> 2. The Department has finalized the new ARS curves based on the new
> Seismic
> Design Criteria (SDC) and is now mandatory for use by both the Department
> personnel as well as our consultants effective September 30, 2009.
> However, Parikh is still using the ARS curve based on the 2001 SDC which
> was

4/7/2010



Page 4 of4

Hossain
11/19/2009 03 :20 Salimi/HQ/Caltrans/CAGov@DOT
P~ cc

Tim Pokrywka/D04/Caltrans/CAGov
Subject

Somerville Rd DC (Replacement)

To

Rifaat
NashedIHQ/Caltran
s/CAGov

> based on Sadigh 1996 Attenuation Relationship models.
>
> To re-iterate, the Department has implemented the new SDC and the
> consultant shall re-submit the report using the now mandated seismic
> design
> criteria.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Hossain
>
> Please find attached the Final Foundation Report for Somerville Road
> Dndercrossing (Replacement) by PARIKH Consultant
>
> (See attached file: FR- Somerville Rd DC (Replacement).pdf)(See attached
> file: Appendix B- Lab Tests.pdf)(See attached file: Appendix C.pdf)
>
>
> Regards
>
> Rifaat Nashed
(See attached file: 228511GeoSeg 3A-1stPSE.pdf)

4/7/2010
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FINAL FOUNDATION REPORT

A STREET UNDERPASS (BRIDGE NO. 28C0487)

EAST CONTRA COSTA TRANSIT DEVELOPMENT (eBART)

ANTIOCH, CONTRA COSTA COUNTY, CALIFORNIA

04-CC-4-R27.8 EA 2285Fl

INTRODUCTION

This report presents the results ofour geotechnical engineering investigation for the proposed new

eBART underpass structure over A Street in Antioch, Contra Costa County, CA. Our work was

performed generally in accordance with the scope of work as per our agreement. The general

location of the site and its vicinity are shown on the Project Location Map, Plate 1.

The geotechnical recommendations presented in this report are intended for design input and are

not intended to be used as specifications. These recommendations should not be used for direct

bidding purposes.

PROPOSED CONSTRUCTION

The project plans are to construct a new underpass for eBART in the median between the

eastbound and westbound bridges on Highway 4 crossing A Street-Lone Tree Way. The adjacent

highway bridges are planned to be replaced under a different program. Per the plans provided by

T. Y. Lin International, The new underpass will be two-span cast-in-place prestressed concrete box

girder structure that will span over Lone Tree Way/A Street. Per the plans provided, the structures

will be 200 feet long and 27 feet wide along the same alignment. The new underpass will

accommodate two parallel railroad tracks. Abutments 1 and 3 will be open face abutments on fill.

Support at Bent 2 will consist of two 4-ft diameter columns flared at the top. The abutments and

the two columns in Bent 2 will all be supported on cast-in-drilled-hole (CIDH) piles.

PURPOSE AND SCOPE

The purpose of this investigation was to evaluate the general soil conditions at the project site, to

evaluate their engineering properties, and to provide recommendations for foundation support of

the proposed project.
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The scope ofwork performed for this investigation included a review of the readily available soils

and geologic literature, obtaining representative soil samples and logging soil materials

encountered in four drilled borings, laboratory testing of the collected samples, engineering

analysis of the field and laboratory data, and preparation of this report. The basis for this

investigation is the preliminary plans provided to us by T. Y. Lin International. We have presented

the descriptive log of the boreholes in Appendix A.

Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter

unforeseen variations in the soil conditions during construction nor is it practical to determine all

such variations during an acceptable program of drilling and sampling for a project of this scope.

Such variations, when encountered, generally require additional engineering services to attain a

properly constructed project. We, therefore, recommend that a contingency fund be provided to

accommodate any additional charges resulting from technical services that may be required during

construction.

Our recommendations in this report are based on the above information. Any major deviation

should be reported to this office for consideration.

SITE CONDITIONS

The project is located at the crossing of Lone Tree Way/A Street and State Route 4, in the City of

Antioch, Contra Costa County. Per the As-Built drawings, the existing bridges (which will be

demolished) were constructed in 1969. They are single span, cast-in-place prestressed concrete

structures, 155 feet long and 41 feet wide, each carrying two 12-£1 wide traffic lanes and have a

10-£1 shoulder adjacent to the outer lane and a 5-£1 shoulder adjacent to the inner lane. The existing

bridge abutments are on approach fill. The top of the fill is at an approximate elevation of 69 feet,

which is approximately 10 to 15 feet above adjacent ground. The abutments are founded on

16-in.diameter 70 ton Cast-in-drilled-hole (CIDH) piles.

The existing bridge abutments are on approach fill. The top of the fill is at an approximate

elevation of 69 feet, which is approximately 10 to 15 feet above adjacent ground. The abutments

for the underpass will be on the approach fill.
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FIELD EXPLORATION AND LABORATORY TESTING

Field Exploration

The exploration program was based on the proposed plans, discussions with design engineer, and

readily available data of the existing undercrossing. Two (2) exploratory borings were drilled in

September, 2006, one near each abutment as part of the highway widening project. These borings

and the associated laboratory testing have been used here, as they are deemed applicable to the

present. Borings were drilled from the top of the embankment to depths of approximately 100.

Two additional borings were drilled in July, 2009, adjacent to the previous borings to depths of

approximately 130 feet. The latter borings were drilled to gain pertinent additional information

beyond 100-ft depth. The test borings were advanced with a truck-mounted drill rig, using the

hollow stem auger drilling method. The boring locations are shown on the plan portion of the Log

of Test Borings in Appendix A.

The test borings were advanced with a truck-mounted drill rig. The drilling was performed using

hollow stem auger. Selected samples were obtained from 3.0-inch O.D. & 2.5 inches I.D.

(Modified California) and 2.0-inch O.D. & lA-inch I.D. (Standard Penetration Test) samplers at

various depths. The samplers were driven in subsurface soils under the impact ofa 140 lb hammer

having a free fall of30 inches. The blow counts are presented on the "Log ofTest Borings". When

correlating standard penetration data in similar soils, the blow counts for the Modified California

Sampler may be converted to equivalent SPT blow counts by multiplying a factor of 0.65 per

Daniel (2003). The samples were sealed and transported to our laboratory for further evaluation

and testing. The field investigation was conducted under the supervision ofour field engineer who

logged the test borings and prepared the samples for subsequent laboratory testing and evaluation.

Laboratory Testing

Laboratory tests were performed on selected samples obtained during field exploration to

determine the physical and engineering properties of the subsoils. Laboratory data of moisture

contents, dry density, grain size distribution, Atterberg Limits and unconfined compression tests

are presented on the Log of Test Borings. A detailed description of laboratory testing performed is

presented in Appendix B.
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Boring Logs

The bore logs presented in Appendix A were prepared from the field logs which were edited after

visual re-examination of the soil samples in the laboratory and results of classification tests on

selected soil samples as indicated on the logs. The abrupt stratum changes shown on these logs

may be gradual and relatively minor changes in soil types within a stratum may not be noted on the

logs due to field limitations. Appendix A also includes log of test borings available from as-built

drawings for the existing undercrossing.

SUBSURFACE CONDITIONS

Subsurface conditions in both the borings drilled indicate predominantly lean clays and sandy clays

with occasional layers of sandy soils to a depth of approximately 60 feet. The clays are generally

very stiff to a depth of 30 feet, turning to hard clays below that depth. Very hard/very dense

interbedded layers of sandstone and siltstone were encountered in all the four borings at depths of

approximately 70 feet. The sandstones and siltstones are judged to belong to Tulare Formation

(Pliocene). Four boring logs, drilled in 1957 are shown on the as-built drawings. The boring logs

indicate predominantly silts and sandy silts with interbedded sand layers. The discrepancies

between the current and As-built boring logs may be attributed to changes in soil classification

over the years.

During field exploration in September, 2006, groundwater was encountered (during drilling)

approximately at 63-ft depth (Elev. 5.6 feet) in boring AST-154 on the west end and approximately

at 56.5-ft depth (Elev. 11.7 feet) in boring AST-155 on the east side of the bridge. During field

exploration in July, 2009, groundwater was encountered (during drilling) approximately at 80-ft

depth (Elev. -11.4 feet) in boring AST-154A on the west end and approximately at 60-ft depth

(Elev. 8.2 feet) in boring AST-155A on the east side of the bridge. In boring 155A, groundwater

rose approximately 20 feet (Elev. 28.2 feet) prior to grouting of the hole. However, the

groundwater may vary with the passage of time due to seasonal groundwater fluctuation, surface

and subsurface flows, ground surface run-off and other factors that may not be present at the time

of investigation.
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GEOLOGY

General geologic features pertaining to the site were evaluated with reference to the "Geologic Map

of Quaternary Geology of Contra Costa County and Surrounding Areas, CA: Derived from Digital

Database open-file 97-98" by EJ. Helley and R.W. Graymer 1997; Scale 1:100000. Based on the

map, the site is located in an area covered by Pleistocene alluvial deposits (Qpaf). A geologic map of

the general project area is shown on Plate 2. Description of the main geologic units is as follows:

Qpaf(Alluvial Fans and Fluvial Deposits (Pleistocene)) - Brown dense gravely and clayey

sand or clayey gravel thatfines upward to sandy clay. These deposits display various sorting

and are located in most stream channels in the county. All Qpafdeposits can be related to

modern stream courses. They are distinguished from younger alluvial fans and fluvial

deposits by higher topographic position, greater degree of dissection, and stronger soil

profile development. They are less permeable than Holocene deposits, and locally contain

fresh water mollusks and extinct late Pleistocene vertebrate fossils. They are overlain by

Holocene deposits on lowerparts ofthe alluvialplain, and incised by channels that are partly

filled with Holocene alluvium on higher parts of the alluvial plain. Maximum thickness is

unknown but at least 50m (150 feet).

Another map (,Preliminary geologic map emphasizing bedrock formations in Contra Costa County:

A digital database', compiled by Graymer, Jones and Brabb (USGS Open File Report 94-622) was

also considered for additional information for the bedrock. Bedrock (Tulare Formation) exposed at

the surface is noted to the south of the site. The rock has a shallow dip towards the north and is

therefore expected to underlie the hard Pleistocene clays at the site. Description of the rock is as

follows:

Ttu (Tulare Formation (Pliocene) - Poorly consolidated, non-marine, gray to maroon

siltstone, sandstone, and conglomerate. This formation contains tuff correlated with the

Putah tuff.
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EARTHQUAKE CONSIDERATIONS

Seismic Sources

The project is located in a seismically active part ofNorthern California. Many faults exist in the

area, which are capable of producing earthquakes which may cause strong ground shaking at the

site.

Applicable major faults in the vicinity of the project site were identified and their associated

maximum earthquake magnitudes were established using the In-Progress Seismic Hazard Map

currently under development by Caltrans and the associated Data Base. The documents were

supplied to us by Caltrans, with the understanding that the fault locations in the map and the

associated magnitudes in the Data Base have essentially been finalized. Pertinent information is

summarized below. The moment magnitudes noted in the table represent the largest earthquakes

that could occur on the given fault based on the current understanding of the regional tectonic

structure. A fault map of the project vicinity is shown on Plate 3.

Fault Fault Type
Distance from Site Maximum Moment

Fault NO.(l) (miles) Magnitude

Vaca Fault Zone
14 RLSS(2) 3.4 6.9

Great Valley Fault 5
24 Reverse

4.4 6.5
Fault

Greenville Fault Zone (Clayton 351
RLSS 4.1 6.6Section)

Concord Fault Zone (Ygnacio 341
RLSS 6.9 6.6Valley Section)

(1) Number of the Fault in the Data Base associated with the Caltrans In-Progress Seismic Hazard Map
(2) RLSS - Right-Lateral Strike Slip Fault

Based on the Caltrans In-Progress Seismic Hazard Map and the attenuation relationship by Sadigh

et al. (1997), the controlling fault is the Vaca Fault Zone (Fault No. 14 in the map), which is

associated with a Maximum Moment Magnitude (Mmax) of 6.9. A peak bedrock acceleration

(PBA) of O.50g is anticipated at the site.
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Seismic HazardslLiguefaction Impact

Potential seismic hazards may arise from three sources: surface fault rupture, ground shaking and

liquefaction. Since no active faults pass through the site, the potential for fault rupture is relatively

low. Based on available geological and seismic information, the possibility of the site to

experience strong ground shaking may be considered significant.

Liquefaction is a phenomenon in which saturated soils are subject to a temporary but essentially

total loss of shear strength under the reversing, cyclic shear stresses associated with earthquake

shaking. Submerged, cohesionless sands and silts of low relative density are the type of soils

which usually are susceptible to liquefaction - the susceptibility increases with decreasing relative

density (reflected by the number of blows to drive a sampler), and decreasing fines content.

Accepted procedures for the assessment of liquefaction potential for cohesionless soils have

evolved over the years through research and field observations (Youd et aI, 2001). Recent research

and field observations have shown that clays oflow plasticity are also potentially liquefiable, based

on the moisture content and plasticity characteristics of the clay. Procedures for the assessment of

liquefaction potential for clay soils have also been established and have received general

acceptance (Bray et. aI., 2004).

Potential for liquefaction at the site is low, due to the predominant presence of stiff clay soils and

the relatively low groundwater table.

FINDINGS AND RECOMMENDATIONS

General

Based on the findings of the investigation, it is our opinion that the site is feasible for the planned

bridge structures provided the recommendations presented in this report are incorporated into the

final design and construction.
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This report was prepared specifically for the proposed bridge structures according to the plans

provided to us. Normal construction procedures were assumed throughout our analysis and

represent one of the bases of recommendations presented herein. Our design criteria have been

based upon the materials encountered at the site. Therefore, we should be notified in the event that

these conditions are changed, so as to modify or amend our recommendations.

Foundations

For the proposed structure, 24-inch diameter CIDH piles are recommended for foundation support

at the two abutment locations and 84-inch CIDH piles are recommended for the column

foundations for Bent 2.

Pile Design

Pertinent foundation design information was provided by T. Y. Lin International (Structural

Engineers for the project), which are presented in the following tables (Foundation Design Data

and Foundation Design Loads).

FOUNDATION DESIGN DATA

Support Design Pile Type Finish Pile Pile Cap Size Permissible No. of Piles

No Method Grade Cut-off (ft) Settlement per Support

Elev. (ft) Elev. (ft) B(2) L(3) (inch)

Abutment WSD 24-in 62.33 55.25 14 31.7 0.25(1) 14

1 CIDH

Bent 2 LRFD 84-in 44.00 42.00 N/A N/A 0.25(1) 1

CIDH

Abutment WSD 24-in 61.83 54.75 10 32.7 0.25(1) 14

3 CIDH

Note: (1) Per MTD - 3-1 (2) B = Width (3) L = Length
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FOUNDATION LOADS

Service-I Limit State (kips) Strength Limit State (Controlling Extreme Limit State

Group, kips) (Controllin~ Group, kips)

Total Load Permanent Compression Tension Compression Tension

Support Loads

No. Per Per Per Support Per Max. Per Max. Per Max. Per Max.

Supp. Pile Supp. Per Supp. Per Supp. Per Pile Supp. Per

Pile Pile Pile

Abutment 1914 152(1) 1445 N/A N/A N/A N/A N/A N/A N/A N/A

1 139(4)

Bent 2 1600 1600 1212 2614 2614 360 360 2784 2784 0 0

Abutment 1914 152(1) 1445 N/A N/A N/A N/A N/A N/A N/A N/A

3 139(4)

Notes: (1) Group 1 Loading - 100% of allowable; (4) Group 4 Loading - 125% of allowable

Consistent with the current Caltrans requirements, Working Stress Design (WSD) was used for the

abutment foundations and Load Resistance Factor Design (LRFD) was used for the foundations for

Bent 2 for the two bridges.

The abutment foundations were evaluated for the foundation design data and loading conditions

using Caltrans November 2003 Bridge Design Specifications for foundations, using Working

Stress Design (WSD) methods. The Bent 2 foundations were evaluated for the foundation design

data and loading conditions using AASHTO LRFD Bridge Design Specifications - 3rd Edition,

with Interims Through 2006 and current Caltrans Amendments (v3.06.01). The actual load

demands on the piles, based upon WSD and LRFD are presented in the table below for the two

bridges.
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LOAD DEMANDS

Service Loads Required Nominal Resistance Required Nominal

(kips) (kips) Resistance (kips)

Support Design Strength Limit Extreme Limit

No. Method Compo Tens. Compo Tens. Compo Tens. Compo Tens.

<<1>=0.7) <<1>=0.7) <<1>=1.0) <<1>=1.0)

Abutment WSD 152 0 N/A N/A N/A N/A 304 0

1

Bent 2 LRFD 1600 0 3734 514 2784 0 3734 514

Abutment WSD 152 0 N/A N/A N/A N/A 304 0

3

Estimation of the pile capacities was made using the site-specific subsurface conditions for the

loads computed above and other pertinent information provided by the Structural Engineer. The

computer program SHAFT developed by Ensoft, Inc. was used for the computations. The program

computes capacities for drilled shafts (CIDH piles) based on procedures proposed by O'Neil and

Reese (1999). The procedures utilize an a factor (a=O.55) for "Clay" and a Pfactor for "Sand"

where Pis a function of depths below ground surface and independent of soil friction angle The

SHAFT program also computes the pile settlement and associated mobilization of shaft and

end-bearing resistance, consistent with the O'Neil and Reese (1999) procedures.

The pile data table is presented below. Pile capacity computations (SHAFT output) are presented

in Appendix C. End bearing was neglected in the estimation of axial pile capacities for all piles.
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PILE DATA TABLE

Nominal Load (kips) Finish
Cut-off

Design Specified
Location Pile Type Grade

Elev. (ft)
Tip Elev. Tip Elev.

Compression Tension (ft) (fti l ) (ft)

Abutment 1
24-in

310 0 62.33
55.25 29.0(a),

29.5
CIDH 34.0(b)

84-in 42.00 -29.0(a)
Bent 2 3740 520 44.00 I2.0(b) -29.0

CIDH -20.0(c)

Abutment 3
24-in

310 0 61.83
54.75 24.0(a),

24.0
CIDH 34.0(b)

1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Lateral
Loads.

CIDH Pile Installation

Caltrans standard specifications and standard special provisions (SSP) for "Cast-in-Place Concrete

Piling" should be used for the construction of CIDH piles. It is possible that groundwater may be

encountered during construction and "dry" condition as per the standard specifications Section

49-4 could not be maintained. The "wet" specifications are contained in Caltrans SSP.

Vertical inspection pipes for acceptance testing should be provided in all CIDH piles that are 24

inches in diameter or larger, except when the holes are dry or when the holes are dewatered without

the use of temporary casing to control groundwater. The acceptance test should include Gamma

Gamma Logging and may also include crosshole sonic logging. Gamma-Gamma Logging should

be performed in accordance with California Test 233 Standard (CT233) to check the homogeneity

of CIDH piles. Details of the acceptance testing and Gamma-Gamma Logging are contained in

Caltrans SSP and CT233.

It is prudent to make the contractor aware of these conditions so that he takes appropriate steps to

comply with the standards and maintain the integrity ofthe CIDH piles. The use of temporary steel

casing should be anticipated at all times to maintain the integrity of the piles. It is also
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recommended that the specifications set certain criteria for qualifications and previous work

experience requirements to pre-qualify the potential contractors. The intent is to help select

qualified contractors to reduce construction issues.

All piles excavations should be observed by the geotechnical engineer or regulatory agency prior

to the placement of reinforcement and concrete so that if conditions differ from those anticipated,

appropriate recommendations can be made.

Lateral Pile Capacity

Lateral load analyses may be performed using the LPILE program to determine the behavior of the

piles under lateral loading conditions. Geotechnical parameters recommended for use in the LPILE

program are presented below. The following parameters are based on field borings and laboratory

testing data. The elevation information is based on the topographic information provided to us.

Geotechnical Parameters for LPILE Analysis

Abutment 1

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 45 Very StiffLean Clay
3, STIFF CLAY w/o

Su = 24.31 psi 1000 .005 0.0723FREE WATER

35 to 45 Dense Silty Sand 8, API SAND ~=35° 125 -- 0.0752

20 to 35 Very StiffLean Clay
3, STIFF CLAY w/o

Su = 24.31 psi 1000 .005 0.0723FREE WATER

5 to 20 Very StiffLean Clay 3, STIFF CLAY w/o Su 17.36 psi 1000 .005 0.0723
FREE WATER

Oto 5 Very Stiff Sandy Silt 8, API SAND ~=25° 125 -- 0.0376

Below 5 Hard Lean Clay 3, STIFF CLAY w/o Su = 27.78 psi 2000 .004 0.0376
FREE WATER
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Bent 2

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 20 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .00267 0.0723FREE WATER

4t020 Very Stiff Lean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .00267 0.0723FREE WATER

Ot04 Very StiffLean Clay
3, STIFF CLAY wlo

Su = 24.31 psi 1000 .00267 0.0376FREE WATER

Below 0 Hard Lean Clay
3, STIFF CLAY wlo

Su = 41.67 psi 2000 .00214 0.0376FREE WATER

Abutment 3

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 40 Very StiffLean Clay
3, STIFF CLAY wlo

Su = 17.36 psi 1000 .005 0.0723FREE WATER

20 to 40 Hard Lean Clay
3, STIFF CLAY wlo

Su = 27.78 psi 2000 .004 0.0723FREE WATER

5 to 20 Very StiffLean Clay
3, STIFF CLAY wlo

Su = 17.36 psi 1000 .005 0.0723FREE WATER

3 to 5 Very StiffLean Clay
3, STIFF CLAY wlo

Su = 17.36 psi 1000 .005 0.0376FREE WATER

Below 3 Very Dense Sand 8, API SAND ~=40° 125 -- 0.0405

Analyses were performed for the CIDH piles for the lateral loads provided by the designer. In all

analyses, a 'pinned' pile head connection was assumed. The results are presented in the table

below. Appropriate Group Reduction Factors were used in the analyses corresponding to the pile

spacings, as noted in the table.
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LATERAL LOAD (LPILE) ANALYSIS RESULTS

Support CIDH Cut-off Shear Load on Deflection on Maximum Bending
No. Pile Elevation top of Pile Top of Pile Moment

Diameter (ft) (kips) (inches) Magnitude At depth
(inches) (kip-ft) (ft)(l)

31 0.065 66.9 4
Abut 1 24 54.75 41 0.122 100.2 5

51 0.194 136.7 5
205 (Long.) 0.084 114.1 11

Bent 2(2) 84 42.00 205 (Trans.) 0.123 130.8 13
890 (long.) 2.141 930.8 20

485 (Trans» 0.824 449.1 18
31 0.098 80.4 5

Abut 3 24 54.25 41 0.181 120.2 6
51 0.294 163.5 6

Notes:
1. Depth measured from top of pile (bottom of footing)

2. Used Cracked Section: Moment of Inertia reduced by 50 percent.

3. Group factors of0.6 used for Abutments corresponding to a pile spacing of3 times the diameter,
as recommended by Caltrans

4. For Bent 2, Group Factors based on GROUP 7.0 Program (0.80 for Longitudinal and 0.62 for
Transverse)

5. Loads provided by Antonio Luo

Lateral Earth Pressures

Abutment retaining walls and wing walls should be designed to resist the following Applied

Lateral Earth Pressures and live load. These values assume no hydrostatic pore pressure buildup

behind the wall and are based on well-drained backfill behind the walls supported in native soil.

Active Condition (flexible wall - wall free to rotate at least 0.4 percent of wall height
Structure Backfill: Equivalent Fluid Pressure (EFP) - 36 pcf

(backfill having a friction angle <p = 33.5° and a unit
weight of 125 pct)

Surcharge (dead or live load): 0.3 times surcharge load
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At-Rest Condition (rigid wall - wall not free to rotate at least 0.4 percent of wall height
Structure Backfill: Equivalent Fluid Pressure (EFP) - 55 pcf

(backfill having a friction angle <p = 33.5° and a unit
weight of 125 pct)

Surcharge (dead or live load): 0.5 times surcharge load

Passive Resistance for Seismic Design of Abutment Wall
Height of wall- 5.5 feet or higher: 5.0 ksf (ultimate)

Height of wall-less than 5.5 feet: 5.0 X (H/5.5) ksf (ultimate)

Seismic increment of Lateral Earth Pressure (based on BART Facilities Standards)
11.7H2 (pst) per foot of wall, acting at 0.6H above the base
(The earth pressures are based on Mononobe-Okabe formulation. The accelerations used
are half of the corresponding peak acceleration per BART Facilities Standards)

Seismic Design Criteria

The value of PBA for the project site was calculated from the distances to the applicable faults in

the project vicinity using the Caltrans In-Progress Seismic Hazard Map and the attenuation relation

by Sadigh et al. (1997). The computed PBA value was increased by 20%, also per Sadigh (1997),

to account for the reverse fault effect, wherever applicable. The PBA computations based on

Sadigh attenuation relation are presented in Appendix C. Based on the computations, the

maximum PBA computed within the project limit is 0.5g,

Based on the available boring information in the vicinity of the project site, the subsurface soil

conditions at the project site generally matches the criteria for Soil Type D, as per Caltrans Seismic

Design Criteria (Version 1.4, June 2006). Based on Caltrans Seismic Design Criteria and the above

information, the seismic design criteria are as follows:
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1.
2.
3.

Closest Distance to Fault
PBA
Design ARS Curve

3.4 miles (5.5 km)
0.5g
Caltrans Seismic Design Criteria June
2006 Version 1.4 Figure B.8 (Soil Profile
Type D).

4. Design ARS Curve (see Plate 4): Curve based on Caltrans SDC (v. 1.4, 6/2006) for
different structural periods. The curve is based on (Governing Fault - Vaca Fault Zone;
Mmax =6.9) Figure B.8, PBA = 0.5g. The curve is modified for near fault effects as
required by SDC.

A copy of the ARS Design Curve is included on Plate No.4 of this report.

Grading

All grading operations should be performed in accordance with the project specifications and

Caltrans Standard Specifications for Earthwork (Section 19.

Engineered Fill Engineered fill should be non-expansive and consist of relatively granular

material having a P.1. of less than 15. The fill shall also be free of organic and inorganic debris,

rubble and any other deleterious material. The on-site soils may be used as engineered fill,

provided they meet the above criteria.

Approach Embankment The maXimum embankment fill thickness is anticipated to be

approximately 10 to 15 feet at all the abutment locations. The approach embankments will have a

2(H): l(V) slope on both sides. Under the bridge, paved slopes may be constructed at 1.5(H): 1 (V)

slope. The available boring data indicates that the subsurface soil conditions generally consist of

stiff to very stiff clays. Based on the boring information, it appears that the consolidation

settlement due to the placement of the embankment fill is anticipated to be relatively quick (during

construction) and therefore insignificant. Standard Caltrans 30-day waiting period is considered
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adequate.

Corrosion

The corrosion investigations perfonned are in general accordance with the provisions of California

Test Method 643. A summary of the corrosion test data is presented below.

Resistivity Sulfate Chloride
Boring Depth (ft) PH

(ohms-em) (ppm) (ppm)

AST-154 8 7.50 860 89.1 10.9

Based on the data, the site subsoil is non-corrosive per Caltrans corrosion design guidelines, and

standard Type II modified or Type I-P (MS) modified cement may be used for the concrete

substructures. The minimum cement factor and cover thickness should be per Caltrans Bridge

Design Specifications (Section 8.22).

Plan Review

We recommend that final plans for foundations be reviewed by this office prior to construction so

that the intent of our recommendations is included in the project plans and specifications and to

further see that no misunderstandings or misinterpretations have occurred.

Construction Observation

To a degree, the perfonnance of any structure is dependent upon construction procedures and

quality. Hence, observation of foundation excavations, and pile installations should be carried out

by the regulating agencies. If the subsurface conditions different from those fonning the basis of

our recommendations is encountered, this office should be infonned in order to assess the need for

design changes. Therefore, the recommendations presented in this report are contingent upon good

quality control and these geotechnical observations during construction.
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INVESTIGATION LIMITATIONS

Our services consist of professional opinions and recommendations made in accordance with

generally accepted geotechnical engineering principles and practices and are based on our site

reconnaissance and the assumption that the subsurface conditions do not deviate from observed

conditions. All work done is in accordance with generally accepted geotechnical engineering

principles and practices. No warranty, expressed or implied, ofmerchantability or fitness, is made

or intended in connection with our work or by the furnishing of oral or written reports or findings.

The scope of our services did not include any environmental assessment or investigation for the

presence or absence ofhazardous or toxic materials in structures, soil, surface water, groundwater

or air, below or around this site. Unanticipated soil conditions are commonly encountered and

cannot be fully determined by taking soil samples and excavating test borings; different soil

conditions may require that additional expenditures be made during construction to attain a

properly constructed project. Some contingency fund is thus recommended to accommodate these

possible extra costs.

This report has been prepared for the proposed project as described earlier, to assist the engineer in

the design of this project. In the event any changes in the design or location of the facilities are

planned, or if any variations or undesirable conditions are encountered during construction, our

conclusions and recommendations shall not be considered valid unless the changes or variations

are reviewed and our recommendations modified or approved by us in writing.

This report is issued with the understanding that it is the designer's responsibility to ensure that the

information and recommendations contained herein are incorporated into the project and that

necessary steps are also taken to see that the recommendations are carried out in the field.
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The findings in this report are valid as of the present date. However, changes in the subsurface

conditions can occur with the passage of time, whether they are due to natural processes or to the

works of man, on this or adjacent properties. In addition, changes in applicable or appropriate

standards occur, whether they result from legislation or from the broadening of knowledge.

Accordingly, the findings in this report might be invalidated, wholly or partially, by changes

outside of our control.

Respectfully submitted,
PARIKH CONSULTANTS, INC.

~
Partha Sircar, Ph.D., P.E. C54619

Senior Engineer

A STREET UNDERCROSSING - FOUNDATION REPORT 061208 {S:\OGOING PROJECTS\206117IA Street
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Source: Modified from "California Seismic Hazard 
Map, 2007" (Draft with FID Labels)
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from Google Earth)
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A Street Undercrossing
S ectral Data

1.4 Period Spectral Acce!.
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Caltrans SOC (v 1.4, June 2006), Figure B.8,
Governing Fault: Vaca Fault Zone
Fault Distance = 5.45 km (3.4 miles)
(Mw = 6.9, Soil Profile Type D, PBA = 0.5g)

Notes:
(a) The new (in-progress) Caltrans Hazard Map and Data Base was used
(b) PBA was obtained by using Sadigh Attenuation Relationship:0.49g (rounded off to 0.5 g)
(c) The following modifications were then applied for near-fault effects:

(1) No change of Sa for structural periods ~ 0.5 sec
(2) 20% increase of Sa for structural periods> 1 sec
(3) Linear interpolation for structural periods between 0.5 and 1 sec

mPARIKH CONSULTANTS, INC.
eBART A STREET UNDERPASS

GEOTECHNICAL CONSULTANTS
ANTIOCH, CALIFORNIA

MATERIALS TESTING
JOB NO.:206117.EBS PLATE NO.: 4
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ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

LEAN ClAY (Cl). h...d. brown, dry.
medium plaatlclty

SILT (ilL). h...d, dork brown. moist
(LL=37, Pl=101}------------i

LEAN ClAY l\1TH SAND (Cl). W1f'J stiff. brown.
moist, medium p1ost1clty

ClAYEY SAND (SC), medium dense, brown, 40
lIIOioI.- flno-grolned (+f4-2X. -1200-231,;,:.;J- --I

LEAN ClAY (Cl). h...d, brown. moist. medium
p10stlclty

POORLY-GRADED SAND (SI'). W1f'J dense,
brown. moist. flne-nmlned

--W1f'J stiff, moist (U=26. PI=l1)

--_y dense

SANDY LEAN ClAY (Cl), herd, groy. wet,
medium p1ostlclty. flno-grolned sond

45

04.4115

05.2116

111.6 15

52,5

46 2.5 6 98.8 14 lISA)

31

80 2.5 8 : 06.2 7

81 2.5 9 112.3 13

50/5· 2.5 7

3.9 38 2.5 11

PLATE A 1

DISREGARD PRINTS BEARING I REVISION DATES (PRELIMINARY STAGE ONLY) ISHEET I OF
EARUER REVISION DATES ----- 08/31/09 I

SILTY SAND (SIl). W1f'J dense, dork brown, wet, few fines

POORLY-GRADED SAND WITH SILT
(SI'-SIl), W1f'J dense. yeIIowIoh brown.
moist

cu 04275
EA 228511

- 22

-ClAYEY SAND. yellowish brown. obout
IlOll fine SAND ot 53 It.

SANDY LEAN ClAY (Cl), W1f'J stiff,
I----)ellowlsh brown. moist

I--Skipped Sampling

I--Skipped Sampling

1-1--=:::S~k!Eip~p~ed~S~a~m~p~l!!:in~g~ _.::7=0==2=.5=1=0faF
06
::·::

9
:::
1
::
1 =,....--_..::-:.::-::h...::d:...- ~2:::0~ ~

1- F

~
o.::-r-;;-;;"'T'"=-VA:-=:-'T'=-:-VA1 W

i~~~~4~1~~2.;5~12:l[102.:~:42:2~~~ --W1f'J stiff (U-44. PI-21) ('1200-85"> 10 d
.JlJIS<7 9- = ~~ -----------------1

16 2.5 13 91.2 32 SANDY LEAN ClAY (Cl). stiff, groy. wet.
fino-grained sond

7-14-09
Terminated at EI =-61.8 ft

Rell5 1.4 10

9-5-06

'IAI SANDY ElASnC SILT (IIH), h...d, light groy to brown, Terminated at EI =-31.8 ft
~R:::ellL:.!5'-L..:l:.:!.4'_'__~8__111__--L~62'_llIXiY'lwet(U-69. PI-29). (+f4-0ll. -1200-65">

~

.JlJIS<7 ~v _ ?R?·..

7 14-09
(PrIor to groutln9)

""",n n..., = R"'+
7-14-09

(Durln9 drIllng)

SANDY LEAN ClAY (Cl). h...d, yeIIO,wIsI""-:;39;;;-r;2""5"'3-b'*1;';'13""'.•..-::.17:;-;
brown. moist . ,.~

SANDY LEAN ClAY (Cl). h...d, yeIIowil-""83;-T-;:2.-;:5-,--2:--1o...,l----r-":'6--,
brown. moist

29

50 IAI. ElASnC SILT (IIH). herd, light ~R~efL!.6~1.:::.4~.!..741111_=--L,::,47:....J":::,TA;)JI/,coorse SAND (+fI=ox, -1200-72X) Ref 6 1.4 17
groy. moist (LL=99. PI=43)

- 14

112.7118

~Skipped Sampling

f--Skipped Sampling

I--Skipped Sampling

3

45 1.4 2

54 2.5

86/3· 1.4 4

lIlefl3· 1.4 9

POORLY-GRADED SAND (SI'). _y dense,.JlJIS u n ~v - _11 4'oj;
groy. wet, fine to medium grained 7-13-09

ClAYEY SAND (SC). W1f'J dense, greenish 50 3· 1 4 5
groy. moist, fin. to cocrse grained .

POORLY-GRADED SAND (SI'). _y dense, --
groy. wet, medium c_grolned, troce leon r::n"'"7/""16·...-:-1.":'"4-r-::7
cloy

--herd, brown ond groy

PROFILE
Vert. 1" = 10'
Hor. 1" = 50'

25 lHY)

38

- 41

95,8 25

109.1 16

112.7 182.5 13

2.5 12

1.4 14

74 1.4 15

53

56 2.5 9

50/5· 1.4 17 -

50/6· 1.4 16 };"l--_""29;;;;"'1

:i

o
----SANDY SILT (Ill). h...d,-----;:;:;:;:;:;:;::;::;:::;tJ:::::;;:;::::;-poo;iLY-:-;WiED5:ANr;~pt~:_;;;;;;----:====t ----------------------l
~ light groy. moist 86/4· 1.4 4 > _ 15 POORLY- GRADED SAND (SI'), W1f'J dense. POORLY-GRADED SAND l\1TH SILT (SI'-SIl).
~ [>i:, brown. wet, fine to coorse SAND 1:iO/5,5 1.4 14 -. - 18 W1f'J dense. dork brown. wet, medium coorse

.. -; grolned (+f4-~ -f200-7X)
fl ~

-::=rii=l-------;;:::;:;;:;:;::;::;::;:t?-;J:~ =:;:;:;::::;--;;;;~;_;;;;;;(;;:_~_;;;;_:;:;----:=;:::::;::: ,~, --- --__:___----t
~ Re1l5' 1.4 5 - 41 SEDIMENTARY ROCK (Slty Shole). light groy. 50/5" 1.4 15,~ _ 40 IIt:A) POORLdenY-GRADED

br
SAND WITH GRAIIU (SI').

weathered, wet .~ very set own. wet, medium coarse
• grolned, grCMll up to r (+f4-ox, -f200-7X)

50/3" 1.4 18 ::=::::IID=-==3=2:--SJ--rnW1f'JOVi:E
den
Aif

se
Ci':Agrovy(Cl).hCin[~riiii"groY.-r.;:::;:;;r:=:=r:;;=JHI==Ti~fl.SlLTY SAND with GRAIIU ~

----.... SANDY LEAN ClAY (Cl). herd, greenish groy. 36 ISA1(SIl). W1f'J den... light gro;y.;:----;;::;;:;::;::;::::;:::;;:~=::;:;:;::::;-PPOORLOORi:iY;:-""jGRiRAiADE>roDSSANAiiiiD:_;l\1MiTHrH!SlLiiLTT_;:ANDNil'GRGRAAllUil-_=====
50/5" 1.4 19 ~ moist, medium plaatlclty. fine-grained sond Ref/6 1.4 6 - wet (+f4-31ll, -1200-14"> 50/6· 1.4 6: - 25 (SI'-SIl). W1f'J dense. blodc brown. moist, grCMll Ref 6 1.4 16 - 26

LEAN ClAY (Cl). hord, greenloh groy. moist, size r ,1.
50 6" 1.4 2O::=::::IID medium p10stlclty

'-"'42'--J'-'2::::.5:...J......:.7--H1F03.::.:~J1~11'--~lISA) --medium dense (+f4-ox, -1200-22X)
LEAN ClAY l\1TH SAND (Cl). W1f'J stiff.

""'"'46,.......,'"'2"".5;-r-::8~~9:::;2.,.7"....,3" brown. medium p1ostlclty. fine to medium
grolned sond

1.8 29

20

10

-50

o

40 67 2.5 6 101.5113

-30

10

30

Ref/4·1 2.5 I 21 - 44
9-8-06

Terminated at EI = -31.4 ft

t-_-_4..:..0 ~~;;r:;:::;::y::::;;:=. -Herd to drIl ot 109.5 It

1.50~~/3~-·....!.1.~4~8'--i==t_-=---=--:;35~·%lS~AI:SEDlMENTARYROCK (Slty Shole),
- brown to li9't groy. Intensely

weothered (-I200-29"l
-pockets of SILTY SAND ot 116 It.

SANDY SILT YIlTH GRAIIU (ill). h...d, Rell5 1.4 9 _ 21 lSAI~ =I\IJW~"": .. ,. ~L~ "";:"<;I«(~~~"'I.

z
o
F
«>w
---l
W

--herd, brown ond yoIlowloh brown

.--.. SANDY LEAN ClAY (Cl). herd, yellowish
Q) 5 10 07'. D' 16 brown. moist, low to medium p1ostlclty.
Q) 20 64 2. ,-~ flno-grolned eond

o 1-----;:::;::;:::::;::::;::::;::;:~f--r::':"'"1"'" LEAN ClAY l\1TH SAND (Cl). W1f'J stiff. --------1
1 25 11.4 11 - 18 L) brown. moist, low to medium p1ostlclty.
t.=~L..!;O'--'--.!1-m-=-..l..'-'''-''s;.?L) flno-grolned eond (LL=33, PI=16)

LEAN ClAY (Cl). W1f'J Iliff. brown.
moist. medium plaatlclty (lL=41. PI=24)
SANDY LEAN ClAY (Cl), herd, greenish -------1
brown, moist, low to medium
p1ostlclty. flno-grolned sond
SANDY SILT (Ill). W1f'J Iliff. brown. moist.
flno-grolned eond (+14=~ -f2OO=~

i I! ':1 'WI·f~! II;! I"-=~"=~'_--_.··._S_R_4-ii)jr~------""'.,-~--t-iE._J --,i-_~. III <7JJ 'Ui ++r.~_'.=_.:/,./../..... PLANS APPROVAL DATE

! l~lil ~ I i w w t--------W-------------'>'--------,W PARIKH CONSULTANTS, INC. ~ 'tJ
: e; E • I.§ & z z 2S Z 2360 QIJM[ DRIVE, SUITE A ~

.... ~"ll5U~ ,. 101~.""y LEAN ClAY (Cl). W1f'J stiff. --=O"='..:.=:...;.;;;'---,7;r----1 8· ClAY l\1TH SAND (Cl). W1f'J stiff.\." I I r:l r-=-::"..,=:--r:::":"'1;-:-~!I:_:::;_;r::-:-,r.;:,.~~ brown. moist, low to medium SANDY LEAN ClAY (Cl), yoIlow1oh brown. moist r;;;;:--1r=;-r-;-l~=;:r-:-:" own. dry. medium plaatlclty. medlum
" ,I 1 ..1 tol '-"3"".5'--'-'21'"'---.......,2::::.5'-'-..:.I--fij!F05::.:·3:L..:.;14~-:::70 p1ost1clty. fine-gralned sond 29 2.5 1 110.6113 cocne-grolned sond•III" Y - ~ Sk' d S I' SUY ClAY (Cl-IIl). -y stiff, brown.Lil f·ll!l·t~. 60 .L) --W1f'J stiff, brown ond motUed light 1--: Ippe amp Ing 28 2.5 2 lD2.a 17 'It'ILJ ~..... ~edIu~' n10stlcltv -Ir; ..OR PI-7'

" '"'2==7,......,""2:-:.5"..';:'2-fJi;"'Ic::ll"".8:r:-:16"~~~ brown, medioJm p10stlclty (LL-34. PI-17) I--Skipped Sampling 22 2.5 3 109.1 19 LEAN ClAY (Cl): Iliff. dork brown. moist.
I .. 125 3 111.7 16 LEAN ClAY (Cl). W1f'J iliff. brown ond medium ......lclty
~ . motUed light brown. moist, medlum plaatlclty r.;o.. ,...--

LEAN ClAY l\1TH SAND (Cl), W1f'J stiff. brown SANDY LEAN ClAY (Cl). SANDY LEAN ClAY (Cl), W1f'J stiff. ~

50 I38 2.5 4 115.3116 ond motUed greenloh groy. moist, medium 42 2.5 1 115.4116 W1f'J iliff, yeIlowloh brown. 35 2.5 1 113.2 18 dork brown. moist, few fines 5.2 26 2.5 4 109.11 15 I\J(I ":~ ~~~~;j[;;~~_ p1ostlclty•. flne-grolned sond 1 moistr SANDY LEAN ClAY (Cl). herd, )'IlIlowIoh brown,
62 2.5 5 112.41 16 moist, low to medium p1ostlclty. fino-grained sond

SILTY SAND (SIl). dense. brown. moist, flne-grolned
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APPENDIXB

LABORATORY TESTS

Classification Tests

The field classification of the samples was visually verified in the laboratory according to the Unified Soil
Classification System. The results are presented on "Log of Test Borings", Appendix A.

Moisture-Density

The natural moisture contents and dry unit weights were determined for selected undisturbed samples of the soils in
general accordance with ASTM Test Method D 2216-92. This information was used to classify and correlate the
soils. The results are presented at the appropriate depths on the "Log of Test Borings", Appendix A.

Atterberg Limits

The Atterberg Limits were determined for selected samples of the fine-grained materials. These results were used to
classify the soils, as well as to obtain an indication of the effective strength characteristics and expansion potential
with variations in moisture content. The Atterberg Limits were determined in general accordance with ASTM Test
Method D 4318-93. The results of these tests are presented on Plate B-2, "Plasticity Chart".

Grain Size Classification

Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples of granular soil to
aid in the classification. The results are presented on Plates B-3A and B-3B, "Grain Size Distribution Curves".

Hydrometer

Hydrometer test (ASTM Test Method D 422) was performed on selected samples to aid in the classification. The
result is presented on Plate B-4, " Grain Size Distribution Curves"

Unconfined Compression Tests

Strength tests were performed on selected undisturbed samples using unconfined compression machine. Unconfined
compression tests were performed in general accordance with ASTM Test Method D 2166-91. The results are
presented on "Log of Test Borings"

Corrosion Test

Corrosion test was performed on selected sample to determine the corrosion potential of the soils. The pH and
minimum resistively test was performed according to California Test Method 643. The test was performed by Sunland
Analytical. The test result is presented on Plate B-4.

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

A STREET UNDERCROSSING
CONTRA COSTA COUNTY, CALIFORNIA

JOB NO.: 206117.AST IPLATE NO.: B-1
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PLASTICITY CHART
Boring Sample Depth Test Moisture LL PL PI Description
Number Number (feet) Symbol Content (%)
AST-154 MC-2 8.0 • 16 34 17 17 LEAN CLAY (CL)
AST-154 MC-7 30.0 1%1 11 33 17 16 SILTY SAND (SM)
AST-154 MC-12 55.0 A 25 41 24 17 LEAN CLAY (CL)

AST-154A SPT-7 99.5 * 50 99 56 43 ELASTIC SILT (MH)
AST-155 MC-2 10.0 0 19 28 21 7 SILTY CLAY (CL-ML)
AST-155 MC-4 15.0 0 15 37 17 20 SILT (ML)
AST-155 MC-11 50.0 0 24 26 15 11 LEAN CLAY (CL)
AST-155 MC-12 55.0 6. 56 44 23 21 LEAN CLAY (CL)

AST-155A SPT-8 109.5 @ 62 69 40 29 SANDY ELASTIC SILT (MH)

mPARIKH CONSULTANTS, INC.
A STREET UNDERCROSSING

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.AST B-2
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Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D. \ Randy Horney An
General Manager \ Lab Manager ./ rv

The reported analysis was requested for the following location:
Location 206117.AST/A ST.BDGE Site ID : AST 154 #2 @ 8'.

Thank you for your business.

* For future reference to this analysis please use SUN # 49465-98602.

EVALUATION FOR SOIL CORROSION

Soil pH 7.50

Minimum Resistivity 0.86 ohm-cm (x1000)

Chloride

Sulfate

10.9 ppm

89.1 ppm

00.00109 %

00.00891 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4
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Use 0.5g

C4 = -2.1C3 =0
C7 = 0

km

[Attenuation Relationsnlps for Shallow CrustafEirthquakes (Sadigh, et ai, 1997)
Fault = Vaca fault zone (RLSS Fault, Map NO: 14)

Mmax = 6.9 Rrup = 5.48
M>=6.5 ROCK SITE:

C1 =-1.274 C2 =1.1
C5 = -0.48451 C6 = 0.524

A=C1+C2M+C3(8.5M)A2.5= 6.316
B=C4*Ln(Rrup+exp(C5+C6M))= -7.026
C=C7*Ln(Rrup+2)= 0
Ln(y) = A+B+C = -0.710
Y= Exp(Ln(y)) = 0.49 Peak Bed Rock Acceleration PBA = 0.490 -

Fault = Great valley fault 5 (Reverse Fault, Map No: 24)
Mmax = 6.5 Rrup = 7.045 km

A= 5.876
B= -6.811
C= 0

Ln(y) = -0.935
y = 0.39 Peak Bed Rock Acceleration PBA = 0.39g x 1.2 = 0.468g

Fault = Greenville fault zone (Clayton section, RLSS Fault, Map No: 351)
Mmax = 6.6 Rrup = 6.59 km

A= 5.986
B= -6.855
C= 0

Ln(y) = -0.869
y = 0.42 Peak Bed Rock Acceleration PBA = 0.42g

Fault = Concord fault zone (Ygnacio valley section, RLSS Fault, Map No: 341)
Mmax=6.6 Rrup=11.136 km

A= 5.986
B= -7.191
C= 0

Ln(y) = -1.205
Y = 0.30 Peak Bed Rock Acceleration PBA = 0.3g

~
PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.EBS

eBART A STREET UNDERPASS
ANTIOCH, CALIFORNIA

I



AXIAL PILE CAPACITIES

(SHAFT Program)



SHAFT Runs SR Bypass - eBART - A Street Underpass
Pile capacities computed using SHAFT program - Output follows

(Revised on 08/17/09)

Abutment 1 (based on boring AST-154)

24-in CIDH Pile (Note: Neglected End Bearing for Pile Capacity)
Ground Surface Elevation 62.0 (approx.)
Nominal Compression Load = 310 kips = 155 tons
Reqd. Shaft Length per SHAFT output = 32.0 ft
Recommended Penetration = 33.0 feet (absence of sand layer)
Reqd. Tip Elevation = 62.0-33.0 = 29.0

Abutment 3 (based on boring AST-155)

24-in CIDH Pile (Note: Neglected End Bearing for Pile Capacity)

Ground Surface Elevation 62.0 (approx.)
Nominal Compression Load = 310 kips = 155 tons
Reqd. Shaft Length per SHAFT output = 38.0 ft
Recommended Penetration = 38.0 feet
Reqd. Tip Elevation = 62.0 - 38.0 = 24.0

Bent 2 (based on borings AST-154 & AST-155)

84-in CIDH Pile (Note: Neglected End Bearing for Pile Capacity)
(Assumed Granular IGM at bottom)

Ground Surface Elevation 44.0 (approx.)
Nominal Compression Load = 3740 kips = 1870 tons
Reqd. Shaft Length per SHAFT output = 66.0 ft
Recommended Penetration =68.0 feet
Reqd. Tip Elevation = 44.0 - 68.0 .0 = -24.0 ----- Compression

Nominal Tension = 520 kips = 260 tons
Equivalent Skin Friction = 260/0.5 = 520 tons
Reqd. Shaft Length per SHAFT output = 32.0 ft
Reqd. Tip Elevation =44.0 - 32.0 =12.0.0 ------ Tension

Reqd. Tip Elevation = 44.0.0 - 68.0 = -24.0 ------ Tension



depth= 0 - 17; Clay

depth= 17 - 27; Sand

depth= 27 - 42; Clay

depth= 42 - 57; Clay

depth= 57 - 62; Sand

depth= 62 - 80; Clay
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Ultimate Skin Friction (tons)
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Ultimate Axial Capacity (tons)
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A Street - Abut 1.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

A Street - Abut 1.sfo
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.400E+04
0.170E+02

A Street- SR4 - Abutment 1

SOIL INFORMATION

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50

FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

PROPOSED DEPTH =

NUMBER OF LAYERS

WATER TABLE DEPTH =

40.0 FT

6

57.0 FT.

AT THE BOTTOM

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.799E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03
0.400E+04
0.270E+02

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.270E+02

LAYER NO 1----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+Ol
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.170E+02

O.943E+OO
O.OOOE+OO
0.350E+02
O.OOOE+OO

= 0.130E+03

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04



A street - Abut 1.sfo A Street - Abut 1.sfo
DEPTH, FT = 0.570E+02 AREA OF ONE PERCENT STEEL = 4.524 SQ. IN.

ELASTIC MooULUS, Ec = 0.360E+07 LB/SQ IN
VOLUME OF UNDERREAM = 0.000 CU.YDS.

LAYER NO 5----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA = 0.481E+00 PREDICTED RESULTS
UNDRAINED SHEAR STRENGTH, LB/SQ FT = O.OOOE+OO -----------------
INTERNAL FRICTION ANGLE, DEG. = 0.250E+02
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO QS = ULTIMATE SIDE RESISTANCE:
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 QB = ULTIMATE BASE RESISTANCE;
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.400E+04 WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY):
DEPTH, FT = 0.570E+02 QU = TOTAL ULTIMATE RESISTANCE:

QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
APPLIED TO THE ULTIMATE BASE RESISTANCE;

AT THE BOTTOM QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
APPLIED TO THE ULTIMATE SIDE RESISTANCE AND

SKIN FRICTION COEFFICIENT- BETA = 0.437E+00 THE ULTIMATE BASE RESISTANCE.
UNDRAINED SHEAR STRENGTH, LB/SQ FT = O.OOOE+OO
INTERNAL FRICTION ANGLE, DEG. = 0.250E+02 LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO (FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 11.0 1.28 6.05 49.49 55.53 22.54 18.91 43.38
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.400E+04 12.0 1.40 12.10 49.49 61.58 28.59 21.33 44.10
DEPTH, FT = 0.620E+02 13.0 1.51 18.15 49.49 67.63 34.64 23.75 44.71

14.0 1.63 24.19 45.28 69.47 39.29 24.77 42.64
15.0 1.75 30.24 40.98 71.22 43.90 25.76 40.80

LAYER NO 6----CLAY 16.0 1.86 36.29 40.10 76.39 49.66 27.88 41.03
17.0 1.98 42.34 41.45 83.79 56.16 30.75 42.35

AT THE TOP 18.0 2.09 48.39 41.90 90.29 62.35 33.32 43.10
19.0 2.21 54.44 41.90 96.33 68.40 35.74 43.57

STRENGTH REDUCTION FACTOR-ALPHA = 0.550E+00 20.0 2.33 67.24 41.90 109.13 81.20 40.86 46.89
END BEARING COEFFICIENT-Nc = 0.900E+01 21.0 2.44 74.25 41.90 116.14 88.21 43.66 47.53
UNDRAINED SHEAR STRENGTH, LB/SQ FT = 0.400E+04 22.0 2.56 81. 50 41.90 123.40 95.47 46.57 48.20
INTERNAL FRICTION ANGLE, DEG. = O.OOOE+OO 23.0 2.68 89.00 41.90 130.90 102.97 49.57 48.91
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO 24.0 2.79 96.73 44.61 141.34 111.60 53.56 50.61
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 25.0 2.91 104.68 47.86 152.54 120.63 57.82 52.43
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.640E+04 26.0 3.03 112.84 49.49 162.33 129.34 61.63 53.65
DEPTH, FT = 0.620E+02 27.0 3.14 121.21 49.49 170.69 137.70 64.98 54.33

28.0 3.26 129.77 49.49 179.25 146.26 68.40 55.01
29.0 3.37 138.52 49.49 188.00 155.01 71.90 55.71

AT THE BOTTOM 30.0 3.49 144.57 49.49 194.05 161.06 74.32 55.58
31.0 3.61 150.62 49.49 200.10 167.11 76.74 55.47

STRENGTH REDUCTION FACTOR-ALPHA = 0.550E+00 32.0 3.72 156.66 49.49 206.15 173.16 79.16 55.36
END BEARING COEFFICIENT-Nc = 0.900E+Ol 33.0 3.84 162.71 49.49 212.20 179.21 81.58 55.26
UNDRAINED SHEAR STRENGTH, LB/SQ FT = 0.400E+04 34.0 3.96 168.76 49.49 218.25 185.26 84.00 55.16
INTERNAL FRICTION ANGLE, DEG. = O.OOOE+OO 35.0 4.07 174.81 49.49 224.29 191. 30 86.42 55.07
BLOWS PER FOOT FROM STANDARD PENETRATION TEST = O.OOOE+OO 36.0 4.19 180.86 49.49 230.34 197.35 88.84 54.98
SOIL UNIT WEIGHT, LB/CU FT = 0.125E+03 37.0 4.31 186.91 49.49 236.39 203.40 91.26 54.90
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.640E+04 38.0 4.42 192.95 49.49 242.44 209.45 93.68 54.82
DEPTH, FT = 0.800E+02 39.0 4.54 199.00 44.44 243.44 213.81 94.41 53.64

40.0 4.65 205.05 38.38 243.43 217.84 94.81 52.30

DRILLED SHAFT INFORMATION RESULT FROM TREND (AVERAGED) LINE
-------------------------

TOP LOAD TOP MOVEMENT TIP LOAD TIP MOVEMENT
DIAMETER OF STEM = 2.000 FT. ton IN. ton IN.
DIAMETER OF BASE = 2.000 FT. 0.5882E+00 0.2723E-03 0.1263E-01 0.1000E-03END OF STEM TO BASE = 0.000 FT. 0.5882E+01 0.2723E-02 0.1263E+00 0.1000E-02
ANGLE OF BELL = 0.000 DEG. 0.1481E+02 0.6818E-02 0.3158E+00 0.2500E-02
IGNORED TOP PORTION = 7.500 FT. 0.2987E+02 0.1370E-Ol 0.6316E+00 0.5000E-02
IGNORED BOTTOM PORTION = 2.000 FT. 0.4490E+02 0.2058E-Ol 0.9474E+00 0.7500E-02



O.S987E+02
O.l228E+03
O.l740E+03
O.l977E+03
O.2085E+03
o.2264E+03
O.2210E+03
O.2251E+03
O.2268E+03
O.2278E+03

A Street - Abut l.sfo
O.2746E-Ol O.l263E+Ol
O.636lE-Ol O.3l58E+Ol
O.1066E+OO O.63l6E+Ol
O.l4l8E+OO O.9474E+Ol
O.l7llE+OO O.l263E+02
O.3300E+OO O.2l94E+02
O.5804E+OO O.3056E+02
O.8329E+OO O.3478E+02
O.1084E+Ol O.3659E+02
O.2485E+Ol O.3803E+02

O.lOOOE-Ol
O.2500E-Ol
O.5000E-Ol
O.7S00E-Ol
O.lOOOE+OO
O.2S00E+OO
O.SOOOE+OO
O.7500E+OO
O.lOOOE+Ol
O.2400E+Ol
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Ultimate Skin Friction (tons)
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Ultimate Axial Capacity (tons)
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A Street Underpass - Abut 3.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

eBART A Street Underpass SR4 - Abutment 3

A Street Underpass - Abut 3.sfo
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

O.OOOE+OO
0.125E+03
0.640E+04
0.220E+02

PROPOSED DEPTH

NUMBER OF LAYERS

WATER TABLE DEPTH

40.0 FT

4

57.0 FT.

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----CLAY

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.420E+02

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.

Page 1

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.220E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----SAND

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATIDN TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

Page 2

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.590E+02

0.463E+00
O.OOOE+OO
0.400E+02
O.OOOE+OO
0.130E+03
0.400E+04
0.590E+02

0.293E+00
O.OOOE+OO
0.400E+02
O.OOOE+OO



A street Underpass - Abut 3.sfo
SOIL UNIT WEIGHT, LB/CU FT = 0.130E+03
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT = 0.400E+04
DEPTH, FT = 0.800E+02

1~:g
38.0
39.0
40.0

4.19
4.:31
4.42
4.54
4.65

A Street Underpass - Abut 3.sfo
143.4~ 56.56 199.99 162.28 76.22

·150.34 56.56 206.90 169.20 78.99
157.26 56.56 213.81 176.11 81.75
164.17 48.98 213.15 180.50 81.99
171.08 39.89 210.97 184.38 81.73

47.74
48.05
48.35
46.97
45.32

DRILLED SHAFT INFORMATION
RESULT FROM TREND (AVERAGED) LINE

DIAMETER OF STEM = 2.000 FT.
DIAMETER OF BASE = 2.000 FT.
END OF STEM TO BASE = 0.000 FT.
ANGLE OF BELL = 0.000 DEG.
IGNORED TOP PORTION = 8.000 FT.
IGNORED BOTTOM PORTION = 2.000 FT.
AREA OF ONE PERCENT STEEL = 4.524 SQ.IN.
ELASTIC MODULUS, Ec = 0.360E+07 LB/SQ IN
VOLUME OF UNDERREAM = 0.000 CU.YDS.

PREDICTED RESULTS
---------------

QS = ULTIMATE SIDE RESISTANCE;
QB = ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU = TOTAL ULTIMATE RESISTANCE;
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
11.0 1. 28 4.32 35.35 39.67 16.10 13.51 30.99
12.0 1.40 8.64 35.35 43.99 20.42 15.24 31. 50
13.0 1. 51 12.96 35.35 48.31 24.74 16.97 31.93
14.0 1. 63 17.28 35.35 52.63 29.06 18.69 32.30
15.0 1. 75 21.60 35.35 56.95 33.38 20.42 32.63
16.0 1.86 25.92 35.35 61.27 37.70 22 .15 32.91
17.0 1.98 30.24 35.35 65.59 42.02 23.88 33.15
18.0 2.09 34.56 35.35 69.91 46.34 25.61 33.38
19.0 2.21 38.88 42.92 81.80 53.19 29.86 37.00
20.0 2.33 43.20 52.01 95.21 60.54 34.62 40.91
21.0 2.44 47.52 56.56 104.08 66.37 37.86 42.59
22.0 2.56 51.84 56.56 108.40 70.70 39.59 42.34
23.0 2.68 56.16 56.56 112.72 75.02 41. 32 42.11
24.0 2.79 60.48 56.56 117.04 79.34 43.05 41.91
25.0 2.91 67.40 56.56 123.95 86.25 45.81 42.61
26.0 3.03 74.31 56.56 130.86 93.16 48.58 43.25
27.0 3.14 81.22 56.56 137.78 100.07 51. 34 43.85
28.0 3.26 88.13 56.56 144.69 106.99 54.11 44.41
29.0 3.37 95.05 56.56 151. 60 113.90 56.87 44.92
30.0 3.49 101. 96 56.56 158.51 120.81 59.64 45.41
31.0 3.61 108.87 56.56 165.43 127.72 62.40 45.86
32.0 3.72 115.78 56.56 172.34 134.63 65.17 46.28
33.0 3.84 122 .70 56.56 179.25 141. 55 67.93 46.68
34.0 3.96 129.61 56.56 186.16 148.46 70.70 47.05
35.0 4.07 136.52 56.56 193.08 155.37 73.46 47.40

Page 3

TOP LOAD
ton

0.5114E+00
0.5114E+01
0.1284E+02
0.2590E+02
0.3895E+02
0.5198E+02
0.1068E+03
0.1472E+03
0.1664E+03
0.1704E+03
0.1803E+03
0.1718E+03
0.1787E+03
0.1848E+03
0.2071E+03

TOP MOVEMENT
IN.

0.2626E-03
0.2626E-02
0.6570E-02
0.1319E-01
0.1983E-01
0.2646E-01
0.6113E-01
0.1009E+00
0.1345E+00
0.1612E+00
0.3170E+00
0.5660E+00
0.8201E+00
0.1074E+01
0.2487E+01

TIP LOAD
ton

0.5818E-02
0.5818E-01
0.1454E+00
0.2909E+00
0.4363E+00
0.5818E+00
0.1454E+01
0.2909E+01
0.4363E+01
0.5818E+01
0.1423E+02
0.2295E+02
0.2987E+02
0.3600E+02
0.5824E+02

Page 4

TIP MOVEMENT
IN.

0.1000E-03
0.1000E-02
0.2500E-02
0.5000E-02
0.7500E-02
0.1000E-01
0.2500E-01
0.5000E-01
0.7500E-01
0.1000E+00
0.2500E+00
0.5000E+00
0.7500E+00
0.1000E+01
0.2400E+01
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Ultimate Skin Friction (tons)
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A Street Underpass - Bent 2 - 84-in. eIDH PIle - Granular IGM Bottom



Ultimate Axial Capacity (tons)
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A Street underpass - Bent 2 Granular Rock Bottom - 7FT cidh.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

A Street underpass - Bent 2 Granular Rock
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

Bottom - 7FT cidh.sfo
0.125E+03
0.640E+04
0.240E+02

eBART A Street underpass - SR4 - Bent 2 - Granular Rock Bottom -7FT cidh

PROPOSED DEPTH

NUMBER OF LAYERS =

WATER TABLE DEPTH =

73.0 FT

38.0 FT.

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.440E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50

FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

LAYER NO 3----GRAVEL

AT THE TOP

ELASTIC MODULUS OF GRAVEL, LB/SQ IN
POISSION RATIO OF GRAVEL
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

= O.OOOE+OO
= 0.350E+00

0.100E+03
0.150E+03
0.100E+ll
0.440E+02

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

ELASTIC MODULUS OF GRAVEL, LB/SQ IN
POISSION RATIO OF GRAVEL
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

DRILLED SHAFT INFORMATION

O.OOOE+OO
0.350E+00
0.100E+03
0.150E+03
0.100E+ll
0.900E+02

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

0.550E+00
0.900E+01
0.350E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.240E+02

DIAMETER OF STEM
DIAMETER OF BASE
END OF STEM TO BASE
ANGLE OF BELL
IGNORED TOP PORTION
IGNORED BOTTOM PORTION
AREA OF ONE PERCENT STEEL
ELASTIC MODULUS, Ec
VOLUME OF UNDERREAM

7.000
7.000
0.000
0.000
5.000
0,000

55.425
0.360E+07

0.000

FT.
FT.
FT.
DEG.
FT.
FT.
SQ.IN.
LB/SQ IN
CU.YDS.

PREDICTED RESULTSAT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

O,550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO

QS
QB
WT
QU

ULTIMATE SIDE RESISTANCE;
= ULTIMATE BASE RESISTANCE;
= WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
= TOTAL ULTIMATE RESISTANCE;



A street underpass - Bent 2 Granular Rock Bottom - 7FT cidh.sfo A Street underpass - Bent 2 Granular Rock Bottom - 7FT cidh.sfo
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY 62.0 88.38 1651.34 1235.59 2886.93 2063.21 1072.40 32.66

APPLIED TO THE ULTIMATE BASE RESISTANCE; 63.0 89.81 1705.51 1238.47 2943.98 2118.34 1095.03 32.78
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY 64.0 91.23 1759.84 1241. 32 3001.17 2173.62 1117.71 32.90

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND 65.0 92.66 1814.33 1244.15 3058.48 2229.04 1140.45 33.01
THE ULTIMATE BASE RESISTANCE. 66.0 94.09 1868.97 1246.96 3115.92 2284.62 1163.24 33.12

67.0 95.51 1923.77 1249.73 3173.50 2340.35 1186.08 33.23
LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME 68.0 96.94 1978.72 1252.49 3231.21 2396.22 1208.98 33.33
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS) 69.0 98.36 2033.83 1255.22 3289.04 2452.23 1231. 94 33.44
6.0 8.55 21.17 492.68 513.85 185.40 172 .69 60.08 70.0 99.79 2089.08 1257.92 3347.01 2508.39 1254.94 33.54
7.0 9.98 42.34 488.67 531. 01 205.23 179.83 53.21 71.0 101.21 2144.50 1260.60 3405.10 2564.70 1278.00 33.64
8.0 11.40 63.51 484.73 548.24 225.09 186.98 48.07 72.0 102.64 2200.06 1263.26 3463.32 2621.15 1301.11 33.74
9.0 12.83 84.68 480.85 565.53 244.96 194.16 44.08 73.0 104.06 2255.77 1261. 54 3517.31 2676.28 1322.82 33.80

10.0 14.26 105.85 477.04 582.88 264.86 201. 35 40.89
11.0 15.68 127.02 465.76 592.78 282.27 206.06 37.80
12.0 17.11 148.18 454.08 602.26 299.54 210.63 35.21 LOAD SETTLEMENT RELATIONSHIP
13.0 18.53 169.35 442.14 611.49 316.73 215.12 33.00 ------------------------------------------
14.0 19.96 190.52 430.03 620.56 333.87 219.55 31.09 LOAD SETTLEMENT
15.0 21. 38 211.69 417.77 629.46 350.95 223.93 29.44 (TON) (IN.)
16.0 22.81 232.86 405.37 638.23 367.98 228.27 27.98 0.238E+03 0.473E-01
17.0 24.23 254.03 392.83 646.86 384.98 232.56 26.69 0.476E+03 0.945E-01
18.0 25.66 275.20 382.19 657.39 402.60 237.48 25.62 0.714E+03 0.142E+00
19.0 27.09 296.37 373.43 669.80 420.85 243.02 24.73 0.952E+03 0.189E+00
20.0 28.51 317.54 366.52 684.06 439.71 249.19 23.99 0.119E+04 0.236E+00
21.0 29.94 338.71 361.41 700.12 459.18 255.95 23.39 0.143E+04 0.284E+00
22.0 31. 36 359.88 358.03 717.91 479.22 263.29 22.89 0.167E+04 0.331E+00
23.0 32.79 381.05 356.33 737.37 499.82 271.19 22.49 0.190E+04 0.378E+00
24.0 34.21 402.22 356.25 758.46 520.97 279.64 22.17 0.214E+04 0.425E+00
25.0 35.64 417.34 356.23 773.57 536.08 285.68 21. 71 0.238E+04 0.473E+00
26.0 37.06 432.46 356.23 788.69 551. 20 291. 73 21.28 0.265E+04 0.145E+01
27.0 38.49 447.58 356.23 803.81 566.32 297.78 20.88 0.293E+04 0.242E+01
28.0 39.92 462.70 356.23 818.93 581.44 303.82 20.52 0.320E+04 0.340E+01
29.0 41.34 477.82 356.23 834.05 596.56 309.87 20.18 0.348E+04 0.437E+01
30.0 42.77 492.94 356.23 849.17 611. 69 315.92 19.86 0.348E+04 0.525E+01
31.0 44.19 508.06 419.18 927.25 647.79 342.95 20.98
32.0 45.62 523.18 486.64 1009.82 685.39 371.48 22.14
33.0 47.04 538.30 558.61 1096.91 724.50 401. 52 23.32
34.0 48.47 553.42 635.11 1188.53 765.13 433.07 24.52
35.0 49.89 568.54 716.16 1284.71 807.27 466.14 25.75
36.0 51. 32 583.67 801. 78 1385.44 850.93 500.73 27.00
37.0 52.74 598.79 891.98 1490.76 896.11 536.84 28.26
38.0 54.17 613.91 969.99 1583.89 937.24 568.89 29.24
39.0 55.60 629.03 1035.74 1664.77 974.28 596.86 29.94
40.0 57.02 644.15 1089.17 1733.32 1007.21 620.72 30.40
41.0 58.45 659.27 1130.22 1789.49 1036.01 640.45 30.62
42.0 59.87 674.39 1158.82 1833.21 1060.67 656.03 30.62
43.0 61.30 689.51 1174.92 1864.43 1081.15 667.44 30.42
44.0 62.72 704.63 1178.44 1883.07 1097.44 674.66 30.02
45.0 64.15 755.75 1181.91 1937.67 1149.72 696.27 30.21
46.0 65.57 807.05 1185.35 1992.41 1202.17 717.94 30.38
47.0 67.00 858.54 1188.75 2047.29 1254.79 739.66 30.56
48.0 68.43 910.19 1192.11 2102.30 1307.56 761.45 30.72
49.0 69.85 962.03 1195.43 2157.46 1360.51 783.29 30.89
50.0 71.28 1014.04 1198.72 2212.76 1413 .61 805.19 31.04
51.0 72.70 1066.23 1201.97 2268.19 1466.88 827.15 31.20
52.0 74.13 1118.58 1205.18 2323.77 1520.31 849.16 31. 35
53.0 75.55 1171.11 1208.37 2379.47 1573.90 871. 23 31.49
54.0 76.98 1223.81 1211. 51 2435.32 1627.64 893.36 31.64
55.0 78.40 1276.67 1214.63 2491. 30 1681. 55 915.54 31.77
56.0 79.83 1329.70 1217.71 2547.42 1735.61 937.79 31.91
57.0 81.26 1382.90 1220.77 2603.67 1789.82 960.08 32.04
58.0 82.68 1436.27 1223.79 2660.05 1844.20 982.44 32.17
59.0 84.11 1489.79 1226.78 2716.57 1898.72 1004.84 32.30
60.0 85.53 1543.48 1229.75 2773.23 1953.40 1027.31 32.42
61.0 86.96 1597.33 1232.68 2830.01 2008.23 1049.83 32.54



PILE LATERAL LOAD BEllAVIOR

(LPILE Analysis)
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Lateral Deflection (in)
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eBART A Street Underpass - Abutment 1 - 24-in. CIDH Pile



Unfactored Bending Moment (in-kips)
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A Street - Abutment .1. 1po

lPllE plus for windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected to Lateral Loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

A Street - Abutment l.lpo
- Deflection tolerance for convergence =. l.0000E-05 in
- Maximum allowable deflection l.0000E+Q2 in

Pri nti ng opti ons:
- 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

This program is licensed to:

~:~kha~~~~ultants
Path to file locations: s:\Ongoing projects\2006\206117 TYLIn Rte 4 Project\E
BART PROJECT\A Street underpass\lPllE\
Name of input data fi 1e: A Street - Abutment l. 1pd
Name of output fi 1e: A Street - Abutment l. 1po
Name of plot output file: A Street - Abutment l.lpp
Name of runtime file: A Street - Abutment l.lpr

pi 1e length =. 720.00 in

~i~~~ ~~g~~O~fdg~~~~dC~u~f~~: top of pi le :
-90.00 in

.00 deg.

Structural properties of pile defined using poi nts

Point Depth Pile Moment of pile Modulus of
X Diameter Inertia Area Elasticity
in in i"**4 sq. in lbs/sq.in

----------- -----------
0.0000 24.00000000 16286.0000 452.4000 3600000.

720.0000 24.00000000 16286.0000 452.4000 3600000.

Time and Date of Analysis
soi 1 and Rock layeri n9 Informati on

Problem Title

SR4 - A Street - Abutment 1 - 24-i n CIDH pi 1e

Program options

654.000 in
990.000 in

234.000 in
414.000 in

414.000 in
594.000 in

114.000 in
234.000 in

90.000 lbs/in**3
90.000 lbs/in**3

594.000 in
654.000 in
125.000 lbs/in**3
125.000 lbs/in**3

-90.000 in
114.000 in

The soil profil e is modelled usi n9 6 1ayers

layer 1 is stiff clay without free water
Distance from top of pile to top of layer =.

Distance from top of pile to bottom of layer =.

M';~~nc~ }~o~a~~p ~?'pif~t~~i~o~y0~Pfa~:;2A, :987

~~;t:~~~r:d~mm~~~l~: ~i}~/~o~o~~o~oif~:~:~ :
p-y subgrade modulus k for bottom of layer

layer 3 is stiff clay without free water
Distance from top of pile to top of layer =.

Distance from top of pile to bottom of layer =.

layer 4 is stiff clay without free water

g~:~:~~: ~~~~ ~~~ ~~ ~H: ~~ ~~~t~~ ~fi~yer :

~~;~~nc~ }~o~a~~p ~1p~f~t~~i ~o~yo~PfaR:;2A, ~987
Distance from top of pile to bottom oflayer =.

p-y subgrade modulus k for top of soil layer =.

p-y subgrade modulus k for bottom of layer

layer 6 is stiff clay without free water
Distance from top of pile to top of layer '"
Distance from top of pile to bottom of layer '"

(Depth of lowest layer extends 270.00 in below pile tip)60
100

Time: 20: 4:48Date: August 19, 2009

units used in computations - us customary units, inches, pounds

Basi c program Opti ons:

Analysis Type 1:
- computation of lateral pile Response using user-specified constant EI

computation options:

: ~~~,y~i~e~~:~l~:~e~~l~f~~e~;yf~~~~~u~s:~t~~nanalysi s
- Analysis assumes no shear resistance at pile tip

: ~~a~~~~~t:~i0~i~fdf~~~9~~i ~~
1
:tiff~~::tm~~~~x elements

: ~~~~~~i ~i ~s~~:~o~~es~il ~~~~m~~~~t~c~fn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

solution control Parameters:
- Number of pile increments =.

- Maximum number of iterations allowed =.

A Street - Abutment 1.1 po

Effective unit weight of soil vs. Depth
Point
No.

~~pth X

A Street - Abutment l.lpo

p-mult y-mult

Distribution of effective unit weight of soil with depth
is defi ned usi ng 12 poi nts

.000
720.000

.6000

.6000
1.0000
1.0000

Point Del?th X Eff. Unit weight
No. ln lbsJin**3

----------------
1 -90.00 .07230
2 114.00 .07230
3 114.00 .07520
4 234.00 .07520
5 234.00 .07230
6 414.00 .07230
7 414.00 .07230
8 594.00 .07230
9 594.00 .03760

10 654.00 .03760
11 654.00 .03760
12 990.00 .03760

Loadi ng Type

static loading criteria was used for computation of p-y curves

Pile-head loading and Pile-head Fixity conditions

Number of loads speci fi ed '" 3

load Case Number 1

shear strength of soils

Distribution of shear strength parameters with depth
defi ned usi ng 12 poi nts

~~~:;hf~~C~o~~d~i~ech~~~tion~ are sh~~oog~~o~oib~t (BC Type 1)

:i~~n~o~d:~tp~~eP~~:dhead: 200000:88g ~~;lbs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 2
Point Del?th X cohesion c Angle of Friction E50 or RQO
No. ln lbsJin**2 Deg. ILrm %

------------------
1 -90.000 24.30000 .00 .00500 .0
2 114.000 24.30000 .00 .00500 .0
3 114.000 .00000 35.00
4 234.000 .00000 35.00
5 234.000 24.31000 .00 .00500 .0
6 414.000 24.31000 .00 .00500 .0
7 414.000 17.36000 .00 .00500 .0
8 594.000 17.36000 .00 .00500 .0
9 594.000 .00000 25.00

10 654.000 .00000 25.00
11 654.000 27.78000 .00 .00400 .0
12 990.000 27.78000 .00 .00400 .0

Notes:

(1) Cohesion =. uniaxial compressive strength for rock materials.
(2)

6:~~~it o~a~~~sa~i11eb~r~:~e~~~edlf~rs~5gt:hen input values are o.(3)
(4) RQD and Lrm are reported only for weak rock strata.

~~~:;hf~~c~o~~d~i~ech~~~tion~ are sh:~oog~~o~oib~t (BC Type 1)

:~i~~n~o~~m:~tp~~eP~~:dhead: 200000:888 ~b;lbs

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number 3

~~~:;hf~~c~o~~d~i1'ech~~~ ti on~ are shs~oog~go~oib~t (BC Type 1)

:~i~~n~o:~m:~\n/~~:dhead: 200000:888 1b;lbs

(zero moment at pile head for this load indicates a free-head condition)

Computed values of load Distribution and Deflection
for lateral loading for load Case Number 1

p-y Modi fi cati on Factors

Distribution of p-y multipliers with depth defined using 2 points

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~ ~~:~ ~~~:~tf~~c~ii~ ~~~d head: 31000:8gg 1~~lbs
specified axial load at pile head 200000.000 lbs

(zero moment for this load indicates free-head conditions)



0.000 .064765 -2.82520-08 31000.0000 -.0011318
12.000 .051183 330554. 23657.0983 -.0010980
24.000 .038413 573041. 16405.8546 -.0010055
36.000 .027050 729121. 9365.5887 -.0008723
48.000 .017479 802002. 2671.7544 -.0007156
60.000 .009877 796678. -3509.1457 -.0005520
72.000 .004232 720432. -8929.0045 -.0003967
84.000 .000356 584286. -13264.6292 -.0002632
96.000 -.002084 403344. -12867.5800 -.0001621

108.000 - .003534 276242. -7947.7370 -9.25610-05
120.000 -.004306 213042. -4992.3714 -4.24890-05
132.000 -.004554 156629. -4383.8642 -4.65740-06
144.000 -.004418 107852. -3733.5513 2.24090-05
156.000 -.004016 66916.1790 -3089.9585 4.02940-05
168.000 -.003451 33499.4902 -2491.5363 5.05710-05
180.000 -.002803 6876.5704 -1966.4065 5.47020-05
192.000 -.002138 -13956.8377 -1532.6142 5.39780-05
204.000 -.001507 -30165.2648 -1198.6707 4.94630-05
216.000 - .000951 -42962.3544 -964.1865 4.19790-05
228.000 -.000500 -53507.2385 -820.4192 3.21060-05
240.000 -.000180 -62806.5260 412.5697 2.02030-05
252.000 -1.480-05 -43702.5409 1691.9013 9.30330-06
264.000 4.320-05 -22245.5513 1505.6916 2.55440-06
276.000 4.650-05 -7578.2034 917.0955 -4.97720-07
288.000 3.120-05 -232.8696 406.9043 -1.29710-06
300.000 1.540-05 2193.7269 101.0410 -1.09640-06
312.000 4.910-06 2197.3780 -32.1056 -6.47040-07
324.000 -1.550-07 1426.2993 -63.3248 -2.76200-07
336.000 -1.720-06 678.9084 -51.0343 -6.07600-08
348.000 -1.610-06 201.7672 -29.1723 2.93660-08
360.000 -1.010-06 -21.3689 -11.9363 4.78270-08
372.000 -4.650-07 -84.9342 -2.2345 3.69480-08
384.000 -1.260-07 -75.1735 1.6469 2.05630-08
396.000 2.830-08 -45.5062 2.2890 8.21340-09
408.000 7.100-08 -20.2764 1.6372 1.48140-09
420.000 6.390-08 -6.2194 .8719556 -1.23010-09
432.000 4.150-08 .6564073 .3782540 -1.79940-09
444.000 2.070-08 2.8673 .0869754 -1.43880-09
456.000 6.930-09 2.7507 -.0424464 -8.63880-10
468.000 -5.500-11 1.8528 -.0746879 -3.92770-10
480.000 -2.490-09 .9600987 -.0627456 -1.04910-10
492.000 -2.570-09 .3473843 -.0390019 2.88960-11
504.000 -1.800-09 .0239156 -.0185087 6.68940-11
516.000 -9.670-10 -.0971458 -.0055407 5.94000-11
528.000 -3.740-10 -.1093452 .0007454 3.82680-11
540.000 -4.890-11 -.0794410 .0027265 1.89480-11
552.000 8.100-11 -.0440007 .0025761 6.31550-12
564.000 1.030-10 -.0176457 .0017152 6.73290-15
576.000 8.110-11 -.0028356 .0008536 -2.08930-12
588.000 5.260-11 .0028509 .0002270 -2.08770-12
600.000 3.100-11 .0026231 -2.57840-05 -1.52750-12
612.000 1.590-11 .0022394 -3.56060-05 -1.02990-12
624.000 6.290-12 .0017735 -4.03660-05 -6.19210-13
636.000 1.040-12 .0012736 -4.19730-05 -3.07380-13
648.000 -1.080-12 .0007676 -4.19580-05 -9.84860-14
660.000 -1.320-12 .0002671 -3.12300-05 7.40260-15
672.000 -9.050-13 1.80390-05 -1.35750-05 3.65840-14
684.000 -4.430-13 -5.88550-05 -2.88310-06 3.24070-14
696.000 -1.270-13 -5.13100-05 1.64010-06 2.11330-14
708.000 6.370-14 -1.95950-05 2.14070-06 1.38770-14

442.0866 -613.3672
685.6484 -610.4498
864.3197 -598.0909
979.3242 -575.2868

1033.0249 -540.3523
1029.1020 -489.7978

972.9216 -413.5120
872.6054 -309.0921
739.2820 375.2670
645.6298 444.7069
599.0624 47.8540
557.4954 53.5638
521. 5551 54.8217
491. 3924 52.4438
466.7701 47.2932
447.1535 40.2284
452.3705 32.0703
464.3133 23.5869
473.7426 15.4938
481.5123 8.4674
488.3643 197.0307
474.2880 16.1912
458.4778 -47.2262
447.6705 -50.8732
442.2582 -34.1587
443.7031 -16.8185
443.7057 -5.3726
443.1376 .1693636
442.5869 1. 8790
442.2353 1.7646
442.1024 1.1081
442.1492 .5089183
442.1420 .1379837
442.1202 -.0309711
442.1016 -.0776577
442 . 0912 - . 0498909
442.0871 -.0323926
442.0888 -.0161538
442.0887 -.0054165
442.0880 4.29320-05
442.0874 .0019475
442.0869 .0020098
442.0867 .0014057
442.0867 .0007557
442.0867 .0002920
442.0867 3.81740-05
442.0867 -6.32420-05
442.0867 -8.02330-05
442.0867 -6.33680-05
442.0867 -4.10620-05
442.0867 -1.07250-06
442.0867 -5.64320-07
442.0867 -2.29030-07
442.0866 -3.88570-08
442.0866 4.13260-08
442.0866 1. 74680-06
442.0866 1.19570-06
442.0866 5.86180-07
442.0866 1.67680-07
442.0866 -8.42400-08

computed values of load Distribution and Deflection
for lateral loading for load Case Number 2

output verification:

computed forces and moments are within specified convergence limits.

soi 1 Res

lbs~;n

-717.8958
-719.5554
-712.0463
-694.5225
-665.7272
-623.4777
-563.0593
-469.9821

38.1648
460.3548

72.5797
91. 3817

100.0903
100.2332

93.5239
81. 7470
66.6781
50.0414
33.5017
18.6866

449.6285
50.0615

-95.0809
-107.9981

-74.1671
-37.3026
-12.4253

442.0866 -2.72540-07

442.0866
769.8706

1021.1463
1196.5870
1297.9659
1328.2884
1292.0225
1195.5967
1048.9339

906.0225
811.7284
724.9537
647.7359
581.0371
524.9051
478.6556
443.1115
473.6301
498.8236
520.4346
540.0243
511.8589
478.3475
454.9067
442.9185
445.3739
445.5336

Total
Stress

lbs/in**2

slope
s
Rad.

.06476452 in
- .00113181

802001.62946 lbs-in
31000.00000 1bs
48.00000000 in

0.00000 in
18

8

shear
V
lbs

41000.0000 -.0018942
32375.2925 -.0018486
23785.6821 - .0017227
15346.2694 -.0015375

7184.7711 -.0013138
-550.4584 -.0010718

-7669.6799 -.0008307
-13867.9279 -.0006080
-16458.8316 -.0004191
-13467.7142 -.0002704
-10270.1073 -.0001546

-9286.3386 -6.39600-05
-8137.5062 3.89000-06
-6935.5649 5.17510-05
-5773.0220 8.25520-05
-4721.3963 9.91340-05
-3830.8458 .0001041
- 3130.5288 9.95470-05
-2629.2704 8.72860-05
-2316.1409 6.85240-05

493.7494 4.40400-05
3491.8893 2.07470-05
3221. 7733 6.02020-06
2003.2995 -7.96570-07

910.3084 -2.69270-06
241. 4903 -2.35160-06
-56.8770 -1.41630-06

A Street - Abutment 1.1po
0.0000 0.0000 1.18720-14

Moment
M

lbs-in

Deflect.

¥n
Depth

X
in

720.000 2.060-13

0.000 .121541 -3.39020-08
12.000 .098811 444857.
24.000 .077174 785880.
36.000 .057467 1023983.
48.000 .040275 1161571.
60.000 .025935 1202724.
72.000 .014550 1153505.
84.000 .005998 1022639.
96.000 -4.230-05 823593.

108.000 -.004060 629638.
120.000 -.006531 501665.
132.000 -.007770 383898.
144.000 -.008066 279100.
156.000 -.007677 188579.
168.000 - .006824 112398.
180.000 -.005695 49630.1266
192.000 -.004445 -1390.9565
204.000 -.003198 -42809.7104
216.000 -.002056 -77001.4739
228.000 -.001103 -106331.
240.000 -.000411 -132918.
252.000 -4.580-05 -94692.5794
264.000 8.690-05 -49212.0125
276.000 9.870-05 -17398.9173
288.000 6.780-05 -1129.0011
300.000 3.410-05 4461.4100
312.000 1.140-05 4678.0533

pi 1e-head boundary condi ti ons are Shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~/~~c:ii~ ~:~d head: 410oo:ggg ~~~lbs
Specified axial load at pile head 200000.000 lbs

(Zero moment for this load indicates free-head conditions)

output summary for load Case No.1:

Pile-head deflection
Coml?uted slol?e at pile head

=:~~~~~ ~h~~~nfo~~:ent
g:~~~ ~~ ~~~~~~ ~h~:~nfo~~:ent
Number of i terati ons ""
Number of zero deflection poi nts ""

soil Res

lbs~in

Total
Stress

lbs/in**2

A Street - Abutment 1.lpo
Moment Shear slope

M V S
lbs-in lbs Rad.

Deflect.
¥
1n

Depth
X
in

computed val ues of load Di stri buti on and Defl ecti on
for lateral loading for Load Case Number 3

output verification:

computed forces and moments are within specified convergence limits.

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c:ii~ ~~~d head: 51000: ggg ~~~ 1bs
specified axial load at pile head "" 200000.000 lbs

A Street - Abutment 1.lpo
324.000 1.070-07 3103.1594 -132.1316 -6.20020-07
336.000 -3.520-06 1509.8717 -109.7149 -1.47940-07
348.000 -3.440-06 470.7117 -63.9941 5.47520-08
360.000 -2.210-06 -26.2502 -26.8984 1.00240-07
372.000 -1.040-06 -175.3308 -5.5929 7.96080-08
384.000 -2.980-07 -160.8617 3.1721 4.52030-08
396.000 4.720-08 -99.4179 4.8163 1.85660-08
408.000 1.480-07 -45.3595 3.5358 3.75030-09
420.000 1.370-07 -14.5774 1.9219 -2.38340-09
432.000 9.070-08 .7777364 .8537002 -3.79570-09
444.000 4.610-08 5.9296 .2124768 -3.10920-09
456.000 1.610-08 5.8921 -.0789787 -1.89940-09
468.000 5.190-10 4.0433 -.1567607 -8.82680-10
480.000 -5.110-09 2.1341 -.1352473 -2.50510-10
492.000 -5.490-09 .7985217 - .0855532 4.96050-11
504.000 -3.920-09 .0805700 -.0414394 1.39570-10
516.000 -2.140-09 -.1966930 -.0130260 1.27690-10
528.000 -8.530-10 -.2326677 .0010236 8.37460-11
540.000 -1.340-10 -.1725278 .0056525 4.22790-11
552.000 1.610-10 -.0972102 .0055253 1.46750-11
564.000 2.180-10 -.0399904 .0037473 6.33920-13
576.000 1.770-10 -.0072769 .0018980 -4.20330-12
588.000 1.170-10 .0055829 .0005216 -4.37670-12
600.000 7.150-11 .0052623 -4.23140-05 -3.26680-12
612.000 3.870-11 .0045831 -6.53950-05 -2.25920-12
624.000 1.730-11 .0037037 -7.74100-05 -1.41120-12
636.000 4.870-12 .0027320 -8.22680-05 -7.52580-13
648.000 -8.040-13 .0017328 -8.31730-05 -2.95660-13
660.000 -2.220-12 .0007373 -6.53520-05 -4.28760-14
672.000 -1.830-12 .0001646 -3.31770-05 4.94190-14
684.000 -1.040-12 -5.92280-05 -1.04090-05 6.02030-14
696.000 -3.880-13 -8.54950-05 9.00040-07 4.53930-14
708.000 5.160-14 -3.78450-05 3.56880-06 3.27710-14
720.000 3.980-13 0.0000 0.0000 2.88980-14

soi 1 Res

lbs~in

442.0866 -807.4958
855.1484 -812.8204

1181.7643 -809.0082
1422.1783 -795.2441
1577.7328 -770.3934
1650.9881 -732.6646
1645.9113 -678.7091
1568.2298 -600.5373
1426.2761 -467.4562
1234.2403 414.8045
1085.8275 86.0151

946.2250 125.2337
819.6625 147.3725
708.5514 154.6755
613.7209 149.7696
534.6972 135.4623
470.0009 114.5909
466.7238 89.9296
509.7213 64.1528
545.8787 39.8494
577.7570 388.7720
568.3186 356.9632
520.9433 -43.1464
478.1071 -155.7054
451. 7742 -136.9158
444.2096 -82.8006
447.2336 -36.4269
446.3901 -8.8216
444.6084 3.0912
443.1535 5.8083
442.3144 4.6349
442.2064 2.6311
442.2746 1.0638
442.2299 .1819027
442.1658 -.1776708
442.1205 -.1775525
442.0941 - .1400391
442.0908 -.0832323
442.0936 -.0373458
442.0924 -.0095911
442.0902 .0031472
442.0883 .0066419
442.0871 .0058011
442.0867 .0036995
442.0869 .0018099
442.0869 .0005827
442.0868 -3.20350-05
442.0867 -.0002454
442.0867 -.0002600
442.0866 -.0002107
442.0867 -7.10760-06
442.0867 -5.18940-06
442.0867 -3.47760-06
442.0867 -2,06180-06
442.0867 -9.90970-07
442.0867 -9.71340-06
442.0867 1. 39570-06
442.0866 4.29070-06

Total
Stress

lbs/in**2

slope
s
Rad.

shear
V

lbs

Moment
M

lbs-in

Deflect.
¥
1n

Depth
X
in

0.000 .194568 -2.26010-08 51000.0000 -.0028056
12.000 .160901 560594. 41278.1033 -.0027482
24.000 .128611 1003866. 31547.1320 - .0025881
36.000 .098787 1330148. 21921.6184 -.0023492
48.000 .072229 1541261. 12527.7938 -.0020554
60.000 .049457 1640681. 3509.4460 -.0017298
72.000 .030715 1633791. -4958.7962 -.0013947
84.000 .015985 1528364. -12634.2744 -.0010711
96.000 .005010 1335709. -19042.2353 -.0007780

108.000 -.002685 1075085. -19358.1456 -.0005312
120.000 -.007740 873664. -16353.2280 -.0003318
132.000 -.010649 684200. -15085.7349 -.0001724
144.000 -.011877 512433. -13450.0975 -4.99230-05
156.000 -.011847 361637. -11637.8097 3.95280-05
168.000 -.010929 232936. -9811.1392 .0001004
180.000 -.009438 125688. -8099.7475 .0001371
192.000 -.007639 37884.3531 -6599.4281 .0001538
204.000 -.005746 -33436.6994 -5372.3050 .0001543
216.000 -.003936 -91791.4638 -4447.8108 .0001415
228.000 -.002352 -140863. -3823.7976 .0001176
240.000 -.001113 -184127. -1252.0693 8.43870-05
252.000 -.000326 -171318. 3222.3415 4.80110-05
264.000 3.940-05 -107022. 5105.2419 1. 95270-05
276.000 .000142 -48885.7804 3912.1306 3.57150-06
288.000 .000125 -13147.5707 2156.4031 -2,77680-06
300.000 7.570-05 2881.2218 838.1044 -3.82740-06
312.000 3.330-05 6985.3065 122.7392 -2.81770-06
324.000 8.060-06 5840.4886 -148.7516 -1.50520-06
336.000 -2.830-06 3422.4941 -183.1337 -5.57230-07
348.000 -5.310-06 1447.9541 -129.7366 -5.87980-08
360.000 -4.240-06 309.0979 -67.0771 1.21010-07
372.000 -2,410-06 -162.4775 -23.4808 1.36020-07
384.000 -9.720-07 -255.0950 -1.3114 9.32860-08
396.000 -1.660-07 -194.4001 6.1628 4.72850-08
408.000 1.620-07 -107.4156 6.1882 1.63980-08
420.000 2.270-07 -45.9631 4.0568 7.02060-10
432.000 1.790-07 -10.0555 2.1513 -5.03070-09
444.000 1.070-07 5.6914 .8116360 -5.47730-09
456.000 4.780-08 9.4501 .0881674 -3.92780-09
468.000 1.230-08 7.8263 -.1934537 -2.15980-09
480.000 -4.030-09 4.8176 -.2321172 -8.65820-10
492.000 -8.500-09 2.2597 -.1733825 -1.41550-10
504.000 -7.430-09 .6570781 -.0987244 1.56940-10
516.000 -4.740-09 -.1104747 -.0417210 2.12880-10
528.000 -2.320-09 -.3452474 -.0086649 1.66240-10
540.000 -7.460-10 -.3192312 .0056901 9.82410-11
552.000 4.100-11 -.2091556 .0089939 4.41670-11
564.000 3.140-10 -.1035905 .0073291 1.21610-11
576.000 3.330-10 -.0333148 .0042964 -1.84930-12
588.000 2.700-10 -.0004690 .0014716 -5.30670-12
600.000 2.060-10 .0020296 .0001645 -5.14700-12
612 .000 1.460-10 .0035037 9.07180-05 -4.58070-12
624.000 9.560-11 .0042288 3.87160-05 -3.78940-12
636.000 5.530-11 .0044511 5.47980-06 -2.90110-12
648.000 2.600-11 .0043743 -1.28370-05 -1.99800-12
660.000 7.350-12 .0041526 -7.70630-05 -1.12530-12
672.000 -1.060-12 .0025301 -.0001270 -4.41440-13
684.000 -3.250-12 .0011074 -9.28510-05 -6.91820-14

A Street - Abutment 1.lpo
(Zero moment for thi s load i ndi cates free-head condi tions)444.3731 -.1171488

443.1992 3.8533
442.4335 3.7669
442.1060 2.4158
442.2158 1.1352
442.2052 .3256637
442.1599 -.0516264
442.1201 - .1617957
442.0974 - .1071814
442.0872 -.0708532
442.0910 -.0360173
442.0910 -.0125586
442.0896 -.0004051
442.0882 .0039906
442.0872 .0042917
442.0867 .0030606
442.0868 .0016749
442.0868 .0006667
442 . 0868 .0001048
442.0867 -.0001260
442.0867 -.0001703
442.0867 -.0001379
442.0867 -9.15120-05
442.0867 -2.47210-06
442.0867 -1.37470-06
442.0867 -6.27920-07
442.0867 -1.81650-07
442.0867 3.06990-08
442.0866 2.93960-06
442.0866 2. 4229E-06
442.0866 1. 3718E-06
442.0866 5.13020-07
442.0866 -6.82180-08
442.0866 -5.26590-07

.12154111 in
- .00189416

1202724. 1bs-i n
41000.00000 lbs
60.00000000 i n

0.00000 in
20

8

OUtput summary for load Case No.2:

Pile-head deflection
computed slol?e at pile head

::~~~~~ ~h~:~n¥o~~~ent

g:~~~ ~~ ~:~~ ~~~ ~h~:~n¥o~~~ent
Number of iterations ""
Number of zero deflection poi nts ""



A Street - Abutment 1.lpo
696.000 -2.72E-12 .0003021 -4.5564E-05 7.5062E-14
708.000 -1.44E-12 1. 3549E-05 -1.2564E-05 1.0736E-13
720.000 -1.40E-13 0.0000 0.0000 1.0875E-13

442.0866 3. 5904E-06
442.0866 1. 9095E-06
442.0866 1. 8456E-07

output verification:

Computed forces and moments are within specified convergence limits.

output summary for Load Case No.3:

Pile-head deflection
coml!uted slol?e at pile head

=:~i~~~ ~h~~n~o~~ent
g:~~~ ~~ ~:~~ ~~~ ~h~~~n~o~~~ent
Numbe r of i te rati ons =
Number of zero deflection points =

.19456832 in
-.00280558

1640681. lbs-i n
51000.00000 lb.
60.00000000 in

0.00000 in
27

8

Summary of pi 1e 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 I: 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 pi le-Head pi le-Head Axial pi le-Head Maximum Maximum
Type condition condition Load Deflection Moment shear

1 2 lb. in in-lbs lb.
---- ------------ ------------ ----------- ----------- ----------- -----------

1 v- 31000. M- 0.000 200000. .0647645 802002. 31000.0000
1 v= 41000. M= 0.000 200000. .1215411 1202724. 41000.0000
1 v= 51000. M= 0.000 200000. .1945683 1640681. 51000.0000

The analysis ended normally.



-;,l\ 0
\ .r-

" ""
(> a

()

-r 5=

~ (

Q... ~
~ ....3>
~ . ,,- .

W
~

f \I"'"""
~

-1'

G ~
~

f:

...j
('>

9-

..,...
~ ,

~
Q'

'F

J
P

Depths 456-504=Stiff Clay w/o free water S..... ~2.S \<,s. I '6(;:. 6S"r('~ e:p,:: O. OOZb7

S"" :- 2. S K,SF
Depths 264 - 456 = Stiff Clay w/o free water I I ¥' = 12 S f' ( f-

~S(.) :: 0.00267

EL. 44.0
T"' rr. -, " -, .•"' --. - ,., -~ -e' ,-. --.-.~. S~ '~'-i~T-;~;" T' ,-

Depths ·24 - 264 = Stiff Clay w/o free water I I '0 I ::: \ 2. S" fC f

£S6': 0.00z67

Depths 504 . 1200 = Stiff Clay w/o free water

'----

St".:: '6~ k. $f
Io :: 125 fer-

6>0;' 0.002.,0-

~ ~~z J:>
(j:)

0
-h ~ :-

rr 1\ I

(\\ V)
- . ~ rt
s ~

V, ~ N
(1'\ ..h. 'cJ
~ - -. 5'

0
. p \
\Xl 5

~
l\

~. "
-:s-

~
~

--r- 0 5=.
~

~ " ..
~

"
-. F

I'i\
~ ~

~
("'\ '"-- ,

~

-1\

\-q
~

G l--) \:::7 .:l::>
~

....

~

::!:. V'
v-

I I

..,..
-\

S\
I

\l - \.)

~
~

- V)-
~

~
l\\ ~

-. - :j>

~
.s>

-I'c\ •

f Ci' ~

'" 0
;r

V'
. '

~., ?
~

,.

\3 -
- ~'ii;

\......
:h



Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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A Street - Bent 2-84 in - long.lpo

LPILE plus for Windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected to lateral loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Ri ghts Reserved

_ Deflection tolerance fo~ ~~~~:~g;n~:n; 2-~~0~OoE_65n~rilpo
- Maximum allowable deflection 1.0000E+o2 in

Pri nti ng o~ti ons:
- 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

pi le length '"

~i~~~ ~~g~~O~~dg~~~~dc:U~f~~ top of pile:

structural properties of pile defined using

Point Depth Pile Moment of
X Diameter Inertia
in in in**4

This program is licensed to:

~:~¥k~a~~~~ultants

Path to file locations: s:\ongoing projects\2006\206117 TYlIn Rte 4 project\E
BART PROJECT\A Street underpass\lPIlE\
Name of input data file: A Street - Bent 2-84 in - long.lpd
Name of output file: A Street - Bent 2-84 in - long.lpo
Name of plot output file: A Street - Bent 2-84 in - long.lpp
Name of runtime file: A Street - Bent 2-84 in - long.lpr 0.0000 84.00000000

852.0000 84.00000oo0
1221960.
1221960.

852.00 in
-24.00 in

.00 deg.

points

pile
Area

Sq. in

5541.8000
5541.8000

Modulus of
Elasticity
lbs/sq.in

3600000.
3600000.

Time and Date of Analysis
soi 1 and Rock layeri n9 Information

Problem Title

Program options

eBART A Street Underpass - Bent 2 - 84-in CIDH pile-longitudinal

Units used in computations - us customary units, inches, pounds

Basic program options:

Analysis T¥pe 1:
- computatlon of lateral pile Response using user-specified Constant EI

computation Options:

=~~~~y~i~e~~:~l~=~e~~l~~~~e~;yf~~~~~u~s:~t~~nanalysis
- Analysis assumes no shear resistance at pile tip

= :~a~~~~~t:~io~i ~fdf~~~9~~i ~~
1
:tiff~~::\~~~¥x elements

=~~~~~i ~i ~s~~~~o~es~il :~~~m~~~~t~c~fn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

solution Control Parameters:
- Number of pile increments ". 71
- Maximum number of iterations allowed::: 100

264.000 in
432.000 in

432.000 in
504.000 in

-24.000 in
264.000 in

504.000 in
1200.000 in

.07230

Eff. unit weight
lbs/in**3

-24.00

De~th X
ln

Point
No.

The soil profile is modelled using 4 layers

layer 1 is stiff clay without free water

g~~~:~~: ~~: ~~~ ~~ ~H: ~~ ~~~t~ ~?i~yer :
layer 2 is stiff clay without free water
Distance from top of pile to top of layer '"
Di stance from top of pi 1e to bottom of 1ayer '"

layer 3 is stiff clay without free water
Distance from top of pile to top of layer ".
Distance from top of pile to bottom of layer '"

layer 4 is stiff clay without free water
Distance from top of pile to top of layer ".
Distance from top of pile to bottom of layer ""

(Depth of lowest layer extends 348.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defi ned usi ng 8 poi nts

Effecti ve uni t wei ght of soi 1 vs. Depth

Time: 16:56:18Date: August 30, 2009

264.00
264.00
432.00
432.00
504.00
504.00

1200.00

A Street - Bent 2-84 in - long.lpo
.07230
.07230
.07230
.03760
.03760
.03760
.03760

shear strength of soils

A Street - Bent 2-84 in - long.lpo

Number of loads specified". 2

load Case Numbe r 1

~~~:~hf~~c~o~~:i1ech~~~tion~ are s~05000~~0~oi~~t (BC Type 1)

:i:l'o:d:~tpifeP~~:dhead : 1870000:888 lc; lbs

(zero moment at pile head for this load indicates a free-head condition)

load Case Number 2

Distribution of shear strength parameters with depth
defi ned usi ng 8 poi nts

Point De~th X cohesion c Angle of Friction ESO or RQD
No. ln lbs/in**2 Deg. k...rm %

- --- --------- -----
-24.000 24.31000 .00 .00270 .0
264.000 24.31000 .00 .00270 .0
264.000 17.36000 .00 .00270 .0
432.000 17.36000 .00 .00270 .0
432.000 17.36000 .00 .00270 .0
504.000 17.36000 .00 .00270 .0
504.000 55.55000 .00 .00210 .0

1200.000 55.55000 .00 .00210 .0

Notes:

(1) cohesion"" uniaxial compressive strength for rock materials.
(2)

~:}~~ito~a~~~sa~llec~r~:~e~~~e~l f~rs~50t:hen input values are O.mRQD and Lnn are reported only for weak rock strata.

~~~:~hf~c~o~~d:i1ech~~tion= are s~90ooo~~0~i~~t (BC Type 1)

:~i~ln~o:dm:~tpifeP~~:dhead: 3740000:888 lC;lbs

(zero moment at pile head for this load indicates a free-head condition)

**** WARNING ****

An unreasonable input value for shear strength has been specified for layer 4
defined using the stiff clay without free water criteria. The input value is
greater than 55.55 psi (8000 pst). You should check your input data for
correctness.

computed values of load Distribution and Deflection
for lateral loading for load Case Number 1

p-y Modification Factors

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~::~tf~~c~ii~ ~~~d head: 205000:ggg ~~~lbs
Specified axial load at pile head". 1870000.000 lbs

(Zero moment for this load indicates free-head conditions)

Pile-head loading and Pile-head Fixity Conditions

Static loading criteria was used for computation of p-y curves

Distribution of p-y multipliers with depth defined using 2 points

loadi ng Type

Depth Deflect. Moment Shear slope Total soi 1 Res
X ~ M V 5 Stress

lbs/inin ln lbs-in lbs Rad. lbs/i n**2
-------- --------- ----------- ----------- ----------- ----------- -----------

0.000 .084307 0.0000 205000. - .0006005 337.4355 -1528.5480
12.000 . 077101 2363419 . 186561. - .0005972 418.6686 -1544.6045
24.000 .069973 4504270 . 167956. - .0005879 492.2518 -1556.2214
36.000 .062992 6420750 . 149239. - .0005730 558.1231 -1563.2317
48.000 .056222 8111731. 130467. - .0005532 616.2438 -1565.4592
60.000 .049717 9576790 . 111698. - .0005290 666.5994 -1562.7159
72 .000 .043525 1.0816E+o7 92993.1287 - .0005012 709.2002 -1554.7984
84.000 .037687 1. 1831E+o7 74415.4429 -.0004703 744.0829 -1541.4825
96.000 .032237 1. 2623E+07 56031.4494 - .0004370 771. 3113 -1522.5164

108.000 .027200 1. 3195E+07 37910.6942 - .0004018 790.9776 -1497.6095
120.000 .022595 1. 3551<+07 20126.5372 - .0003653 803.2038 -1466.4167
132.000 .018434 1. 3695<+07 2756.9612 - .0003281 808.1435 -1428.5127
144.000 .014720 1. 3632<+07 -14114.2139 - .0002908 805.9841 -1383.3499
156.000 .011454 1.3369<+07 -30395.4257 - .0002540 796.9493 -1330.1854
168.000 .008624 1. 2914<+07 -45984.2106 - .0002182 781. 3026 -1267.9454
180.000 .006218 1. 2275<+07 -60761. 5819 - .0001838 759.3532 -1194.9499
192.000 .004213 1.1464<+07 -74581.0199 - .0001514 731.4637 -1108.2898

1.0000
1.0000

y-mult

.7500

.7500

p-mult

.000
876.000

Depth X
in

Point
No.



OUtput verification:

computed forces and moments are within specified convergence limits.

A Street - Bent 2-84 in - long.lpo
204.000 .002583 1.0492E+07 -87243.6376 -.0001215 698.0646
216.000 .001297 9375576. -98932.0279 -9. 4383E-05 659.6835
228.000 .000318 8122116. -106028. -7.0517E-05 616.6008
240.000 -.000395 6834059. -105649. -5.0118E-05 572.3290
252.000 -.000885 5588800. -99735.6347 -3.3174E-05 529.5281
264.000 -.001191 4441893. -90426.1297 -1.9493E-05 490.1078
276.000 -.001353 3419447. -80032.0513 -8.7706E-06 454.9653
288.000 -.001402 2521517. -69345.5723 -6.6752E-07 424.1026
300.000 -.001369 1755184. -58395.6553 5.1656E-06 397.7629
312.000 -.001278 1119790. -47742.7385 9.0869E-06 375.9238
324.000 -.001150 608950. -37790.2445 1. 1445E-05 358.3657
336.000 -.001003 212310. -28805.9467 1.2565E-05 344.7328
348.000 -.000849 -82956.5978 -20944.0869 1. 2741E-05 340.2868
360.000 - .000697 -290920. -14267.0932 1. 2231E-05 347.4347
372.000 -.000555 -425916. -8766.0284 1. 1254E-05 352.0746
384.000 -.000427 -501809. -4379.1604 9.9883E-06 354.6832
396.000 -.000316 -531464. -1008.2740 8.579OE-06 355.7024
408.000 -.000221 -526393. 1467.4615 7. 1361E-06 355.5281
420.000 -.000144 -496565. 3180.0936 5.7409E-06 354.5029
432.000 -8.36E-05 -450328. 4280.1081 4.4494E-06 352.9137
444.000 -3.76E-05 -394042. 4887.5218 3.2977E-06 350.9791
456.000 -4.44E-06 -333176. 5100.0627 2.3059E-06 348.8871
468.000 1. 78E-05 -271744. 5030.9277 1. 4808E-06 346.7756
480.000 3.11E-05 -212500. 4776.5969 8.2033E-07 344.7393
492.000 3.75E-05 -157143. 4416.2058 3.1617E-07 342.8366
504.000 3.87E-05 -106525. 3917.2438 -4.3457E-08 341.0969
516.000 3.64E-05 -63126.8644 3181.4954 -2.7485E-07 339.6052
528.000 3.21E-05 -30157.1494 2358.4071 -4.0208E-07 338.4720
540.000 2.68E-05 -6507.0489 1641.4964 -4.5209E-07 337.6591
552.000 2.12E-05 9259.0545 1048.7831 -4.4834E-07 337.7537
564.000 1.60E-05 18683.8659 582.7483 -4.1023E-07 338.0777
576.000 1. 14E-05 23263.4257 235.3746 -3.5301E-07 338.2351
588.000 7.54E-06 24348.7004 -7.7023 -2.8807E-07 338.2724
600.000 4.48E-06 23091.4980 -163.9472 -2.2337E-07 338.2292
612.000 2.17E-06 20423.9929 -251.5297 -1.6402E-07 338.1375
624.000 5.41E-07 17062.1454 -287.6813 -1.1289E-07 338.0219
636.000 -5.35E-07 13524.7070 -287.6775 -7.1169E-08 337.9003
648.000 -1.17E-06 10161.0786 -264.3165 -3.8863E-08 337.7847
660.000 -1.47E-06 7182.8547 -227.7677 -1. 5207E-08 337.6824
672.000 -1.53E-06 4695.3365 -185.6776 9.9382E-10 337.5969
684.000 -1.44E-06 2726.5486 -143.4383 1. 1117E-08 337.5292
696.000 -1.27E-06 1252.3196 -104.5425 1. 6544E-08 337.4785
708.000 -1.05E-06 216.7857 -70.9682 1. 8547E-08 337.4429
720.000 -8.20E-07 -451.7501 -43.5520 1.8227E-08 337.4510
732.000 -6.09E-07 -829.2792 -22.3261 1.6480E-08 337.4640
744.000 -4.25E-07 -988.3153 -6.8051 1.4oo1E-08 337.4695
756.000 -2.73E-07 -993.2289 3.7840 1. 1298E-08 337.4696
768.000 -1.54E-07 -898.0074 10.3257 8.7184E-09 337.4664
780.000 -6.36E-08 -745.8038 13.6911 6.4764E-09 337.4611
792.000 1. 89E-09 -569.7124 14.6547 4. 6821E-09 337.4551
804.000 4.87E-08 -394.3008 13.8476 3.3673E-09 337.4490
816.000 8.27E-08 -237.5219 11. 7376 2. 5055E-09 337.4437
828.000 1.09E-07 -112.7101 8.6326 2.0278E-09 337.4394
840.000 1. 31E-07 -30.4310 4.6997 1. 8326E-09 337.4365
852.000 1. 53E-07 0.0000 0.0000 1.7911E-09 337.4355

------ --- -- -- - - -- - - - - - - -- - - ---- - -- - -- ---- -- - - - - ---- --- --- - ----- --- - - - - - - --- - --
computed values of load Distribution and Deflection

for lateral loading for load Case Number 2
------------------------------------------------------------------------------

pile-head boundary conditions are shear and Moment (BC TYpe 1)

~~:~~~~:~ ~~~:~tf~~c~i~~ ~~~d head ~ 89oooo:ggg ~~~lbs
specified axial load at pile head '" 3740000.000 lbs

(Zero moment for this load indicates free-head conditions)

Depth Deflect. Moment shear slope Total soi 1 Res
x ¥ M V 5 Stress

lbsiinin ,n lbs-in lbs Rad. 1bs/in**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 2.141 - .0002713 890000. -.0085833 674.8710 -3431.1693
12.000 2.038 1.0818E+07 848400. - .0085686 1046.7025 -3502.0867
24.000 1.936 2.1131E+07 805976. -.0085250 1401.1552 -3568.6333
36.000 1.834 3.0927E+07 762780. -.0084540 1737.8563 -3630.6801
48.000 1.733 4.0196E+07 718868. - .0083570 2056.4575 -3688.0983
60.000 1.633 4. 8930E+07 674294. - .0082354 2356.6356 -3740.7585
72.000 1.535 5.7119E+07 629119. - .0080908 2638.0932 -3788.5308
84.000 1.439 6.4755E+07 583400. - .0079245 2900.5594 -3831.2842
96.000 1. 345 7.1831E+07 537199. - .0077382 3143.7905 -3868.8865

108.000 1.253 7.8342E+07 490578. - .0075334 3367.5705 -3901.2035
120.000 1.164 8.4282E+07 443602. - .0073116 3571. 7122 -3928.0990
132.000 1.078 8. 9645E+07 396337. - .0070744 3756.0574 -3949.4337
144.000 . 994215 9.4429E+07 348850 . - .0068233 3920.4779 -3965.0649
156.000 . 913881 9. 8630E+07 301211 . - .0065600 4064.8763 -3974.8457
168.000 .836775 1.0225E+08 253490. -.0062860 4189.1865 -3978.6239
180.000 .763016 1.0528E+08 205761. -.0060030 4293.3745 -3976.2408
192.000 .692703 1.0772 E+08 158098. -.0057125 4377.4395 -3967.5296
204.000 .625917 1.0958E+08 110579. -.0054161 4441.4141 -3952.3137
216.000 .562718 1.1086E+08 63282.8032 -.0051154 4485.3660 -3930.4040
228.000 .503147 1.1156E+08 16290.8070 - .0048120 4509.3981 -3901. 5954
240.000 .447229 1.1169E+08 -30312.7424 -.0045075 4513.6501 -3865.6628
252.000 .394967 1.1124E+08 -76440.8467 - .0042035 4498.2993 -3822.3546
264.000 .346346 1.1023E+08 -120204. - .0039014 4463.5620 -3471. 5429
276.000 .301333 1.0871E+08 -158751. - .0036028 4411.1787 -2952.9623
288.000 .259879 1.0674E+08 -193871. - .0033089 4343.7225 -2900.3283
300.000 . 221919 1.0435E+08 -228316 . - .0030210 4261.4622 -2840.5810
312.000 . 187375 1.0153E+08 -262000 . - .0027402 4164.7036 -2773.2704
324.000 .156154 9.8307E+07 -294826. - .0024676 4053.7916 -2697.8375
336.000 .128151 9. 4680E+o7 -326695. - .0022044 3929.1133 -2613.5663
348.000 .103248 9.0664E+07 -357493. - .0019516 3791.1008 -2519.5061
360.000 .081312 8.6275E+07 -387096. - .0017103 3640.2368 -2414.3398
372.000 . 062201 8.1528E+07 -415359 . - .0014814 3477.0601 -2296.1440
384.000 .045758 7.6440E+07 -442107. - .0012660 3302.1758 -2161. 9172
396.000 .031818 7.1031E+07 -467118. -.0010648 3116.2695 -2006.5371
408.000 .020203 6. 5324E+07 -490078. -.0008788 2920.1332 -1820.0442
420.000 .010726 5.9348E+07 -510468. -.0007088 2714.7138 -1578.3176
432.000 .003192 5.3137E+07 -527331. -.0005554 2501.2329 -1232.2163

OUtput summary for load Case No.1:

Pile-head deflection .08430681 in

-1002.1465
-945.9186
-236.8079

300.1089
685.3821
866.2021
866.1443
914.9355
910.0507
865.4355
793.3135
704.0694
606.2405
506.5918
410.2524
320.8923
240.9221
171. 7005
113.7382

69.5975
31.6381

3.7854
-15.3079
-27.0806
-32.9846
-50.1757
-72.4490
-64.7324
-54.7527
-44.0328
-33.6396
-24.2560
-16.2569
-9.7840
-4.8131
-1.2121
1.2128
2.6807
3.4107
3.6043
3.4356
3.0470
2.5487
2.0207
1. 5170
1.0699

.6949605

.3953265

.1655708
- .0049625
-.1295616
-.2220951
-.2954137
-.3600691
- .4232110

A Street 
Computed slol?e at pile head

=:~~ ~~~ ~h~~~nfo~~:ent ::
g:~~~ ~~ ~~~ ~~~ ~h~~~ nfo~~:ent ~
Number of iterations ""
Number of zero deflection points ::

Bent 2-84 in - long.lpo
- .00060047
13694916. bs-i n

205000.00000 bs
132.00000 n

0.00000 n
16

4

A Street - Bent 2-84 in - long.lpo
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

pi le-Head
condition

2

.0843068 1. 3695E+o7
2.1412 1. 1169E+08

444.000 -.002603
456.000 -.006868
468.000 -.009807
480.000 - .011616
492.000 -.012486
504.000 -.012596
516.000 -.012119
528.000 - .011215
540.000 - .010023
552.000 -.008666
564.000 -.007245
576.000 -.005844
588.000 -.004528
600.000 - .003346
612.000 - .002329
624.000 - .001494
636.000 -.000843
648.000 -.000362
660.000 -2.90E-05
672 .000 .000183
684.000 .000301
696.000 .000349
708.000 .000350
720.000 .000321
732.000 .000276
744.000 .000224
756.000 .000173
768.000 .000125
780.000 8.37E-05
792.000 4.86E-05
804.000 1. 91E-05
816.000 -5.87E-06
828.000 -2.79E-05
840.000 -4.85E-05
852.000 -6.86E-05

A Street - Bent 2-84 in - long.lpo
4.6742E+07 -527625. -.0004192 2281.4297
4.0511E+07 -511371. - .0003001 2067.2863
3.4496E+07 -492097. - .0001978 1860.5237
2.8719E+07 -471301. - .0001116 1661. 9640
2.3195E+07 -449636. -4.0813E-05 1472.0897
1. 7931E+07 -422420. 1. 5279E-05 1291.1835
1.3055E+07 -381549. 5.7542E-05 1123.5863

8768840. -332389. 8.7308E-05 976.2648
5069891. -283708. .0001062 849.1282
1950319. -235919. .0001158 741.9054
-602553. -189403. .0001176 695.5813

-2605919. -144526. .0001132 764.4390
-4081351. -101646. .0001041 815.1511
-5054776. -61126.0747 9. 1639E-05 848.6087
-5556602. -23348.4384 7.7165E-05 865.8570
-5622065. 14888.2966 6.1919E-05 868.1070
-5204841. 46442.1527 4. 7151E-05 853.7666
-4511686. 62900.7417 3.3899E-05 829.9421
-3698266. 68293.4730 2.2701E-05 801.9841
-2874680. 66117.1072 1. 3736E-05 773.6766
-2112688. 59242.3381 6.9335E-06 747.4862
-1453486. 49902.2730 2.0695E-06 724.8288

-915219. 39736.0143 -1.1612E-06 706.3280
-499718. 29865.2586 -3. 0911E-06 692.0468
-198176. 20986.7089 -4.0430E-06 681.6825

4326.3664 13467.6980 -4.3074E-06 675.0197
125436. 7436.4647 -4.1304E-06 679.1823
183172. 2861.8605 -3.7095E-06 681.1668
194453. -380.1534 -3.1944E-06 681.5545
174335. -2454.0114 -2.6914E-06 680.8631
135799. -3525.6547 -2.2684E-06 679.5385

89923.2087 -3736.2294 -1.9605E-06 677.9617
46305.1917 -3187.1801 -1. 7747E-06 676.4625
13590.1850 -1935.7149 -1.6930E-06 675.3381

0.0000 0.0000 -1.6745E-06 674.8710

1183.2668
1525.6978
1686.6648
1779.2520
1831.6611
2704.2302
4107.7031
4085.6719
4027.7663
3937.0785
3815.4972
3663.9929
3482.6878
3270.6978
3025.5749
3347.2143
1911.7618

831. 3364
67.4521

-430.1798
-715.6151
-841.0624
-853.3140
-791. 8119
-687.9464
-565.2221
-439.9834
-322 .4506
-217.8850
-127.7579

-50.8493
15.7535
75.7547

132.8228
189.7963

load pi le-Head
TYpe condi ti on

1

1 v:: 2. 05E+o5 M",
1 v= 8.9OE+05 M=

0.000
0.000

Axial
Load
lbs

1870000.
3740000.

pi le-Head
Deflection

in

Maximum
Moment
in-lbs

Maximum
shear
lbs

205000.
890000.

output verification:

computed forces and moments are within specified convergence limits.

output summary for Load Case No.2:

pi le-head deflection
coml?uted slol?e at pi le head

=~i~~~ ~h~~~nfo~:ent
g:~~~ ~~ ~:~~~~~ ~h~~~n~o~~:ent
Number of iterations ::
Number of zero deflection points ::

2.14118244 in
- .00858331

1.116866E+08 lbs-i n
890000.00000 lbs

240.00000 in
0.00000 in

35
3

summary of pi 1e Response(s)

Definition of symbols for Pile-Head Loading conditions:

TYpe 1 :: shear and Moment.
Type 2 :: shear and slope,

y '" pi 1e-head di sp1acment in
M '" pi 1e-head Moment 1bs-i n
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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A Street - Bent 2-84 in - trans.1po

LPILE plus for windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected to Lateral Loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

A Street - Bent 2-84 in - trans.1po
- Deflection tolerance for convergence = 1.0000E-05 in
- Maximum allowable deflection 1.00OOE+o2 in

Pri nti ng opti ons:
- values of !?i1e-head deflection, bending moment! shear force, and

soil reactlon are printed for full length of p1le.
- Pri nti ng Increment (spaci ng of output poi nts) = 1

pile Structural properties and Geometry

3600000.
3600000.

Modulus of
Elasticity
lbs/sq. in

792.00 in
-24.00 in

.00 deg.

5541.8000
5541. 8000

Point Depth Pile Moment of
X Diameter Inertia
in in in**4

-----------
0.0000 84.00000000 1221960.

792.0000 84.00000000 1221960.

Structural properties of pile defined using 2 points

Pile
Area

sq.in

This program is licensed to:

;:~rk~a~~~~ultants
Path to file locations: s:\ongoing projects\2006\206117 TILln Rte 4 project\E
BART PROJECT\A Street underpass\LPILE\
Name of input data file: A street - Bent 2-84 in - trans.lpd
Name of output file: A street - Bent 2-84 in - trans.lpo
Name of plot output file: A street - Bent 2-84 in - trans.lpp
Name of runtime file: A street - Bent 2-84 in - trans.1pr

Time and Date of Analysis
Soi 1 and Rock Layeri ng Informati on

Problem Title

Program options

eBART A Street underpass - Bent 2 - 84-in CIDH Pile-Transverse

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:

= ~~~"y~i~e~~:~l~:~e~~l~f;~e~;yf~~~~~u~s:~t~ ~nanalysi s
- Analysis assumes no shear resistance at pile tip

: ~~a~~~~~t:~io~i ~~df~~~~~i g~1;tiff~~::tm~~~rx elements

: ~~~~~i~i ~s~~:r~~es~il ~~~m~~~~t~c~fn~i ~~ pi le
- No additional p-y curves to be computed at user-specified depths

solution control Parameters:
- Number of pile increments = 66
- Maximum number of iterations allowed = 100

432.000 in
504.000 in

-24.000 in
264.000 in

264.000 in
432.000 in

504.000 in
1200.000 in

.07230

Eff. Unit weight
lbs/i n**3

-24.00

Depth X
in

Point
No.

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 =
Distance from top of pile to bottom of layer =

layer 2 is stiff clay without free water

~~~~:~~: ~~: ~~~ ~~ ~n: ~~ ~~~t~: ~?;~yer :

Layer 3 is stiff clay without free water

~~~~:~~: ~~: i~~ ~~ ~n: ~~ ~~~t: ~?;~yer :

Layer 4 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

(Depth of lowest layer extends 408.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defined using 8 points

Effective Unit weight of soil vs. Depth

Time: 17:33: 2Date: August 13. 2009

264.00
264.00
432.00
432.00
504.00
504.00

1200.00

A Street - Bent 2-84 in - trans.lpo
.07230
.07230
.07230
.03760
.03760
.03760
.03760

shear strength of soils

A Street - Bent 2-84 in - trans.lpo

Number of loads speci fied = 2

Load Case Number 1

~~~:;h~~~c~o~~d~i1ech~~~ti on~ are s~o500o~g~oib~t (BC Type 1)

:=i:~'o:d:~tpifeP~~:dhead: 1870000:GGG ~b;lbs

(zero moment at pile head for this load indicates a free-head condition)

load Case Number 2

Distribution of shear strength parameters with depth
defi ned usi ng 8 poi nts

Point De!?th X cohesion c Angle of Friction E50 or RQO
No. ln 1bs/i n**2 Deg. ILrm %------------------

-24.000 24.31000 .00 .00270 .0
264.000 24.31000 .00 .00270 .0
264.000 17.36000 .00 .00270 .0
432.000 17.36000 .00 .00270 .0
432.000 17.36000 .00 .00270 .0
504.000 17.36000 .00 .00270 .0
504.000 55.55000 .00 .00210 .0

1200.000 55.55000 .00 .00210 .0

Notes:

(ll cohesion = uniaxial compressive strength for rock materials.
(2l ~:~~~ltO~a~~~sa~11ec~r~:~e~~~ed1f~rs~50t:heninput values are O.
pl4l RQD and Lrm are reported only for weak rock strata.

:~~:;h~~~c~o~~d~iYech~~~ti on~ are s~~5~oo~go~oib~t (BC Type 1)

~i:~n~o:dm:~\ifeP~~:dhead: 3740000:888 ~b;lbs

(zero moment at pile head for this load indicates a free-head condition)

**** WARNING ****

An unreasonable input value for shear strength has been specified for layer 4
defined using the stiff clay without free water criteria. The input value is
greater than 55. 5S psi (8000 psf). You should check your input data for
correctness.

Computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 1

p-y Modification Factors

pi 1e-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~ii~ ~~~d head: 205000:888 l~~lbs
specified axial load at pile head = 1870000.000 1bs

(zero moment for this load indicates free-head conditions)

Static loading criteria was used for computation of p-y curves

Pile-head Loading and Pile-head Fixity Conditions

Distribution of p-y mUltipliers with depth defined using 2 points

Loadi ng Type

Depth Deflect. Moment Shear Slope Total Soil Res
X ¥ M V 5 Stress

lbs~inin ln lbs-in lbs Rad. lbs/in**2-------- --------- ----------- ----------- ----------- ----------- -----------
0.000 .122554 -1.69580-06 205000. - .0007724 337.4355 -1320.3094

12.000 .113285 2382270. 189052. - .0007691 419.3165 -1337.7517
24.000 .104095 4571758. 172913. -.0007596 494.5714 -1351. 9965
36.000 .095054 6566278. 156624. -.0007445 563.1251 -1362.9284
48.000 .086228 8364135. 140223 . -.0007241 624.9192 -1370.4277
60.000 . 077676 9964138. 123755 . - .0006991 679.9129 -1374.3696
72 .000 . 069450 1. 1366E+07 107261. -.0006700 728.0833 -1374.6226
84.000 .061596 1.25680+07 90786.7036 - .0006374 769.4263 -1371.0470
96.000 .054153 1. 35730+07 74379.4721 - .0006017 803.9568 -1363.4916

108.000 .047155 1.4381E+07 58087.7759 - .0005636 831. 7104 -1351. 7911
120.000 .040628 1.4993E+07 41962.4629 - .0005235 852.7430 -1335.7610
132.000 .034591 1. 5411E+07 26056.7495 - .0004820 867.1329 -1315.1912
144.000 .029059 1.5640e+07 10426.5876 -.0004397 874.9809 -1289.8358
156.000 .024039 1.5681E+07 -4868.8203 - .0003970 876.4121 -1259.3989
168.000 .019532 1. 5S40e+07 -19766.2776 -.0003544 871. 5770 -1223.5107
180.000 .015533 1.52230+07 -34197.4776 -.0003124 860.6535 -1181. 6893
192.000 .012033 1.4734E+07 -48087.2539 -.0002716 843.8493 -1133.2734

1.0000
1.0000

y-mult

.5900

.5900

p-mult

.000
816.000

Depth X
in

Point
No.



output verification:

computed forces and moments are within specified convergence limits.

A Street - Bent 2-84 in - trans.lpo
204.000 .009016 1.4081E+07 -61350.6749 -.0002323 821.4050
216.000 .006459 1.3272E+07 -73887.8529 -.0001950 793.5991
228.000 .004337 1.2316E+07 -85573.6939 -.0001601 760.7554
240.000 .002618 1.1225E+07 -96234.3916 -.0001280 723.2559
252.000 .001266 1. 0012E+07 -107167. -9. 8985E-05 681. 5686
264.000 .000242 8657616. -114106. -7.3520E-05 635.0064
276.000 - .000499 7277067. -113245. -5.1787E-05 587.5556
288.000 -.001001 5942058. -107409. -3.3757E-05 541.6700
300.000 - .001309 4700765. -98267.0435 -1. 9241E-05 499.0055
312.000 -.001463 3584512. -87100.8748 -7.9400E-06 460.6388
324.000 -.001499 2610700. -74953.2119 5.0984E-07 427.1679
336.000 -.001451 1785612. -62641.2963 6.5061E-06 398.8088
348.000 -.001343 1107017. -50777.2735 1.0451E-05 375.4848
360.000 -.001200 566489. -39792.5820 1.2734E-05 356.9063
372.000 -.001038 151423. -29964.3649 1. 3713E-05 342.6401
384.000 -.000871 -153272. -21442.2349 1. 3711E-05 342.7036
396.000 -.000709 -363806. -14274.0995 1.3005E-05 349.9399
408.000 -.000558 -496434. -8430.1004 1. 1832E-05 354.4984
420.000 -.000425 -566659. -3824.0377 1.0382E-05 356.9121
432.000 -.000309 -588676. -271.8026 8.8063E-06 357.6689
444.000 -.000213 -573578. 2350.6719 7.2211E-06 357.1499
456.000 -.000136 -532584. 4122.9761 5.7123E-06 355.7410
468.000 -7.61E-05 -474882. 5211.2913 4.3382E-06 353.7577
480.000 -3.19E-05 -407708. 5771.1965 3. 1344E-06 351.4488
492.000 -9.11E-07 -336514. 5942.4493 2.1194E-06 349.0018
504.000 1. 9OE-05 -265184. 5799.2916 1. 2987E-06 346.5501
516.000 3.03E-05 -197390. 5290.1591 6.6778E-07 344.2200
528.000 3.50E-05 -138251. 4504.8542 2.0999E-07 342.1873
540.000 3.53E-05 -89282.6135 3647.5152 -1.0035E-07 340.5042
552.000 3.26E-05 -50705.7731 2808.3569 -2.9128E-07 339.1783
564.000 2.83E-05 -21868.9742 2045.4854 -3.9027E-07 338.1871
576.000 2.33E-05 -1596.6072 1391.3301 -4.2227E-07 337.4904
588.000 1. 82E-05 11541.8994 858.8625 -4.0871E-07 337.8322
600.000 1. 35E-05 19034.4358 447.2082 -3.6700E-07 338.0897
612.000 9.36E-06 22291.3679 146.4297 -3.1064E-07 338.2017
624.000 6.00E-06 22562.6893 -58.6069 -2.4946E-07 338.2110
636.000 3.38E-06 20895.9970 -185.2715 -1.9019E-07 338.1537
648.000 1.44E-06 18124.7094 -251.0414 -1.3696E-07 338.0585
660.000 8.98E-08 14877.1497 -272.0919 -9.1952E-08 337.9468
672 .000 -7. 70E-07 11598.6301 -262.4735 -5. 5841E-08 337.8341
684.000 -1.25E-06 8580.2922 -233.7453 -2.8318E-08 337.7304
696.000 -1.45E-06 5990.0149 -194.9405 -8.4452E-09 337.6414
708.000 -1.45E-06 3902.1002 -152.7563 5.0470E-09 337.5696
720.000 -1.33E-06 2323.6363 -111.8793 1. 3538E-08 337.5154
732.000 -1.13E-06 1216.3894 -75.3750 1. 8367E-08 337.4773
744.000 -8.88E-07 513.8114 -45.0908 2.0727E-08 337.4532
756.000 -6.31E-07 133.2805 -22.0324 2.1609E-08 337.4401
768.000 -3.69E-07 -15.9353 -6.6899 2.1769E-08 337.4360
780.000 -1.08E-07 -28.2550 .7045651 2.1709E-08 337.4365
792.000 1.52E-07 0.0000 0.0000 2.1670E-08 337.4355

OUtput summary for Load Case No.1:

pi 1e-head defl ecti on
coml?uted slope at pile head

=~i:~: ~h~~~nfo~ent

g:~~~ ~~ :~~:~: ~h~:~'o~~:ent

.12255396 in
-.00077238
15681142. lbs-i n

205000.00000 lbs
156.00000 in

0.00000 in

A Street - Bent 2-84 in - trans.lpo
-1077 .2968 Number of iterations 19
-1012.2329 Number of zero deflection points '" 4

-935.4073
-841.3757
-980.6621
-175.8774

319.3370 ------------------------------------------------------------------------------
653.3342 computed values of Load Distribution and Deflection
870.3368 for Lateral Loading for Load Case Number 2
990.6913 ------------------------------------------------------------------------------

1033.9192
1018.0667 Pile-head boundary conditions are shear and Moment (BC Type 1)

959.2704 ~~:~~~~:~ ~~:~tf:~c~ii~ ~~~d head: 485ooo:ggg ~~~lbs871. 5115
766.5247 specified axial load at pile head 3740000.000 lbs
653.8303
540.8589 (zero moment for this load indicates free-head conditions)
433.1409
334.5362 Depth Deflect. Moment shear slope Total soi 1 Res
257.5030 X ¥ M V S Stress

lbs~in179.5761 in 1n lbs-in lbs Rad. lbs/in**2
115.8079 --------- ----------- ----------- ----------- ----------- -----------

65.5779 0.000 . 823893 -7.4616E-05 485000 . - .0037023 674.8710 -2125.8793
27.7396 12.000 .779466 5833095. 459246. - .0036943 875.3603 -2166.4944

.8025268 24.000 . 735229 1.1353E+07 433023 . -.0036709 1065.1022 -2203.9386
-24.6621 36.000 .691365 1. 6555E+07 406371. - .0036328 1243.8881 -2238.1125
-60.1933 48.000 . 648042 2.1432E+07 379329 . - .0035810 1411. 5269 -2268.9159
-70.6909 60.000 . 605421 2.5980E+07 351938 . - .0035163 1567.8457 -2296.2478
-72 .1990 72.000 . 563650 3.0195E+07 324240 . - .0034397 1712.6901 -2320.0060
-67.6607 84.000 . 522868 3.4071E+07 296280 . - .0033521 1845.9248 -2340.0862
-59.4845 96.000 .483201 3.7606E+07 268101. - .0032543 1967.4340 -2356.3823
-49.5414 108.000 . 444765 4.0798E+07 239750 . - .0031474 2077 .1222 -2368.7850
-39.2032 120.000 .407664 4.3643E+07 211274. - .0030322 2174.9146 -2377 .1818
-29.4058 132.000 . 371992 4. 6140E+07 182722 . - .0029097 2260.7577 -2381.4558
-20.7239 144.000 . 337831 4.8289E+07 154145 . -.0027809 2334.6198 -2381.4846
-13.4488 156.000 . 305250 5.0089E+07 125593 . - .0026468 2396.4917 -2377 .1395
-7.6619 168.000 .274309 5.1541E+07 97120.2618 - .0025081 2446.3874 -2368.2831
-3.2997 180.000 .245055 5.2645E+07 68781.9559 -.0023660 2484.3446 -2354.7679

-.2086754 192.000 .217524 5.3404E+07 40634.7500 - .0022214 2510.4255 -2336.4331
1.8117 204.000 .191741 5.3820E+07 12737.5465 - .0020751 2524.7177 -2313.1008
2.9763 216.000 .167721 5.3896E+07 -14848.4843 - .0019282 2527.3348 -2284.5710
3.4912 228.000 .145464 5.3637E+07 -42059.5939 -.0017816 2518.4179 -2250.6139
3.5395 240.000 .124963 5.3047E+07 -68829.0380 - .0016360 2498.1361 -2210.9601
3.2733 252.000 .106199 5.2132E+07 -95086.5043 - .0014926 2466.6880 -2165.2843
2.8107 264.000 . 089141 5.0899E+07 -119749 . -.0013521 2424.3037 -1945.1758
2.2367 276.000 . 073749 4.9379E+07 -141224 . -.0012153 2372 .0777 -1633.9185
1.6064 288.000 . 059974 4.7618E+07 -160516 . -.0010830 2311. 5569 -1581. 3947

.9506599 300.000 .047757 4.5624E+o7 -179136. -.0009558 2243.0088 -1521.9997

.2817574 312.000 .037034 4. 3405E+07 -196996. - .0008344 2166.7357 -1454.6622
-.3991850 324.000 .027732 4.0971E+07 -213991. -.0007193 2083.0802 -1377.7507

336.000 . 019771 3. 8334E+07 -229988 . -.0006111 1992.4332 -1288.5727
348.000 .013064 3.5506E+o7 -244813. -.0005104 1895.2472 -1182.1486
360.000 .007520 3.2504E+07 -258190. - .0004177 1792.0609 -1047.4486
372.000 . 003040 2.9347E+07 -269572 . -.0003333 1683.5535 -849.4295
384.000 -.000479 2.6064E+07 -272509. -.0002577 1570.7184 359.9366
396.000 -.003146 2.2830E+07 -265039. -.0001910 1459.5552 884.9416
408.000 -.005064 1. 9720E+07 -253652. - .0001330 1352.6758 1012.9515
420.000 -.006338 1. 6754E+o7 -241044. -8.3266E-05 1250.7270 1088.3782
432.000 -.007063 1. 3943E+07 -227424. -4.1398E-05 1154.0945 1181.6896
444.000 -.007331 1. 1300E+07 -213095. -6.9689E-06 1063.2521 1206.4586
456.000 -.007230 8829021. -198560. 2.0485E-05 978.3333 1215.9329
468.000 -.006840 6532384. -183989. 4.1437E-05 899.3956 1212.6738
480.000 -.006236 4409573. -169524. 5.6361E-05 826.4324 1198.1632
492.000 -.005487 2458757. -155295. 6.5729E-05 759.3809 1173.2700

A Street - Bent 2-84 in - trans.l po
504.000 -.004658 676591. -138301. 7.0005E-05 698.1261
516.000 -.003807 -866756. -113831. 6.9746E-05 704.6623
528.000 -.002984 -2061616. -85463.9583 6.5752E-05 745.7308
540.000 -.002229 -2923793. -58557.0864 5.8952E-05 775.3647
552.000 -.001569 -3472277. -25977.7365 5.0228E-05 794.2166
564.000 -.001023 -3551767. 6449.9772 4.0648E-05 796.9488
576.000 -.000594 -3321127. 26940.3386 3.1274E-05 789.0214
588.000 -.000273 -2908006. 38058.4633 2.2778E-05 774.8221
600.000 -4.71E-05 -2409768. 42207.9017 1.5525E-05 757.6971
612.000 9.97E-05 -1896410. 41501.0284 9.6515E-06 740.0525
624.000 .000185 -1414610. 37695.2692 5.1355E-06 723.4925
636.000 .000223 -992185. 32178.2378 1. 8528E-06 708.9734
648.000 .000229 -642498. 25986.7120 -3.7676E-07 696.9543
660.000 .000214 -368470. 19846.7829 -1. 7556E-06 687.5357
672.000 .000187 -166018. 14225.0958 -2.4846E-06 680.5772
684.000 .000154 -26844.5786 9383.6095 -2.7477E-06 675.7937
696.000 .000121 59435.4021 5432.5616 -2.7032E-06 676.9138
708.000 8.94E-05 103780. 2378.2339 -2.4806E-06 678.4380
720.000 6.14E-05 116736. 163.6260 -2.1799E-06 678.8833
732.000 3. 71E-05 107902. -1298.7435 -1.8735E-06 678.5797
744.000 1. 64E-05 85733.9974 -2101.9440 -1.6094E-06 677.8177
756.000 -1.49E-06 57600.0326 -2327.2687 -1.4139E-06 676.8508
768.000 -1.75E-05 30006.4578 -2033.8682 -1.2944E-06 675.9023
780.000 -3.26E-05 8903.3808 -1254.9116 -1.2413E-06 675.1770
792.000 -4. 73E-05 0.0000 0.0000 -1.2292E-06 674.8710

OUtput verification:

computed forces and moments are wi thi n speci fi ed convergence 1i mi ts.

1659.0391
2419.3171
2308.5395
2175.9392
3253.9525
2150.6664
1264.3938

588.6270
102.9461

-220.7583
-413.5349
-505.9703
-525.9506
-497.3709
-439.5770
-367.3374
-291.1706
-217 .8840
-151.2173
-92.5110
-41. 3558

3.8017
45.0984
84.7277

124.4242

output summary for Load Case No.2:

Pile-head deflection
coml?uted slope at pile head

=:~i:~~ ~h~~~'o~~:ent
g:~~~ ~~ ~:=~~~: ~h~~~nfo~~ent
Number of iterations '"
Number of zero deflection points '"

.82389283 in
-.00370227

53896122. lbs-in
485000.00000 lbs

216.00000 in
0.00000 in

29
3

summary of Pile Response(s)

Definition of symbols for Pile-Head Loading conditions:

Type 1 '" shear and Moment,
Type 2 '" shear and slope,
Type 3 '" shear and Rot. sti ffness,
Type 4 '" Defl ecti on and Moment.
Type 5 '" Deflection and slope,

y '" pi 1e-head di sp1acment in
M '" Pile-head Moment lbs-in
V = pi le-head shear Force 1bs
S '" Pile-head Slope, radians
R '" Rot. Sti ffness of Pile-head i n-l bs/rad

Load pi le-Head pi le-Head Axial Pile-Head Maximum Maximum
Type condition condition Load Deflection Moment Shear

1 2 lbs in in-lbs lbs
---- ------------ ------------ ----------- ----------- ----------- -----------

1 v= 2.05E+05 M= 0.000 1870000. .1225540 1.5681E+07 205000.
1 v= 4.85E+05 M= 0.000 3740000. .8238928 5.3896E+07 485000.
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Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information
Dist: EA: 228511 o PSRlPDS (Review No. .J [gI65% PS&E Unchecked Details Reviewer Name:AIi Kaddoura- o APSIPSR (Review No. .J o PS&E (Review No.ll Functional Unit:327
Project Name: Route 4 Widenining o APSIPR (Review No. .J o Construction Support -

Cost Center:59
SEG3A DType Selection [gI Other:Foundation Renort Phone Number: 510-286-4676

-Structure Information e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: A Street UP
Date of Review: 03/09/09Br No: 28-C0487e-mail:

overcomer hor(Q),dot.ca.!!ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

Page,

Doc. Section, or
./# (See Note 1) SSP Review Comments Consultant Responses

1 FR Draft FR Prepared by Parikh Consultants No response required.
A Street UP Dated February 2009.
Bridge No.
28-C0487

65% PS&E
2 The report lacks the County, Route, and Postmile Agreed. The County, Route, and Postmile designation

designation. have been added in the revised report.
3 Site The overview of the site geology is given with This report is a foundation reportfor the Underpass structure.

Geology, reference to the geologic map, but there is no There are no slopes or flood hazards.

page 4. evaluation of historical geologic hazards and
potential hazards (such as landslides, other slope
failures, subsidence, earthquakes, or floods).

4 Page 6 In Table, "RLSS" stands for "right lateral Agreed. Text has been revised.

strike slip" and not "right left strike slip.
5 Page 9 The compression Strength Limit for Bent 2 The number noted is the required Nominal Resistance

Load corresponding to the Strength Limit of 2326 kips, e.g.

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Strueture Plans ISP=Speeial Provisions IFR=Foundation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales

RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Cheek Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

v"= Comment Resolved
(for Reviewer's use)

Page 1 of2



Dist-EA: -228511 Str Name (if app.): A Street UP Str No. 28-C0487
Reviewer: Ali Kaddoura Functional Unit: 327 03/09/09

Demands should be 2326 kips as per Foundation Loads 2326/0.7 = 3323 kips
Table Table on Page 8.

6 Appendix C, In SHAFT program output: The Ultimate Side In the 65pct. Report, a small portion of the end bearing was
Bent 2 & Resistance output was 1497 tons for a pile length included in the Ultimate Capacity, within limitations of pile
Page 10 of72'. However, Pile Data Table Page 10 displacement. In the revised report, the soil profile has been
Table spcifies a nominal load of 1660 tons. That means revised and a new pile tip resistance has been developed.

the required load will not be reached at the pile End bearing has been neglected in the new computation.

length of 72'! Please explain.
7 A Street UP (C3) Not approved (resubmittal to OS required) No response required.

Bridge No.
28-C0487

65% PS&E

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Strueture Plans ISP=Special Provisions IFR=Foundation Rpt IOC=Oesign Cales ITS=Type Sel. Report IQCC=Quant. Cheek Cales
RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Cheek Cales IQC=Quant. Cales I
OSFP Rev Form 10/29/08

./= Comment Resolved
(for Reviewer's use)

Page 2 of2



Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Infornlation

Dist: EA: 228511 I:J PSRlPDS (Review No. ...l o 65%1 PS&E Unchecked Details Reviewer Name:A1i Kaddoura/R. Nashed. o APSIPSR (Review No. ...l o PS&E (Review No. II Functional Unit:327
Project Name: Route 4 Widenining D APSIPR (Review No. ..1 o Construction Support -

Cost Center:59
SEG3A DType Selection ~ Other:Final Foundation Reoort Phone Number: 510-286-4676

StructurelnforD1ation e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: A Street UP
Date of Review: 11/03/09Br No: 28-C0487e-mail:

overcomer hor@dot.ca.{!ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm I Phone Number

I
e-mail I Response Date

Doc. Page, Section, or
Consultant Responses ,(# (See Note 1) SSP Review Comments

1 Final FR Final FR Prepared by Parikh Consultants No response required.
A Street UP Dated August 2009.
Bridge No.
28-C0487

2 Page 2, For the statement" The scope of work Agreed. Text will be revised.
Purpose AND performed... and preparation of this report." the
SCOPE two drilled borings, should corrected to four

drilled borings.
3 Page 2, This section should be corrected to be applied to Agreed. Text will be revised to be

SITE this bridge structure project (Br. No. 28C0487)
applicable'to Br. No. 28C0487.

CONDITIONS
4 Page 6, In the table: Per e-mail from Hossein Salimi of

Seismic Sources - The distance between the site and Vaca Fault
Caltrans dated March 2, 2010, no

Zone is 5.4 miles not 3.4 miles.
further action on this comment is- The distance between the site and Great

Valley Fault is 6.6 miles not 4.4 miles. required. (See attached e-mail)
Please correct and check all calculations based

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Structure Plans ISP=SpeciaJ Provisions IFR=Foundation Rpt IOe=Design Cales ITS=Type SeI. Repon IQCC-Quant. Check Cales
RP=Road Plans IE::;;Estimate IH::Hydra\llics Rpt ICC::Check Cales IQC=Quant. Cales I
OSFP Rev Fonn 10/29/08

.,/= Comment Resolved
(for Reviewer's use)

Page 1 of2



Dist-EA: -228511 Str Name (if app.): A Street UP Str No. 28-C0487
Reviewer: All KaddouralR. Nashed Functional Unit: 327 11103/09

011 these values.
5 Our previous comments have been addressed to

our satisfaction.
6 Final FR (C2) Approved subject to OSFP verification

A Street UP
Bridge No.
28-C0487

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=Slnlcture Plans ISP=Spccial Provisions IFR=Foundation Rpt IOC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE"'Estimate IH=Hydmulics Rpt ICC=Check Cales IQC=Quant. Cales I

OSFP Rev Fonn 10/29/08

./= Comment Resolved
(for Reviewer's use)

Page 2 of2



Partha Sircar

... U.O "" .J. V.LT

From:
To:
Sent:
Attach:
Subject:

FYI

"Hossain Salimi" <hossain_salimi@dot.ca.gov>
"Partha Sircar" <psircar@parikhnet.com>
Tuesday, March 02, 2010 10:53 AM
228511 GeoSeg 3A-1 stPSE.pdf
Fw: SR4 Segment 3A bridges - Seismic

Hossain Salimi
Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 03/02/201009:53 AM

Hossain
SalimilHQ/Caltran
s/CAGov To

Ali Kaddoura/D04/Caltrans/CAGov,
02/25/2010 10:43 RifaatNashed/HQ/Caltrans/CAGov
AM cc

Tim Pokrywka/D04/Caltrans/CAGov@DOT
Subject

Fw: SR4 Segment 3A bridges
Seismic

Gentlemen,

I am writing you in regards to the reports submitted by Parikh and our
subsequent attached comments (Bridges under EA # 04-228511). Parikh had
used the old 1996 Caltrans Seismic Hazard Map as well as the old Seismic
Design Criteria (SDC) to produce the seismic recommendations. These
bridges were type selected before the Department mandated changes to the
SDC became official. In fact, their findings are more conservative
compared to the new criteria. In light of this, I find it unreasonable for
us to request changes to the seismic recommendations of these reports. I
am satisfied with the findings in the reports and have no further comments.
In the future, I will check the type selection date of each bridge to see
if the changes to the new SDC are warranted.

Sincerely,

Hossain Salimi

4/7/2010



Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 02/25/2010 10:30 AM

Page 2 of4

"Partha Sircar"
<psircar@parikhne
t.com> To

"Hossain Salimi"
02/24/2010 10:13 <hossain salimi@dot.ca.gov>
AM cc

Subject
SR4 Segment 3A bridges - Seismic

Hossein:

As I had discussed with you earlier, I have the same issues with the above
bridges. Please call me to advise.

Partha Sircar
Parikh Consultanta
(408) - 452 -9000

----- Original Message -----
From: "Hossain Salimi" <hossain salimi@dot.ca.gov>
To: "Rifaat Nashed" <rifaat nashed@dot.ca.gov>; "Ali Kaddoura"
<ali kaddoura@dot.ca.gov>
Cc: "Partha Sircar" <psircar@parikhnet.com>; "Tim Pokrywka"
<tim pokrywka@dot.ca.gov>
Sent: Thursday, December 17,2009 10:38 AM
Subject: Updated status of Somersville Rd UC replacement (04-228511)

>
> Hi RifaatlAli,
>
> I had a conversation with Mr. Sircar of Parikh subsequent to the e-mail I
> sent you. As it turns out, this project has been in the works for a long
> time, and the seismic analysis and design have already been completed
> using

4/7/2010



Hossain
Salimi/HQ/Caltran
s/CAGov To

Rifaat Nashed/HQ/Caltrans/CAGov
11/30/2009 09:25 cc
AM Tim PokrywkalD04/Caltrans/CAGov@DOT

Subject
Somersville Rd DC replacement

(04-228511 )(Document link: Hossain
Salimi)

> the old SDC. Therefore, Parikh is not required to take any further
> actions
> regarding my comments. Thank you all.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
> ----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 12/17/2009 10:31
AM
> -----
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Rifaat,
>
> I reviewed the attached documents you sent me on November 19, 2009
(Report
> containing Final Foundation Report from Parikh Consultants to Mark Thomas
> and Company Inc. for the proposed Somersville Road Dndercrossing
> replacement) and have the following comments. I should note that the
> proposed bridge (28-0398L/R) is located on Route 4 and will replace the
> existing 2-span structure (28-0211R).
>
> 1. According to the report, Parikh is using the in-progress Seismic
Hazard
> Map (CSHM). However, the distances as outlined in the table does not
> match our latest CSHM.
>
> 2. The Department has finalized the new ARS curves based on the new
> Seismic
> Design Criteria (SDC) and is now mandatory for use by both the Department
> personnel as well as our consultants effective September 30,2009.
> However, Parikh is still using the ARS curve based on the 2001 SDC which
> was

page j ot 4

4/7/2010
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Hossain
11/19/2009 03 :20 Salimi/HQ/Caltrans/CAGov@DOT
P~ cc

Tim PokrywkaID04/Caltrans/CAGov
Subject

Somerville Rd DC (Replacement)

To

Rifaat
NashedIHQ/Caltran
s/CAGov

> based on Sadigh 1996 Attenuation Relationship models.
>
> To re-iterate, the Department has implemented the new SDC and the
> consultant shall re-submit the report using the now mandated seismic
> design
> criteria.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Hossain
>
> Please find attached the Final Foundation Report for Somerville Road
> Undercrossing (Replacement) by PARIKH Consultant
>
> (See attached file: FR- Somerville Rd DC (Replacement).pd±)(See attached
> file: Appendix B- Lab Tests.pdf)(See attached file: Appendix C.pd±)
>
>
> Regards
>
> Rifaat Nashed
(See attached file: 228511GeoSeg 3A-lstPSE.pdf)

4/7/2010
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FINAL FOUNDATION REPORT

CAVALLO ROAD UNDERPASS (BRIDGE NO. 28C0488)

EAST CONTRA COSTA TRANSIT DEVELOPMENT (eBART)

ANTIOCH, CONTRA COSTA COUNTY, CALIFORNIA

04-CC-4-R28.2 EA 2285Fl

INTRODUCTION

This report presents the results of our geotechnical engineering investigation for the proposed new

eBART underpass structure over Cavallo Road in Antioch, Contra Costa County, CA. Our work

was performed generally in accordance with the scope of work as per our agreement. The general

location of the site and its vicinity are shown on the Project Location Map, Plate 1.

The geotechnical recommendations presented in this report are intended for design input and are

not intended to be used as specifications. These recommendations should not be used for direct

bidding purposes.

PROPOSED CONSTRUCTION

The project plans are to construct a new underpass for eBART in the median between the

eastbound and westbound bridges on Highway 4 crossing Cavallo Road. The adjacent highway

bridges are planned to be replaced under a different program. Per the plans provided by T. Y. Lin

International, the new underpass will be single span cast-in-place, prestressed concrete box girder

structures, each 130 feet long and 28 feet wide. The underpass will accommodate two parallel

railroad tracks. The superstructures will be supported on open face abutments in approach fill

embankments. The abutments will be supported on 24-inch diameter cast-in-drilled-hole (CIDH)

piles.

PURPOSE AND SCOPE

The purpose of this investigation was to evaluate the general soil conditions at the project site, to

evaluate their engineering properties, and to provide recommendations for foundation support of

the proposed project.



T. Y. Lin International
Job No. 206117.EBS (eBART Cavallo Road Underpass)
April 2010
Page 2

The scope ofwork performed for this investigation included a review of the readily available soils

and geologic literature, obtaining representative soil samples and logging soil materials

encountered in two drilled borings, laboratory testing of the collected samples, engineering

analysis of the field and laboratory data, and preparation of this report. The basis for this

investigation is the preliminary plans provided to us by T. Y. Lin International. We have presented

the descriptive log of the borehole in Appendix A.

Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter

unforeseen variations in the soil conditions during construction nor is it practical to determine all

such variations during an acceptable program of drilling and sampling for a project of this scope.

Such variations, when encountered, generally require additional engineering services to attain a

properly constructed project. We, therefore, recommend that a contingency fund be provided to

accommodate any additional charges resulting from technical services that may be required during

construction.

Our recommendations in this report are based on the above information. Any major deviation

should be reported to this office for consideration.

SITE CONDITIONS

The project is located at the crossing of Cavallo Road and State Route 4, in the City of Antioch,

Contra Costa County. Per the As-Built drawings, the existing bridges (which will be demolished)

were constructed in 1969. They are single span, cast-in-place prestressed concrete structures, 117

feet long and 39 feet wide, each carrying two 12-ft wide traffic lanes and have a 10-ft shoulder

adjacent to the outer lane and a 5-ft shoulder adjacent to the inner lane. The existing bridge

abutments are on approach fill. The top of the fill is at an approximate elevation of 60 feet, which

is approximately 10 to 15 feet above adjacent ground. The abutments are founded on spread

footings. Design footing pressures of 1.5 tsf are noted in the as-built drawings.

The existing bridge abutments are on approach fill. The top of the fill is at an approximate

elevation of 60 feet, which is approximately 10 to 15 feet above adjacent ground. The abutments

for the underpass will be on the approach fill.
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FIELD EXPLORATION AND LABORATORY TESTING

Field Exploration

The exploration program was based on the proposed plans, discussions with design engineer, and

readily available data of the existing undercrossing. Two (2) exploratory borings were drilled in

September, 2006, one near each abutment as part of the highway widening project. These borings

and the associated laboratory testing have been used here, as they are deemed applicable to the

proposed project. Borings were drilled from the top ofthe embankment to depths of approximately

100 feet. The test borings were advanced with a truck-mounted drill rig, using the hollow stem

auger drilling method. The boring locations are shown on the plan portion of the Log of Test

Borings in Appendix A.

The test borings were advanced with a truck-mounted drill rig. The drilling was performed using

hollow stem auger. Selected samples were obtained from 3.0-inch O.D. & 2.5 inches I.D.

(Modified California) and 2.0-inch O.D. & lA-inch I.D. (Standard Penetration Test) samplers at

various depths. The samplers were driven in subsurface soils under the impact ofa 140 lb hammer

having a free fall of30 inches. The blow counts are presented on the "Log of Test Borings". When

correlating standard penetration data in similar soils, the blow counts for the Modified California

Sampler may be converted to equivalent SPT blow counts by multiplying a factor of 0.65 per

Daniel (2003). The samples were sealed and transported to our laboratory for further evaluation

and testing. The field investigation was conducted under the supervision of our field engineer who

logged the test borings and prepared the samples for subsequent laboratory testing and evaluation.

Laboratory Testing

Laboratory tests were performed on selected samples obtained during field exploration to

determine the physical and engineering properties of the subsoils. Laboratory data of moisture

contents, dry density, Atterberg Limits and unconfined compression tests are presented on the Log

of Test Borings. A detailed description of laboratory testing performed is presented in Appendix

B.
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Boring Logs

The bore logs presented in Appendix A were prepared from the field logs which were edited after

visual re-examination of the soil samples in the laboratory and results of classification tests on

selected soil samples as indicated on the logs. The abrupt stratum changes shown on the log may

be gradual and relatively minor changes in soil types within a stratum may not be noted on the log

due to field limitations. Appendix A also includes log of test borings available from as-built

drawings for the existing undercrossing.

SUBSURFACE CONDITIONS

Subsurface conditions in both the borings drilled indicate predominantly lean clays and sandy clays

with occasional layers of sandy soils. The clays are generally very stiff to a depth of30 feet, turning

to hard clays below that depth. A layer of very dense poorly graded sand with silt and gravel, over

15 feet thick was encountered at a depth of approximately 70 feet in boring CAV-168 on the west

end of the bridge. All other sandy layers encountered in the two borings were 10 feet thick or less.

Below a depth of approximately 70 feet, very dense/very hard sand and clay layers were

encountered, which were judged to belong to the Tulare Formation (Pliocene). A single boring

log, drilled in 1957, is shown on the as-built plans. The boring log indicates predominantly silts

with interbedded sand layers. The discrepancies between the current and As-built boring logs may

be attributed to changes in soil classification standards over the years.

During field exploration, groundwater was encountered at depths ranging from 53.5 feet to 54.0

feet (elevations ranging from 4.5 feet to 5.2 feet) in the two borings. However, the groundwater

may vary with the passage oftime due to seasonal groundwater fluctuation, surface and subsurface

flows, ground surface run-off and other factors that may not be present at the time of investigation.

GEOLOGY

General geologic features pertaining to the site were evaluated with reference to the "Geologic Map

of Quaternary Geology of Contra Costa County and Surrounding Areas, CA: Derived from Digital

Database open-file 97-98" by E.J. Helley and R.W. Graymer 1997; Scale 1:100000. Based on the
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map, the site is located in an area covered by Pleistocene alluvial deposits (Qpaf). A geologic map of

the general project area is shown on Plate 2. Description of the main geologic units is as follows:

Qpaf(Alluvial Fans and Fluvial Deposits (Pleistocene)) - Brown dense gravely and clayey

sand or clayey gravel thatfines upward to sandy clay. These deposits display various sorting

and are located in most stream channels in the county. All Qpafdeposits can be related to

modern stream courses. They are distinguished from younger alluvial fans and fluvial

deposits by higher topographic position, greater degree of dissection, and stronger soil

profile development. They are less permeable than Holocene deposits, and locally contain

fresh water mollusks and extinct late Pleistocene vertebrate fossils. They are overlain by

Holocene deposits on lowerparts ofthe alluvialplain, and incised by channels that are partly

filled with Holocene alluvium on higher parts of the alluvial plain. Maximum thickness is

unknown but at least 50m (150 feet).

Another map (,Preliminary geologic map emphasizing bedrock formations in Contra Costa County:

A digital database', compiled by Graymer, Jones and Brabb (USGS Open File Report 94-622) was

also considered for additional information for the bedrock. Bedrock (Tulare Formation) exposed at

the surface is noted to the south of the site. The rock has a shallow dip towards the north and is

therefore expected to underlie the hard Pleistocene clays at the site. Description of the rock is as

follows:

Ttu (Iulare Formation (Pliocene) - Poorly consolidated, non-marine, gray to maroon

siltstone, sandstone, and conglomerate. This formation contains tuff correlated with the

Putah tuff.

EARTHQUAKE CONSIDERATIONS

Seismic Sources

The project is located in a seismically active part of Northern California. Many faults exist in the

area, which are capable of producing earthquakes which may cause strong ground shaking at the

site.

Applicable major faults in the vicinity of the project site were identified and their associated
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maximum earthquake magnitudes were established using the In-Progress Seismic Hazard Map

currently under development by Caltrans and the associated Data Base. The documents were

supplied to us by Caltrans, with the understanding that the fault locations in the map and the

associated magnitudes in the Data Base have essentially been finalized. Pertinent information is

summarized below. The moment magnitudes noted in the table represent the largest earthquakes

that could occur on the given fault based on the current understanding of the regional tectonic

structure. A fault map of the project vicinity is shown on Plate 3.

Fault Fault Type
Distance from Site Maximum Moment

Fault NO.(l) (miles) Maenitude

Vaca Fault Zone
14 RLSS(2) 3.4 6.9

Great Valley Fault 5
24 Reverse

4.4 6.5
Fault

Greenville Fault Zone (Clayton 351
RLSS 4.1 6.6

Section)
Concord Fault Zone (Ygnacio 341

RLSS 6.9 6.6
Valley Section)

(1) Number of the Fault in the Data Base associated with the Caltrans In-Progress Seismic Hazard Map
(2) RLSS - Right-Lateral Strike Slip Fault

Based on the Caltrans In-Progress Seismic Hazard Map and the attenuation relationship by Sadigh

et al. (1997), the controlling fault is the Vaca Fault Zone (Fault No. 14 in the map), which is

associated with a Maximum Moment Magnitude (Mmax) of 6.9. A peak bedrock acceleration

(PBA) of O.50g is anticipated at the site.

Seismic HazardslLiguefaction Impact

Potential seismic hazards may arise from three sources: surface fault rupture, ground shaking and

liquefaction. Since no active faults pass through the site, the potential for fault rupture is relatively

low. Based on available geological and seismic information, the possibility of the site to

experience strong ground shaking may be considered significant.

Liquefaction is a phenomenon in which saturated soils are subject to a temporary but essentially

total loss of shear strength under the reversing, cyclic shear stresses associated with earthquake

shaking. Submerged, cohesionless sands and silts of low relative density are the type of soils
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which usually are susceptible to liquefaction - the susceptibility increases with decreasing relative

density (reflected by the number of blows to drive a sampler), and decreasing fines content.

Accepted procedures for the assessment of liquefaction potential for cohesionless soils have

evolved over the years through research and field observations (Youd et ai, 2001). Recent research

and field observations have shown that clays oflow plasticity are also potentially liquefiable, based

on the moisture content and plasticity characteristics of the clay. Procedures for the assessment of

liquefaction potential for clay soils have also been established and have received general

acceptance. (Brayet. aI., 2004).

Potential for liquefaction at the site is low, due to the predominant presence of stiff clay soils and

the relatively low groundwater table.

FINDINGS AND RECOMMENDATIONS

General

Based on the findings of the investigation, it is our opinion that the site is feasible for the planned

bridge structures provided the recommendations presented in this report are incorporated into the

final design and construction.

This report was prepared specifically for the proposed bridge structures according to the plans

provided to us. Normal construction procedures were assumed throughout our analysis and

represent one of the bases of recommendations presented herein. Our design criteria have been

based upon the materials encountered at the site. Therefore, we should be notified in the event that

these conditions are changed, so as to modify or amend our recommendations.

Foundations

For the proposed structure, 24-inch diameter CIDH piles are recommended for foundation support

at the two abutment locations.
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Pile Design

Pertinent foundation design information was provided by T. Y. Lin International (Structural

Engineers for the project), which are presented in the following tables (Foundation Design Data

and Foundation Design Loads).

FOUNDATION DESIGN DATA

Support Design Pile Finish Pile Pile Cap Permissible No. of Piles

No Method Type Grade Elev. Cut-off Size (ft) Settlement per

(ft) Elev. (ft) B(2) L(3) (inch) Support

Abutment WSD 24-in 52.48 45.50 14 35 0.25(1) 14

1 CIDH

Abutment WSD 24-in 51.80 44.75 14 35 0.25(1) 14

2 CIDH

Notes: (1) Per MTD 3-1 (2) B = Width (3) L = Length

FOUNDATION LOADS
Service-I Limit State (kips) Strength Limit State Extreme Limit State

(Controllinl! Group, kips) (Controlling Group, kips)
Total Load Permanent Compression Tension Compression Tension

Loads
Per Per Per Per Max. Per Max. Per Max. Per Max.

Support Supp. Pile Support Supp. Per Supp. Per Supp. Per Supp. Per
No. Pile. Pile Pile Pile

Abutment 2724 204(1) 2261 N/A N/A N/A N/A N/A N/A N/A N/A
1 219(4)

Abutment 2724 204(1) 2261 N/A N/A N/A N/A N/A N/A N/A N/A
2 219(4)

Notes: (1) Group 1 Loading - 100 % of allowable; (4) Group 4 Loading - 125% of allowable

Consistent with the current Caltrans requirements, Working Stress Design (WSD) was used for the

abutment and wingwall foundations. The abutment and wingwall foundations were evaluated for

the foundation design data and loading condition using Caltrans November 2003 Bridge Design

Specifications for foundations, using Working Stress Design (WSD) methods. The actual load

demands on the piles, based upon WSD are presented in the table below.
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LOAD DEMANDS
Service Loads Required Nominal Resistance Required Nominal

(kips) (kips) Resistance (kips)
Stren2th Limit Extreme Limit

Support Design Compo Tens. Compo Tens.
No. Method Compo Tens.

<<1>=0.7) <<1>=0.7) <<1>=1.0) <<1>=1.0)
Compo Tens.

Abutment
WSD 204 0 N/A N/A N/A N/A 408 0

1
Abutment

WSD 204 0 N/A N/A N/A N/A 408 02

Estimation of the pile capacities was made using the site-specific subsurface conditions for the

loads computed above and other pertinent information provided by the Structural Engineer. The

computer program SHAFT developed by Ensoft, Inc. was used for the computations. The program

computes capacities for drilled shafts (CIDH piles) based on procedures proposed by O'Neil and

Reese (1999). The procedures utilize an u factor (u=O.55) for "Clay" and a Pfactor for "Sand"

where Pis a function of depths below ground surface and independent of soil friction angle The

SHAFT program also computes the pile settlement and associated mobilization of shaft and

end-bearing resistance, consistent with the O'Neil and Reese (1999) procedures.

The pile data table is presented below. Pile capacity computations (SHAFT output) are presented

in Appendix C. End bearing resistance was neglected in the estimation for pile capacities.

PILE DATA TABLE

Nominal Resistance

Pile (kips)
Finish Cut-off Design Specified

Location
Type Elev. (ft) Tip Elev. (ft)(l) Tip Elev. (ft)

Compression Tension Grade
(ft)

Abutment 1
24-in

410 0 45.50 7.0(a) 20.0 (b) 7.0CIDH(2) 52.48

Abutment 2
24-in

410 0 44.75 10.0(a) 22.0 (b) 10.0CIDH(2) 51.80
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Lateral Loads.
2. The required nominal resistances for the piles are 480 kips, which slightly exceed the Caltrans Standard

Nominal Resistance of400 kips for 24-in CIDH piles. The pile design may therefore need to be modified by
the Structural Engineer as appropriate.
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CIDH Pile Installation

Caltrans standard specifications and standard special provisions (SSP) for "Cast-in-Place Concrete

Piling" should be used for the construction of CIDH piles. It is possible that groundwater may be

encountered during construction and "dry" condition as per the standard specifications Section

49-4 could not be maintained. The "wet" specifications are contained in Caltrans SSP.

Vertical inspection pipes for acceptance testing should be provided in all CIDH piles that are 24

inches in diameter or larger, except when the holes are dry or when the holes are dewatered without

the use of temporary casing to control groundwater. The acceptance test should include Gamma

Gamma Logging and may also include crosshole sonic logging. Gamma-Gamma Logging should

be performed in accordance with California Test 233 Standard (CT233) to check the homogeneity

of CIDH piles. Details of the acceptance testing and Gamma-Gamma Logging are contained in

Caltrans SSP and CT233.

It is prudent to make the contractor aware of these conditions so that he takes appropriate steps to

comply with the standards and maintain the integrity ofthe CIDH piles. The use oftemporary steel

casing should be anticipated at all times to maintain the integrity of the piles. It is also

recommended that the specifications set certain criteria for qualifications and previous work

experience requirements to pre-qualify the potential contractors. The intent is to help select

qualified contractors to reduce construction issues.

All piles excavations should be observed by the geotechnical engineer or regulatory agency prior

to the placement of reinforcement and concrete so that if conditions differ from those anticipated,

appropriate recommendations can be made.

Lateral Pile Capacity

Lateral load analyses may be performed using the LPILE program to determine the behavior of the

piles under lateral loading conditions. Geotechnical parameters recommended for use in the LPILE

program are presented below. The following parameters are based on field borings and laboratory

testing data. The elevation information is based on the topographic information provided to us.
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Geotechnical Parameters for LPILE Analysis

Abutment 1

Approx. Generalized Soil LPILE Probable K Eso Effect Unit
Elev. (ft.) Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 30 Very StiffLean Clay
3, STIFF CLAY w/o

Su = 17.36 psi 1000 .005 0.0723FREE WATER

10 to 30 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 500 .004 0.0723FREE WATER

2 to 10 Dense Sand with Silt 8,API SAND ~=35° 125 -- 0.0752

2 to-8 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 2000 .004 0.0376FREE WATER

Below -8
Very Dense Sand with

8, API SAND Cu = 280 psi N/A -- 0.0405
Silt

Abutment 2

Approx. LPILE Probable K Eso Effect. Unit
Elev. (ft.) Generalized Soil Profile Soil Type Soil Strength (pci) (in/in) Wt. (pci)

Above 40.5
Stiff to Very StiffLean 3, STIFF CLAY w/o

Su = 13.89 psi 750 .006 0.0723
Clay FREE WATER

5.5 to 40.5 Hard Lean Clay 3, STIFF CLAY w/o Su = 27.78 psi 2000 .004 0.0376
FREE WATER

-7.5 to 5.5 Very StiffLean Clay
, STIFF CLAY w/o

Su = 17.36 psi 1000 .005 0.0376FREE WATER

Below -7.5 Hard Lean Clay
3, STIFF CLAY w/o

Su = 27.78 psi 2000 .004 0.0376FREE WATER

Analyses were performed for the CIDH piles for the lateral loads provided by the designer. In all

analyses, a 'pinned' pile head connection was assumed. The results are presented in the table

below. Appropriate Group Reduction Factors were used in the analyses corresponding to the pile

spacings, as noted in the table.
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LATERAL LOAD (LPILE) ANALYSIS RESULTS

Support CIDH Cut-off Shear Load on Deflection on Maximum Bending
No. Pile Elevation top of Pile Top of Pile Moment

Diameter (ft) (kips) (inches) Magnitude I At depth
(inches) (kip-ft) (ftil )

Left Bridge

36 0.137 99.0 6
Abut 1 24 45.75 56 0.363 186.8 7

76 0.708 289.2 8
36 0.151 116.2 6

Abut 2 24 45.25 56 0.370 212.0 7
76 0.687 321.2 7

Notes:

(1) Depth measured from top of pile (bottom of footing)

(2) Group factors of 0.6 used for Abutments corresponding to a pile spacing of three times the
diameter, consistent with Caltrans state-of-practice

(3) Loads provided by Antonio Luo

Lateral Earth Pressures

Abutment retaining walls and wing walls should be designed to resist the following Applied

Lateral Earth Pressures and live load. These values assume no hydrostatic pore pressure buildup

behind the wall and are based on well-drained backfill behind the walls supported in native soil.

Active Condition (flexible wall- wall free to rotate at least 0.4 percent of wall height
Structure Backfill: Equivalent Fluid Pressure (EFP) - 36 pcf

(backfill having a friction angle q> = 33.5° and a unit
weight of 125 pct)

Surcharge (dead or live load): 0.3 times surcharge load

At-Rest Condition (rigid wall - wall not free to rotate at least 0.4 percent of wall height
Structure Backfill: Equivalent Fluid Pressure (EFP) - 55 pcf

(backfill having a friction angle q> = 33.5° and a unit
weight of 125 pct)

Surcharge (dead or live load): 0.5 times surcharge load
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Passive Resistance for Seismic Design of Abutment Wall
Height of wall- 5.5 feet or higher: 5.0 ksf (ultimate)
Height of wall-less than 5.5 feet: 5.0 X (H/5.5) ksf (ultimate)

Seismic increment of Lateral Earth Pressure (based on BART Facilities Standards)
11.7H2 (pst) per foot of wall, acting at 0.6H above the base
(The earth pressures are based on Mononobe-Okabe formulation. The accelerations used
are half of the corresponding peak acceleration per BART Facilities Standards)

Seismic Design Criteria

The value ofPBA for the project site was calculated from the distances to the applicable faults in

the project vicinity using the Caltrans In-Progress Seismic Hazard Map and the attenuation relation

by Sadigh et al. (1997). The computed PBA value was increased by 20%, also per Sadigh (1997),

to account for the reverse fault effect, wherever applicable. The PBA computations based on

Sadigh attenuation relation are presented in Appendix C. Based on the computations, the

maximum PBA computed within the project limit is 0.5g,

Based on the available boring information in the vicinity of the project site, the subsurface soil

conditions at the project site generally matches the criteria for Soil Type D, as per Caltrans Seismic

Design Criteria (Version 1.4, June 2006). Based on Caltrans Seismic Design Criteria and the above

information, the seismic design criteria are as follows:

1.
2.
3.

Closest Distance to Fault
PBA
Design ARS Curve

3.4 miles (5.5 km)
0.5g
Caltrans Seismic Design Criteria June
2006 Version 1.4 Figure B.8 (Soil Profile
Type D).

4. Design ARS Curve (see Plate 4): Curve based on Caltrans SDC (v. 1.4, 6/2006) for
different structural periods. The curve is based on (Governing Fault - Vaca Fault Zone;
Mmax =6.9) Figure B.8, PBA = 0.5g. The curve is modified for near fault effects as
required by SDC.
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A copy of the ARS Design Curve is included on Plate No.4 of this report.

Grading

All grading operations should be performed in accordance with the project specifications and

Caltrans Standard Specifications for Earthwork (Section 19).

Engineered Fill Engineered fill should be non-expansive and consist of relatively granular

material having a P.1. of less than 15. The fill shall also be free of organic and inorganic debris,

rubble and any other deleterious material. The on-site soils may be used as engineered fill,

provided they meet the above criteria.

Approach Embankment. The maXImum embankment fill thickness is anticipated to be

approximately 10 feet at the two abutment locations. The approach embankment will have a 2(H):

1(V) slope on both sides. Under the bridge, paved slopes may be constructed at 1.5(H):1 (V) slope.

The available boring data indicates that the subsurface soil conditions predominantly consist of

stiff to very stiff clays below the fill. Based on the boring information, it appears that the

consolidation settlement due to the placement ofthe embankment fill is anticipated to be relatively

quick (during construction) and therefore insignificant. Standard Caltrans 30-day waiting period is

considered adequate.

Corrosion

The corrosion investigations performed are in general accordance with the provisions ofCalifornia

Test Method 643. A summary of the corrosion test data is presented below.

Resistivity Sulfate Chloride
Boring Depth (ft) PH

(ohms-em) (ppm) (ppm)

CAV-168 8.5 7.61 1450 43.6 6.2



T. Y. Lin International
Job No. 206117.EBS (eBART Cavallo Road Underpass)
April 2010
Page 15

Based on the data, the site subsoil is non-corrosive per Caltrans corrosion design guidelines, and

standard Type II modified or Type I-P (MS) modified cement may be used for the concrete

substructures. The minimum cement factor and cover thickness should be per Caltrans Bridge

Design Specifications (Section 8.22).

Plan Review

We recommend that final plans for foundations be reviewed by this office prior to construction so

that the intent of our recommendations is included in the project plans and specifications and to

further see that no misunderstandings or misinterpretations have occurred.

Construction Observation

To a degree, the performance of any structure is dependent upon construction procedures and

quality. Hence, observation offoundation excavations, and pile installations should be carried out

by the regulating agencies. If the subsurface conditions different from those forming the basis of

our recommendations is encountered this office should be informed in order to assess the need for

design changes. Therefore, the recommendations presented in this report are contingent upon good

quality control and these geotechnical observations during construction.

INVESTIGATION LIMITATIONS

Our services consist of professional opinions and recommendations made in accordance with

generally accepted geotechnical engineering principles and practices and are based on our site

reconnaissance and the assumption that the subsurface conditions do not deviate from observed

conditions. All work done is in accordance with generally accepted geotechnical engineering

principles and practices. No warranty, expressed or implied, ofmerchantability or fitness, is made

or intended in connection with our work or by the furnishing of oral or written reports or findings.

The scope of our services did not include any environmental assessment or investigation for the

presence or absence of hazardous or toxic materials in structures, soil, surface water, groundwater

or air, below or around this site. Unanticipated soil conditions are commonly encountered and

cannot be fully determined by taking soil samples and excavating test borings; different soil
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conditions may require that additional expenditures be made during construction to attain a

properly constructed project. Some contingency fund is thus recommended to accommodate these

possible extra costs.

This report has been prepared for the proposed project as described earlier, to assist the engineer in

the design of this project. In the event any changes in the design or location of the facilities are

planned, or if any variations or undesirable conditions are encountered during construction, our

conclusions and recommendations shall not be considered valid unless the changes or variations

are reviewed and our recommendations modified or approved by us in writing.

This report is issued with the understanding that it is the designer's responsibility to ensure that the

information and recommendations contained herein are incorporated into the project and that

necessary steps are also taken to see that the recommendations are carried out in the field.

The findings in this report are valid as of the present date. However, changes in the subsurface

conditions can occur with the passage of time, whether they are due to natural processes or to the

works of man, on this or adjacent properties. In addition, changes in applicable or appropriate

standards occur, whether they result from legislation or from the broadening of knowledge.

Accordingly, the findings in this report might be invalidated, wholly or partially, by changes

outside of our control.

Respectfully submitted,
PARIKH CONSULTANTS, INC.

f~~
Partha Sircar, Ph.D., P.E. C54619

Senior Engineer

eBART Cavallo Road Underpass (Job No. 206117.EBS
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-:;::;:;::::;;;:--SOOYSii:'f"U.il:f,liiir~iOWiiiiib;Oii;;;a;;;~;,To;;'jjiasticltY.'iiiiHiciiii8<i""SGiidl+i~8~i7i}---___i 20'02.3 24 Iot:A' SANDY SIlT (ill). herd, )'011- brown and "oy. low plasticity, f1ne-".ined sand (+14-0"- -f2DD-57l1) r=

SILlY CLAY \\IIlH SAND AND GRAVEl. (eL-IIL), _y stiff. groy and brown, wet. low p1ostlclty, " ..... up to f. :;;
=-~~56~Iil:~:,4'~-.::m::::edIu=m~t:::.o..:c......=:..:"::.in:ed:..:san:d,:..:dec=om:posed=~bedr=:ack~(+~14-=O"-:..:-~f2:00-=71~l()~ ~O_~d

- 42 1il:4' SANDY SIllY CLAY \\IIlH GRAVEl. (eL-IIL). very stiff, ".l'.and brown, low p1ostlclty, growl up to t, medium to c......
".ined sand, decomposed bedrock (+14-0"- -f200-56:l)

2.5 6

62 2.5 5

25 2.5 3

61 2.5 7

34 2.5 2

18 2.5 4

150/6

2.6
--very stiff. Drown

--_y stiff, bluloh ".y (Ll-31, P1=11)

--very stiff, brown (Ll=39, P1-22)

SANDY LEAN CLAY (eL), herd, brown, dry

--very stiff, bluloh black

CAr06.<1120

08.0 21YAL

108.1 10

105.1 20 !flt'l

2

3

5

2.5

9D 2.5 6

3D 2.5

33 2.5 4

35 2.5

1.6

20 50 2.5 7 04. 18 l£AN CLAY (eL). herd, brown, moist 3.8 45 2.5 8

40

30

50

illlnil!II I ~! L1~0~ ~;:~~:::~;:~~~::;:~·:~I:~il:~4';_-(~::;I4=;Y~:~:;-MlfIJ~'::-~~~~~:~)'~~~:~d,SIl~br~To~:~,~-mSM~olot~),~m::edIu:_:m::den~se;:;:,~b1;:U;;Ioh~brO;;wn;;;,;:m;:oIst;;_,_fIn_e-_gro_in_ed_~:~:~:~:~I~:
~~@@@@(j)@@@®®@ g r """'" ~ 2.5 10 111.9 18 II":A) CLAYEY SAND (SC), meer..m dense. bluish brown. moist (+14=1"- -f2DD=37%) ~'<7 SO 2.5 11

« PROFILE .......-"- ,. .......

I
w > 9-:: 4s ·;b...."..,~7....,1I":'~A) POORLY-GRMIfIJ SAND (SP), dense, bluish brown, moist (+14-0"- -f2DD-4l() 9-8-06

W~ j Ii I It W ! d I-0__Vert. : 1" = 1O· ~~~2;.5~11~.:;~.06~.;4~1~~-_;::::;_;:;_:_;~=:_:=_=_-------------~~19;:;;1.;4 ~12

~ ~<4 ~[:l~~ -10 Ho,. ," ~ 50' ,,:.:::: ~:' :"..::--- ,,,. "
-;'

17 .~ - 24

-30

l£AN CLAY \\IIlH SAND (eL), herd, ".y, moist, medium to h~ plasticity, f1ne-"aIned sand15015.5 2.5 14

--very dense, f1ne-".ined

l£AN CLAY (eL), herd, groyloh brown, wet

J; -20
---y dense ---------------------~;;;;:~::;:::::.!";b:::;::::;::;_-~~;;.=;;:~~;;;;_;;;_;;:;;~;\:;,::;::::__;;:;;;;_:=_::;__=~:-;:-;;;-;;;:-;:;:-::::::;:::;--------j

50/4" 2.5 15 '~~ POORLY GRADED SAND \\IIlH GRAVEl. (SP), _y dense, dark ".y, wet, " ..... up to 1", fine to meer..m "olned

POORLY-GRMIfIJ SAND \\IIlH SIlT AND GRAVEl. (SP-SM). very dense, bluish brown, wet
(+14-27"- -f200-6l()
--very dense

47

32 CiA!
38

18

50/6" 1.4

50 6" 1.4-30

-40

72 2.5 19 90.8 32

9-7-06
--herd, bluish brown 50/3" 2.5 16 82.8 37 LEAN CLAY (eL), herd, ".y, moist, medium plasticity. trace decomposed bedrock

-40

9-6-06

M.5.5 2.5 17 l£AN CLAY \\IIlH SAND (eL). herd, bluish ".y, moist, medium plasticity, f1ne-".ined sand

PLATE A-l

SHEET OF'
I 1 2

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

LOG OF TEST BORINGS28.2

DISREGARD PRINTS BEARING 1 REVISION DATES (PREUMINARY STAGE ONLY
EARUER REVISION DATES ---108/31/091 I I I

96.8 27

CU 04275
EA 228511

ORIGINAL SCAlE IN INCHES I !, I 1
2

1
3
1 1

4
l 1

5
!

FOR REDUCED PLANS 0

......
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Presented on tile As-Bunt Log of Teet Boring sheet for the con......
nlence of any bidder. contractor or otller Intireated party..

i:
~I

I:



APPENDIX-S



APPENDIXB

LABORATORY TESTS

Classification Tests

The field classification of the samples was visually verified in the laboratory according to the Unified Soil
Classification System. The results are presented on "Log of Test Borings", Appendix A.

Moisture-Density

The natural moisture contents and dry unit weights were determined for selected undisturbed samples ofthe soils
in general accordance with ASTM Test Method D 2216-92. This information was used to classify and correlate
the soils. The results are presented at the appropriate depths on the "Log of Test Borings", Appendix A.

Atterberg Limits

The Atterberg Limits were determined for selected samples of the fine-grained materials. These results were
used to classify the soils, as well as to obtain an indication ofthe effective strength characteristics and expansion
potential with variations in moisture content. The Atterberg Limits were determined in general accordance with
ASTM Test Method D 4318-93. The results of these tests are presented on Plate B-2, "Plasticity Chart".

Grain Size Classification

Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples ofgranular
soil to aid in the classification. The results are presented on Plates B-3A to B-3C, "Grain Size Distribution
Curves".

Unconfined Compression Tests

Strength tests were performed on selected undisturbed samples using unconfined compression machine.
Unconfined compression tests were performed in general accordance with ASTM Test Method D 2166-91. The
results are presented on "Log of Test Borings"

Corrosion Test

Corrosion test was performed on selected sample to determine the corrosion potential of the soils. The pH and
minimum resistively test was performed according to California Test Method 643. The test was performed by
Sunland Analytical. The test result is presented on Plate B-4.

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

CAVALLO ROAD UNDERCROSSING
CONTRA COSTA COUNTY, CALIFORNIA

JOB NO.: 206117.CAV IPLATE NO.: B-1
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PLASTICITY CHART

Boring Sample Depth Test Moisture LL PL PI Description
Number Number (feet) Symbol Content (0/0)
CAV-168 MC-3 14.5 • 21 31 20 11 LEAN CLAY (CL)
CAV-168 MC-5 25.0 1%1 15 39 17 22 LEAN CLAY (CL)
CAV-169 MC-3 10.0 • 19 35 18 17 LEAN CLAY (CL)
CAV-169 MC-8 35.0 * 22 44 24 20 LEAN CLAY (CL)

mPARIKH CONSULTANTS, INC.
CAVALLO ROAD UNDERCROSSING

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING

JOB NO: 206117.CAV PLATE NO: B-2



i] GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SILT AND CLAY
coarse I fine coarse medium fine

S::(j)"'tJ U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE SIZES HYDROMETER ANALYSES)o-m»
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Boring Sample Depth- ::uo 0 Symbol LL PI Description)0- ::u Number Number (feet)
~ r"" 0- en

"11 en
CAV-168 MC-8 40.0 • POORLY GRADED SAND WITH SilT (SP-SM)"tl o -

> ::u Z
Z (j)

-I » CAV-168 MC-10 50.0 1:1 CLAYEY SAND (SC)m
Z
0.. CAV-168 MC-11 55.0 ... POORLY GRADED SAND (SP)[II
W
)0- CAV-168 SPT-14 70.0 * POORLY GRADED SAND WITH SilT AND GRAVEL (SP-SM)



iJ GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SILT AND CLAY
coarse I fine coarse medium I fine
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z
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Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D. \ Randy Horney /~A~
General Manager \ Lab Manager / rL/

The reported analysis was requested for the following location:
Location 206117.CAV/CAVALO RD Site ID : CAV108 #2 @ 8.5. /'/'/ i/>/'

Thank you for your business.

* For future reference to this analysis please use SUN # 49464-98601.

EVALUATION FOR SOIL CORROSION

Soil pH 7.61

Minimum Resistivity 1.45 ohm-em (x1000)

Chloride

Sulfate

6.2 ppm

43.6 ppm

00.00062 %

00.00436 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4
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C4 = -2.1C3 =0
C7 =0

km

IAttenuationRelationships for Shallow Crustal Earthquakes (Sadigh,-ef-al, 1997)
Fault = Vaca fault zone (RLSS Fault, Map NO: 14)

Mmax = 6.9 Rrup = 5.45
M>=6.5 ROCK SITE:

C1 = -1.274 C2 = 1.1
C5 = -0.48451 C6 = 0.524

A=C1 +C2M+C3(8.5M)A2.5= 6.316
B=C4*Ln(Rrup+exp(C5+C6M»= -7.024
C=C7*Ln(Rrup+2)= 0
Ln(y) = A+B+C = -0.708
Y= Exp(Ln(y» = 0.49 Peak Bed Rock Acceleration PBA = 0.490 - Use 0.5g

Fault = Great valley fault 5 (Reverse Fault, Map No: 24)
Mmax = 6.5 Rrup =7.045 km

A= 5.876
B= -6.811
C= 0

Ln(y) = -0.935
Y= 0.39 Peak Bed Rock Acceleration PBA = 0.39g x 1.2 = 0.468g

Fault = Greenville fault zone (Clayton section, RLSS Fault, Map No: 351)
Mmax = 6.6 Rrup = 6.59 km

A= 5.986
B= -6.855
C= 0

Ln(y) = -0.869
Y= 0.42 Peak Bed Rock Acceleration PBA = 0.42g

Fault = Concord fault zone (Ygnacio valley section, RLSS Fault, Map No: 341)
Mmax =6.6 Rrup =11.136 km

A= 5.986
B= -7.191
C= 0

Ln(y) = -1.205
Y= 0.30 Peak Bed Rock Acceleration PBA = 0.3g

mPARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.EBS

eBART CAVALLO ROAD UNDERPASS
ANTIOCH, CA

IPlate No: 6B



AXIAL PILE CAPACITIES

(SHAFT Program)



SHAFT Runs - 24-in. CIDH Pile
eBART Cavallo Road Underpass

Job No. 206117.EBS
Pile capacities computed using SHAFT program - Output follows

Note: Neglected End Bearing for Pile Capacity
Revised August 31, 2009

Abutment 1 (based on boring CAV-168)

Ground Surface Elevation = 52.5 (approx.)
Nominal Compression Load =410 kips =205 tons
Reqd. Shaft Length per SHAFT output = 45.5 ft
Recommended Penetration =45.5 feet
Reqd. Tip Elevation = 52.5-45.5 = 7.0

Abutment 2 (based on boring CAV-169)

Ground Surface Elevation =52.0 (approx.)
Nominal Compression Load = 410 kips = 205 tons
Reqd. Shaft Length per SHAFT output = 42.0 ft
Recommended Penetration = 42.0 feet
Reqd. Tip Elevation = 52.0 - 42.0 = 10.0
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eBART Cavallo Road Underpass - Abutment 1 - 24-in CIDH Pile



Ultimate Axial Capacity (tons)
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cavallo Road UP - Abut 1.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

eBARTCavallo Road Underpass - SR4 - Abutment 1

cavallo Road UP - Abut 1.sfo
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

O.OOOE+OO
0.125E+03
0.640E+04
0.230E+02

PROPOSED DEPTH =

NUMBER OF LAYERS

WATER TABLE DEPTH

50.0 FT

4

48.0 FT.

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----SAND

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.430E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

AT THE TOP

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

0.615E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03
o.400E+04
o.430E+02

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.

page 1

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.230E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO

SKIN FRICTION COEFFICIENT- BETA
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

page 2

0.536E+00
O.OOOE+OO
0.350E+02
O.OOOE+OO
0.130E+03
0.400E+04
0.510E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.510E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO



cavallo Road UP - Abut 1.sfo
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

DRILLED SHAFT INFORMATION

DIAMETER OF STEM = 2.000 FT.
DIAMETER OF BASE = 2.000 FT.
END OF STEM TO BASE = 0.000 FT.
ANGLE OF BELL = 0.000 DEG.
IGNORED TOP PORTION = 8.000 FT.
IGNORED BOTTOM PORTION = 2.000 FT.
AREA OF ONE PERCENT STEEL = 4.524 SQ.IN.
ELASTIC MODULUS, EC = 0.360E+07 LB/SQ IN
VOLUME OF UNDERREAM = 0.000 CU.YDS.

= 0.125E+03
= 0.640E+04
= 0.610E+02

cavallo Road UP - Abut 1.sfo
36.0 4.19 140.84 56.56 197.40 159.69
37.0 4.31 147.75 56.56 204.31 166.60
38.0 4.42 154.66 56.56 211.22 173.52
39.0 4.54 161.58 56.56 218.13 180.43
40.0 4.65 168.49 51.32 219.81 185.60
41.0 4.77 175.40 45.04 220.44 190.42
42.0 4.89 182.31 41.90 224.21 196.28
43.0 5.00 189.23 41.90 231.13 203.19
44.0 5.12 196.14 41.90 238.04 210.11

,l5:D j",24 203 05 4190 244.95 217.02
46 0 5 3'5: 213 5'-- ~1. 90 255.41 227.47
47:1f' 5.47 224.03 41.90 265.93 238.00
-48~0 5.59 234.62 47.13 281.75 250.33
49.0 5.70 245.26 53.42 298.67 263.06
50.0 5.82 255.95 56.56 312.50 274.80

RESULT FROM TREND (AVERAGED) LINE

75.19
77 .95
80.72
83.48
84.50
85.17
86.89
89.66
92.42
95.19
99.37

103.58
109.56
115.91
121. 23

47.12
47.45
47.77
48.06
47.22
46.20
45.87
46.19
46.49
46.78
47.71
48.62
50.44
52.38
53.71

PREDICTED RESULTS

QS = ULTIMATE SIDE RESISTANCE;
QB = ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU = TOTAL ULTIMATE RESISTANCE;
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
11.0 1.28 4.32 35.35 39.67 16.10 13.51 30.99
12.0 1.40 8.64 35.35 43.99 20.42 15.24 31. 50
13.0 1. 51 12.96 35.35 48.31 24.74 16.97 31.93
14.0 1.63 17.28 35.35 52.63 29.06 18.69 32.30
15.0 1. 75 21.60 35.35 56.95 33.38 20.42 32.63
16.0 1.86 25.92 35.35 61.27 37.70 22 .15 32.91
17.0 1. 98 30.24 35.35 65.59 42.02 23.88 33.15
18.0 2.09 34.56 35.35 69.91 46.34 25.61 33.38
19.0 2.21 38.88 35.35 74.23 50.66 27.34 33.57
20.0 2.33 43.20 42.92 86.12 57.51 31. 59 37.00
21.0 2.44 47.52 52.01 99.53 64.86 36.35 40.73
22.0 2.56 51.84 56.56 108.40 70.70 39.59 42.34
23.0 2.68 56.16 56.56 112.72 75.02 41. 32 42.11
24.0 2.79 60.48 56.56 117.04 79.34 43.05 41.91
25.0 2.91 64.80 56.56 121. 36 83.66 44.77 41.72
26.0 3.03 71. 72 56.56 128.27 90.57 47.54 42.40
27.0 3.14 78.63 56.56 135.18 97.48 50.30 43.03
28.0 3.26 85.54 56.56 142.10 104.39 53.07 43.61
29.0 3.37 92.45 56.56 149.01 111.31 55.83 44.15
30.0 3.49 99.37 56.56 155.92 118.22 58.60 44.66
31.0 3.61 106.28 56.56 162.83 125.13 61. 36 45.14
32.0 3.72 113.19 56.56 169.75 132.04 64.13 45.58
33.0 3.84 120.10 56.56 176.66 138.95 66.89 46.00
34.0 3.96 127.02 56.56 183.57 145.87 69.66 46.40
35.0 4.07 133.93 56.56 190.48 152.78 72.42 46.77

Page 3

TOP LOAD
ton

0.8110E+00
0.8110E+01
0.2050E+02
0.4130E+02
0.6190E+02
0.8042E+02
0.1528E+03
0.2069E+03
0.2302E+03
0.2403E+03
0.2577E+03
0.2514E+03
0.2576E+03
0.2602E+03
0.2621E+03

TOP MOVEMENT
IN.

0.3929E-03
0.3929E-02
0.9864E-02
0.1983E-01
0.2980E-01
0.3952E-01
0.8609E-01
0.1380E+00
0.1766E+00
0.2079E+00
0.3715E+00
0.6232E+00
0.8777E+00
0.1130E+01
0.2531E+01

TIP LOAD
ton

0.1862E-01
0.1862E+00
0.4654E+00
0.9308E+00
0.1396E+01
0.1862E+01
0.4654E+01
0.9308E+01
0.1396E+02
0.1862E+02
0.3233E+02
0.4503E+02
0.5125E+02
0.5392E+02
0.5605E+02

page 4

TIP MOVEMENT
IN.

0.1000E-03
0.1000E-02
0.2500E-02
0.5000E-02
0.7500E-02
0.1000E-01
0.2500E-01
0.5000E-01
0.7500E-01
0.1000E+00
0.2500E+00
0.5000E+00
0.7500E+00
0.1000E+01
0.2400E+01
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Ultimate Skin Friction (tons)
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Ultimate Axial Capacity (tons)
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cavallo Road UP - Abut 2.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

eBART Cavallo Road Underpass - SR4 - Abutment 2

cavallo Road UP - Abut 2.sfo
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

O.OOOE+OO
0.125E+03
0.640E+04
0.120E+02

PROPOSED DEPTH =

NUMBER OF LAYERS

WATER TABLE DEPTH

50.0 FT

4

48.0 FT.

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 3----CLAY

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
o.470E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50
-------------------------------------------------------
FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.470E+02

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.

page 1

0.550E+00
0.900E+01
0.200E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
O.OOOE+OO

0.550E+00
0.900E+01
0.200E+04
O.OOOE+OO
O.OOOE+OO
0.250E+04
0.640E+04
0.120E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT

Page 2

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.590E+02

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.590E+02

0.550E+00
0.900E+01
0.400E+04



RESULT FROM TREND (AVERAGED) LINE

cavallo Road UP - Abut 2.sfocavallo Road UP - Abut 2.sfo
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

DRILLED SHAFT INFORMATION

DIAMETER OF STEM = 2.000 FT.
DIAMETER OF BASE = 2.000 FT.
END OF STEM TO BASE = 0.000 FT.
ANGLE OF BELL = 0.000 DEG.
IGNORED TOP PORTION = 8.000 FT.
IGNORED BOTTOM PORTION = 2.000 FT.
AREA OF ONE PERCENT STEEL = 4.524 SQ.IN.
ELASTIC MODULUS, Ec = 0.360E+07 LB/SQ IN
VOLUME OF UNDERREAM = 0.000 CU.YDS.

= O.OOOE+OO
= O.OOOE+OO
= 0.125E+03
= 0.640E+04
= 0.900E+02

34.0 3.96 152.07 56.56
35.0 4.07 158.99 56.56
36.0 4.19 165.90 56.56
37.0 4.31 172.81 56.56
38.0 4.42 179.72 56.56
39.0 4.54 186.63 56.56
40.0 4.65 193.55 56.56
41.0 4.77 200.46 56.56
47".0 4-;"""89 207.37 56.56

-~3.~ 5.00 2i~.28 56.56
44.0 5.12 221.20 46.46
~,--5- 24 =#~ M 34.34
4'6:0-"'5.-35' ~. 28.28
47.0 5.47 241.93 28.28
48.0 5.59 248.85 28.28
49.0 5.70 255.76 28.28
50.0 5.82 260.08 28.28

208.63 170.92 79.68 52.73
215.54 177.84 82.45 52.92
222.45 184.75 85.21 53.10
229.37 191.66 87.98 53.27
236.28 198.57 90.74 53.43
243.19 205.49 93.51 53.58
250.10 212.40 96.27 53.73
257.02 219.31 99.04 53.87
~63 93 226 22 101 80 54 00
270.84 233.14 104.57 54.13
267.65 236.68 103.96 52.27
262.45 239.56 102.69 50.12
263.30 244.45 103.43 49.19
270.21 251.36 106.20 49.40
277.12 258.27 108.96 49.61
284.04 265.18 111.73 49.81
288.36 269.51 113.46 49.56

PREDICTED RESULTS
-----------------

QS = ULTIMATE SIDE RESISTANCE;
QB = ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU = TOTAL ULTIMATE RESISTANCE;
QBD = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

LENGTH VOLUME QS QB QU QBD QDN QU/VOLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU.YDS)
11.0 1. 28 3.46 56.56 60.01 22.31 20.23 46.88
12.0 1.40 6.91 56.56 63.47 25.76 21.62 45.45
13.0 1.51 10.37 56.56 66.92 29.22 23.00 44.24
14.0 1.63 13.82 56.56 70.38 32.68 24.38 43.20
15.0 1. 75 20.74 56.56 77.29 39.59 27.15 44.28
16.0 1.86 27 .65 56.56 84.21 46.50 29.91 45.22
17.0 1. 98 34.56 56.56 91.12 53.41 32.68 46.06
18.0 2.09 41.47 56.56 98.03 60.33 35.44 46.80
19.0 2.21 48.39 56.56 104.94 67.24 38.21 47.46
20.0 2.33 55.30 56.56 111.86 74.15 40.97 48.06
21.0 2.44 62.21 56.56 118.77 81.06 43.74 48.60
22.0 2.56 69.12 56.56 125.68 87.98 46.50 49.09
23.0 2.68 76.04 56.56 132.59 94.89 49.27 49.54
24.0 2.79 82.95 56.56 139.50 101. 80 52.03 49.95
25.0 2.91 89.86 56.56 146.42 108.71 54.80 50.33
26.0 3.03 96.77 56.56 153.33 115.63 57.56 50.68
27.0 3.14 103.69 56.56 160.24 122.54 60.33 51.00
28.0 3.26 110.60 56.56 167.15 129.45 63.09 51.30
29.0 3.37 117.51 56.56 174.07 136.36 65.86 51. 58
30.0 3.49 124.42 56.56 180.98 143.28 68.62 51.84
31.0 3.61 131.34 56.56 187.89 150.19 71.39 52.08
32.0 3.72 138.25 56.56 194.80 157.10 74.15 52.31
33.0 3.84 145.16 56.56 201. 72 164.01 76.92 52.53
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TOP LOAD
ton

0.8642E+00
0.8642E+01
0.2189E+02
0.4407E+02
0.6596E+02
0.8585E+02
0.1624E+03
0.2145E+03
0.2366E+03
0.2424E+03
0.2492E+03
0.2321E+03
0.2352E+03
0.2365E+03
0.2376E+03

TOP MOVEMENT
IN.

0.4156E-03
0.4156E-02
0.1045E-01
0.2101E-01
0.3156E-01
0.4184E-01
0.9007E-01
0.1397E+00
0.1770E+00
0.2053E+00
0.3611E+00
0.6055E+00
0.8578E+00
0.1109E+01
0.2510E+01

TIP LOAD
ton

0.9308E-02
0.9308E-01
0.2327E+00
0.4654E+00
0.6981E+00
0.9308E+00
0.2327E+01
0.4654E+01
0.6981E+01
0.9308E+01
0.1617E+02
0.2252E+02
0.2563E+02
0.2696E+02
0.2802E+02

page 4

TIP MOVEMENT
IN.

0.1000E-03
0.1000E-02
0.2500E-02
0.5000E-02
0.7500E-02
0.1000E-01
0.2500E-01
0.5000E-01
0.7500E-01
0.1000E+00
0.2500E+00
0.5000E+00
0.7500E+00
0.1000E+01
0.2400E+01



PILE LATERAL LOAD BEHAVIOR

(LPILE Analysis)
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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Cava110 Road - Abutment 1. 1po

lPIlE plus for windows, version 5.0 (5.0.21)

Analysis of Individual Piles and Drilled shafts
subjected to lateral loading using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

cavallo Road - Abutment l.lpo
- Deflection tolerance for convergence = 1.0000E-05 1n
- Maxi mum all owab1e defl ecti on 1. 0000E+02 in

Pri nti ng 0llti ons :
- values of pile-head deflection, bending moment, shear force, and

soil reaction are printed for full length of pile.
- Pri nti ng Increment (spaci ng of output poi nts) = 1

Pile structural properties and Geometry

This program is licensed to:

Gary Pari kh
Pari kh consultants

Path to file locations: s:\ongoing projects\2006\206117 TYlln Rte 4 project\E
BART PROJECT\Cavallo Road underpass\lpIlE\
Name of input data fil e: cava110 Road - Abutment 1. 1pd
Name of output fi 1e: Cava110 Road - Abutment 1. 1po
Name of plot output file: cavallo Road - Abutment l.lpp
Name of runtime file: cavallo Road - Abutment l.lpr

pi 1e length = 720.00 in

~~g~~ ~~9~~0~fdg~~~~dC~u~~~~: top of pile ~ -96.00 in
.00 deg.

structural properties of pile defined using 2 points

Point Depth Pile Moment of Pile Modulus of
x Diameter Inerti a Area Elasticity
in in in**4 sq.in lbs/sq. i n

----------- -----------
0.0000 24.00000000 16286.0000 452.4000 3600000.

720.0000 24.00000000 16286.0000 452.4000 3600000.

Time and Date of Analysis
soil and Rock layeri ng Information

Problem Title

Prog ram opti ons

eBARTCavallo Road underpass - Abutment 1 - 24-in CIDH Pile

516.000 in
636.000 in

-96.000 in
180.000 in

180.000 in
420.000 in

636.000 in
924.000 in
125.000lbs/in**3
125.000 1bs/i n**3

420.000 in
516.000 in
125.000 lbs/i n**3
125.000 lbs/i n**3

The soil profile is modelled using 5 layers

layer 1 is stiff clay without free water
Di stance from top of pi 1e to top of 1ayer =
Distance from top of pile to bottom of layer =

layer 2 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

layer 3 is sand, p-y criteria by API RP-2A, 1987
Distance from top of pile to top of layer =

~~:t~~~~r:d~mm~~el~: ~i ~~/~o~o~~o~o~f ~:~:~ ~
p-y subgrade modulus k for bottom of layer =
layer 4 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =
layer 5 is sand, p-y cri teri a by API RP-2A. 1987
Distance from top of pi le to top of layer =

~~:t~~~~r:d~mm~~el~: ~i ~~/~o~o~~o~o~f ~:~:~ ~
p-y subgrade modulus k for bottom of layer =

Effecti ve uni t wei ght of soil vs. Depth

(Depth of lowest layer extends 204.00 in below pile tip)

60
100

Time: 11: 0: 50Date: August 20, 2009

uni ts used in computati ons - us Customary uni ts. inches, pounds

Basi c Program opti ons:

Analysis Type 1:
- computation of lateral Pile Response using user-specified Constant EI

computati on opti ons:

= ~~~~y~~~e~~:~l~=~e~~m~~e~?f~~r~~~u~s:~t~~nanalysis
- Analysis assumes no shear resistance at pile tip

= ~~a~~~~~t:~io~i ~~df~~~9~~i g~
1
~t~ft~~~:tm~~~¥x elements

= ~~~1~~i ~i ~~s~~~~o~~es~~l :~~~m~~~~t~c~rn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

solution Control parameters:
- Number of pile increments =
- Maximum number of iterations allowed =

Cava110 Road - Abutment 1. 1po

Distribution of effective unit weight of soil with depth
is defined using 10 points

cavallo Road - Abutment 1. 1po

loadi ng Type

shear Strength of soi 1s

Distribution of shear strength parameters with depth
defi ned usi ng 10 poi nts

Point Del'th X Eff. uni t wei ght
No. 1n lbs/in**3

----------------
1 -96.00 .07230
2 180.00 .07230
3 180.00 .07230
4 420.00 .07230
5 420.00 .07520
6 516.00 .07520
7 516.00 .03760
8 636.00 .03760
9 636.00 .04050

10 924.00 .04050

point Del'th X cohesion c Angl e of Fri cti on E50 or
No. 1n lbs/in**2 Deg. ILrm

------------------
1 -96.000 17.36000 .00 .00500
2 180.000 17.36000 .00 .00500
3 180.000 27.78000 .00 .00400
4 420.000 27.78000 .00 .00400
5 420.000 .00000 35.00
6 516.000 .00000 35.00
7 516.000 27.78000 .00 .00400
8 636.000 27.78000 .00 .00400
9 636.000 .00000 40.00

10 924.000 .00000 40.00

Notes:

RQD
%

.0

.0

.0

.0

.0

.0

static loading criteria was used for computation of p-y curves

pil e-head loadi ng and pil e-head Fi xi ty condi ti ons

Numbe r of loads s peci fi ed = 3

load Case Number 1

~~~:~h~~~c~o~~d~Hec~~~~tion~ are sh~~oo~~go~oib~t (BC Type 1)

:~~~~n~o:~m:~\N/~~:lead ~ 200000: ggg ~~;1bs

(Zero moment at pile head for this load indicates a free-head condition)

load Case Numbe r 2

~~~:~h~~~c~o~~d~Hec~~~~tion~ are sh5~oo~~go~oib~t (BC Type 1)

:~~~n~o:~m:~\N/~~:lead~ 200000:ggg ~~;lbs

(zero moment at pile head for this load indicates a free-head condition)

load Case Number 3

~~~:;h~~~c~o~~d~Hec~~~~ti on~ are sh~~oo~~go~oib~t (BC Type 1)

:~~~~n~o:~m:~\N/~~:lead ~ 200000: ggg ~~;1bs

(zero moment at pile head for this load indicates a free-head condition)

(1) cohesion = uniaxial compressive strength for rock materials.m~:~~~~tO~a~~~sa~lleC~r~:~e~~~e~l~~/g~t;hen input values are O.
(4) RQD and ILrm are reported only for weak rock strata.

computed values of load Distribution and Deflection
for lateral loadi ng for load Case Number 1

p-y Modifi cati on Factors

Distribution of p-y multipliers with depth defined using 2 points

Point
NO.

Depth X
in

.000
720.000

p-mult

.6000

.6000

y-mult

1.0000
1.0000

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~tf~~c~ii~ ~~~~ head ~ 36000: ggg ~ ~~1bs
specified axial load at pile head = 200000.000 lbs

(zero moment for thi s load i ndi cates free-head condi ti ons)

Depth Deflect. Moment Shear slope Total soil Res
X ¥ M V S stress

lbs/inin 1n lbs-in lbs Rad. lbs/i n**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .136913 3.3902E-08 36000.0000 - .0019483 442.0866 -554.7684
12.000 .113533 396733. 29318.5420 - .0019077 734.4109 -558.8079
24.000 . 091128 712802 . 22625.1078 - .0017942 967.3001 -556.7645
36.000 .070473 948347. 15995.2000 - .0016242 1140.8567 -548.2202



cavallo Road - Abutment 1. 1po

computed val ues of Load Di stri bution and Deflecti on
for Lateral Loadi ng for Load Case Number 2

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~/~~c~it; ~~~~ head ~ 56000: 888 ~ ~~1bs
specified axial load at pile head 200000.000 lbs

(Zero moment for this load indicates free-head conditions)

Depth Deflect. Moment Shear slope Total soi 1 Res
X ¥ M V S Stress

lbs~inin 1n lbs-in lbs Rad. lbs/i n**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .362551 -4.5203E-08 56000.0000 - .0043434 442.0866 -707.6704
12.000 .310430 631472 . 47442.6461 - .0042788 907.3736 -718.5553
24.000 .259860 1159162. 38790.3992 - .0040956 1296.1909 -723.4859
36.000 .212137 1582100. 30116.9730 - .0038150 1607.8243 -722.0851
48.000 .168299 1900281. 21500.8539 - .0034587 1842.2694 -713.9347
60.000 .129129 2114722. 13025.9256 - .0030478 2000.2757 -698.5533
72.000 .095153 2227533. 4782.4659 - .0026034 2083.3978 -675.3566
84.000 .066648 2241998. -3131.1664 -.0021460 2094.0560 -643.5821
96.000 .043649 2162686. -10605 . 4080 - .0016952 2035.6165 -602.1249

108.000 .025962 1995605. -17512.9085 - .0012697 1912.5067 -549.1252
120.000 .013177 1748470. - 23691. 6130 - .0008865 1730.4105 -480.6589
132.000 .004686 1431262. -28882.2115 - .0005611 1496.6820 -384.4409
144.000 - .000290 1057991. -29828.7833 -.0003064 1221.6449 226.6789
156.000 - .002667 716841. -26396.0860 - .0001247 970.2763 345.4373
168.000 - .003284 425083. -22140.1822 -7.8784E-06 755.3003 363.8800
180.000 - .002856 185515. -17336.1722 5. 4609E-05 578.7794 436.7883
192.000 - .001973 8752.9345 -11633.6798 7.4489E-05 448.5361 513.6271
204.000 -.001069 -94050.9960 -5820.9719 6.5760E-05 511. 3862 455.1575
216.000 - .000395 -131266. 43.3914 4.2702E-05 538.8073 522.2364
228.000 -4.39E-05 -93214.5708 3524.7144 1. 9729E-05 510.7699 57.9841
240.000 7.84E-05 -46767.5960 3250.7474 5.4038E-06 476.5464 -103.6453
252.000 8.58E-05 -15222.5703 1948.2184 -9.4016E-07 453.3031 -113.4429
264.000 5.58E-05 -5.8419 824.6404 -2.4986E-06 442.0910 -73.8201
276.000 2.59E-05 4580.7921 176.6493 -2.0304E-06 445.4619 -34.1784
288.000 7.12E-06 4243.4877 -84.8708 -1.1273E-06 445.2134 -9.4083
300.000 -1.20E-06 2549.3053 -131.8089 -4. 3219E-07 443.9651 1. 5853
312.000 -3.25E-06 1082.1475 -96.4828 -6.0559E-08 442.8840 4.3024
324.000 -2.65E-06 234.0087 -49.6298 7.4133E-08 442.2591 3.5064
336.000 -1.48E-06 -109.3231 -16.8874 8.6893E-08 442.1672 1.9507
348.000 -5.67E-07 -171. 7066 - .6845096 5.8133E-08 442.2132 .7498297
360.000 -8.05E-08 -126.0303 4.4532 2.7664E-08 442.1795 .1064516
372 .000 9.67E-08 -64.9631 4.3253 8. 1180E-09 442.1345 - .1277667
384.000 1. 14E-07 -22.2624 2.6522 -8.0843E-10 442.1031 - .1510811
396.000 7.73E-08 -1. 3064 1.1330 -3.2204E-09 442.0876 - .1021202
408.000 3.70E-08 4.9449 .2267631 -2. 8481E-09 442.0903 - .0489180

. 13691342 i n
- .00194835

1188311. 1bs-i n
36000.00000 lbs
72 .00000000 i n

0.00000 in
23

8

pi 1e-head defl ecti on
computed slope at pile head

~:~~~~~ ~h~~~nfo~~~ent

g:~~~ ~~ ~:~~~~~ ~h~~~nfo~~~ent
Number of iterations =
Number of zero deflection points =

cavallo Road - Abutment 1.1po
48.000 .052147 1104483. 9509.8262 -.0014141 1255.9021 -532.6755
60.000 .036534 1183371. 3256.8165 -.0011800 1314.0290 -509.4928
72.000 .023827 1188311. -2666.7759 -.0009373 1317.6686 -477.7726
84.000 .014039 1123867. -8149.6453 -.0007007 1270.1849 -436.0390
96.000 .007011 996082. -13053.2749 -.0004837 1176.0292 -381.2326

108.000 .002430 812911. -17163.4319 -.0002986 1041.0628 -303.7935
120.000 -.000154 585593. -18310.9879 -.0001555 873.5687 112.5342
132.000 -.001301 374193. -15961.6384 -5.7233E-05 717.8030 279.0240
144.000 -.001528 202789. -12484.3464 1. 8137E-06 591.5071 300.5246
156.000 -.001257 74559.9590 -8963.7262 3.0197E-05 497.0246 286.2454
168.000 -.000803 -12485.8724 -5710.6966 3.6549E-05 451.2866 255.9262
180.000 -.000380 -62672.1956 -1961.5381 2.8858E-05 488.2654 368.9335
192.000 -.000111 -59701.3044 1083.3706 1. 6334E-05 486.0763 138.5512
204.000 1.21E-05 -36749.7075 1821.0045 6.4639E-06 469.1649 -15.6123
216.000 4.45E-05 -16028.2229 1374.3664 1.0628E-06 453.8967 -58.8274
228.000 3.76E-05 -3770.0152 723.3984 -9.6331E-07 444.8645 -49.6672
240.000 2.14E-05 1337.9622 255.7892 -1.2122E-06 443.0725 -28.2676
252.000 8.48E-06 2374.7449 18.9132 -8.3225E-07 443.8364 -11.2117
264.000 1. 41E-06 1795.8731 -59.5500 -4.0544E-07 443.4099 -1.8655
276.000 -1.25E-06 947.4904 -60.8403 -1.2469E-07 442.7848 1.6504
288.000 -1.58E-06 336.3049 -38.3959 6.6854E-09 442.3344 2.0903
300.000 -1.09E-06 25.9577 -17.2240 4.3758E-08 442.1058 1.4383
312.000 -5.31E-07 -77.2800 -4.3811 3.8506E-08 442.1436 .7021237
324.000 -1.64E-07 -79.3740 1.1324 2.2475E-08 442.1451 .2167895
336.000 8.21E-09 -50.2113 2.3680 9.2133E-09 442.1236 -.0108556
348.000 5. 71E-08 -22.5871 1. 8499 1. 7633E-09 442.1033 -.0754889
360.000 5.05E-08 -5.8222 .9962055 -1.1441E-09 442.0909 -.0667929
372.000 2.97E-08 1.3273 .3602793 -1.6041E-09 442.0876 -.0391948
384.000 1.20E-08 2.8322 .0296740 -1.1784E-09 442.0887 -.0159060
396.000 1.37E-09 2.0452 -.0766341 -6.7925E-10 442.0882 -.0018120
408.000 -4.27E-09 .9962247 -.0536515 -3.6801E-10 442.0874 .0056424
420.000 -7.46E-09 .7592995 - .0187632 -1.8835E-10 442.0872 .0001723
432.000 -8.79E-09 .5468113 -.0164643 -5.4687E-11 442.0871 .0002109
444.000 -8.77E-09 .3644185 -.0138888 3.8566E-11 442.0869 .0002184
456.000 -7.86E-09 .2132949 -.0113616 9.7688E-11 442.0868 .0002028
468.000 -6.43E-09 .0912711 -.0091151 1.2886E-10 442.0867 .0001716
480.000 -4.77E-09 - .0060863 - .0072957 1. 3757E-10 442.0867 .0001316
492.000 -3.13E-09 -.0844850 -.0059712 1.2830E-10 442.0867 8.9108E-05
504.000 -1.69E-09 -.1500108 -.0051382 1.0431E-10 442.0868 4. 9719E-05
516.000 -6.24E-10 -.2083033 .0001103 6.7638E-11 442.0868 .0008250
528.000 -6.83E-11 -.1476874 .0056024 3.1207E-11 442.0868 9.0304E-05
540.000 1.25E-10 -.0739952 .0051544 8.5207E-12 442.0867 -.0001650
552.000 1.36E-10 -.0240215 .0030846 -1.5100E-12 442.0867 -.0001800
564.000 8.86E-11 4. 3210E-05 .0013022 -3.9639E-12 442.0866 -.0001171
576.000 4.10E-11 .0072513 .0002744 -3.2174E-12 442.0867 -5.4255E-05
588.000 l.13E-11 .0066431 -.0001411 -1.7955E-12 442.0867 -1.4992E-05
600.000 -2.05E-12 .0038729 -.0002148 -7.1932E-13 442.0867 2.7049E-06
612.000 -5.92E-12 .0014902 -.0001516 -1.7048E-13 442.0867 7.8280E-06
624.000 -6.14E-12 .0002341 -5.6003E-05 5.9864E-15 442.0866 8.1131E-06
636.000 -5. 78E-12 .0001461 -6.3584E-06 4.4897E-14 442.0866 1. 6111E-07
648.000 -5.06E-12 8.1279E-05 -4.5179E-06 6.8169E-14 442.0866 1. 4564E-07
660.000 -4.14E-12 3.7367E-05 -2.9063E-06 8.0311E-14 442.0866 1.2295E-07
672.000 -3.13E-12 1.1141E-05 -1.5938E-06 8.5275E-14 442.0866 9.5805E-08
684.000 -2.10E-12 -1. 2940E-06 -6.2310E-07 8.6283E-14 442.0866 6. 5979E-08
696.000 -1.06E-12 -4.2274E-06 -2.0889E-08 8.5718E-14 442.0866 3.4389E-08
708.000 -3.86E-14 -2.2068E-06 1. 9316E-07 8.5059E-14 442.0866 1.2846E-09
720.000 9.79E-13 0.0000 0.0000 8.4833E-14 442.0866 -3. 3477E-08

output veri fi cation:

computed forces and moments are wi thi n speci fi ed conve rgence 1i mi ts.

output Summary for Load Case No.1:

computed values of Load Distribution and Deflection
for Lateral Loading for Load case Number 3

output veri fi cati on:

computed forces and moments are wi thi n speci fi ed convergence li mi ts.

Depth Deflect. Moment shear slope Total soil Res
X

¥n
M V S Stress

lbs/inin lbs-in lbs Rad. lbs/i n**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .707719 1. 3561E-07 76000.0000 - .0075515 442.0866 -836.4699
12.000 .617102 869898. 65861. 9350 - .0074624 1083.0526 -853.2076

Pile-head boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~/~~C~it~ ~~~~ head ~ 76000:888 ~~~lbs
specified axial load at pile head 200000.000 lbs

(Zero moment for thi s load i ndi cates free-head condi ti ons)

cavallo Road - Abutment 1.1po
24.000 .528621 1616506. 55558.5242 -.0072080 1633.1755 -864.0275
36.000 .444110 2237901. 45162.9575 -.0068135 2091.0370 -868.5669
48.000 .365096 2733122. 34752.9478 -.0063048 2455.9307 -866.4347
60.000 .292795 3102234. 24411.1607 -.0057076 2727.9034 -857.1965
72.000 .228113 3346386. 14225.8703 -.0050477 2907.8019 -840.3519
84.000 .171650 3467884. 4291. 9878 -.0043503 2997.3249 -815.2952
96.000 .123705 3470276. -5287.2407 -.0036403 2999.0871 -781.2429

108.000 .084283 3358464. -14397.2173 -.0029415 2916.7008 -737.0865
120.000 .053109 3138862. -22906.0273 -.0022766 2754.8915 -681.0485
132.000 .029646 2819647. -30650.6261 -.0016668 2519.6846 -609.7180
144.000 .013107 2411247. -37395.1540 -.0011315 2218.7639 -514.3700
156.000 .002491 1927594. -42520.3911 -.0006874 1862.3941 -339.8362
168.000 -.003391 1394057. -42359.6364 -.0003475 1469.2689 366.6286
180.000 -.005850 912631. -37025.6869 -.0001114 1114.5396 522.3629
192.000 -.006066 505976. -29811.8523 3.3734E-05 814.9044 679.9428
204.000 -.005040 196984. -21708.7060 .0001057 587.2304 670.5816
216.000 -.003530 -15540.2849 -13924.4018 .0001242 453.5372 626.8025
228.000 -.002058 -137798. -6877.3024 .0001085 543.6200 547.7141
240.000 -.000925 -181117. -900.4922 7.5912E-05 575.5386 448.4210
252.000 -.000236 -159774. 3663.8344 4.1026E-05 559.8127 312.3001
264.000 5.98E-05 -93381.4803 5063.0435 1. 5119E-05 510.8928 -79.0986
276.000 .000127 -38333.4095 3584.4554 1.6397E-06 470.3318 -167.3327
288.000 9.92E-05 -7362.4213 1793.7587 -3.0367E-06 447.5115 -131.1167
300.000 5.37E-05 4731.3752 581.0674 -3.3059E-06 445.5729 -70.9985
312.000 1. 99E-05 6599.0647 -2.3681 -2.1464E-06 446.9490 -26.2408
324.000 2.20E-06 4684.8445 -177.2545 -9.9163E-07 445.5386 -2.9070
336.000 -3.95E-06 2349.7157 -163.3925 -2.7173E-07 443.8180 5.2173
348.000 -4.32E-06 764.7282 -97.8090 4.6995E-08 442.6501 5.7133
360.000 -2.82E-06 2.0745 -41.1705 1.2547E-07 442.0882 3.7265
372.000 -1.31E-06 -223.9663 -8.4137 1.0276E-07 442.2517 1.7330
384.000 -3.53E-07 -200.3484 4.7836 5.9336E-08 442.2343 .4665788
396.000 1. 13E-07 -109.4447 6.6868 2.7633E-08 442.1673 -.1493850
408.000 3.10E-07 -39.9987 3.3302 1. 2339E-08 442.1161 -.4100347
420.000 4.09E-07 -29.5780 .8133506 5.2189E-09 442.1084 -.0094479
432.000 4.35E-07 -20.5033 .6939806 9.3663E-11 442.1018 -.0104471
444.000 4.11E-07 -12.9229 .5698561 -3.3271E-09 442.0962 -.0102403
456.000 3. 56E-07 -6.8108 .4533852 -5. 3466E-09 442.0917 - .0091715
468.000 2.83E-07 -2.0160 .3530209 -6.2499E-09 442.0881 -.0075559
480.000 2.06E-07 1.6917 .2736477 -6.2831E-09 442.0879 -.0056730
492.000 1. 32E-07 4.5817 .2169949 -5.6411E-09 442.0900 -.0037691
504.000 7.02E-08 6.9267 .1819965 -4.4633E-09 442.0918 -.0020640
516.000 2.52E-08 8.9710 -.0300098 -2.8364E-09 442.0933 -.0332704
528.000 2.15E-09 6.2201 -.2466853 -1.2818E-09 442.0912 -.0028422
540.000 -5.59E-09 3.0567 -.2193832 -3.3242E-10 442.0889 .0073925
552.000 -5.83E-09 .9564578 -.1288071 7.8279E-11 442.0874 .0077035
564.000 -3.71E-09 -.0350006 -.0531308 1.7258E-10 442.0867 .0049092
576.000 -1.69E-09 -.3195106 -.0103035 1.3630E-10 442.0869 .0022286
588.000 -4.43E-10 -.2829384 .0065805 7.4646E-11 442.0869 .0005853
600.000 1.05E-10 -.1619369 .0092563 2.9118E-11 442.0868 -.0001394
612.000 2.56E-10 -.0609271 .0063897 6.3109E-12 442.0867 -.0003384
624.000 2.57E-10 -.0086152 .0023218 -8.0589E-13 442.0867 -.0003396
636.000 2.37E-10 -.0051999 .0002447 -2.2197E-12 442.0867 -6.5984E-06
648.000 2.04E-10 - .0027322 .0001699 -3.0314E-12 442.0867 -5. 8609E-06
660.000 1. 64E-10 - .0011071 .0001056 -3.4244E-12 442.0866 -4. 8649E-06
672.000 1.21E-10 -.0001820 5.4097E-05 -3.5563E-12 442.0866 -3.7142E-06
684.000 7.86E-11 .0002083 1.6974E-05 -3.5536E-12 442.0866 -2.4730E-06
696.000 3.62E-11 .0002424 -4.8905E-06 -3.5075E-12 442.0866 -1.1711E-06
708.000 -5.63E-12 .0001077 -1.0794E-05 -3.4716E-12 442.0866 1. 8723E-07
720.000 -4.72E-11 0.0000 0.0000 -3.4606E-12 442.0866 1.6117E-06

output veri fi cati on:

computed forces and moments are within specified convergence limits.

442.0897 -.0002056
442 .0891 .0002161
442.0885 .0004670
442.0880 .0005754
442.0875 .0005727
442 .0871 .0004908
442.0867 .0003620
442 .0869 .0002184
442.0872 .0040345
442.0871 .0007767
442.0869 -.0004963
442.0867 -.0006938
442.0867 -.0004933
442.0867 -.0002482
442.0867 -8.1357E-05
442.0867 5.2121E-07
442.0867 2. 8756E-05
442.0867 3.4465E-05
442 .0866 7.4531E-07
442.0866 7.1727E-07
442.0866 6.4033E-07
442.0866 5. 3105E-07
442.0866 4.0132E-07
442.0866 2. 5858E-07
442 .0866 1. 0649E-07
442.0866 -5. 3967E-08

.36255131 in
-.00434344

2241998. lbs-in
56000.00000 1bs
84.00000000 in

0.00000 in
29

8

Cava11 0 Road - Abu tment 1. 1po
420.000 8.90E-09 4.1496 -.0679785 -1.9174E-09
432.000 -9.01E-09 3.3226 -.0679154 -1.1527E-09
444.000 -1.88E-08 2.5251 -.0638168 -5.5424E-10
456.000 -2.23E-08 1.7936 -.0575625 -1.1227E-10
468.000 -2.15E-08 1.1442 -.0506742 1. 8838E-10
480.000 -1.78E-08 .5765651 -.0442933 3.6448E-10
492.000 -1.27E-08 .0793679 -.0391761 4.3160E-10
504.000 -7.43E-09 -.3657335 -.0356935 4.0230E-10
516.000 -3.05E-09 -.7792064 -.0101762 2.8513E-10
528.000 -5.88E-10 -.6113302 .0186911 1.4282E-10
540.000 3.76E-10 -.3313057 .0203733 4.6355E-11
552.000 5.25E-10 -.1225929 .0132322 -9.5717E-14
564.000 3.73E-10 -.0137315 .0061094 -1.4047E-11
576.000 1.88E-10 .0240995 .0016602 -1.2986E-11
588.000 6.15E-11 .0261757 -.0003172 -7.8407E-12
600.000 -3.94E-13 .0165235 -.0008022 -3.4710E-12
612.000 -2.18E-11 .0069383 -.0006266 -1.0700E-12
624.000 -2.61E-11 .0014906 - .0002473 -2.0738E-13
636.000 -2.67E-11 .0010049 -3.6009E-05 4.8004E-14
648.000 -2.49E-11 .0006261 -2. 7233E-05 2.1492E-13
660.000 -2.16E-11 .0003503 -1.9087E-05 3.1484E-13
672.000 -1.74E-11 .0001665 -1.2059E-05 3.6773E-13
684.000 -1.27E-11 5.9113E-05 -6.4649E-06 3.9082E-13
696.000 -7.99E-12 9.4761E-06 -2.5055E-06 3.9784E-13
708.000 -3.20E-12 -2.9299E-06 -3.1514E-07 3.9851E-13
720.000 1. 58E-12 0.0000 0.0000 3.9821E-13

Output Summary for Load Case No.2:

pi 1e-head defl ecti on
computed slope at pil e head

~:~~~~~ ~h~~~n~o~~~ent

g:~~~ ~~ ~~~~~~ ~h~~~nfo~~~ent
Number of iterations =
Number of zero deflection points =



Cava11 0 Road - Abutment 1. 1po

output summary for Load Case No.3:

pi 1e-head defl ecti on
computed slope at pi 1e head

=:~~ ~~~ ~h~~~n¥o~~:ent
g:~i~ ~~ ~:~~ ~~~ ~h~~~n¥o~~:ent
Number of i terati ons =
Number of zero deflection poi nts =

.70771897 in
- .00755145

3470276. lbs-in
76000.00000 1bs
96 . 00000000 in

0.00000 in
32

7

summary of pile Response(s)

Defi ni ti on of symbols for pi 1e-Head Loadi ng condi ti ons:

Type 1 = shear and Moment.
Type 2 = shear and slope.
Type 3 = shear and Rot. Sti ffness,
Type 4 = Deflection and Moment,
Type 5 = Deflection and Slope,

y = pile-head displacment in
M = Pile-head Moment lbs-i n
v = pil e-head Shear Force 1bs
S = Pile-head Slope, radians
R = Rot. Stiffness of Pile-head i n-lbs/rad

Load pi 1e-Head
Type condi ti on

1

pi le-Head
condition

2

Axial
Load
lbs

Pile-Head
Deflection

in

Maximum
Moment
in-lbs

Maximum
Shear

lbs

1 v=
1 v=
1 v=

36000. M=
56000. M=
76000. M=

0.000
0.000
0.000

200000.
200000.
200000.

.1369134

.3625513

.7077190

1188311. 36000.0000
2241998. 56000.0000
3470276. 76000.0000

The analysis ended normally.
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Lateral Deflection (in)
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Unfactored Bending Moment (in-kips)
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Cava110 Road -Abutment 2.1 po

LPILE plus for windows, version 5.0 (5.0.21)

Analysis of Individual Piles and Drilled Shafts
subj ected to Late ra1 Loadi ng usi ng the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Ri ghts Reserved

Cava110 Road -Abutment 2.1 po
- Deflection tolerance for convergence = 1.0000E-05 in
- Maximum allowable deflection = 1.0000E+02 in

Pri nti ng opti ons :
- values of pile-head deflection, bending moment, shear force, and

soil reaction are printed for full length of pile.
- Pri nti ng Increment (spaci ng of output poi nts) = 1

pi le structural properti es and Geometry

3600000.
3600000.

Modulus of
Elasticity
lbs/sq.in

720.00 in
-96.00 in

.00 deg.

Point Depth Pile Moment of
X Diameter Inerti a
in in in**4

-----------
0.0000 24.00000000 16286.0000

720.0000 24.00000000 16286.0000

Structural properties of pile defined using 2 points

Pile
Area

sq.in

452.4000
452.4000

Thi s program is li censed to:

Gary Parikh
pari kh Consu1tants

path to file locations: s:\ongoing projects\2006\206117 TYLln Rte 4 project\E
BART PROJECT\Cavallo Road underpass\LPILE\
Name of input data file: cavallo Road -Abutment 2.1pd
Name of output file: cavallo Road -Abutment 2.1po
Name of plot output file: cavallo Road -Abutment 2.1pp
Name of runti me fi 1e: Cava11 0 Road -Abutment 2.1 pr

Time and Date of Analysis
Soil and Rock Layeri ng Information

Problem Title

Program opti ons

Ebart cavallo Road underpass - Abutment 2 - 24-in CIDH Pile

uni ts used in computati ons - US Customary uni ts, inches, pounds

Basi c program opti ons:

Analysis Type 1:
- computation of Lateral Pile Response using user-specified Constant EI

computati on opti ons:

= ~~~~y~~~e~~:~1~=~e~~m~1e~?f~~r~~~u~s:~t~~nanalysis
- Analysis assumes no shear resistance at pile tip

= ~~a~~~~~t:~io~i ~~df~~~9~~i ~~
1
~t~ff~~~:tm~~~rx elements

= ~~~~~~i ~i ~s~~~~o~~es~~~ ~~~~m~~~~t~c~fn~i ~~ pi 1e
- No additional p-y curves to be computed at user-specified depths

solution Control Parameters:
- Number of pi le increments = 60
- Maximum number of iterations allowed = 100

48.000 in
468.000 in

-96.000 in
48.000 in

612.000 in
972.000 in

468.000 in
612.000 in

.07230

Eff. uni t wei ght
lbs/in**3

-96.00

Depth X
in

Point
No.

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 =
Distance from top of pile to bottom of layer =
Layer 2 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

Layer 3 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

Layer 4 is stiff clay without free water
Distance from top of pile to top of layer =
Distance from top of pile to bottom of layer =

(Depth of lowest layer extends 252.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defi ned usi ng 8 poi nts

Effecti ve uni t wei ght of soi 1 vs. Depth

Time: 11: 7:40Date: August 20, 2009

48.00
48.00

468.00
468.00
612.00
612.00
972.00

cavallo Road -Abutment 2.1po
.07230
.07230
.07230
.03760
.03760
.03760
.03760

Shear strength of soi 1s

cavallo Road -Abutment 2.1po

Number of loads speci fi ed = 3

Load Case Number 1

~~~:~h~~~c~o~~d~Hec~~~~tion~ are Sh36~OO~gO~0~~~t (BC Type 1)

~~~~~n~o~~m:~\N/~~:dhead : 200000: ggg ~~;1bs

(Zero moment at pile head for this load indicates a free-head condition)

Load case Number 2

Di stri buti on of shear strength parameters wi th depth
defi ned usi ng 8 poi nts

Notes:

(1) cohesion = uniaxial compressive strength for rock materials.
(2) Values of E50 are recorted for clay strata.m~~~a~~~ ~~~e~r:i ~~po~t~~n~~f~e~o~o~e~~O r~~kns~~~~~. values are O.

Point Del?th X cohesion c Angle of Friction E50 or
No. 1n lbs/in**2 Deg. k_rm

------ ------- -----
-96.000 13.89000 .00 .00600
48.000 13.89000 .00 .00600
48.000 27.78000 .00 .00400

468.000 27.78000 .00 .00400
468.000 17.36000 .00 .00500
612.000 17.36000 .00 .00500
612.000 27.78000 .00 .00400
972 .000 27.78000 .00 .00400

RQD
%

.0

.0

.0

.0

.0

.0

.0

.0

~~~:~h~~~c~o~~d~Hec~~~~ti on~ are Sh~6~OO~gO~0~~~t (BC Type 1)

~~~~~n~o~~m:~\it/~~:dhead: 200000:ggg ~~;lbs

(Zero moment at pile head for this load indicates a free-head condition)

Load Case Numbe r 3

~~~:~h~~~C~o~~d~H/~~~~tion~ are Sh~6~OO~gO~0~~~t (BC Type 1)

~~~~~n~o~~m:~\N/~~:dhead : 200000: ggg ~~;1bs

(Zero moment at pile head for this load indicates a free-head condition)

computed values of Load Distribution and Deflection
for Lateral Loadi ng for Load Case Number 1

Pile-head Loadi ng and pi 1e-head Fi xi ty condi ti ons

p-y Modification Factors

Static loading criteria was used for computation of p-y curves

Distribution of p-y multipliers with depth defined using 2 points

Poi nt Depth X p-muIt y-muIt
No. in

Depth Deflect. Moment Shear slope Total Soil Res
X ¥ M V S stress

lbs/inin 1n lbs-in lbs Rad. lbs/i n**2
-------- --------- ----------- ----------- ----------- ----------- -----------

0.000 .151190 -4. 5203E-08 36000.0000 - .0021610 442.0866 -442.7887
12 .000 .125258 405306. 30664.5996 - .0021195 740.7277 -446.4447
24.000 .100321 746124. 25315.6305 -.0020017 991.8527 -445.0502
36.000 .077217 1022489. 20016.5506 - .0018207 1195.4864 -438.1298
48.000 .056624 1235261. 14083.4224 - .0015897 1352.2629 -550.7249
60.000 .039065 1368122. 6388.8107 -.0013232 1450.1585 -731. 7104
72 .000 . 024866 1394944 . -2114.5414 - .0010405 1469.9220 -685.5150
84.000 .014093 1322367. -9962.8344 - .0007624 1416.4452 -622.5339
96.000 .006568 1159495. -16922.0871 - .0005084 1296.4367 -537.3416

108.000 .001891 918677 . -22610.1451 -.0002957 1118.9948 -410.6681
120.000 -.000529 618271. -23216.2540 - .0001384 897.6471 309.6499
132.000 - .001431 362152. -18877 .0120 -3. 8113E-05 708.9305 413.5571
144.000 - .001444 165406. -13814.2944 1. 5876E-05 563.9627 430.2292
156.000 - .001050 30532.3391 -8762.0122 3.5928E-05 464.5838 411. 8178
168.000 -.000582 -45054.6478 -4084.5615 3.4441E-05 475.2842 367.7573
180.000 - .000224 -67662.4549 -187.2869 2.2906E-05 491.9423 281. 7885

pi 1e-head boundary condi ti ons are Shear and Moment (BC Type 1)

~~:~~~~:~ ~~~:~/~~c~if~ ~~~~ head: 36000: ggg ~ ~~1bs
specified axial load at pile head 200000.0001bs

(Zero moment for thi s load i ndi cates free-head condi ti ons)

1.0000
1.0000

Loadi ng Type

.6000

.6000
.000

720.000



output Verification:

computed forces and moments are within specified convergence limits.

cavallo Road -Abutment 2. lpo
192.000 -3.21E-05 -49659.4842 1753.5820 1.0900E-05
204.000 3.77E-05 -25628.8062 1704.3439 3.1950E-06
216.000 4.46E-05 -8770.5654 1051.1342 -3.2535E-07
228.000 2.99E-05 -400.0246 459.8520 -1.2638E-06
240.000 1.43E-05 2271.9497 109.1325 -1.0723E-06
252.000 4.20E-06 2224.3013 -37.4880 -6.1214E-07
264.000 -4.09E-07 1375.1769 -67.5922 -2.4378E-07
276.000 -1.65E-06 603.2586 -51.2949 -4.1312E-08
288.000 -1.40E-06 144.2979 -27.1342 3. 5191E-08
300.000 -8.01E-07 -48.1305 -9.6718 4.5033E-08
312.000 -3.20E-07 -88.0415 -.7810195 3.1097E-08
324.000 -5.48E-08 -67.0242 2.1907 1.5228E-08
336.000 4.56E-08 -35.5383 2.2638 4.7321E-09
348.000 5.87E-08 -12.7150 1.4363 -2.0603E-10
360.000 4.07E-08 -1.0670 .6479143 -1.6165E-09
372.000 1. 99E-08 2.8427 .1672441 -1.4347E-09
384.000 6.22E-09 2.9537 -.0403349 -8.4155E-10
396.000 -2.48E-10 1.8787 -.0877306 -3.4702E-10
408.000 -2.10E-09 .8498361 -.0690733 -6.7795E-11
420.000 -1.87E-09 .2212295 -.0375117 4.1815E-11
432.000 -1.10E-09 -.0506454 -.0139092 5.9272E-11
444.000 -4. 52E-10 - .1128764 - .0015887 4.2538E-11
456.000 -8.04E-11 -.0889781 .0026352 2.1880E-11
468.000 7.29E-11 -.0497374 .0028164 7.6845E-12
480.000 1.04E-10 - .0214217 .0018724 4.0223E-13
492.000 8.26E-11 -.0048007 .0009977 -2.2813E-12
504.000 4.93E-11 .0025339 .0003796 -2.5133E-12
516.000 2.23E-11 .0043211 4.4172E-05 -1.8118E-12
528.000 5.82E-12 .0036027 -8.7416E-05 -1.0009E-12
540.000 -1. 77E-12 .0022279 -.0001064 -4.0416E-13
552.000 -3.88E-12 .0010507 -7.9949E-05 -6.8644E-14
564.000 -3.41E-12 .0003094 -4. 5761E-05 7.0547E-14
576.000 -2.19E-12 -4.7934E-05 -1.9509E-05 9.7309E-14
588.000 -1.08E-12 -.0001593 -4.2041E-06 7.6107E-14
600.000 -3.61E-13 -.0001492 2.5399E-06 4.4541E-14
612.000 -9.28E-15 -9.8510E-05 4.2879E-06 1. 9191E-14
624.000 1.00E-13 -4.6381E-05 3.5526E-06 4. 3630E-15
636.000 9.54E-14 -1. 3270E-05 2.0023E-06 -1. 7414E-15
648.000 5.82E-14 1. 6831E-06 7.8355E-07 -2.9272E-15
660.000 2.52E-14 5.5495E-06 1.2194E-07 -2.1870E-15
672 .000 5.75E-15 4.6202E-06 -1.2339E-07 -1.1463E-15
684.000 -2.33E-15 2.5937E-06 -1.5054E-07 -4.0800E-16
696.000 -4.04E-15 1.0093E-06 -1.0002E-07 -3.9277E-17
708.000 -3.27E-15 1.9332E-07 -4.2037E-08 8.3797E-17
720.000 -2.03E-15 0.0000 0.0000 1.0358E-16

Output summary for Load Case No.1:

pil e-head defl ecti on
computed slol?e at pile head

=:~~~~~ ~~~~~n¥o~~:ent
g:g~~ ~~ ~:~~~~~ ~~~~~n¥o~~:ent
Number of iterations =
Number of zero deflection points =

.15119007 in
-.00216103

1394944. bs-i n
36000.00000 bs
72 .00000000 n

0.00000 n
26
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478.6772 41.6897
460.9707 -49.8960
448.5491 -58.9723
442.3814 -39.5747
443.7607 -18.8785
443.7256 -5.5582
443.0999 .5408456
442.5311 2.1754
442.1930 1. 8514
442.1221 1.0590
442.1515 .4228128
442.1360 .0724698
442.1128 -.0602778
442.0960 -.0776496
442.0874 -.0537418
442.0887 -.0263699
442.0888 -.0082266
442.0880 .0003273
442.0873 .0027822
442.0868 .0024781
442.0867 .0014557
442.0867 .0005977
442.0867 .0001062
442.0867 -7.6037E-05
442.0867 -8.1286E-05
442.0867 -6. 4506E-05
442.0867 -3. 8515E-05
442.0867 -1. 7385E-05
442.0867 -4. 5464E-06
442.0867 1. 3798E-06
442.0866 3.0312E-06
442.0866 2.6668E-06
442 .0866 1. 7086E-06
442.0866 8.4233E-07
442.0866 2.8166E-07
442.0866 9.6769E-09
442.0866 -1. 3223E-07
442.0866 -1. 2615E-07
442.0866 -7.6983E-08
442.0866 -3.3285E-08
442.0866 -7.6033E-09
442.0866 3.0786E-09
442 .0866 5 . 3400E-09
442.0866 4.3246E-09
442 .0866 2 . 6816E-09

cava110 Road -Abutment 2.1 po

computed values of Load Distribution and Deflection
for Lateral Loadi ng for Load Case Number 2

pi 1e-head boundary condi ti ons are shear and Moment (BC Type 1)

;g:~m:~ ~~~:~/~~c~i~~ ~~~~ head: 56000: ggg ~ ~~1bs
specified axial load at pile head 200000.000 lbs

(zero moment for thi s load i ndi cates free-head condi tions)

Depth Deflect. Moment Shear slope Total soi 1 Res
X y M V S Stress

lbs/inin 1n lbs-in lbs Rad. lbs/in**2
--------- ----------- ----------- ----------- ----------- -----------

0.000 .369538 2.2601E-07 56000.0000 -.0045831 442.0866 -553.6317
12.000 . 314540 643138 . 49306.3012 -.0045173 915.9695 -561.9848
24.000 . 261123 1205034 . 42542.7490 -.0043282 1329.9910 -565.2739
36.000 . 210665 1684939 . 35772.7318 -.0040324 1683.5989 -563.0623
48.000 . 164345 2082935 . 28081.6121 -.0036468 1976.8542 -718.7910
60.000 . 123141 2376402 . 17919.4093 -.0031904 2193.0893 -974.9095
72.000 . 087774 2528315 . 6432.7339 -.0026885 2305.0231 -939.5364
84.000 . 058617 2543693 . -4537.7777 - .0021695 2316.3538 -888.8822
96.000 . 035707 2429822 . -14792.4352 -.0016605 2232.4504 -820.2274

108.000 . 018766 2196645 . -24082.5321 - .0011870 2060.6386 -728.1221
120.000 . 007219 1857539 . - 32032.4665 - .0007721 1810.7755 -596.8670
132.000 . 000235 1431572 . -37152.4037 - .0004355 1496.9105 -256.4559
144.000 - .003234 967972 . -35531. 3496 -.0001900 1155.3165 526.6315
156.000 - .004325 579731. -28849.8543 -3.1576E-05 869.2495 586.9510
168.000 - .003992 275727. -21754.9858 5.5969E-05 645.2502 595.5271
180.000 - .002981 57342.9233 -14747.2479 9.0055E-05 484.3386 572 .4292
192.000 - .001830 -78639.3607 -8172 .5926 8.7875E-05 500.0304 523.3466
204.000 - .000872 -139221. -2379.7653 6.5580E-05 544.6688 442.1246
216.000 - .000256 -136069. 2306.1574 3.7408E-05 542.3459 338.8625
228.000 2.54E-05 -84052.8803 4137.6156 1. 4881E-05 504.0193 -33.6195
240.000 .000101 -36837.1685 3136.5644 2.5096E-06 469.2293 -133.2224
252.000 8.57E-05 -8787.3800 1657.8343 -2.1595E-06 448.5614 -113.2327
264.000 4.90E-05 2961.2212 590.1508 -2. 7557E-06 444.2686 -64.7146
276.000 1. 95E-05 5389.4670 47.0022 -1.9012E-06 446.0578 -25.8102
288.000 3.33E-06 4098.4003 -134.2754 -9.3020E-07 445.1065 -4.4028
300.000 -2.80E-06 2171. 3232 -138.4972 -2.8857E-07 443.6865 3.6991
312.000 -3.59E-06 775.8534 -87.7918 1. 3036E-08 442.6583 4.7518
324.000 -2.49E-06 64.2573 -39.5676 9.9010E-08 442.1340 3.2856
336.000 -1.22E-06 -174.2453 -10.1893 8.7754E-08 442.2150 1.6108
348.000 -3.80E-07 -180.7070 2.4857 5.1429E-08 442.2198 .5017000
360.000 1. 57E-08 -114.8352 5.3715 2.1184E-08 442.1713 - .0207317
372 .000 1. 29E-07 -51.8923 4.2250 4.1220E-09 442.1249 - .1703490
384.000 1. 15E-07 -13.4542 2.2940 -2. 5654E-09 442.0966 - .1514969
396.000 6.73E-08 3.1750 .8511812 -3.6173E-09 442.0890 - .0889657
408.000 2.78E-08 6.9915 .0969354 -2. 5769E-09 442.0918 - .0367420
420.000 5.46E-09 5.5138 - .1668150 -1. 2972E-09 442.0907 - .0072164
432.000 -3.34E-09 2.9942 -.1836623 -4.2647E-10 442.0889 .0044085
444.000 -4.78E-09 1.1079 -.1193345 -6.6677E-12 442.0875 .0063128
456.000 -3.50E-09 .1301936 - .0537376 1. 2004E-10 442.0867 .0046200
468.000 -1.89E-09 - .1823347 - .0141621 1. 1470E-10 442.0868 .0019759
480.000 -7.42E-10 - .2102478 .0011725 7.4528E-11 442.0868 .0005799
492.000 -1.06E-10 -.1545521 .0051496 3.7196E-11 442.0868 8.2943E-05
504.000 1. 50E-10 - .0868367 .0049424 1. 2493E-11 442.0867 - .0001175
516.000 1. 94E-10 -.0359950 .0033299 -7. 7746E-14 442.0867 - .0001513
528.000 1. 49E-10 - .0069195 .0017261 -4.4695E-12 442.0867 -.0001160
540.000 8. 64E-11 .0054531 .0006251 -4.6196E-12 442.0867 -6. 7479E-05
552.000 3.76E-11 .0081059 4.3825E-05 -3. 2320E-12 442.0867 -2. 9405E-05

computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 3

Output verification:

computed forces and moments are within specified convergence limits.

Pile-head boundary conditions are shear and Moment (BC Type 1)

;g:~n~:~ ~~~:~/~~c~i~~ ~~~~ head: 76000: ggg ~ ~~1bs
specified axial load at pile head = 200000.000lbs

(Zero moment for thi s load i ndi cates free-head condi ti ons)

Depth Deflect. Moment shear slope Total soi 1 Res
X y M V S Stress

lbs/inin 1n lbs-in lbs Rad. lbs/in**2
-------- --------- ----------- ----------- ----------- ----------- -----------

0.000 .686895 -9.0405E-08 76000.0000 - .0076966 442.0866 -646.4342
12.000 .594535 883929. 68167.7614 - .0076062 1093.3911 -658.9389
24.000 .504347 1672536. 60215.8177 - .0073446 1674.4600 -666.3850
36.000 .418266 2364362. 52207.2919 - .0069314 2184.2177 -668.3693
48.000 . 337992 2958782 . 43032.4838 - .0063867 2622.2035 -860.7654
60.000 .264985 3427798. 30783.3046 - .0057331 2967.7882 -1180.7645
72.000 .200398 3725100. 16769.3983 - .0050011 3186.8491 -1154.8866
84.000 .144959 3854269. 3152.0920 - .0042254 3282.0243 -1114.6645
96.000 .098987 3821032. -9886.0754 - .0034400 3257.5348 -1058.3634

108.000 .062400 3633515. -22135.6677 - .0026771 3119.3663 -983.2353
120.000 .034737 3302626. -33339.1900 - .0019673 2875.5581 -884.0184
132.000 .015186 2842817. -43125.8525 - .0013384 2536.7572 -747.0920
144.000 . 002617 2274030 . -50607.2666 - .0008147 2117.6583 -499.8104
156.000 - .004367 1632153. -50077.3914 - .0004150 1644.7048 588.1229

.68689505 in
- .00769665

3854269. bs-i n
76000 . 00000 bs
84 . 00000000 n

0.00000 n
32
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168.000 - .007342 1074164. -42388.6104 - .0001380 1233.5623 693.3406
180.000 -.007679 615489. -33878.6943 3.4914E-05 895.5969 724.9787
192.000 -.006504 260908. -25218.8272 .0001246 634.3314 718.3325
204.000 -.004689 9639.0058 -16871.2558 .0001523 449.1889 672.9295
216.000 -.002849 -144733. -9268.8045 .0001385 548.7302 594.1458
228.000 -.001366 -213477. -2737.8775 .0001018 599.3827 494.3421
240.000 -.000406 -210931. 3448.1145 5.8373E-05 597.5066 536.6566
252.000 3.55E-05 -131002. 6386.9024 2.3381E-05 538.6130 -46.8586
264.000 .000155 -57757.3066 4875.3176 4.0637E-06 484.6439 -205.0722
276.000 .000133 -14014.2613 2590.2304 -3.2812E-06 452.4128 -175.7757
288.000 7.64E-05 4423.9715 929.6868 -4.2626E-06 445.3464 -100.9816
300.000 3.07E-05 8318.6830 80.4973 -2.9586E-06 448.2161 -40.5500
312.000 5.39E-06 6370.1078 -205.5538 -1.4553E-06 446.7803 -7.1252
324.000 -4.25E-06 3392.3784 -214.5909 -4.5628E-07 444.5863 5.6190
336.000 -5.56E-06 1222.1161 -136.7787 1. 5955E-08 442.9871 7.3497
348.000 -3.87E-06 109.6137 -62.0033 1. 5224E-07 442.1674 5.1128
360.000 -1.91E-06 -266.6934 -16.2057 1. 3617E-07 442.2832 2.5201
372.000 -6.00E-07 -279.9756 3.6740 8.0221E-08 442.2929 .7931766
384.000 1. 88E-08 -178.9028 8.2843 3.3260E-08 442.2185 -.0247977
396.000 1. 98E-07 -81.3130 6.5637 6. 6304E-09 442.1466 -.2619606
408.000 1. 78E-07 -21.4057 3.5811 -3.8815E-09 442.1024 -.2351394
420.000 1.05E-07 4.6522 1.3373 -5.5960E-09 442.0901 -.1388242
432.000 4.36E-08 10.7170 .1587069 -4.0232E-09 442.0945 -.0576124
444.000 8.47E-09 8.4804 -.2541293 -2.0586E-09 442.0929 -.0111936
456.000 -5.82E-09 4.6278 -.2751322 -7.1711E-10 442.0901 .0076932
468.000 -8.74E-09 1.8807 -.1742766 -5.1044E-11 442.0880 .0091161
480.000 -7.05E-09 .4454189 -.0865578 1.8701E-10 442.0870 .0055037
492.000 -4.25E-09 -.1975655 -.0335956 2.1237E-10 442.0868 .0033233
504.000 -1.95E-09 -.3618943 -.0045236 1.5512E-10 442.0869 .0015220
516.000 -5.31E-10 -.3068769 .0070987 8.6677E-11 442.0869 .0004151
528.000 1.32E-10 -.1919412 .0089705 3.5630E-11 442.0868 -.0001031
540.000 3.24E-10 -.0917567 .0068341 6.5968E-12 442.0867 -.0002530
552.000 2.90E-10 -.0279535 .0039557 -5.6541E-12 442.0867 -.0002268
564.000 1.88E-10 .0032078 .0017133 -8.1865E-12 442.0867 -.0001470
576.000 9.38E-11 .0132061 .0003919 -6.5067E-12 442.0867 -7.3289E-05
588.000 3.20E-11 .0126444 -.0001976 -3.8612E-12 442.0867 -2.4962E-05
600.000 1. 15E-12 .0084819 -.0003528 -1.6992E-12 442.0867 -8.9548E-07
612.000 -8.83E-12 .0041864 -.0003029 -4.0276E-13 442.0867 9.2054E-06
624.000 -8.52E-12 .0012143 -.0001801 1.4993E-13 442.0866 1. 1262E-05
636.000 -5.23E-12 - .0001366 -7.1047E-05 2.6023E-13 442.0866 6.9125E-06
648.000 -2.27E-12 -.0004920 -1.1533E-05 1.9590E-13 442.0866 3.0065E-06
660.000 -5.28E-13 -.0004143 1.0693E-05 1.0315E-13 442.0866 6.9786E-07
672.000 2.01E-13 -.0002359 1. 3286E-05 3. 6610E-14 442.0866 -2.6575E-07
684.000 3.51E-13 -9.5609E-05 8. 9103E-06 2.6867E-15 442.0866 -4.6356E-07
696.000 2.66E-13 -2.2045E-05 4.0231E-06 -9.3538E-15 442.0866 -3.5098E-07
708.000 1.26E-13 9.8903E-07 9.1625E-07 -1.1509E-14 442.0866 -1.6683E-07
720.000 -1.07E-14 0.0000 0.0000 -1.1407E-14 442.0866 1. 4117E-08

Output veri fi cati on:

computed forces and moments are wi thi n speci fi ed convergence 1imi ts.

output Summary for Load case No.3:

pile-head deflection
coml?uted slol?e at pi le head

=:~i ~~~ ~~~~~n¥o~~:ent
g:g~~ ~i ~:~~~~~ ~~~~~n¥o~~:ent
Number of iterations
Number of zero deflection points

442.0867 -6.8839E-06
442.0867 3.1267E-06
442.0867 5. 5768E-06
442 .0866 4. 5566E-06
442.0866 3.4933E-06
442.0866 1. 7775E-06
442.0866 3. 1160E-07
442.0866 -2.4770E-07
442.0866 -3.2460E-07
442.0866 -2. 2774E-07
442.0866 -1.1413E-07
442.0866 -3.4274E-08
442.0866 1.4662E-08
442.0866 5.1563E-08

.36953770 in
-.00458311

2543693. lbs-i n
56000.00000 lbs
84.00000000 in

0.00000 in
23
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564.000 8.81E-12 .0065204 -.0001739 -1.7351E-12
576.000 -4.00E-12 .0039404 -.0001965 -6.6462E-13
588.000 -7.14E-12 .0018087 -.0001442 -7.6269E-14
600.000 -5.83E-12 .0004792 -8.3432E-05 1.5787E-13
612.000 -3.35E-12 -.0001944 -3.5133E-05 1.8700E-13
624.000 -1. 34E-12 - .0003649 -3.5083E-06 1.2976E-13
636.000 -2.36E-13 -.0002793 9.0264E-06 6.3839E-14
648.000 1.87E-13 - .0001486 9.4098E-06 2.0054E-14
660.000 2.46E-13 -5.3519E-05 5.9760E-06 -6.2904E-16
672.000 1. 72E-13 -5.1634E-06 2.6620E-06 -6.6344E-15
684.000 8.63E-14 1.0400E-05 6.1073E-07 -6.0986E-15
696.000 2. 59E-14 9.5234E-06 -2. 7968E-07 -4.0597E-15
708.000 -1.11E-14 3.7069E-06 -3.9735E-07 -2.7058E-15
720.000 -3.90E-14 0.0000 0.0000 -2. 3264E-15

output summary for Load Case No.2:

Pile-head deflection
computed slope at pil e head

=:~~~~~ ~~~~~n¥o~~:ent
g:g~~ ~~ ~:~~~~~ ~~~~~n¥o~~:ent
Number of iterations =
Number of zero deflection points =
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Summary of pile Response(s)

Defi ni ti on of symbols for pi 1e-Head Loadi ng condi ti ons:

Type 1 = Shear and Moment, y = pi 1e-head di sp1acment 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 pi 1e-head i n-l bs/rad

Load pi 1e-Head
Type Condition

1

pi le-Head
condition

2

AXial
Load
lbs

pi le-Head
Deflection

in

Maximum
Moment
in-lbs

Maximum
Shear
lbs

1 V=
1 V=
1 V=

36000. M=
56000. M=
76000. M=

0.000
0.000
0.000

200000.
200000.
200000.

.1511901

.3695377

.6868951

1394944. 36000.0000
2543693. 56000.0000
3854269. 76000.0000

The analysis ended normally.
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Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: - EA: 228511 Q PSRlPDS (Review No. ..l ~ 65% PS&E Unchecked Details Reviewer Name:AIi Kaddoura
D APS/PSR (Review No. .J o PS&E (Review No.!} Functional Unit:327

Project Name: Route 4 Widenining D APS/PR (Review No. ..1 D Construction Support -
Cost Center:59

SEG3A DType Selection 181 Other:Foundation Renort Phone Number: 510-286-4676
Structure Information e-mail: ali kaddoura@dot.ca.gov

OSFP Liaison: O. Bor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Cavallo Road UP
Date of Review: 03/09/09Br No: 28-C0488e-mail:

overcomer horaD.dot.ca.f!OV

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

Doc. Page, Section, or
# (See Note 1) SSP Review Comments Consultant Responses
1 FR Draft FR Prepared by Parikh Consultants

Cavallo Road Dated February 2009.
UP

Bridge No.
28-C0488

65%PS&E
2 The report lacks the County, Route, and Postmile

designation.
3 6 In Table, "RLSS" stands for "right lateral

strike slip" and not "right left strike slip.
4 Appendic C Axial load input should be 450,000 lbs in lieu of

Lpile input for East 400,0001bs
Abutments Page 6

5 A Street UP (C3) Not approved (resubmittal to GS required)
Bridge No.
28-C0487

65%PS&E

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document twe)
P=Structure Plans ISP=SpeeiaJ Provisions IFR=Foundation Rpt IDC-Design Cales !rS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulics Rpt ICC=Check Cales IQC=Quant. Cales I

OSFP Rev FOIm 10/29/08

" = Comment Resolved
(for Reviewer's use)

Page lof2



Responses to Caltrans Comments on 65% Foundation Report

Cavallo Road Underpass (Bridge No. 28C0488)

Response ot Comment No.1

No response required.

Response ot Comment No.2

County, route and Post Mile Designations have been added in the cover sheet an also in the
heading for the report.

Response ot Comment No.3

Agreed. Text is revised to state "right lateral strike slip" for RLSS.

Response ot Comment No.4

This should have no impact on the results. Also, the ultimate load has changed to 404,000 kips.
Therefore, use of 400,000 kips should suffice.

Response ot Comment No.5

No response required.



Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: EA: 228511 bJ PSRlPDS (Review No. ..l D 65% PS&E Unchecked Details Reviewer Name:Ali KaddouralR. Nashed- o APSIPSR (Review No. ..1 o PS&E (Review No. !l Functional Unit:327
Project Name: Route 4 Widenining D APSIPR (Review No. ..1 o Construction Support Cost Center:59
SEG3A DType Selection 181 Other:Final Foundation Reoort Phone Number: 510-286-4676

Structure InformatIon e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Cavallo Road UP
Date of Review: 11/2/09Br No: 28-C0488e-mail:

overcomer hor(Q),dot.ca.e:ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm

I
Phone Number

I
e-mail I Response Date

Doc. Page, Section, or
# (See Note 1) SSP Review Comments Consultant Responses
1 Final FR Final FR Prepared by Parikh Consultants No response required.

Cavallo Road Dated August 2009.
UP

Bridge No.
28-C0488

2 Page 6, In the table:
from Hossein Salimi ofSeismic Sources - The distance between the site and Vaca Fault Per e-mail

Zone is 5.5 miles not 3.4 miles. Caltrans dated March 2, 2010, no

- The distance between the site and Great further action on this comment is
Valley Fault is 6.6 miles not 4.4 miles. required. (See attached e-mail)
Please correct and check all calculations based on

these values.
3 OUf previous comments have been addressed to our

satisfaction.
4 Final FR (C2) Approved subject to OSFP verification

Cavallo Road
UP

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P"'Stmcture Plans ISP=Spe.cial Provisions IFR=Foundation Rpt JDC=Design Cales ITS-Type Sel. Report IQCC=Quant. Check Cales

RP=Road Plans IE=Estimate IH=Hydraulics Rpt ICC=Check Cales IQC=Quant. Cales I
OSFP Rev Fonn 10/29/08

.,/= Comment Resolved
(for Reviewer's use)

Page lof2



Dist-EA: ·228511 Str Name (if app.): Cavallo Road UP Str No. 28-C0488
Reviewer: Ali KaddouralR. Nashed Functional Unit: 327 11/2/09

I I ~~~~~:s~. I I I

Note 1: Abbreviations for Tvplcal Documents (if Abbr. is not beIO\\-', type in the document type)
P=Structure Plans ISP""Spec111J Provisions IFR=Foundation Rpt IDC=De.sign Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC""Check Cales IQC""Quant. Cales I

OSFP Rev Fonn 10/29/08

,/= Comment Resolved
(for Reviewer's use)
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Partha Sircar

From:
To:
Sent:
Attach:
Subject:

FYI

"Hossain Salimill <hossain_salimi@dot.ca.gov>
"Partha Sircarll <psircar@parikhnet.com>
Tuesday, March 02,2010 10:53 AM
228511 GeoSeg 3A-1stPSE.pdf
Fw: SR4 Segment 3A bridges - Seismic

Hossain Salimi
Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 03/02/2010 09:53 AM

Hossain
Salimi/HQ/Caltran
s/CAGov To

Ali Kaddoura/D04/Caltrans/CAGov,
02/25/2010 10:43 Rifaat Nashed/HQ/Caltrans/CAGov
AM cc

Tim Pokrywka/D04/Caltrans/CAGov@DOT
Subject

Fw: SR4 Segment 3A bridges
Seismic

Gentlemen,

I am writing you in regards to the reports submitted by Parikh and our
subsequent attached comments (Bridges under EA # 04-228511). Parikh had
used the old 1996 Caltrans Seismic Hazard Map as well as the old Seismic
Design Criteria (SDC) to produce the seismic recommendations. These
bridges were type selected before the Department mandated changes to the
SDC became official. In fact, their findings are more conservative
compared to the new criteria. In light of this, I find it unreasonable for
us to request changes to the seismic recommendations of these reports. I
am satisfied with the findings in the reports and have no further comments.
In the future, I will check the type selection date of each bridge to see
if the changes to the new SDC are warranted.

Sincerely,

Hossain Salimi

4/7/2010



Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 02/25/2010 10:30 AM

Page 2 of4

"Partha Sircar"
<psircar@parikhne
t.com> To

"Hossain Salimi"
02/24/2010 10: 13 <hossain salimi@dot.ca.gov>
AM cc

Subject
SR4 Segment 3A bridges - Seismic

Hossein:

As I had discussed with you earlier, I have the same issues with the above
bridges. Please call me to advise.

Partha Sircar
Parikh Consultanta
(408) - 452 -9000

----- Original Message -----
From: "Hossain Salimi" <hossain salimi@dot.ca.gov>
To: "Rifaat Nashed" <rifaat nashed@dot.ca.gov>; "Ali Kaddoura"
<ali kaddoura@dot.ca.gov>
Cc: "Partha Sircar" <psircar@parikhnet.com>; "Tim Pokrywka"
<tim-pokrywka@dot.ca.gov>
Sent: Thursday, December 17,2009 10:38 AM
Subject: Updated status of Somersville Rd UC replacement (04-228511)

>
> Hi Rifaat/Ali,
>
> I had a conversation with Mr. Sircar of Parikh subsequent to the e-mail I
> sent you. As it turns out, this project has been in the works for a long
> time, and the seismic analysis and design have already been completed
> using

4/7/2010
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> the old SDC. Therefore, Parikh is not required to take any further
> actions
> regarding my comments. Thank you all.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
> ----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 12/17/2009 10:31
AM

To
Rifaat Nashed/HQ/Caltrans/CAGov

11/30/2009 09:25 cc
AM Tim Pokrywka/D04/Caltrans/CAGov@DOT

Subject
Somersville Rd UC replacement

(04-228511 )(Document link: Hossain
Salimi)

Hossain
Salimi/HQ/Caltran
s/CAGov

> -----
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Rifaat,
>
> I reviewed the attached documents you sent me on November 19, 2009
(Report
> containing Final Foundation Report from Parikh Consultants to Mark Thomas
> and Company Inc. for the proposed Somersville Road Undercrossing
> replacement) and have the following comments. I should note that the
> proposed bridge (28-0398L/R) is located on Route 4 and will replace the
> existing 2-span structure (28-0211R).
>
> 1. According to the report, Parikh is using the in-progress Seismic
Hazard
> Map (CSHM). However, the distances as outlined in the table does not
> match our latest CSHM.
>
> 2. The Department has finalized the new ARS curves based on the new
> Seismic
> Design Criteria (SDC) and is now mandatory for use by both the Department
> personnel as well as our consultants effective September 30, 2009.
> However, Parikh is still using the ARS curve based on the 2001 SDC which
> was

4/7/2010
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Hossain
11/19/2009 03 :20 Salimi/HQ/Caltrans/CAGov@DOT
PM cc

Tim PokrywkaID04/Caltrans/CAGov
Subject

Somerville Rd DC (Replacement)

To

Rifaat
Nashed/HQ/Caltran
s/CAGov

> based on Sadigh 1996 Attenuation Relationship models.
>
> To re-iterate, the Department has implemented the new SDC and the
> consultant shall re-submit the report using the now mandated seismic
> design
> criteria.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Hossain
>
> Please find attached the Final Foundation Report for Somerville Road
> Dndercrossing (Replacement) by PARIKH Consultant
>
> (See attached file: FR- Somerville Rd DC (Replacement).pdf)(See attached
> file: Appendix B- Lab Tests.pdf)(See attached file: Appendix C.pdf)
>
>
> Regards
>
> Rifaat Nashed
(See attached file: 228511GeoSeg 3A-1stPSE.pdf)

4/7/2010
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FINAL FOUNDATION REPORT 
ROOSEVELT LANE PEDESTRIAN UNDERCROSSING PUC (REPLACEMENT) 

AT STATE ROUTE 4 (BRIDGE NO. 28-0403) 
ANTIOCH, CONTRA COSTA COUNTY, CALIFORNIA 

04-CC-4-R28.1   EA 2285F1 
 

INTRODUCTION 
 
This report presents the results of our geotechnical engineering investigation performed for the 
proposed “Roosevelt Lane Pedestrian Undercrossing (PUC) Replacement” project in Antioch, 
Contra Costa County, CA.  Our work was performed generally in accordance with the scope of 
work as per our agreement.  The general location of the site and its vicinity are shown on the 
Project Location Map, Plate 1.   
 
The geotechnical recommendations presented in this report are intended for design input and are 
not intended to be used as specifications.  These recommendations should not be used for direct 
bidding purposes. 
 

PROPOSED CONSTRUCTION 
 
Based on the preliminary plans provided by T. Y. Lin International, the proposed project consists 
of demolition of the existing Roosevelt Lane Pedestrian Undercrossing tunnel across State Route 4 
and replacement by a new tunnel. The proposed project is part of the overall improvement projects 
along State Route 4 between Loveridge Road in Pittsburg, California and Hillcrest Avenue in 
Antioch, California. The improvement primarily involves (a) widening the existing 4-lane 
highway to an 8-lane highway; and (b) construction of railroad tracks in the median for eBART.  
 

PURPOSE AND SCOPE 
 
The purpose of this investigation is to evaluate the pertinent subsurface conditions at the project 
site and provide recommendations for design and construction of the PUC. 
 
No new soil borings were drilled as part of this project. Borings drilled in the vicinity for the 
overall improvement project along State Route 4 were utilized for the present project, as 
appropriate. The scope of work performed for this investigation included a review of all pertinent 
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available soils and geologic information, engineering analysis of the information, and preparation 
of this report.  The basis for this investigation is the preliminary plans provided to us by T. Y. Lin 
International.  
 
Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter 
unforeseen variations in the soil conditions during construction nor is it practical to determine all 
such variations during an acceptable program of drilling and sampling for a project of this scope.  
Such variations, when encountered, generally require additional engineering services to attain a 
properly constructed project.  We, therefore, recommend that a contingency fund be provided to 
accommodate any additional charges resulting from technical services that may be required during 
construction. 
 
Our recommendations in this report are based on the above information. Any major deviation 
should be reported to this office for consideration. 
 

SITE CONDITIONS 
 
At the Roosevelt Lane PUC location, the State Route 4 consists of 2 lanes each in the east and 
westbound directions with a median. The road surfaces are at an approximate elevation of 63 feet. 
The highway is built on an embankment with approximate side slopes of 3 (horizontal) to 1 
(vertical). The native ground is at an approximate elevation of 45 feet at the northern end and 50 
feet at the southern end. 
 
The existing Roosevelt Lane PUC is a reinforced concrete box culvert (RCB) crossing State Route 
4 as a northern continuation of Roosevelt Lane. A Project Location Map is presented as Plate 1. 
Per the as-built plans from 1971, the RCB is 159 feet long and 8’ x 8’ on the inside. The depth of 
the top of the box varies between 3 and 7 feet below existing ground surface. Two 17.5-foot long 
open tunnels are present at the two ends of the RCB – the open tunnel floors are matched to the 
adjacent existing grades. 
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PROJECT DESCRIPTION 
 

Per the plans supplied to us by T. Y. Lin, the existing Roosevelt Lane PUC will be demolished and 
replaced by a new PUC. The new PUC will also be a reinforced concrete box (RCB) structure 
along the same alignment as the existing one. The RCB will be 214.5 feet long, the additional 
length of 55.5 feet being necessitated by the widening of State Route 4. The primary extension will 
be on the northern end, which will be 48 feet and on the southern end only 7.5 feet. The concrete 
box will 8 feet by 8 feet on the inside, as before, with 8.5-in. thick side walls. The top and bottom 
slabs will be 8-in. thick.  
 
A 16.5-ft long open tunnel will be constructed at the southern end of the RCB. The base slab of the 
tunnel will be 1.75-ft thick, the tunnel floor being matched to the adjacent existing grade. The side 
walls of the tunnel will be 1-ft thick. At the northern end, the RCB ends immediately behind a 
retaining wall (Retaining Wall #4) – the footings for the retaining wall are lowered to 
accommodate the RCB. The floor of the RCB is matched to the adjacent existing grade. 
 
The RCB will be designed to satisfy the Caltrans Bridge Design Specifications (Section 6 – 
Culverts). Additionally, it shall be designed to accommodate loads from the future eBART trains. 
 

GEOLOGY 
 
General geologic features pertaining to the site were evaluated with reference to the “Geologic Map 
of Quaternary Geology of Contra Costa County and Surrounding Areas, CA: Derived from Digital 
Database open-file 97-98” by E.J. Helley and R.W. Graymer 1997; Scale 1:100000. Based on the 
map, the site is located in an area covered by Pleistocene alluvial deposits (Qpaf). A geologic map of 
the general project area is shown on Plate 2.  Description of the main geologic unit is as follows: 

 
Qpaf (Alluvial Fans and Fluvial Deposits (Pleistocene)) – Brown dense gravely and clayey 
sand or clayey gravel that fines upward to sandy clay. These deposits display various sorting 
and are located in most stream channels in the county. All Qpaf deposits can be related to 
modern stream courses. They are distinguished from younger alluvial fans and fluvial 
deposits by higher topographic position, greater degree of dissection, and stronger soil 
profile development. They are less permeable than Holocene deposits, and locally contain 
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fresh water mollusks and extinct late Pleistocene vertebrate fossils. They are overlain by 
Holocene deposits on lower parts of the alluvial plain, and incised by channels that are partly 
filled with Holocene alluvium on higher parts of the alluvial plain. Maximum thickness is 
unknown but at least 50m (150 feet). 
 

FIELD AND LABORATORY INVESTIGATIONS  
 

As noted earlier, site specific soil borings were not drilled for this project. However, several soil 
borings drilled in the project site vicinity as part of the overall improvement projects along State 
Route 4 were utilized for this project. A log of test boring (LOTB) sheet showing borings in the 
vicinity is presented in the Appendix A. The LOTB sheet indicates that Boring SW-199 is on the 
PUC footprint near the southern end and Boring SW-200 is located about 167 feet east of the PUC 
footprint. Borings RW-SW-196 and RW/SW-197 are also in the vicinity. 
 
Associated laboratory testing performed on selected samples from the above borings included tests 
for moisture content, dry density, unconfined compression tests and Atterberg Limits. The test 
results are noted on the LOTB sheet. In addition, a Plasticity Chart for Atterberg Limits is also 
presented in the Appendix A. 
 

SUBSURFACE CONDITIONS 
 
The borings indicate predominantly hard lean clays and hard sandy silts within the depths of 
interest.  
 
Groundwater was not encountered in any of the borings to the depths drilled.  
 

EARTHQUAKE CONSIDERATIONS 
 

Seismic Sources 

The project is located in a seismically active part of Northern California.  Many faults exist in the 
area, which are capable of producing earthquakes which may cause strong ground shaking at the 
site. 
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Applicable major faults in the vicinity of the project site were identified and their associated 
maximum earthquake magnitudes were established using the In-Progress Seismic Hazard Map 
currently under development by Caltrans and the associated Data Base. The documents were 
supplied to us by Caltrans, with the understanding that the fault locations in the map and the 
associated magnitudes in the Data Base have essentially been finalized. Pertinent information is 
summarized below.  The moment magnitudes noted in the table represent the largest earthquakes 
that could occur on the given fault based on the current understanding of the regional tectonic 
structure. A fault map of the project vicinity is shown on Plate 3. 
 

Fault 
 

Fault 
No.(1) 

Fault 
Type 

Distance from 
Site (miles) 

Maximum 
Moment 

Magnitude 
Vaca Fault Zone 14 RLSS(2) 3.4 6.9 

Great Valley Fault 5 24 Reverse 
Fault  4.4 6.5 

Greenville Fault Zone 
(Clayton Section) 

351 RLSS 4.1 6.6 

Concord Fault Zone 
(Ygnacio Valley Section) 

341 RLSS 6.9 6.6 

(1) Number of the Fault in the Data Base associated with the Caltrans In-Progress Seismic 
Hazard Map 

(2) RLSS – Right-Lateral Strike Slip Fault 

 
Based on the Caltrans In-Progress Seismic Hazard Map and the attenuation relationship by Sadigh 
et al. (1997), the controlling fault is the Vaca Fault Zone (Fault No. 14 in the map), which is 
associated with a Maximum Moment Magnitude (Mmax)  of 6.9. A peak bedrock acceleration 
(PBA) of 0.50g is anticipated at the site. The corresponding peak ground acceleration (PGA) is 
also 0.5g.  
 
Additionally, there is no evidence of groundwater or presence of loose to medium granular soils 
within the depth of interest. Potential hazard from soils at the site liquefying during an earthquake 
is, therefore, also considered minimal.  
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Seismic Hazards/Liquefaction Impact 

Potential seismic hazards may arise from three sources: ground shaking, surface fault rupture and 
liquefaction.  
 
Based on available geological and seismic information, the possibility of the site to experience 
strong ground shaking may be considered significant.  
 
Per Plate No. 3, there is no evidence of the presence of a fault along the project site or in the 
immediate vicinity. Potential hazard from fault rupture during an earthquake is therefore 
considered minimal.  
 
Liquefaction is a phenomenon in which saturated soils are subject to a temporary but essentially 
total loss of shear strength under the reversing, cyclic shear stresses associated with earthquake 
shaking.  Submerged, cohesionless sands and silts of low relative density are the type of soils 
which usually are susceptible to liquefaction - the susceptibility increases with decreasing relative 
density (reflected by the number of blows to drive a sampler), and decreasing fines content.  
Accepted procedures for the assessment of liquefaction potential for cohesionless soils have 
evolved over the years through research and field observations (Youd et al, 2001).  Recent research 
and field observations have shown that clays of low plasticity are also potentially liquefiable, 
based on the moisture content and plasticity characteristics of the clay.  Procedures for the 
assessment of liquefaction potential for clay soils have also been established and have received 
general acceptance (Bray et. al., 2004).  
 
There was no evidence of the presence of groundwater or loose or medium dense sands within the 
depth of interest. Potential for liquefaction at the site due to an earthquake is therefore considered 
low. 

FINDINGS AND RECOMMENDATIONS 
 

Design Recommendations 

Recommendations for design of the RCB are presented below: 
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1. Vertical Earth Pressure: 140 pcf 
 
2. Lateral Earth Pressure: (a) 100 pcf   (b) 35 pcf 

These two loadings should be applied separately and the resulting maximum moments 
should be utilized in design. 

 
3. Bearing Capacity 

An allowable bearing capacity of 7.5 ksf (ultimate bearing capacity of 22.5 ksf) is 
recommended for design of the bottom slab of the RCB. 

 
4. Modulus of Subgrade Reaction 

A modulus of subgrade reaction of 200 lb/in3 is recommended for design of the bottom slab 
of the RCB. 
 

Design of the reconstructed RCB shall be based on appropriate loadings from the eBART trains 
and shall conform to all applicable requirements of Caltrans, BART and other pertinent agencies. 
 
Design of the eBART Type A retaining walls parallel to the eBART railroad tracks shall follow the 
applicable recommendations for the eBART retaining walls, which are presented in a separate 
document. 

 
Construction Recommendations 

All construction shall follow Caltrans Standard Specifications and any additional BART 
requirements for the eBART structure. It is expected that cut-and-cover methods will be adopted 
for construction of the new RCB.  
 
The soils at the foundation levels are expected to be hard clays and silts. Special foundation 
treatment is, therefore, not required. 
 

Replacement of the RCB will require significant excavation and subsequent backfilling. The 
excavation and backfilling shall conform to applicable subsections of Section 19 (Earthwork) of 
the Caltrans Standard Specifications.  
 
The excavated material may be reused as backfill provided it meets the criteria for backfill 
material. Additional backfill material imported to the site should be non-expansive, relatively 
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granular material having a Plasticity Index (P.I.) of less than 15.  It should also be non-corrosive, 
free of deleterious material and should be reviewed by the Geotechnical Engineer. A 
representative from our office or regulatory agency should observe all excavated areas during 
grading and perform moisture and density tests on prepared subgrade and compacted fill material. 
 
Grading 

All grading operations should be performed in accordance with the project specifications and 
Caltrans Standard Specifications for Earthwork (Section 19). A representative from our office or 
regulatory agency should observe all excavated areas during grading and perform moisture and 
density tests on prepared subgrade and compacted fill material. Any fill material imported to the 
site should be non-expansive, relatively granular material having a Plasticity Index (P.I.) of less 
than 15.  It should also be non-corrosive, free of deleterious material and should be reviewed by 
the Geotechnical Engineer. 
 
Should there be any alterations of the proposed construction that will affect the stated bases of our 
recommendations, we should be informed so that we can review such changes and amend or 
submit additional recommendations. Our office should review the final grading plans prior to 
grading to see that the intent of our recommendations is included in the plans. 
 
Plan Review 

We recommend that final plans for foundations be reviewed by this office prior to construction so 
that the intent of our recommendations is included in the project plans and specifications and to 
further see that no misunderstandings or misinterpretations have occurred. 
 

Construction Observation 

To a degree, the performance of any structure is dependent upon construction procedures and 
quality.  Hence, observation of foundation excavations, and pile installations should be carried out 
by the regulating agencies.  If the subsurface conditions different from those forming the basis of 
our recommendations is encountered, this office should be informed in order to assess the need for 
design changes.  Therefore, the recommendations presented in this report are contingent upon 
good quality control and these geotechnical observations during construction. 
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INVESTIGATION LIMITATIONS 

 
Our services consist of professional opinions and recommendations made in accordance with 
generally accepted geotechnical engineering principles and practices and are based on our site 
reconnaissance and the assumption that the subsurface conditions do not deviate from observed 
conditions.  All work done is in accordance with generally accepted geotechnical engineering 
principles and practices.  No warranty, expressed or implied, of merchantability or fitness, is made 
or intended in connection with our work or by the furnishing of oral or written reports or findings. 
The scope of our services did not include any environmental assessment or investigation for the 
presence or absence of hazardous or toxic materials in structures, soil, surface water, groundwater 
or air, below or around this site.  Unanticipated soil conditions are commonly encountered and 
cannot be fully determined by taking soil samples and excavating test borings; different soil 
conditions may require that additional expenditures be made during construction to attain a 
properly constructed project.  Some contingency fund is thus recommended to accommodate these 
possible extra costs. 
 
This report has been prepared for the proposed project as described earlier, to assist the engineer in 
the design of this project.  In the event any changes in the design or location of the facilities are 
planned, or if any variations or undesirable conditions are encountered during construction, our 
conclusions and recommendations shall not be considered valid unless the changes or variations 
are reviewed and our recommendations modified or approved by us in writing. 
 
This report is issued with the understanding that it is the designer's responsibility to ensure that the 
information and recommendations contained herein are incorporated into the project and that 
necessary steps are also taken to see that the recommendations are carried out in the field.   
 
The findings in this report are valid as of the present date.  However, changes in the subsurface 
conditions can occur with the passage of time, whether they are due to natural processes or to the 
works of man, on this or adjacent properties.  In addition, changes in applicable or appropriate 
standards occur, whether they result from legislation or from the broadening of knowledge.  
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Accordingly, the findings in this report might be invalidated, wholly or partially, by changes
outside of our control.

Respectfully submitted,

PARIKH CONSULTANTS, INC.

~
Partha Sircar, Ph.D., P.E. C54619

Senior Engineer

ROOSEVELT LANE PUC - FOUNDAnON REPORT 03022011 {s:\OGOING PROJECTS3/4/2011 \2061171.EBS



PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

ROOSEVELT LANE PUC (REPLACEMENT)                                                                                                                           
ANTIOCH, CALIFORNIA

JOB NO.: 206117.EBS PLATE NO.: 1

Approximate Project 
Location

LOCATION MAP

SCALE:

...... 11000 fl

200m I
-----

u



PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

JOB NO.: 206117.EBS PLATE NO.: 2

ROOSEVELT  LANE PUC (REPLACEMENT)                                                                                                                                         
ANTIOCH, CALIFORNIA

 

 

Approximate Project 
Location

GEOLOGIC MAP
00.51

 

1 KM

SCALE:

Source: Quaternary Geology of Contra Costa County and 
Surrounding Areas, California: Derived from the Digital Database 
File 97-98, E.J. Helley & R. W. Graymer, 1997

LEGEND:
Qpaf -Alluvial ran deposits

!Pleistocene) ....s;.:::Jr.?~~r....
~ Qhaf -Alluvial Fan depositsf.-----J (Holocene)

~ IT -Ulldiffa<lOl:iatad boom .k
~ :Y!iOCEl18Blld oLdB~ "



PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING JOB NO.: 206117.EBS PLATE NO.: 3

ROOSEVELT LANE PUC (REPLACEMENT)                                                                                  
ANTIOCH, CALIFORNIA

38, 122

39, 12139, 122

FAULT MAP

Source: Modified from "California Seismic Hazard 
Map, 2007" (Draft with FID Labels)

0 15 30 Miles

Approx. Project
Location

(37 59' 53.59'' N, 121 48' 21.31'' W 
from Google Earth)

Legend:

Greenville fault Zone (Clayton Section)

Great Valley fault 5

14

24

351

340

Vaca fault Zone

Greenville fault zone (marshcreek-
Greenville section)

337 Concord fault (Avon Section)

341 Concord fault (Ygnacio valley Section)

J

r

PGA

==~I~
I o.1g

====~
lo.eg

====~
__---JI o.~

QlII",,,"_m1T_...,IMlJ,,,lIsr,,rFID L.>llols)

~ ~"'rFaJ'"
.............

• .......••,. Call:.oIod FIIll<

1:\1.1,," Crtll.l1d ~1:IiI~r.SJDn C'onbu'S



APPENDIX A



R27.4/28.7

--hard

94.7 1050/6· 2.5 6

I
212+00

I
Iwz

::i

I
210+00

I

--hard

208+00

8.4 11

10-31-07

5Ot:> 2.5 7

Groundwater was encountered durln9 drilling

I
206+00

I
I

SILTY ClAY (CL-lIL). hard, brown, moist.
low plasticity

8.1 15

06.9 12

83.8 11

wz
::i

11-07-07

I
204+00

87 2.5 6

91 2.5 4

9012.57

20

50

30

PROFILE 79 1.4 7 - 16

1-
_1_0 N_O_gr_oundw__a_ter_wos__enc_ou_n_tered__du_rin_g_driI_lin_9 Vert. 1" = 10' 10-25-07 ----'1~0__l

Hor.: 1" = 50·-------------
No groundwater was encountered durln9 drilling

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

z
o
i=:;
W
---l
W

g~
.!. S
~ ~ BWSSW-199 I

• g . Elev. 62.0 fI± t; r-. h;.l I w 60
60!;'J + ~ ------.hr-----lLeJ z

,......-------~ ~ ------------------ !;; -H---------------r-;-50=--r72.-:-5T""'71~:I---.--:-:;13,..,r~AlI)-·nLE'&IAN""'"CLA ..Y~(J'l'ICCrTj.'h;;;;ar;;ra;""";idCli1(=-J;;bi;;;;own;;;".-:m;;;;OiS\:r.:r,----- ::i--------------------,
~ ~ ~ ~ SW-197 ~34f:*2~.5~:j;:2~;::;;03.:;::l4l~12~~ ~ ~lI7tlclty (LLm35, P1=19) r-. tu
d r-. BW~SW-196 _El_ey_._52_.8_fI±__t;Thr!l:!__--;~· SANDY SIlT (SII). hard, brown, moist, ..0(\1+ ~

E1ev. 51.2 tt± t; ~ h;.l "§ 84 2.5 3 02.2 12 line_grained sand 50
=------lLt=::.! LEAN ClAY (CL), very stiff. brownish gray, 31 2.5 1 - 12 IV\L) LEAN ClAY (CL). very stiff, darIc, gray. moist,'--"'''-'-~J.....:::'-IlfF:::L.~ ---------------- N -H -----------------::.:..-1

r-:-:40,.-r:2'"".5-r-':1,.... _ 9 I(AL) moist. medium plasticity. (LL
m

39. P1
m

24) 92 2.5 2 02.9 15 ~~~;:..p1~~lty (LL=40, P1=23) 85 2.5 4 05.4 11 --hard. yellowish brown Eley. #.3 tt± ~ ~ S~W-200
50/5· 2.5 2 ii33T"141 SANDY SIlT (ML). hard, brawn, moist, line_grained L!J AN ClAY (CL), very stiff. dor1<

...-... 40 ~ sand ~4~.5g~-:;;71=-='=2~.5~~~31~F_8.~3g~I~9.,,~lUr.;..:=CGl~-_-h.:.:ar.:.:d,:....:gr:...a::.y • .9!!!!9'U.1111.!!(0U..~2.~5.L...:5~~05.~'41:L..!.:15WrAL~-~~~:~..~~.!p1~:.~\C;~~!:.·y.h~(LL~c::;r~5,~I~~~~25~r_awn_._m.roisl,=-·I=-:~40~*=72.~5~'!=...,.~11%~~~~~'(L own. moist, medium plasticity, 40 ...-...
~ 1---- 50/5· 2.5 3 ~ --hard 15.6 51 2.5 2 1~~.~:~ (~:..~dPl=16) ---------....;",;;--1 ~
.:::.. 74 2.5 4 183.8 15 rAL) --hard, gra)lsh brown, low plasticity 'a. 10 2.5 6 3.4 18 SANDY LEAN ClAY (CL). h.... brown. moist. .:::..

SILTY SAND (SII). very dense. gray. moist, (LL-36. P1-13) ~, line_grained sand ~... --hard
line_grained sand LEAN () 55 2.5 3 113.9 13 Z

50/6 2.5 5 03.6 9 SANDY ClAY CL. hard, brown, moist, 50 5· 25 7 99.8 13 --hard. light brown 30 0
SANDY LEAN ClAY (CL). hard. b<brnwnDllll,..J:mOllnlstlsl.!====:ffllF===-_~Iin~e-:jgra~ined~san~d __===·== :~~=~-------------r.=~;_r_~~:::-:r..,., ClAYEY SAND (SC). very den"",=-.... ;;..;...-1 i=

180"",,-/11,-,-1"-,--=2.:::..5J.....:::5~:rl=09::.::..11L..l:..:,.1-1@medlumpiasticitY(LL=33,P1=16)10-18-2oo7 50 6 1.4 4 103.31 7 brown. moist. line grained «
- 81 2.5 6 05.51 12 LEAN ClAY (CL). hard, brown. moist. low (+f4-2X, -1200-37lC) >

SANDY SILT (MLJ, hard. brown. moist, line_.._.,~ _, plasticity No groundwater wos encountered durin9 dril1in9 W
L:50~J/~16~2.~5~5:.....jojo;:¥I04=.21,-,1~2-1 @lEANClAY(CL).hard,brown.molst---l

to dry, low plasticity. (LLm30, P1=10) 20 W

--hard

!~; 11i!1~ i iII 1i!1~
~ IIUh:B:. !
~ @@®@(j)@@®®®@

I~I B :i I Ii: W ~
i~~~ ~[:]!~
,h~§<~1 aUI! illil~~! II r!a
I E~ Ill•••11.11I Iii
I~-e g we~
1t'J~ I ~ Is !~:~r~: g
I~~~ i :~ilililliiIg .~mHilJl!llilI •• J~
I----,.------,-------i & I

~ j :u~h llc!l)
1!~
oS! R
~i! &ll ~u~:~ it

~ ..~ "1
~=- cE 11l5~ l5 Is

"'h g J.~.1 If------------r---------.-OC-SI-GN'BD.':y:-,---'r=-Ie-:-lcl-:-ln-v..-st-19~-:-tlo-n-:-by-, -r-------;P::-:::R:;::EP;:::-A;-;:R::-:::E';:::"D-;:::F';:::O~R~TH7.E=------r----------rMSTRU=C1U;;;;;RE"N;no·r-R-O-O-S-E-V-E-LT-L-A-N-E-P-U-C-(-R-E-P-L-C----)--I

~JI-R---=c-+--i..::..c.!l j=---.!_i---l ~1 DESIGN O\£RSIQiT By' o. GWTHIER 5TATE 0 FCALI FORNIA P. SIRCAR ~~~PM) A EMENT
&*1 IUh SiGN Off DAlE CHECKED P.SIRCAR G.TRIPATHI DEPARTMENT OF TRANSPORTATION PRo.ECTENGINEER 2&1 LOG OF TEST BORINGS

cu 04725
EA 2285F"1

DISREGARD PRINTS 8EARING I REVISION DATES (PRELIMINARY STAGE ONLY
EARUER REVISION DATES --- 08/31/09 I I

SHEET Of'
I



80

70

CH brOH /60 "A:

V
v

a::
x 50

VUJ
0
Z

~ 40 /
(3 Vi=

Ven Cl rOl
~
a.. 30

V~0 *
20 ./... /PIIJ MH prOHy
10 V

Cl- L /"

0 MlL.orOl
0 20 40 60 80 100

LIQUID LIMIT, LL

PLASTICITY CHART

Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content (Ufo)

RW/SW-19E MC-1 2.5 • 9 39 15 24 LEAN CLAY (CL)
RW/SW-19E MC-5 19.5 IIJ 11 33 17 16 LEAN CLAY (CL)
RW/SW-19! MC-1 2.5 ... 13 35 16 19 LEAN CLAY (CL)
RW/SW-19! MC-5 19.5 * 15 45 20 25 LEAN CLAY (CL)

SW-197 MC-1 2.5 0 12 40 17 23 LEAN CLAY (CL)
SW-197 MC-4 14.5 (I 15 36 23 13 LEAN CLAY (CL)
SW-200 MC-1 2.5 0 10 31 15 16 LEAN CLAY (CL)
SW-200 MC-5 19.5 6 12 30 20 10 LEAN CLAY (CL)

mPARIKH CONSULTANTS, INC.
ROOSEVELT LANE PUC (REPLACEMENT)

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.EBS
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Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: EA: 228511 I:I PSRlPDS (Review No. ..1 ~ 65% PS&E Unchecked Details Reviewer Name:Ali Kaddoura- D APSIPSR (Review No. ..1 D PS&E (Review No.ll Functional Unit:327
Project Name: Route 4 Widenining D APSIPR (Review No•..1 D Construction Support -

Cost Center:59
SEG3A DType Selection [8] Other:Foundation Reoort Phone Number: 510-286-4676

structure lntormatlon e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Roosevelt Lane PUC
Date of Review: 03/09/09

e-mail: Br No: 28-0403

overcomer horra>.dot.ca.~ov

Consultant Information (to be f'illed in by Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm I Phone Number I e--maiI I Response Date

Doc. Page, Section, or
~# (See Note 1) SSP Review Comments Consultant Responses

1 FR Draft FR Prepared by Parikh Consultants
Roosevelt Dated February 2009.
Lane PUC
Bridge No.

28-0403
65%PS&E

2 The report lacks the County, Route, and Postmile
designation.

3 Subsurface H ...Several soil borings drilled in the project site
Conditions, vicinity as part ofthe overall improvement
page 2 projects along State Route 4 may be utilized for

this project."

How close do the borings lie to the
undercrossing? If they are not immediately in the .
footprint of the proposed project, on what basis
are the borings considered relevant to the project?

Note 1: Abbreviations for Tvolcal Documents (if Abbr. is not below. tvoe in the document tvoe)
P=StruelUre Plans ISP=Special Provisions IFR=Foundation Rpt IDC=Design Cales ITS=rypeScl.Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Check Cales IQC=Quant. Cales I
OSFP Rev Fonn 10129/08

./= Comment Resolved
(for Reviewer's use)

Page lof2



#

Dist-EA: -228511 Str Name (if app.): Roosevelt Lane PUC Str No. 28-0403
Reviewer: Ali Kaddoura Functional Unit: 327 03/09/09

How laterally continuous are the Quaternary
units, given that they are alluvial fan deposits?
Caltrans Foundation Report guidelines call for a
soil profile (fence diagram). This would be very
helpful if interpolating between borings.

4 Soil profile? "Potential damages at the site due to fault rupture
and due to liquefaction are small."

Provide infonnation to justify this.
5 Design The recommendation should specify whether or

Recommendation not foundation treatment is needed?
Section

6 Seismic Design In Table, "RLSS" stands for "right lateral
Consideration strike slip" and not "right left strike slip.
Section

7 General Report does not have page numbering
8 FR (C3) Not approved (resubmittal to GS required)

Roosevelt
Lane PUC
Bridge No.

28-0403
65%PS&E

Note 1: Abbreviations for Tvnlcal Documents (if Abbr. is not below. tvve in the document type)
P=Slrueture Plans ISP-Special Provisions IFR=Foundalion Rpt IDC-Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydmulies Rpt ICC=Check Cales IQC=Quant. Cales I

OSFP Rev Fonn IOf29/08

./= Comment Resolved
(for Reviewer's use)

Page 20f2



Responses to Caltrans Comments on 65% Foundation Report

Roosevelt Lane PUC (Bridge No. 28-0403)

Response ot Comment No.1

No response required.

Response ot Comment No.2

County, route and Post Mile Designations have been added in the cover sheet an also in the first
page of the letter report.

Response ot Comment No.3

Agreed. Text is revised to state "right lateral strike slip" for RLSS.

Response ot Comment No.4

Boring RW-199 is on the undercrossing footprint near the southern end. Boring SW-200 is
located about 167 feet east of the PUC alignment on the north side. Additional borings in the
vicinity are: Boring RW/SW-1960n the north side, 600 feet west of the PUC alignment; and
Boring RW/SW-197 on the south side, 400 feet west of the alignment. The borings are presented
in the LOTB sheet attached to the report. All borings indicate hard lean clays and sandy silts. In
the present situation, a fence diagram will not be particularly useful, an thus, has not been
prepared.

Response ot Comment No.5

A fault map has been added to show that there are no faults crossing the PUC alignment or exist
in the vicinity. Thus, potential damages due to fault rupture are small. There is no indication of
groundwater or the presence of potentially liquefiable loose to medium dense granular soils
within the depths drilled for the soil borings. Therefore potential for occurrence of liquefaction
and consequent damages are small. Text has been revised to address the issues of potential
hazards due to fault rupture or liquefaction.

Response ot Comment No.6

Agreed. Text has been revised to state that "RLSS" indicates "right lateral strike slip" fault.

Response ot Comment No.7

Page numbers have been added in the revised report.



Response ot Comment No.8

No response required.



Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: EA: 228511 !:J PSRlPDS (Review No. ..l D 65% PS&E Unchecked Details Reviewer Name:Ali KaddouralR. Nashed- o APS/PSR (Review No. ..1 D PS&E (Review No.n Functional Unit:327
Project Name: Route 4 Wideninine o APS/PR (Rc\iew No...l o Construction Support -

Cost Center:59
SEG3A DTvpe Selection 181 Other:Final Foundation Reoort Phone Number: 510-286-4676

~tructure IntormatIOn e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Bor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Roosevelt Lane PUC
Date of Review: 11103/09Br No: 28-0403e-mail:

overcomer hor(a)dot.ca.2ov

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and last Name) I Structure Consultant Firm I Phone Number I e-mail I Respouse Date

Doc. Page, Section, or
~# (See Note 1) SSP Review Comments Consultant Responses

I Final FR Final FR Prepared by Parikh Consultants No response required.
Roosevelt Dated August 2009.
Lane PUC
Bridge No.

28-0403

2 Page3, In the table:
Per e-mail from Hossein Salimi ofSeismic Sources - The distance between the site and Vaca Fault

Zone is 5.45 miles not 3.4 miles. Caltrans dated March 2, 2010, no

- The distance between the site and Great further action on this comment is
Valley Fault is 6.6 miles not 4.4 miles. required. (See attached e-mail)
Please correct and check all calculations based on

these values.
Our previous comments have been addressed to our
satisfaction.

8 Final FR (C2) Approved subject to OSFP verification
Roosevelt
Lane PUC

Note 1: Abbreviations for TVDlcal Documents (if Ahhr. is not below tvoe in the document tvoe)
P=Stmcture Plans ISP=Special Provisions IFR=Foundation Rpt InC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulies Rpt ICC=Cheek Cales IQC=Quant. Cales I
OSFP Rev Fonn 10/29108

.../= Comment Resolved
(for Reviewer's use)

Page 1 of2



Dist-EA: -228511 Str Name (if app.): Roosevelt Lane PUC Str No. 28-0403
Reviewer: Ali KaddouraIR. Nashed Functional Unit: 327 11103/09

II:f~t~i~1 I I C

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
P=SlnlCnlre Plans ISP=Special Provisions IFR=Found.'ltion Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=HydmuJies Rpt ICC=Cheek Cales IQC=Quant. Cales I

OSFP Rev Form 10/29/08

./= Comment Resolved
(for Reviewer's use)

Page 2 of2



Partha Sircar

- -0- - ~~ .

From:
To:
Sent:
Attach:
Subject:

FYI

"Hossain Salimi" <hossain_salimi@dot.ca.gov>
"Partha Sircar" <psircar@parikhnet.com>
Tuesday, March 02, 2010 10:53 AM
228511GeoSeg 3A-1stPSE.pdf
Fw: SR4 Segment 3A bridges - Seismic

Hossain Salimi
Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 03/02/2010 09:53 AM

Hossain
SalimilHQ/Caltran
s/CAGov To

Ali Kaddoura/D04/Caltrans/CAGov,
02/25/2010 10:43 Rifaat Nashed/HQ/Caltrans/CAGov
AM cc

Tim Pokrywka/D04/Caltrans/CAGov@DOT
Subject

Fw: SR4 Segment 3A bridges 
Seismic

Gentlemen,

I am writing you in regards to the reports submitted by Parikh and our
subsequent attached comments (Bridges under EA # 04-228511). Parikh had
used the old 1996 Caltrans Seismic Hazard Map as well as the old Seismic
Design Criteria (SDC) to produce the seismic recommendations. These
bridges were type selected before the Department mandated changes to the
SDC became official. In fact, their findings are more conservative
compared to the new criteria. In light of this, I find it unreasonable for
us to request changes to the seismic recommendations of these reports. I
am satisfied with the findings in the reports and have no further comments.
In the future, I will check the type selection date of each bridge to see
if the changes to the new SDC are warranted.

Sincerely,

Hossain Salimi

4/7/2010



Senior Materials and Research Engineer
Office of Geotechnical Design-West
(916) 227-7147
----- Forwarded by Hossain Salimi/HQ/Caltrans/CAGov on 02/25120 10 10:30 AM

Page 2 of4

"Partha Sircar"
<psircar@parikhne
t.com> To

"Hossain Salimi"
02/24/2010 10:13 <hossain salimi@dot.ca.gov>
AM cc

Subject
SR4 Segment 3A bridges - Seismic

Hossein:

As I had discussed with you earlier, I have the same issues with the above
bridges. Please call me to advise.

Partha Sircar
Parikh Consultanta
(408) - 452 -9000

----- Original Message -----
From: "Hossain Salimi" <hossain salimi@dot.ca.gov>
To: "Rifaat Nashed" <rifaat nashed@dot.ca.gov>; "Ali Kaddoura"
<ali kaddoura@dot.ca.gov>
Cc: "Partha Sircar" <psircar@parikhnet.com>; "Tim Pokrywka"
<tim..J)okrywka@dot.ca.gov>
Sent: Thursday, December 17, 2009 10:38 AM
Subject: Updated status of Somersville Rd UC replacement (04-228511)

>
> Hi RifaatlAli,
>
> I had a conversation with Mr. Sircar of Parikh subsequent to the e-mail I
> sent you. As it turns out, this project has been in the works for a long
> time, and the seismic analysis and design have already been completed
> using

41712010



rage j ot 4

To
Rifaat NashedlHQICaltrans/CAGov

11130/200909:25 cc
AM Tim PokrywkaID04/Caltrans/CAGov@DOT

Subject
Somersville Rd UC replacement

(04-228511)(Document link: Hossain
Salimi)

Hossain
Salimi/HQICaltran
s/CAGov

> the old SDC. Therefore, Parikh is not required to take any further
> actions
> regarding my comments. Thank you all.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
> ----- Forwarded by Hossain Salimi/HQICaltrans/CAGov on 12117/2009 10:31
AM
> -----
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Rifaat,
>
> I reviewed the attached documents you sent me on November 19, 2009
(Report
> containing Final Foundation Report from Parikh Consultants to Mark Thomas
> and Company Inc. for the proposed Somersville Road Undercrossing
> replacement) and have the following comments. I should note that the
> proposed bridge (28-0398LIR) is located on Route 4 and will replace the
> existing 2-span structure (28-0211R).
>
> 1. According to the report, Parikh is using the in-progress Seismic
Hazard
> Map (CSHM). However, the distances as outlined in the table does not
> match our latest CSHM.
>
> 2. The Department has finalized the new ARS curves based on the new
> Seismic
> Design Criteria (SDC) and is now mandatory for use by both the Department
> personnel as well as our consultants effective September 30, 2009.
> However, Parikh is still using the ARS curve based on the 2001SDC which
> was

41712010



Page 4 of 4

Hossain
11/19/2009 03 :20 Salimi/HQ/Caltrans/CAGov@DOT
PM cc

Tim Pokrywka/D04/Caltrans/CAGov
Subject

Somerville Rd UC (Replacement)

To

Rifaat
NashedIHQ/Caltran
s/CAGov

> based on Sadigh 1996 Attenuation Relationship models.
>
> To re-iterate, the Department has implemented the new SDC and the
> consultant shall re-submit the report using the now mandated seismic
> design
> criteria.
>
> Sincerely,
>
> Hossain Salimi
> Senior Materials and Research Engineer
> Office of Geotechnical Design-West
> (916) 227-7147
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> Hi Hossain
>
> Please find attached the Final Foundation Report for Somerville Road
> Undercrossing (Replacement) by PARIKH Consultant
>
> (See attached file: FR- Somerville Rd DC (Replacement).pdf)(See attached
> file: Appendix B- Lab Tests.pdf)(See attached file: Appendix C.pdf)
>
>
> Regards
>
> Rifaat Nashed
(See attached file: 228511GeoSeg 3A-lstPSE.pdf)

4/7/2010
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OSFP Review Comment & Response Form

General Project Infonnation . Review Phase Reviewer Infonnation

Dist: 04 EA: 2285Fl l:! PSRlPDS (Review No. ..1 l:! 65% PS&E Unchecked Details Reviewer Name:AIi Kaddoural Rifaat Nashedo APSlPSR (Review No. ..1 o PS&E (Review No.ll Functional Unit:GS
Project Name: ROOSEVELT o APSIPR (Review No•..1 o Construction Support
LANE PUC(Replacement) DType Selection 181 Other:FINAL FR Phone Number: 510-286-4676/510·622-

:structure Inlonnation 1773
OSFP Liaison: Overcomer Bor (Use when necessary to document comments by individual structure)

e-mall: ali kaddoura@dot.ca.gov
Phone: 916-227-8419 Structure Name: ROOSEVELT LANE PUC(Replacement)

e-man: Br No: 28-0403
Date of Review: 06107/10-- .

Consultant Infonnation (to be filled in by Consultant)
Consultant Structure Lead (FIl"St and Last Name) . I Structure Consultant Firm I Phone Number I e-mail I Response.Date

Doc. Page, Section, or

# (See Note 1) SSP Review Comments Consultant Responses
1 FrFinal GENERAL The Report doesn't cOIl1ply with The report has been revised to

Roosevelt Lane Caltrans Fotiffifiifion Report
._-

comply with Cal trans Foundation
PUC -guidetm.es.

(Replacementl - Report Guidelines.
Br No. 28-0403

2 Page 2. Borings RW-SW-196 and Borings RW-8W-196 and RW-8W-197
SUBSURFACE RW/SW-l97 are located at far are presented for additional
CONDmONS distance (600 ft and 400 ft) from

the project site and are not supporting information. They werE
appropriate to consider for not specifically used for design
subsurface soil conditions

or construction recommendations.(materials)
3 Page 2. - Geology description is A Geology section has been added

SUBSURFACE insufficient. A Geology section in the revised report.
CONDITIONS should be added

4 FrFinaI (C3) Not approved (resubmittal
Roosevelt Lane to GS required)

PUC

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type)
p--Structure Plans ISP=Special Provisions IFR.=Foundation Rpt IDC=Design Cales ITS=Type Sel Report IQCC=Quant. Check Cales
RP=Road Plans IE=Estimate IH=HydrauIics Rpt ICC=a1eck Cales IQC=Quant. Cales I
OSFP Rev Fonn 9124/08

,/=Comment Resolv'ed
(for Reviewer's use)

Page 1 of~



 
 
8. Geotechnical Letter/Report - Roosevelt Lane PUC (Replacement) – At State Route 4 (Br. 

No. 28-0403) – Antioch, CA 
 
 

  



August 2009

FINAL GEOTECHNICAL LETTERIREPORT
ROOSEVELT LANE PUC (REPLACEMENT)

At State Route 4
(Bridge No. 28-0403)
Antioch, California

04-CC-4-R28.1 EA 228511

For

T. Y. Lin International
2010 Crow Canyon Place, Suite 350

San Ramon, CA 94583

PARIKH CONSULTANTS, INC.
1243 Alpine Road, Suite 110
Walnut Creek, California

(925) 933-6336

Job No. 206117.EBS



T. Y. LIN INTERNATIONAL
2010 Crow Canyon Place, Suite 350
San Ramon, CA 94583

Attn.: Mr. Odeon Li

August 31, 2009
Job No.: 206117.EBS

Sub: Final Geotechnical Foundation Report
Roosevelt Lane PUC (Replacement) - Bridge No. 28-0403, Antioch, California
04-CC-4-R28.1 EA 228511

Dear Mr. Li:

The Final Geotechnical Foundation Report for the proposed Roosevelt Lane Pedestrian
Undercrossing (PUC) Replacement in Antioch, California is presented herein. The purpose ofthis
letter/report is to evaluate the pertinent subsurface conditions at the project site and provide
recommendations for design and construction of the PUc.

INTRODUCTION

The Roosevelt Lane PUC (Replacement) project is part of the overall improvement projects along
State Route 4 between Loveridge Road in Pittsburg, California and Hillcrest Avenue in Antioch,
California. The improvement primarily involves (a) widening the existing 4-lane highway to an 8
lane highway; and (b) construction of railroad tracks in the median for eBART.

SITE TOPOGRAPHY AND EXISTING SITE CONDITIONS

At the Roosevelt Lane PUC location, the State Route 4 consists of 2 lanes each in the east and
westbound directions with a median. The road surfaces are at an approximate elevation of 63 feet.
The highway is built on an embankment with approximate side slopes of 3 (horizontal) to I
(vertical). The native ground is at an approximate elevation of45 feet at the northern end and 50 feet
at the southern end.

The existing Roosevelt Lane PUC is a reinforced concrete box culvert (RCB) crossing State Route 4
as a northern continuation ofRoosevelt Lane. A Project Location Map is presented as Plate 1. Per
the as-built plans from 1971, the RCB is 159 feet long and 8' x 8' on the inside. The depth ofthe top
of the box varies between 3 and 7 feet below existing ground surface. Two 17.5-foot long open
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tunnels are present at the two ends of the RCB - the open tunnel floors are matched to the adjacent
existing grades.

PROJECT DESCRIPTION

Per the plans supplied to us by T. Y. Lin, the existing Roosevelt Lane PUC will be demolished and
replaced by a new PUC. The new PUC will also be a reinforced concrete box (RCB) structure along
the same alignment as the existing one. The RCB will be 214.5 feet long, the additional length of
55.5 feet being necessitated by the widening ofState Route 4. The primary extension will be on the
northern end, which will be 48 feet and on the southern end only 7.5 feet. The concrete box will 8
feet by 8 feet on the inside, as before, with 8.5-in. thick side walls. The top and bottom slabs will be
8-in. thick.

A 16.5-ft long open tunnel will be constructed at the southern end of the RCB. The base slab of the
tunnel will be 1.75-ft thick, the tunnel floor being matched to the adjacent existing grade. The side
walls of the tunnel will be 1-ft thick. At the northern end, the RCB ends immediately behind a
retaining wall (Retaining Wall #4) - the footings for the retaining wall are lowered to accommodate
the RCB. The floor of the RCB is matched to the adjacent existing grade.

The RCB will be designed to satisfy the Caltrans Bridge Design Specifications (Section 6 
Culverts). Additionally, it shall be designed to accommodate loads from the future eBART trains.

SUBSURFACE CONDITIONS

Site specific soil borings were not drilled for this project. However, several soil borings drilled in the
project site vicinity as part ofthe overall improvement projects along State Route 4 may be utilized
for this project. A log oftest boring (LOTB) sheet showing borings in the vicinity is shown on Plate
2. The LOTB sheet indicates that Boring SW-199 is on the PUC footprint near the southern end and
Boring SW-200 is located about 167 feet east of the PUC footprint. Borings RW-SW-196 and
RW/SW-197 are also in the vicinity.

The borings indicate predominantly hard lean clays and hard sandy silts within the depths of interest.

Groundwater was not encountered in any of the borings to the depths drilled.

A geologic map of the site is presented as Plate 3. The map indicates the site to be underlain by
Pleistocene alluvial fan deposits.
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SEISMIC DESIGN CONSIDERATIONS

A Fault Map of the project site, based on the In-Progress Seismic Hazard Map currently under
development by Caltrans is presented as Plate 4. The faults in the vicinity ofthe site are listed below.

Fault Distance from
Maximum

Fault Fault Moment
No.(l) Type Site (miles)

Maenitude

Vaca Fault Zone 14 RLSS(2) 3.4 6.9

Great Valley Fault 5
24 Reverse

4.4 6.5
Fault

Greenville Fault Zone 351
RLSS 4.1 6.6

(Clayton Section)
Concord Fault Zone 341

RLSS 6.9 6.6
(Ygnacio Valley Section)

(1) Number of the Fault in the Data Base associated with the Caltrans In-Progress
Seismic Hazard Map

(2) RLSS - Right-Lateral Strike Slip Fault

Based on the Caltrans In-Progress Seismic Hazard Map and the attenuation relationship by Sadigh et
al. (1997), the controlling fault is the Vaca Fault Zone (Fault No. 14 in the map), which is associated
with a Maximum Moment Magnitude (Mmax) of6.9. A peak bedrock acceleration (PBA) ofO.50g
is anticipated at the site. The corresponding peak ground acceleration (PGA) is also O.5g.

Per Plate No.4, there is no evidence of the presence of a fault along the project site or in the
immediate vicinity. Potential hazard from fault rupture during an earthquake is therefore considered
minimal. Additionally, there is no evidence ofgroundwater or presence ofloose to medium granular
soils within the depth of interest. Potential hazard from soils at the site liquefying during an
earthquake is, therefore, also considered minimal.



T. Y. Lin International
Job No. 2061 17.EBS (Roosevelt Avenue PUC (Replacement))
August 31, 2009
Page 4

FINDINGS AND RECOMMENDATIONS

Design Recommendations
Recommendations for design of the RCB are presented below:

1. Vertical Earth Pressure: 140 pcf

2. Lateral Earth Pressure: (a) 100 pcf (b) 35 pcf
These two loadings should be applied separately and the resulting maximum moments
should be utilized in design.

3. Bearing Capacity
An allowable bearing capacity of7.5 ksf(ultimate bearing capacity of22.5 ksf) is
recommended for design of the bottom slab of the RCB.

4. Modulus of Subgrade Reaction
A modulus of subgrade reaction of 200 Ib/in3 is recommended for design of the bottom
slab of the RCB.

All construction shall follow Caltrans Standard Specifications and any additional BART
requirements for the eBART structure. It is expected that cut-and-cover methods will be adopted for
construction of the new RCB.

The soils at the foundation levels are expected to be hard clays and silts. Special foundation
treatment is, therefore not required.

Replacement of the RCB will require significant excavation and subsequent backfilling. The
excavation and backfilling shall conform to applicable subsections ofSection 19 (Earthwork) ofthe
Caltrans Standard Specifications.

The excavated material may be reused as backfill provided it meets the criteria for backfill material.
Additional backfill material imported to the site should be non-expansive, relatively granular
material having a Plasticity Index (P.I.) of less than 15. It should also be non-corrosive, free of
deleterious material and should be reviewed by the Geotechnical Engineer. A representative from
our office or regulatory agency should observe all excavated areas during grading and perform
moisture and density tests on prepared subgrade and compacted fill material.

Design ofthe reconstructed RCB shall be based on appropriate loadings from the eBART trains and
shall conform to all applicable requirements of Caltrans, BART and other pertinent agencies.
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Design ofthe Type A eBART retaining walls parallel to the eBART railroad tracks shall follow the
applicable recommendations for the eBART retaining walls, which are presented in a separate
document.

Please be advised that we are performing a professional service and that our conclusions are
professional opinions only. All work done and all recommendations made are in accordance with
generally accepted geotechnical engineering principles and practices. No warranty, expressed or
implied, of merchantability or fitness, is made or intended in connection with our work.

Very truly yours,
PARIKH CONSULTANTS, INC.

~~---
Partha Sircar, Ph.D., P.E., C54619
Senior Engineer

Attachments: Project Location Map
Log of Test Borings (LOTB) Sheet
Geologic Map
Fault Map
Caltrans Comments and Responses
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Source: Quaternary Geology of Alameda County and
Surrounding Areas, California: Derived from the Digital Database
File 97-97, E.J. Helley & R. W. Graymer, 1997

ROOSEVELT LANE PUC (REPLACEMENT)
ANTIOCH, CALIFORNIA

PLATE NO.: 3JOB NO.: 206117.EBS

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

Ir - Undiff=nlis"'d boorock
I Plil'Ci:IlCSnd olderl

lJ-EGENQ: ~
r----l Qpor Allu\-i:11 F"n J"p\lS;ts ....
L------.J tPIl".~ish'ccn(:1 ~ _

~ ()h:,r I\lluvi..\1 F~n ......:poMls
L-.-J (i 10101,:1."1\1."1

[=:J

m



Legend:
14 Vaca fault Zone

24 Great Valley fault 5
337 Concord fault (Avon Section)
340 Greenville fault zone (marshcreek-
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351 Greenville fault Zone (Clayton Section)
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Office of Special Funded Projects
Comment & Response Form

General Project Information Review Phase Reviewer Information

Dist: - EA: 228511 b! PSRlPDS (Review No. ..1 ~ 65% PS&E Unchecked Details Reviewer Name:Ali Kaddourao APSIPSR (Review No. ..1 o PS&:E (Review No.ll Functional Unit:327
Project Name: Route 4 Widenining o APSIPR (Review No. .J o Construction Support Cost Center:59
SEG3A DType Selection t8J Other:Foundation Report Phone Number: 510-286-4676

stru.cture lntormation e-mail: ali kaddoura@dot.ca.gov
OSFP Liaison: O. Hor (Use when necessary to document comments by individual structure)

Phone: 916-227-8419 Structure Name: Roosevelt Lane PUC
Date of Review: 03/09/09Br No: 28-0403e-mail:

overcomer hortmdot.ca.i!OV

Consultant Information (to be filled in bv Consultant)
Consultant Structure Lead (First and Last Name) I Structure Consultant Firm I Phone Number I e-mail I Response Date

Doc. Page, Section, or
~# (See Note 1) SSP Review Comments Consultant Responses

1 FR Draft FR Prepared by Parikh Consultants
Roosevelt Dated February 2009.
Lane PUC
Bridge No.

28-0403
65%PS&E

2 The report lacks the County, Route, and Postmile
designation.

3 Subsurface " ...Several soil borings drilled in the project site
Conditions, vicinity as part ofthe overall improvement
page 2 projects along State Route 4 may be utilized for

this project."

How close do the borings lie to the
undercrossing? If they are not immediately in the .
footprint of the proposed project, on what basis
are the borings considered relevant to the project?

Note 1: Abbreviations for Typical Documents (if Abbr. is not below tvtle in the document tvtle)
P=StroelUre Plans ISP=Special ProvisiollS IFR=Foundation Rpt IDC=Design Cales ITS=Type Sel. Report IQCC=Qunnt. Check Cales
RP=Road Plans IE=Estimate IH=Hydraulics Rpl ICC:Chcek Cales IQC=Quant. Cales I
OSFP Rev fonn 10/29/08

./= Comment Resolved
(for Reviewer's use)

Page lof2



I

Dist-EA: -228511 Str Name (ifapp.): Roosevelt Lane PUC Str No. 28-0403
Reviewer: Ali Kaddoura Functional Unit: 327 03/09/09

How laterally continuous are the Quaternary
units, given that they are alluvial fan deposits?
Caltrans Foundation Report guidelines call for a
soil profile (fence diagram). This would be very
helpful if interpolating between borings.

4 Soil profile? "Potential damages at the site due to fault rupture
and due to liquefaction are small."

Provide infonnation to justify this.
5 Design The recommendation should specify whether or

Recommendation not foundation treatment is needed?
Section

6 Seismic Design In Table, "RLSS" stands for "right lateral
Consideration strike slip" and not "right left strike slip.
Section

7 General Report does not have page numberin~
8 FR (C3) Not approved (resubmittal to GS required)

Roosevelt
Lane PUC
Bridge No.

28-0403
65%PS&E

Note 1: Abbreviations for Typical Documents (if Abbr. is not below type in the document type)
P=SlruclUre Plans ISP=Sp~'Cial Provisions IFR=Foundation Rpt IOC=Design Cales !TS=Type Sel. Repon IQCC=Quanl. Check Cales
RP=Road Plans IE=Estimatc IH=Hydraulies Rpt ICC=Check Cales IQC=Quant. Cales I

OSFP Rev Form 10/29/08

0/= Comment Resolved
(for Reviewer's use)

Page 2 of2



Responses to Caltrans Comments on 650/0 Foundation Report

Roosevelt Lane PUC (Bridge No. 28-0403)

Response ot Comment No.1

No response required.

Response ot Comment No.2

County, route and Post Mile Designations have been added in the cover sheet an also in the first
page of the letter report.

Response ot Comment No.3

Agreed. Text is revised to state "right lateral strike slip" for RLSS.

Response ot Comment No.4

Boring RW-199 is on the undercrossing footprint near the southern end. Boring SW-200 is
located about 167 feet east of the PUC alignment on the north side. Additional borings in the
vicinity are: Boring RW/SW-1960n the north side, 600 feet west of the PUC alignment; and
Boring RW/SW-197 on the south side, 400 feet west of the alignment. The borings are presented
in the LOTB sheet attached to the report. All borings indicate hard lean clays and sandy silts. In
the present situation, a fence diagram will not be particularly useful, an thus, has not been
prepared.

Response ot Comment No.5

A fault map has been added to show that there are no faults crossing the PUC alignment or exist
in the vicinity. Thus, potential damages due to fault rupture are small. There is no indication of
groundwater or the presence of potentially liquefiable loose to medium dense granular soils
within the depths drilled for the soil borings. Therefore potential for occurrence of liquefaction
and consequent damages are small. Text has been revised to address the issues ofpotential
hazards due to fault rupture or liquefaction.

Response ot Comment No.6

Agreed. Text has been revised to state that "RLSS" indicates "right lateral strike slip" fault.

Response ot Comment No.7

Page numbers have been added in the revised report.



Response ot Comment No.8

No response required.
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FINAL FOUNDATION REPORT

RETAINING WALLS IN THE MEDIAN FOR SEGMENT 3A PROJECT
NORTH RETAINING WALL AND SOUTH RETAINING WALL

EAST CONTRA COSTA COUNTY TRANSIT DEVELOPMENT (eBART)
CONTRA COSTA COUNTY, CALIFORNIA

04-CC-4-R27.41R28.7 EA 2285Fl

INTRODUCTION

This report presents the results of our geotechnical engineering investigation for the proposed new

retaining walls for Segment 3A for the eBART structure in the median of Highway SR4 in Contra

Costa County, California. Our work was performed generally in accordance with the scope ofwork

as per our agreement. The general location of the site and its vicinity are shown on the Project

Location Map, Plate 1.

The geotechnical recommendations presented in this report are intended for design input and are not

intended to be used as specifications. These recommendations should not be used for direct bidding

purposes.

PROJECT DESCRIPTION

The proposed eBART project (within Segment 3A) will construct two parallel railroad tracks and

will include two underpasses, one at A Street and the other at Cavallo Road. The following plans

were supplied to us by the Designers for our information:

• General Plans for North Retaining Wall (13 Sheets)
• General Plans for South Retaining Wall (15 Sheets)
• Combined Layout for the Retaining Walls (2 Drawings)

In Segment 3A, the eBART tracks are separated from the adjacent travel ways for SR4 by short

retaining walls on either side. North Retaining Wall is approximately 5840 feet long from Sta.

181+63 to Sta. 240+00 ("E" Line)) and South Retaining Wall is approximately 7015 feet long from
Sta. 179+00 to Sta. 249+20 ("E" Line)).

Three wall types are used in the project. Typical sections for the three wall types are presented in

Plate 2. Major portions ofthe walls are barrier rail/walls, which are designated as Type A walls per
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the General Plans. Type C and Type B walls are located along the two underpasses as shown on the

Log ofTest Boring (LOTB) sheets, Nos. 3 and 4. Both wall types have L-shaped configurations. The

bottom ofthe footing is 4 feet below finish grade ofthe adjacent travel way for both wall types. For

Type B wall, the footing is 4 feet wide, and the top ofwall is 3 feet above finish grade. For Type C

wall, the footing is 6 feet wide, and the top of wall location varies between 3 feet and 4'-2" above

finish grade. Plans require an allowable bearing capacity of3000 psffor the wall footings.

The report addresses the standard cantilever walls with footings, e.g. Type C and Type B walls in the

General Plans. Barrier rail/walls (Type A walls in the General Plans) are a standard design and do

not require any special geotechnical design recommendations.

SUBSURFACE INVESTIGATIONS

Eight 30-ft deep soil borings were drilled for the project: two on each side of the two underpasses.

The boring locations are presented on the LOTB sheets. In addition, the borings for each ofthe two

bridge underpasses were used in our study.

The borings were drilled by a truck mounted drill rig using hollow stem drilling techniques. Samples

were obtained using a 3.0-inch O.D. & 2.5 inches J.D. (Modified California) samplers at selected

depths. The samplers were driven in subsurface soils under the impact ofa 140-lb hammer having a

free fall of 30 inches. The samples were sealed and transported to our laboratory for further

evaluation and testing. The field investigation was conducted under the supervision of our field

engineer who logged the test borings and prepared the samples for subsequent laboratory testing and

evaluation. Log of Test Borings (LOTB) sheets for the eight borings are presented in Appendix A.

Appendix A also includes LOTB sheets for A Street Undercrossing and Cavallo Road

Undercrossing. The LOTB sheets include descriptions of the soils encountered, number of blows

required to drive the sampler (an indicator of the density/strength ofthe material encountered), and

the results of the laboratory tests performed on the samples (moisture, density, unconfined
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compressive strength of the clay soils and grain size distribution of the granular soils).

Laboratory tests performed on selected samples obtained during field exploration to determine the

physical and engineering properties of the subsoils. Laboratory tests performed included tests for

moisture content, density, grain size distribution, Atterberg Limits and unconfined compressive

strengths. A detailed description of the applicable laboratory test procedures are presented in

Appendix B. Appendix B also includes Plasticity Charts for Atterberg Limits and grain size

distribution curves. Atterberg Limits and grain size distribution curves for tests on samples from the

borings drilled for A Street Undercrossing and Cavallo Road Undercrossing are also included.

SITE SUBSURFACE CONDITIONS

Subsurface conditions adjacent to both the bridge locations indicate predominantly very stiffto hard

lean clays with occasional layers ofmedium dense to very dense silty and clayey sands. Groundwater

was not encountered in any of the 30-ft borings drilled. However, groundwater was encountered at

depths ranging from 40 to 80 feet in the deeper borings drilled adjacent to A Street Undercrossing

and at depths ranging from 53 to 55 feet in the borings drilled adjacent to Cavallo Road

Undercrossing.

Soil profiles adjacent to the two underpasses are presented on Plate 3. The 'edge ofpavement' and

the 'original ground surface' are also shown on the profiles. It appears that the bottom ofthe footings

for the Type B and Type C walls will be founded on native soils for both underpass locations.

SITE GEOLOGY

A geologic map of the site is presented in Plate 4. The map indicates the site to be in an area of

Pleistocene alluvial fan deposits CQpaf). The source ofthe map is noted on the plate. In a companion
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text to the map the geologic unit Qpaf is described as follows:

Qpaf(Alluvial Fans and Fluvial Deposits (Pleistocene)) - Brown dense gravely and clayey sand or

clayey gravel thatfines upward to sandy clay. These deposits display various sorting andare located in

most stream channels in the county. All Qpafdeposits can be related to modern stream courses. They

are distinguished from younger alluvial fans and fluvial deposits by higher topographic position,

greater degree ofdissection, and stronger soil profile development. They are less permeable than

Holocene deposits, and locally contain fresh water mollusks and extinct late Pleistocene vertebrate

fossils. They are overlain by Holocene deposits on lower parts ofthe alluvial plain, and incised by

channels that are partlyfilled with Holocene alluvium on higherparts ofthe alluvialplain. Maximum

thickness is unknown but at least 50m (150 feet).

EARTHQUAKE SOURCES AND SITE SEISMICITY

A Fault Map of the site vicinity is presented in Plate 5. The map is based on the 2007 Caltrans

Deterministic PGA Map. Per the map, the controlling fault is the Vaca Fault Zone, approximately 5.4

miles from the project site. The Vaca Fault Zone is a strike slip fault, capable ofa maximum seismic

event of 6.9 (Moment Magnitude). Design peak ground acceleration (PGA) of 0.5g was computed

for the project using the attenuation relationships per Sadigh (1999). Potential hazards from fault

rupture and liquefaction are low.

CONCLUSIONS AND RECOMMENDATIONS

1. The soils at the proposed foundation levels are competent soils (compacted fill, stiff to very

stiffclays and medium dense to dense sands). In addition, there is no evidence ofexistence of

soft clays or loose sands within the depth of interest.

2. Compacted fill placed above the base of the footing should be structure backfill as per

Caltrans standards.

3. The walls are buried and if there is provision for drainage it should be designed as drained



T Y Lin International
Job No. 206117EBS (eBART - Segment 3A.)
April 8, 2010
Page 5

condition. If there is no means ofproviding longitudinal drain and cleanouts within eBART,

hydrostatic pressures should be incorporated in the design.

4. The controlling fault is the Vaca Fault Zone, approximately 5.4 miles from the project site.

Design peak ground acceleration (PGA) of 0.5g was computed for the project

5. Design recommendations are given below:

a. Active Earth Pressure:

b. Passive Earth Pressure:

36 pcf (equivalent fluid pressure)

310 pcf (equivalent fluid pressure)

c. Allowable Bearing Capacity: 3000 psf
(The bearing capacity may be increased by 30 percent
for seismic loads)

d. Coefficient of Friction:

e. Surcharge Load:

f. Seismic Lateral Load:

0.4

As appropriate for eBART train loading condition

12H2 (lbs) per foot of wall, acting at 0.6H above the
base
(The earth pressures are based on Mononobe-Okabe
formulation. The acceleration used is half of the
corresponding peak acceleration per BART Facilities
Standards)

INVESTIGATION LIMITATIONS

Our services consist of professional opinions and recommendations made in accordance with

generally accepted geotechnical engineering principles and practices and are based on our site

reconnaissance and the assumption that the subsurface conditions do not deviate from observed

conditions. All work done is in accordance with generally accepted geotechnical engineering

principles and practices. No warranty, expressed or implied, ofmerchantability or fitness, is made or

intended in connection with our work or by the furnishing oforal or written reports or findings. The
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scope ofour services did not include any environmental assessment or investigation for the presence

or absence of hazardous or toxic materials in structures, soil, surface water, groundwater or air,

below or around this site. Unanticipated soil conditions are commonly encountered and cannot be

fully determined by taking soil samples and excavating test borings; different soil conditions may

require that additional expenditures be made during construction to attain a properly constructed

project. Some contingency fund is thus recommended to accommodate these possible extra costs.

This report has been prepared for the proposed project as described earlier, to assist the engineer in

the design of this project. In the event any changes in the design or location of the facilities are

planned, or if any variations or undesirable conditions are encountered during construction, our

conclusions and recommendations shall not be considered valid unless the changes or variations are

reviewed and our recommendations modified or approved by us in writing.

This report is issued with the understanding that it is the designer's responsibility to ensure that the

information and recommendations contained herein are incorporated into the project and that

necessary steps are also taken to see that the recommendations are carried out in the field.

The findings in this report are valid as of the present date. However, changes in the subsurface

conditions can occur with the passage of time, whether they are due to natural processes or to the

works of man, on this or adjacent properties. In addition, changes in applicable or appropriate

standards occur, whether they result from legislation or from the broadening of knowledge.

Accordingly, the findings in this report might be invalidated, wholly or partially, by changes outside

of our control.

Respectfully submitted,
PARIKH CONSULTANTS, INC.

rP.: J-/ 1"
~ C:vvl."'-eJJ~

Partha Sircar, Ph.D., P.E. C54619

Senior Engineer
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FAULT MAP

Source: Modified from "California Seismic Hazard 
Map, 2007" (Draft with FID Labels)
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DIST COUNTY 1 ROUTE Tcrr~~T P~~~fCT SHEET IS;?TtL

REFERENCE: CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)
NO. H T~

I04 CC 4 R27.4/28.7

GROUP SYMBOLS AND NAMES FIELD AND LABORATORY
a~L

Graphic/Symbol Group Names Graphic/Symbol Group Nomes TESTING
RE7 EN9I4EER-GE~ICAl ~

..-.:-: Well-groded GRAVEL

~
Lean CLAY (0 Consolidation (ASTM D 2435) #~\,. GW Lean CLAY with SAND

(~~~)iJ-..... Well-graded GRAVEL with SAND Lean CLAY with GRAVEL PLANS APPROVAl DAre:

~
... Exp.lZQUlL •

~g'g;(
CL SANDY lean CLAY @ Collapse Potential (ASTM 0 5333)

PARIKH CONSULTANTS, INC. ~DTECHII ~

Poorly graded GRAVEL SANDY lean CLAY with GRAVEL 2360 QUME DRIVE. SUITE A ~
COOo( GP GRAVELLY lean CLAY SAN JOSE CA 95131

0(70 ~( Poorly graded GRAVEL with SAND GRAVELLY lean CLAY with SAND @
CONTRA COSTA TRANSPORTATION AUTHORITY

Compaction Curve (CTM 216) .,.78 IlUSKIRK AVEIU:. SUI TE 100-.
~

SILTY CLAY
PlEASAIIT HILL. CA a4112J., Well-graded GRAVEL with SILT Thil Stal" 0/ Ccdijbnda or ita o//'f.cfIra or agenU

GW-GM SILTY CLAY with SAND @ ~te:f~~ :~~h~~n~ or comptetflnflaa
~. Well-graded GRAVEL with SILT and SAND

~
SIL TY CLAY with GRAVEL Corrosivity Testing.

CL-ML SANDY SILTY CLAY (CTM 643, CTM 422, CTM 417).. ~.,~~ tcell-fraded G~AVEL with CLAY SANDY SILTY CLAY with GRAVEL
GW-GC or S TY CLAY

~ GRAVELLY SILTY CLAY @ Consolidated Undrained

~.. '/ tcell-fraded GRAVEL with fLAY and SAND Triaxial (ASTM D 4767) APPARENT DENSITY OF COHESIONLESS SOILSor S TY CLAY and SAND GRAVELLY SILTY CLAY with SAND
D..a Poorly graded GRAVEL with SILT SILT @ Direct Shear (ASTM 0 3080) Descrip tion SPT N 60(Blows / 12 inches)
°0
cc GP-GM SILT with SAND

°(7~I' Poorly graded GRAVEL with SILT and SAND SILT with GRAVEL Very loose 0-4

~a~ roor~ -?-faded ~RAVEL with CLAY
ML SANDY SILT @ Expansion Index (ASTM 0 4829)

SANDY SILT with GRAVEL Loose 5 - 10o '( GP-GC or L CLAY GRAVELLY SILTC~ k Poorly (graded GRAVEL with CLA0and 00(7 I~ SAND or SILTY CLAY and SAND GRAVELLY SILT with SAND Moisture Content (ASTM 0 2216) Medium Dense 11 - 30

~~'iJ ~l ::0SILTY GRAVEL ORGANIC lean CLAY Dense 31 - 50
ci~:Co( GM ORGANIC lean CLAY with SAND @SILTY GRAVEL with SAND ORGANIC lean CLAY with GRAVEL Organic Content-% (ASTM o 2974)
od~c

~
Very Dense > 50

~~o
OL SANDY ORGANIC lean CLAY

CLAYEY GRAVEL SANDY ORGANIC lean CLAY with GRAVEL 0 Permeability (CTM 220)f& GC GRAVELLY ORGANIC lean CLAY
CLAYEY GRAVEL with SAND GRAVELLY ORGANIC lean CLAY with SAND MOISTURE

~ SILTY, CLAYEY GRAVEL ORGANIC SILT (8 Particle Size Analysis (ASTM D 422) Description Criteria
GC-GM ORGANIC SILT with SAND

~ SILTY, CLAYEY GRAVEL with SAND ORGANIC SILT with GRAVEL
@ Plasticity Index (AASHTO T 90) Dry Absence of moisture, dusty, dry to the

~: IJ: ~
OL SANDY ORGANIC SILT Liquid Limit (AASHTO T 89)

touch
Well-graded SAND SANDY ORGANIC SILT with GRAVEL

4:.6 .6 SW GRAVELLY ORGANIC SILT @~ . ~
Well-graded SAND with GRAVEL GRAVELLY ORGANIC SILT with SAND Point Load Index (ASTM o 5731) Moist Damp but no visible water

- Poorly graded SAND

~
Fat CLAY

§ Visible free water, usually soil is
, , SP Fat CLAY with SAND Pressure Meter Wet below water table.... Poorly graded SAND with GRAVEL Fat CLAY with GRAVEL

~
CH SANDY fat CLAY...

Well-graded SAND with SILT SANDY fat CLAY with GRAVEL @ Pocket Penetrometer... SW-SM GRAVELLY fat CLAY
Well-graded SAND with SILT and GRAVEL GRAVELLY fat CLAY with SAND 0A •... V" tcell - frfdeS S¢)~JD with CLAY Elastic SILT

R-Value (CTM 301) PERCENT OR PROPORTION OF SOILS

~ SW-SC or S Y LAY Elastic SILT with SAND...
tcell- frfdeS SAND wi~ C~A) and GRAVEL @ Description Criteria

~ . ./ or S Y LAY and RAV L Elastic SILT with GRAVEL Sand Equivalent (CTM 217)
MH SANDY elastic SILT Particles are present but estimated to

Poorly graded SAND with SILT SANDY elastic SILT with GRAVEL Trace be less than 5%
SP-SM GRAVELLY elastic SILT @ Specific Gravity (AASHTO T 100)

, ' Poorly graded SAND with SILT and GRAVEL GRAVELLY elastic SILT with SAND Few 5 to 10%
, .

· .

~
roor~ -?-faded ~AND with CLAY

~
ORGANIC fat CLAY @ Shrinkage Limit (ASTM D 427) Little 15 to 25%or L CLAYSP-SC PoorVE g~aded SAND with CLAY and )
ORGANIC fat CLAY with SAND

GRA L or SILTY CLAY and GRAVEL

~
ORGANIC fat CLAY with GRAVEL Some 30 to 45%

, . OH SANDY ORGANIC fat CLAY @ Swell Potential (ASTM o 4546)
· . SILTY SAND SANDY ORGANIC fat CLAY with GRAVEL Mostly 50 to 100%

, . SM ~ GRAVELLY ORGANIC fat CLAY
· . SILTY SAND with GRAVEL GRAVELLY ORGANIC fot CLAY with SAND @ Pocket Torvane..

~
CLAYEY SAND l~»~

ORGANIC elastic SILT
SC ORGANIC elastic SILT with SAND Unconfined Compression-Soil

"j( CLAYEY SAND with GRAVEL J) d~~ ORGANIC elastic SILT with GRAVEL @ (ASTM D 2166) PARTICLE SIZE· . . . . OH SANDY ORGANIC elastic SILT::: l/ Unconfined Compression-Rock
SILTY, CLAYEY SAND

l~~~
SANDY ORGANIC elastic SILT with GRAVEL (ASTM 0 2938) Description Size

.' . SC-SM GRAVELLY ORGANIC elastic SILT Boulder > 12"
" '/ SILTY, CLAYEY SAND with GRAVEL

, . ~ ~ ~ GRAVELLY ORGANIC elastic SILT with SAND @) Unconsolidated Undrained Cobble 3" to 12"
~~~ fif ORGANIC SOIL Triaxial (ASTM 0 2850)
, t!..! t!.! PT PEAT ORGANIC SOIL with SAND Coorse 3/4" to 3"

~
Gravelt!! ~ ,\ ORGANIC SOIL with GRAVEL § Unit Weight (ASTM D 4767) Fine No.4 to 3/4"

\I \I OL/OH SANDY ORGANIC SOIL

.~
Coarse No. 10 to No.4

COBBLES

~
SANDY ORGANIC SOIL with GRAVEL @COBBLES and BOULDERS GRAVELLY ORGANIC SOIL Vane Shear (AASHTO T 223) Sand Medium No. 40 to No. 10

BOULDERS GRAVELLY ORGANIC SOIL with SAND Fine No. 200 to No. 40

ENGINEERING SERVICES GEOTECHNICAL SERVICES STATE OF DIVISION OF ENGINEERING SERVICES ElRtDGE NO.

SOIL LEGENDCALIFORNIA STRUCTURE DESIGN 28C0487
PREPARED BY O. GOUTHIER POST WILE

CHECKED BY P. SIRCAR DEPARTMENT OF TRANSPORTAnON DESIGN BRANCH 27.8 LOG OF TEST BORINGS--
ORIGINAL. SCALE IN INCHES

I I I I I I CU 04275 I IIOISIOI DATtS I SHEI!:T I Of'
GS LOTB SOIL LECOCl DISREGARD PRINTS BEARING

FOR REDUCED PLANS
0 1 2 J EA 228511 EARLIER REVlSlOIoI DATES --e-I I I I I I I I I I I 1 L.



REFERENCE: CAL TRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

DIST I COUNTY T ROUTE

04 1 CC T 4

POST ~ILES IS~.~ET I TH<:,}_A
T
!-:..

TOTAL PROJECT NU. ISI1~~ I~

R27.4/28.7 I

CONSISTENCY OF COHESIVE SOILS

RE7 EN9!4EER-GEo;eeHNICAL

PLANS APPROVAL DATE

~

~i:p~\
!llil(lb~r

PARIKH CONSULTANTS, INC. \\~~[]~It'"
2360 QUME DRIVE, SUITE A ~qfCi.\.~
SAN JOSE CA 9513\ ~

CONTRA COSTA TRANSPORTATION AUTHORITY
.3ol71l IlUSKIRIC AVEI«JE. SUI TE 100
PlEASAIIT HILL. CA lH1l2J

Field Approximation

Easily penetrated several inches
by fist

Easily penetrated several inches
by thumb

Penetrated several inches by
thumb with moderate effort

< 0.12

0.12 to 0.25

0.25 to 0.50

Torvane
Meosurement (tsf)

< 0.25

0.50 to 1.0

0.25 to 0.50

Pocket
Penetrometer

Meosurement (tsf)

< 0.25

0.50 to 1.0

0.25 to 0.50

Unconfined
Compressive

Strength (tsf)
Description

Very Soft

Soft

Medium Stiff

Criteria

CEMENTATION

Crumbles or breaks with handling ar
little finger pressure.

Crumbles or breaks with considerable
finger pressure.

Will not crumble or break with finger
pressure.

Weak

Moderote

Strong

Descrip tion

Stiff 1 to 2 1 to 2 0.50 to 1.0
Readily indented by thumb but
penetrated only with great effort

BOREHOLE IDENTIFICATION Very Stiff 2 to 4 2 to 4 1.0 to 2.0 Readily indented by thumbnail

A 1IS-inch thread cannot be rolled at any water content.

The thread can barely be rolled and the lump cannot be formed when drier than the
plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit.
The thread cannot be rerolled after reaching the plastic limit. The lump crumbles
when drier than the plastic limit.

Criteria

Indented by thumbnail with
difficulty> 2.0> 4.0

PLASTICITY OF FINE -GRAINED SOILS

> 4.0

Medium

Nonplastic

Low

Oescrip tion

Hard

Note: Size in inches.

Description

Auger Boring

Rotary drilled boring
Rotary percussion boring (air)

Hand driven (1-inch soil tube)
Hand Auger
Dynamic Cone Penetration Boring

Cone Penetration Test (ASTM D 5778-95)

Other

Rotary drilled diamond core

Symbol Hole
Type

B A

EJ R
P

~ R

[!J HD
HA

• D

A CPT

D 0
-

Notes:
Standard Penetration Test 'Sampler: 1.0. = 1,4"; 0.0. = 2"
Modified California Sampler: 1.0. = 2.5"; 0.0. = 3"
Hammer Assembly :A 140 Ib hammer with a 30" drop
(Automatic Hammer)

High
It tokes considerable time rolling and kneading to reach the plastic limit. The thread
can be rerolled several times after reaching the plastic limit. The lump can be formed
without crumbling when drier than the plastic limit.

Top Hole EI. .3"
Cosing driven ------N'" 0" o.ct:; oooo:':..=.:-Description of material
Size of Sampler _______. 0- <>
(inches) \. JjO~'. _

116 11.4 ~:'" ~-Field & Lab Tests
SPT N-Volu p /' ~: '. GWSA Elev.
(per ASTM 1586-99), :)~ Date measured
P = push somple, ~~~ aterial change
or as noted ~-,LEstimatedmaterial change

~ LSoil/Rock boundary
~

Boring Date
Terminated at [lev

Hammer Energy Ratio (ER ) F %

c:
.Q
"0
u
o
-l

Boring Date

No count record~~C

Pushed 1
Driving rate in ~o
seconds per 12" 37
(using a Stanley ~
MB 156 percussion ~

hammer and a 2.2" 65
cone, or as noted) ~~

113
l~... _l80/o~

Pressure measured
on tip element
(2..3.3 in 2area)

Hole 1.0.

A.

c
.Q
'0u
o

Top Hole EI. -l

6 4 2 ( 10 20 30
Friction Ratio (%) Tip Bearing (MPa)

Boring Date

Pressure measured
along sleeve friction
element (34.88 in 2
area) divided by
pressure measured
on tip element.

2do100

Hole 1.0...
c:

.Q
"0u
o
-l

Top Hole EI.
Hole 1.0.

Top Hole EI~" ° 1-

Blows per 12" -30 0.
0

"0 LGround water
(Using 28 Ib hand]"o-!:.: surface
hammer with a 12" .' • G Elev.
drop or as noted) p'" Dote v~easured

< Description of
Pulled Pipe ~ materials

6g ~ (5) --::-. Sample
500 ~ (5),/' tokenRefusal -'y-

Boring Date
Terminated at Elev

Hole 1.0.

c
.Q
"0
u
o
-l

ROTARY BORING HAND BORING DYNAMIC CONE PENETRATION BORING CONE PENETRATION TEST (CPT) SOUNDING

ENGINEERING SERVICES
PREPARED BY

CHECKED BY

GEOTECHNICAL SERVICES

O. GOUTHIER

P. SIRCAR

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

DIVISION OF ENGINEERING SERVICES
STRUCTURE DESIGN

DESIGN BRANCH

BRlDOE NO.

28C0487
POST I,lILE

27.8

SOIL LEGEND
LOG OF TEST BORINGS

as LOlli SOl. LEGD«l
ORIGINAl SCALE IN INCHES
rOR ~DUCED PLANS

I I I I I I cu 04275
EA 228511

DISREGARD PRINTS BEARING
EARUER REVlSlOI'I DATES ~ I I I I I I I I I I I 2 L.



POST MILES ISHEET TOTAL
TOTAL PROJECT NO. SHEETS

R27.4/28.7 I

Note:
See sheet 1 & sheet 2 for the soil legend and sampler,
hammer details
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20

30

40

70

No groundwater was encountered

SilTSTONE, yellowish brown. intensely weathered. hard

--very stiff

leon CLAY with GRAVEL (CL), firm, dark gray, 50
moist, grovel size r--------------I
CLAYEY SAND (SC), medium dense, dark bluish
gray. moist
SILTY SAND (SM). medium dense, brown. moist

06.91 18 I

101.81231@

w
z
:J

_ L.-

150/4"12.5
No groundwater was encountered

15.5\ 16 I
-

09-24-08 09-25-08

Terminated at EI =37.3 ft Terminated at EI =36.7 ft
Hammer Energy Ratio (ERi) = 60% Hammer Energy Ratio (ERi) =60%

I-- Wz
:Jw

z
:J

·w
OJ =
OJ+ ...;
1"")0::
OJ -H

<~
~ m

FT± VJ

10-01-08
Terminated at EI =37.9 ft

Hammer Energy Ratio (ERi) = 60%

30

60

70
'---ElEV. 67.9

w
z
:J

~~ ~~ 0 hi
;i)i:f 7i:f ;;=
~-H 8-H ii:f
<~ N ~-H
~ N E8-2 < ~ < ~

E8-1 ::.E:::LE=-V:..:.~6.=.9.:...:1.....:....F.:..T±=--Vl~~ -1r::l ~ N E8-3 -------------- ~ N E8-4

O
~ SANDY leon CLAY (CL), very stiff, ELEV. 67.3 FT± Vl ~ 0 ElEV 667 FT± Vl ~ 0

8" SANDY L CLAY (CL) hard 8" ILTY SAND (SM), dense, yellowish brown . . 8"eon " l yellowish brown, dry LEAN CLAY (Cl), hord, light brown, moist
I 67 12.5 I 1 _ 114 l® brown, moist (ll=31, PI=14) I 38 12.5 I 1 - 9 m 'st trace gra el pto I"~~~~~@=:::=~PI Leon CLAY (Cl) very stiff dark I 72 125 I 1 102.91 20 I 01 • V u :l r 48 \2.5 I 1 102.7\ 20 \(ni\ (-#200=92%l
\ 36 12.512 106.2\ 17 I ." 141 12.5 12 112.9 14 I . . fnA\ SANDY Leon CLAY (CL), very -sQi!!ff!....,.Qb~ro~w~n!.!...,_~~~~~=tfJt~~~'CJ SANDY SILT Ml), hard, yellowish brown.
L.-.::.=....-L=::....L..=--i01.;..;_~~~~~__..::b:.:.:ro:::.:w::.:.n~•..:m.:..:.o:::.:l:::.st=-----------,---:-,........,c:::-=~-=-0:lb....,......7":"""'1 ....,..----,- I 38 12.5 I 2 96.81 27 IIcY ~ I I 80 71 3 II 62 12.5 I 3 119.4 131 --hard moist (+#4=3%, -#200=51%) 58 2.5 2 . 3 moist

r"--0.-9"T""":11C::-
2

-"T"":"12.-=5.....I-::3:---im1c::-07"4.=r'":512:":O-,I@ --stiff 1L....:2:..::9_L.:12::.:.5::.....L..:::..13-v.:~106::::i.:.::I-811:=8....J1 leon CLAY (Cl), very stiff. yellowish brown, \L...:3:::.2_1L:2::.=.5:.....J...:::..3-1111-=-=10:::2.~212::...:4....J1
~ Fat CLAY (CH), very stiff, yellowish moist
2 I 72 12.5 I 4 107.41 20 1 --hard I 3.7 I 35 12.5 I 4 I09Jf 181@brown. moist r.....-3-.4-.---128----,'r-2-.5-r-14-VA.,..,.11"='"2.-o41-1.....,.6....,1@15.9 1 11 12.5 4
.......... 1-5_0 rm----- SANDY SILT (Ml), very stiff. brown::-,--r-.."...,....--r::c-=-,........",--t;~=-=r-:-,......,I.~- SANDY leon CLAY (Cl). hard. yellawlsn
Z I 32 12.515 97.1 1 18 1fnA\ . t ( #4 0"7 #200 54"7) I 59 12.5 I 5 113.51 14 KPAJ brown. moist (-6200=64%) J50/2"(25 15 92.5' I 16 1 SilTY SAND (SM). very dense. brown. moist.o I 1 I'CJ mOIS + =,." - = '" SilT with SAND (Ml), very stiff. yellowis:hl==~:....L.=:':':·~=---I:H.II-='=".L....:.:I:....J trace cloy 1L...:;,29=--1L:2::.=.5:.....J...:::..5 ---I'~10:..:;4.:;:L...:a2::.:.1....J1
~ (78/5"'2.5 I 6 190.5 23 I brown. moist SilTSTONE, yellowish brown. intensely weathered. hard
~ 40 I 73 12.5 16 houl 19 I --hard _ '-=- ...!N~02.....!99.!r::20~u:!!n£d~w9.at~e~r...!!.w9.as~e~n:!!:c~0~u:!!n~te~r~e~d_~I=50=)/='4= ..1=2=.5==16=:§lf04:..::·:.:::3L-.:..:115::....J1------------ :1:;4:1=~12::.::.-5:::-~6-_--t~1t1fl--0~7,;.;...,I.L.I-...:l~5-.1
---J ,---r--~ VA~-:-l-~-:":-....,-----:l-e-a-n--;C,.,.l"""A""Y...-r>(C"""l.....).---;-'"ha-r--;d-.-ye--;I;;"':lo-w-::is:L"h--;::""br=-=o-.-w=-n,-----0-9-24-08
w I 78 12.5 I 7 99.91 25 I moist \5<lI4"\ 2.5 I 7

No groundwater was encountered Terminated at EI =44.1 ft
Hammer Energy Ratio (ERi) = 60%

20 PROFILE
Vert. : 1" = 10'
Hor. : 1" = 50'

10

10
ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

"E" LINE I
194+00

I
196+00

I
198+00

1
200+00

I
202+00

I

LOG OF TEST BORINGS 3 OF 4
eBART MEDIAN RETAINING WALLS

POST MILES

BR1DCE 1'10.

DISREGARD PRINTS BEARING I Rt:_ DAlES I SHaT" 01'

EARUER REVISION DATES _ ~~_ I I I I I I .I--_~I 3 I 6

- --------DESIGN BRANCH

DIVISION OF ENGINEERING SERVICES
STRUCTURE DESIGN

IFILE -> SREOUEST

CU 04275
EA 2285fl

I I I I I I
1 2 J

STATE OF

CALIFORNIA
DEPARTMEN T OF TRANSPORTAnON

ORIGINAL SCALE IN INCHES
FOR REDUCED PLAI'lS

I

FIELD INVESTIGATION BY:

L.S. BHANGOO

GEOTECHNICAL SERVICESI

I

ICHECKED BY: P. SIRCAR

IORAWN BY: O. GaUTHIER

ENGINEERING SERVICES

OCS O'IIL LOG OF TEST IIORINGS SHEET

FUNCTIONAL SUPERVISOR

NAME: G. PARIKH
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Iliv"",- -" ~z4j·~, ~~ - DIST I COUNTY I ROUTE I POST MILES ISHEET I TOTALII. J ~ ~---,-- TOTAL PROJECT NO. ISHEETS
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TYPE A
TYPE B
TYPE C

PLAN
1"=50' Note:

See sheet 1 & sheet 2 for the soil legend and sampler,
hammer details

z
o
F
«
>w
--.J
W

20

10

70-

--firm

--dense
No groundwater was encountered

Leon CLAY with SAND (CL), very stiff,
yellowish brown, moist
SANDY Leon CLAY (CL), very stiff, brown50
moist

94.71 25

lM.2117

- -

I 15 12.5 I 3

I 61 12.5 17

09-23-08------------------1
Terminated at EI =26.5 ft

Hammer Energy Ratio (ERi) = 60%

No groundwater was encountered
"13.11 16 1

- '--

09-23-08

150/6"12.5 17

Terminated at EI =27.4 ft
Hammer Energy Ratio (ERi) = 60%

w
z
:::i

- '--

09-23-08

Terminated at EI =28.4 ft
Hammer Energy Ratio (ERi) = 60%

S TY SAND (S..) d II' h b SILTY SAND (SM), very dense,Il M ,very ense, ye OWlS rown, 1r:5O~'/-:::3:::1.. I'-:2.-:-5-r-::-16~1ll-=96=-1:-r-:-:14:O

----:d~ry~~d;;;~7='ii2i)Q,;~%f--------;::;;::::;:;:;::;::::~~· k;.::;:::;:~~~ye;,"~O~WriiSiJh ~b(ro7iw;n\, _mh,0;;;is:;:;-t--:;~~~~;;;:;_-..:15O=1=/!5="=1:2=.5~=16 ~~108=.=41=18~~KIP~A) __-_-..:(+.:..1I~4.:..=....:0:..::%'=-----..::.#~2:.:0.:.0=--=-61:":'%~) 11~5OQlI/~'4':l'12~.5UIJ!6YfUt.!91!.:!.9~11...!1~6 @__-_-.....(_-.u..;1I:2:.;0:....:0;....=....;:3;.;:.6....;:%L...-> 3_0....
- very dense ( 11200-49%) I 58 12.5 I 7 99.8 23 '@ Leon CLAY (CL), hard, yellowish brown,
No groundwater was encountered moist (-11200=87%)

No groundwater was encountered

w
z
:::i

20

70
r---

W

I'~ ~ S ~
I'") 1'= IO~ :::i
rtj ~~ :j:= ~=
N+I N+I 1'")""; ~}'J
< ~ .v ~ ...J ~ j

~_~E~L~E~V~.~5~9~.2~F_T_±_~~r~__~~5---------------UE~ 5a4Fil~ ~ ~6-------------EE 57 n±~i EB-7 ~~ ffi_8--------------6-0~
~ Leon CLAY (CL), hard, dark brown, moist to=::....:....;.--=.=.:....----:......:....=-,./n-------iL..!J SILTY SAND (SM), medium =l==..cV~. .....:.......:.._4_'_;.;::....~~----l~ ElEV. 56.5 Fil VI 0 r::l

dry (LL=32, PI=16) I 8.1 I 22 12.5 I 1 116.91 13 UC dense, ~lIowish brown, moist ~ Leon CLAY (Cl), very stiff, yeliowistr=::..::..-'-;;;..:..;....:..--~-v7:.---------lL..!J

1 45 125 I 2 80.9 12 I Leon ClAY with SAND (CL), I 30 12.5 11 110.5117 I(PI) brown, moist (LL=30, PI=12) 12.0 1 34 12.5 11 110.4117 IJ@C
--very stiff, yellowish brown' 149 125 12 1115"181- Leon CLAY w'th SAND (Cl) hard

~~--===::~=::~~~~~~~:--SANDY Leon CLAY (CL), hard, yellowish brown, -;:::;:::;:;:;:::;:::~~;;:;::::;;;:;:;~_~ve:=.rLy...:s~ti~ff~, ~b~ro~w~n~,~m~oi~s:..t ---------====.~=~r_==. =:''==---- yellowish bro~n, moist __' __'__ 1~3..;..9...J1=2.=5...J1,-2"--"'/AI_08_.9.....~I_I-,-9....J
moist. trace grovel size r to 1" I 37 12.5 I 3 106.6 20 I 20 12.5 I 3 110.91 19 I --stiff
Leon CLAY with SAND (CL), very stiff, dark brown,

__ ~~~:~~~~~L~~~~~~~H~~[d~a~r~kib~~~c~k~b~r~o~w~n~__~~~1:~3;5~~1~2~.;5:~1~4~i;Cl0;8;~:~2=0;~~ ~1~~~6~1=2=4~1~2~5=1~4=~~IM~~~.~17~~~@~C~_~tQ~~H~~~Sti~ye~w~ ~~/~~m~~md~_ye~~~
Leon CLAY (CL), stiff, brown, moist I 2.3 122 12.5 I 5 10a~ 18 'lie' brown, moist----------LI--=.:38:;....J,1.:;2.~5...J1L...4.:...-f;·I·u.:..:10:..;;4.:....:L..<4I.:..:16:....J __-""'""'"".:.:.a......:.:.:..>"-"'-" -I

~ 192/11'12.5 I 5 107.~ 18 I SANDY leon CLAY (CL), hard, yellow, --very densemoist 171/8"12.5 I 5 102.!t 20

09-24-08
t-----Terminated at EI =29.2 ft

Hammer Energy Ratio (ERi) = 60%
PROFILE

10 Vert. : 1" = 10'
~:.::.....--------------------------------------- Hor. : 1" = 50' ----------------------------------------------------1

----. I 52 12.5 I 1 111.81 13 1@
Q)

50 I 2.8 I 38 12.5 I 2 102.11 22 I
~
'---'" 1 48 I 2.5 I 3 107.11 20 1
Z
0
F I 30 12.514 110.21 19 I
« 40>w I 3.7 I 24 12.5 I 5 115.31 15 I
--.J
w

150/3"1 2.5 I 6 108.91 16 I
30

150/5"12.5 I 7 07.11181@

- '-

"E" LINE 1
216+00

1
218+00

I
220+00

1

222+00
I

224+00

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

I

LOG OF TEST BORINGS 4 OF 4
I 11[_ DATES I SHEET I 01'

_ 11---r--1--r--1--r--l--rl-=__ =rI--===-.I-...,Ir---.--I-r--I-+-=-14=.:....~16~

eBART MEDIAN RETAINING WALLS
POST ~ILES

BRIDGE NO.

DISREGARD PRINTS BEARINC
EARLIER REYlSlOI'I DA TES

---------DESIGN BRANCH

DIVISION OF ENGINEERING SERVICES
STRUCTURE DESIGN

IFILE -> $REOUEST

cu 04275
EA 2285Fl

I I I I I I
1 2 J

STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

ORIGINAL SCALE IN INCHES
FOR REDUCED PLANS

GEOTECHNICAL SERVICESI I FIELD 'NVESTICATlON BY:

1--------------------;I L.S. BHANGOO

IDRAWN BY: O. GOUTHIER

ICHECKED BY: P. SIRCAR

ENGINEERING SERVICES

OGS O\/IL LOG OF TEST llORINGS SHEET

NA..-E: G. PARIKH

FUNCTIONAL SUPERVISOR
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U
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wz
::i
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M

+>+
C1' ~
OJ +i
d Co CAV-168+> ~EJev. 58.7 ft± (;')

~

- 156 ~A)

- 142 ~A)

150/3- 2.5 1 16 82.81 37 I

~/5.5' 2.5 1 17 96.81 27 I
9-6-06

SILlY ClAY WITH SAND AND GRAVEl.. (Cl-Ml), very stiff. gray and brown, wet, low plasticity, grawl up to r.
medium to coarse grained SOlId. decomposed bedrock (+f4'-ox, -'200-71~

SANDY SillY ClAY WllH GRAVEl (Cl-ML). very stiff. grot.and brown, low plasticity, growl up to r. medium to coarse
grained SOlId, decomposed bedrodc (+14-0,," -f200-M~)

lEAN ClAY (Cl). hard, gray, moist, me<flUm plasticity, troce decomposed bedrock

LEAN ClAY Yl1TH SAND (eL), hord, bluish groy, moist, medium plasticity, fine-grained SOlId

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

LOG OF TEST BORINGS
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0 W
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w

-10

-20

-30

-40

ORIGINAL SCALE IN INCHES I I I I ITT TTl
F"OR REDUCED PLANS 0 1 2 3 4 5

cu 04275
EA 2285F1

DISREGARD PRINTS BEARING I REVISION DATES (PRELIMINARY STAGE ONLY) ISHEET OF"
EARUER REVISION DATES ~----------I 08/31 /09 I I I I 1 2

PLATE A-l



-10

o

-40

-50

-60

POORLY-GRADED SAND WITH SILT (SP-SM),
very dense, dark brown, wet, medium coarse
grained (+14-0lr, -#2oe-7%)

- WEll-GRACED SAND WITH SILT AND GRAVEL {SWo-:SMJ,
.' - I 21 I(SAlvery dense, dark brown. wet, few fines (+4f-2ox,

-#200-12X)

1.... ~ Ii " ~, ' I I I" I II " I'~' I I I 1
!~~jin~~_~~-~-B-~-~ A_S~th:~:~~I~L.7~~II=!Y~~~!m~lt~1~~~~~~'~1~-~0='====~2~t~ob=====~~b~==~='='=~~~-====-~'~=;- ~~ -

~~.b1~i~isR4~=c~ --- .. ~ - ~,:..t' ~-- "S=R~~==t ~ 0!1A:>~::- ~ _-__----'_,~.. _. =,'~,~~~~~~··='::·-~~~-==·::·s;:'i~~=~=~==~ ~GE""";~

~ ill~~h ~i ~~J.ij ~--------"~.~+,~ ---';>-"-'-ll_.","_L. I" .,."J,.,U II I da -I-H----··/-//'-/----w----------------------,zw I-~~A--~....I-~-H-~-V;-N~~....A~~L~T....A-N....TS.,...,-IN....C~.---~n'~
..... :;z •.: RIO U ~....J 1- --, ~....J ....J~ ....J.... 2360 QUHE DRIVE, SUITE A ~o.J

i v .. U SAN JDSE CA 95131 ~

!fi....~Dl: ~ ~ih ~ re:t. ~ I-----------~(X)+--,~ PLAN ~ ~ ~~~~ORTAlION AUTHORITY

~ ~ """ ~ ~ 1" = 50' CD ~ The State oJ Cali~iG or its ofJicers or t&gents

~! I C1' ~ AST-154A ~ -H : ~ :~nm~ :~~ht'"~n~ or completeness

i~'I/5 j.l ~I 70 ~ ~ rrA=ST=i1-1_1_5_4 EI 686 ft± ~ ~ r.;;l ~ ~ r:A=ST::1-,_1_5_5_A
E1

682 ft± t; ~ AST-155 70
......,..~A-~!:!I5U~~~&f~.. -------=E1:.:e.:..:.v....:68.::;.=..6....:.;ft=±_..lrr -10SANDY lEAN CLAY (a.), very stiff, --=:.:ev.;.;......;;.;;.;...:....:.:::....-----r!n--__--1~ ---:E1;;;.;e....:.;v.....;68;.;..=2....;,ft,;;;;±~r, -I10 ev. . [!] AN CLAY WITH SAND (Q.), very stiff,

., yellowish brown, moist, low to medium SANDY lEAN CLAY (a.), yellowish brown, moist own, dry, medium plasticity, medium: J"1 • .1J
T

N 1L:3::.:.5:-..1..12::.:1_1..'12:::.:.5=-~11---J:lw.::05=.:=J31L...:1~4-~lftJlJ:;:/~ plasticity, fine-groined SOlId I 29 I 2.5 I 1 110.61 13 I c:oarse-grained SOlId

I

! ~ ft I fill!f't~ 60 ....-----r-....,......~~..,...,..",....,..,,-~,~'C';IL --very stiff, brown ood mottled light 1----:S-k..:..ip..:..p-e-d-S-a-m--.:...p-lin-g=-----------1 28 I 2.5 I 2 r 102.a 17 @ ~~ ~~;a-:'~ic:~~~~8br:7) 60
i< ... 1------ r 27 I 2.5 I 2 111.81 16~ brown, mediym plasticity (Ll-34, P1-t7) I--Skipped Sampling I 22 I 2.5 I 3 109.11 19 I lEAN CLAY (Q.), stiff, dark brown, moist,

r34 12.5 I 3 111 7116 P LEAN CLAY ~a.), very stiff, brown ood medium pIosticityIl: L.::.:.---J,-=-=:;..L.-=--VA';"';";';'·'-L..,;,~ mottled light brown, moist. medium plasticity trL'
t lEAN~~SAND~very~brown ~lEAN~~ ~lEAN~~very~ ~

I
~ 50 I 38 I 2.5 I 4 115.3116 I ood mottled greenish gray, moist, medium I 42 I 2.5 I 1 ~ 115.41 16 I very stiff, yellawish brown, I 35 I 2.5 I 1 ~ 113.21 18 I dark brown, moist, few fllles 15.2 I 26 I 2.5 I 4 109.81 15 IfJr.'I SIlT (ML). hard, dark brown, moist 50

t t f I plasticity, fine-grained SOlId moist r:=~~-=:":=:"'::::"=-=~ --===::::::==~F:::L..:.::~~ (Ll 37 PI 10A')-------------!) I .d -----SANDY lEAN CLAY (a.). hard, yellowish brown,------I = , =-,

I - Ii!fll i i ~I 1....6,....,2,........,1...,2,....,.5,...1.....-::5~15I-,~1-=-2.-:r:"41,=-6 'I ;~.:0t~s:~:~a::::::~:~gr:~ I 31 I 2.5 I 5 04.4f 15 1 =t,a:~IU~THpI=~t~Q.).very stiff, brown.

~I"[g.~\,~I.. rJ/ ~i IJ 40 167 12.5 I 6 101.51 13 I I--Skipped Sampling r--Skipped Sampling I 46 12.5 I 6 98.81 14 ~Al CLA'1EY SAND (SC). medium dense, brown, 40
@a-moist.-fine-gralned(+I4-2X.-#200-23,""'l'.r:l------1

1L.4,,:.=2:..-.J1L.:2::.:.5:-.L.....:.17-R1i";.::IOJ.:;:i..::;L...:311.;..1..,J~"'CIA) --medium dense (+f4=ox, -#200=22~ ISO/5·1 2.5 I 7 105.21" 16 1 LEAN CLAY (a.), hard, brown, moist, medium

...,. r in 30 146 1251 8 92.71 3 1 =.c:::,::,,=.~a.,l;.";;,'::::'" .. 11.4 1 2 ~ - 1 '" =~=ClAY (a.p..... ,......, 83 1251 2 ,.',r-:_:=16:=-I...:[~r~.;~SM_Y-_),GR_ver_ADED_y_den_S_:_,D_)'eI_~0_~_1sh_Sl_L~_own_. ~I=80=~1=2=.5=1=8:i]~;J·~06=.2=~1=7=' ~~~~own!!!ticL'~;!!!:y~~ADEJfin!!!!D!!:~:s-ar~C~~in~~:!..):...._very~_den_se_. ::3::.-0~-:::;-
~ IJ " &! J2WS...sz..I='I~V = ?R?'+ ~~, I "\ I 56 I 2.5 I 9 109.11 16 I --hard, brown ood yellowish brown - 7-14-09 I 81 I 2.5 I 9 112.31 13 I LEAN CLAY (Q.), hard. brown. dry, '+-

n)Jrlm~ S5~ {~ j~_2_0 r_6_4_1_2_~_I_'_D ~~I ~ -~~~~~~ -~-- ~~=~.S~k~~~p~e~d~S~a~m~p~I~~~gL----------~17~0~~~12§~~~1~W~~~~06~.~9~~~1;1~~~I_-~~=7:ar::~p1-as-t-ic-~---------~2:o~i
! JI! i)I~~ i. • Jill. -;;::;r2~5=~1~1:;;.4=1~;11::::~~::::-:::::'~1~8~~~~~~ ~~lir;:-:'~(~:~~~!,':)iclty. -CLAYEY SAND, )'eIlowish brown. about 1L:3::.:.9:....L.:I38~....I1....:2:::::.5:..J1-":..:..'~:r'.:.:.".:.:::.6.1..".:.::5:....JI~5 L --very stiff, moist (Ll=26, PI=11) ~
f ~~n)1s i 0 LEAN CLAY (a.). very stiff, brown. I 54 12.5 I 3 '// 112.~ 18 I SANDY lEAN. CLAY (a.), hard, )'eIlowi 1 39 1251 3 '//113'.'" 17 I BOX fine SAND at 53 ft. 102.' "22 K,L -.J
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APPENDIXB

LABORATORY TESTS
Classification Tests
The field classification of the samples was visually verified in the laboratory according to the Unified Soil Classification
System. The results are presented on "Log of Test Borings", Appendix A.

Moisture-Density
The natural moisture contents and dry unit weights were determined for selected undisturbed samples ofthe soils in general
accordance with ASTM Test Method D 2216-92. This information was used to classify and correlate the soils. The results
are presented at the appropriate depths on the "Log of Test Borings", Appendix A.

Atterberg Limits
The Atterberg Limits were determined for selected samples ofthe fine-grained materials. These results were used to classify
the soils, as well as to obtain an indication ofthe effective strength characteristics and expansion potential with variations in
moisture content. The Atterberg Limits were determined in general accordance with ASTM Test Method D 4318-93. The
results of these tests are presented on Plates B-2A, "Plasticity Chart".

Grain Size Classification
Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples ofgranular soil to aid in
the classification. The results are presented on Plates B-3A thru B-3E, "Grain Size Distribution Curves".

Unconfined Compression Tests
Strength tests were performed on selected undisturbed samples using unconfined compression machine. Unconfined
compression tests were performed in general accordance with ASTM Test Method D 2166-91. The results are presented on
"Log of Test Borings"

Corrosion Tests
Corrosion tests were performed on selected samples to determine the corrosion potential ofthe soils. The pH and minimum
resistively tests were performed according to California Test Method 643, 417 and 422. The tests were performed by
Sunland Analytical. The test results are presented on Plates B-4-A thru B-4-B.

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

eBART MEDIAN RETAINING WALLS
CONTRA COSTA COUNTY, CALIFORNIA

JOB NO.: 206117.EBS IPLATE NO.: B-1
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PLASTICITY CHART
Boring Sample Depth Test Moisture II Pl PI Description

Number Number (feet) Symbol Content (%)
AST-154 MC-2 8.0 • 16 34 17 17 LEAN CLAY (CL)
AST-154 MC-7 30.0 III 11 33 17 16 SILTY SAND (SM)
AST-154 MC-12 55.0 A 25 41 24 17 LEAN CLAY (CL)

AST-154A SPT-7 99.5 * 50 99 56 43 ELASTIC SILT (MH)
AST-155 MC-2 10.0 0 19 28 21 7 SILTY CLAY (CL-ML)
AST-155 MC-4 15.0 (I 15 37 17 20 SILT (ML)
AST-155 MC-11 50.0 0 24 26 15 11 LEAN CLAY (CL)
AST-155 MC-12 55.0 6. 56 44 23 21 LEAN CLAY (CL)

AST-155A SPT-8 109.5 ® 62 69 40 29 SANDY ELASTIC SILT (MH)
CAV-168 MC-3 14.5 EB 21 31 20 11 LEAN CLAY (CL)
CAV-168 MC-5 25.0 0 15 39 17 22 LEAN CLAY (CL)
CAV-169 MC-3 10.0 8 19 35 18 17 LEAN CLAY (CL)
CAV-169 MC-8 35.0 0 22 44 24 20 LEAN CLAY (CL)

EB-1 MC-1 2.0 '* 14 31 17 14 LEAN CLAY (CL)
EB-5 MC-1 3.0 f3 13 32 16 16 LEAN CLAY (CL)

mPARIKH CONSULTANTS, INC.
eBART MEDIAN RETAINING WALLS

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.EBS B-2A
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PLASTICITY CHART
Boring Sample Depth Test Moisture II Pl

Number Number (feet) Symbol Content (%)
PI Description

EB-7 MC-1 2.5 • 17 30 18 12 LEAN CLAY (CL)

mPARIKH CONSULTANTS, INC.
eBART MEDIAN RETAINING WALLS

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING 1PLATE NO:JOB NO: 206117.EBS B-2B
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., GRAIN SIZE DISTRIBUTION CURVES
COBBLES

GRAVEL SAND
SILT AND CLAY

coarse I fine coarse medium I fine

3:C>-O U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE SIZES HYDROMETER ANALYSES>m»
~S::O 6" 3" 2" 1.5" 1" 3/4" 3/8" 4 10 20 40 60 140 200:;om- - 0-o=" 100 ". --I- -~

~..........
.~>::I:::I: I--.... z \ --4~

....
en- O

.,
1-0.

' ..~
' .

~~O 90 ... 10
C>'Z \ 1\ 'r'\ ~.

zOcn
"~ . .....A.

~ \ ':A-mOe: 80 .L • 20m Z ,.- -. \ -:;oenr- ......
-c-I ~'"~~» " \ ~

.~

>Z 70
'" \

30
0z-I C.9 \

Ci!cn Z \ \ w
~ Zen 60 40

~Z C/)
"' \ \0 <t: \ ~ WQ.. 0::..... 50

~ \ 50 .....Z \ \ ZW \ \ w
() 40 :... ~

c..

\
60 ()

0 0::
~. 0::

OJ w W
z Q.. \ \ Q..

30
. 1.

709 .~ "'\ r-.r-..
20

t'-.
80° \ "'".....N o CD0 \ ......

en Z OJ III ..... iltc- -f »- ~ :;0 10
,

90...... .... ...
in -f ~.
OJ o 3:
en o m 0 100en 0

-f - 200 100 50 20 10 5 2 1 0.5 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001> >
o Z
o :;0

GRAIN SIZES IN MILLIMETERSc m
Z -f

~ ~
w Z Boring Sample Depth° Z Symbol LL PI Description» G') Number Number (feet)- ~ ~

"'tI o , AST-155 MC-6 25.0 • CLAYEY SAND (SC)
~

:;0 ,
Z en

-t ); AST-155 SPT-14 70.0 III POORLY GRADED SAND WITH SILT (SP-SM)m
Z
0.. AST-155A SPT-7 99.5 A SILT WITH SAND (ML)OJw
OJ AST-155A SPT-9 119.5 * WELL-GRADED SAND WITH SILT AND GRAVEL (SW-SM)
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Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D. \ Randy Horney /~A~
General Manager \ Lab Manager / (L/

The reported analysis was requested for the following location:
Location 206117.CAV/CAVALO RD Site ID : CAV108 #2 @ 8.5. <./'/ .'/«

Thank you for your business.

* For future reference to this analysis please use SUN # 49464-98601.

EVALUATION FOR SOIL CORROSION

Soil pH 7.61

Minimum Resistivity 1.45 olun-cm (x1000)

Chloride

Sulfate

6.2 ppm

43.6 ppm

00.00062 %

00.00436 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4-A



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D. \ Randy Horney /-11)
General Manager \ Lab Manager ./ (V

The reported analysis was requested for the following location:
Location 206117.AST/A ST.BDGE Site ID : AST 154 #2 @ 8'.

Thank you for your business.

* For future reference to this analysis please use SUN # 49465-98602.

EVALUATION FOR SOIL CORROSION

Soil pH 7.50

Minimum Resistivity 0.86 ohm-cm (xl000)

Chloride

Sulfate

10.9 ppm

89.1 ppm

00.00109 %

00.00891 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4-B
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are not likely to be highly laterally continuous.
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Responses to Caltrans Comments on 65°A» Foundation Report

eBART North and South Retaining Walls

Response ot Comment No.1

No response required.

Response ot Comment No.2

A Geologic Map and a Fault Map has been added to the revised report.

Response ot Comment No.3

A better description of the project will be given in the revised report. The wall locations for Type
B and Type C walls will be shown on the LOTB sheets.

As the LOTB sheets indicate, two borings are drilled on either side of the two underpasses (total
of eight borings), covering the lengths of the Type B and Type C walls. Type A walls are
standard barrier walls, where specific subsurface information is not required.

Available wall elevations indicate that the Type B and Type C walls adjacent to the A Street
Underpass will be founded on fill; adjacent to the Cavallo Road Underpass, they will be founded
on native soil.

Response ot Comment No.4

Agreed. The station numbers have been corrected in the revised report.

Response ot Comment No.5

Soil Profiles have been developed for two segments: one at each underpass location.

Response ot Comment No.6

Agreed. Revised text indicates that the in-place soils are competent and thus, foundation
treatment of any kind is not required.

Response ot Comment No.7

No response required.
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Sub: GEOTECHNICAL DESIGN & MATERIALS REPORT (FINAL)
State Route 4 (East) Widening Project - Segment 3A
Antioch, Contra Costa County, California
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Dear Mr. Rhodes:

Job No.: 206117.GDR
May 6, 2011

Transmitted herewith is the Geotechnical Design & Materials Report for the subject project. The
report was prepared in accordance with the scope ofwork outlined in our proposal. The report is for
submittal to Caltrans for their review and approval.

We appreciate the opportunity to be of service to you on this project. If you have any questions
concerning our findings or conclusions, please feel free to contact this office.

Very truly yours,
PARIKH CONSULTANTS, INC.

. ~

par~.E., G.;:666
raj ect Manager

Attachment: Geotechnical Desigo & Materials Report (Final)

1243 Alpine Road, Suite 110, Walnut Creek, CA 94596 • (925) 933-6336 • (925) 933-6618 • www.PARIKHNET.com
Main Office: 356 S. Milpitas Blvd., Milpitas, CA 95035-5421 • (408) 945-1011 • Fax: (408) 945-1012
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GEOTECHNICAL DESIGN & MATERIALS REPORT
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

ANTIOCH, CONTRA COSTA COUNTY, CALIFORNIA
04-CC-4-R27.4!R28.7 EA 2285Fl

1. INTRODUCTION

This report presents the results ofour geotechnical engineering investigation for the proposed
"State Route 4 (East) Widening Project - Segment 3A" in Antioch, California, hereinafter
referred to as "PROJECT." The work was perfonned in general accordance with the scope
ofwork outlined in our proposal to T. Y. Lin International (Designer). The general location
of the project site and its vicinity are shown in the Project Location Map, Plate 1.

This report addresses geotechnical design recommendations for embankments, retaining
walls, soundwalls, corrosion recommendations for the culvert design, overhead sign
structures, and structural pavement sections. Separate foundation investigation reports have
been prepared for the three proposed bridge stmctures within the corridor. The investigation
included review of readily available soils and geologic literature pertaining to the site
including as-built infonnation and "Log of Test Borings" (LOTB), site reconnaissance,
drilling exploratory soil borings, obtaining representative soil samples and logging soil
materials encountered in exploratory borings, laboratory testing of the representative soil
samples, perfonning engineering analyses, and preparation ofthis report.

The purpose of this report is to document subsurface geotechnical conditions, provide
analyses of anticipated site conditions as they pertain to the project described herein, and to
recommend design and constmction 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, if any.

The report is intended for use by the project roadway design engineer, construction
personnel, bidders and contractors for infonnation and reference purposes only and should
not be construed as project specifications.

Due to limitations inherent in geotechnical investigations, it is neither uncommon to
encOlmter unforeseen variations in the subsurface soil conditions during constmction nor is it
practical to detennine all such variations during an acceptable program of drilling and
sampling for a project of this scope. Such variations, when encountered, generally require
additional engineering services to attain a properly constmcted project. We, therefore,
recommend that a contingency fund be provided to accommodate any additional charges
resulting from technical services that may be required during constmction.



T. Y. Lin International
State Route 4 (East) Widening, Segment 3A
Project No" 206117,GDR
May, 2011
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2. EXISTING FACILITIES AND PROPOSED IMPROVEMENTS

The proposed "State Route 4 (East) Widening Project, Segment 3A" project is a segment of
the State Route 4 (East) widening project between Loveridge Road and State Route 160. The
project site is located in Antioch, California along State Route 4 from Sta. 171 + 00 to Sta.
261+39. Currently, State Route 4 is a 4-lane median divided freeway. Within the project
limits, State Route 4 is built in cut to approximately Sta, 185+00; on embankment to
approximately Sta. 234+00 and in cut beyond Sta,234+00 to the end ofthis project segment.

Generally, the terrain is relatively flat, sloping gently towards the north, Along the project
aligmnent, the adjacent terrain slopes gently downwards from an elevation ofapproximately
70 feet at Sta. 171+00 to an elevation ofapproximately 40 feet at Sta. 220+00. Beyond Sta,
220+00, the terrain rises gently to an approximate elevation ofaround 60 feet near the end of
the project limit.

The following bridge structures exist within the project limits:

A Street Undercrossing (Bridge No. 28-86R1L)
Cavallo Road Undercrossing (Bridge No. 28-88R/L)
Roosevelt Lane Pedestrian Undercrossing (Bridge No, 28C0229)

A Street and Cavallo Road undercrossings consist oftwo parallel bridges: the left and the
right bridges, carrying the westbound and eastbOlmd traffic, respectively along State Route 4.
The A Street Undercrossing (Bridge No, 28-86R1L) structures were built in 1975. They are
both single span cast- in-place prestressed box girder structures, approximately 157 feet long
and 41 feet wide. The abutments at the two ends are founded on 70-ton piles. The Cavallo
Road Undercrossing (Bridge No. 28-88R1L) structures are also both single span cast-in-place
prestressed box girder structures, built in 1975. They are approximately 117 feet long and 41
feet wide. The abutments at the two ends are founded on spread footings. The Roosevelt
Lane PUC (Pedestrian Undercrossing) is a 159-foot reinforced concrete box, 8-ft by 8-ft on
the inside, with two 17.5-ft long open tunnels at the two ends. The structure, builtin 1971, is
a northern continuation of Roosevelt Lane crossing State Route 4. The top of the box is
located at depths varying from 3 to 7 feet from the grOlmd surface.

The proposed project consists ofimprovement ofState Route 4 (East) - Segment 3A, which
includes: widening of Segment 3A of State Route 4 (East); demolition of the existing
tmdercrossings; constmction ofa new A Street Undercrossing (Bridge No. 28-040IRlL) and
a new Cavallo Road Undercrossing (Bridge Nos. 28-0402R/L) to replace the existingm
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undercrossings; reconstruction of Roosevelt Avenue PUC; widening of segments of Lone
Tree Way and A Street; construction of new pavement for Sunset Drive; construction of
retaining walls and soundwalls and the construction of associated on and off ramps.

In summary:
• State Route 4 will be widened from 4 lanes to 8 lanes: from Sta.179+00 to Sta.

240+00. It will also consist ofstandard median and shoulders. The median widening
for fut1.lIe eBART is planned; however, it is not part of this study.

• Lone Tree Way/A Street will be widened from Sta. 15+84 to Sta. 35+18 ("AST"
Line)

• Portion ofSunset Drive pavement will be rebuilt and part ofEast Trega1las Road will
be rebuilt.

• New on and off ramps will be constructed for the A Street Interchange for both
directions of State Route 4.

• The existing A Street Undercrossing bridges (Bridge No. 28-86R1L) will be
demolished and replaced by new bridges.

• The existing Cavallo Road Undercrossing bridges (Bridge No. 28-88R1L) will be
demolished and replaced by new bridges

• The existing Roosevelt Lane PUC will be reconstructed (modified). Reconstruction
will include extension of the concrete box by 48 feet at the northern end and by 7.5
feet at the southern end to accommodate the widened roadway on top.

The proposed project will generally include the following struct1.lIes:

Bridge Structures

• A Street Undercrossing (Bridge No. 28-040IRlL)
• Cavallo Road Undercrossing (Bridge No. 28-0402R1L)
• Roosevelt Lane PUC (Bridge No. 28-0403)
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Retaining Walls

Retaining Wall No. I
Retaining Wall No.2
Retaining Wall No.3
Retaining Wall No.4
Retaining Wall No.5
Retaining Wall No.6
Retaining Wall No.7
Retaining Wall No.8
Retaining Wall No.9
Retaining Wall No. 10
Retaining Wall No. 11
Retaining Wall No. 12
Retaining Wall No. 13
Retainiug Wall No. 14
Retainiug Wall No. 15
Retaining Wall No. 16

Overhead Sign Structures

South side of exit ramp from eastbound SR4 to A Street
North side of entrance ramp to westbound SR4 from A Street
South side of exit ramp from eastbound SR4 to A Street, east ofWall # I
North side of westbound SR4 travel way and exit ramp to A Street
South side of entrance ramp from A Street to eastbOlmd SR4
South side of entrance ramp from A Street to eastbOlmd SR4, east of Wall # 5
Not Used -deleted
Not Used - deleted
South side of eastbound SR4 travel way, starting from east of Cavallo Road
South side of eastbound SR4 travel way, east of Wall # 9
North side of westbound SR4 travel way, east of Cavallo Road
North side of westbowld SR4 travel way, east of Wall # II
North side of westbound off-ramp
West side of A Street between SR4 westbound on-ramp and Texas Street
East side of Sunset Drive, north of Bryan Avenue
West side of Sunset Drive, north of Bryan Avenue

• Seven single post overhead sign structures

Soundwalls

• Seven sOlmdwalls

Project plans indicate the finish grade for the new travel way for State Route 4 will generally
be within I to 2 feet of the existing travel way. Cuts and fills will be required for widening
on either side of the existing travel way. Embankment is required for the westbound off
ramp to A Street. Cuts and fills will also be required for the other on and off ramps.
Generally, cuts and fills will be retained by retaining walls. When not supported byretaining
walls, the proposed side slopes will have a gradient of 2(H): I(V) or flatter.

Our recommendations presented in this report are based on the above information. Any
major deviation should be reported to our office for consideration.

3. PERTINENT REPORTS AND INVESTIGATIONS

We referred to the following available as-built information:

• As-built LOTB (Caltrans, 1969) (Br. Nos. 28-86RIL and 28-88R/L)
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• As-Built Plans (Caltrans, 1975) (Br. Nos. 28-86R1L and 28-88R1L)
• As-Built Plans (Caltrans, 1971) (Br. No. C0229)
• As-Built Pavement Sections for State Route 4 and A Street

4. PHYSICAL SETTING

4.1 Climate

The project area is characterized with moderate climatic conditions. This consists of
mild winters, warm summers, small daily and seasonal temperature ranges and low to
mild humidity. Extremes oftemperature range from 92°F to 48°F in July/August and
50°F to 37°F in January. Based on statistics ofNationa! Weather Services, average
rainfall precipitation is about 13 inches in the Antioch area and is principally during
the months ofNovember through March. Januaryusually has the most precipitation
accumulation with 2.73 inches average precipitation.

4.2 Topography

The project is located along the base ofthe north flank ofMomt Diablo to the south
and Suisun Bay to the north. The topography in the immediate project area is
relatively flat, sloping gently towards the north in the direction of Suisun Bay.

4.3 Surface Drainage

There are no significant drainage channels/features crossing the project area.

4.4 Man-Made and Natural Features of Engineering and Construction Significance

Major man-made structures within the project site include the A Street Interchange,
the Cava!lo Road Undercrossing and the Roosevelt Lane PUC. Other man-made or
natural features of engineering and construction significance within the project site
include a PG&E tower, and several gas lines, sewer lines and water lines beyond A
Street.

4.5 Regional Geology and Seismicity

The project area is located in Contra Costa County at the northeastern flanks of
Mount Diablo and south San Joaquin plain. Contra Costa Comty lies in parts oftwo
geomorphic provinces. The major portion of the county is in the Coast Rangesm
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province, with a small portion in the eastern end within the Great Valley province,
where the project area is located. The Great Valley sequence is depositionally linked
to the Coast Range Ophiolite. The Franciscan Complex presumably underlies all of
Contra Costa County. It was emplaced below the Coast Range Ophiolite (USGS OFR
94-622). Quaternary deposits in this area form a combination ofeolian dune sand and
river delta deposits (USGS OFR 97-98).

In the general project area, the geologic mit comprises primarily of alluvial soils
deposited during the Pleistocene period. A geologic map ofthe project site is presented
on Plate 3.

Faults in the vicinity of the site with a moderate to high potential for surface rupture
include the Vaca Fault Zone, Great Valley Fault, and Greenville Fault. Significant
earthquakes, which have occurred in this area, are generally associated with cmstal
movements along well-defined active fault zones. A Fault Map, showing the site
location relative to the major active faults in the vicinity, is presented on Plate 4.

5. EXPLORATION

5.1 Drilling and Sampling

Based on the Geometric Approval Drawings, discussions with the designer, and
readily available geotechnical data in the area, a total of seventy-eight borings were
drilled for the PROJECT. Majority of the borings were drilled between June 2006
and December 2007.

Twenty borings were drilled to depths ofapproximately 5 feet to collect bulk samples
for the pavement design.

Forty-seven borings were drilled to depths of approximately 30 feet below ground
surface and five borings were drilled to depths of approximately 50 feet below
ground surface for the design of new retaining walls, soundwalls, ramps, and
embankments.

For the bridge stmctures, four "deep" borings were drilled near the abutments ofthe
two proposed new undercrossings at A Street and Cavallo Road in September 2006.
These borings were drilled to the depths ofapproximately 100 feet below the existing
ground surface. Later, in July 2009, two additional borings were drilled adjacent to
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the A Street borings to depths of 130 feet, to obtain additional infonnation beyond
100-ft depth.

The approximate locations of these borings are shown on the attached Site Plans
(Plates 2A through 2F). The approximate locations ofthe borings deeper than 5 feet
are also on the log oftest borings (LOTB) in Appendix A. The as-built LOTB ofthe
existing A Street Undercrossing (Bridge No. 28-86R/L) and Cavallo Road
Undercrossing (Bridge No. 28-88R/L) are also included in the report.

Shallow (5-ft deep) borings drilled generally for pavement design were drilled with a
jeep-mounted rig, using a 6-in solid stem auger. Most of the other borings were
drilled with truck-mounted drill rig using 8-inch-diameter hollow stem auger. A few
borings, where the boring locations presented access difficulties, were drilled using a
portable drill rig using a 3.5-inch-diameter solid stem auger. The borings were
drilled under the technical supervision of our engineer, who classified and
continuously logged the soils encountered during drilling and supervised the
collection of soil samples at various depths for visual examination and laboratory
testing. The soil samples were obtained during drilling by driving generally a 2.5
inch Inside Diameter (J.D.) Modified California sampler. On a few occasions, a 1.4
inch J.D. Standard Penetration Test sampler was used. The sampler was driven into
the subsurface soils tmder the impact of a 140-lb hammer falling through 30 inches.
The blow counts required to drive the sampler for the last 12 inches are presented on
the LOTB in Appendix A. After visual examination, the collected samples were
sealed and transported to our laboratory for further evaluation and testing. The
boring locations, stations, and relevant infonnation are surmnarized in Tables lA
through 1C below. Please note that the locations and the elevations in the tables are
approximate based on readily available information and are for reference purposes
only.

The descriptions of the soil materials encotmtered in the exploratory borings and
relevant boring infonnation are presented in the LOTB in Appendix A. The
laboratory test methods and results are presented in Appendix B. The LOTB in
Appendix A were prepared from the field logs which were edited after visual re
examination ofthe soil samples in the laboratory and results ofclassification tests on
selected soil samples as indicated on the LOTB.
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TABLE lAo SUMMARY OF BORINGS (PAVEMENT DESIGN AND ROADWAY)

BOling Station (ft) Offset (ft) Boring Approx, Approx, Soil
No, (approx,) (approx,) Depth Ground Eiev, Groundwater Description

(ft) (ft) Elev, (ft)

R-40 174+40 45 Rt, 5,0 54.4 Silty Sand

R-41 180+80 oCL. 5,0 58.7 - Lean Clay

R-42 185+00 55 Rt. 5,0 63,1 - Lean Clay

R-43 186+40 75 Lt. 5,0 62,0 - Lean Clay

R-44 189+60 80 Lt. 5,0 63,0 - Lean Clay

R-45 192+70 oC,L. 5,0 68,9 - Lean Clay

R-45A 192+00 0c.L. 5,0 68,2 - Sandy Lean Clay

R-46 195+00 50 Rt. 5,0 69,0 - Silty Sand

R-47 196+10 200 Rt. 5,0 52,7 - Lean Clay

R-50 200+70 oC,L. 5,0 66,8 - Lean Clay

R-53 205+20 110 Lt. 5,0 51.3 - Lean Clay

R-54 207+10 80 Rt. 5,0 64,3 - Silty Sand

R-55 210+50 oC,L. 5,0 62,6 - Silty Sand

R-57 223+00 oC,L. 5,0 58,0 - Sandy Lean Clay

R-58 228+20 70 Rt. 5,0 54,0 - Sandy Lean Clay

R-59 233+40 0c.L. 5,0 53,1 - Lean Clay

R-60 239+40 65Rt. 5,0 50,0 - Sandy Lean Clay

R--61 244+20 20 Lt. 5,0 48,3 - Sandy Lean Clay

R-62 249+20 90 Lt. 5,0 47,3 - Sandy Lean Clay

R-63 252+80 45 Lt. 5,0 44,5 - Sandy Lean Clay
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TABLE IB: SUMMARY OF BORINGS (WALL STRUCTURES AND OTHER CUTS AND FILLS

Boring No. Station (ft) Offset (ft) Boring Depth Approx. Ground Approx. Groundwater
(approx.) (approx.) (ft) Elev. (ft) Elev. (ft)

RW/SW-139 "E" Line 172+30 125 Rt. 30.0 68.0 -
SW-140 "E" Line 174+50 145Lt. 30.0 65.5 -

RW/SW-141 "E" Line 175+70 115 Rt. 30.0 70.0 -
SW-142 "E" Line 177+40 150 Rt. 30.0 65.3 -

RW/SW-143 HE" Line 178+60 100 Rt. 30.0 60.0 -
SW-144 "E" Line 181+15 105 Lt. 30.0 63.9 -
SW-145 "E" Line 181+90 110Rt. 30.0 66.7 -

SW-146 "E" Line 185+00 130 Lt. 30.0 61.7 -

SW-147 "E" Line185+50 110 Rt. 30.0 64.0 -

SW-148 "E" Line 187+60 160 Lt. 30.0 59.6 -
SW-149 "E" Line 188+60 110 Rt. 50.0 64.8 -

RW/SW-185 "E" Line 191+00 95 Rt. 30.0 66.3 -
RW-186 "E" Line 192+20 155 Lt. 30.0 52.0 -
RW-187 "E" Line 192+30 160 Rt. 30.0 63.4 -
SW-188 "E" Line 194+25 140 Lt. 30.0 63.0 -
RW-189 "E" Line 196+40 210 Rt. 30.0 54.0 -
E-191 "E" Line 199+50 130Rt. 30.0 49.2 -

RW-190 "E" Line 198+10 225 Rt. 30.0 50.0 -
RW-l92A "E" Line 196+70 310 Lt. 30.0 47.8 -
RW-I92 "E" Line 198+70 320 Lt. 50.0 45.8 8.8

RW-I92B "E" Line 199+80 610 Lt. 30.0 48.7 -
SW-193 TlE" Line 201+10 175 Rt. 30.0 55.9 -

RW-194 "E ll Line 203+00 135 Lt. 30.0 48.3 -

SW-195 I1E'I Line 204+10 150 Rt. 30.0 56.0 -

SW/RW-196 "El! Line 205+20 110 Lt. 30.0 51.2 -

SW-197 "E" Line 207+00 130Rt. 30.0 52.8 -
RW/SW-199 "E" Line 211 +00 70 Rt. 30.0 62.0 -

SW-200 "E" Line 212+70 100 Lt. 30.0 44.3 -
SW-201 "E" Line 214+98 120 Rt. 30.0 50.0 -

sW/RW-202 HEll Line 215+50 100 Lt. 30.0 42.4 -

SW-203 "E" Line 217+00 115Rt. 30.0 49.0 -
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TABLE lB (CONTD.): SUMMARY OF BORINGS
(WALL STRUCTURES AND OTHER CUTS AND FILLS)

Boring No. Station (ft) Offset (ft) Boring Depth Approx. Ground Approx. Groundwater
(approx.) (approx.) (ft) Elev. (ft) Elev. (ft)

RW/SW-204 "E" Line 218+50 110Lt. 30.0 39.7 -

RW/SW-170 "E" Line 223+50 110 Rt. 30.0 47.9 -
RW/SW-171A "E" Line 226+40 90 Rt. 30.0 52.0 -
RW/SW-l72 "E" Line 230+60 80 Rt. 30.0 53.8 -
RW/SW-173 "ETl Line 233+70 80 Rt. 50.0 52.8 14.8

RW/SW-174 "E" Line 237+ 10 80 Rt. 30.0 53.0 -
RW/SW-175 TlE" Line 241+30 120 Rt. 30.0 56.5 -

SW-176 "E" Line 244+46 120 Rt. 30.0 58.3 -
RW/SW-l77 "E" Line 247+30 160 Rt. 30.0 59.0 -
RW/SW-l78 nE" Line 250+30 205 Rt. 30.0 60.8 -

RW/SW-179 "EI! Line 253+60 300 Rt. 30.0 62.7 -
SW-205 "E" Line 223+10 110 Lt. 50.0 45.2 6.7

SW-206 "Ell Line 225+40 110 Lt. 30.0 47.0 -
SW-207 "E" Line 230+20 110 Lt. 30.0 49.2 -
SW-208 "EII Line 232+60 110 Lt. 30.0 51.8 -

RW/SW-209 "ETl Line 236+40 110 Lt. 30,0 52.5 -

RW/SW-210 "E" Line 239+00 110 Lt. 30,0 53,3 -
RW/SW-211 "Ell Line 242+90 85 Lt. 50.0 55.4 18.4

RW/SW-212 "E" Line 245+60 110 Lt. 30.0 56.3 -

RW/SW-213 liE" Line 248+80 140 Lt. 30.0 56.3 -

RW/SW-214 IlE" Line 251 +50 160 Lt. 30.0 53,9 -

TABLE 1C' SUMMARY OF BORINGS FOR A STREET AND CAVALLO ROAD UNDERCROSSlNGS

Boring No. Station (ft) Offset (ft) Boring Depth Approx. Ground Approx. Groundwater
(approx.) (approx.) (ft) Elev. (ft) Elev. (ft)

AST-154 "ET! Line 196+00 10 Lt. 100 68.6 5.6

AST-154A "E" Line 196+30 10 Lt. 130 68.6 -11.4

AST-155A "E" Line 198+50 15 Rt. 130 68.2 8.2*; 28.2**

AST-155 I1E" Line 198+80 15 Rt. 100 68.2 11.7

CAV-168 "E" Line 219+40 15 Rt. 90 58,7 5.2

CAV-169 "EI! Line 221+70 5 Rt. 100 58.5 4.5

* During drilling •• Prior to grouting
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5.2 Geologic Mapping

The project site consists ofolder alluvial deposits and embankment. The subject was
considered and was determined to be not significant for the project.

5.3 Geophysical Stndies

The subject was considered and was determined to be not applicable to the project.

5.4 Instrumentation

The subject was considered and was determined to be not applicable to the project.

5.5 Exploration Notes

Roadway fill material consisting of lean clay and sandy lean clay to silty sand and
sandy silt was typically encountered in the shallow borings up to 5-ft depth. The
other exploratory borings encotmtered alluvial deposits, predominantly consisting of
very stiff to hard lean clay interbedded occasionally with layers of dense to very
dense silty sands. Weathered siltstone and sandstone were encountered at around 70
ft depth in the deep borings drilled for the undercrossings.

6. GEOTECHNICAL TESTING

6.1 In-Situ Testing

In-situ testing consisted ofrecording blow cotmts during sampling in the field. The
soil samples were obtained during drilling by driving a 2.5-inch LD. Modified
California sampler or a l.4-inch I.p. Standard Penetration Test Sampler into the
subsurface soils under the impact of a 140-lb hammer falling through 30 inches.
Based on our previous experience, when correlating standard penetration test data in
similar soils, the blow counts for the Modified California Sampler can be taken as
roughly 1.6 times that for the Standard Penetration Test Sampler in similar soils. The
field blow counts (SPT-N values) typically ranged from 10 to more than 50 (practical
refusal). From the average SPT-N values for various soil materials encountered in
the field exploration, the subsoils are generally stiff to hard for the clay and medimn
dense to very dense for the sandy soils. Loose sand was not encotmtered in any ofthe
borings drilled.
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6.2 Laboratory Testing

Laboratory tests performed for the study include the following: Laboratory
determination ofMoisture-Density (California Test Method T226), Atterberg Limits
(California Test Method T204), Grain Size Analysis (California Test Method T203),
Unconfined Compression Test (California Test Method T221), R-value Test
(California Test Method T301), Corrosion Test (California Test Method T 643) and
Direct Shear Tests (ASTM Test Method D3080. The laboratory test results are
contained in Appendix B.

In general, the average natural moisture content ofthe soils is on the order of 10% to
30%. Laboratory data of moisture contents, total density, grain size distribution,
Atterberg Limits and unconfined compression strengths are presented on the Log of
Test Borings.

7. GEOTECHNICAL CONDITIONS

7.1 Site Geology

General geologic features pertaining to the site were evaluated with reference to the
"Geologic Map ofQuaternary Geology ofContra Costa County and Surrounding Areas,
CA: Derived from Digital Database open-file 97-98" by EJ. Helley andR.W. Graymer
1997; Scale 1:100000. Based on the map, the site consists primarily of Pleistocene
alluvial deposits (Qpaf). A geologic map ofthe general project area is shown on Plate
3. Description of the main geologic unit(s) along the project site is as follows:

Qpaf (Alluvial Fans and Fluvial Deposits (Pleistocene)) - Brown dense gravely and
clayey sand or clayey gravel thatfines upward to sandy clay. These deposits display
various sorting and are located in most stream channels in the county. All Qpaf
deposits can be related to modern stream courses. They are distinguished from
younger alluvial fans and fiuvial deposits by higher topographic position, greater
degree ofdissection, and stronger soilprofile development. They are less permeable
than Holocene deposits, and locally contain fresh water mollusks and extinct late
Pleistocene vertebrate fossils. They are overlain by Holocene deposits on lowerparts
of the alluvial plain, and incised by channels that are partly filled with Holocene
alluvium on higher parts ofthe alluvialplain. Maximum thickness is unknown but is
estimated to be at least 150feet (50m).
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The map also indicates the presence ofundifferentiated bedrock at the surface, at less
than a quarter of a mile south of the project site.

Another map ('Preliminary geologic map emphasizing bedrock formations in Contra
Costa County: A digital database', compiled by Graymer, Jones and Brabb (USGS
Open File Report 94-622) was also considered for additional information for the
bedrock. Bedrock (Tulare Formation) exposed at the surface is noted to the south of
the site. The rock has a shallow dip towards the north and is therefore expected to
underlie the hard Pleistocene clays at the site. Description of the rock is as follows:

Ttu (Tulare Formation (pliocene» - Poorly consolidated, non-marine, gray to maroon
siltstone, sandstone, and conglomerate. This formation contains tuffcorrelated with
the Putah Ttiff

7.1.1 Lithology

The project site consists of mainly Pleistocene Alluvial Fans and Fluvial
Deposits. The Pleistocene deposits predominantly consist oflean hard clays
and sandy clays. In the deeper borings drilled for the undercrossings, below
elevations ranging from 0 to -10 feet, the soils encountered were very
hard/very dense layers, possibly interbedded layers ofweathered sandstone or
siltstone of the Pliocene Tulare Formation.

7.1.2 Structure

The fault that is closest to the project site is the Vaca Fault Zone, which is a
right-lateral strike-slip fault.

7.1.3 Existing Slope Stability

The existing slopes along the corridor appear to be stable. Some shallow
slumps related to local and surficial deposits are noted. Most ofthese slopes
will be replaced by new retaining walls.

7.2 Subsurface Soil Conditions

Based on the boring data and as-built LOTBs, the subsurface soil conditions at the
project site indicate predominantly hard lean clays and sandy clays with occasional
layers ofclayey or silty sand, generally dense to very dense, interbedded with the clay~
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soils. Hard clays were generally encountered within 10 feet ofthe ground surface
hard clays were encountered at the grotmd surface in fourteen borings. Other
pertinent information includes:

a) The only evidences of potential liquefaction are in a 5-ft thick medium dense
sand layer in boring RW/SW-173 at a depth of 43 feet; and a 5-ft layer of very
stiff sandy silt in boring AST-154 at a depth of 65 feet.

b) A surficial layer ofpotentially expansive fat clay was encountered in two borings
(SW-144 and SW- 148). A 5-foot thick fat clay layer was encOlmtered in boring
RW/SW-149 at a depth of25 feet. A low (less than 5) R-value was noted in only
one sample, out of the fifteen samples tested.

c) Very hard/very dense interbedded layers of sandstone and siltstone were
encountered in all the deep borings for the undercrossings at depths of
approximately 70 feet below the bridge embankments.

Groundwater was encountered at depths ranging from 53 to 63 feet below ground
surface in the six deep borings. Groundwater was also encountered in four ofthe five
50-ft deep borings. The groundwater elevations at the project site ranged from -11.4
feet to 18.4 feet. Groundwater conditions at the project site are described in Section
7.3.2.

Detailed descriptions of the materials encountered in the exploratory borings are
presented in the LOTB in Appendix A. It should be noted that these descriptions and
related information depict subsurface conditions only at the locations indicated and
on the particular date noted on the LOTB. Because of the variability from place to
place within soil/rock in general, subsurface conditions at other locations may differ
from conditions occurring at the locations explored. The abrupt stratum changes
shown on the logs may be gradational, and relatively minor changes in soil types
within a stratum may not be noted due to inherent limitations in the field
investigations. Also, the passage oftime may result in a change in the soil conditions
at the locations due to environmental changes.

7.3 Water

7.3.1 Surface Water

The terrain at the project site gently slopes toward the north, and the surface
water/drainage sheet flows toward the north.
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7.3.1.1 Scour

The subject was considered and was detennined to be not applicable
for the roadway project.

7.3.1.2 Erosion

The existing slopes have established landscaping to help control
erosion. The subject was considered and was detennined to be not
applicable for the proj ect. It is recommended that construction ofthe
proposed project be undertaken during the dry season. Erosion
control measures should be implemented as appropriate. In
particular, winterization would be necessary during interim periods of
construction that extend through winter season.

7.3.2 Groundwater

Groundwater was encountered during drilling in all the six deep borings
drilled for the undercrossing foundations and in four borings drilled for
retaining walls and sOlmdwalls. The boring numbers, station and offset,
approximate grOlmd elevations and appro)\:imate groundwater elevations are
summarized in Table 2. In general, groundwater was encountered between
Elev. -11.4 and 18.4 feet during field exploration.
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TABLE 2' SUMMARY OF GROUNDWATER ELEVATIONS

Boring No. Station (ft) Offset (ft) Boring Approx. Ground Approx. Groundwater
(approx.) (approx.) Depth (ft) Elev.(ft) Elev. (ft)

AST-154 "E" Line 196+00 10 Lt. 100 68.6 5.6

AST-154A "E" Line 196+30 10 Lt. 130 68.6 -I i.4

AST-155 "E" Line 198+80 15 Rt. 100 68.2 I i.7

AST-155A "E" Line 198+50 15 Rt. 100 68.2 8.2*; 28.2**

CAV-168 "Ell Line 219+40 15 Rt. 90 58.7 5.2

CAV-169 "Ell Line 221+70 5 Rt. 100 58.5 4.5

RW-I92 "E" Line 198+70 320 Lt. 50.0 45.8 8.8

SW-205 "E" Line 223+10 110 Lt. 50.0 45.2 6.7

RW/SW-173 "E" Line 233+70 80 Rt. 50.0 52.8 14.8

RW/SW-211 liE" Line 242+90 85 Lt. 50.0 55.4 18.4

* During drilling ** Prior to grouting

It is anticipated that groundwater level will vary with the passage oftime due
to seasonal groundwater fluctuations, surface and subsurface flow, ground
surface run-off and other environmental factors.

7.4 Project Site Seismicity

7.4.1 Ground Motions

The project is located in a seismically active part of Northern California.
Many faults exist in the area, which are capable of producing earthquakes
which may cause strong ground shaking at the site.

Applicable major faults in the vicinity of the project site were identified and
their associated maximum earthquake magnitudes were established using the
2007 Caltrans Detenninistic PGA Map and the associated 2007 Fault
Database. The documents have been finalized by Caltrans and released for
use in design in September, 2009. Pertinent information is summarized in the
table below. The moment magnitudes noted in the table represent the largest
earthquakes that could occur on the given fault based on the current
tmderstanding of the regional tectonic structure. A fault map of the project
vicinity is shown on Plate 4.
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TABLE 3' SEISMIC SOURCES

Fault
Distance Maximum

Fault Fault No(1) from Site Moment
Type

(miles) Magnitude

Vaca Fault Zone 14 RLSS(2) 3.4 6.9

Great Valley Fault 5 24
Reverse

4.4 6.5
Fault

Greenville Fault Zone
351 RLSS 4.1 6.6

(Clayton Section)
Concord Fault Zone (Ygnacio

341 RLSS 7.0 6.6
Valley Section)

(I) Number of the Fault in the 2007 Fault Database associated with the 2007 Caltrans
Deterministic PGA Map

(2) RLSS - Right-lateral Strike Slip Fault

Based on the 2007 Caltrans Detenninistic PGA Map and the attenuation
relationship by Sadigh et a!. (1997), the controlling fault is the Vaca Fault
Zone (Fault No. 14 in the map), which is associated with a Maximum
Moment Magnitude (Mmax) of 6.9. Peak bedrock acceleration (PBA) of
0.5g is anticipated at the site.

7.4.2 Ground Rupture

Since no active faults pass through the site, the potential for fault rupture is
low.

8. GEOTECHNICAL ANALYSES AND DESIGN

8.1 Seismic Analysis

8.1.1 Parameter Selection

The value ofPBA for the project site was calculated from the distances to the
applicable faults in the project vicinity using the 2007 Caltrans Deterministic
PGA Map and the attenuation relation by Sadigh et a!. (1997). The computed
PBA value was increased by 20%, also per Sadigh (1997), to account for the
reverse fault effect, wherever applicable. The PBA computations based on
Sadigh attenuation relation are presented in Appendix C. Based on the
computations; the maximum PBA computed within the project limit is 0.5g.
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Based on the available boring information in the vicinity of the project site,
the subsurface soil conditions at the project site generally matches the criteria
for Soil Type D, as per Caltrans Seismic Design Criteria (Version 1.4, June
2006). Based on the above information, the seismic design criteria are as
follows:

I. Closest Distance to Fault:
2. PBA:
3. Design ARS Curve:

4. Design ARS Curve:

3.4 miles (5.5 km)
0.5g
Caltrans Seismic Design Criteria June 2006
Version 1.4 Figure B.8 (Soil Profile Type
D).
Curve based on Caltrans SDC (v. 1.4,
612006) for different structural periods. The
curve is based on (Governing Fault - Vaca
Fault Zone; Mmax =6.9) Figure B.8. The
curve was adjusted for near fault effect as
required by SDC.

A copy ofthe ARS Design Curve is included on Plate No.5.

8.1.2 Analysis

Majority of the proposed cuts and fills are supported by retaining walls. For
the minor slopes, the maximum slope heights, relatively flat slopes, the
competent subsurface soils and the low groundwater table suggest that the
slopes should be stable under seismic loads. Therefore, analyses to assess the
stability of the slopes in the project site were not deemed necessary and were
not performed.

8.1.3 Liquefaction Potential

Liquefaction is a phenomenon in which saturated soils are subject to a
temporary but essentially total loss of shear strength under the reversing,
cyclic shear stresses associated with earthquake shaldng. Submerged,
cohesionless sands and silts oflow relative density are the type ofsoils which
usually are susceptible to liquefaction - the susceptibility increases with
decreasing relative density (reflected by the number of blows to drive a
sampler), and decreasing fines content. Accepted procedures for the
assessment for liquefaction potential for cohesionless soils have evolved overm



T. Y. Lin Intemational
State Route 4 (East) Widening, Segment 3A
Project No.: 206ll7.GDR
May, 2011
Page 26

the years through research and field observations (Youd et ai, 2001). Recent
research and field observations have shown that clays oflow plasticity are
also potentially liquefiable, based on the moisture content and plasticity
characteristics of the clay. Procedures for the assessment of liquefaction
potential for clay soils have also been established and have received general
acceptance. (Bray et. aI., 2004). Based on the analyses, a potential for
liquefaction is indicated in a sample of very stiff sandy silt encOlmtered at a
depth of 65 feet in a deep boring (boring AST-154) drilled for the A Street
Undercrossing foundation. Grotmdwater in this boring was encountered at a
depth of 63 feet. Thus, based on standard practice, it was inferred that since
the water table is greater than 50 feet in depth, the potential for liquefaction at
this location and its consequent effects may be ignored (per FEMA 356). The
analyses also indicate a potentially liquefiable medium dense sand layer at a
depth of 43 feet in boring RW/SW-173, based on the blow cOlmts by the
drive sampler. Liquefaction potential is not indicated at any other location.

8.2 Cuts and Excavations

Based on the plans, the finish grades for State Route 4 will require significant cuts
and excavations for the project:

• Widening of the road on the north side of the westbound travel way from
Sta. 179+00 to Sta. 188+30: the maximum cut depths will be about 10 feet
and the final cut slope gradients will be 4(H): 1(V) or flatter.

• Widening ofthe road on the south side ofthe eastbound travel way from Sta.
179+00 to Sta. 185+60: the maximum cut depths will be about 12 feet and
the final cut slope gradients will be 2(H): 1(V) or flatter.

• Widening ofthe road on both the north side ofthe westbound travel way and
the south side ofthe eastbound travel way from Sta. 234+00 to Sta. 245+01:
the cut depths will be about 12 feet and will be contained by retaining walls.

• Construction ofthe entrance and exit ramps connecting the eastbound travel
way to A Street: the maximum cut depths will be approximately 22 feet at
Sta. 896+00 ("AST" Line).
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8.2.1 Stability

Cut slopes up to a maximum 22-ft in height and slope gradients of2(H): I (V)
are indicated on the entrance and exit ramps connecting the eastbound travel
way to A Street. The soils in the vicinity, based on the soil borings (RW/SW
189, AST-154) are predominantly very stiff to hard clays. A slope stability
analysis performed for the maximum slope height indicated a Factor ofSafety
of6.16 (i.e.> 1.5); therefore the stability ofthe cut slope is judged acceptable.
Slope stability calculations are presented in Appendix C.

Where not contained by retaining walls, the maximum heights of the cut
slopes are generally estimated to be less than 12 feet and the slope gradients
are 2(H): I (V) or less. The subsurface soil conditions generally consist of
very stiff to hard lean clays with occasional pockets/lenses ofmedium dense
to dense sands. Groundwater was not encountered within the depths of
interest. Based on the subsurface soil conditions, it appears that the stability
of the cut slopes should be acceptable.

8.2.2 Rippability

The proposed cuts are anticipated to be in native soils. Based on the
investigation, rippability does not appear to be a concern for constmction.

8.2.3 Grading Factor

Material generated from the cuts planned for the project will be used as fill as
applicable. Based on previous experience, for preliminary estimate, a grading
factor of 0.9 may be assumed. Import material for fill is not presently
anticipated.

8.3 Embankments

8.3.1 Evaluation of Embankment Settlements

The finish grades for the State Route 4 travel way are generally about I to 2
feet higher than the existing grades for the travel way. Embankment fill will
also be required in some locations for widening of State Route 4 and for the
constmction of new on and off ramps. The approximate maximlun fill
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thicknesses at the approach embankments and ramps and for the widening are
summarized in Table 4 below,

TABLE 4 SUMMARY OF PROPOSED CONSTRUCTION AND MAXIMUM FILL THICKNESS

Proposed Construction Approx, Max Fill Relevant Boring(s)
Thiclmess (ft)

Exit Ramp from westbound SR4 to A Street 15 E-191,RW-194,
RW/SW-196

Widening north of westbound SR4 from Sta, 20 RW-186, SW-188
188+30 to Sta, 196+20 (west of A Street)
Widening north of westbound SR4 from Sta. 23 E-191, RW-194,
198+80 to Sta, 219+55 (east of A Street, RW/SW-196
west of Cavallo Road)
Widening north of westbound SR4 from Sta, 19 SW-205, SW-206,
221+46 to Sta, 234+06(east of Cavallo Road) SW-207, SW-208
Widening south of eastbound SR4 from Sta, 8 SW-197, RW/SW-
206+80 to Sta, 219+55(east of Cavallo Road) 199, SW-201, SW-203

Subsurface Soil Conditions
The boring data indicates that the subsurface soil conditions underneath the
proposed fill embankments within the project limits generally consists ofvery
stiffto hard clays with pocketsllenses/layers ofmedium dense to dense sands,
Groundwater was encountered at least 35 feet below ground surface.

Evaluations

Based on the subsurface conditions and the relatively deep groundwater table
(at least 35 feet below ground surface), a potential total settlement ofless
than 1 inch is estimated for a maximlun height of embankment of23 feet. A
major portion ofthe settlement should occur from compression ofsoils above
the water table, The settlement is therefore expected to be relatively rapid.
Based on this, greater than halfofthe total settlement is expected to occur by
the end of construction period,

Waiting Periods

Based on our previous Caltrans project experience, the standard "30-day
waiting period" is considered adequate. The waiting period allows for the
settlement and adjustment of the fill and serves as a contingency for the
estimated consolidation settlement within the over-consolidated range.
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Differential Settlement

Differential settlements are not expected to be significant for the proposed
roadway improvements.

8.3.2 Evaluation of Embankment Stability

New embankment fill will be required at the locations as described in Section
8.3.1 above. The maximum height of embankment at locations where
retaining walls are not present will be on the order of20 feet. The gradient of
the slope is between2(H): I (V) to 4(H): I (V) or flatter. The underlying soils
are stiff to hard clays and medium dense to dense sands. Groundwater was
encountered at more than 35 feet below ground surface. A minimum factor
of safety of 1.5 for static and 1.1 for pseudo-static condition is required. It
was judged that under the above conditions, potential for slope instabilitywas
minimal.

A slope stability analysis was performed for an embanlauent height of20 feet
on the north side ofwestbound SR4 at Sta. 196+00. The soils at the location,
based on the soil borings (SW-188, AST-154) are predominantly very stiff
clays and dense sands. The slope stability analysis performed for the
maximlun slope height indicated a Factor of Safety of 2.62 (i.e.> 1.5);
therefore the stability of the cut slope is judged acceptable. Slope stability
calculations are presented in Appendix C.

8.4 Earth Retaining Systems

It is our understanding that due to right-of-way and other geometric constraints, the
project will require constmction of fourteen retaining walls. Information of
approximate wall locations, type ofwalls, design loading cases, and maximum wall
heights was provided by the designer and is summarized in Table 5. Relevant
recommendations for most of these walls were also included in the previously
submitted "Type Selection" report. Some changes have been made since that
submittal.
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TABLE 5' SUMMARY OF PROPOSED RETAINING WALLS

Wall Wall Type Location Wall Total Relevant Borings

No. (Along approx, Sta,) Height Length

(ft) (ft)

I lSWB "AST-3" Liae 886+48 to 888+99 8 251 SW-147, RW/SW-149

2 ISWB "AST-4" Line 986+78 to 992+84 6 - 12 606 RW/SW-148,RW-186

ISW "AST-3" Line 890+15 to 895+08 6 - 20 RW/SW-185, RW-187,
RW-189

3 7SW "AST-3" Line 895+08 to 896+59 16 - 22 704 RW-187, RW-189

lSWP "AST-3" Line 896+59 to 16 - 22 RW-189
(24-in, ClDH) "AST" Line 23+77

4 ISWB,5SWB, "AST-l" Line 500+33 to 6 - 22 1947 E-191, RW-194, RW/SW-
ISWBP "EeL" Line 49+78 196, SW-200, RW/SW-202,

(24-1n, ClDH) RW/SW-204

5 lSW,7SW "AST" Line 22+50 to "AST-2" 6 - 18 493 RW-190, SW-193
701+36

6 ISWB "AST-2" Line 701+36 to 709+34 8 - 16 797 SW-193, SW-195, SW-197

7 Not Used

8 Not Used

ISWB "ECR" Line 81+25 to 82+85 10 - 14 CAV-169, RW/SW-170,
"ECR" Line 84+35 to 86+02 RW/SW-171A

9 lSWBP "ECR"Line 82+855 to 84+35 14 669 RW?SW-170
(36-in, ClDH)

5SWB "ECR" Line 86+02 to 88+04 6-8 RW-SW-l71A

10 7SWB, 7SWBP "ECR" Line 92+60 to 8 - 18 1695 RW/SW-173, 174, 175, 176,
(24-in, ClDH) "HCT-6" Line 349+65 177

1 SWB "ECL" Line 54+98 to 55+14 6 -10 RW-206

11 5SWBP "ECL" Line 55+14 t056+41 14 865 RW-206
(36-in, ClDH)

5 "ECL" Line 56+41 to 63+59 6 - 12 RW-206, RW-207, RW-208

12 7 (incl, 7 on "ECL" Line 63+59 to 10 - 14 1120 RW-208, RW-209, RW-
piles 24w in. "E" Line 244+73 210, RW/SW-211,

ClDH piles and RW/SW-212
& 7(mod,) for

14-ft high walls)

13 lSW "ASTw I" Line 498+99 to 8 - 10 31 E-191
"AST-l" Line 500+33 6 - 10 107

7SW "AST-4" Line 996+54 to 8 29
7 (incl, 7 on "AST" Line 30+75 6-8 193 RW-192A

14 piles 24-in.
ClDH piles)

15 7 "s" Line 402+52 to 403+93 8 - 12 154 RW-I92B

16 7 "s" Line 401+62 to 403+85 4 - 12 183 RW-I92B
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Retaining Wall No.1 CAST-3 Line: Sta. 886+48 to Sta. 888+99)
Retaining Wall No.1 is a fill wall, approximately 251 feet long, located on the south
side ofthe eastbound off-ramp from Route 4 to Lone Tree WaylA Street. The wall,
as planned, will have a constant height of8 feet, with a concrete barrier (Type 736A)
and a soundwall (Soundwall # 5) on top of the wall for the entire alignment. The
wall will be on a2: 1 slope on the downhill side. A minimum horizontal distanceof8
feet is recommended between the bottom ofthe footing at the toe ofthe wall and the
face of the slope. Based on the relevant borings, soil conditions in this section
indicate the surficial soils to be very stiff clays underlain by a layer ofmedium dense
sandy soil. Type 1SWB wall on spread footing is reasonable, since the required
ultimate bearing capacity (5.5 ksf) per Caltrans Bridge Standard Detail Sheets for an
8-ft high wall with a soundwall on top is less than the recommended ultimate bearing
pressure of 12.5 ksf.

Retaining Wall No.2 CASTA Line: Sta. 986+78 to Sta. 992+84)
Retaining Wall No.2 is a fill wall, approximately 606 feet long, located on the north
side of the westbound on-ramp from A Street to Route 4. The wall heights, as
plaill1ed, range from 6 to 12 feet along the alignment, with a concrete barrier (Type
736A) and a sOlmdwali (Soundwall # 3) on top ofthe wall for the entire alignment.
Based on the relevant borings, the soil conditions in this section indicate the surficial
soils to be very stiff clays underlain by hard clays within a depth of 10 feet below
ground surface. Type 1SWB wall on spread footing is reasonable, since the required
ultimate bearing capacity (6.6 ksf) per Caltrans Bridge Standard Detail Sheets for a
l2-ft high wall with a soundwall on top is less than the recommended ultimate
bearing pressure of 12.5 ksf.

Retaining Wall No.3 CAST-3 Line: Sta. 890+15 to AST Line: Sta. 23+77)
Retaining Wall No.3 is a cut wall, approximately 704 feet long, located on the south
side of the eastbound off-ramp from Lone Tree Way/A Street to Route 4. The wall
heights range from 6 to 22 feet along the alignment, with a soundwall (Soundwall #
5A) on top ofthe retaining wall. Based on the relevant soil borings, soil conditions
in this section indicate the soils to be predominantly silty sands or hard clays at the
foundation levels.
Three wall types will be used along the wall aligmnent:

(a) Between Sta. 890+15 and 895+08, wall heights range from 6 to 20 feet.
A Type 1SW wall on spread footing is reasonable, since the required
ultimate bearing capacity (10.6 ksf) per Caltrans Bridge Standard Detail
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Sheets for a 20-ft high wall with a soundwall on top is less than the
recommended ultimate bearing pressure of 12.5 ksf.

(b) Wall heights range from 16 to 22 feet between Sta. 895+08 and 896+59.
A Type 7SW is recommended. The change in the wall type is
necessitated by the plans for installation of a new PG&E transmission
pole and relocation of an existing PG&E transmission tower behind the
wall at close proximity to the wall alignment. A Type 7SW wall, iostead
ofa Type 1SW wall will involve less excavation behind the wall, thereby
minimizing disturbance to the foundations for the two PG&E structures.
A Type 7SW wall on spread footing is reasonable, since the required

ultimate bearing capacity (6.0 ks£) per Caltrans Bridge Standard Detail
Sheets for a 22-ft high wall with a soundwall on top is less than the
recommended ultimate bearing pressure of 12.5 ksf. Excavation for the
retaioing wall io the vicinity of the PG&E towers should be carefully
planned to avoid adversely affecting the foundations for the struchlres.
This may involve designing appropriate shoring for the excavation
incorporating loads from the PG&E structures.

(c) Three gas lines (24-in., 34-in. and 8-in.) cross the retaining wall
alignment approximately near the eastern end. To avoid loadiog on the
gas lines, it is proposed that a portion of the retaioing wall over the gas
lines (from Sta. 23+16 to Sta. 23+77 - "AST" Line) be a Type ISWP
wall, founded on 24-in diameter CIDH piles, instead of the spread
footings to span over the line. The required pile penetrations were
computed based on the desigo load and other pertinent information
provided by the designer. The SHAFT computer program was used in
the computations; the results are presented in Appendix C. A Pile Data
Table is presented below.

PILE DATATABLE - Retaining Wall No.3
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Design Nominal Finish Cut-off Design Specified

Location
Pile Load Resistance Grade Elev. Tip Elev. Tip Elev.

Type (tons) (Id ,,) (ft) (ft) (fti l ) (ft)
Comn. Tens.

Sta. 23+16 to 24~in. 70 280 80 47.5 44.00 25.5 (a) 25.5
Sta.23+77 CIDH 31.0 (b)
"AST'Line) 26.0 (c)

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b)

Tension; (c) Latera1.

Computations were also perfonned for lateral load analyses for the loads
provided by the designer, using the LPILE program. A free head
condition and a group factor of 0.6 (reflective of a 3D center-to-center
spacing) were used in the analyses. Plots of deflection and moment are
presented in Appendix C. Results of the analyses are summarized in the
table below.

Ground Cut-off Shear Deflection on Maximum Bending Moment
Surface Elevation Load on Top of Pile

Elevation (ft) top of Pile (inches) Magnitude At depth

(ft) (kins) (ldp-ft) (fti l )

42 0.122 114.65 5.0
47.5 44.00 52 0.162 140.76 5.0

62 0.206 167.08 5.5
(1) Depth measured from too of pile (bottom of footing)

Caltrans standard specifications and standard special provisions (SSP) for
"Cast-in-Place Concrete Piling" should be used for the construction of
CIDH piles. Hard drilling through dense sand and hard clay is anticipated.

Retaining Wall No.4 ("AST-I" Line: Sta. 500+33 to "ECL" Line: Sta. 49+78)
Retaining Wall No.4 is a fill wall, approximately 1947 feet long, located on the north
side of the westbound off-ramp from State Route 4 to Lone Tree Way/A Street and
continuing on to north side ofwestbound State Route 4. The wall heights range from
6 to 22 with a concrete barrier (Type 736A) and a soundwall (Soundwall # 7) on top
ofthe wall for the entire alignment. The relevant soil borings all indicate the soils to
be hard clays at the surface or within a maximum of 8 feet depth. Type 1SWB wall
on spread footing is reasonable for most of the alignment since the required ultimate
bearing capacity (11.3 kst) per Caltrans Bridge Standard Detail Sheets for a 22-ft
high wall with a soundwall on top is less than the recommended ultimate bearing
pressure of 15 ksf.
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A Type 5SWB wall is proposed in a 15.6-ft length of the wall, where the alignment
crosses over the Roosevelt Lane PUC.

It should also be noted that a 30-in. sewer line crosses the retaining wall alignment
approximately near Sta. 44+18 ("ECL" Line). To avoid loading on this sewer line, it
is proposed that a portion of the retaining wall over the sewer line (from Sta.43+96
to Sta. 44+33 - "ECL" Line) be fotmded on 24-in diameter CIDH piles, instead ofthe
spread footings to span over the line. The required pile penetrations were computed
based on the design load and other pertinent information provided by the designer.
The SHAFT computer program was used in the computations; the results are
presented in Appendix C. A Pile Data Table is presented below.

PILE DATA TABLE - Retaininl! Wall No.4
Design

Nominal
Finish Cut-off Design Specified

Location Pile Type
Load

Resistance (lops)
Grade Elev. (ft) Tip Elev. Tip Elev.

(tons) (ft) (ftll) .(ft)

Como. Tension
Sla. 43+96 to 24N in. 80 320 60 48.5 43.75 20.0 (a) 20.0
Sta.44+33 elDl-I 32.0 (b)

("ECLH Line) 21.0 (e)
Notes:

1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Tension, (c)
Lateral

Computations were also performed for lateral load analyses for the loads provided by
the designer, using the LPILE program. A free head condition and a group factor of
0.6 (reflective of a 3D center-to-center spacing) were used in the analyses. Plots of
deflection and moment are presented in Appendix C. Results of the analyses are
summarized in the table below.

Ground Cut-off Shear Load Deflection on Maximum Bending Moment
Surface Elevation on top of Top of Pile Magnitude (kip- At depth

Elevation (ft) (ft) Pile (lops) (inches) ft) (ft)ll)

66.4 0.487 246.12 7.0
48.5 43.75 76.4 0.625 306.10 7.5

86.4 0.772 368.20 7.5
(1) Depth measured from top ofpile (bottom affooting)

Caltrans standard specifications and standard special provisions (SSP) for "Cast-in
Place Concrete Piling" should be used for the construction of CIDH piles. Hard
drilling through dense sand and hard clay is anticipated.
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Retaining Wall No.5 ("AST Line": Sta. 22+50 to "AST2 Line":Sta. 701+36)
Retaining Wall No.5 is a cut wall, approximately 493 feet long, located on the east
side of Lone Tree way and continuing into the south side of the eastbound on-ramp
from Lone Tree WaylA Street to Route 4. The wall heights range from 6 to 18 feet
along the alignment with a soundwall (Soundwall # 6) on top of the wall for the
entire aligmnent. Based on the relevant soil borings, at the foundation levels the soil
conditions in this section indicate hard sandy silts and hard clays at the western end
and stiff to very stiff clays at the eastern end. Type 1SW wall on spread footing is
reasonable, since the required ultimate bearing capacity (9.0 ksf) per Caltrans Bridge
Standard Detail Sheets for an 18-ft high wall with a soundwall on top is less than the
recommended ultimate bearing pressure of 10 ksf. A small portion ofthe wall at the
eastern end (Sta. 700+79 to 701+36) is planned as a wall type 7SW, to minimize the
disturbances ofthe existing PG&E transmission tower foundation due to excavation
for the retaining wall. A Type 7SW wall on spread footing is reasonable, since the
required ultimate bearing capacity for an 18-ft high wall is 5.5 ksf and therefore less
than the recommended ultimate bearing pressure of 10 ksf. Excavation for the
retaining wall in the vicinity ofthe PG&E tower should be carefullyplanned to avoid
adversely affecting the tower foundation. This may involve designing appropriate
shoring for the excavation incorporating loads from the PG&E tower.

Retaining Wall No.6 (AST-2 Line: Sta. 701+36 to Sta. 709+34).
Retaining Wall No.6 is a fill wall, approximately 797 feet long, located on the
located on the south side of the eastbound on-ramp from Route 4 from Lone Tree
Way/A Street, immediately east ofWall No.5. The wall heights range from 8 to 16
feet along the aligmnent, with a concrete barrier (Type 736A) and a soundwall
(Soundwall # 6A) on top of the wall for the entire aligmnent. Based on the relevant
soil borings, the soil conditions for the major portion of the alignment indicate the
soils to be hard clays within a depth of 4 to 5 feet below ground surface. A Type
1SWB wall on spread footing is reasonable, since the required ultimate bearing
capacity (9.0 ksf) per Caltrans Bridge Standard Detail Sheets for a 16-ft high wall
with a soundwall on top is less than the recommended ultimate bearing pressure of15
ksf.

Retaining Wall No.9 (ECR Line: Sta. 81+25 to Sta. 88+04)
Retaining Wall No.9 is a fill wall, approximately 669 feet long, located on the south
side of the eastbound State Route 4 travel way starting east of the Cavallo Road
Undercrossing. The retaining wall heights range from 6 to 14 feet, with a concrete
barrier (Type 736A) and a soundwall (Soundwall # 6A) on top of the wall for the
entire alignment. The wall will be on a 2: 1 slope or flatter on the downhill side. A~
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minimum horizontal distance of 3 feet is recommended between the bottom of the
footing at the toe of the wall and the face of the slope. Based on the relevant soil
borings, soil conditions in this section indicate the surficial soils to be hard clays.

Three wall types will be used along the wall alignment:

(a) A Type 1SWB is proposed between Sta. 81 +25 and 82+85; and between
Sta. 84+35 and 86+02 (wall heights in these sections range from 10 to 14
feet). A Type 1SWB wall on spread footing is reasonable, since the
required ultimate bearing capacity (7.6 ksf) per Caltrans Bridge Standard
Detail Sheets for a 14-ft high wall with a soundwall on top is less than
the recommended ultimate bearing pressure of 15 ksf.

(b) Two gas lines and a water line cross the retaining wall alignment
between Sta. 82+85 and 84+35. To avoid loading on these lines, it is
proposed that the retaining wall between these stations be founded on
36-in diameter CIDH piles, instead of the spread footings to span over
these lines. The required pile penetrations were computed based on the
design load and other pertinent information provided by the designer.
The SHAFT computer program was used in the computations; the results
are presented in Appendix C. A Pile Data Table is presented below.

PILEDATATABLE Rt" WIiN 9.- e 31111nl! a o.
Design Nominal Finish Cut-off Design Specified

Location
Pile Load Resistance (ldos) Grade Elev. Tip Elev. Tip Elev.
Type (tons) Compo Tens. (ft) (ft) (ft)") (ft)

Stu. 82+85 to 36-in. 150 600 okips 47.0 43.25 18.0 (a) 18.0
Sta. 84+35 CIDH 19.0 (e)

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression;

(e) Lateral

Computations were also performed for lateral load analyses for the loads
provided by the designer, using the LPlLE program. A free head
condition and a group factor of 0.6 (reflective of a 3D center-to-center
spacing) were used in the analyses. Plots of deflection and moment are
presented in Appendix C. Results ofthe analyses are summarized in the
table below.
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Ground Cut-off Shear Deflection on Maximum Bending
Surface Elevation Load on Top of Pile Moment

Elevation (ft) top of Pile (inches) Magnitude At depth
(ft) (kips) (kip-ft) (ftPI

76.9 0.064 217.4 6.0
47.0 43.25 86.9 0.084 260.2 6.0

96.9 0.108 303.7 6.5
(1) Deuth measured from tau ofuile (bottom offooting)

Caltrans standard specifications and standard special provisions (SSP) for
"Cast-in-Place Concrete Piling" should be used for the construction of
CIDH piles. Hard drilling through hard clay is anticipated.

(c) Between Sta. 86+02 and Sta. 87+04, the wall alignment is very close to
the right-of-way (ROW) line. Wall heights range from 6 to 8 feet. A
Type 5SWB wall is proposed to avoid interference with the ROW line.
A Type 5SWB wall on spread footing is reasonable, since the required
ultimate bearing capacity (7.8 ks£) per Caltrans Bridge Standard Detail
Sheets for an 8-ft high wall with a soundwall on top is less than the
recommended ultimate bearing pressure of 15 ksf.

Retaining Wall No. 10 (ECR Line: Sta. 92+44 to HCT-6" Line 349+65)
Retaining Wall No. lOis a cut wall, approximately 1695 feet long, located on the
south side ofthe eastbound Route 4 travel way, east ofWall No.9, continuing on to
the south side of the eastbound off-ramp to Hillcrest Avenue. East Tregellas Road
runs adjacent to the wall on the south side. The wall heights range from 8 to 18 feet
along the alignment with a concrete barrier (Type 26) and a soundwall (Soundwall #
6B) on top of the wall for the entire alignment. Based on the relevant soil borings,
the soil conditions in this section indicate the soils to be hard clays at the foundation
levels. There are some limitations to the use of a Type 1SWB wall, due to the
proximity of the right-of-way (ROW) line. A Type 7SWB wall on spread footing is
therefore considered reasonable, since the required ultimate bearing capacity (5.25
ks£) per Caltrans Bridge Standard Detail Sheets for an l8-ft high wall with a
soundwall on top is less than the recommended ultimate bearing pressure of 15 ksf.

A 5-ft thick potentially liquefiable medium dense sand layer was encountered in
boring RW/SW-173 near the western end ofthe wall at a depth ofover 40 feet below
ground surface (over 30 feet below bottom offooting). Post liquefaction settlements
are expected to be less than 1 inch. The potentially liquefiable layer is too deep to
have any adverse effect on the retaining wall.
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A 34-in. sewer line crosses the retaining wall aligmnent approximately 515 feet from
the eastern end. To avoid loading on this sewer line, it is proposed that a portion of
the retaining wall over the sewer line (between Sta. 238+40 and 238+78 ("E" Line»
be founded on 24-in diameter CIDH piles, instead of the spread footings to span over
the line. The required pile penetrations were computed based on the design load and
other pertinent information provided bythe designer. The SHAFT computer program
was used in the computations; the results are presented in Appendix C. A Pile Data
Table is presented below.

PILE DATA TABLE R t .• W II N 10, - eamm a o.
Design Nominal Finish Cut-off Design Specified

Location Pile Type Load Resistance (ldns) Grade Elev. (ft) TipElev. Tip Elev.
(tons) Comp, Tension (ft) (ftjOl (ft)

Sta. 238+40 to
24-in.

16.0 (a)
Sta.238+78

CIDH
70 280 80 45.5 41.25 245 (b) 16.0

("E" Line) 16.0 (c)

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Tension;

(c) Lateral.

Computations were also performed for lateral load analyses for the loads provided by
the designer, using the LPILE program. A free head condition and a group factor of
0.6 (reflective of a 3D center-to-center spacing) were used in the analyses. Plots of
deflection and moment are presented in Appendix C. Results of the analyses are
summarized in the table below.

Ground Cut-off Shear Load Deflection on Maximum Bending Moment
Surface Elevation on top of Pile Top of Pile

Elevation (ft) (ft) (kips) (inches) Magnitude (kip-ft) At dcpth(ft)(1)

65.1 0.493 219.4 7.0
45.5 41.25 75.1 0.695 277.0 75

85.1 0.922 334.3 8.0
(1) Depth measured from top of pile (bottom of footing)

Caltrans standard specifications and standard special provisions (SSP) for "Cast-in
Place Concrete Piling" should be used for the construction of CIDH piles. Hard
drilling through hard clay is anticipated.

Retaining Wall No. II (ECL Line: Sta. 54+98 to Sta. 63+59)
Retaining Wall No. 11 is a fill wall, approximately 865 feet long, located on the north
side of the westbound Route 4 travel way. The wall heights range from 6 to 14 feet.

A 24-in gas line in a 3D-in casing and a 34-in gas line in 42-in casing cross the~



T. Y. Lin International
State Route 4 (East) Widening, Segment 3A
ProjeetNo.: 206117.GDR
May, 2011
Page 39

retaining wall alignment between approximately Sta. 55+50 and Sta. 56+30. After
crossing the wall alignment, the 34-in. gas line mns parallel to the wall alignment on
the north side, going eastward. Based on the relevant soil borings, the soil conditions
in this section indicate the surficial soils to be hard clays at the foundation levels for
the entire length of the alignment. Three wall types will be used along the wall
alignment:

(a) Between Sta. 54+98 and 55+14, a concrete barrier (Type 736A) and a
sotmdwall (Soundwa1l # 7) is proposed on top of the wall. A Type
1SWB wall on spread footing is reasonable, since the required ultimate
bearing capacity (6.5 ksf) per Caltrans Bridge Standard Detail Sheets for
a 10-ft high wall with a soundwall on top is less than the recommended
ultimate bearing pressure of 15 ksf.

(b) Between Sta. 55+14 and Sta. 56+41, as in the previous section, a
concrete barrier (Type 736A) and a soundwall (Soundwall # 7) are
proposed on top of the wall. However, the two gas lines cross the
alignment in this section. To avoid loading on these gas lines, it is
proposed that a portion of the retaining wall on over these lines be
founded on 36-in diameter CIDH piles, instead ofthe spread footings to
span over the line.

The required pile penetrations were computed based on the design load
and other pertinent information provided by the designer. The SHAFT
computer program was used in the computations; the results are
presented in Appendix C. A Pile Data Table is presented below.

W lIN 11PILE DATA TABLE R- etaulln2 a o.

Design Nominal Finish Design Specified
Location

Pile
Load Resistance (kips) Grade

Cut-off
Tip Elev. Tip Elev.

Type
(tons) Compo Tension (ft)

Elev. (ft) (ft)ll) (ft)

Sta. 55+14
36-in.

18.0 (a)
toSta.

CIDH
210 840 0 47.0 43.25 20.5 (e) 18.0

56+41

Notes:
Design Tip Elevation is controlled by the following demands: (a) Compression;
(e) Lateral

Computations were also perfonned for lateral load analyses for the loads
provided by the designer, using the LPILE program. A free head

~
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condition and a group factor of 0.6 (reflective of a 3D center-to-center
spacing) were used in the analyses. Plots of deflection and moment are
presented in Appendix C. Results of the analyses are summarized in the
table below.

GrOlmd
Cut-off Shear Load

Deflection Maximum Bending Moment
Surface

Elevation on top of
on Top of

Elevation Pile Magnitude At depth

(ft)
(ft) Pile (kips)

(inches) (kip-ft) (fti l )

73.1 0.063 215.5 6.0
47.0 43.25 83.1 0.085 260.0 6.0

93.1 0.108 305.3 6.6
(1) Depth measured from top of pile (bottom offooting)

Caltrans standard specifications and standard special provisions (SSP)
for "Cast-in-Place Concrete Piling" should be used for the construction
of CIDH piles. Hard drilling through very hard clay is anticipated.

(c) Between Sta. 56+41 and Sta. 63+59, a concrete barrier (Type 736A) on
top of the wall (e.g. there is no sound wall) is proposed. The maximum
wall height in this section is 12 feet. A Type 5 wall is proposed, since,
the 34-in. gas line near the toe ofthe wall, will interfere with the spread
footing if a Type 1 wall is used. The Type 5 wall on a spread footing is
reasonable, since the required toe pressure for Loading Case I (3.6 kst)
per Caltrans Standard Plans for a l2-ft high wall is less than the
recommended allowable bearing pressure of 5 ksf (ultimate bearing
pressure of 15 kst).

Retaining Wall No. 12 (ECL Line: Sta. 63+59 to ELine Sta. 244+73)
Retaining Wall No. 12 is a cut wall, approximately 1120 feet long, located on the
north side of the westbound Route 4 travel way, immediately east of Wall No. 11.
The wall heights range from 10 to 14 feet along the alignment. Soil conditions in this
section indicate the soils to be predominantly very stiff clays to hard clays at the
foundation levels. An allowable toe pressure of4.2 ksf(ultimate bearing pressure of
12.5 kst) is recommended. There are some limitations to the use of a Type 1 wall,
due to the continuation of the 34-in. gas line on the north side of Wall No. 12;
therefore a Type 7 wall was selected. Type 7 walls are limited to a height of12 feet in
the Caltrans Bridge Standard Detail Sheets. A Type 7 wall on spread footing is
therefore reasonable, since up to a l2-foot height, the required allowable bearing
pressure (2 kst) per Caltrans Bridge Standard Detail Sheets is less than the
recommended allowable bearing pressure of4.2 ksf. Special design was required form



T. Y. Lin International
State Route 4 (East) Widening, Segment 3A
Project No,: 206117.GDR
May, 2011
Page 41

14-foot high walls (e.g. Type 7 (Modified». Per computations provided by the
Designer, the toe pressure for a 14-ft high wall, as designed, was 1.44 ksf. A wall on
spread footing is therefore also reasonable for a 14-ft high wall, since the toe pressure
is less than the allowable bearing pressure of 4.2 ksf.

It should be noted that a 34-in. sewer line crosses the retaining wall alignment
approximately near Sta. 237+98 ("E" Line). To avoid loading on this sewer line, it is
proposed that a portion of the retaining wall over the sewer line (from Sta.237+86 to
Sta. 238+13 - "E" Line) be founded on 24-in diameter ClDH piles. The required pile
penetrations were computed based on the design load and other pertinent information
provided by the designer. The SHAFT computer program was used in the
computations; the results are presented in Appendix C. A Pile Data Table is
presented below.

W lIN 12PILE DATA TABLE R- etamm a o.
Design Nominal Finish

Cut-off
Design Specified

Location Pile Type Load Resistance (kips) Grade
Elev, (ft)

Tip Elev, Tip Elev.
(tons) Compo Tension (ft) (ftP) (ft)

Stu. 237+86 to 24-in.
20,0 (a)

Sta.238+13 CIDH
45 180 60 45.0 42.00 26.0 (b) 18,0

18.0 (c)

Notes:
I. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Tension;

(c) Lateral

Computations were also performed for lateral load analyses for the loads provided by
the designer, using the LP1LE program. A free head condition and a group factor of
0.7 (reflective ofa 3.5D center-to-center spacing) were used in the analyses. Plots of
deflection and moment are presented in Appendix C. Results of the analyses are
summarized in the table below.

Ground Cut-off Shear Load Deflection on Maximum Bending Moment
Surface Elevation on top of Pile Top ofPile

Magnitude (kip-ft)
At depth

Elevation (ft) (ft) (kips) (inches) (ft)(l)

44,7 0.250 146.21 6,0
45.0 42.00 54.7 0.387 197.08 7,0

64.7 0.549 250.65 7.5
(1) Dcpth measured from top of pile (bottom offooting)

Caltrans standard specifications and standard special provisions (SSP) for "Cast-in
Place Concrete Piling" should be used for the construction of ClDH piles.
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Retaining Wall No. 13 CAST-I Line: Sta. 498+99 Sta. 500+33)
Retaining Wall No. 13 is a cut wall, approximately 138 feet long, located on the
north side ofwestbound off-ramp. The wall heights range from 6 to 10 feet along the
alignment. Based on the relevant soil boring (Boring E-191), soil conditions in this
section indicate the soils to be predominantly hard clays at the proposed fOlmdation
levels. Two types of wall will be used along the alignment:

(a) For the initial 31 feet ofthe wall from the western end, the wall heights range
from 8 to 10 feet along the alignment. There is no soundwall on top of the
retaining wall. Nevertheless, the wall was designed as a Type ISW wall,
similar to the longer segment of the wall to the east. A Type 1SW wall on
spread footing is reasonable, since the required ultimate bearing capacity (6.5
ksf) per Caltrans Bridge Standard Detail Sheets for a 10-ft high wall is less
than the recommended ultimate bearing pressure of 15 ksf.

(b) For the rest of the wall the wall heights range from 6 to 10 feet along the
alignment. A soundwall (Soundwall # 7) is proposed on top of the wall in
this segment. A Type 1SW wall on spread footing is reasonable, since the
required ultimate bearing capacity (6.5 ksf) per Caltrans Standard Plans for a
10-ft high wall with a soundwall on top is less than the recommended
ultimate bearing pressure of 15 ksf.

Retaining Wall No. 14 CAST- 4 Line: Sta. 996+54 to AST Line Sta. 30+75)
Retaining Wall No. 14 is a cnt wall, approximately 222 feet long, located on the west
side of A Street between SR4 westbound on-ramp and Texas Street. The wall
heights range from 6 to 8 feet along the alignment. Based on the relevant soil boring
(Boring RW-192A), soil conditions in this section indicate the soils to be
predominantly very stiffclays at the foundation levels. There are some limitations to
the use of a Type 1 wall, due to the proximity of the right-of-way (ROW) line. Two
types of wall will be used along the alignment:

(a) A soundwall (Soundwall No.4) is proposed on top ofthe wall for the initial
29 feet at the western end ofthe wall. A Type 7SW wall is proposed. A Type
7SW wall on spread footing is reasonable, since the required ultimate bearing
capacity (3.75 ksf) per Caltrans Bridge Standard Detail Sheets for an 8-ft high
wall with a soundwall on top is less than the recommended ultimate bearing
pressure of 12.5 ksf.
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(b) A Type 7 wall is proposed for the rest of the wall. A Type 7 wall on spread
footing is reasonable, since up to a l2-foot high wall, the required allowable
bearing pressure (2 ksf) per Caltrans Bridge Standard Detail Sheets is less
than the recommended allowable bearing pressure of4.2 ksf(ultimate bearing
pressure of 12.5 ksf).

It should be noted that a 6-in. sewer line, a 10-in. water line and an l8-in.
water line cross the retaining wall aligmnent between Sta. 28+24 and Sta.
30+74 ("AST" Line). To avoid loading on these lines, it is proposed that a
portion of the retaining wall over the utility lines (from Sta. 28+24 to Sta.
30+74 - "AST" Line) be founded on 24-in diameter CIDH piles. The
required pile depths were computed based on the design load and other
pertinent information provided by the designer. The SHAFT computer
program was used in the computations; the results are presented in Appendix
C. A Pile Data Table is presented below.

PILE DATA TABLE - Retaininl:! Wan No. 14
Design Nominal Finish

Cut-off
Design Specified

Location Pile Type Load Resistance (kips) Grade
Elev. (ft) Tip Elev. Tip Elev.

(tons) Compo Tension (ft) (ft)") (ft)
Sta. 28+24 to

24-io.
23.0 (a)

Sta.30+74
CIDH

45 180 60 45.0 38.00 27.0 (b) 19.0
("AST' Line) 19.0 (e)

Notes:
1. Design Tip Elevation is controlled by the following demands: (a) Compression; (b) Tension;

(e) Lateral

Computations were also performed for lateral load analyses for the loads
provided by the designer, using the LPILE program. A free head condition
and a group factor of0.7 (reflective ofa 3.5D center-to-center spacing) were
used in the analyses. Plots of deflection and moment are presented in
Appendix C. Results ofthe analyses are summarized in the table below.

Ground Cut-alI Shear Load Deflection on Maximum Bending Moment
Surface Elevation on top of Top of Pile Magnihlde (kip- At depth

Elevation (ft) (ft) Pile (kips) (inches) ft) (ftpJ
45.0 0.107 106.70 4.5

45.0 38.00 55.0 0.166 142.65 5.0
65.0 0.239 189.89 5.5

(1) Depth measured from top of pile (bottom affooting)
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Caltrans standard specifications and standard special provisions (SSP) for
"Cast-in-Place Concrete Piling" should be used for the construction ofCIDH
piles.

Retaining Wall No, 15 (S Line: Sta, 402+52 to Sta. 403+93)
Retaining Wall No, 15 is a cut wall, approximately 154 feet long, located on the east
side Sunset Drive, north ofBryan Avenue, The wall heights range from 8 to 12 feet
along the alignment. Based on the relevant soil boring (Boring RW-l92B), soil
conditions in this section indicate the soils to be predominantly very stiff to hard
sandy silt the foundation levels, There are some limitations to the use of a Type 1
wall, due to the proximity ofthe right-of-way (ROW) line, A Type 7 wall on spread
footing is therefore reasonable, since up to a 12-foot high wall, the required
allowable bearing pressure (2 kst) per Caltrans Bridge Standard Detail Sheets is less
than the recommended allowable bearing pressure of 4.2 ksf (ultimate bearing
pressure of 12.5 kst).

Retaining Wall No. 16 (S Line: Sta. 401+62 to Sta. 403+85)
Retaining Wall No, 16 is a cut wall, approximately 183 feet long, located on the west
side of Sunset Drive, north of Bryan Avenue. The wall heights range from 4 to 12
feet along the alignment. Based on the relevant boring, soil conditions in this section
indicate the soils to be predominantly very stiff to hard sandy silt at the foundation
levels. There are some limitations to the use of a Type 1 wall, due to the proximity
of the right-of-way (ROW) line, A Type 7 wall on spread footing is therefore
reasonable, since up to a 12-foot high wall, the required allowable bearing pressure
(2 kst) per Caltrans Bridge Standard Detail Sheets is less than the recommended
allowable bearing pressure of 4.2 ksf (ultimate bearing pressure of 12.5 kst),

8.5 Culverts

The drainage plans provided by the designer indicates several new Alternative Pipe
Culverts (APC) with diameters ranging from 18 to 24 inches. It is our understanding
that small diameter culverts (24 inches and lmder) can be designed and constructed
using Standard Plans and Specifications, and no specific geotechnical investigation is
required per Caltrans guidelines.

8.5.1 Corrosion Investigation

The corrosion investigation for this project was performed in general
accordance with the provisions of California Test Method 643.~
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Representative native soil samples at the anticipated pipe subgrade were
obtained for corrosion tests. A summary of the corrosion test results is
presented in Table 6. Based on the results obtained, corrosion analyses were
carried out using Caltrans CULVERT 4 program. The analysis results and
design for culverts are presented in Table 7.

TABLE 6' SUMMARY OF CORROSION TEST RESULTS

Station
OtIset From Corrosion Tests

Boring
"E" Line (ft)

No. (approx.) Sample Depth
pH

Resistivity Chloride Sulfate
(approx.) No. 1ft) lohm-em) (oom) loom)

RW/SW-139 172+30 125 Rt. 2 6.0 7.71 1470 42.1 27.7

SW-140 174+50 145 Lt. 5 19.5 8.87 430 248.9 244.5

RW/SW-143 178+60 100Rt. 4 16 7.67 1.23 27.8 24.9

SW-148 187+60 160 Lt. 4 14 7.48 0.88 205.2 90.6
RW/SW-149 188+60 110 Rt. 7 28.5 7.95 1.47 18.4 12.7

RW-186 192+20 155 Lt. 2 4.5 7.86 0.80 78.8 221

RW-187 192+30 105 Rt. 2 4.5 7.38 0.56 80.9 276.2

AST-154 196+00 10 Rt. 2 8 7.50 0.86 10.9 89.1

RW-189 196+40 210 Rt. 3 8.5 7.66 0.62 157.5 218.1

RW-193 201+10 175 Rt. 3 8.5 7.40 0.83 53.1 214.1

RW-194 203+00 115 Rt. 5 18.5 7.79 1.45 35.4 22.8

RW-197 207+00 130 Rt. 2 4.5 7.12 0.24 607.7 240.2
SW-200 212+70 100 Lt 4 13.5 7.39 2.12 28.2 51.9

RW-201 214+00 120 Rt. 2 4.5 7.55 0.54 81.2 522.6

RW-204 218+50 110 Lt. 3 8.5 7.84 0.59 195.8 216.4

CAV-168 219+40 15 Rt. 2 8.5 7.61 1.45 6.2 43.6

RW-205 223+10 110 Lt. 1 1.5 6.99 0.75 238.9 136.2

SW-170 223+50 110 Rt. 1 2.0 6.93 3.75 9.7 18.0

SW-206 225+40 110Lt. 2 4.5 7.37 0.32 462.1 298.0
SW-207 230+20 11O.3Lt. 3 8.5 7.70 1.13 10.9 44.4

RW/SW-I72 230+50 80Rt. 3 9.5 7.73 2.06 12.1 30.1
RW/SW-173 233+70 80Rt. 5 18.5 7.94 2.06 16.2 5.1

RW/SW-209 236+40 110 Lt. 3 8.5 7.66 0.56 160.2 200.8

RW/SW-175 241+30 115 Rt. 1 2.0 7.81 2.57 9.4 12.2

RW-21 I 242+90 120 Ll. 2 4.5 7.83 0.99 20.8 113.8

RW-212 245+60 130 Lt. 3 8.5 7.8 9.6 35.7 90.4
SW-I77 247+30 165 Rt. 4 15.0 7.96 1.66 9.7 14.4

RW-214 251+50 155 Lt. 3 8.5 7.60 0.91 33.3 136.4
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TABLE 7: RECOMMENDED MINIMUM THICKNESS AND PROTECTIVE MEASURES FOR CULVERTS

Alternative Desiml (also see note below)

Corrugated Steel (Gal.) Reinforced
Corrugated Corrugated

Steel Pipe
Aluminum Aluminized Steel

(gage) Concrete
(~a~e) (Tvue 2. ~a~e)

(Gal., nun)

Est. Service Life
25 50 50 50 50 50(vr.)

Resistivity Gal.
Bit. Coat

Galv.+polymer
Boring No. Station Offset Depth(ft) pH (Soil

(ohm-em) (2ozJsq. ft.)
Sides) (90' Invert)

SW-l34 167+00 85 Rt 4.5 1050 7.6 18 12 18 See note (2) No No 18

RW/SW-136 169+50 165 Lt 9.5 800 7.6 16 12 16 See note (2**) No No 18

GST-138 170+25 125 Lt 4.0 430 7.6 14 8 14 See note (2**) No No 18

RW/SW-l39 172+50 120 Rt 1l.0 1470 7.7 18 12 18 See note (2) No No 18

SW-140 174+50 l30Lt 9.5 430 7.7 14 10 14 See note (2**) No No 18

RW/SW-143 178+60 100 Rt. 16 1230 7.67 16 12 18 See note (2) No No 18

SW-148 187+60 160 Lt. 14 880 7.48 16 10 16 See note (2**) No No 18

RW/SW-149 188+60 110 Rt. 28.5 1470 7.95 18 12 18 See note (2) No No 18

RW-186 192+20 155 Lt. 4.5 800 7.86 16 12 16 See note (2**) No No 18

RW-187 192+30 lOS Rt. 4.5 560 7.38 16 10 16 See note (2**) No No 18

AST-154 196+00 10 Rt. 8 860 7.50 16 12 16 See note (2**) No No 18

RW-189 196+40 210 Rt. 8.5 620 7.66 16 10 16 See note (2**) No No 18

RW-193 201+10 175 Rt. 8.5 830 7.40 16 12 16 See note (2**) No No 18

RW-194 203+00 115 Rt. 18.5 1450 7.79 18 12 18 See note (2) No No 18

RW-197 207+00 130 Rt. 4.5 240 7.12 10
NI

10
See note

No No 18
A (2***)

SW-200 212+70 100 Lt 13.5 2120 7.39 18 14 18 See note (2) 16 16 18

RW-201 214+00 120 Rt. 4.5 540 7.55 16 10 16 See note (2**) No No 18

~
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TABLE 7: RECOMMENDED MINIMUM TIDCKNESS AND PROTECTIVE MEASURES FOR CULVERTS (eontd.)

Alternative Design (also see note below)

Culvert Type Corrugated Steel (Gal.) Reinforced Corrugated Corrugated Steel Pipe
(gage) Concrete Aluminum Aluminized Steel (Gal., mm)

Approximate Location (~a~el (Tvpe 2, ~a~el
Est. Service Life 25 50 50 50 50 50

Boring No. Station Offset
Depth Resistivity

pH
Gal. Bit. Coat Galv.+polymer

(ft) (ohm-em) (2ozJsq. ft.) (Soil Sides) (900 Invertl

RW-204 218+50 110 Lt. 8.5 590 7.84 16 10 16 See note (2**) No No 18

CAV-168 219+40 15 Rt. 8.5 1450 7.61 18 12 18 See note (2) No No 18

RW-205 223+10 110 Lt. 1.5 750 6.99 12 8 12 See note (2*) No No 18

SW-170 223+50 110 Rt. 2.0 3750 6.93 16 12 16 See note (2*) No No 18

SW-206 225+40 110 Lt. 4.5 320 7.37 14 10 14 See note (2**) No No 18

SW-207 230+20 110 Lt. 8.5 1130 7.70 18 12 18 See note (2) No No 18

RW/SW-I72 230+55 80 Rt. 9.5 2060 7.73 18 14 18 See note (2) 16 16 18

RW/SW-173 233+70 80 Rt. 18.5 2060 7.94 18 14 18 See note (2) 16 16 18

RW/SW-209 236+40 110Lt. 8.5 560 7.66 16 10 16 See note (2) No No 18

RW/SW-175 241+30 115 Rt. 2.0 2570 7.81 18 14 18 See note (2) 16 16 18

RW-211 242+90 120 Lt. 4.5 990 7.83 16 12 16 See note (2**) No No 18

RW-212 245+60 130 Lt. 8.5 960 7.8 16 12 16 See note (2**) No No 18

SW-I77 247+30 165 Rt. 15.0
1660

7.96
18 12 18 See note (2) No

No 18

RW-214 251+50 155 Lt. 8.5 910 7.60 16 12 16 See note (2**) No No 18

Note (1): Thermoplastic pipe can be used as an alternative and should not have any corrosion concerns. However, the types of thermoplastic pipe that can be used
will depend on the height offill, available sizes and manufacturer's specifications.

Note (2): Standard reinforced concrete pipe design is suitable with Type IP (MS) modified cement or Type II Modified cement, minimum required by Caltrans Std.
Specs 90-1.0 I (* - Maximum water/cement ratio = 0.45; ** - Sulfate Resistant Concrete and RCP; *** - Sulfate and Chloride Resistant Cement and RCP).

Note (3): The result of analysis from Program "Culvert 4" is presented in Appendix C.

~
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Corrosion test results indicate that the soils at the site are generally corrosive. In addition, a
significant number of samples indicate high sulfate contents. Based on CULVERT 4
analysis (see Table 7) using corrosion information from the borings, the following
recommendations may be made:

• Reinforced Concrete Pipe: For all locations, sulfate resistant Type IP (MS) modified
cement or Type II Modified cement, minimum required as per Caltrans Bridge
Design Specifications (Section 8.22) is recommended. Additionally, between Sta.
221 +00 and Sta. 227+00, the maximmll water/cement ratio should be 0.45.

• COffilgated Aluminum or Corrugated Aluminized Steel Pipe: Not recommended at
any location.

• Corrugated Steel Pipe (galvanized 57g):
• Sta. 164+00 to Sta. 177+00:

14 gage ---- 25-yr design life
8 gage ---- 50-yr design life

• Sta. 204+00 to Sta. 212+00:
10 gage ---- 25-yr design life
N/A ---- 50-yr design life

• Sta. 221+00 to Sta. 227+00:
12 gage ---- 25-yr design life
8 gage ---- 50-yr design life

• For all other locations:
16 gage ---- 25-yr design life
10 gage ---- 50-yr design life

• Cormgated Steel Pipe (bitmnen coated - soil sides):
• Sta. 164+00 to Sta. 177+00:

14 gage ---- 50-yr design life
• Sta. 204+00 to Sta. 212+00:

10 gage ---- 50-yr design life

• Sta. 221 +00 to Sta. 227+00:
12 gage ---- 50-yr design life

• For all other locations:
16 gage ---- 50-yr design life
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• Steel Pipe (galvanized + polymer 90 deg. Invert)
• For all locations:

18 gage ---- 50-yr design life

• Thennoplastic Pipe may be used at all locations (for 50-yr design life).
Considerations should be given to damage due to abrasion, height of fill, available
pipe sizes and manufacturer's recommendations.

8.5.2 Bore-and-Jack Culvert

Based on the Drainage Plans provided by the designer, there are four bore
and-jack culverts crossing State Route 4 within the limits of the project
alignment. The approximate locations, sizes and culvert types are tabulated
below.

No. Type Size Length From Sta. To Sta.

1 RCP 18-in. 96 ft 100.0 Rt. "E" 179+06 0.5 Rt. "E" 179+06

2 RCP 18-in. 17.5 ft. 0.5' Rt. "E" 179+06 19 Lt. "E" 179+06

3 RCP 18-in. 95 ft. 28' Rt ECL 49+30 70' Rt."ECR" 79+23

"ECR" 219+25

4 RCP 18-in. 69.5 ft. 0.0 Lt. "E" 241+72 73' Lt. "E" 241+72

Minimum Soil Cover

The required overburden depends on the construction equipment and
procedures, the contractor's experience and geotechnical conditions at the
pipe/jacking locations. In general, as a standard practice, a minimum
overburden of 2 times the diameter of the RCP is recommended below the
subgrade throughout the length of the RCP during the construction of the
bore-and-jack culvert. Additional overburden may be required by the
Contractor, depending upon the type and method of operation/equipment.
Also, in the event an overburden of less than two times the diameter is
available for some segments of the pipe(s), we strongly recommend that a
specialty contractor be consulted to assess ifthe lower overburden is tenable.
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Lateral Design

It is anticipated that the shoring system such as sheet piles will be used for the
proposed jacking and receiving pits. Lateral earth pressures for internally
braced sheet pile system are presented on "Lateral Pressure Diagram for
Shoring Design", Plate 6. Additional lateral load resulting from adjacent
street traffic and construction operation should be included for design. The
lateral load may be assumed at 40% of the total surcharge load.

Shoring design may require the sheet piles to be relatively deep. An
equivalent fluid density 375 pcfmaybe used in calculating passive resistance
below the base of excavation. A minimum factor of safety of 1.5 is
recommended. The contractor shall provide their own design-build system for
the shoring work. It is the contractor's responsibility to select the type of
shoring system and design the performance of the system. The pressure
exerted by the reaction block on the surrolmding soil should not exceed a
horizontal bearing capacity of 2500 psf. The reaction block should be
properly designed to distribute the jacking thrust to the jacking pit shoring
system.

Construction Dewatering

Groundwater was not encountered in the nearest borings for the CulvertNos.
I and 2 (Boring RW/SW-143) or for Culvert No.3 (Boring SW-203) within
the drilled depth oDO feet. For Culvert No.4, groundwater was encountered
at a depth of35 feet in the nearest boring (Boring RW/SW-211). However,
groundwater levels may change with the passage of time. Therefore, the
contractor should satisfY themselves with the prevailing conditions and obtain
additional information if needed to design dewatering method, if required.
Developing and implementing an effective dewatering program should be the
contractor's responsibility. The dewatering system should prevent pumping
soil fines with the discharge water. If soil fines are pumped, failure of
shoring, partial instability of excavation bottom resulting in intolerable
settlement of existing structure/utilities, and unsafe working conditions may
occur.
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Working Platform

If groundwater is present in close proximity ofthe subgrade, equipment and
personnel may lose mobility in the soil. If mobility and support become
difficult, it may be necessary to stabilize the subgrade soil. Stabilization can
be accomplished by constructing a working platform, which may consist of
minimum 12 inches of %-inch crushed rock wrapped around by a layer of
high strength geofabric (such as subgrade enhancement geotextile). The
contractor may choose to use other measures such as placing timber material
or other construction techniques.

Grading

It is anticipated that earthwork will consist of excavating and backfilling the
pits. The areas between the bottom of the excavation and 12 inches
(minimum) above the pipeline should be backfilled with suitable bedding
material (minimum 90% relative compaction per the project specification).
Above the bedding material and up to 2 feet (minimum) below the pavement
subgrade, native material at a minimum 90% relative compaction may be
used for the backfill. This backfill should be placed and compacted at or
above the optimum moisture content to reduce settlement resulting from
potential hydro-compaction in the future. Select backfill should be used
within 2 feet (minimum) below the pavement subgrade. The select backfill
should be relatively non-expansive granular material having a plasticity index
less than 15 and a minimum R-Value of 15 and should be compacted to a
minimum 95% relative compaction per the project specifications. Pavement
restoration should be in accordance with the Caltrans standards or restored to
match the adjacent existing pavement section.

8.6 Minor Structure Foundations

8.6.1 Soundwall
Based on the "Retaining Wall Plan" and "Smmdwall Plan" provided byT. Y.
Lin International, seven soundwalls are planned. The locations and other
details are presented below.
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TABLE 8' SUMMARY OF PROPOSED SOUNDWALLS

Wan
Total

Length Height
Relevant

Location Length Soil Remarks
No.

(ft)
(ft) (ft)

Borinl!s

Begin: "E" Line 179+00,146.5 Lt (offset) 300 8 SW-144
1(I) 853.5 SW-146 On 16-in ClDH pile

End: "AST-4" Line 987+5853.2 Lt. (offset) 553.5 10 SW-148
70.8 8 RW/SW-

i 2) Begin: "E" Line 179+00,128.8 Rt. (otfset)
778.6 645.6 12 143 On 16-m ClDH pile

End: "E" Line 186+80 133.6 Rt.(offset) SW-145
62.3 10 SW-147

Begin: "AST-4" Line 896+78,

3(3) 32.4 Lt (offset)
583.7 583.7 10'-4"

SW-148 On concrete batTier on
End: "AST-4" Line 992+84, RW-186 Retaining wall No.2
51.3 Lt (offset)

Begin: "AST-4" Line 992+27, 140 14 On 16-in ClDH pile

60.2 Lt (offset)
(on Retaining Wall

4(3) 449.6 SW-188 No. 14 from Sta.
End: "AST-4" Line 996+83, 309.6 16 996+54 to Sta.
79.9 Lt (offset)

996+83)
Begin: "AST-3" Line 886+48, On concrete barrier on
34.0 Rt. (offset) 251 SW-147

Retaining Wall No. I5(4) End: "AST-3" Line 890+15, 370.0 10'- 4"
46.0 Rt. (offset) 119

RW/SW- On concrete barrier on
149 16-ln. ClDH pile

Begin: "AST-3" Line 890+15,

5A(') 47.0 Rt. (offset)
614.8 614.8 10

RW-187 On Retaining Wall No.
End: "AST-3" Line 896-1-28, RW-189 3
51.5 Rt. (offset)
Begin: "AST-2" Line 698-1-40,

RW-190
6(5) 58.7 Rt. (offset)

297.6 297.6 14
On Retaining Wall No.

End: "AST-2" Line 70 1+36,
SW-193

5
42.9 Rt. (offset)

265
531.8

982.9 12
RW/SW- On concrete barrier on
199 16-ln. ClDH Pile

6A(5) Begin: "AST-2" Line 701+936, 42 Rt. (offset) CAY·169
End: "ECR" Line 92-1-60, 70.0 Rt. (oftset)

3108 RW/SW-
On concrete barrier on

871.8 12'- 4" 170
Retaining Wall No.9

RW/SW-
171A

456.5 12'- 4" RW/SW· On concrete barrier on
172 16-in. ClDH Pile
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TABLE S' SUMMARY OF PROPOSED SOUNDWALLS (contd)

Wan
Total

Length Height
Asso-

Location Length ciated Remarks
No.

(ft)
(ft) (ft)

BoriIu!s
RW/SW-
173
RW/SW-

Begin: "ECR" Line 92+60, 71 Rt. (offset) 174

6B(6) End: "HCT-6" Line 349+65,69.6 Rt. (offset) 1695
433 12'-4" RW/SW- On concrete barrier on
1262 10'-4" 175 Retaining Wall No. 10

RW/SW-
176
RW/SW-
177

i 7)
Begin: "AST-I" Line 499+27,37 Lt (offset)

106.33 106.33 12 E-191
On Retaining Wall No.

End: "AST-I" Line 500+33, 35 Lt (offset) 13

92,2' 12'-4" RW-194,
SW-200,

On Retaining Wall No,
RW/SW-

Begin: "AST-l" 2008.6' 10'-6" 196,202,
4

7A(8) Line 500+33, 35.5 Lt (offset) 2578,3 2004
End: "ECL" Line 55+99, 71.5 Lt (offset)

373,5' 12'A"
SW- On Concrete Barrier on
205/206 16 in, ClDH Pile

104,0 IO'A" SW-207
On Concrete barrier on
Retaining Wali No, II
On 1.25' wide, 9.75'
deep trench footing.
The trench dimensions

7B(7) Begin: "AST-l" Line 499+23,93 Lt (oftset)
COlTcspond to Caltrans

55,6' 12 Standard Plans RSP
End: "AST-I" Line 499+27,38 Lt (offset)

B15-1 fora 12-fthigh
soundwall for Case-2
(sloping ground for a
phi = 30-degree soil.

(I) On north side of Westbound State Route 4 and north side of Westbound On-ramp
(2) On south side of Eastbound State Route 4
(3) On north side of Westbound On-ramp
(4) On south side of Eastbound Off-ramp
(5) On south side of Eastbound On-ramp
(6) On south side of Eastbound travel way and off-ramp for Hillcrest Avenue
(7) On nOlth side of Westbound Off-ramp
(8) On north side of Westbound Off-ramp and Westbound travel way

8.6.1.1 Subsurface Soil Conditions

Existing borings along the soundwall alignments indicate
predominantly stiff to hard lean clays with occasional layers of
medium dense to dense sands. Groundwater was encountered at least
35 feet below ground surface.
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8.6.1.2 Foundation Recommendations

Foundations for soundwalls are discussed below:
1. Foundations for soundwalls located on top of retaining walls

should be as recommended in the earlier section on Retaining
Walls (Section 8.4).

2. For foundations for soundwalls at grade or on concrete traffic
barriers, it is recommended to use Caltrans standard soundwall
supported on Cast-in-drilled-hole (CIDH) piles. Details for design
and constmction for the CIDH piles are presented in the following
section.

3. Soundwalls at grade may also be founded on spread footings or
trench footings. The footing design should conform to Caltrans
Standard Plans (as used in Soundwall No. 7B).

8.6.1.3 Design and Construction Considerations for the CIDH Piles

According to Caltrans Bridge Design Aids, pile foundations for sound
walls may be designed by Sheet Piling Procedure or by using a
variation of the simplified and approximate method outlined in the
Uniform Building Code (1997) Section 1806.8. For lateral design,
Caltrans standard design can be used for this project. Based on the
Caltrans "Standard Drawing - Soundwall - Masonry Block on Pile
Cap Detail No.2", and an assumed angle of shearing resistance of
30°, an allowable ultimate lateral soil pressure of 395 psf/ft can be
used for level grmmd conditions and an allowable ultimate lateral soil
pressure of 67 psf/ft can be used for the condition oflevel ground on
one side of wall and sloping ground on the opposite side. As
discussed with the designer, the maximum slope gradient of the
sloping ground is IV: 2H. It is anticipated that the soundwall
foundation will be in relatively competent native soils. The criteria
for level ground condition are described in Caltrans Memo to
Designer (22-1, Section IV).

Caltrans standard specification for "Cast-in-Place Concrete Piling"
should be used for the construction of CIDH piles. Groundwater is
not anticipated during pile construction. Due to presence ofsand and
gravel layers, raveling or caving is expected, which may require~
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additional drilling and cleaning effort and may increase the concrete
volume for the piles. Relatively difficult drilling conditions may be
encountered for drilling into the hard clays and the dense sand layers.
It is prudent to make the contractor aware ofthese conditions so that
appropriate steps can be taken to comply with the standards and to
maintain the integrity of the CIDH piles. The use of temporary steel
casing should be anticipated at all times to maintain the integrity of
the piles. All pile excavations should be observed by the Geotechnical
Engineer prior to the placement ofreinforcement and concrete so that
if conditions differ from those anticipated, appropriate
recommendations can be made.

8.6.2 Overhead Sign Structures

It is proposed to construct seven overhead sign structures along State Route 4
to be located at grade. The overhead sign structures will be Caltrans Standard
"Overhead Signs-Truss Single Post Type VII or Type VIII. The overhead
sign structures will be along both eastbound and westbound directions of
State Route 4. The proposed sign structures will be 15 to 20 feet above
grade. The recommended foundation system will consist of a 5-ft diameter
"Cast-in-drilled-hole" (CIDH) pile, which is used in the Caltrans standard
design.

8.6.2.1 Subsurface Soil Conditions

Subsurface soil conditions for all the sign structure locations were
established from adjacent borings. Based on the boring data, the
subsurface soil conditions at the overhead sign structure locations are
summarized in the table below.
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TABLE 9' SUMMARY OF SIGN OVERHEAD STRUCTURES

Location Post Post Relevant
Sign

Type Height Boring
Subsnrface Soil Conditions

Station Direction

184+00 ("E" Stiff to very stiff lean clay to 8-ft
A

line)
Eastbound VIII 18'-0" SW-147 depth, underlain by hard sandy

lean clay

198+80 ("E"
Stiff to very stiff lean clay to 18-ft

D
Line)

Westbound VII 19'-6" AST-155 depth, underlain by hard silt to 28 w

ft depth

F(l) 209+36 ("E"
Westbound VIII 19' 9" RW/SW- Hard lean clay and hard sandy silt

line) 199 to 30-ft depth

75+00
Very stiff lean clay to 8-ft depth,

G ("EeR" line)
Eastbound VIII 19'9" SW-201 underlain by very dense clayey

sand and hard sandy clay

79+00
VCly stifflean clay to 6-ft depth,

H ("EClt' line)
Eastbound VII 19' 5" CAV-168 underlain by medium dense silty

sand and very stiff silt
Hard gravelly clay fill to 6-ft depth,
underlain by very stiff lean clay 18R

238+75
ft depth, underlain successively by

1(2)
("E" line)

Westbound VII 14' 6" RW-210 layers of hard sandy clay, stiff lean
clay and medium dense sand to
hard lean clays and medium dense
sand
Very stiff lean clay to 3-ft depth,
underlain by layers of hard sandy

l') 245+04.44
Eastbound VlIl 18' 6" RW-212

silt and leas clay to 13-ft depth,
("E" line) underlain by very dense silty sand

to 23-ft depth, underlain by hard
lean clay

(I) To be installed on top of Retaining Wall No.4
(2) To be installed on top of Retaining Wall No. 12
(3) To be installed on top of Retaining Wall No.1 0

8.6.2.2 Pile Capacity

The piles for the overhead sign structures are subject to vertical
loads, lateral loads, bending moments and torsional moments.
According to Caltrans Standard Plan (2006 Standard Plan S8), the
recommended pile diameter is 5 feet and the recommended pile
length is 23 feet for Post Type VII and 25 feet for Post Type VIII.
Based on the laboratory test results, the existing subsurface soil
conditions generally meet the requirements as specified in the
Caltrans Standard Plans. Three of the structures are mounted on
retaining walls,
Verticalloads are generally small and vertical capacities developed
from the frictional resistance should be acceptable. Specific loadsm
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were not provided by the designer. Therefore, definitive analyses for
lateral loads were not performed. However, as noted in Table 9, the
soils are generally stiff to very stiff clays. Standard design for the
piles is therefore judged to be adequate.

8.6.3 Other Minor Structures

According to the designer, the other minor structures for this project include
the traffic signal systems and minor drainage structures. The foundation
design ofthese minor structures should be according to the Caltrans Standard
Plans. Based on the borings, the subsurface soil conditions at the proposed
traffic signal systems generally consist of stiff to hard lean clays with
pocketsllenses/layers ofmedium dense to dense sands. The native soil on site
should provide adequate design capacity for these structures.

9. STRUCTURAL PAVEMENT

R-value tests were conducted on representative samples collected at subgrade level. The test
results are summarized in Table 10.
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TABLE 10' SUMMARY OF R-VALUE TESTS

Boring Station
Offset From

Boring Profile R Soil
Center Line Remarks *

No. (approx.)
(approx.)

Depth b Valoe Type
a

R-40 174+45 45(R) 0-5' 35 Silly Sand

R-41 181+25 0' (C) 0-5' CIF (0.0 ft.) C (3.0 ft) 58 Silty Sand

R-42 184+00 25' (L) 0-5' F (1.0 ft) C (2.0 ft) 23 Clay

R-45A 192+00 0' (C) 0-5' F (1.0 ft) C (2.0 ft) IS Sandy Clay

R-45 192+70 0' (C) 0-5' F (1.0 ft) C (2.0 ft) 14 Clay EI~ 61

R-46 195+00 25' (R) 0-5' F (1.0 ft) C (2.0 ft) 33 Silty Sand

R-47 196+00 Ramp (L) 0-5' F F 8 Clay

R-50 200+75 o(C) 0-5' F (1.0 ft) C (2.0 ft) <5 Clay EI~68

R-53 205+50 25' (L) 0-5' F (1.0 ft) C (2.0 ft) 36 Sandy Clay

R-55 210+50 0' (C) 0-5' F (1.0 ft) C (2.0 ft) 51 Clayey Sand

R-57 223+00 0' (C) 0-5' F (1.0 ft) C (2.0 ft) 26 Sandy Clay

R-58 228+00 25' (R) 0-5' F (1.0 ft) C (2.0 ft) 28 Sandy Clay

R-60 239+00 25' (R) 0-5' F (1.0 ft) C (2.0 ft) 44 Sandy Sill

R-61 243.00 0' (C) 0-5' F (1.0 ft) C (2.0 ft) 33 Sandy Clay

R-63 253+00 0' (C) 0-5' F (1.0 ft) C (2.0 fl) 26 Sandy Clay

Stationing is referenced to the plan, 08/02/2007 (English)
Potential Expansion: Medium (Expansion Index, EI ~ 51 to 90), ASTM D-4829
a: New roadway formation level (reference made with existing roadway level)
b: New subgrade level (reference made with existing roadway level)
IF: Fill
C: Cnt

As-built Pavement Sections

The following are the as-built pavement sections based on the "Typical Cross Sections" of
the plan provided by the designer:
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TABLE 11' AS BillLT PAVEMENT SECTIONS-
Location Station Pavement Section

"E" Line 179+00 to 196+29 (Eastbound
0.15-ftRAC
0.75-ftPCC

and Westbound traffic lanes) 0,45-ft CTB (Class A)
0.50-ft AS (Class 4)

"E" Line 179+00 to 196+29 (Eastbound
0.15-ftRAC

and Westbound shoulders)
0.35-ft AC (Type B)

State Route 4 0.85-ft AB (Class 2)
0.50-ft AS (Class 4)

"E" Line 198+80 to 240+00 (Eastbound 0.75-ftPCC
and Westbound traffic lanes) 0,45-ft CTB (Class A)

0.50-ft AS (Class 4)
"E" Line 198+80 to 240+00 (Eastbound 0.35-ft AC (Type B)
and Westbound shoulders) 0.85-ft AB (Class 2)

0.50-ft AS (Class 4)

Lone Tree Way/A Street
0.35-ft AC (Type B)

"AST" Line 15+84 to 34+20 0.75-ft CTB (Class A)
0.50-ft AS (Class 4)

"T" Line 17+08 to 22+30 0.25-ft AC (Type B)
East Tregallas Road "T" Line 17+08 to 22+30 0.60-ft CTB (Class A)

0.50-ft AS (Class 4)

The existing and proposed new pavement sections ofState Route 4, the On and Off-Ramps
at A Street Interchange, widening ofLone Tree Way and A Street and the new pavement for
Sunset Drive, Drake Street and East Tregallas Road are presented as Appendix D. It should
be noted that the above table and the sections do not account for any overlays that may have
been placed during routine maintenance program.

Findings, Design Approach and Recommendations:

• According to the designer, the structural pavement design will be required for:
o New pavement for the travel lanes and shoulders along State Route 4 from Sta.

179+00 to Sta. 249+19;
o New pavement along the new on-ramps and off-ramps with Lone Tree Way/A Street;
o Widening ofLone Tree Way/A Street from Sta. "AST" 15+84 to Sta. "AST" 35+18;
o New pavement for Sunset Drive from Sta. "s" 400+65 to Sta. "s" 404+88; Drake

Street from Sta. "D" 350+99 to Sta. "D" 353+69; and East Tregallas Road from Sta.
"T" 16+11 to Stao "T" 39+37;

• Based on the R-value tests results, the R-values ofthe subsurface soils at the project site
are typically between 14 and 51, with some low values at two locations as indicated in
the Table 10.
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• Fill material to be placed within 2.5 feet of the grading plane on the Mainline should
have a minimum R-value of20.

• The R-value for the subgrade along the on and off ramps, A Street, Lone Tree Way,
Stmset Drive, Drake Street and East Tregallas Road are all assumed as 10.

• The recommended minimum R-value for Class 3 Aggregate Base (AB) is 78 and for
Class 4 Aggregate Suhbase (AS), it is 50.

Recommended Structural Pavement Sections

The Traffic Indices and the recommended typical structural pavement sections for 40-year
design ofSegment 3A ofState Route 4, the entrance and exit ramps to and from A Street, the
portions of Lone Tree Way and A Street to be widened and the new pavement for Sunset
Drive, Dralce Street and East Tregallas Road are presented in Table 12. The calculations for
the proposed pavement sections are contained in Appendix C.

Based on the field investigations and the laboratory test data, the in-place soil at the
anticipated subgrade generally has R-values of20 or greater. Low R-values are indicated at
two locations with one location having an R-value ofless than 5 (Sta. 200+75) and the other
having an R-values of 15 and 14 at Sta. 192+00 and at Sta. 192+70, respectively. It is
recommended that segments between Sta. 191+50 and 193+00 and between Sta. 198+80.29
and 201 +50 be overexcavated by 30 inches and replaced by import borrow material having
an R-value of20. The road profile for the SR4 Mainline, as planned, indicates that the road
will primarily be on fill starting from the western end to A Street. The import borrow is
assumed to have an R-value of20 in the design for this section. Beyond A Street, parts or
whole of the road section will be on cut, e.g. on native soil. Based on the R-value tests, a
design R-value of20 is also chosen for this section. The above R-values are used for both
the travel ways and the shoulders as applicable.

The pavement section for the ramps has assumed an R-value of I 0 for design, since parts of
the pavements are on native soil. An R-value of lOis also assumed for Lone Tree Way and
A Street widening and for the new pavement for Sunset Drive, Drake Street and East
Tregallas Road.

Traffic Indices (TI-values) have been approved by Caltrans for the corridor and were
provided by the client. The TI-values were 14.5 for the outside lane; 12.5 for the median lane
up to A Street; and 12.0 for the median beyond A Street. The respective shoulders are
asstuned to have the same design requirement as the adjoining travel lane. The TI values
correspond to a 40-year design life. However, for ease of construction, and to allow for
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offsetting ofthe joints from that oflane line joints, outside lane TI has been used in design of
both inside and outside lane stmctural sections,

The ramps are to be designed for a TI value of 10.0, reflecting a 20-year design life.
Rubberized HMA is not recommended for ramps if a concrete pavement is used for the
Mainline.

The temporary stmctural sections for Mainline are to be designed for a TI value of9.5, A 2
yr use is assumed for determining the TI for the temporary stmctural sections.

The TI values provided for Lone Tree Way and A Street are 13.0 and 12.0 respectively. The
TI-value provided for Sunset Drive, Drake Street and E. Tregallas Road is 8.0.

The LCCA analyses required that the pavement section be considered with two primary
options: Hot Mix Asphalt and PCC section. The concrete section is based on HDM tables
for Inland Valley Type II Subgrade Soil conditions. The summary ofpavement sections have
been reviewed and concurred with the Materials Department (District 4). The following
Tables provide the details of the mainline pavement design, the on and off ramps, widening
ofA Street and Lone Tree Way and the new pavement for Sunset Drive, Drake Street and E.
Tregallas Road.

It should be noted that the PCC section is based on the assumption that there is lateral
confinement from the adjacent lane of a minimum 2' wide PCC shoulder. The shoulders
have been designed using the Traffic Index of the adjacent lane. The three options for
shoulder section include PCC, HMA and 2 feet ofPCC plus HMA (hybrid section). The
PCC design can further reduce the LCB section to 0.35-ft and the HMA section to 0.25-ft as
per the "Rigid Pavement Base Design - Pavement Policy Manual PPB09-0l" dated August
27,2009.
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TABLE 12A: RECOMMENDED PAVEMENT SECTIONS FOR MAINLINE
West of A Streetto Hillcrest Avenue [R-Value: 20···]

Flexible Pavement Section (ft.) Rigid Pavement Section (ft.)

Lane Tl(4) Option -1- Fnll Depth (1) Option -2 (HMAlLCB/AS) Options - 3 (JPCP/LCB/AS)

RHMA-O RHMA-G HMA-A Total RHMA-O RHMA-G HMA-A LCB AS Total JPCP LCBIHMA-A AS Total

Outside 14.5 0.10 0.20 1.60 1.90 0.10 0.20 0.55 0.70 1.20 2.75 1.00 0.3510.25(3) 0.70 2.05/1.95

Median 14.5 0.10 0.20 1.60 1.90 0.10 0.20 0.55 0.70 1.20 2.75 1.00 0.3510.25 0.70 2.0511.95

Outside Shoulder 14.5 0.10 0.20 0.55 0.70 1.20 2.75 1.00 0.3510.25 0.70 2.05/1.95

Median Shoulder 14.5 0.10 0.20 0.55 0.70 1.20 2.75 1.00 0.3510.25 0.70 2.05/1.95

Hybrid Shoulder using 14' JPCP
HMA

Outside Shoulder 0.70- 0.3510.25 0.70 1.65-2.05
outside lane and 8' HMA shoulder

1.00
(1) Full depth HMA should only be used for narrow widening, i.e. areas inaccessible to conventional equipment

(2) Majority of subgrade material is tested at R-value of20 or higher.
(3) Per the "Rigid Pavement Base Design - Pavement Policy Manual PPB09-0l" dated August 27, 2009, the LCB section and the HMA-A
section may be reduced to 0.35-ft and 0.25-ft, respectively. IfBMA-A is used, the AS should be prime coated, prior to placement ofHMA-A.
(4) TI values correspond to a 40-year design life.

~
TI: Traffic Index (Outside lane TI has been used for both inside and outside structural section for ease of construction and to allow for offsetting a
LCB joints from that of lane line joints)
FDHMA-A: Full Depth Asphalt Concrete (Type A); HMA-A: Asphalt Concrete (Type A)
RHMA-G: Rubberized Hot Mix Asphalt Concrete - gap graded; RHMA-O: Open Graded HMA
LCB: Lean Concrete Base; AS: Aggregate Subbase (Class 4, R-Value=50); JPCP: Jointed Plain Concrete Pavement
Subgrade Type: Inlaud Valley, Type II Subgrade Soil
FlexIble Pavement: Gravel Equivalent Calculation (Table 633.1, Highway Design Mauual, June 2006)
Rigid Pavement Thickness: Table 623.1 G; Inland Valley Type II Subgrade Soil Condition; Lateral Support (Highway Design Manual, June 2006)

The pavement subgrade between Sta. 191+50 and Sta. 193+00 and between Sta. 198+80.29 and Sta. 201+50 should be excavated to 30 inches and replaced with
R=20 material.

~
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TABLE 12B: RECOMMEND.ED PAVEMENT SECTIONS FOR LON.E TREE WAY AND A STREET WIDENING
Flexible Pavement Section (ft.) Rigid Pavement Section (ft.)

Lane R-Value TI Option -I (Full Depth)* Option -2 (HMA-MCBIAS) Option - 3 (JPCPILCB/AS*)

RHMA-G HMA-A Total RHMA-G HMA-A LCB AS Total JPCP LCBI AS' Total
HMA-A

Lone Tree Way 13.0 --- 1.70 1.70 --- 0.65 0.65 1.45 2.75 -- - -- -
A Street 10 12.0 --- 1.55 1.55 --- 0.60 0.60 1.30 2.50 -- -- -- -

Notes: TI: Traffic Index
FDHMA-A: Full Depth Asphalt Concrete (Type A)
HMA-A: Asphalt Concrete (Type A)
RHMA-G: Rubberized HMA - gap graded
LeE: Lean Concrete Base

AS: Aggregate Subbase (Class 4, R-Valu<F50)
Subgrade Type: Inland Valley, Type 11 Subgrade Soil
Flexible Pavement: Gravel Equivalent Calculation (Table 633.1, Highway Design Manual, June 2006)

'Full depth HMA should only be used for narrow widening, i.e. areas inaccessible to conventional equipment.

fj
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TABLE 12C RECOMMENDED PAVEMENT SECTIONS FOR ON AND OFF RAMPS, SUNSET DR., DRAKE ST., E. TREGALLAS RD.
A..l'ID MAINLINE TEMPORARY PAVEMENT

Flexible Pavement Section (ft)

Lane R-Value TI Option I - Full Depth (FDHMA-A/2
) Option 2 - (HMA-A/AB) Option 3 - (HMA-A/AB/AS)

RHMA-G HMA-A Total RHMA-G HMA-A AB Total RHMA-G HMA-A AB AS Total

On and Off Ramps (3)
10.0(4) 0.20 1.05 1.25 0.20 0.30 1.80 2.30 0.20 0.30 0.90 1.00 2.40

S1ll1Set Drive, Drake St. 10 8.0 -- 1.00 1.00 -- 0040 lAO 1.80 -- 0.40 0.65 0.80 1.85
and E. Tre~allas Rd.
Mainline Temporary 9.5(4) --

Pavement (1) 20 1.10 1.10 -- 0.50 lAO 1.90 -- 0.50 0.75 0.70 1.95

Notes: TI: Traffic Index
FDHMA-A: Full Depth Asphalt Concrete (Type A)
RHMA-G: Rubberized HMA - gap graded
HMA-A: Asphalt Concrete (Type A)
AB: Aggregate Base (Class 3, R-Value = 78)
AS: Aggregate Subbase (Class 4, R-Value=50)
Flexible Pavement: Gravel Equivalent Calculation (Table 633.1, Highway Design Manual, June 2006)

(1) Applicable to Mainline Travel Way
(2) Full Depth Hot Mix Asphalt will be used ouly for narrow widening, areas inaccessible to conventional equipment
(3) If JPCP option is chosen for Mainline, Then RHMA-A should be replaced by HMA-A, since RHMA quantities

would be insufficient for justifiable use
(4) TI for On and Off Ramps based on 20-yr design life. A 2-yr use is assumed for temporary pavement.

~
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10. MATERIAL SOURCES

There are several commercial sources of asphalt, concrete, and aggregate products in the
area. Table 13 lists available commercial suppliers in the area.

TABLE 13' SOURCES OF IMPORTED BORROW

Source Location Approx. Hanl Distance

(one way, miles)

Antioch Rock & Ready Mix 3600 Wilbur Ave., Antioch 4

NAV-Land 2665 Pittsbnrg-Antioch Hwy, Antioch I
Mega-Sand Incorporated 110 L Street #2, Antioch 2

Mex-Cal Incorporated 4826 Bene Drive, Antioch 3

RMC Pacific Materials 1544 Stanley Blvd., Pleasanton 37

11. MATERIAL DISPOSAL

Disposal of ADL contaminated material (if any) is beyond the scope of this report.

12. CONSTRUCTION CONSIDERATIONS

12.1 Construction Advisories

A significant portion of the project will need fill material for the proposed new
interchange. The site is the existing State Route 4. Therefore traffic control and
constmction staging is required to maintain traffic flow during constmction. There
are numerous utility lines at the site. The contractor should verifY the utility lines, be
aware of the existing conditions and plan the constmction activities accordingly.

The borings encountered clayey/sandy materials near the existing ground surface.
Localized subgrade pumping may be encountered during earthwork constmction
depending on the weather, subsurface moisture, and surface drainage conditions.
Equipment mobility may also be difficult if the subgrade is wet. In such a case, the
subgrade soils may require reworking, aeration, or over-excavation and replacing
with dry granular fill to facilitate earthwork constmction.
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12.2 Construction Consideration that Influence Specifications

The contractor should verify the existing utility line conditions, and these locations
should not be used for stockpiling of borrow materials. Any utility conflicts with
proposed construction should also be reviewed prior to construction. There may be
excavations that are proposed near existing utility lines. Contractor should take
precautions to protect the utilities from damage caused by such excavations.

12.3 Construction Monitoring and Instrumentation

In general, the construction subject of monitoring and instrumentation was
considered and was determined to be not significant for the project. However,
Contractor may need to monitor his excavations that are in near proximity to existing
utilities or other improvements.

12.4 Hazardous Waste Considerations

The project environmental study report should be referred to for further details at the
sites within the project.

12.5 Differing Site Conditions

The soil conditions described in this report are based on available boring data. It
should be noted that these borings depict subsurface conditions only at the locations
drilled. Because ofthe variability from place to place within soils in general, and the
nahue ofgeologic depositions, subsurface soil conditions could change between the
explored locations.

Early communication should be made between the Resident Engineer, the Contractor
and the Geotechnical Engineer as soon as conditions that differ from those
established in this report are recognized by any of the parties. Additional
recommendations could be provided if such conditions arise.
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13. RECOMMENDATIONS AND SPECIFICATIONS

13.1 Summary of Recommendations

Ifthe designer has questions or concerns regarding any ofthese recommendations, or,
ifconditions are found to be different during construction, the Geotechnical Engineer
who prepared this report should be contacted. Additional fieldwork, analysis or
changes in recommendations may be required. These services may be provided
tmder a separate authorization, as necessary. A concise summary ofthe geotechnical
recommendations is presented below:

• Design peak bedrock acceleration (PBA) = 0.5 g.

• The boring data indicates that the subsoils consist predominantly of stiffto hard
clay with occasional layers ofmedium dense to very dense sand. Groundwater
was encountered between Elev. -11.4 feet and 18.4 feet during drilling. The
impact ofliquefaction potential to this project is considered relatively low. (Ref.:
Section 8.1.3).

• The settlement due to the placing of the embankment fill is expected to be
insignificant.

Pavement Sections for the project (Ref: Section 9):

The structural pavement sections for the project include HMA and PCC sections for
the mainline, HMA for the on-off-ramps from the State Route 4, widening of A
Street and Lone Tree Way and the new pavement for Sunset Drive, Drake Street and
East Tregallas Road. These are detailed in Tables l2A through l2C above.

13.2 Recommended Materials Specifications

13.2.1 Standard Specifications

Unless otherwise stated in the special provisions, all materials specifications
should conform to Caltrans Standard Specifications, May 2006 edition,
including but not limited to the following: Earthwork, StructllTe Backfill,
Pervious Backfill Material, Reinforcing Geofabric, Thermoplastic Pipes,
Asphalt Concrete, Aggregate Base, Aggregate Subbase and Cement Treated
Base, etc.
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13.2.2 Special Provisions

Installation of CIDH Piles
Installation ofClDH piles for retaining walls, soundwalls and sign structures
will involve drilling through hard clays and sometimes through dense to very
dense sands, where hard drilling is anticipated.

Borrow Material:
Borrow material should be in accordance with the specifications set forth in
Caltrans Section 19. In particular, for new embankment/roadway
construction, the material placed within 2.5 feet of the finish pavement
subgrade (grading plane) should meet the following requirements:

1. Free of organic or other deleterious materials.
2. An R-value of no less than 20.

Aggregate Base:
Aggregate Base (Class 3) shall conform to the provisions in Section 26 ofthe
Standard Specifications and to the Special Provisions. It shall also be clean
and free from organic matter and other deleterious substances. The
percentage composition by weight ofClass 3 aggregate base shall conform to
the following grading as determined by California Test Method No. 202.

Gradation Reouirement (Percent Passin!! % in. Maximum)
Sieve Sizes Onerating Range Contract Compliance

1 in. 100 100
3/4 in. 90 - 100 87 - 100
No.4 35 -60 30 -65

No. 30 10 -30 5 - 35
No. 200 2 - 11 0-14

Gradation Reouirement (percent Passin!! 1-112 in. Maximum)
Sieve Sizes Operating Range Contract Comnliance

2 in. 100 100
1-112 in. 90 -100 87 - 100

1 in. ------ ------
3/4 in. 50- 85 45 - 90
No.4 25 -45 20 - 50

No. 30 10 -25 6 - 29
No. 200 2-11 0-14
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Aggregate Base (Class 3) shall also conform to the quality requirements
given on the following table:

Cl ualitv ReQuiremeuts

Califoruia Test Method Operating Range Contract Compliance
Sand Equivalent (217) 25 min 22 Min.
Resistance (R-value) (301) - 78 Min.
Durability Index - 35 Min.

Aggregate Subbase: Aggregate Subbase (Class 4) shall conform to the
provisions in Section 25 of the Standard Specifications and to these Special
Provisions.

Aggregate Subbase (Class 4) shall be clean and free from organic matter and
other deleterious substances. The percentage composition by weight ofClass
4 aggregate subbase shall conform to the following grading as determined by
California Test Method No. 202.

Gradation Requirement (Percent Passing)

Sieve Sizes Operating Range Contract Compliance
2-1/2 in. 100 100

No.4 30 - 65 25 -70

No. 200 0-15 0-18

Aggregate Subbase (Class 4) shall also confonn to the quality requirements
given on the following table:

Qualitv Requirements

California Test Method Operating Range Contract Compliance
Sand Equivalent (217) 21 Min. 18 Min.
Resistance (R-value) (301) - 50 Min.

14. INVESTIGATION LIMITATIONS

Our services consist ofprofessional opinions and recommendations made in accordance with
generally accepted geotechnical engineering principles and practices and are based on our
field exploration and the assumption that the soil conditions do not deviate from observed
conditions. No warranty, expressed or implied, of merchantability or fitness, is made or~
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intended in connection with our work or by the furnishing of oral or written reports or
findings. The scope of our services did not include any environmental assessment or
investigation for the presence or absence of hazardous or toxic materials in structures, soil,
surface water, groundwater or air, below or around this site. Unanticipated soil conditions
are commonly encountered and cannot be fully determined by taking soil samples and
excavating test borings; differing soil conditions may require that additional expenditures be
made during construction to attain a properly constructed project. Some contingency fund is
thus recommended to accommodate these possible extra costs.

This report has been prepared for the proposed "State Route 4 (East) Widening Project 
Segment 3A" project as described earlier, to assist the engineer in the design ofthis project.
In the event any changes in the design or location of the facilities are planned, or if any
variations or undesirable conditions are encountered during construction, our findings and
recommendations shall not be considered valid unless the changes or variations are reviewed
and our recommendations modified or approved by us in writing.

This report is issued with the understanding that it is the designer's responsibility to ensure
that the information and recommendations contained herein are incorporated into the project
and that necessary steps are also taken to see that the recommendations are carried out in the
field.

The findings in this report are valid as of the present date. However, changes in the soil
conditions can occur with the passage oftime, whether they are due to natural processes or to
the works of man, on this or adjacent properties. In addition, changes in applicable or
appropriate standards occur, whether they result from legislation or from the broadening of
knowledge. Accordingly, the findings in this report might be invalidated, wholly or partially,
by changes outside of our control.

Respectfully submitted,
PARIKH CONSULTANTS, INC.

Partha Sircar, Ph.D., P.E C54619
Senior Engineer

S:\Ongoing Projects\206117\GDMR\Report
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Caltrans SOC (v 1.4, June 2006), Figure B.8,
Governing Fault: Vaca Fault Zone
Fault Distance =5.45 km (3.3 miles)
(Mw =6.9, Soil Profile Type 0, PBA =0.5g)

Notes:
(a) The new (in-progress) Caltrans Hazard Map and Data Base was used
(b) PBA was obtained by using Sadigh Attenuation Relationship: 0.49g (rounded off to 0.5 g)
(c) The following modifications were then applied for near-fault effects:

(1) No change of Sa for structural periods.:': 0.5 sec
(2) 20% increase of Sa for structural periods> 1 sec
(3) Linear interpolation for structural periods between 0.5 and 1 sec
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LATERAL EARTH PRESSURE DIAGRAM FOR SHORING DESIGN

•
P1=nyH •Existing Grade

L/~
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Design Groundwater •Depth = Hw •"V

j. H• ......•

/- •
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/ .. •
/ . •
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/ •
• • • •P2 P3

H = Excavation Depth in feet
P1 = nyH = O.3(125)H = 37.5H psf
P2 = 62.4 (H-Hw) psf y = 125 pcf (Total Unit Weight)
P3 = n(yHw + y'(H - Hw)) psf y' = 65 pcf (Buoyant Unit Weight)

1. The pressure diagram is based on average soil and groundwater conditions.
2. Lateral earth pressure should be checked where conditions are different.
3. All relevant surcharge loads including construction operation should be added

for designing the shoring system.

LATERAL EARTH PRESSURE DIAGRAM
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~t~ & I • ~ ,I 11r-------I-----r,;:;;-r'y~'-==-l";;;<;:;~;:;;;:;-;;;-_r~~~REPi\REi5Tc5:RTi=iE-~r------1illBill~~==-:=:::-:-==-:==-::-::-::-----~Jl~ J !i ~ .!!~ i!1 DESIGN Field Inves-tlgo.-tlon by' PREPARED FORTHE STRUCTURE NO..!'.fi .Uh ~-l DE.GNO.....GHT CHECKED,y,D'GDUTHIER STATE OF CALIFORNIA "'IRCA' eomm(",) STATEROUTE4(EASTjWIDENINGPROJECT-SEGMENT3A
SIGN Off DAlE p, SIRCAR G, TRIPATHI DEPARTMENT OF TRANSPORTATION PRO"'CT ENONEER LOG OF TEST BORINGS

ORl~NAL SCALE IN INCHES '!'! I ! I ! 'I [
FOR REDUCED PLANS 0 1 2 3 4 5



PLATE A-c

SHEET OF
, 24

3D

60

REVISION DATES PRELIMINARY STAGE ONLY
03/01/10

--hard

Note:
Standard Penetration Test Sampler: I.D. = 1.4"; 0.0. = 2"
Modified California Sampler: I.D. = 2.5"; 0.0. = 3"
Hammer Assembly: A 140 lb hammer with a 30" drop
(Automatic Hammer)

" ,

DISREGARD PRINTS BEARING
EARLIER REVISION DATES

51

5042.54-

! CU 04725
5 EA 2285F1

jQ1D6[.[TI15~'~LL) LEAN CLAY (Ct.), hord, )'!IlIowish brown, moist (LL 35, PI 15)

;:g ;t ~
~~ 00

9:l +1 "+ +i
~ ~~
~ SW-145 ~ +l

,------1~. ~ ~ SW-147
103. B 1);;;ll CLAYEY SAND W1ll-1 GRA'vrL (SC), medium dense, brown, ~EI""","-.",64".O,-I""ee",I±'-...:"',);::"__-If35l

moist (+f4=1n:, -1200=49';) t=:.ILEAN ClAY \'l\"lH GRA'vn. (CL). very stIff, brDWI1, moist,

E==~~;~~~~~~:~:::~:----[;;~~~ii~~' medium plasticity
l103.l 17 I very dense 28 2.5 1 911.0 15 ®

SANDY LEAN CLAY (SC), hard, ><ellowlsh brown, moIst 2.2 29 2,5 2 ~®--(LL=32, Pl..15)
97.2 11 (+f4=11%, -1200=53:;) ...---....

t::::=::I:::=:: @ CLAYEY SAND (SC), dense, yellowish brown, moist 50 Q)

~
==::::'~~--_-':'-':':'-_-':"':_---------"'c...j."" .

"08. 19 .~ SANDY LEAN CLAY (CL). hord, }'ellowlsh brown, moIst ~

~ (+f4=O%, -'lOo-66%) z:

billrroi-"::":::'="=::-__-_-_hO_,d ~4:c;0c...j ~
"==0 ;;:
~ @ --hllrd (+1t"'0:c, -#200=65%) ~

w

PLAN
1"=50'

d
+'

Elev. 66.7 feetf C/.I

ORIGINAL SCALE IN INCHES
FOR REOUCED PLANS 0

f---------------,w
z
:J

10' 1050'-------------------------------------------------"::-1
ALL OIMENSIONS ARE IN FEET
UNLESS OTHERI'!SE SHOWN

f------,w
z
:J

PROFILE
\-10 Verl.: 1" =

Hor. : 1" ~

~ll~~I~~i~ ~11~.29- ~:

~-,- i!.@i,i®!®i®:®~L.II®~~®!! r6:0==:89~,.~60~f~eel~±!~I§r·rrrf~-8!~~:~S--W~-~1-4~3;~~i~~~;~~~~~~~~~;~~~~~~~~~~'~:'~,·~::·::~- \$I \!Y\b' ~ 13.8 51 2.5 1 133. 1.3 L LEAN CLAY (cr.), hard, brown, moIst, medium to high plcsticity (ll=44, PI=27) []§:TI&:II
® ~2.53

I~~ Ii ~II i Ii: ~ ~ jf 50 504-" 2.5 2 9al 15 t6A\ LEAN CLAY WITH SILT (CL), herd, brown, dry to moist, medium plastIcity 79 2.5 4-

~.; [jJi

l

.,..1 1liII~~ [~_!] <e>1_! ~~ ~6 91 2.5 3 1'-.97.2 4- "I2!Y ~~g~~InGR~~D ~~..~TH_~~~ very dense-, yellowish brown, molst,
g~, 50 4 2.5 5 102. 16 LEAN CLAY 'MTH SAND (eL), hord, yellowish brown, moist

I
i F>-<c 40 50 5" 2.5 4 po~~97~·'~'9'~'@.=C=--,.~"~1Y~ct~A;,Y)(~cti-~·L~).A,h~"'~d.,,'"'~IO.~"dh;b';;~;-";',,";';t':Jm~O;I~~'d'~~P:_''''-t1~'It-y-~~~50:'~'.~' ~.~ 1~1~55~91'~,.,.~,:_~(+=f4<>=a~~-~12~OO:75~"'~.:.__~ ~'~a:i2.~,ii'

i 50 ,• 2.5 5 SILTY SANO WITH CLAY (SM), very dense, yellowish brown, moist ~
U" ~ 5062.56

:!8~ a ii.,.f!lo- ::J 50 4 2.5 7 ~ - hnrd

I~ ~~~~ ~ mi w ~~3~0---~'~a~+~.~2~.'~~6 ~ SILTY CLAY (CL-t.lL). hlll'd, reddleh brown. dry to molsl, low to medium plasticity - L .J~50~'~2~.'g;J;7
~~~~~~~~~ Ii.~ ===-------------------- 09-21-06-
~~.••• '" 11II lID = 89 2.5 7 ~=95.212 --hard 09-21-06F i.l!:Il I>XA =:::I ~ No groundwoter encountered during drnllng
~ No groundwater was encounterod durin9 dn11lng

g 0: ~ ~ 09-26-06
is'' • .~, ~ ~ ll' 20 20c ~ d a 1; ~ No 9roundw(jter was encountered during drilllng --------------------------~_1

~ ~ ~ ~ ~§iiI;~;§;~ II
IIIIllH!ili!il!l!l1ili1il1ll ".'

1 1 ~ 11i ' H';~'" II

h '" l'Jl",.!1.;1;;:;;:hh ''E''LlNE I I I I I

~~ l 1 HL I_-l-8-0-+-0-0-----r=::::l,,---18-2-+lo;:;°;W;~;t;;:;;;;:_;;-T---1_8_4F+~oioPAREi~ORTHE----1816-+-0-0-------I]'iB1E'TI18illi8J+iQ:0:r0_.:::::_:_:::_::=-=:-:--;::-:=;-::==~:-:=::-:::=~=:-:::-:-=-:l
~h g !. ~.' .~ H, By' n.l. 'nmtlgotlon by' PREPARED FOR THE S]RUCTURE NO.
o~ ..... J! DESIGN D. GOUTHIER I A STATE ROUTE 4 (EAST) WIDENING PROJECT- SEGMENT 3A
< ~ ."~! ~ ~ DE.GN a","ONT By' STATE 0 FCALIFORNIf"\ PSIRCAR reoPOSTSTJ"~'''SS]i(,"~)----

~~ ! iJ ~ ~ .oN OFF DATE CHECKED P. SIRCAR G. TRIPATHI DEPARTMENT OF TRANSPORTATION PRa"'CT ,""N'" LOG 0 FTEST BORINGS
, \ ' 1 '1 I



Note:
Standard Penetration Test Sampler: 1.0. = 1.4"; 0.0. = 2"
Modified California Sampler: 1.0. = 2.5"; 0.0. = 3"
Hammer Assembly. A 140 lb hammer with a 30" drop
(Automatic Hammer)

SHEE;T OF

3 "
PLATE A 3

I
I

+



ALL DIMENSIONS ARE IN FEET
UNLESS OTHER\\1SE SHOWN

--------------1

9 03 0,°7':0 '" 24

PLATE A-4

LOG OF TEST BORINGS

--hard

--hlltd

OJ.8 18

~ .p
+ '"
~ +l ---"6::.0-1

~ RW-189
"'''---__-IAg'LEAN CLAY (el), hard, dark broWl'l, moist to dry. medium tc high plasticity

1~1 '(LL=44. PI=27)
-13L 50
~ very stiff

~ SILTY SAND (SM). very dense, brcl'/11, moist, fine sand ~

~ <))

=""--<:=='nCU1====no==="",;--_4,,0'--l.:!".-~ LEAN CLAY (Cl), hard. brol'/11, moist to dry, low plasticity

I
198+00

EARLIER REVISION DATES ..
DISREGARD PRINTS BEARING

POST !.IllES (PM)

49 2.5 1
38 2.5 2

d
Elev. 54.0 ft± t;

97 11 2.5 3

92 10 2.5 4

4.5 88 10 2.5 5

I
196+00

--(LL""38, PI=23)

SILTY SAND 'MTI-l GRAVEL (SI.I), medium dense,
brol'/11, moist, fine groined, semi angular gravel
up ta ~"

LEAN CLAY (el), hard, brown, moist, low to
medium plcstlcity

--hard

--hord (li=28, ~=10)

--hord

I
194+00

6 W 2.5
4£ 2.5

No groundwater was el1cOl.lntered dlJri/19 drilling

8", 63,4 fi±

1"=50'

I
192+00

I

SILTY CLA'( (CL-I.IL). hard, brown, moist, low plasticity (LL=26, PI=6)

190+00

36 1.4

82 2.5 3

41 1.4 4

4W2.55

188+00

"C' LINE
I

PROFILE

I-
Verl. : 1" = 10' ----C1::..0-l
Her. : 1" = 50' -

~

60

50

~

ill
'" 40-
z
a
F« 30
>w
--'w

20

10



SHEET Of

5 24

PLATE A 5

R27,4/28.74

ROUTE

ALL DIMENSIONS ARE IN FEET
UNLESS OTHER~SE SHO~

cc

-903 01 10
REVISION DATES PRElIM1NA~Y STAGE ONLY

04

OIST COUNTY

10

o

CONTRA COSTA
TRANSPORTATION AUTI10RITf
3478 IlUSKlRl( A\£HUE, SUiTt 100
I'\.£ASNfr HlI.I., CA !l452J

The state 01 Clll'ljbrnia or us QlftctlTS or mgema
shaU not be -responsible for the ClCCU7'Q(ltf 07' completB'YWSS
of IIlsatTonia copies 01 this plan slwet.

REtrS/ EN,lIlNEER Gl::ereeHNlCAL. ~

/ II ~YPA~
~P~lMl~S~A~P~PR~OV~AL~DA~lE=====_~1I~~'~1:13~'tl *!J-

PARIKH CONSULTANTS, INC, ~ •
2360 QUME: DRIVE, SUITE A Or
SAN JOSE CA 95131

Note:
Standard Penetration Test Sampler: 1.0. = 1.4"; 0.0. = 2~

Modified California Sampler: LD, = 2.5"; O,D, = 3"
Hammer Assembly: A 140 lb hammer with a 30" drop
(Automatic Hammer)

1

2053200
"

{ ,
0\'

1''' "
,

:~

7
"

~---8' :;

.$
Elev. 50.0 H± V)

1D

20

30

50

60
-

z:
o
F
<t>
':':Iw



R27.4/28.7

84.7

$3.$

53.5

•
-0-

PLAN
1"=50'

8
q \

,~

CON"TRA COSTA
, "TRANSPORTATION AUTHORITY

~ -= 3478 BUSlIIRK AVEMU£, SUItE 100
'1:52 _ ~'PLEASANT tI\l., CA 114523

-'C~r~~
~_...::~~_ The stot. oJ CaHjbmi4 or Us oJftcer8 or u9fll's
~~".w.;'~*~shall nol bs fVspon8'lbls for llur tw01.I1"ClC1I 01' oompllll8fl8S8

oJ ellloh'onio copies oJ lMs plun sJwllt

Note:
Stondord Penetrotion Test Sompler: 1.0. = 1.4"; 0.0. = 2"
Modified Colifornlo Sampler: 1.0. = 2.5"; 0.0. = 3"
Hammer Assembly. A 140 Ib hammer with a 30" drop
(Automotlc Hammer)

60
-

o
ALL DIMENSIONS ARE IN FEET
UNLESS OTHER~SE SHOIIN

o

"E" LINE I
202+00

I
204+00

I
206+00

I

208+00

! CU 04725
5 EA 2285F1

DISREGARD PRINTS BEARING
EARLIER REVISION DATES - 0

REVISION OATES PRELIMINARY STAGE ONLY
03 01/10

SHEET,
PLATE

Of
2.

A 6



PLAN
1"=50'

I
~ I

wz
::J

I
1
1-------.~

::J

Note:
Standard Penetration Test Sampler: 1.0. = 1.4"; 0,0. = 2"
Modified California Sampler: I,D. ~ 2.5", 0.0. = 3"
Hammer Assembly: A 140 Ib hammer with a 30" drop
(Automatic Hammer)

SILT (ML),"'h""""d.'-',.="".,..'"-',,,""'~'-.",m",oisC'.\,,',~. IT~'ITITI:
~last1c1ty SO S" 2.5 5

10

50

20

ALL DIMENSIONS ARE IN FEET
UNLESS OTHER~SE SHOWN

I

218+00

£uit .t!!60J....j

~

~ SW-203

~ ~ SANDY lEAN CLAY (eL), very stiff, doric brown, moist, low plClltlClty, line-gfoiled sand

~
~@ LEAN CLAY (CL), very stiff, dark brown, moist, medium plolillclty (LL=4J, PI=26) -::;:::-

~88i[,IJ'O'i!:'] ---.SLU,,,,\MML:r.)••'~'iiY,""ill"•••;C,,""~"""'''b;;;'';;;';;;"''m;o;,,,,,,-----------------4~0J....j!
~ lEAN CLAY (CL), hard, I1gllt broWfl, moist, med1tJm ploslk:ity 25
~---:-=-:;;ho;"d.d.b"",;m~------------------------'3~0'-1 ~

W

17.5 15 L --wry stiff (lL=44. P1=26) cJ40 2.5 5

26 2,5 1

33 2..5 2

72 \.4 4

32 2.5 3

a
a-
1,
Kl
d

[lev. 49.0 ft± t;

51 2.5 7"~ SILTY SAND (SM), dense, bro'llfl, moist, flne-Qrcllned 9ll1ld

10-31-07
No groundwater wes encountereQ during drntillg

I
216+00

--hard

103. 18 L --hard (1l-33, PI-9)

&
+0

:-; SW-201
'"~ §j
"962'10" LEAN CLAY (CL). hard. brown. moist,
~ medillm plosticity
98.3 l111'AL) very stiff, tlork brown (ll 39, PI 23)

SANDY LEAN ClAY (Cl), hard, brown, moist,
low ~IQstlcity, flne-groined sand

214+00
I

10-18-07
No groundwater WlJS encountere<l during drRling

I
212+00

84 2.5

85 2.5 4 --hard, yellowish brOlYll 50 2.5 1
41 2.5 2

~
i[j[~J@i)_~L£~AN~ClA~Y~(Cl~)t·~h'~'d~.~,.~'~~''''~br'':~~·~m:':''\~.__ ~j2jj~;;~9 0" 2.5 5 105. 15 L medium plastica¥. (ll"'45, PI 25)

210" 2.5 3

10 2.5 6 ~ SANDY LEAN CLAY (Cl), hard, brown, moist,
flne-groined sand 50 5" 2.5 4

505" 2.5 7 . '99.8'T1'3l --_h_..._._n.:.gh_l_b'_'~ ~w:TIIJ[
10-18-2007 96 1 2.5 5

No groundwoter WIlS eflcountered during dr~lIng

20

40

30

10

..[" LINE

50

60

z
o
F:;:
W
-J
W

DISREGARD PRINTS BEARING
EARLIER REVISION DATES



24

A 8

SHEET•
PLATE

40

30

°
ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

03/01/10 I
REVISION DATES PRELIMINARY STAGE ONLY

Pl..ANS APPROVAL DATE

~ 0

Note:
Standard Penetration Test Sampler: I.D. = 1.4~: 0.0. = t'
Modified California Sompler: I.D. = 2.5"; 0.0. = 3"
Hammer Assembly: A 140 Ib hammer with a 30" drop
(Automatic Hammer)

"
2

LEAN ClAY (CL), hard, braWll, moist, low plasticity

--hard

SILTY SAND (5M~ very dense. graJ' moist (+1'1=0:;' -#200 21:;)

SILT WITH SANO (ML), hQfd, yellow, malst (Nan-plastIc)

EARWER REVISION OATES
DISREGARD PRINTS BEAR1NG

l

I
231+00

111.8 12

wz
::J

63 2,5 5

I

9

229+00

--hard (U"'H, PI- 17)
95.9 22 L10 11 2.5 5

I
227+00

ORIGINAL SCALE IN INCHES
FOR REDUCED PLANS 0

I
225+00

--hord

116.4 20

I
223+00

32 2.5 5

81 1'" 2.5 4

1'1=50'

" ':0 ' " ,r~- -,
, '-, __ ')P" ~ _e' 'J'a ' \_

PLAN

a

"E" LINE

30

~
::J

o~ ~~
ro~ 1~ ~~
'<t" <e n!: {\j +l

M ~ (\.I tJ d t: RW/SW-172lli d r-... RW/SW-171 A [lev. 53.8 ft± t; r-

~ £Iev, 52,0 ft± t; r-...~-~~~~~r;;;<ftl-~~:~:~~~~~~~~~~::~~3:I:HH:Er-... 0 AN CLAY WllH SAND (CL), very stiff, brawn, maist, law plasticity.-'5"0'----=..l!!:!,,.illU!!'---...~d ~ RW/SW-170 -it::.:JILEAN CLAY (CL), hard, dar!< gray, mals!, medium plasticity (U=31, PI=15) 24 2,5 1 ~r.:"\.l --'5~0'_,
I £Iev. 47,9 ft± Vl ---Irr::'ll~ 59 2,5 1 10 L 14 41 2,5 2 06,3 7 --hard (LL=26, Pl=10)

~
~~__~!:~~ ~~!~l];;iI~='LE~AN;ClA~Y;(;Cl;).~h~«~d.~d~"~k~grn~'~.~"';y~"~m:':":,._ 83 1- 2.5 2 ~ SILTY CLAY (CL ML), hard, light brawn brown, moist, law plosticlty 't'''J54 2.5 1 107, 11 cP:l mB<l1um plastlc1ty ~ ~ -
40 100 8 2.5 2 122,9 17 L hard, yellowish brown (U=44, PI 2-4) 505- 2.5 3 ~ LEAN CLAY (CL), hard, light brown, moIst, law plQst\city 505- 2,5 3 ~

~ --hord SILTY CLAY (CL-ML). htlfd, light brown, moist, medium plasticity 78 5" 2.5 4 ill1::TIJ@
96 2.5 3 ~ 5052.5 4 ~

i1iT.5I1Ol

SANDY LEAN CLAY (CL), very atlff, light brawn, ~ SILTY ClAY (CL ML), hord, light brown, moist, law plasticity 63 2,5 6 ~
moist, law pl09trCitY, fine-graIned sood 1 0" 2,5 6 ~

~ r~2~O~__~~5~5~2.i5~'~~27~.B~2iO~lL'~S='l:T:("~L):. ~""':'.:""klh~t'__'hn>~~":._"m~':.''__'(~LL=27':... ~P1=':.4~)_~~~~~~~~~~ __-=~'-- ~6~O~2~.5~~7 ~ --hQrd 20 ~~ ,,-, 7011" 2,5 7 99,91 17 I hard 12-ot~----------------------------="__j ~

Z 83 1" 2.5 7 126, 20 - h<lrd 10 DB 06 Na groundwater WCB encountered during dr~nng z
a No groundwQter was encountered during drilling 0
~ 10 10-09-07 f=
:;: f- No groundwater wos encountered dul1ng dr!llngl 1,,0'-1 :;:
w PROFILE w
-' -'
w Vert. : 1" = 10' w

Her. : 1" = 50'



40

50

ALL OIMENSIONS ARE IN FEET
UNLESS OTHERII1SE SHOWN

03 01/10 I . 9 24

PLATE A-9

RE\IISION DATES PRELiMINARY STAGE ONLY) SHEET Of

CONTRA COSTA TRANSPORTATION AUTHORITY
3+78 BUSKflK A\£Nl,IE, SUITE 100

,j3_B I'I..EJI9J.NTHlU.,CA~

The statll of Califttmia or -Us o:lftcers or a.genlll
shall 1Ull bll tlIsponsWw ftrr ills accuracy or compld81ll!SS

4_0.'

DISREGARD PRINTS BEARING

. '

I
238+00

,

I
236+00

FOR REDUCED PLANS 0 1 2

I
234+00

(

I
232+00

"E" LINE

5..... {~ 015T I COUNTY I ROUTE I T~~~Tp~~~fcT S~~ET lJ~ltTLs

ll~ ~ w~l':i t;~';:·~;;;;'~--~·~··=-~~··=·1·2-·o;;··~·-L:=·=~~==~J.:-~·"~·~~:;::··:··:J::'~:r~'-'?=::::::::::::::::::::::;===~·~':,::;:,;;-::S~~'J~:;:;::;:;:=-:::;;~:-~.:.:..:..:.:.:..:..:_:..:...:.~~:§~.BR~U~SH~.~,.~. f-04..J1c...,_cc.",...JI_..4"""9-.t...I..,...R2..7,...:4/..2.., ...7--,-_...t...I--IIt:~I Iii 1
1
=_="::::=::-~~;~::-I;:::···==S.2~2;·::~=·=/=/=~=·:..·:=-.Jt·~==)=_~==;;.s:;:~jU;;::::=•. ==~O:;:~;=··=·------=·~I:Cl:·.·=;=·?=:=·=· .=;',=••.~=~=..l_=..;·;~f:·~=;;·~_..~.=...=,~;;S;::···l7m~i:====S1='==::;-~··_=· ='=:~=..•=..=..=...=.==~";:='\==;:;==... =.~".);..~._:;:,=.;;;•.,:;::~';'=·=·=···=~='=:'['l'~F;T(\=·=·;=-" ..~_-~RE~·~7C~:A:..~EN~.~"EE~R ~~=o=,,=cn=NiC=(==---lI~1 ~~6~~'J-

8' ~~N ~ il t: ., i!." I <>J ~:)." , ,<, ~C ''>1J:' ;::i) ) -:~:::"- /. . PLNlS APPROVAL DATE \1 ....
F ;,.l~'.~H ~ ~Hi ,-~~/ " . E L1~E R> ,. c.r" /... ._.._ ...... tD..'...../· ." "" . c '"P." PARIKH CONSULTANTS, INC. ~,",=:~~'

~ - U I -.'" 2 3 ~~) 6 7 ~ 240 '\S-') 1 2360 QUME DRIVE, SUITE A ~ ...........,v
16i"'i~ "-" - .~~ .,"-"- l".'..1 SAN JOSE err, 95131 -=

J.'l i _..P .......in I l.i~tl ~ , ,," - ')-" ,... ..",/ SAA ,\+S 0.. 1 ~'\.i, ,......-·-;,0,4110·'11
... fl;;l: Deg OT "e, "all I"".IV _, 4 :.~~,"~" ._"......... / fi . /":7:~- 8 ",* 9 \ 'SA,* 30 ..··~ t .."

t t (-~~,:=g.. k)~:;~~~.~d:rl·"C.~'~~"~\'- __-1i~'_.~lS i~.oMf~~~~~~~~~~l~'"'' .SiB ~i~..o~l:,g·;,USH.::~ .... \~s~~\:
IIi!. h !~ i )'\ =-- .. >7 " ~V! .,J'. '-......F' ", \~i~\\\\~:\-1T":::~-::::":'-"~~~\~ ~_/";;-B~"" /\" L.Lp..,

~\~jJil), ,\F- ~n"' .. ", V ., t,,' "' '["' 1~~A5No' \t\\~:~~..\ ....,,:: :---\\~\$!t""~" (I Note:"il. ~~\
Pi - Standard Penetration Test Sampler: 1.0. = 1.4"; 0.0. = 2"

~~if~.~R~' Modified California Sampler: 1.0. ~ 2.5"; 0,0, = 3"
021 ~ Hammer Assembly: A 140 lb hammer with a 30" dropn (~~~~~

1,Ir. ~d ilf ~f! w w ~
UH! ~u: !~i it!:J :J <D ~

tli=i l]~ u~ ..0 ~ q- ~ ~ ~
i;...-;;:2 jb s:u *~ ~ .p '" :.H 8~

M ,-, Ct:: d --:! RW SW-175
~~. ~ ~ i ~ '" it: RW/SW 173 ~ ~ RW/SW 174 Elev. 56.5 ft± t; :::i- __-ih.:l~ ! i ~ i§ ill li!jl! .$ r-.:' ~- - +> - - e.J LEAN ClAY (Ct.). very stiff. light brown,

5 IS ~; §~ ~ ~ ~ I~i~ ~ 50 El:~ 52',8.•It±,"" I'- ~ LEAN CLAY (Cl), very stiff, clerk brewn, moist, low plasticity, troce roots Elev, 53.0 ft± "" r$----m·+~LEAN ClAY (Cl), very stiff, j'BIlowish brown, moist, low 33 2.5 1 - ~~ C dryh:ml:st'4:,~1u:0:Ohigh plostlclty
. ~ 8 ~!; I ~ ti ~ I~i ;~ ......~, l!: 37 2.5 1 106.9 lOA to medium plostlclty 6.8 39 2.5 2 110.0

~ ... ~ 5.1 32 2.5 2 OS 5 16 5 ~ SILT (t.lL), very stiff, dork brown, moist (ll..4O, P1=7) 54 2.5 2 03.7 12.6 --hord l SILTY SAND (3M), very def1S8, groyish brown.
~ 01 @@®®®@®®®®@ . :...J~ 00 -4 2.5 3 ~ moist, flne-gralned sond

69 25 3 ~ SILTY CLAY (CL l.4L), hord, brown moist, low plcatlclty ~'09.,".6 "U~TI~[
• ~~ • ~ 40 . ~ " 2.5 , ~=== --_h_~_d,_dc.,y_',_m_,',_' t.§1 • 2.5 -4 111.8 12 --yery dense {+J.4--0~ -#200 =26%'j

i~i~ ~[;]~l ~_3~0~-----~~::~i:i:~:~ ~:~~2::~~:7~·7~c~_-=SAN=_h~:Y~'d;;~9~:~y:..CL<..Y_ICI._)_h_~_d'_"_~_,_m_"_,,.., ,_"_._"_'_."_~_"_d '_'7~:~:~2~2::~i: ~::::::::::=']:::~_@_L_~~_:_y _:::_:,_,_,,_,"_,..m..,,_.'_ILI._"_'_''_I-_'_Ol :: 4':: :~A__~_L~_j7_:_'p_~~_[..-_:_~_~S_:,_:_,:_ro_'.m_~_':_ro_~_,_m_"-''3:::0--l
~ brown ~

~~~~1s~~ j 20 :: :: :=m:: "_y Miff : :: : ~:==~06~B~'§2:~]L..-..:·::l::::'CL<~.~t~ff~I-C1.--"-'-',--..'-.tI-ff,-"-'_'''_''_h_''_''_"_'_m,_,,_, 60 ," 2' 1:-10~ --h'" 20 ~
~~!i;J!i ~.~i.~. ~ ~t:i '----" ~ B-29 06 No groundwater was encountered during drHl1nl] ----------="-1...'"
::.:: ~·tliWtli '" 0' ~~. :Ill!! 4.0 52 2.5 8 102.2121.316' LEAN ClAY 'MTH SAND (CL). hard, brown, moist, medium plasticity, coorse sand (LL"'37, PI...1B)
~ I§•••mIII nrn l5§ 6 ~ 1 - ® No groundwater was encountued during drilling 6
....:: - 'i ~ _~_ F 10 17 2.5 9~ --stiff F=
51 ~ 15 ~,~~ i ~ ::.; 't. iEl\ 10 ~

38 2.5 10·'Q: 101.3 22.3~ POORLY GRADED SAND (SP), medIum dense, bluish brown, fll1e--grolned (+#4=0';' '200»4.3:;) PROFILE ------.J

_lRl~:lI!!!!!,rmSlIMilIl_ I~~ .J~~~~); ~ Vert. : 1" = 10' wB!I W IiiiiI ~ IU ID ~ e t- 0 42 2.5 11 ~ SANDY LEAN CLAY (CL), very sUff, wet, gro}ish brown, fine l]J"clned sond Hor, : 1" = 50' a
t 1 ~ l'! 10_13-06--------------------------------...:..:::::.:....:......:-....::c:.....-------------------------~'----I

i ! .u~n n
.- tj
J~ -!l .uih it
liJ:fi< "51

Si ..:: 01 11
~~ Is b

~t· g !.~.! ll----------r--------r:;:~By;o,----l'F:;;I.;;;ldil"';;:v;;:,,;;''''g,;;;,;;";;nbb;y'-i----PPRREEPi'AARREEDD0F:<oSR'RTT'RHIEE----i----------lisillTRiijUCgjTUillR[E]NOQ;.~:;::::~-;;;~:;:;-:;-;-;;~;:;-;:;;;-~;:;;;:;;:~:;;-;~;:::;:--:~~~:;;:;:_j
.'!1 •• >.. .i i DESIGN 0. GOUTHlE' IA STATE ROUTE 4 (EAST) WIDENING PROJECT- SEGMENT 3A

<1_!l :l ~ ~ h ~i :~GN~~::GHT CHECKED By , SIRCAR G TRIPAn' STt}J~2~o~b11~gA~~ I ':~~~TC~:.NEE' eo" "'''' (,") LOG OF TEST BORINGS
ORIGINAL SCALE IN INCHES ! !



I

PLAN
1"=50'

350

CONTRA COSTA
TRANSPORTATIOtl AU1HORITY

A f, ~7a IlIJSI(IRIC AVENUE, SUITE 100

A 10

SHEET OF
10 24

PLATE

60

ALL DIMENSIONS ARE IN FEET
UNLESS OTHER\\1SE SHOWN

REVISION DATES PRELIMINARY STAGE ONLY
~ O~I03/D1 10

DISREGARD PRINTS BEARING
EARLIER REVISION DATES

I

10' No groundwoter wos encoul1ter~ during dr~J1n9 20
50·-------'::.c:.:=::::...::==:::.:=='-----------~

248+00
I

246+00
I

244+00
I

242+00

"E" LINE

~I!i~~i~ji~ i~i~ ~ I-------------,§

!~!i~:~~~!; ro ~ ! ~ ~ ~
~i ~~ ~~

I~ ~ ~i! ~ 60 ;;'; -H ~1 d ~ SW-176 d ~ RW/SW-l77
!~. si !i? ~ ~.I: ,:=---- £lev, 56.5 fii ~ ~~~!~~li~IW~SW;~'7~5~~~~~~~~:=!ElieVl'i5B'31flt±~0 ~ ~ LEAN CLAY (Cl). hard, brawn, moist, low £Ie'l 59.0 ft± 0 ~ -f~LLEAN CLAY(CL), hard, brawn, maim'iJ~ Ii: i ~ I!!" l;l - ~ LEAN ClAY (Cl). very sUff, I1ght brown, 55 2.5 I ~01A12 plasticity 50 2.5 1 90.8 9.6 medium plastlelty (LL=33, Pl"'18)
• r.n ...... IF.ilIr,"_l,~ r:J51 33 2.5 1 12 C dry to moist, medltJm to high plasticity 67 '""5 2 Ref 5 2.5 2 85.8 I 14.al t', TY CLAY ( .. )W ""'ll W iii ~ L:::.J =:';.:." L. 84.6 16 --hQrd ~ ",l CL-ML, hard, light brown,

I
-::=:-- 50 6.8 39 25 2 110,0 17 Ii"-;, hard LL 49, Pi..30' "TITID--::=;;:;-------------------------I~!IT1IO::: __m_'_.t_._t'_.'-Pt_""_"_lty'--- ---'5"'0'--l~

Q) IAI 1)' () 50 5" 2.5 3 EI:IJIJ hard Ref 4 2.5 3 ~. --r.ard -+-'

;=-ht~~;;tl~ i 1--'4COOC- ~~~5~:~:5~5~:~~~~::~..:~:2~5~.~-~~;~~~~t·~::::~d:~D~::~a;~~~-~~::~~~:p~,·~o:~'~"~~..!2~_'_~_._~6~'~5"~2~.5~'~ ~6~.'~'~6~C\~{~L~T,~j.~"~;,)·~;~i;'·~b;";.~;.~m;,'~,t~.1~,,~P~"~,t;',~ItY~;:~;-----------:50:'":'.~5~'~~93.916.0 C._'Al_.,~=~..'t1;;;'~rty-Y-(-CL-).-h'-.d-.-b,-,~-.m_'_I.._"_W -'4"'0'--l';;O~
_ .~Q SILTY SAND 'fIIlH GRAVEl.. (SM), very dense, greenish Rei 5" 2.5 5 102 114 -nora

F! ~•••mIII IlIlllE }--->« ;';;80!Z5§'"n;'[50
5[111 109

. 17 A SlLT ("IL), hard, gra}isr. brown, mlost B4 5" 2.5 5 9~8~d.L~_~14'4~"'eY__,b~,,~~;.~m~';~"~.~flO;~i..~';jned;'~"'.'~(+;;I-;:...-t-B~--'2-0..-t_"-)----------_ . . F:;:~ ~ (ll=27, PI"'4)

~ ~ ! ! :d~d~ i R ~ 1--'3,,0c- 87 4" 25 6 ~i009~.~16~-~~..~TY~CLA~Y~(CL~M~')~.~h':'d~.~"~'",~.~h~bro:~::.'.m:t:'''~''~'"~'.~5~'~ 110,4 16 --very dense, brownish gray 50 4" 2.5 8 ~ --hard 30 ~
~! ~ ~ ~ lil;~;~I~ ji W : -r.ard 87 2.5 7 109. 16 ~:t,~~I~~)PI=~~tieenlsh gray, 935" 2.5 7 ~ hard W

i'!l !lII1!1iI1!1iI ffil !II riJ 11111 ~! 60 '.5 7 11<6 15 10-10-07 PROFILE 10-11-06

-I 'li !ii J1 20 10-10-06 ---'N::.'-"'::.~::o::dW::.'t:::":...._'~:::...:~::.'_'~:...ot::.~:::'d:...'"=n:::·":".'::.d'::"':::'O'~ Vert. : 1" ::::i;§ J ~ ~ ~ :i' i ~! No groundwater was encountered during dr~llng Hor. : 1" ::::
,,--- ~.
086 ...i1! ~.g
,li~ "il •u l: h t~

~~; I iI
~t ! J Ell ~1------------I--------T,~;;;F-----fr":w;;;;;:;;;;;;;;;;;;-I-----PREPAFB:)f6iUHE-----I-----------pillji:igjji[J~~;:::;:;;-;;:;::;_;-;:;:;;-::;__;;:~;:;:;_:~;;:;;~:;;:::_;;~~~::;:-;;:~:;;::;:;;:_:;_;_l
Ji~ ..! I J.. 1!1 ""'GN O"ROGHT DESIGN ::: D. GDUTHIER ",ld Inm"9'''0" by' STATE POREPFARCEDAFOLITFHEO RN IA P SIRCAR ::C::,::, STATE ROUTE 4 (EAST) WIDENING PROJECT- SEGMENT 3A

J!.~ ! l: ~ h ~-l .GN OffOm CHECKED P. SI'CA. G. T'IPATHI DEPARTMENT OF TRANSPORTATION PROolECTENONEE' LOG OF TEST BORINGS
ORIGINAL SCALE IN INCHES I I I! 1 I
FOR REDUCED PLANS 0 1 2 :3 4



OF

24

A-ll

za
F

>'w
-'w

----------

SHEET
11

PLATE

SHEET TOTAL

03 01 10
REVISION DATES PRELIMINARY STAGE ONLY

PARIKH CONSULTANTS. INC.
2360 QUME DRIVE, SUITE A
SAN JOSE CA 95131

CONTRA COSTA
TRANSPORTATION AUTHORITY
34711 BUSKJlI( A'<DIUE, SUITE 100
F'\.£ASANT IIU. CA~

PLANS APPROVAL DAlE

Tha statfl 01 Cali}brnia or its o!fioers or ~[IIInts

shall nut 116 1"lISponsibl6 /bf' the~ or comptel61l.6SS
\ ot elecml11w copies ot this plan she6~.\&L- ~

\ ,

\

,

DISREGARD PRINTS BEARING

Cj

256+00

cu 04725

59!}

5 EA 22B5F1

252+00 254+00

OR1GINAL SCALE IN INCHES
FOR REDUCED PLANS 0

250+00

.
Note:

PLAN
w Standard Penetration Test Sampler: 1.0. = 1.4"; 0.0. = 2"z

w S--Modified-Galifornia-Sampler:-l;D;-=-2;5"-;--0;D;-=-3"z
1"=50'w :J ~ Hammer Assembly. A 140 Ib hammer with a 30" dropz

:J ~
'-' (Autom9tic Hammer)

u .. '"~ '" "" +''-' 0 +
'"M '" M

M M +' "'+ '" '" !:!.+ +' 0.... "'.. '" '" ~ RW/SW-178
d <ri RW/SW-179

'" 8". 62.7ft±
+' el -it~Jr LEAN a..AY (el), stiff, brown, moist, medium plasticity~

d '"'60 d ~SW-l77 Elev. 60. Bttl t; 60
Elev. 59.0 ft± t; ~ '" ~E§~AN ClAY(CL). hord. bro\\'ll, moist

3.5 16 2.5 1 88.2 10
28 25 1
~ EAN CLAY (eL), Yer)' stiff, derk gray, medium plasticity

"I'd,) very stiff (LL 45. PI 28)50 2.5 1 90.8 9.' L medium plosllclty (LL=33, P1=18) 103.8 13 '.7 " 2;5 2 04,5

'.f 2.5 2 ~ S1L1Y CLAY (Cl-t.lL), herd, light brown, 12.7 50 2.5 2 112.0 16
~

hard, brown (LL"42, PI 26) ~ SILTY CLAY (CL-t.lL~ hard, yellowish brown, moist, low p1ost1cily
50 moist, low plastrclty "' SILTY CLAY (CL ML). herd, yellowish brown, moist, low plostlclty r90,4", 2.5 J ~ 50

50' 25 3
~Ref 4 2.5 J ".7 12' --herd

~
SANOY LEAN CLAY (CLl, hClrd, yellowl:ah brown, moist, f1ne--groined sartd

~
50 25 ,

50 ,. 2.5 • 93.9 15.0@ LEAN CLAY (eL), hard, brown, moist, 10'11 50 2.5 , --hard LEAN CLAY (CL). hard. t)rown, molsl, lowploatrclty

40 plastrclty I;' PQORlY GRADED SAND (SP), very deneB, greenish brown, moist, flne-grol!1ed sand 95 . 2.5 5 ~ 40
Ref 5 2.5 5 102. 11.4 hord 503 2.5 5 ~; 08.5 10

SILTY SAND (51.1), very dense, brown, m(llal, fine-grained sand:I:,

~
~@

SANDY SILT (ML). hotel, brown, molat, fine-grained sand (+1"""0%, 1200 61%) 95 25 ,
96 4~ 2.5 ,

50 ," 2.5 ,
~

--hard

~
lEAN ClAY (CL), very stiff, brown, mclst, low plastIcity

30
~. SlLTV CL.AY (CL I.IL) hard. reddish brown, moIst. low plostlclty I J8 ,2.5 7 30

93 S" 2.5 7 83:5128.81 herd 71 2;5 7
10-16-06

10-11-06 10-11-07 No groundwllter '/f09 8rocountered during drilling

20 No groundwater '1108 encolmtered during drmln9 No groundwater was encountered during drfiling 20

PROFILE
10 Vert. 1" = 10' 10

Hor. : 1" = 50',
ALL DIMENSIONS ARE IN FEET

"Elt LINE I I I I UNLESS OTHER~SE SHOWN

z
a
F
>'w
-'w

~i~;ui~iil §!i~
!~!!~~~~~~~:

I~~;Ii I[ ; Ii ;
• [j] <II IIIJlliJ <8> §]

~~~~i ~h~
~~~iI~!~~i ~i!~
~i!l•••mllllllll"

~< - ~ e _~
~a ~ l5 ~~:!~i" i' 'il
(jI. " ~ ~~~~~ ~~ ~
;'i i! 5 ;;; i!l!"g~g~g:lii .i

IlII11lIlll iiil liUU11II J.'
~ ~ < ~ 11
S 'U.H 'J

l
o:t:\ih to

'lj,L.! hl---------T-------~;::lI"'·Y"'----lr;:;I.;;;'dlil;;;n"~ ••rt';,Q";:;'~,on;_;;;'Y;;-, -T------"fP'fRiEE]oP;pA~R:EEI:Di'iF'(05'RRTTHREE----I---------lfs1RiilluEcTUNii!RE}N!9:0'~~~-;;;::;;-;:~:;-;-~~-;:~~;;:;;:;-;;;;;::;-;;;:;:-;;;;;::-;:-:;;:;:;-:;-;-1•• ~.. J! DESfGN D. GOUTHIER STATE ROUTE 4 (EAST) WIDENING PROJECT- SEGMENT 3A

"~~_,2. -~~ DESfGN">:''';HT CHECKED'Y' STATE OF CALIFORNI P.SIRCAR '"""""(") LOG OF TEST BORINGS
••.. > SIGN OFF DAlE P. SIRCAR G. TRIPATH! DEPARTMENT OF TRANSPORTATION PROJECT ENONEER



o
PARIKH CONSULTANTS, INC.
236D QUME DRIVE, SUITE A
SAN JOSE CA 95131

CONTRA COSTA
TRANSPORTATION AUTHORITY
3476 IltJSl(IflI\' Am«JE, SUI"TE 100

.,,~ fllEAS.l,NT 1IlJ." CA gw3

SHEET TOTAL
NO. SHEETS

SHEET Of
12 24

PLATE A-12

~

60

~

50 ~

'"'"~~
:z
0

40 F«>w
--'w

30

20

10

9030110
REVISION DATES PRELIMINARY STAGE ONLY

ALL DIMENSiONS ARE IN FEET
UNLESS OTHERI'I1SE SHO\\N

Note:
Standard Penetration Test Sampler: I.D. = 1.41>; 0,0, = 21>
Modified California Sampler: 1.0. = 2.5"; 0.0. = 3"
Hammer Assembly. A 140 lb hammer with a 30" drop
(Automatic Hammer)

--hard

--herd

--herd

DISREGARD PRINTS BEARING

No groundW<lter was encountered during dr.llng

0...
+
"-!::;
d
+'

Elev. 65.3 feeH '"
J6 2.5 1
27 '.5 2

58 2.5 J

68 11 2.5 ,
95 11 '.6 5

50 6 '.5 6

75 '.5 7

I
178+00

I

I
I

PLAN
1"=50'

176+00

SllTY SAND (SM). very dense, yellowish brown, moist (+I4=O%, -1200=3~

LEAN CLAY WITH SILT (CL), hord, yellowish brown, moist, medIum to hlgh-------
plosticity, trace fine sond

SILTY CLAY (Cl-ML), hClfd. yellowish brown, moist, lew plostlclty

~@

~
J1oo:4r22l

110,1 13

<U
en
+...
!::;
d
+'

Elev. 65.5 feetf t.')

24 2.5 1
8.2 25 2.5 2

27 2.5 J

65 11 2.5 •
77 2.5 5

69 2.5 6

75 11 2.5 7

~

60

50

40

30

20

10

OlE" LINE
I

174+00

:z
o
F«>w
--'w

~

~

'"~ 1-:..:---------------------



"

" 0,..'. (
83,0 6 "-, , -,~~-- t'

V","

PLATE A-13

Z2.-

60

~

50 -'"'"-~
z
0

40 F«>w
--!
W

30

20

10

ALL DIMENSIONS ARE IN FEET
UNLESS OIHERII1SE SHOv.N

REVlSION OATES PRELIMINARY 5TAGE ONLY
.. DB 03 01 10

I
I

fino grained (+I4=oDX, 1200=26:;)

--wry dense

SILTY ClAY (CL-t.ll). hQrd, }'e1lowlsh brown, moist,
low plasticity

--hard

SILTY SAND (SM)" medium dense, yellowish brown, moist,

Note:
Stondord Penetrotion Iest Sompler: 1.0. ~ 1.4"; 0.0. ~ 2"
Modified Colifornio Sompler: 1.0. = 2.5"; 0.0. = 3"
Hornmer Assembly: A 140 Ib hommer with C 30" drop
(Automatic Hammer)

EARLIER REVISION DATES
DISREGARD PRINTS BEARING

G=i .p
+ --'

~ t 1

~ SW-14B
If)

~ 0 ---------------=-1

~
~ fAT CLAY (CH). very stiff, brown. moist, hIgh plastIcity

05.0 12
07.0 16 @ --very stiff (LL=52, PI=32)

I
186+00

I
I

EA 2285F1
cu 04725

I
184+00

PLAN
1"=50'

I
182+00

I
180+00

"E· LINE

PROFILE

1-
_1_0 Vert. : 1" = 10'

Hor. : r' = 50'

t t
f1ifllJ f~ J

~\~J)fl) i

"'. In I
I~KI) I ~
ii!i~~ji1~,~!~ iii ~ ~ ~ SW-144 ~ ~

'0 .j to I ~ ~ ~B., ~ ~.i~1 n.~ !II [lev. 63,9 feet± ~ [lev, 6L7 feet± ~ ~ SWB~146
60 2' 2.5 1 lia5:irin,o<'2' FAT CLAY (CH). W!rY stiff. brown. molst (ll 50. PI 34) r:;;l [I 596 f I± .fJ

• OJ, • _ _. _ f------r-;;---, ~ LEAN CLAY WIlli SAND (CL), hard, ~lIowlsh brown, molst,___ ev, . ee Vl
01 i 8.8 56 2.5 2 ~;~ LEAN CLAY (CL), hard, yellowish brown. moist. medium plasticity 51 2,5 1 ~ medium plasticity

I:'~~ i. i '" 2,5 2 ~I,g2J@ --~, ,tiff (LL=44. P1.27) 2B 25 1
'" a ~ ~ ~ ! II~i ~ c:;:;- 58 2.5' ~@ 'IT (N'). ''''. ,.n,wl,' b"",. m,'~. ,~ """'" " 25 2
;z.'.· I@~@~~®®~"@~®"@®~.w®®~®i :z~. 1...:5...:0-TIITillEE~ ===""'==;:;-;;==-'::0-:::===-=...-.=-=-==- []50~5·1J2!:j,5CIJ'c:ft~.'i!:B,BW17Z::L--,"='...:TY...:SA=N"O-,,(SM...:l,,-.",w',,-'=.'~...:~",,-,,"'='~='...:"...:b...:,,~=,=m...:'=."t--, [Klliw[lii - S1~~I:iI Ii!: III ~ ;_ =- 61 2.5 4 97.1Tg @ SILT IMlH SAND (toll). hlltd, yo\lowlsh brown, moist. trace fln& grained 50 2.5 3 ~

sood, low plasticity (Non PlastIc) 50 6 2,5 4 ~@ LEAN CLAY W1lH SAND (Cl), hard, yellowish brown, mols!
~ ~' (+14=0:=' -#200=70%) ~Ao 63 2.5 5 ~ SilTY CLAY (CL-l.Il), hard, y&illlWIlIh brown, mols!. low to m&dlum Plastrcl!Y[JU~TI[ 58 2.5 4 ~~I~1~:l:J~~ ~ 1-:_:__50_'_'_._:_:__:_ :::=:@ ~:':y (Cl). '''', ""'0'" b,,~. m"'. m'd<m ",,,,,", (LL='~ P1_dE~7~:5ifi::&:JJ:::: :;@_l_s":":,-,,:,,,:,-,,:,,,:,,',s,,~",,;',-''",:"~~,-w'h",'~",:,-':"",'~"",,,::',,~--,':,,,,~,,,~~",-~-,,~m,,~:,,,:_:_r

l

:_:,_:_'''_lI_'"' (':~43' :::": ~,
_ L-- 85 2.5 7 105.1114 1@-o;l£"A,"N-'Cl"A"'Y-'(Cl"').""='d;;-,,,,.,:ii'~=''''''',,::,~:::.-:m=."'~',.n,=,-:,::"".~:;;.------=-I

10-16-06- medium to hIgh plastIcity (Ll=45, Pl=27)

"I=~:} .Ii I ,2-04-06 ,0--16'---06~. :f i. Ii No groundwQter enl:QUntered during drIlling

~ ~::l~ :;.~~. $I ~ is "'~ 1--2_O "N,,'.:''',,":::'':::0,,'',,''_~,,':::':::"',,'-""_"'":::":::"'_dri"""'::' _
:::: ~!Il!i1i:;; :~ ~ l!I m !Illi No grQUndwatllr was enOOllntered during drilling

I~ ~ Ililllll l1li l1li HI 1III1II!Jl

i~ ~ tJ~d~ ~ l!:
~~ ~ ~~M~;~n; i

1I1l1i;;l1l!l1!ll1il •• 1I
,6

~.. ~]1
;;" u~~n!J

l~----H
Ji...~ • :0: ~ ~ ~ Ii

",.!>1

01"- "IIll~ ~ ~ •
~ 1~ .! J • ~ •J ll----------I----------;r-.;D~ES~IG:Nl"B'"'----",1."",O-;,o;;v:;:..;;,1;;,••;;,;;;,,;;-o;;b'~'-I-----PPRREEip"Ai\RREEDDiF'C05iRRTTHHEE----I-----------PSiji1RjijUi(;icruiijjRiiEJNiQ:o,r;~~:-;::::::;-::-:;--;::-:::-;:--:;;::~::-;:=-:::~-;:;:-;::-;;:-:;;:-::-;-i

" .......}1 C. 'CUTHIER SAO COlA STATE ROUTE 4 (EAST) WIDENING PROJECT- SEGMENT 3A

<!.!l.~~h ~i ::~;:::GHT CHECKEn"'P.•IRCAR G.TRIPATH' TDEPl~TMEJOFTb~I~RTA~~1 ,:;",~~~C~:.NEf:R Kii:OP~ LOGOFTESTBORINGS10F2
ORIGINAL SCALE IN INCHES ! I ! '! ! I !



PLATE A 14

10

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERII1SE SHOWN

03/01/10
REVISION DATES PRELIMINARY STAGE ONL

LEAN CLAY (el), hord, brown, moist, medium p1astrclty
(LL=>4J, PI 25)

I
I

I

18 l

194+00

DISREGARD PRINTS BEARING
EARLIER REVISION DATES

No groundwoler was encoul'ltel"ed during drlll1rlg

I
192+00

5 EA 2285F1
i CU 0-4725

I

--hard (+#4=0%. -1200=7%)

190+00

wz
:J

I ~
If> +''"I + -.J.,.
~

~d

£Iev. 6l0 ft± +' ~'"

99.2 21

wz
:J

PLAN
1"=50'

84 11~ 2.5 6

No groundwater 'HOS encountered during drilling

I
188+00

I
186+00

I
I

+'
-.J

~ ~ ~188

~ SW-148 2:: !~~j5i~~:::::::=::::::::~iitl~~il:~[!]:8'~';LE:AH~o.:AY:(:o.:),,"':',:,':'ff:, "':k:h,.,~:.:m:'d.rum~,,==~~~ 0 --------------------- ~ ~---------------------- 38 2.5 1 116.4 14 l high Jl)Qstlcrty (U=48, PI=30) 60

~
( FAT CLAY (CH), very stiff. brown, moist, high plostlclty i:q

05.0 12 ~ If) RW 186 7910 2.5 2 ~ hord
07.0 16 @ --very stiff (LL-52, PI..32) £lev. 52.0 Hi Vl ~ A'

i
~=~::::::::=:=====J~~~~ --101 LEAN ClAY (el), very stiff, brown, moIst, medium plasticity (LL=J5, PI 17) 5.3 53 2.5 3 06.0 15 - hord~' SILTY ClAY (Cl-toll), hord. ~IOWIsh brown, moist, 37 2.5 1 101.0 12 L ~

~l low plasticity r------r--n-.. h.'d B6 2.5 .. ~ ~~~9;C:~d (~Jd very dense, brown, moist,
~@ hard 62 2.5 2 ~ ,

67 2.5 3 _ 14 L LEAN CLAY (CL), hord, dnr~'-""''''.!!>"!c._''!b1,,,,k''_._''m''"''''-',_''m~,d'''rum''-.!£',-''hI'>!,h'___ __~~46~'~.'~5~ - 6 --dense (+14"'0%, ,2ao-2aS%)
~@ SILTY SAND (SM). m<ldlum dense, yellowish brown, moist, plQ!ltlclty (LL=44, P1=26) ~

fine grained (+14=0,," -#200=26X) 59 2.5 .. ~ --hord 50 6- 2,5 6 ~ --very dense

75 2.5 6 ~ --very dense __~~~~"'...::~~~~~~~~~~~~~~Q!~~~:=0.0' 1_,,""="",--,;;;:;;-;=""=;-;;c;;;;-==;:;;- [~4'ClJI;±.4IJ5[ ~ LEAN CLAY Yl\1H SAND (el). hqrd. brown, moIst, low plastIcity, fine-grained slIl'Id 68 2.5 7
85 2.5 7 lQMlJ±....J@ LEAN ClAY (CL), hard, yellowish bro'Ml, molst, B1e grained, 10 24 07

_ L. medkJm to hIgh plastlclly (LL"45, P1"27)

10-16-06
________________D38u lj;].,D::'!: t;:Iill.--="',r<!,----------------------------------------=--l

No gtoundwoter was eI1countered dllrlng drlling 10-30-07

20

10

"C LINE

30

~ r-
If>
+r-
~

60 'lev. 59.6 (..t±
d
+'
'"

2B 2.' I
35 2.5 2

50
50 2.' 3.. 2.' ,

40
J6 "' •

~~J ui~ I i~ ~~ii~; !Inh:~~dl!~
" @@®®@@@@®®®

~

~

·~I~ip,w ~ !
i~ ~~ g[;]~~ s

>'
~~!ii~l hsl d
Jmi~~n Uh
~~IIi1••• !'lllllllDfiil

< ....
i!i~.. "1ilfiii."" .~~
taii!~j;j ~i~.t

IlIl11mi!ll!il1il1ll1l ~
i'

t 1 ~)1i ~ ..u~n u
i;J: ~ I
~~ o!l •xx ~ ~ ~ U

~'"~ I '1
i'i~. ~ to
~1~. I ! I ".: I ! H.I---------T-------I;;;DE~S1;;;GN;r'yY,'----Tri";;'ld;;;;,nv;;';s';;";",,.,o;;-n-';:.y;;-,-T----pPiRRiEEip5jAiJRRiEEiD~F05RR""iT}HiEE:---T---------ls~TR!iiU;gjCTUjjjR<iD!NO['I;::;:-;-:;:;:-;::::::;--;:::;:~-;:::-;::;;-:=::::-::::-::::::::::::;:::::--:::::-:-:-::~~~
-" ••••• 'E'''OVER'GHT ,y,",GDIJTHIER STATE OF CALIFORNIA P,SIRCAR "",P"'TI'" STATEROUTE4(EAST)WIDENINGPROJECT-SEGMENT3A

.l' o!l !~~~~ ~i SIGN Off DAtE CHECKED P, SIRCAR G. TRIPATHI DEPARTMENT OF TRANSPORTATION -;;P~RO"'JE"'CT"'E"'NO,,"NE;;;ER;----- LOG OF TEST BORINGS 2 OF 2
ORIGINAL SCALE IN INCHES I 1 ~ 1



OF24
A 15

z
o
F
0;;
w
--'w

SHEET
15

PLATE

20

40

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

6::U'

RE\JISION DATES PRELIMINARY STAGE ONL

Note:
Slondord Penetration Test Sampler: I.D. ~ 1.4"; O.D. ~ 2"
Modified California Sampler: 1.0. ~ 2.5"; 0.0. ~ 3"
Hammer Assembly: A 140 Ib hammer with a 30" drop
(Automatic Hammer)

8

j

208+00

ha'

~

~

'"
SANOY LEAN CLAY (CL), hard, b,"':::""2.'.::m:::"~::,'__ __'3;:0"__1~
medium plostlcity (L1.=3J, P1=16r

SANDY SILT (tolL). hard, brown. moist, fine-grained sand

SILTY SAND (SI.I), very dense, gray. molet,
fine-grained 8and

SILTY ClAY (Cl-ML), hard, brown, moist,
low p1ostlcr-ty

DISREGARD PRINTS BEARING

7 644

~@

~
~

:c;

~ RW SW-196
~ ~ LEAN CLAY (CL), very Btlff, brownish gray, .e5.e0~
~® moIst, medlLllTl plasticity. (Ll=39, P1=24)

~. ~:~y SILT (Ml). hard, brown. moist, fine-graIned

11-07-07

(14.7

2,5 4

87 2.5

"

40 2.5 1
50 5» 2.5 2

No groundwater was encountered durIng drllllng

90 11· 2.5 7

6

i;'

~
ru
d

Elev, 51.2 ft± t;

I
206+00

5 EA 2285F1
l CU 04725

I
\--I---------,~

:J

2056$.7

--hard

--hard, grayish brown (U=3J, PI-12)

I
204+00

97.7 13 \L)

3

PLAN
1"=50'

I
202+00

ORIGINAL SCALE IN INCHES
FOR REDUCED PLANS 0

I
200+00

103." 21.5

wz
:J

4

70 2.5

50 • \.4

"E" LINE

~ ~~--' (!; -.J

~ ~ ~

r
~50~----~~dE~(evi'§4E9.~2EflE±~~~dl~~~~E~~91__-------------- Elev. 48.3 ftf ~ ~ RW-194

1 ~:::0~'LE~AN!~CLA~Y~(Cl~)';h~'i"'~'b~"§"",;mi'~''''~;;,,,,,, ~!~~~I-F~~ ~ LEAN CLAY (Cl), very stiff. grayish
62 2.5 ~. low plostlr::Jty 41 2.5 1 9 brollm, morsl, low

3.4 54 2,5 2 ~® SANDY LEAN ClAY (CL), hord, yellowIsh browrI, 45 2.5 2 11 --very stiff40 low plasticity moist, flne-grtllned sand
---=--===-,--,---,--,----- 50 5" 2.5 3

:3 108.1 18.1 L LEAN CLAY (CL), hard, brown, moIst, medium plostlclty 91 2.5 J ~ti:j) SILT (toll), hard, bro'Ml, moist
(Ll 32, PI 13) ~'e:i (LL=Jl, PI=6)

'3---:;h;"~',~'~";,""'~""""~~-------_---~~~~~~ LEAN ClAY (CL), hard, yellowIsh brown,65 2.5 4--1?'~f7~.4~'~4:;.--'m:'.~'~',;'~~,j~".~'~'"~'-------_~i2!!lIITI
~, t 1'"2.55
~@ hard (ll 29, PI=11) 50 5" 2,5 5 ~ --hard

5.4 50 6" 2.5 6 ~~':,'~16~.'~'®~-~SAN~DY~l~EA~N~ClA~Y~(~Cl~).;,h~"~',~b~,,;.;,,~m;o~'~~, ~6~D~2;.'~6~20 ~\ low plasticity, fine !101ned IIQfldr----------[]",iLC2!;j,'[[:b;7~ SILlY SAND (Sill), v«y denae, brown, moist, 90 1'· 2.5 7 ~
~ fine graIned sond ~

10-29-07 PROFILE 11-07-07

1-1...0 ~N'~"~"~"'''''''"''''m_'."''''-'~''''OO''"'',o"''''''''-'',,"''~",'-"'''-'~ll1n"'''__ Vert. : 1" = 1O',_..:N;:,.:,,:.:,:::"":.:"'::.:::I,:.,:::":.:';:'":::':::":::":::0'.::0':.':::'::"'::';:';:'''::'':.,' -'1~0_
Hor. : 1" = 50'

~

~

'"
~ 30
z 1'--------I]j5D~6·'llit.4ITI'
o
F
0;;
w
--'w

!I~ I ~~i~ i i~ ~!i~
!~!!~~i~i!I~~:
~~~i;P ~W ~
i~~~ :[;]~~
I~I~ di~i~q
:~=~~!; Ifb
~~iIiI•••!!l1ll1lD8

< li~~d£
~ ~ .. ~~ .1<
"'~d,,~"~-, ~-I
~ ~ '5 ;; ~lillil~!!j; J

III !m iOlliil !ll1iiI1ll1ilI I
"j 'Ii l It

."i ':U!H Un
~;;; '" i
",,~!i "ul:~", 11

~ .. !o'l 1
~~- : "51115;;!! i ~ .•
~h g J , ! ,I . I:r----------i-------i==-l'.;y;y,----lri,,;,o,dd'j;;,'v;.o:;:.,"',g;;,,"''o;nbby;,-T----PPRRERP'>;Ai;jR~E=iD5FFOORR~Tii=HiEE:---T---------IS[!...iiijUiQjCTU!illR~E}jN[O·r;::;:-;,:-;;-:::::;;.;:;=--;-;~;::;:;}--:;;;:::;=:~~~:::-;;=;:::::;:-;;,:;-~-;;::;;l
'1]~J:~i!L!! DE..NO.....GI" DESIGN gy,D, GaUTHIER STATE OF CALIFORNIA P,SlR''''' KILO PO," (PN) STATE ROUTE 4 (EAST WIDENI~GPROJECT-SEGMENT3A
~~!i :ll:~~~" SlGNDFFDAIE CHECKED P,SIRCAR G,TRIPATHI DEPARTMENT OF TRANSPORTATION PROJECTEN~NEER LOG OF TEST BORINGS

I \ I l I 1 I



StU

I

-

PLATE A 16
03 01 10

REVISION DATES PRELIMINARY STAGE ONLY _~t--~F

--hClrd

FAT ClAY (CH), hard, dark brownish block, moist, high 10
plasticity (Llro54. PI=34)

SILTY SAND (SM), very denoo, gray, wet,
medium-grained sand (+I4=0%' -1200=22")

SANDY LEAN CLAY (0.), herd, gray, wet, low 0
plasticity, medium-grained sood --"----------'"--1

~o

02.2 15

wz
:J

EARUER REVISION DATES
DISREGARD PRINTS BEARING

5.2 50 6" 2.5 5

I
I

218+00

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWlSE SHOWN

I

- hard

--hard (LL=44, PI=21)

+' .p
M --'

RJ :fI
d ~ SW-205

1;;~~::J;5:~iikl5imi;;;--~Ea~,,~.~45i·2if~t±~+'~"'I~i~~~ii=.il0p-RWjSW 204 ~I lEAN ClAY (eL), very stiff, dark brown, moist,
- 41 2.5 1 01.6 10.L) mc(Hum plasticity (lLo.30, PI=15) 40o LEAN CLAY (tL), hQrd, dark brown, 46 2.5 2 ~ --very stiff -------------'.:'-j

moist, medium plasticity .-----.,.

--hard 71 2.5 J ~ --hord -m
SANOY LEAN CLAY (eL) liard, brown, moist, low 30 01illIJIJ plastidt)'. fine-groin~ SQIld------------"'''-j Z

LEAN CLAY (ct.). hard, brown, moist, low 0
plosticity i==
SILT (tolL), herd, brownish grClY, moist, low 20:;:
plcsticlty (LL.39. PI..l0)--------=-1 ':'J
LEAN C\.AV (eL), hQrd, brCIWn, moist, low W
plasticity

115.4 12

~

wz
:J

I

a". 39.7 ft±

1

I
216+00

ORIGINAL SCALE IN INCHES

I
214+00

I
212+00

''('' LINE



SHEET Of

50

R27.4/2B.74

ROUIE

L/

ALL DIMENSIONS ARE IN FEET
UNLESS DTHER\\1SE SHOWN

cc

03 01 10
RE'v1SI0N DATES PRELIMINARY STAGE ONLY

04

DIST COUNTY

,""7 EN?"'" GEOlE6HNICAl.

;:-,0.7 PLANS APPROVAl CAlE

PARIKH CONSULTANTS, INC.
.';: 2360 QUHE DRIVE, SUITE A

SAN JOSE CA 95131

~ 8

Note:
Standard Penetration Test Sampler: 1.0. = 1.4"; 0.0. = 2"
Modified California Sampler: I.D. = 2.5"; 0.0. = 3"
Hammer Assembly: A 140 Ib hammer with a 30" drop
(Automatic Hammer)

I
234+00

DISREGARD PRINTS BEARING
E!\RLlER RE\I!SION DATES

32

I
232+00

-

I
230+00

9

1"=50'

·J·C.D

I

8

228+00

7

I
226+00

..•---
C..· " __ ,S,'

POSTS

(111 ,:,C
o

85

5052.54

"E" LINE

30

w

~ ~:l !;U

~ M~ £~
"'+...J~ :!:~ h]+J'" ~Ri +l C\J +I d r-:: SW-208

50
;;" CI ~ SW-2~7~~~~;:2~~~~ ~E~lev~,~51~'9iftiBEt; S 0'_""-______" SW 206 Dey, '9.2 Iti !:: ~.I"" .$ ru ~-< I:J,. v, ::::: Q ~ CLAY (eL), hard, brown,

l
~~_jEile~Y'i4E7.BO EftE±i"li"i~~~h,;I~ ~ 73 2,5 1 15.4 H moist, low to medium plolillclty

~ 32 LEAN CLAY (Ct.), very stiff, dark brown,
Il LEAN o...AY (CL), very stiff, darK brown, 2.5 1 106.5 12 L molgt, medium pl1l9tXllty {LL 39, PI 23) 41 2.5 2 0·1,,0 10 --very st1ft, dent brown

34 2.5 1 112.9 12 L moist, m~lUm ~Iostlclty (LL 40, PI 24) 50 2.5 2 ~ --hard, I1ght brown
40 50 2.5 2 ",B8~'7~'~4~__-~-~h'~'d~ [:]j:::rITIT 50 3 2.5 3 ~ __-_-:::h':::"',-,:::":::'~,-;,-"':::b:::":::~,-- ...:4",0'-l

~ 93 2.5 3 107.Sr181 --hard, brown
50 5 2.5 3 ~ hard 50 5 2.5 4 ~@ --hard, light greenIsh brown

~, SILT ("IL), hard, I1ght broWl1, mclst, low 73 2.5" 00.3 15 SILT (!AL), hard, brown, mo~t, low (LL=38, PI=15)
194.jI161@ plQsticlty (Ll 35, PI 9) plQStlclty ~ 50 6" 2.5 5 ~ -_-h:::«:::d .::3:;:0:....j

89 1 2.5 5 109. 17,L) LEAN ClAY (eL), hard, light brown, dry to
8.5 97 11· 2.5 5 104. 19 l£AN CLAY (Cl). hard, light brown, moIst, moIst, medium plas~lcjty (LL"34, PI=14) 2.4 50 5- 1.4 6 ~,.714 d.r.;>.. --hard, yellowish brown _

-:;:;- ~~:"'_.J~ij;[;!4:[;b ~~~~__m~'~d.~"m~PI~"~t1'~"~':~:~:~~ ;~~;~~ ~ --hard ~~ , ~Q) 20 95 11" 1.4 8 106.6 13 SILTY SAND (SM), very dense. gray, moist, 79 1.4 6 ~ ~ ...........
Q) fine grained, 50 3 1.4 7 ~ --_h_"_'_"_9h_l_b'_O~ ----,2",0:....j 11

.:c::.. '1QiTIITIJ;;;~ 69 1.4 7 98.5l""241 - herd:z L50 6 1.4 7 ~ LEAN CLAY (eL), hQrd, brown. mclst, ~ 11-24-07 ---
o medium plasticity 11-06-07 No groondwoter was encountered durfng drnllng Z

F><:( 10 11-06-07 _..:N~'.:.9~"~~~dwo=I~_..:wo~.~M~,~oo:::"I~~~.d:::"':::.:"':.g~'"~'~.g':._ .....11'!!0-l §>"'"
w No groundwater was encountered during drilling
-' PROFILE w
w ° Vert.-:-l'-'-= 10' d

Hor. : 1" 50' 0

~
: ~-PV~-':"C:- '\

,.- e~FQ .
)/ '::'

.

PLATE A-17



10

PRELIMINARY STAGE ONLY) ISHEET I Of I
I ,IF'r241

ALL OIMENSIONS ARE IN FEET
UNLESS OTHERII1SE SHOWN

very enee

CLAVEY SAND (Se), very dense, gIllenlsh browrl,
wet, file grolrled (+14-1X, -I200"39%)

SILTY SAND (SM), dense, brown, moist;
flne-~(Ilned s<JrId

40
--;",,""."ClA""V"("ClT).",=,,:i'd."b=,,=",",=m::iol.:rI,'IO=.,----:::....j --;::;-

plQstlclty ~

SilT( SAND (SM), very dense; brown, moist, 0
nne-grQlned S(]nd

Note:
Standard Penetration Test Sampler: J.D. = 1.4"; 0.0. = 2"
Modified California Sampler: I.D. = 2.5"; O.D. = 3"
Hammer Assembly. A 140 Ib hammer with a 30" drop
(Automatic Hammer)

0.0 17

wz
:J

54 25 3

72 5" 2.5 4

I

,
~!;'J

<t -P,
(I;~

Bey. 55.4 ftf ~ ~i'iiijrn~Rf.W~~SW~-~21~1~~~~~~t:::~__-,~[!J LEAN CLAY (Cl), hQrd, dQ1c brown, moist,
50 2.5 1 04.0 12 L medium plasticity (LL 40, PI 22) 50

3.7 37 2.5 2 02.1 17 YlJry stiff

3.5 75 2.5 6

242+00
I

240+00

;Ii
~ RW SW-210

::::: ~ LEAN CLAY WITH SAND AND GRAvni'OO6T11l (Cl), hord, brown, moist (FILL) _

~ --hQrd,
SilTY CLAY (Cl-MLl' very stiff,

13.2 16 brown, moIst, low p08tlclty

wz
:J

I

238+00

__'~\'_;~===_,,,,,,,,,,,_50-:,fi,:_==_:~,~_~,__0_0,_6,,___,_,__-~-,,/
PLAN
'"=50'

2.5 3

I
236+00

50 • 2.5 6 ---r-;5' LEAN CLAY (Cl), hard, 1.5 18 2.5 6 04.7 20 medium plostlclty
~ brown, moist, low plQstfclty

~
::]=~~~~---~-::::~~-~=:::P:OI"~LY:GR~AO~'~O:SA~.~O:(S~P:).:m~.d:I":m~d:M:.~ ..__--;;;;;:~5~Oi'~·~2~.5iij7---.---. --"o,d 36 2.5 7 .i 112:61 ·17 I brown, moist, fi1e-grolned. sond

60 2.5 7 101.31 11 I "

10-23-07 10-23-07 62 2.5 8-'" .Nfl groundwater WQS encountered during dr~nng ~fc

No groondwater WDS encountered during drilling 72 • 2.5 9 ~@

50 • 1.4 10 ::::=:::JJ[]

41 1.4 11 ~ LEAN ClAY (CL), hard, grQylsh brown wet,
10' ~ low plQstklty 0
50'--------------------------------- 10-23-07 --=---1

4.4 50 •

hard, tight brown

- !'lord

--hQl"d, )'lIlIowlsh brown

- hQrd, yellowIsh broWl'l

I

108.-31 15 I

~~ --hard, light ~lsh brown
~'ei (LL=J8, PI"15)

234+00

7

,

11-24-07

50 3 1.4

5052.5 4

No groundwoter WIle encounttlred I!lring drilling

2.4 50 5" 1.4

20

10

"[" LINE

PROFILE
o Vert. : '" =f-'------------------ Hor. : 1" =

1-3_° 50 6" 2.5 5

I--------,w
z
:J
~ 00 ~

~ "'+,' "'~~u. .... :to • --'f ~ ~ ~
:~ f3 t' hl

t6 cs ~ RW SW-209 d

r..!5~0~-:-:lE~,evi·~51g'9~f~tt~~ ~i'i~i[5208 8ev. 525 fit 0JjiESl [!] u". ClAV (Cl, ''''':~bro~~~. iEle~v·E53f·~3EflEtE0N CLAy (Ct.), hord, brown, moist, low pl08tlclty 68 25 1
73 2.5 1 115,4 14 moist, low to medium plasticity 75 1 2.5 1 02,5 20 '
41 2.5 2 104. 10 --very stiff, dark brown 50 25 2 .9 15 .L) SANDY SILT (Ml). hard, brown, 53 2.5 2

moist (Non-plosttc) ~~~~i~~~9.}3TI21D.!&_LEAN CLAY (eL), liard, 1.0 29 2.5 3
brown, moist, low plasticity LEAN CLAY (el), very stiff, brown, medium

50 5- 2.5 -4 ~ SILTY SAND (SM). llery denee, 4J 2.5 -4 12.7 17 L plostlclly moist (U=32, PI=16)
~ brown. moist, fine-grained $(Ind

~
~~~--~~;'~~~=IT~i~~~ ~OO.,9 SANDY LEAN CLAY (Cl), hard, brown,

57 2.5 5 _ I 8 I very dense 52 2.5 5 ~ moist, fine-grained sand

LEAN CLAY (Cl), stiff, brown, moIst,
z
o
F:;
w
-'w

--;::;- f-4:.:0'- []5Q10~,~.]J3[
0)

""~

PLATE A 1B

~~~ ~ i ~I~ ~i

i~!!~!!~ll~~!
.wnlp w~
a:~~~[;]~~

eJ~~!Ii:aI ~ ~~I
< ~mi~~~ ~ ~ I !i~
~~IIi1•••!ll.IllIi.!l

i!i~ ~!J,d~u
~ ~ ~ ~ ~M~;~I!S 11:

IlII1il1lllillHil1ii!i1ll1ll I!
0'

j .. •~ rli iU.H n
l:i: ~ h
~~ &l,[ "U~~~ h

'1,,_ I'J
~ ..~ 'j"25~ Is D II

~]~~ &!i&,[ !.Il! ~~i;I-----T----~D'S~IG.JB;Y;-"--I"F1;;'ld-;':;;lnv;;;"tti;19.:;;t10n;-;;.;-"IS-T-A-T-E~PoRBEPF'AARERcEDDARFOlRLRTrITFHjEEO-R-N-IAT-----I~STR!EJUC1UjillRE::lli.04·~;:;::--:~;:-;-;~;;-::;;::;:;:;;::::~::;-;;::;::;:-;:==~--Ii ~.- ~ '. a. GOUTHIER STATE ROUTE 4 [EAST) WIDENING PROJECT,SEGMENT3A

!~~h :::;:::GHT CHECK'o'" P. SIRCAR GTRIPATHI DEPARTMENT OF TRANSPORTATION P:~J~~TC:ON"R J<KiiilU>'£""iii!:Tifi(PM~)t-----~~L·-;6G OF TEST BORINGS --
ORIGINAl SCALE IN INCHES I I I! I,1 C,U, 0,4'8725,5, DISREGARD PRINTS BEARING I REVISION DATES
FOR REDUCED PLANS 0 1 2 3 4 EARUER REVISION DATES .. roR~ 03 01/11



No graundwoter was encountered during drilling

50

ALL DIMENSIONS ARE IN FEET
UNLESS OTHER~SE SHOWN

REVISION DATES PRELIMINARY STAGE ONLY SHEET OF

255

- 0 03 01 11 4

PLATE A 19

Note:
Standard Penetration Test Sampler: 1.0. = 1.4~; 0.0. = 2"
Modified California Sampler: i.D. = 2.5"; 0.0. = 3"
Hammer Assembly; A 140 Ib hammer with a 30" drop
(Automotic Hammer)

4 <\.3,1

EARUER REVISION DATES
DISREGARD PRINTS BEARING

~. --hard

-P
--'

~
~ ~SW-214

,-----j10ILEAN CLAY (el). herd, brown, moist, medklm plasticity (LL=38, PI=22)
119.6 14 L92 2.5 1

53 2.5 2

'"~+
iii
ru

$
[lev. 53.9 fit (/.I

I
252+00

1: cu 04725

I

250C/~

250+00

PLAN
1"=50'

wz
:J

I
248+00

I
246+00

92 ,," 2.5 3 08.5 17 C

No grollndwater weB encountered during drilling

"E" LINE

20

30

is
--'

1, ~ """
If., ~ ~
~~ ~~

ru in
o ~ RW/SW-212 0 - RW/SW 213

r~2- JD~"i'~56~.3ift±~t;I:01i~~:=E~~~~~~i;~~= [lev. 56.3 iti t; ~ ..,;
--'---------j9 LEAN ClAY (el), very stIff, brown. moist, low -- gt:.:J plasticity e::J LEAN ClAY (CL), stIff, br<lWll, moIst, low plasticity

50 41 2.5 1 96.9 13 SANOY SILT (tdL). hard. brown, moist. 22 2.5 1 2illill
86 4" 2.5 2. 100.6 18 l fine-grained sand (rton plastic) 25 2.5 2 ]illill@ SILT (tdL), very stiff, brown, mal!lt, low plastIcity (LL 29, PI 6)

PROFILE
1-0 Vert. : 1" = 10' 0

Hor. : 1" = 50·-----------------------------------------------~~

10
1----------------------------------------------------------.:.:.

z
o
F;;:
w
--'w

LEAN CLAY (CL), hQfd, brown, mo1l:lt, low ~
plasticity 50 !I 2.5 :5 ~ SANDY SILT (Ml), ha'd, brownish t;Fay. moist, fine-grained sand

I "':4~02- [:::ID:JJKl:::I1~rr=@]@_~S1~L1Y~S~AN~DL(;S"~)·U""'i±i!~d~~'r··~"'t;'~",~,~m~.L'I~._1::Jiu:ITD:: 50 3 2.5 3 101,3 11 C~ SILTY SAND, (SI.l), very dense, greenish brown, moisl, fine-grained SQnd? r 91 2.5 -4 99.7 10 fine-Wa1ned sand {+t\=o; t200=16;'1 90 2.5 -4 ~@ LEAN CLAY, (eL), hard, brawn, moist, law plasticity (1l=24, PI=a) 40
ill 67 25 " --=--r1'Al-~18~--'LEAmNc"-'''''y,---'('''a.').>h;;:'':;d.>b;;'~;;;-.:;m:O'I":;-.'I';;;W:-:P:;:I,:;.tW.,"t'c-----------"'--I~

,.2_ 50 5" 2.5 5 100.9 11 __ve:y densa 183 2.5 5 104.4 17 liard • ~ OJ- ~,~~ITill__~LE~AN;;,,)C~LA~y~(~a.~),~h:"~d.~b:":"'~.:m:'.:L~":W:-_IQO:ITIJ[ \....-.......-- SILTY SAND (SM), dense. 9ra y, moist, fine-grained sand 20 2.5 5 - 9@SANDYSllT(Ml),stlff,brown,mOist,finegf<llnedsand(NQfl PIQlltio)'---.--'

71 2.5 6 f9.3 22 pl<lstlcity 71 2.5 6 '1"1104.04.:31~1':22~I.__--==-:;-;;~=__=:-=:-=-::::--_----__ [IT[§QI'BITIJ[ 30 z
~ ~ 5.7 50 6" 1,4 6 ~® LEAN a...AY (eL), t!<Ird, brown, moist, low plostrclty 0

42 2.5 7 ~ --w=ry!lllff. gray 62 2.5 7 ~ LEAN CLAY (eL), hard, W'own, moist, 10'11' plasticity ~ f->~
11-05-07 11-05-07 41 1.4 7 - 13 --hard W____________________ 20

No groundwcter was encountered dtJrlng drUlIng 10-22-07------------------------=--i LLi



o

10

ALL DIMENSIONS ARE IN FEET
UNLESS OTHERWISE SHOWN

DISREGARD PRINTS BEARING REVISiON DATES PRELIMINARY STAGE ONLY SHEET or
EARLIER REVISION DATES - 0 . 03 01 11 20 24

PLATE A-20

I
206+00

I
202+00

hard

SILTY SAND (9.1), dens,," wet, gro~sh brown, flne grained (+#4=ox, -1200=13%)

50 J 2.5 , ~®
50 • 2.5 • ~
50 5. 2.5 • ~
" 2.' 6 :::=:::Iill.. 2.' 7 22

.2 2.' , ~.GJIS .., 2.' 9 22 L

2.1 53 2. 10 ~®

:l5 1.' 11 "
I 10 13-06

198+00
I

194+00

'y' F"lelol InvestlgQtlon by' PREPARED FOR THEDESIGN
D, GDUTHIER STATE OF CALIFORNIA'y' P. SIRCAA

CHECKED PROJECT ENGINEER
p, SIRCAR G. TRIPATHI DEPARTMENT OF TRANSPORTATION

ORIGINAL SCALE IN INCHES
\ ! I 1 ,

1
, 1 cu 04725

FOR REDUCED PLANS a EA 22B5F1



Of
24

A 21

SHEET

"

-30

10

40

30

-50

PLATE

R27.4/28.74

ROUTE

CC

SANDY lEAN CLAY (CL), hard, groy, wst,
medium plasticity, flns-gralned sand

--very stiff (ll"44, PI..21) (-(.200m85%)

SANDY LEAN CLAY (CL), stIff, gray, wet.
fine-grolned sand

ClAYEY SAND (SC), medium dense, br~\
a:101st,... flne-9rolned (+,....2X, -12DO-23X<) -)

lEAN CLAY (Cl), hard, brown, moist, medium
plostlclty

POORLY-GRADED SAND (SfI), very dBnse,
brown molBt,flns-aralned

SILT (Ml). hard", ~d'=-'k::..::.b'~"=-"', ~m'=-'.=-t 5_0_ _l
(Ll"37, PI=10)-

l£AN nAY WITH SAND (Cl), very stiff, brown,
molBt. medium ploBtlcay

REVISION DATES PRELIMINARY STAGE ONLY
9 03 01 10

04

DIST COUNTY

L

LOG OF TEST BORINGS

-40
=-31.8 ft----------------"'-I

102. 22

9

7

2.5 13

2.5 10

2.5 11

2.5 12

2,5

2,S

tB

70

BO

Bt

Ref 6" 1.4 17

50 5" 2.5

3.9 36

DISREGARO PRINTS BEARING
EARUER REVISlON DATES

lZWS..2... ..' ro, 41
9-

POORLY-GRADED SAND WITH SILT
(SP-Sr.4), very denBe, yellowIsh broMl,
molBt

L CU 04275
5 EA 2285Fl

- 47 coarse SAND (+14-0%, 1200=72%)

9-5-06

---@SANDY ELASllC SILT (t.lH), hard, light groy to browrl, Terminated at EI
62 \!2.Ywst (Ll=69, PI=29), (+14=0%' -1200=65X)

f--Sklpped Sampling

f--Skipped Sampling

~@Sill MIA SAND (ML), hard, light gray, wet, lime
7

2 ~, -B3 2.5

RBf 6" 1.4

JlWS2 7 14-09
(Prior to g-outlng)

-Al98 ft, becomss Poorly graded
31%Ni'J, do, k g, OJ

-At 109,5 ft very hO\~d~\r..~d~.~1~~ijTIIiSEDIJ.lENTARY ROCK (SIlty Shale), Ref "1.4 8
brown to I1ght gray. Intensely
w80thered (-1200=29")
-At 116 ft, pockets of SILTY SAND

-20
SILTY SAND with GRA:,;'~(e<'"'l)-@i~TID::I~~::ri[]1~~:~~~:~~::::~[~~ITDd~~Iio-----=::~:=-----------:::'1very dense, light gray, wet POORLY GRADED SAND WIlt! SILT AND GRAIjR
(+14=31"- -f200=14%) 50 6- 1.4 6 - 25 (Sf' Sr.4), very denee, block brown, moist. grovel Ref 6 1.4 16,:;. - 26 very dense

$I~e it .~{

--hord

,D

36

50

35

:.' 0
SANDY SilT (t.ll), h,.......,,"lgbblt-ij~EiITI:~~~illD:~~;:~~~~~;::;;;;;;;;;:---~~ITITi!~~i~J--~~~~i:~~i~~~i:--=-Igray, moist B6 4~ 1,4 4 15 POORLY GRADED SAND (SP), very dense, ,~. _ POORLY GRADED SAND WIlt! SILT (SP-SM),

"I" brown, wet, fine to coarse SAND 0 5.5 1.4 14 >\'. 18 very dense, dark brown, wet, medium coarss
":( ,:(, groliled (+f4=<m, -f200=7X)n -10

,~~-~C3~tJ-----------§R~.f~Jt~,4Ii5~:~"1p::r14tD-~SE~D~I"~[N~T~AR~YJ';oO;;CK«,(S;i,lIt;yS";;;."".~),SI";.h;;-t~9';;;";'--[i~nTIij:·~~'~-~[i~~-:PO~DR~LY~DR~AD~[~D~S~AN~D~\\t~TH~DR~,~\£t.~(~sp~),:----1~ weathered, wet 50 5" 1.4 15 W 40 wry dense, brown, wet, medium COOl'se
grained, gravel up to r (+14=0%. -f200=7%)

~f

CLAYEY SAND, }'ellowlsh brown. about

rt~2~'~t~'~ JiiiS;~:~~~f~~~~-80% flne SAND at 53 ft,~ 39 2.5 3 113.5 17 SANDY LEAN ClAY (Cl), very stiff,
JZWS..2... yellowish brown, molel

7-14-09
(During drlll1n9)

45 1.4

SO "1.4 6

Ref 6 1.4 6moist, medium p1astk:lty, f1n~grolned sand
LfAN ClAY (CL), hard, 9reenlsh gray, molBt,
medium plostlclty

POORLY-GRADED SAND (Sf'), very dense, ---li'mTITII
groy, wet, medium coarse-gralnBd, trace leon 77 6" 1.4 7
oI'y

--very d8l1se. gray

SANDY lEAN CLAY (Cl), hard, greenlBh gray.

POORLY GRADED SAND (SP), very d8l1ss,.mYS u nrv _11.4'
gray, wet, flne to medium grained 7 13 0009
CLAYEY SAND (SC), very denBe, grnnlsh SO 3- 1.4 5
gray, moIst, fille to coorso grained

grained sand

medium dense (+#4=0%. #200=22~

LEAN CLAY WITH SAND (CL), very stiff,
brown, medium plasticity, fins to medium

29

= -31.4 ft

03.3 11

6

7

9

4

5

,

16 'f..:
~

2,5

2,5

2.S

2.S

2,5

2,5

42

67

56

3'

ef 4" 2,5 21

9-8-06
Terminated at EI

50 3" 1.4 18

50-1.417

50 5- 1.4 19

"

50 6- 1.4 20

50 6- 1.4

20

10

30

-40

40

30

50

~ --hard, brown and )'8llowlsh brown
...-... SANDY LEAN CLAY (Cl), hard, yellowish

a; ~.2~__~~'~4~~2'i5~'~O~ brown, moist, low to medium plasticity,0) 20 ~ fine-grained sand
.:::::... LEAN CLAY WITH SAND (Cl), very stiff, --------

25 1.4 11 _ 18 brown, moist, low to medium ploBtlclty,

i5l~~:~~I!II~lj~ii~~i9~l ~~;g~~~(~d~~~"B~~'P~' ---~~~~~F 10 1.8 29 2.5 12 15,8 25 moist, medium plasticity (u.-41, P1-24) 54 2.5 3

:;; SANDY LEAN CLAY (Cl), hard, gl'1lenlBh
W brown, moist, low to medium
---l 53 2.5 13 112.7 18 ploBtk:lty, flne-gralned salld

W ..GWS 9- - ~~~~~~SAN~D~Y~.~L~T~("~L~),~"'~y~.t~'"~'~b_~~.:m~"'~'~-m~~ITro 19 1,4 14 - 25 fine grained sand (+#4-0%. #200=60%)

74 1.4 15 t-::--r:trJ --hord, brown OIld gray B6 3- 1.4 4 .~

1
1b

1 ID f;~ ~----4~~"~~'~!~~~lIE~.~11~NE~""~"I~':J~" ~~"'~','~!~~"'~2ud~'b~A~S~T"~1!~;/~'~6~im:~'~~~1~1~~'b~rI!I~~i~HIA~ST~-lii~5t~' ~">,t~"J~";;;~~~'~~6_.~n_'~~i"'~~~'-'~- ~~~~~6'~9~~-~.~~~'~' ~,-=,~•.~",,~,~,.:~~i ,d~~ J!l~~ffi h" -", ,.._,~",,2:- 4" 1% SH - ,!j! ,""o~~~;";!I_', '.li"::ffi--g' 260 'I "7 L 0-
':~:ii~~II~ISIf4 621 ' ~jtll ,,:1', d:~~~l$JJt 'MO',:,", 07, 6£s "" ::,,".,,' ':, oJ;' RE7EN,,"EER GE_ICAL t.:-:~
~ !t~!. :i ~~ :~ f-='-c~c;~:::::-~--0i __---,;;;m;F=--.. 6_6'_9 6_'·,,' 68_'7--l;~L_ II! M, <JJ,,,, III ~" ++'1''''=-',·,/'·_'-'579 6/,2 "7 $8,5 "PLANSAPPROVALDATE -,,--""---'<L
"!,g.1i ~ .li w w f----:-.::....-----

W
--------:.-------::.:.:::.-------.

W
PARIKH CONSULTANTS, INC, ~~~,'}--

t.f .. ~ t~ §l< ...1l ~ Z 9 ~ 2360 QUME DRIVe, SUITE A ~~Iii~ u --' 1- ---, ::i ---' -l SAN JOSE CA ':15131 ~

.
lir~O~~i. ! ~ ~ I-----------"'-,~ PLAN ~ CONlRA COSTA lRANSPORTAllON AU1HORITY

. b:; re !;'J v ~ ~SKIH~' "':~TE 100

ih ~ ~ ~ et ~ 1" = 50' ~ ~ 11ul stats 01 Calijb7ma or Us olJioers or agenls

I ~ ji +l £:: ji +l =~~~;::~~l~h{':~':na::.eu;:c" or completeness

I l r-7-0--___::J[~lev!,.,2!68g.6!Jf1!tt~t; ~~-__-IfA.S~T-I~I;;;5;;;4;-;;;:;;;-;:;:;{;;::~~;,:_-----:::![~lev!,..2!68g,6!Jft1!tc.£t; ~ AST-154A [lev. 68,2 fit t; id AST-155A [lev, 682 ftt t; ~~-.!.A~S>:!T=-!!15~5~m;:-;:;-;:;-:;;;-::;;:-;;;-;_:::_::;;;;_---.!.7-"01!!1:;~GIl'8il'1 r~ 1~ r ~~DY LEAN CLAY (CL), very Btlff, =-----j[!] SA~ND~Y~L~[AN:-;ClA;:Y~(:CL~),--:.J~.§!L!!~~;..--~-1~18-l0~·~1~=::"'----------=-~~l.!~~ - ~~lrAN CLAY WllH SAND (Cl). very stiff,

• ,\". _) • ". ",[jiJ!J@;-yeIIOWIBh brown, moist, low to medium yellowlsh brown, moist ~ ~ ~~wn, dry, medium plasticity, medium..11 ;<'" 3.5 21 2.5 1 !Q5.3 14 plastlcay, ftle-{ralned sand 29 2,5 1 111Q:!!..!LI. cOOl1le-gralned sand .I IJ I Hi't' 60 '--Skipped Sampling SILlY ClAY (CL "L), ""y dlff, b,~". 60, II il•.!t" --very stiff, brown and mottled light 1- • 28 2,5 2 102. 17 mol medlum lasllclt Ll..28 n,.. "",-
II 27 2.52 111,B 16 brown, medkJm)ploBtlclty (u.-34, P1=17) 22 2,5 3 ~- lEAN CLAY (CL), Btlff, doric brown, moist,

34 2.5 3 111 7 16 LEAN CLAY (Cl, very atlft, brown and _@ medium plasticity
~ moWsd 119M brown, moist. medium plostlolty

~ LEAN CLAY WItH SAND (Cl), very stiff, brown _~~~~~ ~~~~_~SAN~D~Y~I£~A~N~ClA~Y::(CL~):,~_~y~__.!~~~~9~~~~~S~AN~0~Y~L~[~AN~CL~A~Y~CL~).~~~'y~.t:'ff~, ---~~i~~~~ "i!]@:j!9~ :~~tk~~~Ie:n~~~:dg~:dmolst, medium 42 2.5 1 ~ Btiff, yellowlBh brown, molBt 35 2,5 1 113.2 16 dark browll. molBt, sw flnBB 5.2 26 2.5 4 109. 15

~ SANOY lEAN CLAY (Cl), horcl, yellowish brown,
~ moist, low to medium plasticity, flne-gralned sand 31 2.5 5 ~

SILTY SANO (SI.I), dense, broMl, moist, ftle-grained

~ _Skipped Sampling 46 2.5 6 ~@

~

~1:~ui~ll~ ~!i~
;~!!~!~ll~~:

l~!~:[~]~~
~~~~I ~I~i

:~~~~~~!n i !~
~~I'Iil•••mllllllllll

~~ n~~dHg
~ ~ ~ ;< ~i~;i~inl fl ..50 PROFILE

II tm ~ 1m iii a - II it Vert. : 1" = 10' Ref - 1.4 9 ~ ~~f.Yb~~~ ~~:~~, ~~~t Ref 5 1.4 9 21~:~~:s~~l~0:~~ow~,I~:,L~:~n::(:~~~SM),
~1 Hor, : 1· = 50' 12DO=".) ALL DIMENSIONS ARE IN FEETJ 'i • ~. -60 UNLESS OTHER~SE SHOWN -60

i iU" n n f-=------~~;;;;;;:;:;;;;;;--;;;-;;~;._--~:iZITITI~ -=TIJ------Ii~ill~~lli]"SiLTYSAND1'"r-..;y;.....'dm'i<oro.;;:w.t;'foWii"'--~=~~~~~~~~~~=~i~ ~ ~i I ALL DIMENSIONS ARE IN FEET sf - 1.4 10 ~ Ref 5 1,4 10 22 SilTY SAND (Sr.4), very dsnse, dark brawn, wet. few fllleB I
il" J;;,,! "U~~~ It UNLESS OTHER~SE SHOWN - L 7-14-09 I A STREET UNDERCROSSING

~,!i': '1 194+00 196+00 7-13-09 19,8+00 Term;noted at EI =-61,8 ft L. _
5l 01 jl I I Terminated at EI=-61.4 ft I

1i~'--i' ~ ·:1 --=====~=====T:==~==~~~~~==~~~~~===r======~;;;~~~~~~~~=::~~~~~~0 .. !. :.\ .! .l.ii 'y' F1.ld Invos"9,"on by' PREPARED FOR THE SmUCTU,[ NO,
o • L" • 'Ii DESIGN D, GDUTHIER STATE ROUTE 4 [EAST) WIDENING PROJECT- SEGMENT 3A
<~ ~ ~1 ,,"GNOViR'GHT 'y' STATE OF CALIFORNIA P.S<RCAR :~::::~:.~

J;;.! ! 1 ~ h SIGN OfFD'" CH[CKED P. SI'CAR L 'HANGDD DEPARTMENT OF TRANSPORTATION PRDJECTENON[ER 27,e

ORIGINAL SCALE IN INCHES I!'!'! !
'OR REDUCED PLANS D 1 2 3 4



20

-30

-10

40

50

10

60-

R27.4/28.7

1200-57XJ

4

ROUTE

cc

CONTRA CDSTA
TRANSPORTATION AUTHORITY
3478 IJUSlCIRK "VittlE. sum: 100
PLEASAHT HILL. CA i4t123

0151 COUNTY

'/'he stole 01 Calijbmia or Us offiOfl'l'S or 119m'S
shdl no' fls nrspo-ndble for tlui OCCUTlWY 01' compl"OfUl'SS
0/ el-eh'Onio DDpies 01 thUi plan 8/w".

.~:!:.e.N1~ ~~i)J-
~P~lN<~S!:A~PP~ROV~Al~D~Ai!!TE======-~~~~N~~'~•

PARIKH CONSULTANTS, INC. ~~.,"'M=
2360 IilUME DRIVE, SUITE II '-~
SAN JOSE: CA 95132 -

I:J.llill;
Standard Penetration Test Sampler: I.D. = 1.4"; 0.0. = 2"
Modified California Sampler; 1.0. = 2.5"; 0.0. = 3"
Hammer Assembly: A 140 Ib hammer with 0 30" drop
(Automatic Hammer)

If:AN CLAY WlTl1 SAND (Cl), hurd, groy, molsl, medium to hIgh plostlclty, finlt-grolned Gtlnd

--hard, grlly

SANDY SilT (toll), htlrd, yellOWish brown and gray, low plosllolly, fInll-grllloed sond (+14=0%.

--htlrd

--stiff. dark brown

SILTY SAND (SM). wry dense, yellowish brown, moist, f1n&-llrolned (+14-1JC, -120Da2BX)

SANOY LEAN CLAY (CL), hurd, gray (lnd mottled red, moist, medrurn plostlclty {+14=0%' -'200=6~

lEAN CLAY (el), stiff, gray Ol'Id brown, moist, med1Um proslrelty

LEAN CLAY WITH SAND (el). very aliff, brown, moist. medium plastIcity

LEAN ClAY (Ct.), very stiff, brown Clnd mottled gfOy, moIst, medium plasticity (U._35, PI-17)

02.3 24

z
o
F

~~i~~-~·:l1Y;CL~A~Y~"~1H:S:AN~D~A:NO:GR~A~VEl~(CL:-~.~l):,~~~';,'~":ff'~"~'~'~,"~'~b~''''':'~""~'~':OW:P~I"~I~I,~"y~,~9'~""~'~P~l,~r~,::=--...?_~ lLiw:;:
- 56 medium to coorse grained Bond, deoomposed bedrock (+/4=0%, -'200 71::Q 0 --'

42 SANDY SilTY CLAY WITH GRAVEL lCL-Ml), very sllff, groY.Qnd brown, low plasticity, gro'lel up to t, medium to COOTllB
g'olnsd sQnll, decomf'asod bediod< (+14"0,," -I200=58;.T;)

lOB.6 19J~

~

2.5 1

'.5

45 2.5

82 2.5 10

25 2.5 ;}
34 2.5 2

17

1.

I 62 12.5

p § CAV-169
~58.5j~ --~0

~
;o;:or"",

'.6
very stlH, bluish gray (U.=31, Pl.. 11)

LEAN ClAY (Cl), hord,brown, moist

CLAYEY SANO (SC), rnedillm denslt, bluish brown, moIst (+1+=1"- ,2oo=37K)

--very stiff, bluish black

LEAN CI.AY (Cl), stiff, !Ira~sh brown, molsl

- Y&lY atltf, brown

,L)08,0 21

105.120

11t.9 18

106. 20 C

-t'

'":t'
~ CAV-168

::----IGJ
~

4J 2.5 10

63 2.5 9

33 2.5 4

2.5 J

23 2.5 1

[lev. 58.7 Itt

...

10'
50'

20

40

10

50

60
c--

PROFILE
I-0__Vert. : 1"

Hor. : 1" .-

f------....----

104. 10

~ I.EAN ClAY eel), hard, )'OIlowlsh brown and moUled while, moIst, modlum p10stlclty

~-----------------------------~
~

~~ --very stiff, groy and mottled brown (LL=44, PI=20)

~

~m<:7 80 2.5 11

'" - ';~~----;;;;;~~'::':~~:--=~9-gO~48 2.5 11 .;:.06.4 17 POORLY-GRADED SAND (SP), d~nse, blllish brown, moist (+14-0x' -1200:>4%) 19 1.41-12

41 1.4 12 ~ LEAN CLAY (CL), hard, brown, wet 22 1.4 13

-10 .-.-----i.~O~'~·~'~·'~i1J~....~ --(No Recovery)1----------- 50 5~ 1.4 14 }~·1:~-81"8§-·lpOOR~'~y-~G~RA~O~ED~SA~N~O ""iii1Hi',snlLTT',iiNOOiiiGRlAA;;",Cl{llspw:;""iiij;),'",;C",do.;;;",;'.,t,<",,,,,,,..-;;;",c,;",";;;,~w;;;,i'l --~~nITK
60 1.4 15 .l;. _ 38 (+14 27%, -'200 6X) .5 2.5 14

.t' --very dense

r-:~20':- . Hr'''!2:oZ!'B·J:l.14]J16[j~~~ ::;-::::rJiIl] --very dense -------------------------;:;;::;;;:;:;::;::;::;;:!:~:t; ~TIiQ--PciORi:NiiAiiro:SANi;v,;;;;;;W;UiSP:~;;d;;;;;;;:O~;;;;:;.;:-;;;;;,-;;;Io;;:-;;;;,,-;;;;;;;;;;;;;i;;;d----..:2::01

_

_____• ~5<J~'.~1.~4~'7~%1-=--1.1!J --very dense, fine-grained 50/4" 2.5 j 15 :~8J.2 26 POORLY-GRADED SAND WIlli GRAVEL (SP), very dense, dotk 91
o

y, wet, 9((lVllI up to 1·, flne to medillm grained

-30 50 1.4 18 ~ LEAN ClAY (CL), hard, !lfO)'isll brown, wet

1-"::'':-- 72 2.5 19 ~~90~.•mJ2~--_=_::_,::"::;',~b::.:I':-::'b':::":::O---------------------;:;;'M;:;;:'·;;:;.:'.:;:.:;::;,,;:~ LEAN ClAY (CL); hard" 9rQj', molsl, modlum plasticity, trace decomposed bellrock

9-7-06

L3~0!:- 2JO~~'~.5~'~ '~O~9.'~1S~~--::""~'~,I~'.~,b;"~W~';(Il~.~'~9'~P~'~'~'):-:=_----__-------~.~o~.g2.5g~.~r 90 2.5 6 ~ SANOY LEAN CLAY (Cl), hard, brown, dry 61 2.5 7

'-602,5 7 ~

41 2.5 -'8 ~,li1~OlQ.9D4Si~--p~OO~R~l~Y~G~RA~O~ED~S~A~ND)"';;;,;;:H,-;S"":;T(,(S;;;P::;S~~.i:').-;;m;;:.';;:',,;;m~';;;M~";:,bbl;;';;3h brown, moist, fina-gralned
~~ (+,4"'0%, ,200=1l%)

SANDY LEAN CLAY (Cl), hard, brown, moIst
z
o
i=
:;:
w
--"w

!-~Iinh!hdill;
,.~®@®@@@®®®®®

I~ ~ Wi I ~

~~~~[;J~~
.~M..~~l h ~
Jmi~!~~ iPb

~1liI•••mllllllDll!1l

i5~! ~f,d!E u
~ ~ 5~ ~Ii;i;~;~ Ii

lIl\\'!ljlJliillllli!illlUlII il
-I 1 •~ H 1--.:.40:..-~:::-===:-:::-:::-:= -;::;;::;::;::;:;:~ -40

;; ~ j'~ ~ ~ ,I UU I ALL DIMENSIONS ARE IN FEET 0/5.5 2.5T17 ~:":.'='7=--~LE;;AN;:;-;CL;;A::;Y-;;";;1H;-;;SAN;;;;;D-';(C;Cl);-,=,,:,,:-,;::b1::;"'",:::-:g=,,~,,-:m~":::'I~, =m.=';::'"m-p:-''':::lIC;,":-"-:,:-,,---g,C;,,,~.''', -"-,,,----------.:.:::.-1
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(STATE ROUTE 4 (EAST) WIDENING PROJECT-SEGMENT 3A)

SUMMARY OF R-VALUE BORINGS

Boring Station Offset (ft.) From
Approx.

BoringGround Description Lab Tests
No. (ft.) "E" line £lev. (ft) Depth (ft)

RAO 171+83 oC.L. 54.4 0-5' SILTY SAND (SM), yellowish gray, moist R~35

RAI 180+77 2 Rt. 58.7 0-5'
SILTY SAND (SM), yellowish brown, dry

R~58
Top 3": Lean clay, grayish brown, humic

R-42 185+04 54.8 Rt. 63.l 0-5' LEAN CLAY (CL), brown, moist --
R-43 186+36 76 Lt. 62,0 0-5' LEAN CLAY (CL), brown, moist --
R-44 189+58 78.6 Lt. 63.0 0-5' LEAN CLAY (CL), yellowish brown, moist R=23--

RASA 192+00 OC.L. 68.9 0-5' SANDY LEAN CLAY (CL), brown, moist R~15

R-45 192+70 oC.L. 0-5' LEAN CLAY (CL), yellowish brown, moist
R-14

68.2
EI~55

R-46 195+00 50.3 Rt. 69,0 0-5' SILTY SAND (SM), yellowish brown, dry R=33

RA7 196+08 198 Rt. 52.7 0-5' LEAN CLAY (CL), brown, dry R~8--
R-50 200+68 OC.L. 66.8 0-5'

LEAN CLAY (CL), grayish brown, dry R<5
EI=67_._-- ,---_..

R-53 205+ IS Il1.7Lt. 51.3 0-5' SANDY LEAN CLAY (CL), grayish brown, moist R~36

R-54 207+09 82.2 RI. 64.3 0-5' SILTY SAND with GRAVEL(SM), yellowish brown R~39

R-55 210+50 oC.L. 62.6 0-5' CLAYEY SAND (SC), grayish brown, moist R=51
SANDY LEAN CLAY (CL), grayish brown, moist

__c-C:--

R-57 223+00 oC.L. 58.0 0-5' R=26---
R-58 228+20 68.6 Rt. 54,0 0-5' SANDY LEAN CLAY (CL), brown, moist R=28

R-59 233+38 oC.L. 53.l 0-5' LEAN CLAY (CL), yellowish brown, moist --
R-60 239+35 66.4 Rt. 50,0 0-5' SANDY SILT (ML), yellowish brown, moist R~44

R-61 244+16 20 Lt. 48.3 0-5' SANDY LEAN CLAY (CL), brown, moist R=33---
R-62 249+18 92Lt. 47.3 0-5' SANDY LEAN CLAY (CL), brown, moist --
R-63 252+84 44.2 Lt. 44.5 0-5' SANDY LEAN CLAY (CL), brown, moist R=26

Note: All Borings drilled with 6" Solid Stem Auger; EI=Expensivc Index

Plate A-25
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APPENDIXB

LABORATORY TESTS
Classification Tests
The field classification of the samples was visually verified in the laboratory according to the Unified Soil Classification
System. The results are presented on "Log of Test Borings", Appendix A.

Moistnre-Density
The natural moisture contents and dry unit weights were determined for selected undisturbed samples ofthe soils in general
accordance with ASTM Test Method D 2216-92. This information was used to classifY and correlate the soils. The results
are presented at the appropriate depths on the "Log ofTest Borings", Appendix A.

Atterberg Limits
The Atterberg Limits were determined for selected samples ofthe fme-grained materials. These results were used to classifY
the soils, as well as to obtain an indication ofthe effective strength characteristics and expansion potential with variations in
moisture content. The Atterberg Limits were determined in general accordance with ASTM Test Method D 4318-93. The
results of these tests are presented on Plates B-2A thru B-2G, "Plasticity Chart".

Grain Size Classification
Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples ofgranular soil to aid in
the classification. The results are presented on Plates B-3A thru B-3J, "Grain Size Distribution Curves".

Unconfined Compression Tests
Strength tests were performed on selected undisturbed samples using unconfined compression machine. Unconfined
compression tests were performed in general accordance with ASTM Test Method D 2166-91. The results are presented on
"Log of Test Borings"

Corrosion Tests
Corrosion tests were performed on selected samples to determine the corrosion potential ofthe soils. The pH and minimum
resistively tests were performed according to California Test Method 643, 417 and 422. The tests were performed by
Sunland Analytical. The test results are presented on Plates B-4-1 thru B-4-28.

R-value Tests
R-value tests were performed on representative bulk samples for pavement design. The tests were performed according to
California Test Method 301. The test results are presented on Plates B-5A thru B-5N.

Expansion Index
Expansion Index tests were performed on representative bulk samples to determine an indication ofswelling potential ofa
compacted soil. The tests were performed according to ASTM Test Method D-4829. The test results are presented on Plates
B-6A and B-6B.

Direct Shear Tests
Direct Shear test was performed on selected undisturbed sample to determine the shear strength ofa soil material in direct
shear. The test was performed according to ASTM Test Method D 3080 by Cooper. The test result is presented on Plate B
7A and B-7B.

Hydrometer
Hydrometer test (ASTM Test Method D 422) was performed on selected samples to aid in the classification. The result is
presented on Plate B-8, " Grain Size Distribution Curves"

PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

STATE ROUTE 4 (EAST) WIDENING PROJECT-SEGMENT 3A
CONTRA COSTA COUNTY, CALIFORNIA

JOB NO.: 206117.GDR IPLATE NO.: B-1
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PLASTICITY CHART

Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content (%)
AST-154 MC-2 8.0 • 16 34 17 17 lEAN CLAY (Cl)
AST-154 SPT-11 50.0 IZ:J 18 33 17 16 lEAN CLAY (Cl)
AST-154 MC-12 55.0 .... 25 41 17 24 lEAN CLAY (Cl)

AST-154A SPT-7 99.5 * 50 99 '56 43 ELASTIC SilT (MH)
AST-155 MC-2 10.0 0 19 28 21 7 SilTY CLAY (Cl-Ml)
AST-155 MC-4 15.0 000 15 37 17 20 lEAN CLAY (Cl)
AST-155 MC-11 50.0 0 24 26 15 11 lEAN CLAY (Cl)
AST-155 MC-12 55.0 L. 56 44 23 21 lEAN CLAY (Cl)

AST-155A SPT-8 109.5 I8i 62 69 40 29 SANDY ELASTIC SilT (MH)
CAV-168 MC-3 14.5 EIJ 21 31 20 11 lEAN CLAY (Cl)
CAV-168 MC-5 25.0 0 15 39 17 22 lEAN CLAY (Cl)
CAV-169 MC-3 10.0 8 19 35 18 17 lEAN CLAY (Cl)
CAV-169 MC-B 35.0 0 22 44 24 20 lEAN CLAY (Cl)

E-191 MC-3 9.5 1< 18 32 19 13 lEAN CLAY (Cl)
E-191 MC-5 19.5 f3 15 29 18 11 lEAN CLAY (Cl)

mPARIKH CONSULTANTS, INC.
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GDR B-2A
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PLASTICITY CHART

Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content (%)

RW/SW-13 MC-2 6.0 • 20 26 19 7 lEAN CLAY (Cl)
RWISW-13 MC-4 16.0 ~ 15 36 22 14 lEAN CLAY (Cl)
RWISW-141 MC-1 2.0 ... 12 23 19 4 SilTY CLAY (Cl-Ml)
RWISW-141 MC-3 11.0 * 9 43 17 26 lEAN CLAY (Cl)
RWISW-14 MC-1 2.0 0 13 44 17 27 lEAN CLAY (Cl)
RW/SW-14 MC-2 3.5 000 14 31 21 10 lEAN CLAY (Cl)
RW/SW-14 MC-6 23.5 0 22 51 24 27 FAT CLAY (CH)
RW/SW-17 MC-2 6.0 t:, 11 44 20 24 lEAN CLAY (Cl)
RW/SW-17 MC-6 25.0 ® 20 27 23 4 SilT (Ml)
WISW-171 MC-1 2.0 Ell 10 31 16 15 lEAN CLAY (Cl)
W/SW-171 MC-5 20.0 0 22 44 27 17 SilT (Ml)

RW/SW-17 MC-2 4.5 8 13 26 16 10 lEAN CLAY (Cl)
RW/SW-17 MC-2 3.0 ~ 17 40 33 7 SilT (Ml)
RW/SW-17 MC-8 33.0 1< 21 37 19 18 lEAN CLAY (Cl)
RWISW-17 MC-4 14.5 f3 12 36 16 20 lEAN CLAY (Cl)

~
PARIKH CONSULTANTS, INC.

STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA

MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GDR B-2B
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PLASTICITY CHART

Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content ('Yo)

RW/SW-17 MC-2 6.0 • 17 49 19 30 lEAN CLAY (Cl)
RW/SW-17 MC-5 20.0 rzJ 17 27 23 4 SILT (Ml)
RW/SW-17 MC-4 15.0 .01. 16 27 25 2 SILT (Ml)
RW/SW-17 MC-1 2.0 * 10 42 16 26 lEAN CLAY (Cl)
RW/SW-18 MC-3 9.5 0 10 26 20 6 SilTY CLAY (Cl-Ml)
RW/SW-19 MC-1 2.5 000 9 39 15 24 lEAN CLAY (Cl)
RW/SW-191 MC-5 19.5 0 11 33 17 16 lEAN CLAY (Cl)
RW/SW-19 MC-1 2.5 6 13 35 16 19 lEAN CLAY (Cl)
RW/SW-19 MC-5 19.5 18' 15 45 20 25 lEAN CLAY (Cl)
RW/SW-20 MC-1 2.5 E9 11 31 15 16 LEAN CLAY (Cl)
RW/SW-20 MC-5 19.5 0 17 41 18 23 lEAN CLAY (Cl)
RW/SW-20 MC-4 14.5 8 20 44 23 21 lEAN CLAY (Cl)
RW/SW-21 MC-4 14.5 Ii'l 17 32 16 16 lEAN CLAY (Cl)
RW/SW-211 MC-1 1.5 * 12 40 22 18 lEAN CLAY (Cl)
RW/SW-211 MC-7 28.5 f3 15 32 18 14 lEAN CLAY (Cl)

mPARIKH CONSULTANTS, INC.
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GDR B-2C
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Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content ('Yo)

RWISW-21 MC-2 4.5 • 14 29 23 6 SILT (Ml)
RWISW-21 MC-4 13.5 l%I 16 24 16 8 LEAN CLAY (Cl)

RW-186 MC-1 1.5 ... 12 35 18 17 lEAN CLAY (Cl)
RW-186 MC-3 8.5 * 14 44 17 27 lEAN CLAY (Cl)
RW-187 MC-2 5.5 0 18 38 15 23 lEAN CLAY (Cl)

RW-187 MC-6 24.5 0:- 16 28 18 10 lEAN CLAY (Cl)
RW-189 MC-1 2.5 0 13 44 17 27 lEAN CLAY (Cl)
RW-190 MC-4 14.5 /', 14 27 21 6 SilTY CLAY (Cl-Ml)
RW-194 MC-3 9.5 <81 14 31 25 6 SilT (Ml)
RW-194 MC-6 24.5 EI1 13 33 21 12 LEAN CLAY (Cl)
RW-214 MC-1 1.5 0 14 38 16 22 lEAN CLAY (Cl)
SW-140 MC-2 4.5 6 16 55 21 34 FAT CLAY (CH)
SW-142 MC-2 4.5 III 10 33 18 15 lEAN CLAY (Cl)
SW-142 MC-6 24.5 * 15 35 18 17 lEAN CLAY (Cl)

SW-144 MC-1 2.0 E3 15 50 16 34 FAT CLAY (CH)

mPARIKH CONSULTANTS, INC.
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA

MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GOR 8-20
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PLASTICITY CHART

Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content (%)
SW-144 SPT-7 29.5 • 18 48 21 27 lEAN CLAY (Cl)
SW-145 MC-4 16.0 1%1 15 35 20 15 lEAN CLAY (Cl)
SW-146 MC-2 4.5 ... 12 44 17 27 lEAN CLAY (Cl)
SW-146 MC-5 19.5 * 15 43 24 19 lEAN CLAY (Cl)
SW-147 MC-2 6.0 0 13 32 17 15 lEAN CLAY (Cl)
SW-148 MC-2 4.5 (0 16 52 20 32 FAT CLAY (CH)
SW-148 MC-5 19.5 0 7 45 18 27 SilTY SAND (SM)
SW-148 MC-7 29.5 6. 14 45 18 27 lEAN CLAY (Cl)
SW-175 MC-2 6.0 ® 17 49 19 30 lEAN CLAY (Cl)
SW-175 MC-5 20.0 EIJ 17 27 23 4 SilT (ML)
SW-176 MC-4 15.0 D 16 27 25 2 SilT (Ml)
SW-178 MC-1 2.0 8 13 42 16 26 lEAN CLAY (Cl)
SW-178 MC-2 6.0 .., 16 42 16 26 lEAN CLAY (Cl)
SW-179 MC-2 4.5 * 18 45 17 28 lEAN CLAY (Cl)
SW-188 MC-1 2.5 f3 14 48 18 30 lEAN CLAY (Cl)

mPARIKH CONSULTANTS, INC.
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GDR B-2E
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PLASTICITY CHART

Boring Sample Depth Test Moisture LL PL PI Description
Number Number (feet) Symbol Content (%)
SW-188 SPT-7 28,5 • 17 43 18 25 lEAN CLAY (Cl)
SW-192 MC-3 8.5 ~ 7 24 19 5 SilTY CLAY (Cl-Ml)
SW-192 SPT-7 28.5 i. 22 32 20 12 lEAN CLAY (Cl)
SW-192 SPT-9 38.5 * 22 46 23 23 lEAN CLAY (Cl)
SW-193 MC-3 9.5 0 21 37 16 21 lEAN CLAY (Cl)
SW-193 MC-6 24,5 0 17 35 16 19 lEAN CLAY (Cl)
SW-195 MC-2 5.5 0 14 36 19 17 lEAN CLAY (Cl)
SW-197 MC-1 2.5 '" 12 40 17 23 lEAN CLAY (Cl)
SW-197 MC-4 14.5 ® 15 36 23 13 lEAN CLAY (Cl)
SW-200 MC-1 2.5 E9 10 31 15 16 LEAN CLAY (Cl)
SW-200 MC-5 19.5 0 12 30 20 10 lEAN CLAY (Cl)
SW-201 MC-2 5.5 8 11 39 16 23 lEAN CLAY (Cl)
SW-201 MC-6 24.5 0 18 33 24 9 SilT (Ml)
SW-203 MC-2 5.5 * 13 43 17 26 lEAN CLAY (Cl)
SW-203 SPT-6 24.5 E3 15 44 18 26 lEAN CLAY (Cl)

mPARIKH CONSULTANTS, INC.
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GDR B-2F
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PLASTICITY CHART

Boring Sample Depth Test Moisture II Pl PI Description
Number Number (feet) Symbol Content (%)
SW-205 MC-1 2.5 • 10 30 15 15 lEAN CLAY (Cl)
SW-205 Mc-e 24.5 1ZI 23 39 29 10 SilT (Ml)
SW-205 MC-8 34.5 .6- 29 64 30 34 FAT CLAY (CH)
SW-20e MC-1 2.5 * 12 40 16 24 lEAN CLAY (Cl)
SW-20e MC-4 14.5 0 16 36 27 9 SilT (Ml)
SW-207 MC-1 2.5 00- 12 39 16 23 lEAN CLAY (Cl)
SW-207 MC-5 19.5 0 17 34 20 14 lEAN CLAY (Cl)
SW-208 MC-4 14.5 fC,. 17 38 23 15 lEAN CLAY (Cl)

mPARIKH CONSULTANTS, INC.
STATE ROUTE 4 (EAST) WIDENING PROJECT - SEGMENT 3A

GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS ENGINEERING I PLATE NO:JOB NO: 206117.GDR B-2G



., GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SILT AND CLAY
coarse fine coarse medium fine
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> > AST-155 MC-6 25.0 * CLAYEY SAND (SC)



., GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SilT AND CLAY
coarse I fine coarse medium fine
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., GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SILT AND CLAY
coarse I fine coarse medium fine
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~ GRAIN SIZE DISTRIBUTION CURVES

-=:I COBBLES GRAVEL SAND SILT AND CLAY
coarse fine coarse medium fine
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~
GRAIN SIZE DISTRIBUTION CURVES

• COBBLES GRAVEL SAND SILT AND CLAY
coarse fine coarse medium I fine

~ m~ U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE SIZES HYDROMETER ANALYSES
i'il ~ ;;C 6" 3" 2" 1.5" 1" 3/4" 3/8" 4 10 20 40 60 140 200
"rn-5> n" 100 '." .. ..,. '" -._. 0
r:t::I: , -. 1\en Z \ .....
~ ~ (') 90 .... '. '. 10
QrO ,
-oZ ,~z 0 en \
fH z C 80 __ '... 20:::0 en r- -'Il'-__
zF-I
Q~> 70 30
~~ C9 \ 0",en z ., w. _ \ z

_ (J) 60 \.. 40 «
z (J) ~ ...(') Cf: l, W

, ... 50 \ 50~
I-
~__,z' ~

W \ \ Z
() \. w

'- 0::: 40 \ ""'. 60 ()ow', 0:::m en \ W
Z -I 0.. *' 0..9 :'; 30 '. 70

rn "
"ng 20 \ 80

'" 0-1g Z m
~ -I ...

~ ~ Iii 10 -- 90
Q n»co(/)
" "'.::! 0 100

~ ;:; 200 100 50 20 10 5 2 1 0.5 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001
n C

g ~ GRAIN SIZES IN MILLIMETERS
~ Q
.-< ;g Boring Sample Depth
~ 0 N b N b (f) Symbol LL PI Descriptionr-- c ~ um er um er eet

;!1 ~ ~ RW/SW-143 MC-3 11.0. POORLY-GRADED SAND WITH SILT (SP-SM)
» z '"
iri 5> ~ RW/SW-149 MC-4 13.5 IZI SilTY SAND WITH GRAVEL (SM)
z s:o rn
;;, ~ RW/SW-149 SPT-10 43.5" SANDY CLAY (Cl)
"' wrn» RW/SW-172 MC-4 19.5 * SilTY SAND (SM)



~
GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SILT AND CLAY
coarse I fine coarse medium fine
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~ GRAIN SIZE DISTRIBUTION CURVES

-=:J COBBLES GRAVEL SAND SILT AND CLAY
coarse fine coarse medium fine
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~ GRAIN SIZE DISTRIBUTION CURVES
.::l COBBLES GRAVEL SAND SilT AND CLAY

coarse I fine coarse medium fine
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~
GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND

SILT AND CLAY
coarse I fine coarse medium fine
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~
GRAIN SIZE DISTRIBUTION CURVES

COBBLES
GRAVEL SAND SILT AND CLAY

coarse I fine coarse medium fine
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Sunland Analytical
11353 Pyrites Way. Suite 4

Rancho Cordova, CA 95670
(916) 852·8557

Oate R"ported
Dat:e S"bmil:l:"d

02/0~/2007

02/06/2007

To ~ 1) 'av Dayah
P,rilch Consultants, Inc.
3;6 S. Milpitas Blvd.
M.lpitas, ea 95035

!"z:onu len" Oliphant:, Pb.D.
Gener"l Manager

\ Ral;l.dy Ho:mey ~
\ Lab Manager .r C{/

TIe reported analysis was r@qu8shed for the following location;
I,ooati,1;I. 206118GDR RTE4 EAST Sit:e IO • RW/SW139113<1lU'.

'],11ank you for your business.

* For :1,1I:1,1re refer"nce to this analysis please """ SUN II -19834-99330.
~ •.'.'~H'''' ~ ,,. ... _ ..... ~ ~_ ... _ ...... __ .. ~ ~ .. _ ..... _ ........... _ ... ~ ..... _ ......... _ _ ....... ,.. __._. __ ~ .. .. _ ..........,

EVALUATION FOR SOIL CORROSION

Soil pll: 1.71

Minimum R@sistiyity 1.47 Ohm-em (:><1000)

Chloride

Sulfa!:e

27.7 PP'"

42.1 PP'"

00.00277 %

00.0042:1. %

ME:mODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #4:1.7, Chloride CA DOT Test #422

Plate B-4-1

..



Sunland Analytical
11353 Pyrites Way. Suite 4

Rancho Cord!>va. CA 95670
(916) 852-8557

.
nat:<1l l<<1lpot'ted
pate Submitted

02/16/2007
02/12/2007

TO~ lr;!,v Oayah
Jarikh Consult~ntB, In~.

'56 S. Milpitas ~lvd.

!ilpH.a~, Co. ~!;03 5

F':t.'o:o\~ Geue Oliphant, Ph.D.
Gens.ra,l Manager

\ Randy Horney~\
\ Lab Manager \

'he repo~ted analysis waS requested for the following loeation;
~oeat.on 20611B.GDR\RTE. 4 Site 10 I sW140#3 @ 9.S'.

_ 'hank you for your businebs.

• l'or £"tll"" r"f"rence to this analysis please use SUN # 49869-?94pa.

EVALUATION FOR SOIL CORROSION

SO:i.l pH 7.1l7

Mini.mum RI1l~ist:ivil:y 0.43 obm-cm (xlOOO)

Chlodde

Sulfate

244.5 PPlll

248.9 ppm

00.02445 %

00.02489 %

lIlSTllODS
pH and Min.Resi~tivityCA DOT Test #643
Sulfate CA DOT Tent #417, Chloride CA DOT Test #422

Plate B-4-2



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

02/09/2007
02/06/2007

To, Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From, Gene Oliphant, Ph.D.
General Manager

\ Randy Horney ~
\ Lab Manager / IV

The reported analysis was requested for the following location,
Location 206118GDR RTE4 EAST Site ID , RW/SW143 #4@16'.

Thank you for your business .

• For future reference to this analysis please use SUN # 49834-99334.

EVALUATION FOR SOIL CORROSION

Soil pH 7.67

Minimum Resistivity 1.23 ohm-em (x1000)

Chloride

Sulfate

27.8 ppm

24.9 ppm

00.00278 %

00.00249 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-3



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

02/09/2007
02/06/2007

To, Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From, Gene Oliphant, Ph.D.
General Manager

\ Randy Horney ~{'}
\ Lab Manager ./ /I'

The reported analysis was requested for the following location,
Location 206118GDR RTE4 EAST Site ID , SW148#4@14 1/2'.

Thank you for your business .

• For future reference to this analysis please use SUN # 49834-99331.

EVALUATION FOR SOIL CORROSION

Soil pH 7.48

Minimum Resistivity 0.88 ohm-em (xlOOO)

Chloride

Sulfate

205.2 ppm

90.6 ppm

00.02052 %

00.00906 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate 8-4-4



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

02/16/2007
02/12/2007

To: Prav Dayah
... Parikh Consultants, Inc. .

356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy HOrney~'\
\ Lab Manager 1"tAr"

The reported analysis was requested for the following location:
Location 206118.GDR\RTE. 4 Site ID : RW/SW149#7@28.5.

Thank you for your business .

• For future reference to this analysis please use SUN # 49869-99409.

EVALUATION FOR SOIL CORROSION

Soil pH 7.95

Minimum Resistivity 1.47 ohm-em (x1000)

Chloride

Sulfate

18.4 ppm

12.7 ppm

00.00184 %

00.00127 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

Do'r 'rest #643
Chloride CA DOT Test #422

Plate B-4-5



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date SUbmitted

12/09/2006
12/04/2006

To I Prav Dayah
Parikh Consultants, Inc.
356 8. Milpitas Blvd.
Milpitas, Ca 95035

From aane Oliphant, Ph.D.
Q",nerd Manager

, Randy HOl<ney An
, Lab Managoer / rV

The r"ported analysis was requested fOl< the fOllowing location'
Loca .ion 206117.A8T/A ST.BDGE site 10 lAST 154 #2 @ B',

Thank you for your bUBinass .

• !o' future reference to this analysis pleas", use SUN # 49465-9B602.

EVALUATION FOR SOIL CORROSION

soil pH 7.50

Minimum Resistivity 0.B6 ohm-cm ("1000)

Chloride

Sulfate

10, 9 ppm

89.1 PP"I

00.00109 %

00.00891 %

l«llTHODS
pa and Min.Resistivity CA DOT T",st #643
Sulfate CA DOT Test #417, Chloride cA DOT Test #422

Plate B-4-6



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/08/2006
12/04/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney I1A'l
\ Lab Manager I ri/

The reported analysis was requested for the following looation:
Location 206ll7.CAV/CAVALO RD Site ID : -€'Il:1T:J:O·g #2 @ 8.5.'/'///,;,.

Thank you for your business. CAVI&~

• For future reference to this analysis please use SUN # 49464-98601.

EVALUATION FOR SOIL CORROSION

Soil pH 7.61

1.45Minimum Resistivity ohm-em (x1000)

Chloride

Sulfate

6.2 ppm

43.6 ppm

00.00062 %

00.00436 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4-7



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/19/2006
12/13/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney ~
\ Lab Manager / rV

The reported analysis was requested for the following location:
Location 206117.GDR Site ID : SW 170 #1 @ 2'.

Thank you for your business .

• For future reference to this analysis please use SUN # 49525-98730.

EVALUATION FOR SOIL CORROSION

Soil pH 6.93

Minimum Resistivity 3.75 ohm-em (x1000)

Chloride

Sulfate

9.7 ppm

18.0 ppm

00.00097 %

00.00180 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-8



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

02/09/2007
02/06/2007

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From. Gene Oliphant, Ph.D.
General Manager

\ Randy Horney ~4'1

\ Lab Manager I' Yi/

The reported analysis waa requested for the following location:
Location 206118GDR RTE4 EAST Site ID : SW172 #3@9 1/2'.

Thank you for your businesa.

* For future reference to this analysis please use SUN # 49834-99332.

EVALUATION FOR SOIL CORROSION

Soil pH 7.73

Minimum Resistivity 2.06 ohm-cm (xlOOO)

Chloride

Sulfate

12.1 ppm

30.1 ppm

00.00121 %

00.00301 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4-9



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/19/2006
12/13/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney r11l
\ Lab Manager / r V

The reported analysis was requested for the following location:
Location 206117.GDR Site ID : RW173 #5 @ 18.5.

Thank you for your business.

* For future reference to this analysis please use SUN # 49525-98728.

EVALUATION FOR SOIL CORROSION

Soil pH 7.94

Minimum Resistivity 2.06 ohm-em (xlOOO)

Chloride

Sulfate

16.2 ppm

5.1 ppm

00.00162 %

00.00051 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-10



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/19/2006
12/13/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney YI'iI
\ Lab Manager / VV

The reported analysis was requested for the following location:
Location 206117.GDR Site ID : SW175 #1 @ 2'.

Thank you for your business .

• For future reference to this analysis please use SUN # 49525-98727.

EVALUATION FOR SOIL CORROSION

Soil pH 7.81

Minimum Resistivity 2.57 olnn-cm (xlOOO)

Chloride

Sulfate

9.4 ppm

12.2 ppm

00.00094 %

00.00122 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-11



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

12/19/2006
12/13/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, Ca 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney P1~
\ Lab Manager / VV

The reported analysis was requested for the following location:
Location 206117.GDR Site ID : SW177 #4 @ 15'.

Thank you for your business.

* For future reference to this analysis please use SUN # 49525-98729.

EVALUATION FOR SOIL CORROSION

Soil pH 7.96

Minimum Resistivity 1. 66 ohm-em (xlOOO)

Chloride

Sulfate

9.7 ppm

14.4 ppm

00.00097 %

00.00144 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-12



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To, Prav Dayah
Parikh Consultants, Inc,
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney/,l~
\ Lab Manager'\f'1

The reported analysis was requested for the following location,
Location 206117.GDR- SR4 Site ID , SW-186#2@4.5'.

Thank you for your business.

* For future reference to this analysis please use SUN # 54379-109148.

EVALUATION FOR SOIL CORROSION

Soil pH 7.86

Minimum Resistivity 0.80 ohm-em (x1000)

Chloride

Sulfate

78.8 ppm

221. 0 ppm

00.00788 %

00.02210 %

METHODS
pI! and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-13



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2006
09/10/2006

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy HorneY/1i~
\ Lab Manager '(I

The reported analysis was requested for the following location:
Location 206117.GDR- SR4 Site ID : RW-167#2@4.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54379-109149.

EVALUATION FOR SOIL CORROSION

Soil pH 7.36

Minimum Resistivity 0.56 ohm-em (xl000)

Chloride

Sulfate

80.9 ppm

276.2 ppm

00.00809 %

00.02762 %

METHODS
pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422

Plate B-4-14



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy HorneY/1~
\ Lab Manager 'f'

The reported analysis was requested for the following location:
Location 206117.GDR- SR4 Site ID : RW-189~3@8.5.

Thank you for your business .

• For future reference to this analysis please use SUN ~ 54379-109150.

EVALUATION FOR SOIL CORROSION

Soil pH 7.66

Minimum Resistivity 0.62 ohm-em (xl000)

Chloride

Sulfate

157.5 ppm

218.1 ppm

00.01575 %

00.02181 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test ~417,

DOT Test ~643

Chloride CA DOT Test ~422

Plate B-4-15



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

TO: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horne~J~
\ Lab Manager','

The reported analysis was requested for the following location:
Location 206117.GDR- SR4 Site ID :RW-193#3@8.5.

Thank you for your business .

• For future reference to this analysis please use SUN # 54379-109151.

EVALUATION FOR SOIL CORROSION

Soil pH 7.40

Minimum Resistivity 0.83 ohm-em (x1000)

Chloride

Sulfate

53.1 ppm

214.1 ppm

00.00531 %

00.02141 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test j~643

Chloride CA DOT Test #422

Plate B-4-16



Sunland Analytical
11353 Pyrites Way, Suite 4

Raacho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney A,~
\ Lab Manager'~

The r~ported analysis was requested for the following location:
Location 206117.GDR- SR4 Site ID ; RW-194#5@18.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54379-109152.

EVALUATION FOR SOIL CORROSION

Soil pH 7.79

Minimum Resistivity 1.45 ohm-em (xlOOO)

Chloride

Sulfate

35.4 ppm

22.8 ppm

00.00354 %

00.00228 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test 11643
Chloride CA DOT Test #422

Plate B-4-17



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horne~~
\ Lab Manager I;

The rePorted analysis was requested for the following location:
Location 206117.GDR- SR4 Site ID : RW-197112@4.5.

Thank you for your business.

* For future reference to this analysis please use SUN 1I 54379-109153.

EVALUATION FOR SOIL CORROSION

Soil pH 7.12

Minimum Resistivity 0.24 ohm-em (xlOOO)

Chloride

Sulfate

607.7 ppm

240.2 ppm

00.06077 %

00.02402 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test 1I417,

DOT Test #643
Chloride CA DOT Test 1I422

Plate B-4-18



Sunland Analytical
11353 Pyrites Way. Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy HorneY4 J::.
\ Lab Manager \ '

The reported analysis was requested for the following location:
Location 206117.GDR- SR4 Site ID : SW-200#4@13.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54379-109154.

EVALUATION FOR SOIL CORROSION

Soil pH 7.39

Minimum Resistivity 2.12 ohm-cm (xl000)

Chloride

Sulfate

28.2 ppm

51.9 ppm

00.00282 %

00.00519 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-19



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To, Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From, Gene Oliphant, Ph.D.
General Manager

\ Randy HOrneY/1\\
\ Lab Manager '\ ....

The reported analysis was requested for the following location:
Location 206117.GDR - SR4 Site ID , RW201#2@4.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54377-109142.

EVALUATION FOR SOIL CORROSION

Soil pH 7.55

Minimum Resistivity 0.54 ohmccm (xlOOO)

Chloride

Sulfate

81.2 ppm

522.6 ppm

00.00812 %

00.05226 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-20



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
G.eneral Manager

\ Randy HOrneYa,\'
\ Lab Manager \

The reported analysis was requested for the following location:
Location 206117.GDR - SR4 Site ID : RW204#3@8.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54377-109143.

EVALUATION FOR SOIL CORROSION

Soil pH 7.84

Minimum Resistivity 0.59 ohm-em (x1000)

Chloride

Sulfate

195.8 ppm

216.4 ppm

00.01958 %

00.02164 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-21



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(9 J6) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General 'Manager

\ Randy Horney4 f-
\ Lab Manager \

The reported analysis was requested for the following location:
Location 206117.GDR - SR4 Site ID : RW205#1@1.5'.

Thank you for your business.

* For future reference to this analysis please use SUN # 54377-109144.

EVALUATION FOR SOIL CORROSION

Soil pH 6.99

Minimum Resistivity 0.75 ohm-em (xl000)

Chloride

Sulfate

238.9 ppm

136.2 ppm

00.02389 %

00.01362 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-22



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Ma.nager

\ Randy Horne~l
\ Lab Managerr'

The reported analysis was requested for the following location:
Location 206117.GDR - SR4 Site ID : RW206#2@4.5'.

Thank you for your business.

* For future reference to this analysis please use SUN # 54377-109145.

EVALUATION FOR SOIL CORROSION

Soil pH 7.37

Minimum Resistivity 0.32 ohm-em (xl000)

Chloride

Sulfate

462.1 ppm

298.0 ppm

00.04621 %

00.02980 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-23



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horne~i:\
\ Lab Manager I

The r~ported analysis was requested for the following location:
Location 2061l7.GDR - SR4 Site ID : RW207#3@8.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54377-109146.

EVALUATION FOR SOIL CORROSION

Soil pH 7.67

Minimum Resistivity 1.13 ohm-em (xIOOO)

Chloride

Sulfate

10.9 ppm

44.4 ppm.

00.00109 %

00.00444 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-24



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, InCa
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manage:.t"

\ Randy Horno!>y (/,»
\ Lab Manager •\

The r~ported analysis was requested for the following location:
Location 206117.GDR - SR4 Site ID : SW-209#3@8.5'.

Thank you for your business.

* For future reference to this analysis please use SUN # 54376-109138.

EVALUATION FOR SOIL CORROSION

Soil pH 7.66

Minimum Resistivity 0.56 ohm-em (xlOOO)

Chloride

Sulfate

160.2 ppm

200.8 ppm

00.01602 %

00.02008 %

METHODS
pH a.nd Iwlill.Reaistivity CA
Sulfate CA DOT Test #417,

DOT Test lI643
Chloride CA DOT Test #422

Plate B-4-25



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852·8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To, Pray Dayah
Parikh Consultants, Ino.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Hanager

\ Randy Horney/J ,~
\ Lab Hanager \~I

The reported analysis was requested for the following location.
Looation 206l17.GDR - SR4 Site ID : RW-211#2@4.5'.

Thank you for your business .

• For future referenoe to this analysis please use SUN # 54376-109139.

EVALUATION FOR SOIL CORROSION

Soil pH 7.83

Minimum Resistivity 0.99 ohm-em (xlOOO)

Chloride

Sulfate

20.8 ppm

113.8 ppm

00.00208 %

00.01138 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Tes~ #643
Chloride CA DOT Test #422

Plate B-4-26



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Pray Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From, Gene Oliphant, Ph.D. \ Randy Horney,a,li
General Manager \ Lab blanager \

The reported analysis was requested for the following location,
Location I 206117.GDR - SR4 Site ID , RW-212#3@8.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54376-109140.

EVALUATION FOR SOIL CORROSION

Soil pH 7.84

Minimum Resistivity 0.96 ohm-em (x1000)

Chloride

Sulfate

35.7 ppm

90.4 ppm

00.00357 %

00.00904 %

METHODS
pH and_Min.Resistivity CA
Sulfate CA DOT Test #417,

DOT Test #643
Chloride CA DOT Test #422

Plate B-4-27



Sunland Analytical
11353 Pyrites Way, Suite 4

Rancho Cordova, CA 95670
(916) 852-8557

Date Reported
Date Submitted

09/17/2008
09/10/2008

To: Prav Dayah
Parikh Consultants, Inc.
356 S. Milpitas Blvd.
Milpitas, CA 95035

From: Gene Oliphant, Ph.D.
General Manager

\ Randy Horney/,1\
\ Lab Manager ,~I

The reported analysis was requested for the following location:
Location 206117.GDR - SR4 Site ID : RW-214#3@8.5'.

Thank you for your business .

• For future reference to this analysis please use SUN # 54376-109141.

EVALUATION FOR SOIL CORROSION

Soil pH 7.60

Minimum Resistivity 0.91 ohm-em (x1000)

Chloride

Sulfate

33.3 ppm

136.4 ppm

00.00333 %

00.01364 %

METHODS
pH and Min.Resistivity CA
Sulfate CA DOT Test #417,

DO~' Test #643
Chloride CA DOT Test #422
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Project Name: Route 4 East Date: 7/26/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R4l Depth: 0' • 5' Lab #: M589

Location 1Source: Antioch Sample Date:

Material: Silty sands, yellowish gray Sampled By:
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Minimum R-Value Requirement:

Comments:

Report By: Pray Dayah
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Plate B-5A
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Project Name: Route 4 East Date: 7/26/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R44 Depth: 0' • 5' Lab #: M589

Location / Source: Antioch

Material: Clay, yellowish brown

Sample Date:

Sampled By:
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EXUDATION PRESSURE (psi)
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260 349

91 160

20 27

19.6 18.7

105.2 107.3

K-Value@300 psi Exudation Pressure =

Minimum R·Value Requirement:

Comments:

Report By: Pray Dayah

23 Expansion Pressure @300psiExudation, psf= 118

RVALUbWllh calcs pdp

Plate B-5B
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Project Name: Route 4 East Date: 7/26/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R45 Depth: 0'·5' Lab #: M589

Location 1Source: Antioch Sample Date:

Material: Clay, brown Sampled By:
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EXUDATION PRESSURE (psi)

A B C

221 445

0 134

6 28

21.3 17.6

101.8 110.5

R-Value@ 300 psi Exudation Pressure =

Minimum R~Value Requirement:

Comments:

Report By: Pray Dayah

14 Expan,ion Pres,ure@300 psi Exudation, psf= 48

R ALUE wlth cales pdp

Plate B-Se
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Project Name: Highway 4 East Date: 5/20/08

Client: T Y Lin Project #: 206ll7.GDR

Sample #: R-45A Depth: 0'-5' Lah #: M707

Location / Source: Native / Onsite Sample Date:

Material: Sandy clay, brown Sampled By:
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EXUDATION PRESSURE (psi)
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R-Value@300 psi Exudation Pressure = IS Expansion Pressure@300 psi Exudation, psf= 15

Minimum R-Value Requirement:

Comments:

Report By: Prav Dayah
It Al.U~ willi cales pdp

Plate B-5D
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Project Name: Route 4 East Date: 7/27/06

Client: Ty Lin Project #: 2061l7.GDR

Sample #: R46 Depth: 0'·5' Lab #: M589

Location / Source: Antioch Sample Date:

Material: Silty sands, yellowish brown Sampled By:
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EXUDATION PRESSURE (psi)

A B C

177 253

0 48

15 30

17.8 16.0

108.0 112.1

R-Value @ 300 psi Exudation Pressure =

Minimum R-Value Requirement:

Comments:

Report By: Pray Dayah

33 Expansion Pressure @300 psi Exudation, psf= 75

K,YALUE Wllb ca cs pdp

Plate B-SE
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Project Name: Route 4 East Date: 9/21/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R47 Depth: 0' - 5' Lab #: M589

Location / Source: Rte 4 / Native Sample Date:

Material: Lean clay, brown Sampled By:

I---+---j----+--+---j----I- ao
--R-VALUE

-EXP. PRESS.
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EXUDATION PRESSURE (psi)

A B C

284 421

0 17

8 12

22.5 20.7
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R-Value@300 psi Exudation Pressure = 8 Expansion Pressure @300 psi Exudation, psf = 1

Minimum R-Value Requirement:

Comments:

Report By: Prav Dayah
RVALUE wltll calC5 pdp

Plate B-5F
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Project Name: Route 4 East Date: 7/27/06

Client: Ty Lin Project #: 206ll7.GDR

Sample #: R50 Depth: 0' - 5' Lab #: M589

Location / Source: Antioch Sample Date:

Material: Clay, grayish brown Sampled By:
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R-Value @300 psi Exudation Pressure = <5 Expansion Pressure@300 psi Exudation, psf=

Minimum RwValue Requirement:

Comments:
Test sample extruded from under the mold and around the follower ram durinij Exudation Test.
Test terminated - R-Valve = < 5

Report By: Pray Dayah
RVALur::. wnhcalcs pdp

Plate B-5G
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Project Name: Route 4 East Date: 7/27/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R53 Depth: 0' • 5' Lab #: M589

Location 1Source: Antioch Sample Date:

Material: Sandy clay, grayish brown Sampled By:

200 ,..---,..---,..---,----""\---,1-----,,-----,---. 100
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R-Value@ 300 psi Exudation Pressure = 36 Expansion Pressure @300 psi Exudation, psf= 138

Minimum R-Value Requirement:

Comments:

Report By: Prav Dayah
RVALUE WIII1 cales pdp

Plate B-SH
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Project Name: Route 4 East Date: 7127/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R55 Depth: 0' - 5' Lab #: M589

Location 1Source: Antioch Sample Date:

Material: Clayey sand, grayish brown Sampled By:
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R-Value @300 psi Exudation Pressure = 51 Expansion Pressure@300 psi Exudation, psf= 72

Minimum R..Value Requirement:

Comments:

Report By: Pray Dayah
RVALUEw lhetlc, pdp

Plate B-51



.llmil.i·liil··I;.···I~~~I~·i~~j~~i~~[~~i·if~~,.!lill···i·ll·i!I~II~I#"lltrl·i:lillli'lil·I·I;II!ili·I.·ij·l!'·'i·I!·'.il·'iilil'·li,'llljjllll··'!!~~~~i~~~~~~IWIIIii/II'!
Project Name: Route 4 East Date: 7/31/06

Client: Ty Lin Project #: 206117.GDR

Sample #: R57 Depth: 0' - 5' Lab #: M589

Location / Source: Antioch

Material: Sandy clay, grayish brown

Sample Date:

Sampled By:
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EXUDATION PRESSURE (psi)
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Report By: Pray Dayah
RVALUEwith calc$ pdp

Plate B-5J
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Project Name: Route 4 East Date: 7/31/06

Client: Ty Lin Project #: 2061 17.GDR

Sample #: R58 Depth: 0' - 5' Lab #: M589

Location / Source: Antioch

Material: Sandy clay, brown

Sample Date:

Sampled By:
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R-Value@ 300 psi Exudatiou Pressure =

Minimum R-Value Requirement:

Comments:

Report By: Pray Dayah

28 Expansion Pressure @300psiExudation, psf= 110

RvALUE with cales pdp

Plate B-5K



Project Name: Route 4 East

Client: Ty Lin

Sample #: R60 Depth:

Location / Source: Antioch

Material: Sandy silt, yellowish brown

Date: 7/31/06

Project #: 2061l7.GDR

0' - 5' Lab #: M589

sample Date:

Sampled By:
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c

R-Value@300 psi Exudation .Pres,ure =

Minimum R·Value Requirement:

Comments:

Report By: Pray Dayah

44 Expansion Pressure@300psi Exudation, psf= 82

RVALUEwltn cales pdp

Plate B-5L
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Project Name: Route 4 East

Client: Ty Lin

Date:

Project #:

7/31/06

2061l7.GDR

Sample #: R61

Location / Source:

Depth:

Antioch

0' - 5' Lab#:

Sample Date:

M589

Material: Sandy clay, brown Sampled By:

200 -\ 100
190
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170 --R-VALUE \
160 -EXP. PRESS.
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EXUDATION PRESSURE (psi)

Specimen No.

Exudation Pressure, psi

Expansion Pressure, psf

R-Value

Moisture Content at Test, %
Dry Deusity at Test, pef

R~Value @300 psi Exudation Pressure = 33

A B C

190 332 709

35 126 347

13 35 50

19.7 18.0 16.6

104.0 107.8 111.7

Expansion Pressure @300 psi Exudation, psf= 105

Minimum R~Value Requirement:

Comments:

Report By: Pray Dayah

Plate B-5M

RVALUE with cales pdp
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Project Name: Route 4 East

Client: Ty Lin

Date:

Project #:

7/31106

206117.GDR

Sample #: R63 Depth: 0' ~ 5' Lab #: M589

Location 1Source: Antioch Sample Date:

Material: Sandy clay, brown Sampled By:
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EXUDATION PRESSURE (psi)

Specimen No.

Exudation Pressure, psi

Expansion Pressure, psf

R-Value

Moisture Content at Test, %

Dry Density at Test, pef

A B C

255 377 569

65 152 283

23 33 48

18.5 17.5 16.6

107.7 109.1 111.7

Plate B-5N

R-Value@300 psi Exudation Pressure =

Minimum R-Value Requirement:

Comments:

RepOlt By: Pray Dayah

.26 Expansion Pressure@300psi Exudation, psf=
::,,,,,,,,, ; , ,, :: ; L ,,; ;

iii ; ,, :: ; n ;
,,,i:,, :: ; , : , ; ,; ; , ; ; ;

98
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RVALUE with en C8 pdp
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PROJECT NAME:
SAMPLE#:
SOURCE:
MATERIAL DESCRIPTION

Route 4 East
R50 DEPTH: 0'-5'
Native I Antioch
Cia, ra ish brown

EXPANSION INDEX· ASTM 0-4829

PROJECT#:
LAB#:
DATE:

2061 17.GDR
M589

8117/2006

Expansion Index 67 Specification
Corrected Expansion Index 68
Expansion Potential Medium
Saturation % Initial: 51 Final: 91
Moisture Contenet% Initial: 11.9 Finai: 24.9
Dry Densitv, pcf Initial: 103.1 Finai: 96.8

SAND EQUIVALENT CTM 217

1rr==;:1S:O;==Er==' Specifications II

Comments:

Sieve
Size
6"

1-112"
I"

3/4"
3/8"

No.4
No. 30
No. 50

No. 100
No. 200

Sieve Analysis
CTM202

Percent
Passing

Project
Specification

...... ' ' ,.. .. ············1
""';':-;':':-""' .. , :::; :-:::::;::::

6114/2005

Plate B-6A



PROJECT NAME:
SAMPLE#:
SOURCE:
MATERIAL DESCRIPTION

... .
-:-:.»>:-:-:<-:-:':-:-:-:-:. :::: ,

Route 4 East
R45 DEPTR 0'-5'
Native / Antioch
Cia, brown

·... , .. ' .. , .. ' .....

PROJECT#:
LAB#:
DATE:

.•.•.•.•.•.•.•.• ·.»j4Qil,.945~iq~
f\~rikl1¢6ri~uit~hi~:iM<>

206II7.GDR
M589

8116/2006

EXPANSION INDEX· ASTM 0-4829

Expansion Index 55 Specification
Corrected Expansion Index 61
Expansion Potential Medium
Saturation % Initial: 58 Final: 97
Moisture Contenet% Initial: 12.1 Final: 23.0
Dry Density, pcf Initial: 108 Final: 102.5

SAND EQUIVALENT CTM 217

[;==;';ISE;;==;======d~Specifications II Sieve

Size

6"
3"

1-1/2"
I"

3/4"
3/8"

No.4
No. 30
No. 50

Sieve Analysis
CTM202

Percent

Passing

Project

Specification

Comments:

No. 100

No. 20",;;0&ffiffi

....•<.•.• :.:>.:.:.:.:.:.:::.:•...•••••• :.:.: ••• :.:.:.:: ••• :.:>.: •• ....11ARIKaCONSDCTANTS·tNC: :•••:•••.• :.: •• <.>.::::::.:.::::.::.:.::.:::.: .•.•< . ',.'.':.:-:-: , .. ' ' .
611412005

Plate B-6B



Direct Shear

. Visual 5011 Classification

6000 8000 10000 12000
Normal Load, pst

32.1 Ult. phi (degrees)
180 Ult.Cohesion (pst)

.allllePlItaWltlit II
Initial 1 2 3

Moisture 18.2% 18.3% 16.8%
Dry Densily, pet . 105.9 106.0 107.5
Void Rallo 0.6214 0.6201 0.6201

.Saturation 80.3% 81.1% 75.6%
Diameter, In. 2.43 2.43 2.43
Hel hI, in. 1.00 1.00 1.00

lii'il)lI
Moisture 22.2% 22.1% 20.6%
Dry Density. pet 106.5 106.5 110.5
Void Ratio 0.6116 0.6102 0.5762
Saturation 99.8% 99.2% 99.9%
Diameter, In. 2.43 2.43 2.43
Hel hI, in. 0.99 0.99 0.97
Normal Slress, pst 1000 2000 4000
Shear Stress, pst 696 1851 2586
Detormatlon 5% 5% 5%
Ultimale Slress, pst 0 0 0
Rate inlmin. 0.0002 0.0002 0.0002

157-241 Date: 411612007
Parikh Consultants Inc
RTE-4 East

206118GDR Reduced b : MD
Borin Sam Ie De th, ft.
SW 147 3 11
SW 147 3 11
SW 147 3 11

25%

4000

(ASTM D 3080)

20%10%

2000

Deformation
10.

Change In Height

5'"

~P~
I

I
/ I

V

/
/
V

• Peak
--Shear Stress

V
...... __ . Ult. Stress

• Ultimate

.

~ .........
'" .•. ..

'\. . ,
_Samplel

..... '" I-Smmpl1l2

""- "
_Silmple3

'""""

o
o

o='--''--_-l.__--'-__-'-_--' 1 Brown Sand CLAY

0% 5% 10% 15% 20% 25% 11-__~2;_--__f.B;:r:::ow':"n:_;;:S=an':"d',l_;C~LA'7CY;_--------_l
Deformalion 3 Brown Sand CLAY

4

500 h"...,'-II----+--+--+---J
1000 rt'Jt:=~:::::j:::::t--1

4000

3000

.000

3000

1000

i
12000
~

j
en

0.005

o
-0.005

·0.Q1
.cJ9 ·0,015

;!j ·0.02

·0.025

·0.03

·0.035

·0.04
0%

1. 2500 t---F""'--+---+---l----j

12000 t=:i:~~~~~~~~~::t~:::!===~-lj 1500 f-
en

Remarks: Plate B-7A



Direct Shear

4000 (ASTM D3080)

<S<IDp@)
3000 -~ -- -~ --r-

•
':;;
a.

'"•
~ 2000 --- ~

~•~ •'"
1000

/
,

• Peak I
::::=~:';c~::" I

• Ultimate

0
0 1000 2000 3000 4000 5000 6000 7000 8000

Normal load, pst

I P. Phi (dearees) 35.5 Ult. phi (degrees) I
P. Cohesion (pst) 0 UIt.Cohesion (psI) I I

Sample Data: Initial
Change in Height 1 2 3 4

0,005
Moisture 12,7% 12.6% 14.1%

0

~
Dry Density, pcf 103.7 114.0 112.2
Void Ratio 0.66 0.51 0.53

-0.005 Saturation 53.3% 68.8% 72.9%
Diameter, in. 2.43 2.42 2.43

-0.Q1 Height, in. 1.01 1.00 1.00

-0.015
'\. " Sample Data: AtTest

0 _s.np!o' i 1~

'5%~
2% Moisture 23.3% 17.6% 18.6%

-0.02 - 1--'''- Dry Density, pef 104.5 114.5 113.3--,
Void Ratio 0.64 0.50 0.51

-0.025 Saturation 99.8% 97.2% 99.4%
Deformation Diameter, in. 2.43 2.42 2.43

Heiaht, in. 1.00 1.00 0.99

3000
Normal Stress, psf 1000 2000 4000

.-. Shear Stress, psf 705 1537 2754

( - Strengths picked at 5% 3% 5%
2500 Ult. Stress, psf

Rate in/min. 0.004 0.004 0.004
_ 2000

~
CTL# 157-237 Date: 1211912006

• / Client: Parikh~

,; Proiect Name: T.Y. Un, Route 4 East• I(~ '500 - -- ---- Proiect Number: 206117.GDR Reduced bv: DCill Sample # BorinQ Sample Depth, ft.
~• 1 SW-174 2 4ti 1000

2 SW-174 2 4-,.... i':"-~, i 3 SW-174 2 4
soo

V
_~2L 4
-"""'" Visual Soil Classification

0 1 Brown Clavev SAND Hard

0% 5% 10% 15% 20% 2 Brown Clavev SAND, Hard

Deformation 3 Brown Clayey SAND, Hard
4

Remarks: Sample #2 was stopped short due to an electrical surge. PLATE-7B



Direct Shear

(ASTM D 3080)

4000

(@p~
3000 .-

~ •'"c-
ui
'"~ 2000 ~~il5 I
~

m I~

'"<I) , • Peak
--Shear Stress

1000

V
- --- Ult. Stress

I • Ultimate

0
0 1000 2000 3000 4000 5000 6000 7000 8000

Normal Load, psf

I P. Phi (degrees) 32.5 Ull. phi (degrees)
I P. Cohesion (pst) 310 UIl.Cohesion (pst)

Samole Data: Initial
Change in Height Initial 1 I 2 I 3 I 4

0.01 Moisture 15.6% 17.6% 17.6%

0

~
- Dry Density, pef 92.1 90.5 93.1

i_sam~lall Void Ratio 0.8640 0.8974 0.8802
-0.01 -- ---- - _Sampla2 ~ Saturation 49.5% 54.0% 56.2%

~
_Samp~3

Diameter, in. 2.42 2.43 2.425,
."l -0.02 -.........---- Height, in. 1.00 1.01 100..
0

'''~~
Sample Data: At Test

-0,03°r- Oll %
Moisture 31.1% 31.9% 30.9%

-0.04 Dry Density, pet 926 91.8 94.9...... Void Ratio 0.8493 08634 08225
-0.05 - Saturation 99.6% 99.8% 100.0%

Deformation Diameter, in. 2.42 2.43 2.425
Hei!'lht, in. 0.99 099 0.97

3000
Normal Stress, psf 1000 2000 4000
Shear Stress, psf 961 1661 2688- Deformation 5% 5% 20%

2500 I Ultimate Stress, pst 0 0 0

I Rate in/min. 0.0002 0.0002 00002

'iii 2000- - -
I

CTL# 157-237 Date: 12/19/2006
0-

I I
Client: Parikh

<Ii - Project Name: T.Y. Lin, Route 4 East•
~ 1500 -'/ Project Number: 206117 DC, . Reduced by:
~ Sample # Borino Samole Deoth, ft.•~ 1 RW-173 3 8.5''" 1000

'1-
2 RW-173 3 8.5', 3 RW-173 3 8.5'I_Sample 1

500 - -Sample2- 4
_Sample 3 Visual Soil Classification

0
1 Lioht Brown Sandy SILT

0% 5% 10% 15% 20% 25% 2 Liqht Brown Sandy SILT

Deformation 3 Lioht Brown Sandy SILT
4

Remarks: PLATE-7C



Direct Shear

4000
(ASTM D 3080)

({@p~
I

3000 • -

1;;
Cl.
.,;..
~ 2000 --in
~..
"~Ul • Peak

1000 -- --Shear Stress

Ult. Stress

• Ultimate
~

0
0 1000 2000 3000 4000 5000 6000 7000 8000

Normal Load, psf

I P. Phi (degrees) 33.0 Ult. phi (degrees) I I
I P. Cohesion (psI) 250 UIt.Cohesion (psI) I I

Sample Data: Initial
Change in Height Initial 1 I 2 I 3 I 4

0.01 Moisture 12.6% 13.1% 13.2%
~~~

a " _Sample 2
Dry Density, pcf 108.0 105.5 1002

~
_Semple 3 Void Ratio 0.5896 0.6270 0.6677

-0.01 Saturation 58.7% 57.5% 53.0%
.J::. -002 -- Diameter, in. 2.42 2.42 2.42
S Height, in. 1.00 1.00 1.03
~ -0.030

~
21- Sample Data: At Test

.(l04 Moisture 24.4% 25.0% 22.9%
Dry Density, pcf 104.8 103.8 103.5

.(l05
Void Ratio 0.6004 0.6102 0.6089

.(lOll Saturation 98.7% 97.6% 98.9%
Deformation Diameter, in. 2.42 2.42 2.42

HeiQht, in. 1.01 0.99 0.99
3500

Normal Stress, pst 1000 2000 4000
_Sample 1 ' Shear Stress, pst 939 1509 2946
~_2 Deformation 2% 12% 20%

3000 - Ultimate Stress, pst 0 0 0
~-' ..,...,-- Rate in/min. 0.0002 0.0002 0.0002

2500

/' CTL# 157-237 Date: 12/19/2006;; Client: Parikh ConsultantsCl.

.. 2000 Project Name: 1.Y. Lin, Route 4-East..
~ Project Number: 206117 Reduced by: DCiii
~ 1500 Samole # Borino Samole Depth, ft.• V 1 SW178 1 2~

'" 1000 2 SW178 1 2
3 SW178 1 2

500 4
Visual Soil Classification

a 1 Brown Sandy CLAY

0% 5% 10% 15% 20% 25% 2 Brown Sandy CLAY

Deformation
3 Brown Sandy CLAY
4

Remarks: PLATE-7D



Project: e BART A Street Underpass Date: 7/29/2009
Client: TY Lin Proiect#: 206117.ESB
Source/Location: 0 £#,.rt(. IlJ?rtJ Sample: A1SSA #8 @ 109.S' feet Lab # : G66S
MateriafDescription: SANDYASILT g\/it.l. light gray Date Tested: 7/27/2009

I GRAVEL I SAND I SILT-TO-CLAY I

j -0-% PASSING I

0.0010.010.1
Grain Size (mm)

#20 #40 #60 #100 #200#10

10

3" 1 112" 314" 3/S" #4

1:: ~~: : :'; : ; ~till, !! I '_+ :'.,! ~
., "" , . "" ~i'. i i ."so +t. . [,,: ;1 ! --+h , : "', :! I ,+4:,++-+-i-+-+--+--~I

'* 40 ! ; ! ~ ~h-\ ;

30 +_LL'-_' , I 'I-L.-L +' '.LL.J.. II; , , 1 J~N~I

:~: c~ :':.:' ~ •• ' 'I !:~!---,?~
o !, i I jill I, i i :

100

Reported By: Pray Dayah I

Plate -8



APPENDIX C



Attenuation Relationships for Shallow Crustal Earthquakes (Sadigh, et ai, 1997)
Fault = Vaca fault zone (RLSS Fault, Map NO: 14)

Mmax = 6.9 Rrup = 5.45 km
M>=6.5 ROCK SITE:

C1 = -1.274 C2 = 1.1 C3 = 0 C4 = -2.1
C5 = -0.48451 C6 = 0.524 C7 = 0

A=C1 +C2M+C3(8.5M)"2.5= 6.316
B=C4*Ln(Rrup+exp(C5+C6M»= -7.024
C=C7*Ln(Rrup+2)= 0
Ln(y) = A+B+C = -0.708
Y= Exp(Ln(y» = 0.49 Peak Bed Rock Acceleration PBA = 0.490 - Use 0.5g

Fault = Great valley fault 5 (Reverse Fault, Map No: 24)
Mmax = 6.5 Rrup = 7.045 km

A= 5.876
B= -6.811
C= 0

Ln(y) = -0.935
y = 0.39 Peak Bed Rock Acceleration PBA = 0.39g x 1.2 = 0.468g

Fault = Greenville fault zone (Clayton section, RLSS Fault, Map No: 351)
Mmax = 6.6 Rrup = 6.59 km

A= 5.986
B= -6.855
C= 0

Ln(y) = -0.869
y = 0.42 Peak Bed Rock Acceleration PBA = 0.42g

"'Fault = Concord fault zone (Ygnacio valley section, RLSS Fault, Map No: 341).-
Mmax=6.6 Rrup=11.136 km

A= 5.986
B= -7.191
C= 0

Ln(y) = -1.205
Y= 0.30 Peak Bed Rock Acceleration PBA = 0.3g

mPARIKH CON.SULTANTS, INC. I STATE ROUTE 4 (EAST) WIDENING· SEGMENT 3A
GEOTECHNICAL CONSULTANTS CONTRA COSTA COUNTY, CALIFORNIA
MATERIALS TESTING



SLOPE STABILITY
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Unit Weight: 125
Cohesion: 200
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CIDH Pile

AXIAL PILE CAPACITY

SHAFT Program



SHAFT Runs SR Bypass - Segment 3A
Job No. 206117.GDR

Pile capacities computed using SHAFT program - Output follows
Note: Neglected End Bearing for Pile Capacity

Revised 03/14/10

Retaining Wall No.3 (based on boring RW-189)
24-in. Diameter CIDH PIle

Ground Surface Elevatiou =47.5 (approx.)

Nominal Compression Load =280 Idps =140 tons
Reqd. Shaft Length per SHAFT output = 22.0 ft --- Compression
Recommended Penetration = 22.0 feet
Reqd. Tip Elevation = 47.5 - 22.0 = 25.5

Nominal Tension Load =80 Idps =40 tons
Equivalent Compression Sldn Friction =40/0.5 =80 tons
Reqd. Shaft Length per SHAFT output =16.5 ft --- Tension
Recommeuded Penetration = 16.5 feet
Reqd. Tip Elevation =47.5 - 16.5 =31.0

Specified Tip Elevation = 25.5

Retaining Wall No.4 (based on boring RW-202)
24-in. Diameter CIDH PIle

Ground Surface Elevation = 48.5 (approx.)

Nominal Compression Load =320 Idps =160 tons
Reqd. Shaft Length per SHAFT output = 28.5 ft -- Compression
Recommended Penetration = 28.5 feet
Reqd. Tip Elevation =48.5 - 28.5 =20.0 -- Compression

Nominal Tension Load =60 kips =30 tons
Equivalent Compression Sldn Friction =30/0.5 =60 tons
Reqd. Shaft Length per SHAFT output = 16.5 ft --- Tension
Recommended Penetration =16.5 feet
Reqd. Tip Elevation =48.5 -16.5 =32.0 -- Tension

Specified Tip Elevation =18.0



Retaining Wall No.9 (based on boring RW-170)
36-in. Diameter CIDH PIle

Ground Surface Elevation = 47.0 (approx.)
Nominal Compression Load = 600 kips = 300 tons
Reqd. Shaft Length per SHAFT output = 29.0 ft
Recommended Penetration = 29.0 feet
Reqd. Tip Elevation = 47.0 - 29.0 = 18.0

No Tension

Specified Tip Elevation = 18.0

Retaining Wall No. 10 (based on boring RW-174)
24-in. Diameter CIDH PIle

Ground Surface Elevation = 45.5 (approx.)
Nominal Compression Load =280 ldps = 140 tons
Reqd. Shaft Length per SHAFT output = 29.5 ft
Recommeuded Penetration = 29.5 feet
Reqd. Tip Elevation = 45.5-29.5 = 16.0

Nominal Tension Load = 80 kips =430 tons
Equivalent Compression Skin Friction = 40/0.5 = 80 tons
Reqd. Shaft Length per SHAFT output = 21.0 ft --- Tension
Recommended Penetration = 21.0 feet
Reqd. Tip Elevation = 45.5 - 21.0 = 24.5 -- Tension

Specified Tip Elevation = 16.0

Retaining Wall No. 11 (based on boring RW-206)
36-in. Diameter CIDH PIle

Ground Surface Elevation = 47.0 (approx.)

Nominal Compression Load = 840 ldps = 420 tons
Reqd. Shaft Length per SHAFT output = 29.0 ft
Recommended Penetration = 27.5 feet
Reqd. Tip Elevation = 47.0 - 29.0 =8.0

No Tension



Specified Tip Elevation =18.0

Retaining Wall No. 12 (based on boring RW-210)
24-in. Diameter CIDH PIle

Ground Surface Elevation =45.0 (approx.)

Nominal Compression Load = 180 ldps =90 tons
Reqd. Shaft Length per SHAFT output =25.0 ft -- Compression
Recommended Penetration = 25.0 feet
Reqd. Tip Elevation =45.0 - 25.0 =20.0 -- Compression

Nominal Tension Load =60 Idps =30 tons
Equivalent Compression Skin Friction =30/0.5 =60 tons
Reqd. Shaft Length per SHAFT output =19.0 ft --- Tension
Recommended Penetration = 19.0 feet
Reqd. Tip Elevation =45.0 - 19.0 =26.0 -- Tension

Specified Tip Elevation = 20.0

Retaining Wall No. 14 (based on boring RW-192A)
24-in. Diameter CIDH PIle

Ground Surface Elevation = 45.0 (approx.)

Nominal Compression Load =180 ldps =90 tons
Reqd. Shaft Length per SHAFT output =22.0 It -- Compression
Recommended Penetration =25.0 feet
Reqd. Tip Elevation =45.0 - 22.0 =23.0 -- Compression

Nominal Tension Load =60 kips =30 tons
Equivalent Compression SIdn Friction =30/0.5 =60 tons
Reqd. Shaft Length per SHAFT output = 18.0 It --- Tension
Recommended Penetration =18.0 feet
Reqd. Tip Elevation =45.0 - 18.0 =27.0 -- Tension

Specified Tip Elevation = 23.0
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Ultimate Axial Capacity (tons)
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SR4 Segment 3A - Retaining Wall No.3 - 24-in. CIDH Pile
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depth= 0 - 12.5; Clay

depth= 18.5 - 35; Clay
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Ultimate AXial Capacity (tons)
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4~o ~~~~
depth: 0 - 17; Clay
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depth: 17 - 22; Clay
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depth: 22 - 27; Clay
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depth: 27 - 40; Clay
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Ultimate Axial Capacity (tons)
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REta1ning WAll No. 9.sfo
VERTICALLY LOADED DRILLEt> SHAFT I\NALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT, INC. 1989,1995,1998,2001,2003

SR4 se;,. 311. - Ret. Wall No. 9 - 36-in ciOH Pile

PROPOSED DEPTH" 35.0 FT

NUMBER OF LAYERS"

WATER TABLE DEPTH" 30.0 FT.

REtaining WAll No. 9;sf<>
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, IT

AT TilE BOlTOM

STRENGTfl REDUCTION FACTOR-ALPItA
END BEARING COEFHCIENT-Nc
UNDRAINED SHEAR STRENGTfl, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGIfT, LB/CU IT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

" 0.125Et03
m 0.640Et04
m 0.170Et02

.. 1).550HI)I)

.1).900E+1)1
" 0.250Et04
" O.OOOEtOO
.. 1).00I)E+00
m 0.125E+03
'" 0.640E+04
_ 0.220£+02

FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACXTY " 3.00

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAFACITY " 2.50

SOIL lNFORiIV\TION

LAYER NO l----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING OOEFHClENT-N~

UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANliLE, DEli.
BLOWS PER FOOT FRoM sTANOARIJ PENETRATION TEST
SOIL UNIT WEIGIfT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REIJUCTION FACTOR-ALPflA
END BEARING COEFFlCIENT-N~

UNDRAINED SHEAR STRENGTfl, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STAII/DARO PENETRATION TEST
SOIL UNIT WEIGlT, lB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, lB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT TflE TOP

STRENGTH REDUCfION FACTOR-ALFHA
END BEARING COEFFICIENT-Ne
UNDRAINED SIlEAR STRENGTH, LO/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANOARD PENETRATION TEST

" 0,550EtOO
m 0.900Et01
" 0,600Et04
.. O.OOOEtOO
m O.OOOEtOO
" 0.125Et03
" 0.640Et04
_ O.OOOE+OO

.. 0.550E+00
m 0.900E+01
" 0.600E+04
~ O.OOOE+OO
m O.OOOE+OO
" 0,125E+03
.. 0.640E+04
m 0.170Et02

" 0.5501'+00
.. 0.900E+Ol
_ 0.250E+04
'" O.OOOE+OO
.. 0.00010+00

LAYER NO 3----CLAY

AT THE TOP

STRENGTH REDUCfION FACTOR-ALPHA
END OEARINli COEFFICIENT-N~

UNDRAINED SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT TilE BOlTOM

STRENGTH REDUCTlON FACTOR-ALPIlII
END BEARIMG COEFFICUNT-Ne
UNDRAINED SIlEAR STRENGTH, LB/SQ FT
INTERNAL FRICTIOM ANGLE, IJEli.
BLOWS PER FOOT FROM STANOARD PENETRATION TEST
SOIL UNIT WEIGHT , LB/CU FT
MAXIMUM lOAD TRANSFER FORsoll, LII/SQ FT
DEPTH, FT

LAYER NO 4----CLAY

AT lltE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-M~

UNDRAINED SHEAR STRENGTfl, LB/SQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM sTANOARD PENETRATION TEST
SOIL UNIT WEIGlIT, LB/CU FT
MAXIMlIM LOAD TRANSFER FOR SOIL, LB/SQ FT
OEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPIlII
END BEARIMG COEFFICIENT-Nc
UNDRAINED SHEAR STRENGTH, LB/SQ FT
lNTERNAL FRICTlON ANGLE, DEG.
BLOWS PER FOOT FROM STANOARD PENETRATION TEST

" 0,550HOO
.. 0.900E+1)1
" 0.400Et04
" O.OOOHOO
K 1).00I)E+00
" 0.125Et03
.. 0.640£+04
" 0.22OE+02

.0.550E+(1)
" 0.900HOl
.. 1),4I)I)E+04
m O.OOOHOO
'" I).OOOE+OO
.. 1).125£+03
_ 0.640E+04
" 0.270E+02

K 0.550E+00
~ 0.900E+Ol
" 0.600Et04
K O.OOOEtOO
• O.OOOE+OO
" 0.125Et1)3
m 0.640E+04
m 0.270Et02

.. 0.550E+00
m 0.900H01
" 0.600H04
_ O.OOOE+OO
" O.OOOHOO

PREDICTED RESULTS-----------------

" .. ULTIMATE SlOE RESISTANCE!

" .. ULTIMATE !lASE REsxsTAMCE;... " WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLy) j
GO ~ TOTAL ULTIMATE RESISTANCE,
GOO m TOTAL ALLOWABLE lOAO USING A FACTOR OF SAFETY

APPLIED TO THE ULTIiIV\TE BASE RESISTANCE!
G'" " TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

AFFLIEIJ TO lltE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BIISE RESISTANCE.

LENGTH VOLUME " " QQ '" QQ" QU/VOlUME
(FEET) (CU.YDS) (TONS) (TONS) (ToNs) (TONS) (TONS) (TONS/CU.YDS)
6.0 1.57 15.55 190.88 206.43 79.18 69.85 131.40
7.0 1.83 31.1:1, 190.88 221. 98 94.73 76.07 121.11
'.0 2.09 46.66 190.88 237.54 110.28 82.29 113.40
9.0 2.36 62.21 190.88 253.09 125.84 88.51 107.40

10.0 2.62 77 .76 190.88 268.64 141.39 94.73 102.60
11.0 2.88 93.32 190.88 284.19 156.94 100.95 98.67
12.0 3.14 108.87 167.26 276.13 164.62 99.30 87.88
13.0 3.40 124.42 140.27 264.69 171.18 96.52 77 .76
14.0 3.67 139.98 109.90 249.87 176.61 92.62 68.17
15.0 3.93 155.53 89.65 245.18 165.41 92.10 62.43
16.0 4.19 171,08 79.53 250.61 197.59 94.94 59.82
17.0 4.45 186.63 89.65 276.29 216.52 104.54 62.07
18.0 4.71 193.12 101.22 294.34 226.86 110.99 62.45
19.0 4.97 199.60 114.24 313.83 237.67 117.92 63.08
20.0 5.24 206,08 122.91 328.99 247.05 123.40 62.82
21.0 5.50 212.56 127.25 339.81 254,97 127.44 61.80
22.0 5.76 219.04 140.75 359.78 265.95 134.53 62.46
23.0 6.02 229.41 156.17 385. 'i8 281,46 143.82 64.03
24.0 6.28 239.77 173.52 413.30 297.62 153.75 65.77
25.0 6.55 250.14 185.09 435.23 311.84 161. 75 66.49
26.0 6.81 260.51 190.88 451.39 324.14 167.83 66.31
27.0 7.07 270.88 190.88 461. 76 334.51 171.98 65.32
28.0 7.33 286.43 190.88 477.31 350.06 178.20 65.11
29.0 7.59 301. 99 190.88 492.86 365.61 184.42 64.91
31).0 7.86 317.54 190.88 508.41 381.16 190.64 64.72
31.0 8.12 333.09 190.88 523.97 396.72 196.86 64.55

REtainin9 WAll No. 9.sfo
SOIL UNIT WEIGHT, LB/CU FT
MAl(IMUM LOAD TRAMSFER FOR SOIL, LB/SQ FT
DEPTH, FT

DRILLED SHAFT INFORMATION

DIAMETER OF STEM 3.000 FT.
DIAMEnR OF BASE 3.000 FT.
END OF STEM TO BASE 0.000 FT.
ANGLE OF BELL 0.000 DEG.
IGNORED TOP PORTION 5.000 FT.
IGNORED BoTTOM PORTION 0.000 FT.
AREA OF ONE PERCENT STEEL.. 10.180 SQ.IN.
ELASTIC MOI)\JLUS, E~ .. 0.360E+07 LB/SQ IN
VOLUME OF UNDERREAM 0.000 CU.YDS.

'" 0.125H03
m 0.640E+04
" 0.400Et02

REtaining WAll No. 9.sfo
64.3932.0 8.38 348.64 190.88 539.52 412.27 203.08

33.0 8.64 364.20 190.88 555.07 427.82 209.30 64.24

RESULT FROM TREND (AVERAGED) LINE

Toe CM' TOP MOVEMENT TIP LOAD m MOVEMENT

"" ,.. "" ,..
0.7378HOO 0.1811E-03 0.4189E-Ol 0.100I)E-03
0.7378E+01 I). 1811E-02 0.4189EtOO 0.1000E-02
0.1845H02 0.452910-02 0.1047E+Ol 0.2500E-02
0.3706E+02 0.9064E-02 0.2094E+1)1 0.5000E-02
0.5576Et02 0.1361E-Ol 0.3142E+01 0.7500E-02
0.7446Et02 0.1816E-Ol 0.4189H01 o .1000E-Ol
0.1842E+03 0.4537E-Ol 0.1047Et02 0.2500E-Ol
0.2799Et03 0.8265E-01 0.2094Et02 0.5000E-Ol
0.3497Et<l3 0.1165HOO 0.3142Et02 0.7500E-Ol
0.3964E+03 0.1487E+00 0.4189H02 0.lOO0HOO
0.4651E+03 0.1116Et<l0 0.8764E+02 0.2500E+00
0.4879E+03 0.5684E+OO 0.1277E+03 0.5OO0Hoo
0.4830E+03 0.8203HOO 0.1520Et03 0.7500Hoo
0.4998E+03 0.1074E+Ol 0.168810+03 0.1000EtOl
1).5202E+03 0.3678EtOl 0.1892E+03 0.3600E+Ol
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REta.ining IIIAll ~O. 10.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSIO~ 5.0 (C) COPYRIGHT E~50Fr,I~C. 1989,1995,1998,2001,2003

SR4 sl'g. 3A - Rl't. wall ~o. 10 - 30-in CJ:DH I'll ..

REtaining WAll No. 10.sfo
BLOWS PER FOOT FROM STANDARD PE~ETRATION TEST ~ O.OOOE+OO
5OJ:L UNIT WEIGHT, LB/Cli FT - 0.125,,+03
MAXIMUM LOA[) TRANSFER FOR SOIL, LB/s« FT ~ 0.640E+04
DEJ>'Tll, FT .. 0.550E+01

PROPOSED DEPTH ~

NUMBER OF LAYERS "'------------------

WATER TABLE DEPTH ~

35.0 Fr

30.0 Fr.

LAYER NO 2----CLAY

AT TIl" TOP

STRE~GTH REDUCTION FACTOR-ALPHA
END BEAR.I~G COEFFICIENT-NC
U~DRAINED SHEAR SffiENGTH, LB/SQ FT
I~TER~AL FRICT"loN ANGLE, DEG.
BLOWS PER FOOT F;lOM STANDARD PENETRATIO~ TEST
50IL U~.IT WEl:GIfT, LB/Cli FT
MA.XIMUM LOAD TRANSFl£R FOR SOIL, L.B/SQ FT
DEPTH, FT

0.550E+00
0.900£+01
0.250E+04
O.OooE+OO
O.OOOE+OO
0.125EH03
0.640E+04
0.550E+Ol

FACroR OF 5AFETY APPLr~ TO TIlE TOTAL ULTlMATE CAPACITY ~ 2.50 AT TIlE aoT'J'OM

FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY _ 3.00

SOIL I~FOilMATIO~------------
LAYER NO l-----CLAY

AT TIlE TOP

STRE~GTH REDUCTION FACTOR-ALPHA
E~D BEARING COEFF.CCJ:ENT-NC
UNDRAlN=tl SHEAR STRENGTH, LB/SQ FT
I",'TERNAJ.. FRICTION ANGLE, DEl>.
Bl.OWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT wEIGIfT, l.B/Cli FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

_ 0.5506:+00
_ 0.900E+Ol
~ 0.450E+04
_ O.OOOE+OO
~ O.OOOE+OO
~ 0.125E+03
_ 0.640E+04
~ O.OOOE+Oo

STRE~Glli Il.EDUCTION FAcTOR-ALPHA
END SEARING COEFFIcrENT-~c

UNDRAINED sH~R STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, OEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
sOJ:L UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
OEPTII, FT

LAYER NO 3----CLAY

AT lliE Top

STRENGTH REDUcrIO~ FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR SffiEtlGTH, LB/SQ FT
INTERNAL FRlcrION ANGLE, OEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGIfT, LB/eu FT
MA.XIMUM LOAD TRANSFl£R FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+OO
0.900E+01
0.250E+04
O.OOOE+OO
O·OOOE...OO
0.125E+03
0.64010+04
0.165E+02

0.550E+00
0.9OOE+01
0.4OOE+04
O·OooE+OO
O.ooOE+OO
0.125E+03
0·640E+04
0.165E+02

STRENGTH REDUcTION FACTOR-ALPHA
END BEARI~G COEFFIaENT-Nc
U~DRAI~ED SH~R sn<ENGTH, LB/SQ FT
I~TER~AL FRICTIO~ ANGLE, DEG.

~ 0.550E+00
~ 0.900E+0:1
~ 0.450E+04
~ O.OOOE+OO

AT THE aoT'J'OM

STRENGTH REDUCTION FACTOR-ALPHA ~ 0.550E+OO

QS ULTIMATE SIDE RESISTANCE;
QB ULTIMATe; BASE RESISTANCE;
wT WEI:GHT OF DULLED SHAFT (FOil. UPLIFT CAPACITY O~LY);
QU TOTAL. ULTIMATE RESISTANCE;
QBD TOTAL ALLOWABLE LOAD l,IS:rNG A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN _ TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO TH" ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

PREDICfED RESULTS

DRILLED SHAFT I~FORMATIO~

END BEARING COEFFICJ:ENT-Nc
UNDRAIN=tl SHEAR STRENGTH, LB/SQ FT
INTERNAL FRICTION ANGLE, .DEl>.
BLOWS PER FOOT FROM STANDARD PENETRATION TEsT
SOIL UNIT WEIGHT, LB/Cli FT
MAXIMUM LOAD TRANSFER FOR SOIL. LB/SQ FT
DEPTH, FT

13.0 1.U 38.02 35.35 73~~~aini2%.'foll N2d~·sfO 48.50
14.0 1.63 42.34 42.92 85.26 56.65 31.24 52.33
1.5.0 1.75 46.66 52.01 98.67 64.00 36.00 56.53
16.0 1.86 50.98 56.56 107.53 69.83 39.24 57.75
17.0 1.98 55.30 56.56 lU.86 74.15 40;97 56.54
".0 2.09 62.21 56.56 U8.77 81.06 43.74 56.70
19.0 2.21 69.12 56.56 125.68 87.98 46.50 56.84
20.0 2.33 76.04 56.56 132.59 94.89 49.27 56.97
21.0 2.44 82.95 56.56 139.50 lO1.80 52.03 57.09
22.0 2.56 89.86 56.56 146.42 108.71 54.80 57.19
23.0 2.6.8 96.77 56.56 J.53.33 U5.63 57.56 57.29
24.0 2.79 103.69 56.56 160.24 122.54 60.33 57.38
25.0 2.91 UO.60 56.56 167.J.5 129A5 63.09 57.46
2.6.0 3.03 U7.51 56.56 :l74.07 136.36 65.86 57.53
27.0 3.14 124.42 56.56 180.98 143.28 68.62 57.60
28.0 3.26 131. 34 56.56 187.89 150.19 71.39 57.66
29.0 3.37 138.25 56.56 194.80 157.10 74.15 57.72
30.0 3.49 145.16 56.56 201. 72 164.01 76.92 57.78
31.0 3.61 152.07 56.56 208.63 170.92 79.68 57.83
32.0 3.72 158.99 56.56 215.54 177.84 82.45 57.88
33.0 3.84 165.90 56.56 222.45 184.75 85.21 57.93
34.0 3.96 172.81 56.56 21,9.37 191.66 87.98 57.97
35.0 4.07 179.72 56.56 236.28 198.57 90.74 58.01

RESULT FROM TREND (AVERAGED) LINE

"'''
,~, TOP MOVEMENT TIP LOAD IT' -,~

'"" ". '"" ".0.600110+00 0.2560E-03 0.1862,,-01 0.100010-03
0.6001E+01 0.2560E-02 0.1862E+00 0.1000E-02
0.1507E+02 0.64061::-02 0.4654E+00 0.2500E-02
0.3039£+02 0.1286E-01 0.930810+00 0.5000E-02
0.4571E+02 0.193210-01 0.1396E+01 0.7500E-02
0.6099E+02 0.2578,,-01 0.1862E+01 0.1000,,-01
0.1227E+03 0.5958E-01 0.4654E+Ol 0.2500E-01
0.1699E+03 0.997010-01 0.9308E+01 0.5000E-01
0.l923E+03 0.1338E+OO 0.1396E+02 0.7500E-Ol
0.19991::+03 0.1620E+OO 0.1862E+02 0.1000E+OO
0.2144E+03 0.3198E+OO 0.3233E+02 0.2500E+OO
0.2085E+03 0.5708E+OO 0.4503E+02 0.5000E+OO
0.2147E+03 0.8240E+OO 0.5125E+02 0.7500E+OO
0.2:l74E+03 0.1075E+-01 0.5392E+02 0.1000E+-01
0.2195E+03 0.2476&+01 0.5605E+02 0.24ooE+-01

QU/VOLUME
(TotlS/ClI.YDS)

61.76
58.24
55.60
53.55
51.91
50.56
49.44

""(TOtlS)
14.89
16.-62
18.35
20.08
21.81
23.53
25.26

No. 10.sfo
~ 0.900E+01
~ 0.400E...04
~ O.OOOE+OO
~ O.OOOE+OO
~ 0.125=:+03
~ 0.640E-+04
~ 0.400E+02

'""(TONS)
19.56
23.88
28.2-0
32.52
36.84
41.16
45.48

RE:ta.ining WAll

"(TONS)
43.12
47.44
51. 76
56.08
60.40
64.73
69.05

'"'(TONS)
35.35
35.35
35.35
35.35
35.35
35.35
35.35

VOLUME QS
(CU.YDo;) (TO~S)

0.70 7.78
0.81 12.10
0.93 16.42
1.05 20.74
1.16 25.06
1.28 29.38
1.40 33.70

DIAMETER OF STEM 2 •000 i<"f •
OIAl>lETER OF BASE 2.000 FT.
END OF STEM TO BASE 0.000 FT.
A~GLE OF BELL 0.000 OEG.
;lGNORED TOP PORTION 5 •000 FT.
IG~OREO BOTTOM PDIl.TION 0.000 FT.
AREA OF ONE PEIl.CENT STEEL 4.524 SQ.IN.
ELASTIC MODULUS, Ec 0.360E+07 LB/SQ IN
VOLUME OF U~OERREAM 0.000 CU.YlJS.

LENGTH
(FEET)
'.0
'-0
'.0
'.0

10.0
ll.O
'-'.0
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REtaining WAll No. 12.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 1989,1995,199B,2001,2003

REtaining WAll No. 12.sfo
SOIL UNIT WEIGHT, LSjCU FT
MAXIMUM LOAD TRAiI/SFER FOR SOIL, LBjSQ FT
OEPTH, FT

" 0.125£+03
g 0.64ClEt04
'" 0.100EtlJ2

sR4 Seg. 3A - Ret. WAll No. 12 - 24-in ciclh Pile

PROPOSED DEPTH '"

NUMBER OF LAVERS"

WATER TABLE DEPTH m

25.0 FT

30.0 FT.

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFIcIEI'iT-Ne
UNDRAINED SHEAR STRENGTH, LsjSQ FT
INTERNAL FRICTION ANGLE, OEG.
SLOWS PER FOOT FROM STANOARD PENETRATION TEST
SOIL UNIT WEIGH, LBjCU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LSjSQ FT
DEPTH, FT

" 0.550EtOO
• 0.900Et01
" 0.400£+04
'" 0.000£+00
m O.OOOEtOO
~ 0.125Et03
" 0.640Et04
B 0.150Et02

FACTOR OF sAFET'I APPLIED TO TIlE TOTAL ULTIMATECAPACITV g 2.50

PACTOR OF SAFETY APPLIED TO TKE ULTIMATE BASE CAPACITY .. 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

STRENGTfl REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Ne
UNDRAINED SKEAR STRENGTH, LBjSQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOll UNIT WEIGIlT, LBjCU FT
MAXIMUM LOAD TRANSPER FOR SDll, LBjSQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPIIA
END SEARING COEFFICIENT-Ne
UNDRAIN£[) SflEAR STRENGTH, LBjSQ FT
INTERNAL FRICTION ANGLE, DEG.
BUMS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LS/cU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LBjSQ FT
DEPTH, FT

LAYER NO 2~---CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Ne
UNDRAINED SHEAR STRENGTH, LBjSQ FT
lNTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

~ 0.550E+00
~ 0.900E+01
" 0.250Et04
• O.ooOEtOO
" O.OOOE+OD
" 0.1.51'+0)
• 0.640Et04
'" O.OOOEtOO

m 0.550EtOO
" 0.900£+01
" 0.250Et04
·O.OOOE+<lO
" O.OOOE+OO
g 0.125Et03
m 0.640£t04
'" 0.100Et02

" 0.550EtOO
g 0.900Et01
'" 0.400Et04
~ O.OOOEtOO
m O.OOOEtOO

LAYER No 3----CLAY

AT THE TOP

STRENGTH REOUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-Ne
UNDRAINEO SKEAR STRENGTH, LBjSQ FT
II'iTERNAL FRICTION ANGLE, DEG.
SLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGIlT, LBjCU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LBjSQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT~NC

UNDRAINED SHEAR STRENGTH, LBjSQ FT
INTERNAL FRICTION ANGLE, DEG.
BLCMS P~R FOOT FROM STANDARD PE~ETRATION TEST
SOIL UNIT WEIGHT, LBjQJ FT
MAXIMUM LOA!) TRA~SFER FOR SOIL, LBjSQ FT
DEPTH, FT

LAYER No 4----SAND

AT THE TOP

SKIN FRICTION coEFFICIENT- B£TA
UNDRAINED SHEAR STRENGTH, LsjSQ FT
INTERNAL FRICTIoN ANGLE, O£G.
BLOWS PER FOOT FROM STMIOARD PENETRATION TEST
SOIL UNIT WEIGHT, Ls/cu FT
Io\AXIMUM LOAD TRANSFER FOR SOIL, LSjSQ FT
DEPTH, FT

AT THE BOTTOM

SKIN FRICTION COEFFICIENT- SETA
UNDRAINED SHEAR STRENGTH. lBjSQ FT
INTERNAL FRIcrrO~ JINGLE, DEC;;.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LBjcU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/sQ FT

" 0.550£+00
• 0.900Et01
'" 0.150EtlJ4
~ O.OOOEtlJO
g O.OOOEtOO
'" 0.125Et03
g 0.640Et04
'" 0.150Et02

m 0.550EtOO
'" 0,9001'+01
g 0.150Et04
'" O.OOOE+OO
~ 0.000£+00
g 0.125£+03
~ 0.640Et04
" 0.200£+02

• 0.896EtOCl
~ O.OOOEtOO
~ 0.350EtO.
• O.OOOEtOO
~ 0.130Et03
~ 0.640£+04
~ 0.2ooEt02

~ 0.761E+OO
~ O.OOOEtOO
~ 0.350Et02
" O.OooEtOO
g 0.130Et03
'" 0.640E+04

DRILLEO SHAFT INFORMATION

OIAMETER OF STEM 2.000 FT.
DIAMETER OF BASE 2.000 FT.
END OF STEM TO BASE 0.000 FT.
ANGLE OF SELL 0.000 OEG.
IGNORED TOP PORTION 5.000 FT.
IGNORED SaTTOM PORTION 2 •000 FT.
AREA OF ONE PERCENT STeEL" 4.524 SQ.IN.
ELASTIC MODULUS, Ee ~ 0.3601'+07 LBjSQ IN
VOLUME OF UNDERREAM 0.000 CU.VDS.

DEPTlI, FT
REtaining WAll No. 12.sfo

~ 0.300Et02 0.9696E+Ol
0.1461£+02
0.1951E+02
0.4565E+02
0.6588EtlJ2
0.7946EtlJ2
0.8237EtO.
0.9334EtO'
0.9460£+02
0.1019£+03
0.1083Et03
0.1316£+03

REtail1in(l WAll No. 12.sfo
0.6792E-0' 0.3055EtOO 0.5000E-02
0.1019E-Ol 0.4583E+OO 0.75001'-02
0.13601'-01 0.6110EtlJO 0.1000E-01
0.33571'-01 0.1528Et01 0.2500E-Ol
0.6260E-01 0.3055EtOl 0.5000E-01
0.9050£-01 0.4583Et01 0.75001'-01
0.1164EtOO 0.6110Et01 0.1000EtOO
0.'701£tOO 0.1494£+02 0.2500EtOD
0.5221EtOO 0.2411E+02 0.5000EtOO
0.7747£+00 0.3137Et02 0.7500EtOO
0.10271"+01 O. 3781E+0' 0.1000£+01
0.2436Et01 0.6117EtO' 0.2400£+01

PREDICTED I\ESULTs-----------------
Q' ~ ULTIMATE SIDE RESISTANCE;
Q' ~ ULTIMATE BASE RESlSTANCE;

'" ~ WEIGHT OF DRILLEO SHAFT (FOR UPLIFT CAPACITY ONLY);
QO '" TOTAL ULTIMATE RESISTA~CE;

Qeo ~ TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
APPLIED TO THE ULTIMATE IlASE RESISTA~CE;

QO< '" TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
APPLIED TO TilE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE IlASE RESISTANCE.

LENGTH VOLUME " Q' QO "0 QO< QUjVoLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONsjeu.YDS)
'.0 0.93 4.n 52.01 56.33 21.66 19.07 60.51
9.0 1.05 8,64 56.56 65.20 27.49 n.31 62.25

10.0 1.16 12.96 56.56 69.52 31.81 24.04 59.74
11.0 1.28 17.28 56.56 73.84 36.13 25.76 57.68
12.0 1.40 21.60 43.93 65.53 36.25 23.28 46.93
13.0 1. 51 28.51 28.78 57.30 38.11 21.00 37.87
14.0 1.63 35.43 21.21 56.63 42.50 21.24 34.76
15.0 1.75 42.34 21.n 63.55 49.41 24.00 36.40
16.0 1.86 49.25 21.n 70.46 56.32 26.77 37 .84
17.0 1.98 56.16 ,8.60 84.76 65.70 n.oo 42.85
18.0 2009 58.76 37.46 96 ... 71.24 35.99 45.94
19.0 2.21 61.35 41.90 103.25 75.31 38.51 46.70
20.0 , .33 63.94 41.90 :1.05.84 77 .91 39.54 45.47
n.o , .44 66.53 41.90 108.43 80.50 40.58 44.37
22.0 2.56 69.12 41.90 111.02 83.09 41.62 43.37
23.0 2.68 76.41 41.90 118.31 90.37 44.53 H.20
24.0 2.79 83.92 41.90 125.82 97.89 47.54 45.05
25.0 2.91 91.67 41.90 133.56 105.63 50.63 45.91

RESULT FROM TREND (AVERAGED) LINE

roe ,~o TOP MOVEMENT TIP LOAD '" MOVEMENT

'"0 '". ,~ '".0.193%+00 0.1358E-03 0.6110E-02 0.1000E-03
0.1939E+01 0.1358E-02 0.6110E-01 0.1000E-02
o .4848Et01 0.3396E-02 0.1528E'~0 0.2500£-02
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Ultimate Axial Capacity (tons)
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REta1n1ng wAll No. 14.sfo
VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
VERSION 5.0 (C) COPYRIGHT ENSOFT, INC. 1989,1995,1998,2001,2003

REtaining WAll NO. 14.sfo
SOIL UNIT WEIGHT, LBjCU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH. FT

0.125E+03
0.640E+04
0.700E+01

SR4 seg. 3A - Ret. WAll No. 14 - 24-in cidh pile

PROPOSED DEPTH ==

NUMBER OF LAYERS

WATER TABLE DEPTH =

25.0 FT

2

30.0 FT.

AT THE BOnOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LS/SQ FT
INTERNAL FRICTION ANGLE, DEG.
SLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

0.550E+00
0.900E+01
0.400E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.300E+02

FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 2.50

FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY '" 3.00

SOIL INFORMATION

LAYER NO 1----CLAY

AT THE TOP

DRILLED SHAFT INFORMATION

DIAMETER OF STEM
DIAMETER OF BASE
END OF STEM TO BASE
ANGLE OF BELL
IGNORED TOP PORTION
IGNORED BOTTOM PORTION
AREA OF ONE PERCENT STEEL ==
ELASTIC MODULUS, Ec
VOLUME OF UNDERREAM

2,000
2.000
0.000
0.000
7.000
2.000
4.524

0.360E+07
0.000

FT.
FT.
FT.
DEG.
FT.
FT.
SQ. IN.
LS/SQ IN
CU.YDS.

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH. LBjSQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM. STANDARD PENETRATION TEST
SOIL UNIT WEIGHT, LB/CU FT
MAXiMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

AT THE BOTTOM

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LS/SQ FT
INTERNAL FRICTION ANGLE. DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST
SOIL UNIT WEIGHT. LB/CU FT
MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT
DEPTH, FT

LAYER NO 2----CLAY

AT THE TOP

STRENGTH REDUCTION FACTOR-ALPHA
END BEARING COEFFICIENT-NC
UNDRAINED SHEAR STRENGTH, LBjSQ FT
INTERNAL FRICTION ANGLE, DEG.
BLOWS PER FOOT FROM STANDARD PENETRATION TEST

0.550E+00
O,900E+01
0.250£+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.000£+00

0.550E+00
0.900E+01
0.250E+04
O.OOOE+OO
O.OOOE+OO
0.125E+03
0.640E+04
0.700E+01

0.550E+00
0.900E+Ol
0.400E+04
O.OOOE+OO
O.OOOE+OO

PREDICTED RESULTS

QS = ULTIMATE SIDE RESISTANCE;
QB == ULTIMATE BASE RESISTANCE;
WT = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
QU == TOTAL ULTIMATE RESISTANCE;
QBD '" TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY

APPLIED TO THE ULTIMATE BASE RESISTANCE;
QDN = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY

APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
THE ULTIMATE BASE RESISTANCE.

LENGTH VOLUME QS QB QU QBD QDN QUjVOLUME
(FEET) (CU.YDS) (TONS) (TONS) (TONS) (TONS) (TONS) (TONS/CU. YDS)
10.0 1.16 6.91 56.56 63.47 25.76 21.62 54.54
11.0 1.28 13.82 56.56 70.38 32.68 24.38 54.98
12.0 1.40 20.74 56.56 77.29 39.59 27.15 55.35
13.0 1.51 27.65 56.56 84.21 46.50 29.91 55.66
14.0 1.63 34.56 56.56 91.12 53.41 32.68 55.93
15.0 1. 75 41.47 56.56 98.03 60.33 35.44 56.16
16.0 1.86 48.39 56.56 104.94 67.24 38.21 56.36
17.0 1.98 55.30 56.56 111.86 74.15 40.97 56.54
.Jt.;0~ 56.56 118.77 81.06 43.74 56.70
- 9.0 2.21 69.12 56.56 125.68 87.98 46.50 56.84
20.0 2.33 76.04 56.56 132.59 94.89 49.27 56.97
21.0 2.44 82.95 56.56 139.50 101. 80 52.03 57.09

.2.20 2 56 89 86 56.56 146.42 108.71 54.80 57.19
23.0 2.68 96.77 56.56 153.33 115.63 57.56 57.29



24.0
25.0

REtaining WAll NO. 14.sfo
2.79 103.69 56.56 160.24 122.54
2.91 110.60 56.56 167.15 129.45

60.33
63.09

57.38
57.46

RESULT FROM TREND (AVERAGED) LINE

TOP LOAD
too

0.3248E+00
0.3248E+01
0.8121E+01
0.1640E+02
0.2469E+02
0.3295£+02
0.7415£+02
0.1073E+03
0.1277£+03
0.1340E+03
0.1495E+03
0.1499E+03
0.1561E+03
0.1587e+03
0.1609E+03

TOP MOVEMENT
IN.

0.1672e-03
0.1672e-02
0.4179E-02
0.8375E-02
0.1258e-01
0.1678E-Ol
0.4077E-Ol
0.7330E-01
0.1036E+OO
0.1307e+oO
0.2862E+00
0.5383E+00
0.7906E+00
0.1042E+Ol
0.2442E+01

TIP LOAD
too

o.1862E-01
0.1862E+OO
0.4654E+OO
0.9308E+OO
0.1396E+Ol
0.1862E+01
0.4654E+01
0.9308E+01
0.1396E+02
0.1862E+02
0.3233E+02
o.4503E+02
0.5125E+02
0.5392E+02
0.5605E+02

TIP MOVEMENT
IN.

0.1000e-03
0.1000E-02
0.250010-02
0.5000E-02
0.7500E-02
0.1000e-01
0.2500E-01
0.5000E-01
0.7500e-01
0.1000E+OO
0.2500E+OO
0.5000E+OO
0.7500E+OO
0.1000E+01
0.2400E+Ol



CIDH Pile

LATERAL PILE BEHAVIOR

LPILE Program
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Unfactored Bending Moment (in-kips)
Lateral Deflection (in)
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LPILE plus for Windows, versicm 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected to Later'al Loading using the p-y Method

(c) 1985-2005 by Ensoft, lnc.
All Rights Reserved

- Deflection tolerance for con~:~~~~~~gmwali.~b60~:~~o1n
- MaKimum allowable deflection ,,1.0000E+02 1n

printing 0lftions:

- ~6~je~e~ct!j~~e;~:a~r~~~~~c~~~nfu~lnn~~th~~n~i l~~ear force,
- priotiog Increment (spaclf19 of output points)" 1

""d

pile structural Properties and GeOmetry----------------------------------- -------------------- -- --------------
Thi5 program is licensed to:

~i~rk~a~~~~ultants

path to file locations: s:\ongoing proj\!cts\2006\206117 TYLln Rte 4
project\Retaini ng and sound Walls\lPILE\
Name of input data file: Retaining wall No. 3.lpu
Name of oUtput fil\!: Retaining Wall No. 3.1po
Name of plot output file: Retaining wall No. 3.1pp
Nam"- of runtir'!l"- file: Retaining Wall No. 3.1pr

pile Length " 360.00 in

~i'g~~ ~~g~~o~~dg~~~~dc~U~f!~t"p "f pile:
-39.00 in

.00 deg.

structural properties of pile defined using 2 poi nts

point D"-pth Pile Moment of pile Modulus of
x Diameter Inertia Area Elasticity
i" io in""4 sq.in lbs/sq,in

0.0000 24 .00000000 16286.0000 452.3900 360a(}{J0.
360.000a 24 .oaoooooo 16286.0000 452.3900 3600000.

problem Title

SR4- Segment 3A - Retaining WAll No. 3 24-in. CIDH Plle

Time and Date <>f Analysis--------------------------------------------------------------

Pr<>gram opti<>ns
--------------------------------------~-------------------~-------------------

-39.000 in
39.000 in

225.0001bs/in**3
225.000 lbs/in**3

39.000 in
48a.000 in

The so;l profile is modelled using 2 layers

~i';~~nc; ~~o~a~~p ~?pH~t~~i~o~y0~P~a~:;2A, ~987

~~~t~~~~r~d~mm~~~l~~ ki~6rt~<>~o~~o~o~r ~i~:~ :
p-y subgrade m<>dulus k for bottom of layer "

layer 2 is stiff clay with<>ut free water

~~~~:~~: ~~~~ i~~ .~~ ~H~ i~ ~g~t~~ ~rl~yer ~

s<>il and Rock Layering Information
-------------------------------------~----------------------------------

Time: 15:40: 3Date: July 16, 2009

(Depth of lvwest layer extends 120.00 in below pile tip)

Effective unit Weight of Soil vs, Depth------------------------------------------------------------------
Distribution of effectiv,,- unit Weight of soil with depth
is defined using 4 points

point De{'th X Eff. unit Weight
No. 1n lbsl;n**3

Units Used in computations - us customary Units, inches, pounds

Basic program options:

Analysis TVpe 1:
- Computatlon of Lateral pile R,,-sponse Using user-specified Constant EX

computation opti <>ns:

~ ~~~ly~r;e~~:~l~=~e~~i~{:fe~? fu~r~~~U~s:~t~~n analysis
- Analysis aSsUmeS no shear resistallce at pile tip

= ~~a~~~~~t~~~0~i~fdf~~~9;~i~~l:t~~f~~~~tm~~~¥x elements

= ~~~~~~i ~i ~s~~~~o~~es~i~ ~~~~m~~~~t~c~rng
i
~~ pi 1e

- No additional p-y curves to be computeu at user-specified uepths

Solution control Farameters:
- Number of pi 1e i I1crements 60
-Maximum number of itHations allowed ~ 100

,,
3
4

-39.00
39.00
39.00

480.00

.07520

.07520

.07230

.07230

'l"

shuar Stren!lth of Soils

Distribution of shear strungth parameters with depth
defi ned using 4 poi nts

point De~th )( coh,,-sion c An9le of Friction E50 or". '" lbs/in*"'2 Deg. Lm-------------, -39.000 .aoooo 40.00, 39.000 .aoooo 49.00
3 39.00a 41.67000 .00 .00400
4 480.00el 41.67000 .00 .00400

Notes:

!'1 cohesion ~ uniaxial compressive strength for rock materials.

~ ~:~~~~\O~a~~~sa~iN~~r~:~e~~~e~l?o/~50t:hellinput values are 0,
4 RQD and k_rm are reported only for weak rock strata.

.0

.0

Retainill!l wall No. 3.1po
~~~:;hf~~C~<>~~d~Hech~~~tion~are Sh~~~o~~~:r~b~t (Be Type 1)

~~r~~n~o:~rn:~\HeP~~:iead: 280000:ggg ~~;lbs

(zero mornellt at pile hoad for this load indicates a free-head c<>ndition)

Load case Numb,,-r 3

~~~:;hf~c~o~~d;Hech~~~ti<>n~are Sh~~~O~~O~o~~~t (BC TYpe 1)

~~~~ln~o~~m:~tPn"P~~:dhead : 280000:ggg i~;lbs

(zero moment at pile head for this l<>ad indicates a free-head condition)

H** WARNINe> ****

~~i jn~:~~~nd~Hn~dl~is~~st~~P~~lf~~I1~r~~f~~~1i~1~h~ain~~~nv~~~;i r~e~i ~h~ra
smaller than 20 degrees or hi9h"-r than 48 degrees. The input data should
be checked f<>r cttrrectness.

p-y Modification Factors------------- -- ------------- -- --- - ----------- --- ----- - - -------- ------------
Distributittn <>f p-y multipliers witll depth defined using

point Depth X p-mult y-mult
No. in

.000
360.000

.6000
.6000

1.0000
1.0000

2 p<>ints

computed Values <>f Load Distribution and Deflection
for lateral L<>adin9 for Loau case Number 1

-- - ----------------~--------- - -- ---- ----------- ---------- ------------
Pile-Ilead boundary conditions are shear and Moment (BC l)Ipe 1)

~~~~1~1~~ ~~:~tf~~c~ii~ ~l~~ head: 42000:ggg ~~~lbs
specified aKial load at pile head" 140000.000lbs

(zero m<>lnent for this load indicates free-head conditions)

Loadi ng TYpe

.static l<>ading criteria was used for c","putaticm <>f p-y curves

rile-h"-ad Loading and Pile-head Fixity conditions- ---------- -- ---------------------- ----------------------------------
NlImber of loads specified ~ 3

Load case Number 1

~~l:;h~~~c~o~~d~aech~~~ti<>n~ are Sh42~0~~gaa<>~~~t (BC TYpe 1)

~~~~~n~o:dm~~\H.,P~~:lead: 140000:ggg ~~;lbS

(Zero mom'!nt at pile head f<>r this load indicates a free-head condition)

LOad Case Number 2

Depth Deflect. Moment shear slope Total Soil Res, , " , , Stress
lbs~in'" '" lbs-in lb, Rad. lbs/in""2-------- --- ----- ----------- ----------- ----------- -- -------- -----------

0.000 .121632 -1.8081E-a7 42000,0000 -.0019487 309.4675 -586.4041
6.000 .109940 243082. 38370.3941 -.0019363 488. ,772 -623.4646

12.000 .098396 463698. 34576.7294 - ,0019001 651.1335 -641.0903
18.000 .087138 661195. 30731. !l691 -.0018426 796.6,50 -640.4%4
24.000 .076286 835577 . 26940.4698 -.0017660 925.1449 -623.3367
30.000 .06,946 987447 . 23269.8902 -.0016727 1037.0473 -600.1899
36.000 .0,6213 1117626. 19784,0957 -.0015650 1132.9667 -561.7416
42.aoo . 047166 122748, . 15559.9465 -.00144,0 1213.9146 -846.3061
48.OClO . 038873 1306773 . 10524.4734 -.0013153 1272.3357 -832.182!1
54.000 .031383 1355989. 5588.0454 -.0011791 1308.5995 -813.2930
50.00a .024725 1375810. 780.3051 -.0010393 1323.2044 -789.2871
66.000 .018911 1367099 . -3866.6712 -.0008!189 1316.7855 -759.705a
72.000 .a13937 1330920. -8317.4930 -.0007609 1290.1283 -723.9023
78.000 .aa9781 1268567. -12531.8821 - .000627!1 1244.1846 -680.8941
84.000 .Oa64a3 1181592- -16461. 5509 -.a005025 n80.0992 -628.9955
90.000 . 003751 1071872 . -20043,00l.Z -.aa03872 1099.2544 -564.8213
96.000 .001757 941727 , -23176.0284 -.0002842 1003.3593 -479.5211

102.000 .000341 794237. -25874.5404 -.0001953 894.6848 -419.9829
108.000 -.000587 631560. -25992.6096 -.0001224 774.8197 380.6265
114.000 -.001127 482532. -23471.9573 -6.'363E-05 665.01J.0 459.5909
120.000 -.001371 350007. -2a611.0363 -2.2763E-05 567.3627 494.0495
126.000 -.001401 235238. -116a5.0107 7.1834E-06 482.7974 507.9591
132.000 -.00128, 138735. -14556,5!129 2.6319E-05 411.6912 506.1802



60514.2108R~iil~~'.1~0~4113~651~E~gs Retaining Wall No. 3.lpo
138.000 -.001085 354.0561 497.6173

~~:~~r.~:~ ~~~:~tf~~~~ii~ ~l~d he
ag

: 52000:88& l~:lbs144.000 -.000847 202.8470 -8613.3272 3.9621E-05 309.6170 477.6738
150.000 -.000609 -42912.2789 -5833.2899 3./43610-05 341.0865 449.0053 spedfieg axial loag at pile haad _ 280000.0001bs
156.000 -.000398 -69859.5235 -2695.4696 3.166510-05 36D.9420 596.9341
162. DOO -.000229 -75311.1123 148.0889 2.4237E-D5 364.9589 350.9181 (Zero moment fo,' this load in<li~ates free-heag ~ongitions)
168.000 -.ODDI01 -68123.1748 1701. 7816 1. 6898E-05 359.6626 166.9795
174.000 -2.66E-05 -54918.1210 2329.4442 1.0602E-D5 349.9328 42.2414 Depth Deflect. Moment shear slope Total soil ."180.000 2.02E-05 -40187.6554 2358.1165 5.735510-06 339.0789 -32.6840 ,

I"
, , , stress

lbs/in186.000 4.2310-05 -25630.3586 20SD.9725 2. li65E-D6 329.0895 -69.6973 io lbs-in lb, Rag. lbs/in~~2
192.000 4.8010-05 -15579.8771 1600.1732 1. 566910-07 320.9472 -80.5691 -------- --------- ----------- ----------- --------- ----------- -----------198.000 4.4110-05 -7428.5431 1132.1690 -1.0lO6E-06 314.9411 -75.4323 0.000 .162093 4.0682E-D7 52000.0000 -.0025122 618.9350 -734.9102204.00D 3.S7E-OS -1992.1341 719.4688 -1.5D27E-06 310.9354 -62.1344 6.000 .147020 302992 • 47415.7057 - .0024967 842.1885 -793.1880210.000 2.61E-05 1207.6071 394.5512 -1.542810-06 310.3573 -46.1714 12 ,000 .132133 577377 • 42558.1888 -.0024517 1044.3636 -825.9843216.0DO 1.7210-05 2745.0728 163.1340 -1.340610-06 311.4901 -30.9677 18.000 .117600 821928 • 37577 ,5612 - .0023801 1224,5556 -834.2249222.000 1.00E-D5 3167.4670 15.2844 -1.0380E-06 311. 8014 -18.3156 24,000 .103572 1036305 • 32616.2106 -.0022850 1382.5149 -819.5586228.000 4.7610-06 2930.2290 -66.2062 -7.2601E-07 311.6266 -8.8480 30.000 . 090180 1221000 • 27743.D968 -.0021695 1518.6035 -804.8126234.000 1. 30E-D6 2374.2122 -100,1419 -4. 5458E-07 311. 2169 -2.4639 36.000 •077538 1376512 • 23031.0324 -.0020366 1633,1891 -765.87)5240,000 -6.94E-07 1729.2898 -103.5427 -2. 4461E-07 310.7417 1. 3303 42.000 •065741 1504215 • 17974.8470 -.0018892 1727,2848 -919,5196246.000 -1.63E-06 1132.1102 -90.0249 -9.819!1E-08 310.3017 3.1756 48.000 ,054868 1598558, 12495.251D - .0017304 1796.1990 -907.0124252.000 -1.87E-06 649.1560 -69.3917 -7.0543E-09 309.9458 3.7021 54.000 .044976 1659973 . 7104.8081 -.0015637 1842.0513 -889.8019258.000 -1. 72E-06 299.4218 -48.0840 4.148310-08 309.6881 3.4005 60.0DO ,036104 1689069. 1832.6751 -.0013923 1863.4906 -867.5758264.000 -1. 37E-06 72.0785 -29.1085 6.049210-08 309.5206 2.7247 66.000 .028268 1686643 . -3289,8691 - .0012196 1861. 7027 -839.9390270.000 -9.89E-07 -57.1820 -15.6509 6,1255E-06 309.5096 1. 9612 n.ODD .021469 1653689 • -8228.7736 -.00104.87 1837.4211 -806,3625276.000 -6.3910-07 -115.8352 -5.9655 5.2402E-08 309,5528 1. 2673 78.000 . 015684 1591421 . -12946.1175 -.00D8826 1791. 5405 -766.0854282,000 -3.60E-07 -128.8562 -.0204579 3.988110-08 309.5624 .7144039 84.000 .010877 1501301. -17398.0953 -.0007244 1125.1373 -717.9072268.000 -1.6110-07 -116.1477 3,0760 2.734410-08 309.5531 .3184024 90.000 .OD6992 1385078. -21530.8864 -.0005767 1639.5006 -659.6898294.000 -3.2210-08 -91.9666 4.2246 1.6696E-08 309.5353 .0638043 96.000 •003957 1244868 • -25270.6221 -.0004421 1536.1900 -586.8888300.000 3,96E-06 -65,4807 4.1795 8.6391E-D9 309.5157 -.0788297 102.000 •DD1687 1083316 . -28490.2434 -.0003230 1417.1537 -466.31833D6.000 1.15E-08 -41.8211 3.5178 3.1483E-09 309.4983 -,1417444 108.000 8.1710-05 904070, -30258.3384 -.0002213 1265.0802 -103.0466312.000 7,75E-08 -23,2726 2.6313 -1.827410-10 309.4846 -.1537371 114.000 ~.000968 720959. -29240.1170 -.0001381 1150.1588 442.4536318.000 6.9310-08 -10.2507 1. 7579 -1.898110-09 309.4750 - .1373966 120.000 -.001576 553653. -26377.7344 -7.2905E-05 1026.8825 511.6737324.000 5.4810-08 -2.1742 1.0200 -2.5339E-09 309.4691 -.1065764 126.000 - .001843 404671. -23209.9247 -2.3869E-05 917.1087 544.2628330.000 3.89E-08 1.9938 .4629614 -2.543110-09 309.4690 -.0771092 132.000 - .001862 275214 -19903.8743 1.0920E-05 821.7206 557,7540336.000 2.4210-08 3.3856 .0874258 -2.2678E-09 309.4700 -.0480693 138.000 -.001712 165788. -16556.6765 3.3485E-05 741.0926 557.9787342.000 1.1710-08 3.0467 -.1262358 -1.9387E-09 309.4697 -.0231512 144.000 -.001460 76421.2829 -13240,0632 4,5879E-05 675.2444 547.5591348.000 9.80E-10 1.8'740 -.2015162 -1.6869E-09 309.4689 -.0019423 150,000 -.001162 6753.321D -10013.9774 5.013510-05 623.9110 527.8028354.000 -8.57E-09 .6313098 -.1563875 -1. 558710-09 309.4680 .0169852 156.000 -.000859 -43914.8997 -6932.6251 4,623310-05 651.2928 499.3146360.000 -1. 77E-08 0.0000 0.0000 -1.526410-09 309.4675 .0351440 162.000 -.000583 -76600.2439 -4048.1161 4.2067E-05 675,3763 462.1864

168,000 -.000354 -92633.6368 -1004.8914 3.340710-05 687.1902 552.2198output verification: 174.000 - .000182 -88771.1897 1519.7766 2.4125E-05 6114.3442 289.3362
180.000 -6.45E-05 -74477.3775 2701.1931 1.5772E-05 673. 8121 104.4693

computed forces and moments are within specified convergen~e limits. 186.000 7,2610-06 -56409,8664 2978.6648 9.0745E-06 650.4994 -11.9787
192.DOO 4.44E-05 -38763.8899 2719.0964 4.2046E-06 647.4974 -74.5441
198.0DD 5,77E-05 -23794.8372 2199.5290 1.0035E-06 636.4677 -98,6450output Summary for Load case No. 1, 204.00D 5,64E-05 -12372.9136 1609.1916 -8.4711E-07 628.1)517 -98.1342
210.000 4.76E-05 -4481.6922 1062,4626 -1.7095E-06 622.2372 -84.1068pile-head deflection .12163190 in 216.0DO 3.59E-05 382.3813 616.3238 -1.919310-06 619.2167 -64.6041

Comt'uted slofe at pile head -.00194873 222.000 2.45E-D5 2920.6426 288.0082 -1. 750310-06 621.0870 -44.8345
137581D. lbs-in 228.000 1.49E-05 3844.3611 70.3531 -1.404110-06 621.7676 -27.7173~:~~~~~ ~h~~rn~o~~:ent 42000.00000 lbs 234.000 7.67E-D6 3769.5977 -56.2503 -1.014510-06 621.7125 -14.4839

g:~~~ ~~ ::~~~~: ~h~~~n~o~~:ent 60.00000000 i n 240.000 2.74E-06 3172.7669 -115.4744 -6, 5930E-D7 621.2728 -5.2575
0.00000 in 246.000 -2.4010-07 2386.1196 -129.8419 -3.748610-07 620.6932 .4683905Number of iterations ~ 14 252.000 -1.7610-06 1615.9242 -118.0124 -1. 7008E-07 620.1256 3.4746Number of zero deflection points _ , 258.000 -2.2810-06 970.542.1 -94,0179 -3.7732E-08 619.6501 4.5234

264.000 -2.21E-06 487.8363 -67.3031 3.6892E-08 619.2944 4.3815
270.000 -1,84E-06 162.78D4 -43.2217 7.0183E-08 619.0549 3.6457
276.000 -1.37E-06 -31.0595 -24,1497 7.6923E-08 618.9579 2.7117
282.000 -9.16E-07 -127.2745 -10.5684 6.8821E-08 619.0268 1.8155--------------------------------------------------- - _.- - "--------------------- 266.000 -5.42E-07 -158.1110 -1.8993 5.421810-08 619.0515 1.0742

computeg Values of Load oistribution and Daflect10n 294.000 -2,65E-07 -150.2487 2.8997 3.8440E-08 619.0457 .5254588
for Lateral Leading for Load case Number 2 300.000 -8.05E-08 -123.4440 4.9549 2.443510-08 619.0259 .1596234

-----------------------------------------------------------------------~-----~ 306,000 2.82E-08 -90.8717 5.2660 1. 346910-08 619.0019 -.0559258
312 .000 8.11E-08 -60.2970 4.6157 5.734010-09 618.9794 - .1608438pile-head boundary con<litions are Shear and Mometlt (BC Type 1) 318.000 9.70E-08 -35.5024 3.5561 8.320610-10 618.9611 -.1923534

computed Values of load Distribution and Deflection
for Lateral Loading for Load case !'lumber 3

output veri fi catit:m:

computed forces and moments are within specified convergence limits.

Pile-head b"undary conditions are shear atld Mometlt (BC Type 1)

~~:~H~:~ ~~~:~/~~c;ii~ ~~~d head: 62DOD:888 ~~~lbS
specified axial load at pile head ~ 280000.000 lbs

(Zero mometlt for this load indicates free-head conditions)

555.1015
584.7276
596.4278
595.1483
583.1962
561. 7143
531.1800
491.5550
665.8738
348.6830
125.8941
-14.1642
-69.1759

-117.8664
-117.0198
-100.0422
-76.6043
-52.9518
-32.5526
-16.8462

-5.9472
.7753B52

4.2176
5.3720
5.1616
4.2722
3.1635
2.1079
1.2392

.5987231

.1735700
".0755370
- .1954870
-.2298805
-,2137651
- .1721217
- .1205669
-.0671751
-.0147368

.0369016

1060,5274
941.5520
838.0316
750.2942
676.3211
621.3075
657.6766
68S ,1940
699.6612
696.4516
683,9795
668.1568
652.7014
639.6056
629.6328
622.7622
619.3253
621.5108
622.2913
622.2077
621.6767
620.9874
620.3184
619.7610
619.3459
619.0677
618.9671
619.0481
619.0731
619.0653
619.0415
619.0132
616.9868
616.9656
618,9504
616.9410
618.9361
616.9356
618.9355
616.9350

.20621543 in
-.00310212

2004949. lbs-in
62000.00000 lbs
66.00000000 in

0.00000 in
15,

126.000 - .001993 599314. R:~81~~~~4~5l ~/3(dE~g5
132,000 -.002248 437845. -25169.2604 -2.0003E-05
136.000 -.002233 297351. -21625,7936 1. 7616E-05
144.000 -.002036 178276. -16051.0656 4.1953E-05
150.000 -.001730 80596.7985 -14516.0321 5.5199E-0.5
156.000 -.001374 3898.4752 -11081.3005 5.9523E-05
162.000 -.001016 -52578.8036 -7802,6176 5,703210-05
168.000 -.000690 -89924.5629 -4734.4127 4.9740E-05
174.000 -.000419 -109559. -1262.1262 3.9533E-05
180.000 -.000215 -105203. 1781.5445 2.8544E~05

186.00D -7,63E-05 -88276.2558 3205.2761 1.6644E-05
192.1)00 8.4310-06 -66802,2377 3540.4659 1.0709E-05
196.000 5.22E-05 -45826.6459 3230.4455 4.9455E-06
204.000 6.78E-OS -28053.5086 2609.3186 1.1651E-06
210.0DD 6.62E-OS -14518.7371 1904.6601 -1.0132E-06
216.000 5.56E-05 -5194.1828 1253.4742 -2.0219E-06
222.000 4.19E-05 529.7465 723.5348 -2.26D6E-06
228.000 2.65E-D5 3495.8309 334.8666 -2.054610-06
234.000 1.72E-D5 4555.0496 78.3534 -1.6426E-06
240.000 8.78E-06 4441.5914 -69.8429 -1.1823E-06
246.000 3.0510-06 3720.9068 -138.2231 -7,6463E-D7
252.000 -3.9210-07 2165.4831 -153.7386 -4.3171E-07
258.000 -2.1310-06 1677,4944 -138.7598 -1.9311E-D7
264.000 -2.71E-06 1121.0147 -109.9912 -3.967810-08
270,000 -2.60E-06 557.7328 -78.3905 4.6221E-08
276.000 -2.15E-06 160.1726 -50.0890 8.3979E-08
282.000 -1.60E-06 -43.6118 -27.7618 9.0966E-08
288.000 -1.06E-06 -153.5144 -11.9676 8.0879E-08
294.000 -6.25E-07 -187.5DD4 -1.9264 6.3430E-08
300.000 -3.02E-07 -176.8439 3.5673 4.4787E-08
306.000 -8.75E-08 -144.6030 5.9042 2.8339E-08
312.000 3. 81E-08 -106.0887 6.1963 1.5511E-08
316.000 9.86E-08 -70.2755 5.3852 6,4870E-09
324,000 1.16E-07 -41.4877 4.1091 7.6822E-I0
330.000 1.0810-07 -20.9685 2.7782 -2.4276E-09
336.000 8.68E-08 -8.1412 1.62D5 -3.9111E-09
342.000 6.08E-08 -1.5069 .7424675 _4.410910_09
348.000 3,39E-06 .7832355 .1792414 -4.4480E-09
354.000 7.43E-09 .6569373 -.0664944 -4.374310-09
360.DDD -1.66E-06 0.0000 0.0000 -4.340710-09

OUtput verification:

Computed forces atld moment.~ are within specified convergence limits,

output summary for Load case No.3:

Pile-head deflection
cem~uted slo~e at pile head

~:~i~~~ ~h~~?~o~~:ent
g:~~~ ~~ ::~1:~: ~h~~~n¥o~~:ent
Number of iterations ~
Number of .Zere deflection points _

summary of pile Response(s)--------- -- --------------------- -------- - -- --------------- ------------

-.1806409
-.1474691
-.1066878
-.0656846
-.0271711

.0090200

.0442475

-864.3747
-948.D854

-1000.7024
-1022.0769
-1013.2084
-1017 .5409

-966.0109
-985.7707
-974.8399
-959.2673
-938.7736
-913.0166
-881. 5561
-843.7899
-798.8298
-745.2306
-680.3104
-598,0050
-476.2603

347.6276
494,1593

618.9480
618.9396
618.9351
618.9~65
616.9364
616.9356
618.9350

618.9350
885,4113

1126.6931
1341.3431
1528,7574
1689.13.91
1822.3456
1929.1905
2009.6617
2064.0353
2092.7152
2096.2398
2075.2919
2D30,7097
1963,5024
1874.8743
1766.2625
1639.4D76
1496.5146
134D.7845
1194.1514

-,0031021
-.0030836
-.0030298
-.0029444
-.0028311
-.0026936
-,0025351
- .0023611
-.0021735
-.0019766
-.0017739
-.0015690
- .DD13653
-.0011661
-.0009747
-.0007941
-.0006272
-.0004766
-.0003448
-.0002338
-.0001437

.16209340 in
-.00251223

1689069. lbs-in
52000.00000 lbs
60 .00000000 i n

0.00000 in
15,

62000.0000
56562.6197
50716,2563
44647.9186
38542.0628
32449.6150
26439.1596
20523.8147
14641.9830

6839.6616
3145.5390

-24D9.8317
-7793.5496

-12969.5879
-17897.4471
-22529.6285
-26806.2514
-30641.1976
-33869.9934
-34261.8916
-31736.5310

Shear,
lb,

Retaining Wall No. 3.lpo
-17.6264 2.4371 -1.8865E-09

-6.2505 1.4528 -3.108210-09
-.1823014 .6903352 -3.4374E-09

2.0451 .1732160 -3,3421E-09
1. 9075 - .1053491 -3.1396E-09

.7914804 -.1598025 -3.0017E-09
0.0000 0.0000 -2.961210-09

Moment,
lbs-in

.206215 -3.6162E-07

.18760~ ~61653.
,169212 589112.
.151245 960428.
.133879 1234781.
.117212 1452445.
.101556 1633229.
.086844 1778235.
.073223 1887446.
,060761 1961242.
.049503 2000165.
.039474 2D04949.
.030676 1976519.
.023091 1916014.
.0166B3 1824802.
.Dl1395 1704519.
.007154 1557115.
.003869 1384951.
.001434 1191022.

-.000269 979670.
-.001371 780664.

324.000 9.11E-08
330.000 7.4410-08
336,000 5.38E-08
342.000 3. 31E-08
346.000 1.3710-08
354.000 -4.5SE-09
36D.000 -2.23E-06

Depth,
io

0.000
6.000

12.000
18.000
24.000
~O ,000
~6.000

42.000
46.000
~4.000
60.000
66.000
72.0DO
78.000
84.0DO
90.00D
96.000

107..000
108.000
114.000
120.000

output summary for load Case No.2:

pi lo-head deflection
com~uted slo~e at pile head

~~i~~~ ~h~~~n¥o~~:ent

~:~~~ ~~ :~1~~: ~h~~n~o~~:ent
Number of iterations ~
Number of zero deflection poitlts ~



Retaining Wall No. 3.11'''

DefinitiCltl of symbClls for Pile-Head lClading cClnditiClns:

TYpe 1 ~ Shear and Moment,

~~: ~ ~ ~~::~ :~~ ~~~~estiffness,
Type 4 ~ Deflection and MClment,
Type 5 " DeflectiCln and slope,

y ~ pile-head displacment in
M ~ pile-head Moment lbs-in
v m pile-head shear Force lbs
5" pile-head slope, radians
R g Rot. stiffness of pile-head in-lbs/rad

LClad pi 1e-Head pi 1e-Head Axial Pile-Head Maximum Maximum
",p' condition condition Load Deflection Moment shear

1 , lb, " in-lbs lb,
-- ------------ ----------- ----------- -

1 v" 42000. .. 0.000 140000. .1216319 1375810. 42000.0000
1 v- 52000. ,- 0.000 280000. .1620934 1689069. 52000.0000
1 v- 62000. ,- 0.000 280000. .2062154 2004949. 62000.0000



I
- - _~<·<c - - - ,--- - -~ , - - - -1- ,.,---,-,,-

'0"-::: \2- ') f'CbS-.0

. ~

Depths·60· 90 = Stiff Cla~ w/o hee waler St-, ::: 'h 00 () f 5-(_

t':~ ~ 1::>. 0 OJ",$ ~

Deplhs 90 ·162 =API Rp·2A Sand

Deplhs 162·480 = Sliff Cla~ w/o free waler

~ -;:::. qo fer:
tf ~ 40=
k..:. 2.2~ (JCl

(Jc;.. l2..S'('c~

.;"';;. )OOD (Sf

b,,,': O.o6~
~ ~ N, ,

) ) ..t:-,

.h. ,
V'> --L-...J
IV ~

f'-' ()
v-J 1:>0 H-II

G"., cJ' ,
T ::r:.l-' - --

;-
.t. 'J, ---~

07':::l
" <'\'""\' ,...,
~ - ~

~ -r
()~

" r'{ .......
1.
? ~
:<:1"

"~. c
.J ~
?'::>~
f;:
«.
~



Unfactored Bending Moment(in-kips) Lateral Deflection {in}

0.70.60.50.40.30.20.1a0.1

o
N

~

~

re

g

~

N

"

0 .... . .• 0.0

)~/t.~v~
D

.

,

/ (/y
L•

~
VL0

~~;j0

,
f,

~ ..............

~ -_." .......

~ ----

: .------

,,

i

,

re

"166400 kips::i
"76400 kips
'" 86400 kips

g

I ~

SOD 1000 1500 2000 2500 3000 3500 4000 4500 5000a1000 -500
0

. , ,.......'L~0-
N

~t:::~,~ '---• e··
~.~~'\

D

\
~ \

" v V/' ./,
~~L../'/,.

/ ~'
y

/'%,

I~~,
'.Y

,
>,

,,

,

,

1c .. I: 66400 kips
"76400 kips
~ 86400 kips

~

~

~

re

g

"
::i

g
~•c

SR4 Segment 3A - Retaining WAil No.4 - 24-in. CIDH Pile SR4 Segment 3A - Retaining Wall No. 4 ~ 24-in. CIDH Pile

--'---~'~~ ..~~"~.-~



Retaining Wall No. 4.lpo= ..~_~~,,~~~~~~~~~~~~~~~~~~~~m~~mgg__ggg ~~~~~~~~~~~~~=~~~~~~~~~~~~~~~~u

LPILE plus for Windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjected ta Lateral Laading Using the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

- Deflectian ta1erance far con~:~~~~~~g_WalL~3oo::~~oin
- Maximum allawable deflection ~ 1.0000E+02 in

printing aptians:

- ~~1 ye~e~~t~~~e;~:a~r~~~~dCn~ll~u~~n~~~gt~o~~n~i 1~~ear force,
- Printing Increment (spacing of output points) ~ 1

Pile structural Properties and Geametry-------------- --------~----- ------- ----------------- ----------------------
This program is licensed to:

~:~rkha~~~~ultants
path to file locations: s:\ongoing projects\2006\206117 TYLIn Rte 4
project\RHaining and sound Walls\LPILE\
Name af input data file: Retaining Wall No. 4.lpd
Name af autput file: Retaining wall No. 4.lpo
Name af plat output file: RetainitI!J Wall No. 4.lpp
Name of runtime file: RetainitI!J wall Na. 4.lpr

pile Length u 360.00 in

~i~~~ ~~g~~O~~dg~~~~~C~u~~~~tap of pile:
-60.00 in

.00 deg,

structural properties of pile defined using 2 poi nts

point tJepth Pile Moment of pile Madulus of, Dial1leter lnerti a Area Elasticity
;, i" in**4 sq.in lbs/Sq.in

0.0000 24 .00000000 16286.0000 452.3900 3600000.
360.0000 24.00000000 16286.0000 452.3900 3500000.

problem Title

Pragram Optians

sR4- segment 3A - Retaining wall No. 10 - 24-in. CIVH PIle

Time atld Date of Analysis

162.000 in
480.000 itl

-60.000 in
90.000 in

90.000 in
162.000 itl
225.000 lbs/in*~3
225.000 lbs/in~~3

(Depth <>f lllWest layer extends 120.00 in bel<>w pile tip)

The soil profile is modelled using 3 layers

Layer 1 is stiff clay withaut free water
vi stance frOlil top of pile t<> top <>f layer ~

Distance from top of pile t<> bott<>m of layer m

~m~nc~ }~o~a~~p g(pH~t~~i~<>~yo~PfaR:;2A, :987
vi statlce from top <>f pi 1e t<> b<>ttom a?'1ayer ~
p-y subgrade morlulus k for top of s<>il layer _
p-y subgrade modulus k for b<>ttom <>f layer ~

layer 3 is stiff clay without free water
vistance fr<>m top of pile to top of layer •
Distance fr<>m top of pile to b<>ttom of layar ~

Effective Unit weight <>f soil vs. Depth

s<>n and Rock Layering Itlf<>rmat;on---------- ------------~--- ------ -- ----------------------- --------------------

Distribution of effective utlit weight of soil with depth
is defined using 6 p<>ints

P~~~t De~~h X Eff;b~/1~~~~i9ht

Time: 20: 3!22Vate: July 14, 2009

units Used in c<>rIlputations - US Customary units, inches, poullds

8asic Pr<>gram Opti<>ns:

Analysis 'T¥pe 1:
- computatlon <>f Lateral Pile Response using user-specified c<>nstant EX

Computatiotl options:

: ~~lly~~~e~~:~l~:~e~~m~~e~?f~~r~~u~s~~tj~llanalysis
- Analysis assumes tlO shear r~sistance at pile tip

: ~~a~~~~~t~~~o~i~fdf~~~a~~i~~1~tift~~;:tm~~~1X elements

: ~~~~~;i ~i l~s~~~~o~es~i~ ~~~~m~~~~t~c~fn~i ~~ pi 1e
- NO additi<>nal p-y curvas ta be crnnputed at user-specified depths

s<>luti<>n c<>ntr.<>l Parameters:
- Number <>f pile increments ~

- Maximum number <>f iterati<>ns allllWed ~ "100

-60.00
90.00
90.00

.07230

.07230

.07520

N<>tesf

e'l cohesion ~ uniaxial compressive strength for r<>ck materials.

1
2 Values of E50 are reported for clay strata.
3. Default values will be generated for E50 when input values are O.
4 RQD and k_rm are rep<>rted only for weak rock strata.

Distribution of shear strength parameters with depth
defi ned usi ng 6 poi nts

point De~th X c<>hesi<>n c Angle of Friction F.50 or '"". '" lbs/in*~2 Deg. k_rm ,
--------------

-60.000 20.83000 .00 .OOSOO .0
90.000 20.83000 .00 .00500 .0
90.000 .ommo 40.00

162.000 .00000 40.00
162.000 34.72000 .00 .00400 .0
480.000 34.72000 .00 .00400 .0

,
S, 16, .00

162.00
480.00

.~7~2bning Wall No. 4.lpo

,07230
.07230

shear strength of s<>ils

Shear force at pile head _ Retain~6~0~~~DN~bs4.1P<>

~~~~ln~o~~~tpN.,P~~~head : 320000:gg:J ~~;lbs

(ter<> moment at pile head for this load indicates a free-head condition)

L<>ad case Number 2

~~~~;h~~~c~o~~d:Hech~~~tion~ are Sh~~40~~go~0~b~t (BC TYpe 1)

:~~~1tl~<>~~m~~tpn.,p~~~iead: 320000:ggg lb~lbs

(zer<> m<>ment at pile lIeed for this load indicates a free-head conditi<>n)

Load Case Number 3

~~~:;hf~~c~O~~d~Hech~~~tion~ are Sh~G~oo~gO~<>~b~t (8C TYpe 1)

~~~~in~o:tm:~\if.,P~~:dhead: 320000:ggg ~b~lbs

(Zero moment at pile head hr this load indicates a free-head cotldition)

computed values <>f Load Distribution atld Deflection
for Lateral L<>ading for L<>ad Case Number 1--- ---------- ------~---------- --- -----------------------------

p-y Mmli fi cati on Factors

Static loading criteria was uscrl for computation of p-y curves

Distributi<>n of p-y multipliers with depth defined using 2 points

pi1e-liead L<>adin9 and Pile-head Fixity Cotlditions----------------------------"-------------------------------------------------

Depth Deflect. Moment shear slope T<>tal s<>i1 Res, , , , ; stress
lbs/ini" '" lbs-in lb; Rad. lbs/in**2-------- --------- - ----------- -~---------

0.000 .486877 1.8081E-07 66400 .0000 -.0057024 707.3543 -754.6881
6.000 .452663 395764. 61840.0213 -.0056821 998.9649 -765.3048

12.000 .418691 763900 . 57221.2213 -.0056228 1270.2178 -774.2952
18.000 .385189 n04010. 52553.5373 -.0055272 1520.8213 -781.5995
24.000 . 35n65 1415767 • 47847.2690 -.0053983 17S0.5324 -787.1566
30.000 . 320410 1698907 . 43113.0902 -.0052389 1959.1585 -790.9030
36.000 .289498 1953241. 38362.0636 -.0050520 2146.5593 -79,.7725
42.000 . 259786 2178652 . 33605.6S88 -.0048406 2312.6483 -792.6958
48.000 . 231411 2375097 . 28855.7727 -.0046076 ,457.3949 -790.5996
54.000 .204494 2542614. 24124.7553 -.0043560 2580.8264 -786.4062
60.000 .179139 2681321. 19425.4388 -.0040887 2683.0297 -780.0326
66.000 .155431 2791420. 14771.1727 -.0038086 2764.1537 -771.3895
72 .000 ,133436 2873200. 10175.8532 -.0035188 2824.4119 -760.3804
78.000 .ll3205 2927042. 5654.0194 -.0032220 2864.0843 -746.9009
84.000 .094772 2953421. 1220.8034 -.0029211 2883.5208 -730.8378
90.000 .078152 2952909 • -5115.0971 -.0026189 2883.1436 -1381.1290
96.000 . 063345 2902096 . -12823.2689 -.0023193 2845.7033 -1188.2616

102.000 . 050321 2807936 . -19371.3988 -.0020271 2776.3231 -994.4484
108.000 .03902Q 2577423. -24778.1284 -.0017464 2680.1578 -807.7948
114.000 .029364 2517304. -29103.8139 -.0014806 2562.1775 -634.1003
120.000 •021253 2333863 . -32437.7903 -.001237.4 2427.0127 -477.2251
126.000 .014575 a32783. -34887.9477 -.0010038 2278.8511 -339.4940

Pile-head boundary c<>nditions are shear and Moment (BC Type 1)

~C~~tf.l~~ ~~~~~tf~~c~ii~ ~~~ head: 66400:ggg ~~~lbS
specified axial l<>ad at pile head ~ 320000.000 lbs

(zero moment f<>r tllis load indicates free-head conditions)

1.0000
1.0000

y-mUlt

Loadi ng TYpe -------------------------

.6000

.6000

p-Inult

.000
360.000

Depth X
i",

2

palnt
'o.

Number <>f l<>ads specified ~ 3

Load Case Number 1

pile-head boundary conditions are shear and M<>ment (BC Type 1)



Retaining Wall No. 4.11'0 Retaining Wall No. 4.11'0
132.000 .009207 1919062. -36572.5625 -.0007965 2121.3755 -222.0443 pile-head bounda?o conditions are shear and Moment (Be TYpe 1)
138.000 .005017 1696971. -37613.9722 - .0006115 1957.7320 -12So0923

~~:~H1~~ ~::~t ~fc~i'i~ ~l~d head: 76400:888 1~~lbs1<14.000 .001869 1470043. -38133.6126 -.0004494 1790.5247 -48.1212
150.000 -.000376 1241093. -38248.0051 -.0003107 1621.8281 9.9904 ~pecified axial load at pile head 320000.000lbs
156.000 -.001859 1012260. -38065.3812 -.0001954 1453.2169 50.8843
162.000 -.002721 785059. -35872.4089 -.0001034 1285.8088 680.1065 (Zero moment fer this load indicates fl'ee-head conditions)
168.000 -.003101 582188. -31689.3149 -3. 3475~-05 1136.3275 714.2581
174.000 -.003123 404915. -27365.1228 1. 7033~-05 1005.7082 727.1393 t>epth t>eflect. Moment shear slope Total soi 1 Res180.000 -.002896 253741. -23008.7711 5.0136£-05 894.3182 724.9780 , I, , , , Stress

lbsjin186.000 -.002514 128616. -18701.5123 7.0301E-05 802.1222 710.7749 " lbs-in lb, Rad. 1bs/in*"2192.000 -.002053 29053.1701 -14516.1859 7.8368E-05 728.7615 6M.3339 ----- ----------- ----------- -----------198.000 -.001573 -45879.2577 -10542.1374 7.7507E-05 741.1594 640.3490 0.000 .624970 5.4243E-07 76400.0000 -.0071348 707.3543 -803.2964204.000 -.001123 -97750.1()78 -6855.5256 7.0158£-05 779.3794 588.5216 6.000 .582162 457639. 71545.1540 -.0071114 1044.5564 -814.9856210.000 - .000732 -128415. -3503.5459 5.8586E-05 801. 9742 528.8049 12.000 .539634 885849. 66625.1853 -.0070426 1360.0740 -825.0040216.000 -.000419 -140018. 161.8789 4.4850£-05 810.5233 693.0034 18.000 .497650 1284185. 61650.3107 -.0069316 1653.5795 -833.2876222.000 -.000193 -126645. 3199.2519 3.1"15~-05 800.5697 319.4543 24.000 .456455 1652270. 55531.1371 -.0067813 1924.7954 -839.1703228.000 -4.50E-05 -101746. 4380.7320 1.9519E-05 782.3240 74.3724 30.000 .415274 1989799. 51578.6766 -.0055950 2173.4964 ~844.3832234.000 4.09~~05 -74150.8182 4401. 3527 1.0519E-05 761.9908 -57.4988 36.000 .377316 2295539. 46504.3647 -.0053756 2399.5114 -847.0541240.000 8.12E-05 -48970.5921 3796.3996 4.2166E-06 743.4372 -134.1522 42.000 .339767 2572334. 41420.0819 -.0061265 2602.7251 -847.7068246.000 9.15E-05 -28610,2226 2940.5524 2.4889E-07 728.4351 -151.1302 48.000 .303798 2817106. 36336.1789 -.0058507 2783.0B02 -846.2608252.000 8.42E-05 -13684.9196 2069.9028 -1.9153E-06 717.4377 -139.0853 54.000 .,69558 3030859. 31271.5061 -.0055515 2940.5796 -842.6301258.000 6.85£-05 -3764.0341 1313.1624 -2.8081~-06 710.1277 -113.1605 60.000 .237180 3213682. 26233.4480 -.0052320 3075.2888 -836.7226264.000 5.05~-05 2083.8125 723.4313 ~2.8941E-06 708.8897 -83.4165 66.000 .206774 3365751. 21237.9624 -.0048953 3187.3379 -828.4393270.000 3.38E-05 4928.2545 305.8226 -2. 5353E-06 710.9856 -55.7864 72 .000 .178436 3487335. 16299.6240 -.0045446 3276.9247 -817.6735276.000 2.01E-05 5763.4195 38.9975 -1. 9882E-06 711.6009 -33.1553 78.000 .152239 3578798. 11433.6719 -.0041831 3344.3171 -804.3105282.000 9.91~-06 5403.8595 -109.5806 -1.4168E-06 711. 3360 -16.3707 84.000 .128239 3640602. 6656.0572 -.0038137 3389.8564 -788.2277
288.000 3.07E~06 4453.B923 -173.8958 -9.1241~-07 710.6360 -5.0677 90.000 .106474 3673315. -1158.5077 -.0034394 3413.9602 -1816.6273294.000 -1.04E-06 3320.5134 -183.946B -5.1460E-07 709.8010 1.7173 96.000 .086966 3639908. -11391.8918 -.0030652 3389.3446 -1594.5007300.000 -3.11~-06 2248.5065 -163.3928 -2.2964E-07 709.0110 5.1340 102.000 .069692 3548383. -20248.9566 -.0026974 3321. 9065 -1357.8542306.000 -3.BOE-06 1360.7810 -129.1817 -4.4953~-08 708.3569 6.2697 108.000 .054597 3407278. -27684.9173 -.0023415 3217.9364 ~1120.7993312.000 "3.65E-06 698.499i -92.2970 6.0417E-08 707.8689 6.0252 114.000 .041594 3225155. -33729.2736 - .0020021 30B3.7429 -893.986231B.000 -3.07E-06 252.9853 -59.0055 1.0910E-07 707.5407 5.0720 120.000 .030571 3010215. -38465.5591 -.0016831 2925.3687 -684.7757324.000 -2.34£-06 -9.9860 -32.202B 1.2154~-07 707.3616 3.8622 126.000 .021397 2770032 • -42013.3107 -.0013873 2748.3945 -497.8082330.000 ~1.61E-06 -133.9150 -12.6283 1.1411£-07 707.4529 2.6626 132.000 .013924 2511383. -44513.6359 -.0011171 2557.8144 -335.6335336.000 -9.68E-07 -161.9645 .1557799 9.9035E-08 707.4736 1. 5988 138.000 .007992 2240158. -46118.2687 -.0008739 2357.9677 -199.2441342.000 -4.23E-07 -132.4259 7.0500 8.3971E-08 707.4518 .6992807 144.000 .003436 1961319. -46981.4137 -.0006589 2152.5117 -88.4709348.000 3.99E-08 -77.6872 8.9501 7.3220£-08 707.4115 -.0658935 150.000 8.49E-05 1678911. -47253.5874 -.0004727 1944.4249 -2.2536354.000 4.55E-07 -25.3053 6.4957 6.7950E-08 707.3729 7522627 156.000 -.002236 1396091. -47076.7957 - 0003153 1736.035, 61.1842360.000 8.55E-07 0.0000 0.0000 6.6655~_08 707.3543 -1.4130 162.000 -.003699 1115200. -44689.5103 -.0001868 1529.0664 734.5776

168.000 -.004478 860535. -40136.2808 -8.5740£-05 1341.4214 783.1655output verification: 174.000 -.004728 633894. -35366.5278 -9.2719E-06 1174.4260 806.7521
180.000 -.004589 436172. -30505.6344 4.5482£-05 1028.7386 813.5457computed force" and mements are within specified convergence limits. 186.000 -.004182 267652. -25642.8251 8.1496E-05 904.5680 807.3908
192.000 -.003611 128145. -20855.7468 .0001017 801. 7754 788.3020
198.000 -.002961 16992.2438 -16240.2767 .0001092 719.8747 750.1880output summary for Lead case No. 1, 204.000 -.002301 -67157.3170 -11876.5902 .0001066 756.8377 704.3742
210.000 -.001682 -125936. -7809.4406 9.67<7~-05 800.1477 651. 3423pile-head deflectien .48687695 in 216.000 -.001140 -161242. -4082.1712 8.2033E-05 826.1621 591.0808

Cofll~utsd "lo~e at pile head -.00570238 222.000 -.000698 -175237. -740.4782 6.4816~-05 836.4742 522.8169
~:~l:~: ~~~~~n~e~~~ent 2953421. lbs-1n 228.000 -.000362 -170377 • 2624.5355 4.7131E-05 832.8928 598.8543

66400.00000 1bs 234.000 -.000132 -143924. 5075.3832 3.1049E-05 813.4016 218.0949
g:~i~ ~~ :~~:~~ ~~~~~n~o~:ent 84 •00000000 i n 240.000 1.01E-05 -11)9591. 5679.6593 1.8077E-05 788.1043 -16.6695

0.00000 in 246.000 8,49E-05 -75837.3333 5208.8540 8. 5886~-06 763.2334 -140.2656Number of iterations ~ " 252.000 .000113 -47118.0293 4227 .2585 2.2971E-06 742.0722 -186.9329Number of zero deflection points ~ 4 258.000 .000112 -25119.0517 3109.0474 -1.3992E-06 725.8627 -185.8041
264.000 9.64E-05 -9804.0878 2074.0504 -3.1862E-06 714.5782 -159.1948
270.000 7.42E-05 -218.2119 1228.5447 -3.6990E-06 707.5151 -122 .6404
276.000 5.20E-05 4952.6532 603.0299 -3.4567~-06 711.0035 -85.8646
282.000 3.28£-05 7031.421< 183.0983 -2.8435~-06 712.5352 -54.1127--------------------------------------------------- - - - - - --------------------- 288.000 1. 79E-05 7160.7522 -67.7197 -2.1173E-06 712.6305 -29.4934computed Values of Load oistribution and oeflectioll 294.000 7. 35~-~G 6226.9149 -192.6135 -1.4323E-06 711.9424 -12.1379for lateral Loading for load case Number 2 300.000 6.65E-07 4854.8905 -<3,.3238 -8.6525~-07 710.9315 -1.0989---------------------------------------------------- ------------- 306.000 -3.04E-06 3442.3513 -220.5747 -4.4069E-07 709.8907 5.0153
312.000 -4.62~-06 2209.6862 -182.6160 -1.5149~-07 708.9824 7.6376

oepth Deflect. Moment Shear slope Total Soi 1 Res, , , , , stress
lbs/ini, '" lbs-1n lb, Rad. lbs/i nH<2----------- ----------- -----------

0.000 .772135 -3.4354E-06 86400.0000 -.0086416 707.3543 -846.9015
6.000 .720285 519748. 81280.6890 -.0086150 1090.3195 -859.5355

12.000 .668755 1008450. 76090.7161 -.0085368 1450.4095 -870.4555
18.000 .617844 1465617. 70840.5687 - .0084102 1787.2639 -879.5937
24.000 .567833 189083,. 65541.1491 -.0082384 2100.5742 -886.8795
30.000 .518983 2283747. 60203.7929 -.0080248 2390.0855 -892.2392
36.000 .471535 2644093 . 54840.2893 -.0077727 2655.5988 -895.5953
42.000 .425710 2971677 . 49462.9066 -.0074853 2896.9729 -896.8656
48.000 .381711 3266391. 44084.4209 -.0071661 3114.1265 -895.9630
54.000 .339717 3528208. 38718.1494 -.0068185 3307.0411 -892.7942
60.000 .299889 3757192. 33377.9895 -.0064451 3475.7628 -887.2591
66.000 .262369 3953496. 28078.4615 -.0060511 3620.4052 -879.2502
72.000 .227276 4117370. 22834.7569 -.0056382 3741.1524 -868.6513
78.000 .194711 4249163. 17662.7890 -.0052101 3838.2617 -855.3380
84.000 .164755 4349330. 12579.2420 -.0047701 3912.0673 -839.1777
90.000 .137470 4418431. 3354.4969 -.0043214 3962.9833 -2235.7373
96.000 .112898 4406178 • -9366.6371 -.0038699 3953.9548 -Z004.6407

102.000 .091031 4320892- -20593.8318 -.0034233 3891,1136 -1737.7576
108.000 .071818 4172198. -30175.7290 - .0029888 3781.5513 -1456.2082
114 .000 .055166 3970260. -38076.3997 -.0025721 3632.7578 -1177.3487

output verification;

Computed ferce" and moments are within specified convergence limits.

pile~head bounda?o conditiCils are Shear and ilIoment (8C TYpe 1)

~~~~1~1~~ ~~::~t ~fc~i'i~ ~~~d head: 86400:1:88 l~~lbs
speoified axial load at pile head ~ 320000.000lbs

(zero moment fer this load indicates free-head conditions)

. 77213461 in
-.00864157

4418431. lbs-1n
86400.00000 lbs
90.00000000 in

0.00000 in

"4

120.000 .040952 3125158.R:m~~~~9~611 ~~ooii}g~ 34:;2.1593 -913.8492
126.000 .0290Z6 34464<5. -49113.6889 -.0018114 3246.7809 -674.0492
132.000 .019215 3142749. -52524.3129 -.0014742 30<3.0237 -462.8255
138.000 .011335 2821794. -54760.2637 -.0011690 2786.5348 -282.4915
144.000 .005187 2490115. -56008.3091 -.000897< 2542.1440 -133.5236
150.000 .000568 2153140. -56454.1062 -.0006591 n93.8508 -15.0754
156.000 -.002729 1815199. -56275.2713 -.0004566 2044.8460 74.6871
162,000 -.004912 1479590. -53685.2626 - .0002880 1797.5596 788.6491
168.000 -.006185 117<08, . -48771.895< -.0001523 1570.9785 849.1400
174.000 -.006739 894912. -43579.6766 -4.6560E-05 1366.7519 881. 5995
180.000 -.006744 649305. -38247.3873 3.2455E-05 1185.7809 895.8302
186.000 -.006350 435819. -3,870.8938 8. 7980~-05 1028.4786 896.3343
19< .000 -.005688 254516. -27532.1787 .0001233 894.8892 883.2374
198.000 -.004870 104960. -22333.4871 .0001417 784.6915 849.6598
204.000 -.003988 -14029.8707 -17359.6027 .0001463 717.6919 808.3017
210.000 -.003114 -103918. -12654.9680 .0001403 783.9238 759.9099
216.000 - .002304 -166428. -8260.6256 .0001265 829.9835 704.8709
222.000 - .001596 -203531. -4216.4496 .0001076 857.3218 643.1877
228.000 -.001014 -217439. -564.0600 8. 6011~-05 867.5694 574.2755
234.000 -.000564 -210630. 2647.4979 6.4107E-05 862.5525 496.2438
240.000 -.000244 -185915. 5346.7061 4. 3816~-05 844.3418 403.4923
246.000 -3.84E-OS -146638. 6747.5981 2.6800E-05 815.4012 63.4717
252.000 7.74E-05 -105047. 6554.6102 1.3922E-05 784.7557 -127.8010
258.000 .000129 -68035.7822 5533.6612 5.0652E-06 757.4850 -,12.5154
264.000 .000138 -38662.1330 4211.4704 -3.9444£-07 735.8417 -228.2149
270.000 .000124 -17496.6226 2912.7382 -3.2680E-06 720.2463 -204.6959
276.000 9.89E-05 -3696.7255 1808.3652 -4.3524~-06 710.0781 -163.4284
282.000 7.17E-05 4220.4737 962.8466 -4.3256~-06 710.4640 -118.4111
288.000 4.701':-05 7874.0439 374.5884 -3.7068E-06 713.1561 -77.6750
294.000 2.72~-05 8729.7679 6.7849 -2.8572~-05 713.7866 -44.9262
300.000 1.27E-05 7966.4338 -191.0922 -2.0029E-06 713.2242 -21.0328
306.000 3.16E-06 6444.3530 -269.8521 -1.2655E-06 712.1027 -5.2205
312.000 -2.45~-06 4733.0676 -273.3496 -6.9355~-07 710.8417 4.0547
318.000 -5.16E-06 3166.8214 -235.5993 -2.8932E-07 709.6877 8.5287
324.000 -5.93E-06 1906.9873 -180.6420 -2. 9703E-08 708.7594 9.7904
330.000 -5.52E-06 999.2317 -123.9182 1.1900E-07 708.0905 9.1176
336.000 -4.50E-06 419.5124 -74.2719 1. 9160£-07 707.6634 7.4312
342.000 -3.22E-06 107.2327 -36.0208 2.1855E-07 707.4333 5.3192
348.000 -1.88E-OG -13.5766 -10.7677 2.2335E-07 707.3643 3.0985
354.000 -5.40~-07 -22.8379 1. 2023 2. 2148~-07 707.3711 .8915202
360.000 7.821':-07 0.0000 0.0000 2.2031E-07 707.3543 -1.29<3

summary of Pile Response(s)

output summary fer Load Case No.3,

pile-head deflection
co"'!uted slope at pi 1e head

~:~~:~: ~h~~~n~o~~:ent
Depth of maximum bending moment
oepth of maximum shear force
Number of iterations ~

Number of zero deflection points"

output verificatien:

computed forces and moments are within specified convergence limits.

8.0184
7.1297
5.6508
4.0008
2.3926

.8927546
5193841
-1.8972

708.2764
707.7830
707.4785
707.3846
707.4330
707.4180
707.3792
707.3543

.62497041 in
-.00713478

3673315. lbs-in
76400.00000 lbs
90 .00000000 i n

0.00000 in
19

4

12 51.5407 Ret~t~~~~41~11 2~S61~E~g~
581.8132 -90.,034 1.1943E-07
168.6413 -51.8618 1.5783E-07
-41.1344 -22.9068 1.6435E-07

-106.8718 -3.7<65 1. 5678E-07
-86.4549 6.1<95 1. 4689E-07
-33.8819 7.2496 1.4073~-07

0.0000 0.0000 1. 3900E-07

318.000 -4.85~-06
324.000 -4.32E-06
330.000 -3.42E-06
336.000 -2.42~-06

342.000 -1.45E-06
348.000 -5.40E-07
354.000 3.14E-07
360. 000 1.15~-06

output summary for Load case No, 2:

pi le-head deflection
com~uted slope at pile head

~~~l:~: ~~~~~n~o~:ent
oepth of ma~imum bending mOlllent
Depth of maximum shear force
Number of iterations '"
Number of zero deflection p"ints ~



Retainin" Wall 1>10. 4.lpo---- -- ------------------------- -- ------------- -- - ---------- ------
Definition of symbols for pile-Head loadin" conditions:

y ~ pile-head displacment in
M" pile-head Moment lbs-in
v g pile-head shear FGrCe lbs
s ~ Pile-head slope, radians
R ~ Rot. stiffness Gf pile-head in-lbs/rad

Type 1 ~ shear and Moment,
TYpe 2 m shear and slope,
Type 3 ~ Shear and Rot. stiffness,
Type 4 ~ Deflection and Moment,
Type 5 ~ Deflection and slope,

Load pile-Head Pile-Head
Type condition condition, , Axial

Load
lb,

pi le-Head
Deflection

'0
Maximum

Moment
in-lbs

Maximum
Sheal'
lb'

66400. M~

76400. Mm
86400. M"

0.000
0.000
0.000

320000.
320000.
320000.

.4868769

.6249704

.7721346

2953421. 66400.0000
3673315. 76400.0000
4418431. 86400,0000

The analysis ended normally.
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lPIlE plus for windows, versi'Jn 5.0 (5.0.21)

Analysis of Individual Piles and Drilled shafts
subjected to Lateral Loadi ng US1 ng the p-y Method

(c) 1985-2005 by Ensoft, Inc.
All Rights Reserved

- Deflection tolerance for con~:~;~~~~g~WalUooo~:~~oin
- Maxitilum allowable deflection m 1.0000E+02 in

00'

pile structural properties and Geometry-----------------------------------------------------
This program is licensed to:

~:~¥k~a~~~~ultants
path to file locations: s:\ongoing Projects\2006\206117 TYLIn Rte 4
project\Retaining and sound Walls\lPlU\
Name of input data file: Retaining Wall No. 9.1pd
Name of output file: Retaining wall No. 9.1po
Name <Jf plot outllut file: Retaining wall No. 9.1pp
Name <Jf runtime file: Retaining wall N<J. 9.1pr

pile length m

~ig~~ ~~gV~o~~dg~~~~dc:u~g~ t<Jpof pile:

Structural properties of pile defined using

point Depth pile Moment of
x Diameter Inertia
in in in**4

1 0.0000 36.00000000 82448.0000
2 336.0000 36.00000000 82448.0000

336.00 in
-48.00 in

.00 deg.

2 poi nts

pile
Area

s'l.in

1017,9000
1017.9000

Modulus of
Elasticity
lbs/Sq.in

3600000.
3600000.

Time and Date of Analysis
Soil and Rock Layering Information

-------------------------------~----------------------------------------------

problem Title

sR4- segment 3A - Retaining Wall 1'10. 9 - 36-in. c:cD" PIle

program options
------------------------------------------------------------------~--

266.000 in
360.000 in

216.0001n
266.000 in

156.000 in
216.000 in

-48.000 in
156.000 in

Eff. ul1it Weight
lbs/in**3

.07230

Effective unit Weight of soil vs. Depth

-48.00

point".

The soil profile is modelled using 4 layers

Layer 1 is stiff clay without free water

gl~~:~~: f~: ~~~ ~f ~ii: ~~ ~~~t~~ ~fYi~yer :

Layer 2 is stiff clay.without free water
Distance from top of p1le to top of layer "
Distance from top of .pile to bottom of layer"

Layer 3 is stiff clay without free water
Distance from top of pile to top of layer ..
Distance from top of pile to bottom of layer m

layer 4 is stiff clay without free water

~1~~:~~: ~~~: ~~~ ~~ ~H: i~ ~~~t~~ ~?~~yer :

(Depth of lowest layer extends 24.00 in below pile tip)

Time: 18:16:33Date: July 14, 2009

Units used in computations - us customary Units, inches, pounds

Basic program options:

Analysis Trpe 1:
- cOlilputat10n of Lab:ral pile ReSPOnse Using user-specified constant £I

Computation options:

= ~~~yy~~~e~~~1l~=~e~~~~{~~e~?f~~r~~~ll~s:~tlgnanalysis
- Analysis assumes no shear resistance at pile tip

= ~ga~~~~~t=~ro~i ~~df~~~~~~i g~l~ti~f~~~~tm~~~¥X elements

= ~~~~~;i~i ~~s~:~~o~~es~i'i :~~~m~~~~t~c~fn~i ~~ pi le
- No additional p-y curves to be cOlllputed at user-specified depths

solution control Parameters:
- Number of pile inaements " 56
- Max-;mum number of iterations allowed" 100

,,
•;
6
7,

156.00
156.00
216.00
216.00
266.00
266.00
360.00

Retaining Wall No. 9.lpo
.07230
.0723D
.07230
.07230
.07230
.07230
.07230

shear Strength of Soils

Retaining wall No. 9.1po

Number of loads specified ~

Load Case Number 1

~~~:;h$~~c~O~~d~Hech~~~tion~ are Sh~~~o~~~~o~b~t (BC Type 1)

:~~~inlo~~:~\i~/~~~head: 300000:888 ~~~lbs

(zero moment at pile head for this load indicates a free-head condition)

Load case Number 2

Distribution of shear strength parameters with depth
defined using 8 points

Notes:

!B 0~~~:~ogt"E~8i~~~a~ec~~~~dsf~~eci~re~~~~t=~r rock materials.
') oefault values will be generated ?or E50, when il1put values are O.
4 RQD and k_rm are reportod only for weak rock strata.

point Oe~th X Cohesion C I'lngle of Friction E50 or
'0. '" lbs/in*~2 Oeg. '-c.------------------

1 -48.DOO 41.67000 .00 .OOHO, 156.0DO 41.67000 .00 .00330, 156.000 17 . 3600D .00 .00410• :116.000 17.36000 .00 .00410
; 216.000 27.780DD .00 .00330
6 266.000 27.78000 .00 .00330
7 266.000 41. 67000 .00 .00330, 360.000 41. 67000 .00 .00330

.0

.0

.0
.0
.0
.6
.6
.6

~~~:;hf~~c~o~~d~Hech~~~tion~ are Sh86~OO~0~o~b~t (BC Type 1)

~~~~1nlo~~:~tpN/~~:iead: 600000:ggg 1~~lbS

(zero moment at pile head for this load indicates a free-head condition)

Load Case Number J

~~~:;h$~~c~o~~d~Hech~~~ tion: are Sh~6~OO~~0~,~~t (sc lYpe 1)

:~~~i nVo:dm:~\H/~~:dhead: 600000:8gg ~~~lbs

(Zero moment at pile head for this load indicates a free-head condition)

C<Jmputed values of Load Distribution and Deflection
for Lateral Loading for L<Ja,d case Number 1

pile-head Loading and pile-head Fixity conditions

static loading criter'ia was Used for computation of p~y curves

p-y Mod"ification Factors

Distribution of p-y multipliors with depth defim,d using 2 points

p~~~t ~~Pth X p-mult y-mult
Depth Deflect. Mo,"ent Shear slope Total soi 1 Ros, I, " , , Stress

lbsJin
"

lbs-in 1b, Rad. lbs/ill'~2--------- ----------- ----------- -- - -----------
O.ODD •D64068 -5 7210~-Q7 76900.0000 -.0008824 294.7244 -1150.2317
6.000 . 058774 4422M . 69987.7846 -.0008779 391.2836 -1153.8401

12.00D . 053533 843014 . 63062.1419 -.00D8649 478.7707 -1154.1075
;L8.000 . 048395 1202143 . 56139.7S83 - .00D8442 5'i7.1757 -1152.7537
7.4.000 . 0434D3 1519730 . 49237.8230 -,0008167 626.5110 -1147.8915
30.000 •03B595 1795937 . 42374.0711 -.0007!B2 686.8125 -1140.0258
36.000 •034004 2031039 . 35566.B390 -.0007445 738.1396 -1129.0516
42.000 . 029660 2225420 . 28835.1324 -.0007015 780.5168 -1114.8506
48.000 .025586 2379S86, 27.198.7169 -.0006550 B14.2342 -1097.2819
54.000 . 021801 2494162 . 15678.2371 -.0006057 839.2485 -1076.2054
60.000 . 018318 25699D5 . 9295.3802 -.D005545 855.7846 -1D51.4136
66.000 .OHJ.47 2607703. 30i3.1Q76 -.0005022 864.0361 -1022.6173
72.0<l0 . 012292 260859D . -2964.0071 -.0004495 864.2303 -989.6943
78.QOO .009753 2573753 . -8789.2633 -.0003971 856.6247 -952.0578
84.000 .0<l7527 2504548. -14373.0095 -.0003458 841.5160 -909.1909
90.000 .<l<l5604 2402522 . -19681.2434 -.0002962 819.2416 -860.2204

Pile-head boundary conditions are Shear and Moment (BC Typo 1)

~~:~1~1:~ ~~::~tf~~c~i'i~ h~~d head: 76900:~~g ~~~lbs
specified axial load at pile head" 300000.0001bs

(zero IIIClment for this load indicates free-head conditions)

1.0000
1,00DD

L<Jadi ng Type

.6000

.6000
.000

360.000



.003973 2269440. R~~4~n~83~~ll ~~oo~il~~ -803.7102
Retaining Wall No. 9.lpo

96.000 790.1872 ---------------------------- ------- ---------~----- ----- ------------ --- --- ---
102.000 .002517 2107341. -29295.2259 -.0002047 754.7980 -737.0202
108.000 .001516 1918634. -33469.4684 - .0001640 713.5995 -654.3940 pile-head boundary conditions are shear and Mament (BC Type 1)
114.000 .000649 1706298. -37921.2051 -.0001274 667.2425 -829.5182

~~:~~~1:~ ~~~:~tf~~c~il~ ~~~d head: 86900:&88 ~~~lbs120.000 -1.19E-05 1464038. -40363.3088 -9.5320£-05 614.3523 15.4836
126.000 - .000495 1222282. -38353.6857 -6.8168£-05 561.5723 654.3907 specified a~ial laad at pile head ~ 600000.000 lbs
132.000 - .000830 1004039. -34586.3982 -4.5666£-05 513.9257 601.3718
138.000 -.001043 807409. -30841.0852 -2.7357£-05 470.9976 647.0659 (Zero moment for this load indicates free-head conditions)
144.000 -.001158 634045. -26875.4466 -1.2788E-05 433.1487 674.8136
150.000 -.001196 484950. -22778.0756 -1.4776£-06 400.5984 690.9767 Depth Deflect. Moment Shear slope Total soi 1 Res
156.OCIO -.001176 360713. -19027.Z185 7.0699E-06 373.4751 559.3090 , , , , , stress

lbs/in162.000 - .001112 256598. -16328.4449 1. 3309E-05 350 ..7447 340.2822 io '0 lbs-in lb, Rad. Ibs/i n*"2
168.000 -.001016 164724. -14295.4185 1.7568E-05 330.6868 337.3933 -------- ------- ------ ----------- ----------- -----------
174.000 -.000901 84989.6110 -12287.5389 2.0092E-05 313.2793 331.8999 0.000 .084511 -1.7163E-06 86900.0000 -.0011091 589.4489 -1232.6421
lS0.000 -.000775 17200.8651 -10319.7918 2.1125E-05 298.4797 324.015S 6.000 . 077856 503205 . 79488.6216 - .0011040 699.3083 -1237.8173
186.000 -.000647 -38923.9390 -7898.9460 2.0905E-05 303.2223 482.9328 12. 000 .071263 961812. 72054.3721 - .0010892 799.4311 -1240.2658
192.000 -.000524 -77661.7449 -5261.2481 1.9727E-05 311.6795 396.2998 18.000 .064786 1375700. 64613.8533 -.0010655 889.7908 -1239.9071
198.000 -.000411 -102130. -3129.0043 1. 7909E-05 317.0214 314.4481 24.000 .058476 1744850. 57184.1683 -.0010340 970.3836 -1236.6546
204.000 -.000309 -115274. -1465.7831 1. 5712E-05 319.8910 239.9589 30.000 .052378 2069354. 49782.9608 -.0009955 1041.2291 -1230.4146
210.000 -.000222 -119776. -222.5508 1. 3336E-05 320.8738 174.4518 36.000 .046531 2349413. 42428.4645 -.0009508 1102.3714 -1221.0842
216.000 -.000149 -117993. 790.7393 1.0933E-05 320.4846 163.3116 42.000 .040968 2585342. 35139.5644 -.0009009 1153.8792 -1208.5491
222.000 -9.09£-05 -110326. 1653.6489 8.6253E-06 318.8108 124.3249 48.000 .035720 2777574. 27935.8773 -.0008467 1195.8473 -1192.6799
228.000 -4.58~-05 -98180.1549 2216.7603 6.5179E-06 316.1591 63.3789 54.000 .030808 2926669. 20837.8567 -.0007891 1228.3975 -1173.3270
234.000 -1.27E-05 -83748.7192 2459.5941 4.6791~-06 313.0084 17.5657 60.000 .026251 3033310. 13866.9346 -.0007288 1251.6793 -1150.3137
24G,000 1.03E-05 -68681.8703 2469.3081 3.1384"-06 309.71.90 -14.3277 66.0GO .022062 3098319. 7045.7179 - .0006668 1265.8721 -1123.4252
246.GOO 2.S0E-05 -54128.3202 2322.3226 1.8971£-06 306.5417 -34.6675 72.000 .018249 3122660. 398.2686 -.0006Mo 1271.1862 -1092.3912
252.000 3.31E-05 -40820.8291 2080.6150 9.3741£-07 303.6364 -45.9017 78.GOO .014815 3107447. -6049.4829 -.0005410 1267.8649 -1056.8593
258.000 3.62E-05 -29164.3145 1792.1026 2.3004£-07 301.0916 -50.2691 84.0GO .011757 305396;1.. -12269.1031 -.0004787 1256.1879 -1016.3474
264.GOG 3.59E-05 -19316.4255 1492.1042 -2. 5997E-07 298.9416 -49.7304 90.000 .009070 2963665. ~18228.6288 -.0004179 1236.4744 -970.1611
270.000 3.31E-05 -11258.1283 1172.9915 -5.6900E-07 297.1823 -56.6405 96.000 •006742 2838226 . -23890.8027 -.0003593 1209.0888 -917.2302
276.000 2.90E-05 -5238.4788 852 .2767 ~7 .3574E_07 295.8681 -50.2645 102.000 .004759 2679561. -29209,7718 -.0003035 1174.4492 -855.7595
282.000 2.43£-05 -1028.1597 573.6924 -7.9908E-D7 294.9489 -42.597D 108.0DD .DD3101 2489894. -34124.1252 -.D002512 1133.0411 -782.3583
288.000 1.94E-05 1648.7064 342.3924 -7.9280E-07 295.0844 -34.5030 114.000 . D01744 2271881. -38539.0795 -.DDD2031 1085.4446 -689.2931
294.000 1.48E-05 3083.4036 159.2098 -7.4497E~07 295.3976 -26.5579 120.000 . D00663 2028888. -43194.6296 - .0001596 1032.3944 -862.5569
300.000 LOSE-OS 3561.9059 22.2637 -6.7781E-07 295.5021 -19.0909 126.000 -·000171 1754695. -45102.7177 -.0001214 972.5328 226.5275
306.000 6.65E-06 3353.0076 -71. 7083 -6.0792E~07 295.4565 -12.2331 132.000 -.000793 1488529. -42639.5150 -8.8611E-05 914.4237 594.5400
312.000 3.20E-06 2703.5943 -126.3045 -5.4670E-07 295.3147 -5.9656 138.000 -.001235 1243658. -38831.2743 -6.0996E-D5 860.9637 674.8735
318.000 8.83E-08 1839.3214 -144.7003 -5.0078E-07 295.1260 -.1663355 144.000 -.001525 1022993. -34638.1844 -3.8086E-D5 812.7881 722.8231
324.000 -2.80~-06 968.9934 -129.1703 -4. 7240E-07 294.9360 5.3430 150.000 -.001692 828274. -30209.5078 -1.9374£-05 770.2773 753.4024
330.000 -5.58E-06 290.9785 -80.8873 -4.5966E-07 294.7880 10.7513 156.000 -.001758 660618. -26094.1861 -4.3254E-06 733.6747 618.3715
336.000 -8.32E-06 0.0000 0.0000 -4.5672E-07 294.7244 16.2111 162.000 -.001744 515175. -23096.7593 7.5588E-06 701. 9217 380.7708

168.000 -.001667 383403. -20809.0774 1. 6641E-05 673.1531 381.7898
output verification: 174.000 -.001544 265347. -18524.5821 2. 3198E~05 647.3792 379.7086

180.000 -.001389 160941. -16261.0148 2.7507E-05 624.5854 374.8138
computed forces and maments are within specified convergence limits. 186.000 -.001214 70016.4272 -14034.7161 2.9841£-05 6G4.7348 367.2857

192.000 -.001031 -7690.7019 -11861.1638 3.0471E-05 591.1279 357.2317
198.000 -.000848 -72536.9307 -9755.3454 2.9660£-05 6D5.2851 344.7078

output summary for Load case No. " 204.000 -.00067·5 -124968. -7151.3357 2.7664£-05 616.7319 523.2955
210.000 -.000516 -158552. -4364.8715 2 .4798~-05 624.0639 405.5259

Pile-head deflection .06406816 i n 216.000 -.000377 -177525. -1911.1478 2.1402E-05 628.2061 412.3820
com~uted slo~e at pile head -.00088236 222.000 ~.000259 -181640. 390.6477 1. 7771£-05 629.1044 354.8832

~~1~~ ~h~~~nfo~~:ent
2608590. lbs-in 228.000 -.000164 -172966. 2135.0421 1.4187E-05 627.2106 226.5816

76900.00000 lbs 234.000 -8.92E-05 -156122. 3185.8015 1. D861E-05 623.5333 123.6715

~~~~~ ~~ ~~1~~: ~h~~~'o~~:ent
72 .00000000 in 240.000 -3.35E-05 -134814. 3696.0815 7.9204E-06 618.8814 46.4218

0.00000 in 246.0DD 5.88E-06 -111826. 3810.8986 5.4275E-06 613.8626 -8.1494
Number of iterations 16 252.000 3.17E-05 -89122.4634 3654.7225 3.396410-06 608.9060 -43.9093
Number of zero deflection points ~ 1 258.000 4.86E~05 ~67993.4801 3328.9637 1.8084E-06 604.2932 -64.6769

264.000 5.34E-05 -49187.9187 2912.9128 6.2398E-07 600.1875 -74.0067
270.000 5.41E-05 -33043.0191 2413.2695 -2.0716E-07 596.6628 -92.5411
276.000 5.09E-05 -20227.1931 1871.3712 -7.4558E-07 593.8649 -88.0917
282.000 4.52E-05 -10581.1963 1369.4951 -1.0570E-06 5n.7589 -79.2003------------------------------------------------------------ 288.000 3.82E-05 -3785.6416 928.5420 -1.2022E-06 590.2753 -67.7840

computed Values of Load Distribution and Deflection 294.000 3.07E-05 569.9630 559.4693 -1.234710-06 589.5733 -55.2402
for Lateral Loading for Load Cese Number 2 300.000 2.34E-05 2936.8795 266.2504 -1.1992E-06 590.0900 -42.4995

------------- ---------------------------------------~----

computed values of Load Distribution and Deflection
for Lateral Loeding for Load case Number 3______________________________________________________ --0-0-----

Pile"head bounda70 conditions are ~hear and Moment (BC Type 1)

~C:~1~~:~ ~~::~t ~~c~il'~ ~l~~ head: 96900:888 l~~lbs
specified axial load at pile head D 600000.000 lbs

(zero moment for this lllad indicates free-head conditions)

Depth Deflect. Moment shear Slope Total soil ""'X , , , , Stress
lbs/inio '" lbs-in lb, Rad. lbs/in**2----------- ----------- -----------

0.000 .107578 -5 n10E-07 96900.0000 -.0013525 589.4489 -1309.2949
6.000 .099463 562702. 89024.2036 -.0013468 712.2975 -1315.9706

12.000 .091416 1077987. 81116.4864 - .0013302 824.7944 -1319.9351
18.000 .083501 1545677. 73193.3551 -.0013037 926.9001 -1321.1086
24.00G .D75772 1965694. 65271.8109 - .0012682 1018.5980 -1319.4061
30.000 .068283 2338D69. 57369.3840 -.0012247 1099.8948 -1314.7362
36.000 .061076 2662944. 49504.1769 - .0011741 1170.8213 -1306.9995
42.000 .054193 2940573. 41694.9184 -.0011175 1231.4331 -1296.0867
48.000 .047666 3171329. 33961.0322 -.0010557 1281. 8116 -1281.8754
54.000 .041524 3355707. 26322.7272 -.0009897 1322.0648 -1264.2263
60.000 .035789 3494328. 18801.1161 -.0009205 1352.3285 -1242.9774
66.000 .030478 3587948. 11418.3775 -.0008489 1372.7676 -1217.9355
72.000 .025602 3637461. 4197.9811 -.0007759 1383.5772 -1188.8633
78.000 .021168 364391.0. -2834.9893 -.0007023 1384.9852 -1155.4601
84.000 .017175 3608497. -9653.3565 -.0006290 1377.2539 -1117.3289
90.000 .013620 3532598. -16227.1078 -.OD05568 1360.6837 -1073.9215
96.000 .010493 3417781. -22522.1893 -.0004866 1335.6169 -1,024.4389

~02.0oo .007781 326583,. -28498.4106 ~.00(l4i90 13D2.4442 -967.6348
108.000 .005465 3078817. -34105.4761 -.0003549 1261.6145 -901. 3870
114.000 .003522 2859125. -39274.4385 -.0002949 1213.6514 -821.6005
120.000 .001926 2609647. -43894.9741 - .00023,96 1159.1855 -718.5781
126.000 .00064/ 2334110. -48616.2511 - .0001896 1099.0305 -855.1809

output verification:

computed forces and moments are within spedfied convergence limits.

3773. 6021Retai ~~~~6~~1~1~ih~E~g~
3526.6456 -96.5281 -1.0576E-06
2622.8793 -171.9466 -9.9547E-07
1470.4544 -180.3715 -9.541OE-07

465.2912 -123.0986 -9.3454£-07
0.0000 0.0000 -9.2983£-07

Definition of symbols for rile-Head Loadin9 conditions:

469.2685
655.5425
735.9186
785.5893
654.9125
408.0419
413.1693
414.5558
412.6535
407.7397
399.9781
389.4516
376.1822.
360.1472
765.8768
701.3632
489.5119
311. 5840
171. 5163

66.8586
-7.1819

-55.8053
-84.1701

-119.7086
-123.4788
-117.7815
-105.9003

-90.3733
-73.0308
-55.0705
-37.1549
-19.5251

-2.1231
15.2768
32.9300

1032.1171
968.8597
910.7270
858.3548
812.1374
771.0510
733.1585
698.5028
667.0973
638.9295
613.9627
592.1377
605.5243
621. 3308
634.3044
641.2553
642.6901
640.2737
635.4047
629.1843
622.4356
615.7409
609.4829
603.8850
599.2268
595.5385
592.7754
590.8444
589.6235
58'.l.9Z10
590.1350
590.0570
589.8254
589.5771
589.4489

.10757755 in
-.OG135245

3643910. lbs-in
9690D.DOOOO lbs
78.00000DOO in

O.DOOOO in
18

1

y ~ pile-head displacment in
M ~ rile-head Moment lbs-in

132.000 -.000349 2027617.R~~~~91~~8~41l ~~oogil~s
138.000 -.001100 1737870. -46399.5556 -.0001075
144.000 -.001639 1471597. -42225.1724 -7.5043£-05
150.000 -.002000 1231709. -37660.6485 -4.7720E-05
156.000 -.002212 1020012. -33339.1431 -2.4961E-05
162.000 -.002300 831819. -30150.2800 -6.2434£-06
168.000 -.002287 658254. -27686.6465 8.8173E-06
174.000 -.002194 499515. -25203.4714 2.0519E-05
180.000 -.002040 355665. -22721.8436 2.9163E-05
186.000 -.001844 226643. -20260.6642 3.5049E-05
192.000 -.001620 112284. -17837.5108 3.8474E-05
198.000 ~.001382 12316.1423 -15469.2217 3.9734E-05
204.000 -.001143 -73632.5487 -13172.3204 3. 9114E-05
210.000 -.000913 -146033. -10963.3323 3.6894E-05
216.000 -.000700 -205458. -7585.2602 3.3341E-05
222.000 -.000513 -237296. -3183.5400 2.8866E~05

228.000 -.000354 -243868. 389.0854 2.4003E-05
234 .000 ~. 000225 -232800. 2792.3731 1. 9185E-05
24D.000 -.000124 -210498. 4241,6739 1.4704E-05
246.000 -4.82E-05 -182006. 4956.7987 1.0737£-05
252.000 5.18E-06 -151094. 5135.8289 7.3702E-06
258.000 4,02£-05 -120429. 4946.8673 4.6258£-06
264.00G 6.0lE-05 -91764.7576 4526.9409 2.4810~-06

270.000 7.00E-05 -66123.7676 3915.3047 8.8521E-07
276.000 7.13E-05 -44787.4751 3185.1424 -2.3581E-07
282.000 6.72E-05 -27893.1615 2461.9614 -9.7042E-07
288.000 5.97E-05 -15236.9507 1790 ..9162 -1.4064E-06
294.000 5.03E-05 -6392.0418 1202.0955 -1.6250E-06
300.000 4.02E-05 -800.1051 711.8832 -1.6977E-06
306.000 2.99E-05 2162.7801 327.5793 -1.6839E-06
312.000 2.001;-05 3142.9708 50.9031 -1.6303E-06
318.000 1.04E-05 2785.3557 -119.1369 -1.5703E-06
324.000 1.11E-06 1724.6349 -184.0815 -1.5248E-06
330.000 -7.93E-06 587.3558 -144.6204 -1.5014E-06
336.000 -1.69E-05 0.0000 0.0000 -1.4955E-06

TYpe 1 ~ shear and Moment,
TYpe 2 - shear and slope,

summary of rile Response(s)

OUtput SUlll!llary for Load Case No. 3:

rile-head deflection
Com~uted slope at pile head

~:~~:~~ ~h~~~nf.o~~:ent
oepth of maximwn bending moment
Depth of maximum shear force
Number of iterations ~

Number o'f zero deflection points ~

output verification:

computed forces ano moments are within specified convergence limits.

-30.0946
-18.2376
-6.9019
4.0936

14.9974
26.0355

590.2727
590.n88
590.0215
589.7699
589.5504
589.4489

.08451051 in
- .00110907

3122660. lbs-in
86900.000001bs
72 .00000000 in

0.00000 in
18

1

306.000 1. 64E-05
312.000 9.80E-06
318.000 3.66E-06
324.000 -2.15E-06
330.000 -7. 78E-06
336.000 -1.34E-05

output summary for Load· Case No. 2:

Pile-head deflection
com~uted slt:,~e at pile head

~:~i:~: ~h~rn~o~~~ent

g:~~~ 6~ ~:~~:~~ ~h~~~nt-O~~ent
Number of iterations _
Number of zero deflection points ~



Retaining wall No. 9.1p~
TYpe 3 '" shear and Rot. Stiffness, Y '" pile-head shear Force lbs
Type 4 '" oeflection and M(}ment, s m pile-head slope, radians
Type 5 m oeflection and sl(}pe, R'" Rot, stiffness of pile-head in-lbs/rad

Load pile-Head pile-Head Axial Pile-Head Maximum Meximum
Type condition condition L(}ed [)efl~cti(}n M(}ment sheer

1 2 lbs HI in-lbs lbs, ~

1 Y",
1 y",

76900. M'"
86900. M'"
96900. Mm

0.000
0.000
0.000

300000.
600000.
600000.

,0640682
.0845105
.1075775

2608590. 76900.00{l0
3122660. 86900.0000
3643910. 96900.0000

The analysis ended normally.
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LPILE plus for Windows, VerSiOll 5.0 (5.0.21)

Analysis of Individual piles and Drilled shafts
subjectad to Lateral Loading using the p-y Method

(c) 1985~200S by Ensoft, Inc.
All Rights Reserved

_ Deflection tolerance for cc>:~ee~~en~cneg ,,"110.1 \.Nooooolf-·dfoi n
- Maximum allowable deflection ~ 1.0000E+02 in

printing O~tions:

- ~~~ ~e;e~ct~~~e;~~~ r1~i~~c}~~n~u~in1~~t~~}n~i 1~~ear force,
- printing Increment (spacing of c>utput points)" 1

.,d

pila structural prc>perties and Geometry------------------ -- --- -----------~------ --- ----------- ---------- -----~-~- --~

Tnis prc>gram is licensed tc>:

~:~¥k~a~~~~u 1tants

Path to file locations: S:\ongc>ing Projects\2006\206117 TVLln Rte 4
project\Retaining and sound walls\LPILE\
Name of input data file: Retaining wall No. 10.1pd
Name of output file: Retaining wall No. 10.1po
Name of plot output file: Retaining Wall No. 10.1pp
Name of runtime file: Retaining Wall No. 10.1pr

Pile Length "

~l~~~ ~~g~~o~~dg;~~~C~u~fl~~ top of pile:

Structural proparties of pile defined using

point De~th Di~~~er ~~~~~;~f
in in in**4

0.0000 24.00000000 16286.0000
360.000G 24.GGGOGGOO 16286.GGOO

360.00 ;n
-54.00 in

.00 deg.

2 poi nts

pile
Area

sq.in

452.3900
452.390G

Madulus of
Elasticity
lbs/sq,in

36GGOOG.
360GGOG.

Time and Date afAnalysis
Sail and Rock Layering Information------------------------------------------------------------------------------

problem Title

sM- Segment 3A - Retaining wall !'Ia. 10 - 24-in. CIDH PIle

program options
--------~-------~-------------------------------------------------------------

Units Used in Computations - US customary units, inches, pounds

Basic program optiarls:

Malysis Type 1:
- Computatlon of Lateral pile Response using user-specified constant El

computatian options:

: ~~l1y~~~e~~:~1~:~e~~~~{~1e~?f~~r~~~u~s:~tl~nanalysis
- Analysis assumes na shear resistarloe at pile tip

: ~~a~~~~~t:~~c>~i ~fdf~~~~~~; ~~
1
~tl~f~~::tm~~~¥x elements

: ~~;~~;i~i~:s~~~~o~~es~1~ ~~~~m~~~~t~c~rng;~~ pile
- No allditional p-y curves to be computed at user-specified depths

solution Control parameters:
- Number of pile increments • 60
- Maximum number af iterations allowed" 100

12.000 in
144.000 in

-54.0GG in
12.000 in

.07230

.07230

.07230

.07230
.07230

-54.00
12.00
12.00

144.00
144.00

Effective unit weight of soil vs.Depth--------------------------------------------------------------------

(Depth of lowest layer extends 120.00 in belaw pile tip)

The soil profile is modelled using 3 layers

Layer 1 is stiff clay without free watar
Distance frOlll top af pile to top of layer "
Distance frOlll top of pile to bottom of layer ~

Layer 2 is stiff clay without free water
Distarlce frolJl top of pile to top of layer n

Distance fram top of pile to bottam of layer"

layer 3 is stiff clay without free water
Distance frOlll tap of pile to top of layer "
D;stance frOlll top of pile to bottom of layer.

Distribution of effective unit weight of soil with depth
is defined using 6 points

point Del?th x Eff. unit Weight
Na. ,n lbs/;n**3

The: 17 50: 55Date: July 14, 2009

480.0G Axial load at pile head
Retaln,ng Wall No. 10.1pa

16GI)QO 000 lbs

shear strength of soils

Notes:

!
1) Cohesion ~ uniiixial compressive strength far rc>ck materials.
2) Values of 1050 ara re~orted for clPo stratii.

~~ ~~~~~~ r~e;r~i~~Po~t~~n~~i~e~oro~e~'Or~~knS~~~~;.valuesare O.

Distribution of shoar strength parameters with depth
defined using 6 points

~~~:';h}~~c~O~~d~Hech~~~tion: are Sh~stoo~go~o~~~t (Be TYpe 1)

:~~~1n~o~drn:~\H/~~:dhead : 320000: g88 ~~;1bs

(zero moment at pile head for this lOiid indicates a free-head condition)

(Zero moment at pile head for this load indicates a free-head canditian)

Laad case Number 2

~~l:;hf;~c~o~~d~Hech~~~tion~ are Sh7StOO~go~0~~~t (BC TYpe 1)

:~~~~n~o~m:~\n/~~:iead: l2(}I)Qo:ggg i~;lbs

(2ero mament at I'lle head for this load indicates a free-head condition)

Load Case !'IUlnbar 3
.0
.0
.0
.0
.0
.0

'QO
%

ESC or
k_rm

.00400

.00400

.00500

.00500

.00400

.00400

.QO

.QO

.QO
.QO
.QO
.QO

Angle of .Friction
lJe9.

cahes.ion c
lbs/in**2

31.25000
31.25GOO
17.36000
17.36000
27.78000
27.78000

-54.000
12.000
12.000

144.000
144.000
480.000

paint"".

static loading criteria was used for computatian of p-y curves

p-y Modificatian Factors-------------- ----------- -- ---------- -- -- - -------------------------~---------

pile-head Loading and Pile-head Fixity conditions
----- -------------------- ------ -- --- ----------~-- ------------------------

lJistribution af p-y multipliers with depth defined using 2 l}(lints

Point Depth X p-mult y-mult
No. in

Depth Deflect, MOI1Ient Shear slope Total soil "", , " , , stress
lbs~in'" '" lbs-in lb, Rad. lbs/in~~2-------- ------ -- ----------- ------ ----------- ~~--------- -----------

0.000 .493005 7.2324E-G7 65100.0000 -.0054961 353.6771 -1144.7996
6.000 . 460029 375270 . 58179.8,67 -.0054769 630.1869 -1161.924"1

12.000 .4<7282 708674. 51813.7123 - .0054214 875.8485 -960.1133
18.000 . 394971 1007444 . 46870.3346 - .0053336 1095,9910 -687.6793
24.000 . 363279 1281358 . 42727.9503 -.0052165 1297.8192 -693.1155
30.000 . 332373 1530195 . 38557.2644 - ,0050726 ;1-481.1692 -697.1132
36.000 . 302407 1753785 . 34367.0499 -.0049046 1645.9169 -699.6250
42.000 . 273518 1952016 . 30166.3703 -.0047150 1791.9796 -700.6015
48.000 .245827 2124834, 25964.5927 -.0045064 1919.3168 -699.9910
54.000 •219441 2272243 . 21771.4036 -.G04f.814 2027.9324 -697.7387
60.0I)Q .194451 2394311 . 17596.8292 -.0040426 2117.8754 -693.7861
66.000 .170930 2491167. 13451.2613 -.0037926 2189.2418 -688.0699
72 .000 .148939 2563008. 9345.4890 -.0035340 2242.1763 -630.5209
78.000 •128522 2610098 . 5290.7405 -.0032693 2276.8738 -671.0620
84.000 .109708 2632774 . 1298.7369 -.0030010 2293.5819 -659.6059
90.000 .092510 2631445. -2618.2353 -.0027317 2292.6028 -646.0515
96.000 .076927 2606600 . -6447.2266 -.0024636 2274.2961 -630.2789

102.000 . 062946 2558809 . -10174.4870 -.0021993 2239.0821 -612.1412
108.0GO . 050535 2488729 . -13785.2674 -.0019411 2187.4452 -591.4522
114.000 . 039653 2397112 . -17263.5206 -.0016911 2119.9395 -567.9655
120.0ClO .030243 2284814. -20591.4284 -.0014515 2037.1944 -541. 3371
126.000 .022235 2152802 . -23748.6055 -.0012244 1939.9245 -511.0553
132.000 .015550 2002181. -26710.6480 -.0010118 1828.9426 -476.2922
138.000 .010093 1834217 . -29446.17G2 -.0008155 1705.1817 -435.5485

pile"head boundary conditions are shear and Moment (BC TYpe 1)

~~~~1~1~~ ~::~tf~~c~ii~ ~~~ head: 65100:888 ~~~lbs
specified axial laad at pile head" 160000.0001bs

(Zero moment for this load indicates free;haad conditions)

1.0000
1.0000

Loadi ng Type

.6000

.60GO
.000

360.000
,,

Number of loads specified ~ 3

Load Case Number 1

~~~:;h}~~c~O~~d~HeCh~~~t;on~ are sh6sl:oo~go~Ol~~t (Be Type 1)
Bending moment at pile head ~ .000 in-lbs



144.000 .005763 1650 393 .R"...\aA~9n.~~6ai 1 N_o:ol~6if2(> 1569.7348 -472.2968 specified moment at pile head RetainiE

ng Wall NO. 1.00·Jrfin_lb5
150.000 .002447 1449404. -35041.2990 -.0004786 1421.6403 -484.9008 Specified axial load at pile head ~ 320000.0001bs
156.000 LOtE-05 1230816. -36564.6985 -.0003415 1260.5784 -22.8990
162. 000 -.001651 1011283. -35266.5357 -.0002267 1098.8201 455.6200 (zero moment for thi5 load indicate5 free-head condition5)
168.000 -.002701 808053. -32326.2816 -.0001336 949.0743 524.4647
174.000 -.003255 623624. -29075.5151 -6.0385E-05 813.1818 559.1041 Depth Deflect. Moment shear slope Total soil RB5
180.000 -.003425 459262. -25670,1790 -4.9747E-06 692.0749 576.0279 , , , , , StrB5S

lb5~in186.000 -.003314 315592. -22199.2672 3.4674E-05 586.2144 580.9427 " '" lbs-in lb, Rad. lbs/in"*2192.000 -.003009 192804. -18726.9147 6.0688E-05 495.7410 576,5081 ----------- ----------- ----------- ------ - -----------198.000 -.002586 90752.3128 -15304.9929 7.5197E-05 420.5461 564.1325 0.000 .694873 -1.4465E-06 75100.0000 -.0073270 707,3543 -1247.3607204.000 - .002107 9000.0938 -11978.8559 6.0301E-05 360.3087 544,5798 6.000 .650911 442215. 67556.1766 - .0073044 1033 .1914 -1267.2471210.000 -.001622 -53148.1361 -8796.5173 7.8042E-05 392.8362 516.1997 12.000 ,607221 838723. 60609.5802 -,0072388 1325.3498 -1048.2850216.000 -.001170 -96707.9544 -5820.6946 7.0374E-05 424.9344 475.7412 18, 000 .564045 1197327. 55209.4827 -.0071346 1589.5800 -7>1.7475222.000 -.000778 -123132. -3104.8130 5.9125E-05 444.4a41 429.5527 24.000 .521605 1528634. 50678.0887 -.0069952 1833.6962 -758.7171228.000 -.000461 -134079. 11.5841 4.5964E-05 452.4706 609,2464 30.000 .480104 1832326. 46109.2196 -.0068232 2057.4654 -764.2392234.000 -.000226 -123081. 2736.6864 3.2805E-05 444.3667 299.1211 36.000 .439727 2108145. 41511.7028 -.0066216 2260.6973 -768.2664240.000 -6.72E-05 -101302. 3900.7251 2.1324E-05 428.3194 88.8918 42.000 .4a0645 2355693. 36894.6554 -.0063931 2443.2450 -770.7494246.000 2.96E-05 -76313.0730 4050.0473 1.2236E-05 409.9068 -39.1177 48.000 .363009 2575431. 32267.4964 -.0061408 2605.0069 -771.6369252.000 7.96E-05 -52724.9065 3617.1259 5.6HOE-06 392.5264 -105.1894 54.000 .326955 2766684. 27639.9618 -.0058675 2745.9276 -770.8746258.000 9.72E-05 -32918.3777 2916.1540 1.2508E-06 377.9324 -128.4679 60.000 .292600 2(129641. 23022,1231 -.0055760 2865.9996 -768.4049264.000 9.46E-05 -17733.4601 2155.6634 -1.3410E-06 366.7437 -125.0289 66.000 .260043 3064361. 18424.4106 -.0052693 2955.2649 -764.1659270.000 8,l1E-05 -7047.8419 1458.9858 -2.6090E-06 358.8702 -107.1969 72 .000 .229369 3170968. 13857.6428 -.0049502 304~. 8163 -758.0900276.000 6.33E-05 -220.6215 886.4607 -2.9810E-06 353.8397 -83.6447 78.000 .200641 3249662. 9333,0633 -.0046217 3101.7998 -750.1031282.000 4.53E-05 3595.4103 455.7862 -2,8083E-06 356.3263 -59.9134 84.000 .173908 3300712 • 4862.3882 -.0042865 3139.'1156 -740,1219288.000 2.96E-05 5254.2050 158.7450 -2,3555E-06 357.5486 -39.1003 90,000 .149202 3324470. 457.8684 -.0039475 3156.9211 -728,0514294.00(1 1. 11E-05 5504.8726 -26.2108 -1.8049E-06 357.7333 -22,5516 96.000 .126538 3321365. -3867.6290 -,0036075 3154.6332 -713.7811
300.000 7,92E-06 4943.1410 -125.2783 -1.2703E-06 357.3194 -10.4709 102.000 .105913 3291912. -81Oa.5088 -.0032691 3132,9308 -697.1789306.000 1.82E-(I6 4003.9725 -163.8972 -8.1250E-07 356.6274 -2.4021 108.0(1(1 .081309 3236712. -12226.293(1 -.0029350 3092.2585 -678.(1625312.000 -1.83E-06 2977 .9349 -163.8526 -4.5525E~07 355.8714 2.4169 114.000 .070693 3156466. -16229.3981 -.0026079 3033,1309 -656.2858318.000 -3.65E-06 2038.6135 -142.1452 -1.9856E-07 355.1792 4.8189 120.0(10 .056015 3051974. -200n.8030 -.0022902 2956.1377 -631.5158324.000 -4.21E-06 1272.5740 -110.9892 -2.9128E-08 354.6146 5.5664 126,000 ,043211 2924147. -23797.5299 -.0019844 2861. 9512 -603.3932330.000 -4. ODE-06 706.7994 -78.4471 7.2154E-08 354.1979 5.2810 132.000 .032202 2774024. -27321.7845 - .0016928 2751.3359 -511.3583336.000 -3.35E-06 331.0702 ~49.3385 1.2526E-07 353.9211 4.4219 138.000 .022897 2602786, -30639.4163 -.0014177 2625.1631 -534.5189342.000 -2.49E-06 114.4964 -26,1906 1.4806E-07 353.7615 3.2941 144.000 .015189 2411795. -34048.2425 -.0011611 2484.4350 -601.7565348.000 -1.57E-06 16.4991 -10.0881 1. 5476E-07 353.6893 2.0734 150.000 . 008963 2198666 . -37865.9429 -.0009252 2327.3956 -670.8103354.000 -6.35E-07 -6.8579 -1.3501 1.5526E-07 353.6822 .8392831 156.000 .0(14087 1960956. -41562.5701 -.0007124 2152.2440 -561. 3988360.000 2.94E-07 0.0000 0.0000 1. 5491E-07 353.6771 -.3892561 162.000 .000415 1702651. -44692.3135 -.0005249 1961.9170 -481.8490

168.000 -.002212 1426664. -44641,0873 -.0(1(13648 1758.5620 498.9244Output VBrification: 174.000 -.003963 1168358. -41382,3893 -.00(12320 1568.2348 567.3082
180.000 -.004996 930966. -37721. 3951 -.0001246 1393.3174 633.0232Computed forces and moments arB Within 5pedfied convergence lililit5. 186.000 -.005458 116180, -33848.0500 -4.0297E-05 1235.0566 656.0918
192.000 -.005479 524944. -29864.7118 2. 3210E-05 1094.1486 669.6876
198.000 -.005179 357714. -25842.3583 6. 8374E~05 970.9287 671.0969Output summary for Load Case No. " 204.000 -.004659 214574. -21836.6356 9.7657E-05 865.4583 664.0773
210.000 -.004007 95297.3354 -17903.2377 .0001135 777.5721 647.1221Pile-head deflection .49300520 in 216.000 -.003297 -701.2007 -14112.9211 .0001184 707,8709 616.3168

Com~uted sl'!!.'e at pile head -.00549610 222.000 -.002587 -74512.1956 -10523.7655 .0001145 762.2570 580.0684
~~l:~: ~~~~~n~~~:ent 2632774. lbs-in 228.000 -.001923 -127426. -7167.7490 .0001042 801. 2455 538.603765100.00000 lbs 234.000 - .001337 -160925. -4076.4504 8.9417E-05 825.9287 491.8291
~:~~~ ~~ :~~:~: ~h~~~n~~~:ent 84.00000000 in 240.000 -.000850 -176687. -1283.4790 7,2142E-05 837.5423 439.16140.00000 in 246.000 -,000471 -176604. 1902.3796 5.4065E-05 837.4812 622.7915Number of iterations " 252.000 -.000201 -154066. 4567.7826 3.7145E-05 820.8745 265.6761Number of 2ero deflection points ~ 4 258.000 -2.54E-05 -121933. 5465.6265 2.3022E-05 797.1982 33.6Cl52

264.000 7.53E-05 -88566.7956 5267.9385 1.2251E-05 772.6129 -99.5012
270.000 .000122 -58765.0073 4487.2627 4.7126E-06 750.6540 -160.7241
276.000 .000132 -34737.7399 3482.3356 -7.1817E-08 732.9501 -174.2516
282.000 .000121 -16976.7047 2480.8259 -2.7180E-06 119.8632 -159.5849

----------------------~-~-----------------~---------------------------------- 288.000 9.92E-05 -4957.3915 1608.6527 -3.8403E~06 111.0070 -131.1395computed values of Load oi5tribution and Deflection 294.000 7.46E-05 2341. 8744 919.2229 -3.9741E-06 709.0798 -98.6705
______!~~_~~:~~~~_~~~~~~~_:~~_~~~~_:~~:_~umbe~ __ ~ __________________ 300.000 5.15E-05 6088.5439 418.9050 -3.5428E-06 111. 8405 -66.1022

306.000 3. 21E-05 7382.3392 87.1720 -2.8535E-06 712,7938 -42.4755
312.000 1.73E-05 7145.5654 -108.7763 -2.1101E~06 712.6193 -22 ,8406

~~~~i~~:~ ~~~~~aPor~~n~~t~i~~ h~:ih~ar and ~~~~a~J~Cl~PB 1) 318.000 6.81E-06 6085.1265 -204.3137 -1.4331E-06 711.8380 -9.0052
324.000 8.22E-08 4699.3041 -231.6555 -8.8129E-07 710.8169 -.1087116

computBd Values of Load Di5tribution and Ileflection
for Lateral Loading for LoaO Case Number 3---------------- ---------- ------------------------- -----------------

Pile-head b<>unda~ c<>nditions are shear and Moment (BC Type 1)

~:~~~~:~ ~~::~t ~~c~i;~ ~~~~ hBad: 65100;888 l~~lbs
Specified axial load at pile head ~ 320(lOO.OOO lbs

(;I:ero moment for this load indicate5 free-head c<>nditions)

Depth Ileflect. ,.,oment shear sl<>pe Total soi 1 Res, , , , , stress
lbs/ini, '" lb5-;n 1b, Rad. lbs/in**2

--- ----------- - ----~---- ----------- -----------
0.000 .921556 -L6273E-06 85100.0000 -.0092571 707.3543 -1338.5821
6.000 .866013 504279. 77001.2270 -.0092313 1078.9219 -1361.0089

12 .DOO .810780 959463. 69537.6401 -.0091564 1414.3146 -1126.8534
18. 000 .756136 1373892. 63730.3931 -.0090370 1719.6777 -8a8.8956
24.000 .702335 1758930. 56851,6171 -.0088767 2003.3852 -817.2964
30.00D .649615 2114200. 53927.1794 - .0086786 2265.1586 -824.2495
36.000 .598192 2439382. 48965.3061 -.0084456 2504.7620 -829.7083
42.000 .548268 27342B, 43975.3062 -.006160l! 2722.0035 -833.6,50
48.000 .500022 2998500. 38966.5820 -.0078815 2916.7365 -835.9497
54.000 .453618 3232102. 33948.8417 -.0075687 3088,8611 -836.6303
60.000 .409198 34349W. 28932.1158 -.0072275 3238,3255 ~835.6117
66.000 .366888 3607041. 23926.7758 -.0068672 3365.1272 -832.8350
72.000 .326792 3748441. 18943.5588 - .0064908 3469.3151 -828.2373
78 .000 .288998 3859288. 13993,5975 -.0061016 3550.9905 -821.7498
84.000 .253573 3939794. 9088.4579 -.0057025 3610.3096 -813.2968
90,000 .220568 3990247. 4240.1873 -.0052967 3647.4850 -802.7934
96.000 ,190012 4011016. -538.6232 -.0048873 3662.7876 -790.1434

102.000 .161920 4002551. -5234.7570 -.0044773 3656.5508 -775.2346
108.000 .136285 3965392. -9834.2628 -.0040696 3629.1705 -757.9340
114.000 ,113085 3900167. -14322.3028 -.0036671 3581.111, -138.0794
12a.OOO .092260 3807606. -18662.9402 -.0032727 3512.9091 -715,4664
126.mID .073613 3688539. -22898.8251 -.0028891 3425.1774 -689.8265

Output verification:

Computed forces and moments are within 5pecified convergence limits.

Retainin9 Wall No. 10.lpo
3308.6447 -217.0605 -4.7154E-a7
2096.3884 -180.0273 -1.9497E-07
1149.0659 -133,7164 -2.8902E-08

491. 9025 -86.0302 5. 5064E-08
116.4919 -40.9643 8.6195E-08

0.0000 0.0000 9.2156E-08

-660.8017
-627 .8613
-722.8980
-836.1309
-756,2075
-652.4903
-481.6373
481.0598
6U.4139
674.9647
710.6041
730.0598
737.9(195
733.6633
713.3119
686.7387
654.6746
617.5784
575.6797
528.9589
477 .0279
418.7492
458.1370
138.1769
-57.0890

-158.3053
-194.4671
-189.9567
-163.4825
-128.2066

-92.5166
-61.a536
-35.7551
-16.7732
-3.2142

6.3068
13.2694
18.9694
24.3153

3318,6134
3194.0080
3(152.2594
2890.8746
2706.8817
2502.'1366
2280.3314
2045,1358
1822.4378
1615.7655
1426.8193
1256.5811
1105.6004

974.1152
862.0385
768.8527
720.8374
778.4505
819.6678
845.5927
857.4594
856.6429
844.6895
820.5566
792.7362
766.4133
744.2781
7<7.2940
715.3447
707.7303
711.1918
712.9506
713.0888
712.2774
711.0201
709.6769
708.5005
707.6758
707.3543

.92155560 in
-.00925114

4011016, lbs-in
85100.00000 lbs
96.000000ao i n

0.00000 in

",

Summary of pile Re5ponse(s)------------------------ - - - - --------- ----------------------

132.000 .057611 3543914.Re_~~9n5W.)~~1l N_o:ol2°5'11fri'
138.000 .043585 3374803. -30816.7045 -.0021650
144.000 .031630 3182427. -34868.9824 -,0018295
150.000 .021631 2963401. -39546.0690 -.0015150
156.000 .013450 2713692. -44323.0840 -.0012245
162.000 .006936 2436226. -48549.1774 -.0009610
168.m)(l .001918 2134792. -51952.1604 -.0007271
174.000 -.001769 1815592. -51954.49,8 -.0005250
180.000 -.004362 1513354. -48674.0717 -,0003547
186.000 -.006045 1232865. -44811.8758 -,0002141
192.000 -.006952 976434. -40655.1094 -.0001011
198.000 -.007258 745392, -36333.1175 -1.2982E-05
204.000 -.007107 540486. -31929.2094 5.281SE-05
210.000 -.006624 362039. -27514.4908 9.8996E-05
216.000 -.005919 209932. -23173.5653 .0001283
222.000 -.005085 83463,6605 "18973.4137 .Oa01433
228.000 -.004200 -18298.8145 -14949.1738 .0001466
234.000 -.003326 -96489.4074 -11132.4146 .0001407
240.000 -.002511 -152428. -7552.6402 .0001280
246.000 -.001790 -187613. -4238.7243 .0001106
252.000 -.001184 -203718. -1220.7637 9.0576E-05
258.000 -.000703 -202610. 1466.5679 6.9785E-05
264.000 -.000347 -186387. 4097.2267 4.9881E-05
210.000 - .000105 -153634. 5886.1686 3. 2482E-05
276.000 4.32E-05 -115877. 6129.4325 1.8692E-05
282.000 .000120 -80152.9913 5483.2496 8.6609E-06
288.000 .000147 -50111.7438 4424.9323 1.9954E-06
294.000 .000144 -2706)..4657 3271.6609 -1.9534E-06
300.000 .000124 -10844.3124 2211.3433 -3.6930£-06
306.000 9.70E-05 -510.3970 1336.2760 -4.4740£-06
312.000 7. OOE-05 5208.1798 674.1064 -4,2336£-06
318.000 4.62£-05 7595.1372 213.3960 -3.5765E-06
324.000 2.70E-05 7762.6729 -77.0300 -2.7916E-06
330.000 1.27E-05 6681.4972 -234.6147 -2.0515£-06
336.000 2.43E-06 4975.1742 -294.5768 -1.4551E-(I6
342.000 -4.77E-06 3152.1625 -285.2991 -1.0392E-06
348.000 -LODE-OS 1555.5757 -226,5706 -7.9831E-07
354.000 -1.44E-05 436.3811 -129.8542 -6.9638E-07
360.000 -1.84E-05 0.0(100 0.0000 -6.7405E-07

output verification:

computed forces and moments are within specified convergence limits,

output summary for Load Case No.3:

pile-head deflection
computedsl"pe at pila head

~:~~:~~ ~~~~~nf<>~i:ent
Depth of maximllin bending mOment
Depth of maximum 5hear .force
Number of it·erations ~

Number of 2ero deflecthn poillu· ~

4.9737
7.3707
8.0662
7.8292
7.1928
6.4619

109.7922
708.8990
708.2009
707.7167
707.4401
707.3543

.69487340 in
-.00732700

3324470. 1bs-i n
75100.ooClOO lbs
90.00000000 i n

0.00000 in
27,

330.000 -3.76E-06
336.000 -5.58£-06
342.000 -6.10E-06
346.000 -5.92E-06
354.000 -5.44E-06
360.000 -4.89E-06

Output sunvnary hr Load case NO.2:

Pile-head deflecticm
Com~llted slo~e at pile head

~:~1:~: ~~~~~nfo~~:ent

~:~~~ ~~ :~~:~: ~~~~~nVo~~:"nt
Number of iterations E

Number of zero deflection points ~



Retaining Wall No. 10,lpo
Definition of symbols for Pile-Head Loading comlithms:

TYpe 1 '" shear and Moment,
TYpe 2 '" shear and Slope,
TYpe 3 '" shear and Rot. Stiffness,
TYpe 4 ~ Deflection and Moment,
TYpe 5 " Deflection and slope,

Load pile-Head pile-Head
TYpe condition cond1tion

y ~ pile-head displacment in
M " Pile-head Moment lbs-in
v" pile-head shear Force lbs
s'" pile-head slope, radians
R m Rot. Stiffness of Pile-head in-lbs/rad

Axial pile-Head Maximum Maximum
Load Deflection Moment shear
lbs in in-lbs lbs

1 y", ,.
1 y"

65100. III~

75100. III"
85100. M'"

0.000
0.000
0.000

160000.
320000.
320000.

.4930052

.6948734

.9215556

263277<1. 65100.0000
3324470. 75100.0000
4011016. 85100.0000

The analysis ended normally.
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SR4 Segment 3A - Retaining Wall No. 11 ~ 36-in. CIDH Pile SR4 Segment 3A- REtaining Wall No.11 - 36-in. CIDH Pile
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LPIL~ plus for windows, version 5.0 (5.0.21)

Analysis of Individual piles and prilled Shafts
subjected to Lateral Loading using the p-y Method

(c) 1985-2005 by ~nsoft, Inc.
All Rights Reserved

Retaining wall No. 11.lpo
- Deflection tolerance f<>r convergence =0 1.0000E-05 in
- Maximu~ allowable deflection 1.0000Et02 in

printing 0ll:tions:

- ~~J ~e~e~~t~~~e;~:a~r~~~~~c~~~n fu~lnn~~t~o~fn~~ 1~~ear fo rce,
- printing Increment (spacing "f output points) =0 1

ood

pile structural Pr"perties and Geometry
--- ---------------------------------------------- -----------------

This program is licensed to:

;:~~k~a~~~U1tants

Path to file locations: s:\ongoing projects\<Cl06\206117 TILln Rte 4
project\Retaining and sound Walls\lplLE\
Name of input data file: Retaining Wall No. 11.1pd
Name of output file: Retaining wall No. l1.lpo
Name of plot output file: Retaining wall No. 11.1pp
Name of runtime file: Retaining Wall No. 11.1pr

pile Length =0

~l~~~ ~~gl~O~~dg~~~~~C~U~f~~:top of pile :

Structural properties of pile defined using

point [)epth pile Moment of
X [)iameter Inertia
in in in**4

1 0,0000 36.00000000 82448.0000
2 300.0000 36.00000000 82448.0000

300.00 in
-48,00 in

.00 deg.

points

pi le
Area

sq.in

1017.9000
W17.9000

Modulus of
Elasticity
lbs/sq.in

3600000.
3600000.

problem Title

sR4- segment 3A - Retaining wall No. 11 - 36-in. CION PIle

progr,,", Options
240.000 in
480.000 in

1.000 in
240.000 in

-48.000 in
1.000 in

.07230

.07230

.07230

.07BO
,07230

Eff. unit weight
lbs/in**3

tJe~~h X

-48.00
1.00
1.00

240.00
240.00

Point".

tJistribution of effective unit weight of soil with depth
is defined using 6 points

soil and R"ck Layering Information----------------------------------- ---------------- ---------------- ------

(Depth of lowest layer extends 180.00 in below pile tip)

The soil profile is modelled using 3 layers

Layer 1 is stiff clay without free water

gt~i~~~: f~: i~~ ~f ~~1: ~~ ~~~t~~ ~fYl~y~r:
Lay~r 2 is stiff clay without free water

g~~~:~~: f~~: i~~ ~f ~jl: ~~ ~~~t~~ ~rl~yer~
Layer 3 is stiff clay without free water

~~~i:~~:f~~~ ~~~ ~f ~H: i~ ~~~t~~ ~rl~yer :

Time: 19:22 50Date: July 14. 2009

Time and Date of Analysis---- -- ------ - ------------------------------------------ ---------------------

Uni ts used "I n Computati "ns - us customary uni ts, inches, pounds

Basic program Options:

Analysis Type 1:
- computation of Later·al Pile Resp"nse Using User-specified Constant EI

Computation Options:

= ~~~~y~~;e~~:1l~=~e~~m:~e~?f~~~~~u~s:~t~~nanalysi s
- Analysis assumes no shear resistance at pile tip

= c~a~~~~~t:~io~i 6fdf~~~~~~i~~1:t~ft~~;~tm~~~¥x elements

= ~~f)~~i~i ~~s~~:~o~~es~~~ ~~~~m~~~~t~c~fn~i ~~ pi le
- NO additional p-y curves to be computed at user-specified depths

solution control Parameters:
- Number of pile in"rements 50
- Maximum number of iterations allowed" 100

480.00 Axial load at pile head
Retaining wall No. 11.1po

420000.000 lbs

shear strength of soils

oistribution of shear strength pararlleters with depth
defi ned usi ng 6 poi nts

Point oel?th X cohesion c Angle of Friction E50 or"0. '" lbs/in*"2 o"g. ILm------------------, -48.000 17.36000 .co .00410, 1,000 17.36000 .co .00410, 1.000 45.14000 .co .00330
< 240.000 45.14000 .co .00330
5 240.000 55.56000 .co .00330, 480.000 55.56000 .co .00330

Notes:

.,.,.,.,
".,

(Zero moment at pile head for this load indicates a free-head condition)

Load Case Number 2

~~~:~hf~c~o~~d~Hec~~~~tion~ are Sh~jl06~go~0~b~t (BC Type 1)

:~~1nlo:~m:~\H/~~:dhead~ 840000:8881C;lbS

(zero moment at pile head for this load indi<:ates a free-head condition)

Load Case NUl)lber 3

~~~:~h~;:!c~0~~d~11ech~~~tion~ are Sh91roo~gor~b~t (BC Type 1)

:~~~ln~o':dm:i\n.,p~~:iea<l: 840()(lO:888 l~;lbs

(2ero moment at pile head for this load indicates a free-head ~ondition)

" ..,,,, WARNING ****

p-y Mo<lification Factors--- -- -------------------- --- - - ---------------------------
Oistl"ibution Gf p-y multipliers with depth defined using 2 points

computed values Gf Load oistribution and Deflection
for Lateral LGading for Load Case Number 1

point
'0. ~~Pth )(

.000
360.000

p-mult

.6000

.f>000

y-mult

1.0000
LOOOO

pile-nead boundary conditions are shear and Moment (BC Type 1)

~~~~lft~~ ~~::~tf~~L~il~ h~~d head: 73100:88g l~~lbs
specified axial load at pile head _ 420000.0001bs

(zero moment: fGr this load indicates free-llead conditions)

Loadi ng TYpe

stati" loading criteria was used for computation of p-y curves

pile-head Loading and Pile-head Fixity conditions--------_ .._- ----------- ---- - - - --- - - -- ---------------- ----- ------------------
Number o'f loads specified ~ 3

Load Case Number 1

~~~:~hf~~c~0~~d~11ec~~~tion~ are Sh7j~06~go~oib~t (BC Type 1)
Bending moment at pile head" .000 in-lbs

oeptll Deflect. M"ment shear slope Total soil Res,
I" " , ; stress

lbs~ini" lbs-in lb. Rad. lbs/in**2-------- --------- -------- ------- -----------
0.000 .063490 -8.0094E-07 73100.0000 -.0008697 412.6142 -466.9414
6.000 .058272 432387. 68394.4601 -.0008653 507.0126 -1101.5719

12.000 .053106 825095. 61772.4179 -.0008526 592.7484 -1105.7755
IS.OOO .048041 1177953. 55133.6359 -.0008323 669.7841 -1107.1518
24.000 .043118 1490893. 48495.3543 -.0008054 738.10'il -1105.6087
30.000 .038377 17639%. 41875.3826 -.0007725 797.7200 -1101.0485
36.000 .On849 1997291. 35292.1404 -.0007344 848.6616 -1093.3656
42.000 . 029564 2191163 . 28764,7079 -.0006921 890.9877 -1082.4453
48.000 .025544 2345956. 22312.8906 - ,0006462 924.7819 -1068.1,605
54.000 .021809 2462175. 15957.3036 -.0005976 950.1548 -1050.3685
60.000 .018372 2540455. 9719.4832 -.0005471 967.2450 -1028.9050
66.000 . 0157.44 2581S66 . 3622,0399 -.0004953 976.2202 -1003.5761
72.000 .012428 2586416. -2311.1273 -.0004431 977.2791 -974.1463
78.000 .009927 255606,. -8054.5176 -.0003911 970.6529 -940.3172
84.000 . 007735 24917H . -13580.5520 -.0003401 956.6079 -901.6943
90.000 .005846 2394813. -18858.8083 - .0002907 935,4484 -857.7245



cQmputed Values of loa" oistribution and Deflection
fQr lateral loading for lQad Case Number 2------------------------------------------------------------------------------

output Verification:

computed forces an" moments are within specified convergence limits.

96.000 .004247 2266892.R':.~a;8n5t)rtJl N_o:olli~r~
102.000 .002923 2109784. -28527.0885 -.0001993
108.000 .001855 1925572. -32823.0250 -.0001585
11.4.000 .001020 1716707. -36664.8305 -.0001217
120.000 .000394 1486208. -39987.5056 -8.9362£-05
126.000 -5.21£-05 1237307. -41308.9594 -6.U35£-05
132.000 -.000348 990812. -39705.1510 -3.9314£-05
138.mlCl -.000524 761043. -36166.2779 -2.1608£-05
144.000 -.000607 556925. -31501.1542 -8.2865£-06
150.000 -.000623 383071. -26342.6566 1.2144£-05
156.000 -.000593 240807. -21161.9419 7.5202£-06
162.000 -.000533 129090. -15288.1387 1.1259£-05
168.000 -.000458 45292.9600 -11930.7991 1.3021£-05
174.000 -.000377 -14145.1561 -8202.9839 1.3336£-05
180.000 -.000298 -53210.0610 -5143.4134 1.2655£-05
186.000 -.000225 -75929.8998 -2736.6093 1.1350£-05
192.000 -.000161 -86106.5778 -930.3827 9.7124E-06
198.000 -.000108 -87143.4425 349.6341 7.9613£-06
204.000 -6.59£-05 -81951.0942 1188.4409 6.2522£-06
210.000 -3.34£-05 -72913.66l2 1672.9490 4.6869£-06
216.000 -9.69£-06 -61899.3285 1885.7899 3.3243£-06
222.0m) 6.50£-06 -50300.9375 1901. 2913 2.19031'-06
228.000 1.66£-Cl5 -3~94.8721 1783.2190 1.2861£-Cl6
234.00Cl 2.19£-05 -28908.1941 1583.8957 5.9938£-07
240.000 2.38£-05 -20091.1439 1337.1741 1.0412£-07
246.000 2.32£-05 -12863.2296 1060.7162 -2.2897£-07
252,000 2.10E-05 -1361.3957 784.5199 -4.3338£-07
258.000 1.80£-05 -3446.8066 ~37.5636 -5.4263E-Cl7
264.000 1.45E-05 -907.8973 329.1149 -~.8664£-07

27Cl.OOO 1.09£-05 505.5283 163.6914 -5.9071£-07
276.000 7.43£-06 1059.3762 42,7938 -5.7489E-07
282.000 4.05£-06 1021.9511 -33,6518 -5.5385£-07
288.000 7.89£-07 658.3463 -66.1872 -5.3687£-07
294.000 -2.39£-Cl6 230.4106 -55.0839 -5.2789£-07
300.000 -5.55£-05 0.0000 0.0000 -5.2555£-07

Output summary for load case No.1:

pile-head deflection
corn~uted slQ~e at pile head

~:~l:~: ~h~~~n~o~~~ent
g~~i~ ~~. :~1:~: ~h~~tn~o~~e~t
Number Qf iteratiQns _
Number of zero d~fle<:t1on pQi nts '"

.06348975 in
-.00086965

2586416. lbs-in
73100.00000 1bs
72 . 00000000 i n

0.00000 in
17,

907.5209
873.2210
833.0040
787.4046
737.0822
582.7424
628.9277
578.7648
534.2018
495.2451
455.1871
440.7971
422. 502~
41~. 7024
424.2310
429.1912
431,4129
431.6393
430.5057
428.5327
426.1280
423.5959
421.1494
418.9256
417 .0005
415.4225
414.2213
413.3667
412.8124
412.7246
412.8455
412.8373
412.7579
412.6545
412.6142

-807.5765
-749.8824
-682.0954
-598.5054
-509,0529

58.5683
455.0345
713.5899
841.4513
878.0479
848.8571
775.7440
675.7026
~55 .9025
4~3. 9543
348.3137
253.7619
172.91Cl4
106.6919

54.8108
16.1362

-10,9691
-28.3883
-38.0528
-44.1878
-47.9649
-44,1005
-38.2182
-31.2647
-23.8764
-16.4228
-9.0591
-1.7860

5.4871
12,8742

Retaining wall NQ. 11.1 po

(ZerQ moment fQr this load indicates free-head conditions)

Depth Deflect. Moment Shear slope TQtal SQil Res, , , , , Stress
lbs/ini, '" lbs-in lb, Rad. lbs/in**2----- --------- ----------- -- ----- ---- ----- -----------

0.000 .084686 1.1442£-07 83100.0000 -.0011035 825.2284 -501.7888
6.000 .078054 495130. 78039.4400 - .0010986 933.3249 -1185.0645

12.000 .071503 947548. 70911.0089 -.0010841 1032.0964 -1191.0792
18.000 . 065056 1356989 • 53754.9445 -.0010608 1121.4856 -1194.2756
24.000 •058774 1723299 • 55588.4297 -.0010296 1201.4581 -1194.5626
30.000 .052700 2046429 . 49429.2115 -.0009915 1272 .0037 -1191.8434
36.000 .045875 2325444 . 42295.5381 -.0009473 1333.1354 -1186.0144
42.000 . 041332 2563526 . 352Cl6.7037 -.0008979 1384.8959 -1175,9637
48.000 . 036100 2757975 . 28182.1073 - .0008441 1427.3481 -1154.5684
54,000 . 031203 2910220 • 21242.3279 -.0007868 1450.~859 -1148.5914
50.000 . 026659 3020815 . 14408.7228 ~.000n69 1484.7310 -1129.1770
66.000 .022481 3090451. 7703.6610 -.0006651 1499.9340 -1105.8436
72.000 .018677 3119963. 1150.7070 -.ClO06()23 1505.3769 -1078.4744
78.000 . 015253 3110332 . -5225.1183 ~.0005394 1504.2742 -1046.8007
84.000 .012205 3052598, -11395,9523 -.0004770 1493,8750 -1010.4773
90.000 .009529 2978376 -17335.4972 -.0004159 1475.4657 -969.0377
95.000 .007214 28~8855 . -23008.0575 -.0003569 1449.3741 -921.8157

102.000 .005246 2705877 . -28376.8684 -.0003007 1415.9739 -867.7879
108.000 .003506 2521373. -33395.9257 -.0002478 1375.6931 -805.2312
114.000 .002272 2307624. -38004.1551 -,0001990 1329.0276 -730.8453
120.000 .001218 2067329. -42107.3293 -.0001548 1276,5565 -636.8795
126.000 .000414 1803896. -45652.8601 -.0001157 1219.0541 -544.9541
132.000 -.000170 1520561. -46503.2814 -8.2075£-05 1157.2183 228.1570
138.000 -.000571 1245484. -43~86.9963 -5,4115£-05 1097.1419 777.2713
144.0ClO -.000820 998163. -39400.7111 -3.1439£-05 1043.1457 618.1571
150.000 -.000948 772993. -35590.1789 -1.3537£-05 993.9878 651.8203
156.000 - .000982 571210. -31629.701~ 4.9066E"08 949.9345 668.5388
162,000 - .000947 393436. -27604.1834 9.7991£-05 911.1231 673.3006
168.000 -.000865 239861. -23578.3385 1.6200E-05 877.5947 668.6477
174.000 -.000153 110333. -19604.1234 1.9740£-05 849.3161 656.0907
180.000 -.000628 4412.2985 -14753,6735 2.0899E-05 825,1917 957.3926
186.000 -.000502 -67042.2330 -9559.1714 2.0266£-0~ 839.8650 177.4414
192.000 -.000385 -110~02 . -5413.5873 1.8472£-0~ 849.3532 504.4199
198.000 -.000280 -132191. -2258.4203 1.6019E-05 854.0884 447.3024
204.000 -.000192 -137765. 17.3312 1.3290£_05 855.3051 311.2814
210.000 -.000121 -132117. 1545.9330 1.0553E-05 854.0722 198.5858
216.000 -5.56£-05 -U9308. 2470.4172 8.0213£-05 851.2755 109.2422
222.000 -2.47£_05 -102553. 2923.3845 5.7788£-05 847.6178 41. 7469
228.000 3.72E-05 -84285.4651 3029.5240 3.8904£-06 843.6296 -6.3571
234.000 2.20E-05 -66238.2429 2896.1996 2.3690E-05 839.5895 -38.0744
240.000 3.21£-05 -49554.9490 2602.7801 1.1986£-06 836.0472 -59.7321
246.000 3.63E-0~ -35016.9637 2198.1112 3.4380£-07 832.8733 -75,1575
252,000 3.63£-05 ~23181.0805 1744.4864 -2.4443£-07 830.2893 -76.0508
258.000 3.34£-05 -14080.6631 1303.4332 -6.2105£-07 828.3025 -70.9670
264.000 2.88£-05 -7533.5221 904.3964 -8.3951£-07 826.8731 -62.0453
270.000 2.33£-05 -3219.4442 555.6397 -9.4819£-07 825.9313 -50.8735
275.000 1. 74£-05 -736.3816 297.4269 -9.881BE-07 825.3892 -38.5307
282.000 1.15£-05 3~9.5391 104.8625 -9.9199E-07 825.3069 -25.6574
288.000 5.54£-06 531.9530 -9.7514 -9.8297£-07 825.3445 -12.5473
294,000 -3.25E-07 252.5302 -45.1493 -9.7505£-07 825.2835 .7480111
300.000 -6.16£-06 0.0000 0.0000 -9.7249£-07 825.2284 14,3018

Pile-head bounda70 conditiQns are Shear and Moment (BC Type 1)

~~:~Hl:~ ~g~:rit ~~c~ii~ ~~~ head: 83100:222 ~~~lbs
Sl'edfied axial load at pile head" 840000.000 lbs

output Verificatioll:

computed forces and moments are withill specified CQnvergellce limits.

Retaining wall NQ. l1.lpQ
output Summary for L<:>ad Case No.2;

.08468525 in
-.00110354

3119963. lbs-ill
83100.00000 lbs
72 .00000000 in

0.00000 in

",

Computed values Qf l.<;iad oistribution and DefleetiQn
fQr lateral loaditlg for Load case Number 3

------------------~------ ----- --- -- ---- -- --------------- ------------

204.000 _ .000391 _166321.Re:.a;8n14n.)fNl 2N.oi4llE'}6~
210.000 ~.000273 -178094. -603.5218 1. 7982E-05
216.000 -.00017~ -173744. 1614.7471 1.4426£-05
222.000 -9.94£-05 -158862. 2994.4820 1.1064£-05
228.000 -4.27E-05 -137922. 3717.1336 8.06441'-05
234.000 -2.66E-06 -114338. 3950.1207 5.~148E-05
240.000 2.35E-05 -90576.2024 3833.0358 3.4436£-05
246.000 3.87E-05 -68375.3821 3462.1914 1.8370E-06
252.000 4.55£-05 -49048.4222 2935.8846 6.5016£-07
258.000 4.65E-05 -33152.3209 2353.3327 -1.8067£-07
264.000 4.34E-05 -20806.6085 1777.1080 -7.2606£-07
270.000 3.77E-05 -11819.7064 1250.0550 -1.0558E-06
276.000 3.07£-05 -5795.3063 799.6528 -1.2339E-06
282.000 2.29£-05 -2211.4348 442.2543 -1.3148E-06
288.000 1.49£-05 -475.0010 185.8948 -1.3419£-06
294.000 6.84£-06 44.8301 38.4525 -1.3463E-05
300.000 -1.24£-05 0.0000 O.OOO(} -1.3458E-05

861.5395
864.1098
863.1502
859.9112
85S.3395
850.19Cl6
845.0030
840.1~63
835.9366
832,4662
829.7709
827.8089
825.4936
825.7112
825,3321
825.2382
825.2284

533.0655
447.3519
292 .0710
157.8406

73.0433
4.5191

-43.6474
-79.9574
-95.4582
-98. 71~7
-93.3592
-82. 32~2
-57.8089
-51.3240
-33.7959
-15.5849

2.8674

oefinitiQn Qf symbQls for Pile-Head Loading cQllditions:

output verificatioll;

computed forces and mometlts are within specified convergence limits.

"" pile-flead pi le-Head A~ial pi 1e-Head Ma~imum Maximum
'Ypo cQndi ti on conditi on load Deflectitln M<lII\ent Shear

1 , lb,
"

in-lbs 1b,---- ----------- ------------ ----------- ----------- --------- - -----------
1 ,~ 73100. ,~ 0.000 420000. .0634897 2586416. 73100.0000
1 ~ 83100. '" 0.000 840000. . 0845853 3119963. 83100,0000
1 ,~ 93100. " 0.000 840000. . 1084259 3664195 . 931110 .0000

.10842588 in
-.00135312

3664195. lbs-in
93100.00000 lbs
78.00000000 i n

0.00000 in

",

y ~ pile-head displacment ill
M'" pile-head MQment lbs-in
v = pile-hoad shear Force lbs
s " pile-head slope. radians
R'" Rot. stiffness of Pile-head in-lbsjrad

output Summary for load Case No. 3:

Pile-head deflectiQn

~~~~~~~db~~d~~a~Q~~~~ head
Maximum shear fQrce

g:~i~ ~~ ~~~:~~ ~h~~tn¥Q~~:ent
Number Clf iterations
Number of zero deflectiQn pQints '"

TYpe 1 '" Shear and MQment,
Type 2 '" shear and slQpe.
Type 3 = Shear and RQt. stiffness.
TYpe 4 " oeflection and MQment,
Type 5 '" Deflection and slQpe,

Depth Deflect. Moment shear SlQpe Total SQi 1 Res, , , , , Stress
lbs/'in'" " lbs-in lb, .". lbsji n*"2

---- --- ------- ----------- -- ----------- ----------
0.000 .108425 2.(}595£-06 93100.0000 -.0013531 825.2284 -533.7594
6.000 .100307 ~55812. 87713.5222 - .0013475 945.5730 -1261.5999

12.000 .092255 1(}56146. 80120.2852 -.0013311 1057.9888 -1269.4124
18.000 .084334 1530673 . 72489.0955 -.0013049 ll59.4041 -1274.3171
24.000 . Cl76~98 1949168 . 54837.1741 -.0012597 125(}.7697 -1216.3237
30.000 .069098 2321518. 57182.1911 -.0012265 1332.0608 -1275.3373
35.000 . 061879 2647718 . 49542.4084 -.0011753 1403.2767 -1271.2570
42.000 . 054982 2927883 . 41936.7145 - .0011199 1464.4422 -1263.9744
48.000 . 048440 3162248 . 34384.6760 -.0010~84 1~15. 6085 -1253.3718
54.000 . 042282 3351158 • 26906.6033 -.0009926 1556.8~35 -1239.3192
60.000 .036529 3495132 . 19523.5337 -.0009234 1588,2835 -1221.6707
66.000 .031201 3594759. 12257.8439 -.0008517 161Cl.0342 -1200.2593
72 .000 .026309 3650811. 5132.3994 -.0007785 1622.2714 -1174.8889
78.000 .021850 3564195. -1828.2359 -.0007045 1625.1933 ~1145.3229
84.000 . 017855 3635974 . -8598.0022 -.0006307 1619.0321 -1111.2659
90.0(}0 . 014291 3557377 . -15148.8017 -.0005579 1604.0560 -1072.3340
96.000 .011150 3459812. -21449.8154 -.0004859 1580.5n6 -1028.0042

102.000 . 008448 3314887 . -27465.3935 -,0004184 1548.9326 -977.5215
108.000 .005139 3134433 . -331~8.1004 -.0003532 1509. 536Q -919.7142
114.000 .004209 292(}550 . -3847~.0015 -.0002920 1462.8413 -852.5852
~20.000 .002534 2675677 -43349.5221 -.0002355 1409.3806 -772.2~40
~26.000 .001383 2402730. -47674,2978 -.0001842 1349.7910 -669.3379
~32.000 .000424 2105441. -51386.1356 -.0001386 1284.8872 -557.9414
138.000 ··.000280 1787493, -51947.3694 -9.9238E;-05 1215.4728 380.863~
144.000 -.000767 1483073. -48981.3965 -6.6181E-0~ 1149.0121 607.1942
150.000 -.001074 1200383. -45140.7991 -3,9059£-05 1087.2954 672.4049
156.000 -.001235 941778. -40999.7961 -1. 7407E;-05 1030.8367

m:m~152.000 -.001283 708551. -36697.2455 -7.2637E;-07 979.9211
158,000 -.001244 501418. -32321.5735 1.1503£-05 934.6977 732.2699
174.000 -.001145 3205B5. -7.7939.4195 1. 9812E-05 895.2184 728.4814
180.000 -.001005 155945. -23504.9425 2.472.9£-05 861.4575 715.3442
186.000 - .000848 37076.5962 -19365.5229 2.5781E-05 833.3230 695.7957
192.000 -.000585 -56711. 0852 -14045.8323 2.6482E-05 839.7927 1076.4345
:l98.0(}0 -.000530 -131740. -8280.2497 2.4475E-05 853.9899 845.4254

pile-head boundary cQnditions are Shear and Moment (BC Type 1)

~~:~H1:~ ~~~:~/~~c~ii~ ~~~~ head: 93100:ggg l~~lbs
specified axial load at pile head '" 840000.(}001bs

(zero moment fur this lQad indicates free head cQnditions)
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Retaining Wall No. 12.1po
",,,,=,,,,,,,,,~,,,,,,,,,~~~~~~~g,,,mm~~gm,,,~,,,mmmm,,,,,,m,,,m~~~,,,~~~,,,,,,,,,,,,,,,,,,,,,,,,,,,~"'''''''~~''''''''''''''''''''''''~='''_''''''=

LPILE plus for Windows, version 5.0 (5.0.21)

Analysis of Individual piles and Drilled Shafts
subjl'.cted to Latl'.ral Loading Using thl'. p-y MI'.thod

(c) 1985-2005 by Ensoft, Inc.
All Rights ReserVl'.d

pill'. structural Propl'.rtil'.s and Glloml'.try

This program is licensed to:

~:~~k~a~~~~ultants
Path to file locations: s:\ongoin9 projects\2006\206117 TYLln Rte 4
project\RI'.talning and sound Walls\LPILE\
Name of input data file: RI'.taining wall No. 12.lpd
Name of output file: Retaining wall No. 12.lpo
Name of plot output file: RI'.taining wall NO. 12.lpp
Name of runtime file: Retaining wall No. 12.lpr

pile Length '" 300.00 in

~lg~~ ~~g~~o~~dg~~~~~C~U~f~~ top of pile :
~39.00 in

.00 deg.

structural properties of pile defined using 2 poi nts

point Depth pile Mament of pile Modulus "f, oi ameter Inerti a Area Elasticity'0 '0 in**4 sq.in lbs/Sq.in

0.0000 24.00000000 16286,00(11) 452.3900 3600000.
300.0000 24 .00000000 16286.0001) 452.3900 3600000.

Time and Date "f Analysis
---~-----------------~------------------------------------------------- Soil and Rock Layering Information

problem Title

sR<!-segment 3A - Retaining Wall No. 12 - 24-il1. eIllH PIle

Program options---------------------"---------------------------------------
units used in computations - us CUstomary units, inches, pounds

Basic Program opti<>ns:

Analysis T¥pe 1:
- eomputatlOn of Lateral Pile Response using User-specified Constant EI

computatian options:

= ~~~~y~~~e~~~ll~:~e~~~~{~~Il~?f~~~~~,,~s:~tt~nanalysis
- Analysis assumes no shear resistance at pile tip

: ~~a~~~~~t:~~o~i~fdf~~~~i~i~~l:ti~f~~:~tm~~~lII elements

= rni~~~i~i~:s~:~~o~~es~ij ~~~~m~~~~t~c~rngi~~ pile
- NO a'lditional p-y curves to be computed at user-specified depths

solution control Parameters:
- Number of pile increments ~ SO
- Maximum number of iterations allowed", 100

-39,000 in
BLOOD in

21))..000 in
480.000 in

90.01)1) lbs/inu 3
90.001) lbs/in**3

81.000 in
141.000 in

141.000 in
,1)1.000 in

(Depth of lowest layer elltends 181).00 in beloW pile tip)

The soil profile is modelled usin9 4 layers

Layer 1 is stiff clay without free water
pi stance from top of pile to top of layer "
Distance from top of pile to bottom of layer ~

Layer 2 is stiff clay witoout free water

~1~g~~: ~~~: ~~~ ~~ ~n: ~~ ~~~t~~ ~?l~yer :

Layer 3 is stiff clay withClut fr~e water

g1~~:~~: ~~~~ ~~~ ~~ ~H: ~~ ~~~t~: ~?'l~yer :

Layer 4 is sand, p-y triteria by API RP-2A, 1987
Distance from top of pile to top of layer "
Distance from top of ~ile to bottom of layer.

~:~ ~~~g~~: ~~~~~~~ k ~~~ ~~~t~~ ~fila~~~er:

Effective unit weight "f 5011 vs. oepth

Distribution of effective unit weight af sail with depth
is dl'.fined using 8 point.>

point De\lth x Eff. unit weight
No. 1n lbs/in''''3

Time: 18:55:50Date: July 14, 21)1)9

Shear Strength of Soils------"-----------------------------------------------------------------------
oistributiol'l of shear strel'lgth parameters with depth
defil'led using 8 points

Notas:

14
},j cohesion w uniaxial compressive strength for rock materials.

~:~~~ltO~aj~~sa~Meb~r~:~e~~~edl?orsg6t~j,en input values are O.
RQIJ and lLrm are reported only for weak rock strata.

Number of loads specified ~ 3

L<:>ad case Number 1

~~l:;hf~c~o~~d~Hech~~~tion~ are sh44~oo~0~lb~t (Be Type 1)

:~~~~'o~r':~\n/~~~iead: 90000:888 j~;lbs
(zero moment at pile head for this load indicates a free-head condition)

load Case Number 2

~~~:;hf~~c~O~~d~Hech~~ tion: are sh~4~oo~go~01b~t (BC TYpe 1)

~~l~~n~O:dm:~\N/~l~head: 180000;88g i~;lbs

(Zero moment at pile head for this load indicates a free-head condition)

Load case Number 3

~~~:;hf~~C~o~~d~Hech~~~ tion: are Sh64joo~go~olb~t (BC Type 1)

~~~~jn~o~m:~\N/~~:dhead: 180000:8g8 ~~;lbs

(Zero moment at pile head far this load indicates a free-head condition)

computed Values of Load Distribution and Deflection
for lateral L<:>ading for Load case Number 1

.0
.0
.0
.0
.0
,0

Retaining wall No. 12.1po

.07230
,07230
.1)7231)
.07230
.07230
.07230
.07520
.07520

-39.00
81.00
81.00

H1.00
141.00
201. 00
201.00
480.00

Point Del?th x cohesi"n c At>gle of Friction E50 or'0. '" lbs/in*~2 De9· k_rm
------------------

-39.000 17.3()000 .00 .00500
81.000 17.36000 .00 ,00500
81.000 27.78000 .00 .00400

141.000 27 .78000 .00 ,00400
141.000 10.42000 .00 .00700
201.0()0 10.42000 .00 .00700
201.000 ,0001)1) 35.1)1)
480.000 .00000 35.00

S1:etic loadil'l9 criteria Was used for computation of p-y cUrVes

p-y Modification Factors

Distribution of p-y multipliers witn depth defined using 2 points

P~~~t ~~Pth )( p-mult y-mult

Loadi ng Type

Depth Deflect. Moment shear slope Total sail '", ¥ , , , Stress
lbs/il'l'0 '" lbs-in lb, Rad. lbs/il'l~~2-------- --------- ----------- ----------- ---------_ .. ---------,- -----------

0.000 .249518 1. 2657E-06 44700.0000 - .0031946 19B.9434 -553.5612
6.1)00 .230350 259961. 41350.0615 -.0031813 390.4902 -563.0850

12.000 . 21134, 499637 . 37947.4148 -.0031424 567.0902 -571.1306
18.000 ,192641 n8n4. 34501.1188 -.0030801 728.5200 -577.6347
24.001) .174381 916976 . 31020.6214 -.0029964 874.5984 -582.5311
30.000 .156684 1094207 . 27515.7802 -.0028935 101)5.1873 -585.7493
36.000 .139659 1250291. 23996.8898 -.0027735 11,0.1941 -587.2141
42.000 .123402 1385165. 20474.7174 -.0026387 1219.5737 -586.8433
48.000 .107996 1498837 . 16960.5501 -.0024911 1303.3303 -584.5458
54,000 .093509 1591382. 13466.2565 -.0023330 1371.521)4 ->80.2187
60.000 .080000 1662952. 10004.3708 -.0021665 1424.,548 ->71.7432
66.000 . 067512 1713775 . 6588.2069 -.0019937 1461. 7025 -564.9781
12.000 . 056076 1744163 . 3232.0195 -,1)018167 1484.1)939 -553.7510
78.000 .045711 1754~21. -48.76B -.0016377 1491.n56 -539.8433

pile-head boundary conditions are shear and Momont (lie TYpe 1)

~~:~l~l:g ~~::~/~~C;ii~ ~~~ head: 44700:888 ~~~lbs
spodfied axial load at pile head '" 9OO00.000lbs

(zI'.r" momel'lt for this load indicates free-nead conditions)

1.0000
1.0000

.7000

.7000
.000

360.000



Retaining wall N_o:oll451j~ specified moment at pile beadRetain~n9 wall No. 1.~0~in_lbs84,000 .036423 1745347. -3870.1669 1484.9660 -733.9579
90.000 .026207 1709654. -6195.3037 - .0012618 1458.6665 -707.7543 Specified axial load at pile bead ~ 180000.000 lbs
96.000 •021041 1648388 • -12345.4628 - .0011100 1413.5236 -675.6321

102.000 .014887 1562707. -16260.5603 -.0009457 1350.3919 -636.0671 (zero moment for this load indicates free-head conditions)
108.000 .009693 1454042. -19947.1815 -.0007913 1270.3,43 -566.1400
114.000 .005391 1324196. -23262.6631 -.0006492 1174.6496 -519.0205 Depth Deflect. Moment shear slope Total soi 1 Res120.000 .001903 1175592. -26050,4565 -.0005213 1065.1536 -410.2439 , , , , , Stress

lbs/in126,000 -.000864 1012153. -26251. 7353 -.0004093 944.1276 343.1510 i, '" lbs-in lb, Rad. lbs/in**2132.000 -.003009 861013. -23779.6127 -.0003135 833,3628 480.8698 -------- ----------- ----------- ----- ----- -----------138.000 -.004626 727136. -20693.5341 -.0002322 734.7184 547.8430 0.000 .387181 -1.0849£-06 54700.0GGO -.0046239 397.8868 -617 ,8209
144.000 -.005796 512941. -18240.3373 -.0001636 650.5763 259.8893 6.000 . 359438 322073 . 50958.5571 -.0046074 635.1996 -629,3267150.000 -.006589 508429, -16594.5403 -.0001063 573.5684 278.7098 12.000 ,331892 621455, 47152.5601 -,0045591 855.7927 -639.3389156.000 - ,007071 413921. -14907.3703 -5.9068E-05 503.9328 283.6803 18.000 .304728 897752. 43291.1619 -.0044814 1059,3763 -647.7938162,000 -,007298 329604. -13198.5025 -2.1023E-05 441.8052 285.9423 <4.000 .278115 1150629. 39383.9063 -.0043766 1245.7034 -654.6247168,000 -.007323 255562, -11482,0969 8.9191E-06 387.2490 286.1929 30.000 .252209 1379812 . 35440.7479 - .0042471 1414.5724 -659.1614174.000 -.GG7191 191809. -9768.8192 3,1810E-05 340.2740 284.8997 36.GOO .227150 1585091. 31472.0782 - .0040954 1565,8283 -663.128518G.OGG -.006941 138302. -8G66.9'86 4.8702E-OS 300,8483 282.3972 42.0GG .<03064 1766323. 27488.7593 -,0039239 1699.3650 -664.64451B6.0GO -.006607 94953.4200 -638,.9367 6.0637£-05 268,9078 278.9334 48.00G •18GG63 19<3432 • 23502,1667 -,0037351 1815.1276 -664.2197192.000 -.006214 61641.2342 -4722.0580 6.865GE-G5 244.3624 274,6928 54.000 .158243 2056417 , 19524.2465 -.01>35315 1913.1146 -661. 7537198.000 -.005783 38214.5823 -3088.5642 7.3759E-05 227.1010 ,69.8051 60.000 .137685 2165351. 15567,5899 -.GG33155 1993.3805 -657.1319204.000 -.005329 24498,8033 -2083.2791 7.6968E-05 216.9948 65.2899 66.000 .118457 2250389. 11645.5331 -.0030695 20)6.0392 -650.2204210.000 -.004859 13132.1078 -1703.2796 7.8894E-05 'G8.6195 61. 3766 72 .000 .100611 2311771. 7772.2946 -.OG'8561 H01.2669 -640.8591216.000 -.004382 3974.2432 -1348.1397 7.9769E-05 201.8717 57.0034 78.000 .084184 2349826. 3963.1657 -.G026175 2129.3070 -628.8505222.000 -.003902 -3131. 7198 -1020.4203 7.9812E-05 201.2509 52.2365 84.000 •069201 2364983 • -508.3032 -.0023763 2140.4749 -861.6391228.000 -.003424 -8356.9974 -722.3114 7.9224E-05 205.1011 47.1332 90.000 .055669 2348859 . -5609.6256 -.00,1351 2128.5946 -838.8G17234.000 -.002951 -11885.0197 -455.6889 7.8189E-05 207.7006 41. 7410 '>6.000 .043580 2302279. -10557.3243 -.0018971 2094.2730 -810.4312240.000 -.002486 -13909.7082 -222.1737 7.6869E-05 209.1925 36.0974 102.000 .032904 2226269. -15314.9240 -.0016654 2038,2666 -775.4353246.000 - .002029 -14634.1226 -23.1945 7.5408E-05 209.7262 30.2290 108.000 .023595 2122097. -19837,1463 -.0014429 1961. 5097 -731.9721252.000 -.001561 -14269,4837 139.9498 7.3929E-05 209.4576 24.1524 114.000 .015589 1991340. -24062.6557 -.0012324 1865.1639 -576.5310256.000 -.001142 -13G34.5684 266.0302 7.2532£-05 208.5476 17.8743 120.000 .008806 1836007. -27895.1023 - .0010366 1750.7103 ~600.95122.64,000 -.000711 -11155.4564 353,8308 7.1294E-05 207.1631 11. 3925 126.000 .003151 1658837. -31126.3015 -.0008577 1620.1665 -476.1152270,000 -.OGG286 -6665.5969 402,0997 7.0270E-05 205.4758 4.6971 132.000 - .001486 1464344. -31346.0752 -.0006979 1476.8583 402.8573276.000 .000133 -6406.1512 409.5060 6.9489E-05 203.6636 -2.2277 138.000 -.005224 1264192. -28443.0139 -.0005573 1344.1169 564,8299282.0GO .000548 -4026.5484 374.6200 6.89S5E-05 201. 9103 -9.4017 144.000 -,008174 1124232. -25866.0624 -.0004340 1226.2535 294.1540288.000 .000960 -1985.1629 195.8771 6,8647E-05 200.4061 -16.8460 150.000 -.010433 974737. -24045.5619 -.0003266 1116.1012 31,.6795,94.000 .001371 -550.1623 171.5985 6.8517E-OS 199,3488 -24.5802 156.000 -.012093 836390. -22134.1641 -.0002340 1014.1637 3l4.4531300.000 .001782 0.0000 O.OOOG 6.8489E-G5 198,9434 -32.6192 162.000 -.013240 709632. -20165.1209 -.0001549 9l0,7644 331.8946

168. GIlD -.013952 594744. -18160.6261 -8. 811iE-05 836.1112 336,2703output verification: 174.0GG -. G14298 491895. -16136.7933 -3.2515E-05 760,3293 338.3406
180.000 -.G14342 4Gll72. -14105.9590 1.3182E-05 693.4822 338.6041computed forces and moments are within specified convergence limits. 186.000 -.014140 322595. -12077.9272 5.0217E-05 635.5842 337.4065
192.000 -.013739 ,56129. -10060.7240 7,9829E-05 586.6G98 334.9946
198.000 -.013182 201694. -8061.1069 .0001033 546.5007 331.5445output summary for Load case No. 1, 204.000 -.0125GO 159172, -6607,0764 .00Gln7 515.1696 153.1324
210.000 -.0117<1 122146. -5703.6130 .00GE61 487.8875 148.0221pi le-head deflection .24951787 in 216.000 -.010867 90434.9649 -4835.5074 .0001470 464.5219 141. 3464

CQ~uted slo~e at pile head -.00319460 22Z.000 -.009957 63802.4069 -4011.6256 .0001549 444.8983 133.2808
~~~i:~: ~~~~~n~e>~~~ent 1754521. lbs-in 228.000 -.009008 41960.9074 -3239.8211 .0001603 428.8048 123.987344700,00000 lbs 234.000 -,008033 24578.3138 -25,7.0257 .0001637 415.9968 113.6111
g:~i~ ~~ ::i~:~: ~~~~~n~o~~:ent 78.00000000 in 240.000 -.007044 11283.0045 -1879.3580 .0001655 406.2004 102.2781

0.00000 in 246.000 -.006047 1668.4602 -1302.2450 .0001662 399.1161 90.0929Number of iterations " 252.000 -.005049 -4702.9249 -800.5527 .0001660 401. 3520 77 .1379Number of zero dilfleetion poillts : , ,58.000 -.004054 -8296,8266 -378.7192 .0001654 404.0001 63.4733
264.000 -.003065 -9604.7718 -40,8853 .0001645 404.9639 49.1380
l70.000 -.002081 -9142.6885 208.9814 .0001635 404.6234 34.1509
<76.000 - .001103 -7450.1621 366.9765 .0001627 403.3763 18,5141
28l.000 - .000129 -5090.3030 429.1678 .0001620 4G1.6375 2.2163------------------------------------------------------------------- 288.000 .000641 -2650.0947 391. 5284 .0001616 399,8394 -14.7628computed Values of load Distribution and Deflection 294.000 .001810 -741.0538 249.9009 .0001614 398,4328 -3, ,4464

for Lateral Loading for Load case Number 2 300.GGG .002779 0.0000 0.0000 ,0001614 397,8668 -50,8539----------------------------- -------~--------------------------------

~~~~i~~~ ~h~~~a?or~~n~~t~n; ~~~sh~ar and ~~~~2~0~~cl~pe 1)
output verification:

computed forces and moments are within specified convergence limits,

Retaining Wall No. ll.lpo

computed Values of Load oistribution and Deflection
for Lateral Loading for Load Case Number 3----- -- ------ - - ---------------------- -- --------------------------------------

output summary for Le>ad case No.2:

pile-head deflection
Com~uted slo~e at pile head

~:~~~~~ ~h~~~n~o~~:ent
~:~i~ ~~ ~:i~~~~ ~h~~~n~o~~:ent
Number of iterations m

Number of ZerO deflection points ~

.38718124 in
- .00462390

2364963. lbs-;n
54700.00000 lbs
84 ,00000000 i n

0.00000 in

",

192.000
198,Goo
204.000
210.000
216.000
222.000
228.000
234.000
240.000
246.000
252.000
258.000
264.000
270.000
276.000
262.000
288.000
294,000
300.000

-,021875
-.021347
-.0,0557
-.019553
-.018377
-.017068
-.015656
-.014170
-.01l631
-.011058
- .009464
-.007861
-.006253
- .004647
-.003044
-.001445

.000151

.001746

.003340

519998 .Re_·~t6i,fj5n'097woaJ 1 ~.oi2NE·Jfs"
427761. -14234.9789 .0001098
3489n. -12357.6946 ,0001495
279145. -10861.9261 .0001817
218205. -9404.4686 .0002071
165844. -8002.3429 .0002268
121688. -6670,7854 .0002415

85273.3336 -5423.3614 .0002521
56062.7095 -4272 .1137 .G002593
33447.8608 -3227.7419 .0002639
16759.8056 -2299.8011 .0002665

5274.6974 -1496.9136 .0002676
-1781.1434 -826.9836 .0002678
-5227.4773 -297.4059 .0002674
-5927.6116 84.7396 .0002668
-4786.9659 312.5193 .0002663
-2752.5603 379.0100 .0002659

-813.1921 277.2094 ,000l657
0.0000 a.oooo .0002657

781.0364
713.0734
654.9967
603.5692
558.6669
520.0858
487.5497
460.7187
439.1954.
422.5321
410.2359
401. 7733
399.1992
401. 7385
402.2544
401.4140
399.9149
398.4860
397.8868

376.3089
374.0214
251.7400
246.8495
238.9697
228.4056
215.4469
200.3611
183.3881
164.7358
144.5778
123.0514
100.2586

76.2673
51.1146
24.8120
-2,6484

-31.2852
-61.1180

Definition of symbols for Pile-Head Loading conditions:

output verification:

computed forces and moments are within specified convergence limits.

The analysis ended normally.

Maximum
shear
lb,

17545,1. 44700.0000
2364983. 54700.0000
3007907. 64700.0000

Maximum
Moment
in-lbs

.2495179

.3871812

.5488741

Pile-Head
oefleotion

i"

.54887411 in
-.00621074

30G7907. lbs-i n
64700.GGGOO lbs
90.00000000 i n

0.00000 in

",

y - pile-head displacment in
ill ~ Pile-head Moment lbs-in
v m pile-head shear Force lbs
s _ Pile-head slope, radians
R ~ Rot. stiffness of Pile-head in-lbs/rad

Axial
Load
lb,

o.000 90000 .0000
o .000 180000 ,
0.000 180000 .

Pile-Head
c"ndition,

447GG. M~

5470G. III~

64700. 111_

output summary for Load CaSe No.3:

pile-head deflection
com~uted slo~e at pile head

~:il:~~ ~h~~~n~e>~~:ent

g:~i~ ~~ ::i~:~~ ~~~~~n~o~~:ent
Number of iterations ~
Number of zero deflection points _

Load pile-liead
Type con~tie>n

Type 1 _ Shear and Moment,
Type l _ Shear and slope,
Type 3 _ shear and Rot. Stiffness,
Type 4 ~ Deflection and Moment,
Type 5 m Deflectioll and slOpe,

pile-head bounda70 conditions are shear and Moment (BC Type 1)

~~:~Ht:~ ~~::~t ~~c~il~ ~~~d head: 64700:~~~ i~:lbS
specified axial load at pile head _ lflOOOO.OOO lbs

(Zero moment for this load indicates free-head conditions)

Depth Deflect. !IIoment Shear Slope Total soil Res,
¥11

, , , Stress
lbs/ini, lbs-in lb, Rad, lbs/in**2-------- ---~----- ------- --- ----------- ----------- -----------

0.000 .548874 -1.4465E-06 64700.0000 -.G062107 397.8866 -674.1404
6.000 .511610 382773. 60615.4098 -.0061911 679.9251 -687.3896

12.000 .474580 ·'140758. 56455.8541 -.0061337 943,6987 -699.17.89
18.000 .438006 1073492. 52230.5847 -.0060408 1188,8670 -709.2942
24,000 ,402090 1380573. 47949.2461 -.0059153 1415.1333 -717.8187
30.000 .367023 1661660. 43621. 8945 -.0057596 1622.2463 -724.63J.9
36.000 .332975 1916476. 39259.0228 -.0055765 1810.00l5 -729.6587
4l.000 .300105 2144613. 34871. 5922 - ,0053687 1978.<479 -732.6182
48.000 .l68551 2346532. 30471.0721 - .0051389 2126.8800 -734,0219
54.000 .238438 2521566, 26069.4920 -.0048898 2255.8501\ -733.1715
60.0GO .209874 2669926. 21679.5083 -.0046241 2365.1675 -730.1564
66.000 •162949 <7917G9• 17314.1928 -.0043447 2454.8991 -7<4.8486
72 .000 .157738 2887086. 12988.6493 -.0040541 2525.1761 -717.0990
78.000 .134,99 29563l9. 8717.1743 -.0037551 2576.1964 -706.7260
84.000 .112676 ,999803. 3677 .0884 -.0034503 2608.2294 -973.3G26
SO.OOO .092695 3007907. -21G2.8164 -.0031429 2614.2004 -953.3323
96.000 .074961 2961358. ~7747 .0935 -.0028365 2594.6385 -926.0934

102.000 .058858 2921069. -13221.6009 -.0025344 2550.2153 -896.7424
108.000 .044548 2828173- -18485.7355 -.0022403 2461. 7674 -857.9691
114.000 .031975 2704079. -23488.2942 -.GG19572 2390.3309 -809.5504
17.0.000 .OZl067. 2550541. -28158.5651 -.0016883 2277.2001 -747.2065
126,000 .011715 2369823. -32382.4944 -.0014365 2144.0413 -660.7699
132.000 .003823 2165054. -35898.6976 -.001,045 1993,1620 -511.2979
138.000 -,002739 1941640. -35991,2899 -.0009944 1828.5438 480.4338
144.000 -,006109 1735307. -33669.2866 -.0008062 1676.5114 293.5674
15G.OOO -.012413 1539350. -31808.8582 -.0006387 1532.1248 326.5754
156.000 -.015773 1354980. -29788.9078 -.0004906 1396,2755 346. H14
16, .GGO -.018300 1162943. -27669.0574 -.0003607 1,69.5135 359.6754
168.000 -.02Gl01 1023730. -25484.1534 -.0002478 1152.2011 368.4259
174.000 -.021n3 877668. -23257.8110 -.0001505 1044.5762 373.6682
180.000 -.Oll907 74496~ • -21007.4185 -6.7463E-05 946.7962 376.4426
186.000 -.022063 625725. -18746.4938 2.6727£_06 858.9390 377 .1990
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Lateral Deflection (in) Unfactored Bending Moment (in-kips)
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Retaining Wall No. 14.1po
"""""""""="="""""""~"""•••~••••••••=." ,,••" •••••••••_••~••mm""

LPILE plus for Windows, v.. rsion 5.0 (5.0.21)

Analysis of Individual piles and Drilled sllafts
subj ..cte.d to Lat.. ral Loading Using til.. p-y Metllod

(c) 1985-2005 by Ensoft, Inc.
All Rights R..s .. rv..d

_ Deflection toleranc.. for conRv....tr~..n~cneg !allLNtiooJ-E~:Jroi n
- Maximum allowabl .. rl .. fl ..ction ~ LOOOOH02 in

printing o~tions:

- ~:~~e~a~~t~~~e;~:a~r~~~~jc~~nfu~~n~~~~t~o~~n~i l:~ear force,
- printing Increment (spacing of output points)" 1

pil .. structural properti ..s anrl Geom..try
--------------------------~---------------------------------------------------

Tilis program is lic..nsed to:

~:~¥k~a~~~~u1tants

~~~~..~h~~~ii~~~~t~~~s~ound W~ii~\~~i~~\projects\2006\206117 TYUn Rt.. 4
Name of input data file: Retaining Wall No, 14.1pd
Nam.. of output file: Retaining Wall No. 14.lpo
Nam.. of plot out~ut fila: Retaining Wall No, 14,lpp
Name of runtime file: R.. taining Wall No. 14,lpr

pile Length ..

~j~~~ ~~g~~o~~dg~~~~dC~U~f~~ top of pile:

Structural properties of pile definerl using

point Depth pil.. Moment of
X Diam..t .. r Inertia
in in in**4

0.0000 24.000001)00 16286.1)1)00
300.001)1) 24.1)1)1)1)1)01)1) 16286.1)000

300,00 in
-84,00 in

,00 deg,

2 pCli nts

pil ..
Area

sq,in

452,3%0
452,3900

Modulus of
Elasticity
lbs/sq,in

36001)00,
3600000,

Tillie and Date of Analysis
soil and Rock Lay.. ring Information

problem Title

SR4- Sagment 3A - Retaining Wall No. 14 - 24-in. CICH PIle

Dat.. : F..bruary 3, 21)11) Tim.. : 17:17:39
Th.. soil profil .. is mod ..ll ..d using 2 layers

Lay.. r 1 is stiff clay without fr..e water
Distanc.. from top of pil .. to top of lay.. r "
Distance from top of pile to bottom of layer.

Layer 2 is stiff clay without free water

g~~i:~~: ~~: i~~ ~~ ~~1: i~ ~~~t~~ ~?~~y..r:

-84.1)1)0 in
3,000 in

3,000 in
31)0,1)1)1) in

program optivns
(oepth of low..st layer axtends ,1)1) in b.. low pil .. tip)

units us ..d ir. computations - us Customary Units, inches, pounds

Basic program options I

~n~~~~~arr~~ ~~ Lat.. ral Pile RespClnse Llsing Llser-specified constant EI

computation options:

= ~~~1'y~~~e~~:~l~=~e~~~~~;~e~;yf~~r~~~u~s:~tt~nanalysi s
- ·Analysis assum..s no shear r ..sistanc.. at pil .. tip

= ~~a~~~~~t:~io~i ~;df~~~9~~i ~~1=trft~~:~tm~~~¥x ..l ..m..nts

= ~~~~~~i~i ~~s~:~~o~~"s~!j ~~~m~~~~t~c~fngi~~ pil ..
- No aiJditional p-y curv..s to be computed at user-specifiecl depths

Effective Unit W..ight of soil vs, oepth
--------~------------------- --- -------------------------------------------- --
Distribution of effectiv.. unit weight of soil with depth
is rl ..fined using 4 points

P~~~t De~~h X Effib~/i~*~~ight
----------------

-84.1)1) .07231)
3.00 ,07230
3.1)1) .1)7230

301).1)0 ,1)7230

Solution control parameters:
- Number of pil .. incr..m.. nts •
- Maximum numb.. r of it.. rations allow..rl "

>0
100 sh..ar Str..ngth of Soils

RetaininG wall NO, 14.1po------------------------------------------------------------------------------
Distribution of sh..ar strength parameters with depth
defi ned USl ng 4 poi nts

Notes:

(1l cohes1<m" uniaxial cOlllpressiv.. strength for rock materials.

~
2 values of 1050 are report..d for clay strata,
3 D..fault valu..s will be generated fClr'E50 when input values are O.
4 RQD and ILrm· ar" r ..port..d only for w..ak rock strata.

point D..pth X cohesion t Angl .. of Friction E5Cl or". i" lbs/in**2 Deg. k.-m---------------
-84.001) 17,36001) .00 .1)1)51)0

3.000 17,36000 .00 .01)500
3.1)1)1) 27,78000 .00 .00400

31)0,1)1)1) 27.781)1)1) .00 .1)1)400

"~O

.0
.0
.0
.0

R.. taining wall NCl, 14,lpo

:~~~1n~0~m:~\n.,P~~:dllead: 181)01)1):88g l~;lbs

(z.. rv mom ..nt at pile head for this loarl indicat..s a fr ....-h..ad condition)

Lo·ad Cas.. Numb.. r 3

~~~:;hf~~c~o~~d;Heth~~~tion: are sh6500g~gl)~0~b~t (BC Typ.. 1)

:~~in~o~m:~tpff.,P~2:dh..ad : 180000:888 ic;lbs

(Zero mom..nt at pil .. h..ad for this load indicat..s a fr.... -head condition)

cOlIIputed valu ..s of Load oistribution and DeflectiCln
for Lat .. ral loading for Load Cas.. Numb.. r 1

p-y Modification Factors

Static loading crit.. ria was us ..d for computativn of p-y curv..s

Depth Deflect, Moment shear slope Tvtal soi 1 Res, , , , , str..ss
lbs/ini" '" lbs-in lb, "d. lbs/in**2

~------- --~

0.1)1)0 .106705 4,5203£-08 45001),1)1)00 - ,1)1)17885 198,9434 -574.3422
6.1)1)0 .1)95974 260628. 40790.7631) - ,1)1)17752 390,9814 -828.7368

12.01)1) .I)SS403 49141)6. 35813.7888 -,01)17367 561,0259 -830.2545
18,000 .075133 692259, 30837.1291 -,0016761 709,0272 -828,6320
24,1)1)0 .1)65289 863262. 25879,9978 -.1)1)15965 835,1)21)1 -823.7451
30,000 .055975 1004553. 20962,3932 -,1)0150l() 939,1273 -815.4565
36,000 ,047277 1116432, 16105.1873 -,Q{)139N 1021. 5631) -803,6121
42,000 .1)39265 1199319, 11330.2471 -.0012739 11)82,6367 -788.1)346
48,000 .031991) 1253771, 6660,61)36 -.0011484 1122,7582 -768,5132
54.000 .025484 1280487, 2120,6977 -,0010188 1142.4433 _744,7887
60.000 ,019765 1280319, -2263,2457 -.01)08877 1142,321)1) -716.5258
66.001) .1)14832 1254286. -6462,6168 -,01)07580 1123.1382 -663,2646
72 .000 ,010669 1203587, -11)445,3855 -.0006323 1085,7811 -644,3249
78,000 ,007245 1129625, -14174,1515 -.0(1)5129 11)31.2838 -598.5971
84.01)1) .004514 11)341)51. -1761)1.9874 -.1)1)1)41)22 960.8621 -544,1)149
90,000 ,002419 918835. -20661,6877 -.0003022 875,9679 -475.8852
96,1)00 ,000887 786437. -23225,1282 -.01)02150 778.4131) -378,5950

102.000 -,000161 640366. -23884,6378 -,0001421) 671),7835 158.7585
11)8,1)1)1) -,1)00816 499975, -22249.71)11 -8.36181':-1)5 567,3392 386.221)4
114.000 -,001164 373461). -19798.5242 -3.8926E-05 474,1193 430.8385
120.000 -,001283 262434. -17154,9751 -6,3877E-06 392,3126 450.3445
126,1)1)0 -.1)1)1241 16761)7, -14437.7142 1. 561710-1)5 322,4410 455.4091
132,000 - ,001096 89164,8335 -11721.4654 2.8756E-05 264,6426 450,m172
138.000 -,000896 26918,1780 -9063,3522 3.4695E-1)5 2UI. 7715 436.0306
144,1)1)1) -.1)1)1)681) ~19632.8644 -6511,81)27 3,506810-1)5 213.4095 414.4859
151).01)1) - ,1)1)1)475 -51261. 3283 -3626,911)1) 3,14411'-05 236.7142 547.1451)
156.000 - ,000302 -63189.7405 -922,6374 2,5584E-05 245.5034 354,2792
162.1)00 -,000168 -62360,6088 741.8622 1. 9161)1'-05 244.8925 21)0,5541)
168.1)1)0 -7.23E-OS -5431)8,0869 1606,791)4 1,3190£-1)5 B8.9592 87.7554
174.000 -9,85E-06 -43093.3690 1906,5176 8,2064E-06 230.6958 12.1537
181),000 2,62E-05 -31438,7382 1844.5008 4,39271'-06 222.1084 -32.8259
186,1)01) 4.29£-1)5 -20964,1031 1582.0091 1.7113£-1)6 214.3904 -54,6713

pile-llead boundary conditions ar.. shear and Moment (BC Type 1)

~~:~1+i:~ ~g~~~tf~~[~i;: ~~i.d head: 45000:888 l~~lbs
specified axial load at pile head" 90000.0001bs

(z.. ro mom..nt for this load indicat..s fr.... -head conditions)

1.1)1)1)1)
1.1)1)1)0

,7000
,71)00

.1)1)1)
360.000

Numb.. r of loads sp..cifi ..d ~ 3

Load Cas.. Numb.. r 1

~~~:;h$~~c~o~~rl~i1'..ch~~~tion~ ar .. sh:t:;o~~go~"~~~t (ae TYP" 1)

~~~~lnlo~dm:~\n/~l~head~ 9001)0:888 ~C;lbs

(zero moment at pile head for this lvad indicates a free-head condition)

Load case Number 2

Distribution of p-y multipli .. rs with depth dafined using 2 points

Point D..pth X p-mult y-mult
No, in

------------------~--------------~~~~~~-~~~---------------------------------



computed values of Load Distribution and oeflection
for Latera1 Loading for Load case Number 2

output verification:

computed forces and moments are within specified convergence limits.

192.000 4.67E-05 _12456.4772Reta;p~J'.g42~Nlf.oi1loi_1f;
198.000 4.29E-05 -6126.9789 885.4762 -9.4968E-07
204,000 3.53E-05 -1829.7368 576.1133 -1.3568E-06
210,000 2.66E-05 787.8464 330.6632 -1.4101E-06
216,000 1. 84E-05 2139.7450 152.3147 -1.2603E-06
222.000 1.15E-05 2616.9837 33.9393 -1.0169E-06
228.000 6,18E-06 2548,1148 -36,0450 -7.5264E-07
234.000 2,44E-06 2185,2561 -70,2147 -5,1044E-07
240,000 4, 99E-08 1706.0891 -80,0951 -3, 1132E-Ol
246,000 -1.29£-06 1224.4515 -75,1610 -1.6137£-07
252,000 -1.89£-06 804.3315 -62,5481 -5.7559£-08
258,000 -1.98£-06 473.9370 -47.1961 7.8478E-09
264,000 -1..79E-06 237,9696 -32,2176 4.4275£-08
270.000 -1.45E-06 87,2717 -19,3460 6.0918£-08
276.000 -1.06E-06 5,7519 -9,3732 6,5618E-08
282.000 -6,65E-07 -25,2710 -2,5256 6,4679E-08
288.000 -2,85E-07 -24.6254 1.2441 6.2126E-08
294.000 8,00E-08 -10.4088 ,,0575 6,0333E-08
300.000 4.39E-07 0.0000 0.0000 5.9801E-08

OUtput summary for Loae Case No. 1:

pile-heae deflection
COl1l~uted slope at pile head

~:~l:~: ~h~~~n~o~g:ent
g~~i~ ~~ :~~i~~~· ~h~~~n~o~g:l!nt
Number of iterations m
Number of zero deflection points"

.10670479 in
-.00178852

1280487. lbs-in
45000.00000 lbs
54.00000000 in

0.00000 in
22,

208.1217
203.4579
200.2916
199.5239
200.5200
200.8717
200.8209
200.5536
200.2005
199,8456
199,5360
199,2926
199,1187
199.0071
198,9476
198.9620
198.9615
198.9511
198,9434

-60.5227
-56.4610
-46.6600
-35.1567
-24.2928
-15.1656
-8.1625
-3.2274

-.0660088
1.7107
2,4936
2.6237
2.3691
1. 9214
1.4029

.8796440

.3769348
-.1057877
-.5800621

54.000 .046410 1687566.Reta~3n~.r.!l;Nl N_o.olis·9
lf?

60.000 .037342 1711810. 1248.5002 -.0014238
66.000 .029325 1705624. -3702.1987 -.0012489
72.000 .022355 1670081. -8458.3451 -.0010762
78.000 .016411 1606448. -12986.8975 -.0009085
84,000 .011453 1516<01. -17249.4772 -.0007487
90,000 .007426 1401072, -21198.5803 -.0005995
96.000 .004259 1263113, -24768.4854 -.0004631

102.000 .001868 1104850. -27845.8602 -.0003420
108.000 .000156 9Z9701. -29712.9774 -.0002319
114.000 -.000986 748808, -28943.3588 -.0001520
120.000 -,001668 582709. -26261.0243 -8.3849E-05
126.000 -.001992 433857. -23280.5507 -3.1833E-05
132.000 -.002050 303411. -20163.7475 5.8925E-06
138.000 -.001922 191879. -17001.7821 3.1236E-05
144.000 -.001675 99322.5619 -13860.5549 4.6136E-05
150.000 -.001368 25452.9545 -10794.1033 5.2521E~05
156.000 -.001045 -30320.1225 -7850.4214 5.2272E-05
162.000 -.000741 -68865.0090 -5074.7267 4.1197E-05
168.000 -.000479 -91318.7875 -1991.7503 3,9000E-05
174.000 -.000273 -92850.2525 160.7047 2.9577E-05
180.000 -.000124 -82254.2165 2236,4243 2.0617E-05
186.000 -2,53E-05 -66057.6933 2799.3001 1.3028E-05
192.000 3.26E-05 -48690.7557 2769.6435 7.1562E-06
198.000 6.05E-05 -32837,4292 2403.8985 2.9845E-06
204.000 6.84E-05 -19850.4201 1893.6212 2.8856£-07
210.000 6.40£-05 -10114.5983 1368.6920 -1.2447E-06
216.000 5.34E-05 -3423.4274 902.9928 -1.9374£-06
222.000 4.08E-05 725.5005 529.4872 -2.0755E-06
228.000 2.85E-05 2934.9019 254.7443 -1.8882E-06
234,000 1.81E-05 3786.5099 69.8514 -1.5443E-06
240.000 1.00E-05 3776.4537 -41.5574 -1.1573E-06
246.000 4.21E-06 3290.3208 -97.8970 -7.9567E-07
252.000 4.48£-01 2603.4086 -116.3742 -4.9410£-07
258.000 -1.72E-06 1894.8977 -111.3396 -2.6392E-Ol
264.000 -2, 72E-06 1267.. 9032 -93.7461 -1.0209£-07
270.000 -2.94E-06 770.1646 -11.2948 2.1986E-09
216.000 -2.69E-06 412.3609 -48,9481 6.2707E-08
282.000 -2.19E-06 182.6523 -29,5853 9.3153E-08
288.000 -1.58E-06 51.1361 -14.6552 1.0542E-07
294.000 -9.25E-07 6.5616 -4.7418 1.0868E-07
300.000 -2.71E-Ol 0.0000 0.0000 1.0902E-07

1641.3348
1659,1985
1654.6400
1628.4515
1581.5645
1515,0680
1430.2372
1328.5853
1211.9726
1082.9178

949.6305
827.2440
711.5653
621.4492
539.2690
471.0705
416,6413
420,2275
448.6285
465.1731
466.3016
458.4941
446.5600
433.7635
422.0824
412.5131
405.3395
400,4093
398.4213
400.0493
400.6768
400.6694
400.3112
399.8050
399.2830
398.8210
398.4543
398.1906
398.0214
397.9289
397.8916
397.8868

-865.1907
-840.0384
-810,1946
-775,1875

:m:mg
-629.8378
-560,1306
-465.6610
-156.7114
413.2509
480.8606
512.6306
526.3038
527.6841
519.3910
502.7595
478.4678
446.7638
580.8950
336.5900
155.3166

32.3087
-42.1942
-79.7207
-gO. 3717
-84.6047
-70.6284
-53.8735
-37.7075
-23.9235
-13.2128
-5,5671

-.5919694
, .2702
3.5943
3.8894
3.5595
2.8948
2.0819
1.2226

.3579919

.16634775 in
-.00257931

1111810. lbs-in
55000,00000 lbs
60.00000000 i n

0.00000 in
22,

Computed values of Load Distribution and Deflection

output Summary for Load Case No. 2:

pile-head deflection
com~uted slo~e at pile head

~:~1~~: ~h~~~n~o~g:ent

g:~~~ ~~ ::~~~~: ~h~~~n~o~~ent
Number of iterations "
Number of zero deflection points m

output verification:

computed forces and moments are within specifiee convergence limits.

Total soil Res

lb~'~~~~2 lbs'in----------- -----------
397.8868 -641. 7681
634.5812 -927.9610
846.6346 -931.9691

1033.9170 -932.8649
1196.3842 -930.5262
1334.0800 -924.8233
1447.1407 -915.6125
1535.7980 -902.7329
1600.3838 -685.9988

- .0025793
- .0025629
-.0025153
-,0024399
-.0023403
-.002<199
-.0020820
-.0019301
-.0017676

55000.0000
50290.8121
44711.0205
39116.5165
33526.3431
27960.2948
22438.9874
16983.9512
11617.7561

.1663.48 -4.9723E-07

.150872 321234.

.135593 609026.

.120689 863199.

.106314 1083694.

.092605 1270570.

.079616 1424012.

.067621 1544335.

.056514 1631989.

0.000
6.000

12.000
18.000
2.4.000
30.000
36.000
42.000
48.000

Pile-heae boundary conditions are shear and Moment (BC Type 1)

~~:~~~~:~ ~~:~tf~~c~il'~ ~11d head: 5S000:888 ~~~lbs
specified a~ial load at pile head m 180000.0001bs

(Zero moment for this load indicates free-head conditions)

Depth oeflect. Moment shear slOpe

Xin 1n l~s-in v1bs ~ad.

300.000 -4.02E~06 397.8868 5.3183

summary of pile Response(s)--------------------------------------------------------------

output verification:

COlllputee forces and mOlJlents are within specified convergence limits.

Definition Of symb<>ls 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 " oeflection 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

The analysis ended nomally.

1280487. 45000.0000
1111810. 55000.0000
2170705, 65000.0000

.1067048

.1663418

.2394644

.23946442 in
-.00348345

2170105. lbs-i n
65000.00000 1bs
66.00000000 in

0.00000 in

",

0.000 90000 .0000
0.000 180000.
0.000 180000,

45000. M"
55000. M~

65000. M~

, ,.
1 v"
1 v"

OUtput summary for load case No.3:

pile-head eeflection
com~uted slo~e at pile head

=:~l:~: ~h~~rn¥o~~ent
g:~~~ ~~ :~~~:~~ ~h~~~nfo~~:ent
Number of iterations "
Number of zero deflection points ~

Depth Deflect. Moment shear slope Total soil Res, , " , , stress
lbs/ini, '" 1bs-in lb, Rarl. lbs/in....'

---- --------- ----------- ----------- ----------- -----------
0.000 ,239464 -2.112<£-07 65000.0000 -.0034835 397.8868 -702.9562
6.01)(1 . 218564 )81109 . 59837.0035 -.0034640 618.6989 -1018.0421

12.000 .197897 125526. 53709.8451 -.00H073 932.4756 -1024.3435
18.000 .177676 1032981. 41554.1686 -.0033173 1159.0217 -1027 .5487
24.000 .158089 1303342. 41388.9004 -.0031978 1358.27.69 -1021.5407
30.000 .139302 1536561. 35233.6970 - .0030525 1530.0697 -1024.1937
36.000 .121459 1732739. 29109,0030 - ,0028852 1674,61.97 -1011.3709
42.000 .104680 1892101. 23036.1210 -.0026997 1792.0420 -1006.9211
48.000 .089062 201'>004. 17037.3422 -.0024998 1882.6007 -992.6738
54.000 .014682 2101949, 11136.0242 -.0022891 1946,6639 -974.4322
60.000 .061593 2153581. 5356.8435 -.0020714 1984.7082 -951.9614
66.000 .049826 2170705. -273.9567 -.0018501 1991.3255 -97.4.9120
72.000 .039391 2154290. -5728.1431 -.(1)16288 1985.2304 -893.0902
78.000 .030280 2105486. -10974.8366 - .0014108 1949.2699 -855.8077
84.000 .022461 2025639. -15919.4114 - .0011995 1890,4369 -812,3859
90.000 .015886 19163B. -20701.5529 -.0009978 1809.8891 -761.6593
96.000 .010488 1719376. -25091.2576 -.0008087 1708.9828 -701.5756

102.000 .006182 1616975. -29079.6908 -.0006349 1589.3211 -627.9021
108.000 .002870 1431791. -32550.8741 -.0004789 145<.8721 -529.1590
114.000 .000436 1221399. -35482.4068 -.0003428 1302.2100 -448.0186
120.000 - ,001<44 1006742. -35485.9560 -,0002285 1139.6840 446.8355
126.000 _ .002306 802061. -32550.3163 -.0001359 988.8686 531. 7110
132.000 -.002875 616432 . -29B6.9435 -6.3346£-05 852.0920 512.7466
138.000 -.003066 451354. -25739.5004 -8.7085£-06 730.4578 593,0678
144.000 -.002980 307577 -22160.8518 3.0125E-05 624.5185 599.8131
150.000 -.002104 185359. -18572.9423 5.5348E-05 534.4647 596.1587
156.000 -.002315 84582.1883 -15033.2096 6.9161£-05 460.2094 583.7522
162.000 -.001875 4811.1018 -11591.4868 7.3735E-05 401.4311 563.4886
168.000 -.001431 -54674.9206 -8293.5967 7.1183E-05 438.1129 535.8079
174.000 -.001020 -94865.8148 -5183.8171 6,3531£-05 467.7867 500.1853
180,000 -.000668 -111018. -,301.2713 5.2690E-05 484 .1090 458.0633
166.000 -.000388 -122667. 551.7732 4.0425E-OS 488.2113 494.9515
192.000 -.000183 -110484. 2748.8472 2,8495£-05 479.2946 237.4065
198.000 -4.61£-05 -89742.7.626 3643.<415 1.8250E-05 464.0115 60.1269
21)4.000 3.58E-05 -66804.4433 3683.3521 1.0240E-05 447.1102 -47.3587
210.000 7.68E-05 -45564.1550 3236.9030 4.4898E-06 431.4598 -101.4576
216.000 8.97E-OS -27911.3056 2576.8041 7.2709E-07 418.4969 -118.5753
222,000 8.55£-05 -14644.0762 1882.1061 -1.4535E-06 408.6770 -112.9907
228.000 7.23£-05 -5382.8924 1256.5728 -2.4782E-06 401.6531 -95.5205
234.000 5.51£-05 440.1500 748.9674 -2. 7311E-06 398.2111 -73.6813
240.000 3.95E-05 3610.6160 371.3251 ~2.5239E-06 400.5472 -52,1994
246.000 2.55E-05 4901.5033 113.7828 -2.0883E-06 401.4983 -33.6480
252.000 1.44E-05 4980.5200 -44.3858 -1.'827E-06 401.5566 -19.0748
258.000 6.46E-06 4312.2925 -127.2421 -1.1041E-06 401.1084 -8.5440
264.000 1. 18E-06 3455.9994 -157.5593 -1.0354E-07 400.4333 -1. 5618
UO.OOO -1.98E-06 2483.1006 -154.3983 -3, 9964E-Ol 399.1164 2.6154
276.000 -3.61E-06 1604.0825 -132.2203 -1.9050E-07 399.0687 4.7773
282.000 -4.26E-06 896.8685 -100.9710 -6.7.534E-08 398.5476 5,6372
288.000 -4.36E-06 392.4937 -66.7580 3.4409E-09 398.1760 5.7692
294.000 -4.22E-06 95.7654 -32.7027 2.8424£-08 397.9573 5.5826

pile-head bounda70 conditions are Shear and Moment (BC TYpe 1)

~~:~4f.4~~ ~~~:~t ~~c~il'~ ~~~ head: 65000:ggg l~~lbs
spedfierl axial load at pile head ~ 180000.000lbs

(zero 1lI0000ent for this load indicates free-head conditions)



"CULVERT 4" RESULTS



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206118.GDR

SAMPLE LOCATION .... SW-134 #2 @4.5 ft

TEST SAMPLE NO ..... 2

OPERATOR Ganga

TEST DATE 01/31/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.6, WATER pH ~ 0.0, SOIL pH ~ 7.6
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1050 , WATER ~ 0 , SOIL ~ 1050

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850

GALV.+
POLYMER
90 DEG
INVERT
75
83
90

106
121
136

GALV.+
BIT COAT

(SOIL SIDE)

GALV.+
BIT COAT.

(WATER SIDE)

GALV.+
BIT COAT &
PAVED INV.

(ABRASION)
33 40 50
41 48 58
48 55 65
64 71 81
79 86 96
94 101 111

fps WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
(0.052 in) CSP AND CASP MAY BE USED WITH THESE FLOW VELOCITIES

GALV.
2 02

CSP
THICK

Gage & in

18 0.052 25
16 0.064 33
14 0.079 40
12 0.109 56
10 0.138 71
08 0.168 86

FLOW VEL. <5
CAP, 18 GAGE

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206118.GDR

SAMPLE LOCATION .... RW/SW-136 # 3 @ 9.5 ft

TEST SAMPLE NO ..... 3

OPERATOR Ganga

TEST DATE 01/31/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.6, WATER pH ~ 0.0, SOIL pH ~ 7.6
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 800 , WATER ~ 0 , SOIL ~ 800
CHLORIDES, PPM ... 57.8, SULFATES, PPM ... 32.7

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 22 30 37 47 72
16 0.0641 29 37 44 54 79
14 0.0791 36 44 51 61 86
12 0.1091 50 58 65 75 100
10 0.1381 63 71 78 88 113
080.168177 85 92 102 127

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

PLASI'IC 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206118.GDR

SAMPLE LOCATION .... RW/SW-139 # 3 @ 11 ft

TEST SAMPLE NO ..... 3

OPERATOR Ganga

TEST DATE 02/09/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.7, WATER pH ~ 0.0, SOIL pH ~ 7.7
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1470 , WATER ~ 0 , SOIL ~ 1470

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 29 37 44 54 79
16 0.0641 38 46 53 63 88
14 0.0791 46 54 61 71 96
12 0.1091 64 72 79 89 114
10 0.1381 81 89 96 106 131
08 0.1681 99 107 114 124 149

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206118.GDR

SAMPLE LOCATION .... SW-140 #3 @ 9.5 ft

TEST SAMPLE NO ..... 3

OPERATOR Ganga

TEST DATE 02/16/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.9, WATER pH ~ 0.0, SOIL pH ~ 7.9
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 430 , WATER ~ 0 , SOIL ~ 430
CHLORIDES, PPM ... 244.5, SULFATES, PPM ... 248.9

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 17 25 32 42 67
16 0.0641 22 30 37 47 72
14 0.0791 28 36 43 53 78
12 0.1091 38 46 53 63 88
10 0.1381 49 57 64 74 99
08 0.1681 60 68 75 85 110

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4. EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... RW/SW-143 # 4 16 ft

TEST SAMPLE NO ..... 4

OPERATOR Ganga

TEST DATE 02/09/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.7, WATER pH ~ 0.0, SOIL pH ~ 7.7
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1230 , WATER ~ 0 , SOIL ~ 1230

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV. + GALV. + GALV. + GALV. +
THICK 1 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

180.052127 35 42 52 77
16 0.0641 35 43 50 60 85
14 0.0791 43 51 58 68 93
12 0.1091 59 67 74 84 109
10 0.1381 76 84 91 101 126
080.168192 100 107 117 142

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... SW-148 # 4 @ 14.5 ft

TEST SAMPLE NO . .... 4

OPERATOR Ganga

TEST DATE 02/09/2007
************* 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 ~ 880 , WATER ~ 0 , SOIL ~ 880
CHLORIDES, PPM ... 205.2, SULFATES, PPM ... 90.6

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

cSP 1 GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in I (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 23 31 38 48 73
16 0.0641 30 38 45 55 80
14 0.0791 37 45 52 62 87
12 0.1091 52 60 67 77 102
10 0.1381 66 74 81 91 116
08 0.1681 80 88 95 105 130

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... RW/SW 149 # 7 j~ 28.5 ft

TEST SAMPLE NO ..... 7

OPERATOR Ganga

TEST DATE 02/16/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.9, WATER pH ~ 0.0, SOIL pH ~ 7.9
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1470 , WATER ~ 0 , SOIL = 1470

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 29 37 44 54 79
16 0.0641 38 46 53 63 88
14 0.0791 46 54 61 71 96
12 0.1091 64 72 79 89 114
100.138181 89 96 106 131
08 0.1681 99 107 114 124 149

FLOW VEL. <5 fps WITH NON-ABRASIVE CONDITIONS, (OEFAULT 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 192+19 155.5'LT."E"LINE

TEST SAMPLE NO ..... RW186#2@4.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.9, WATER pH ~ 0.0, SOIL pH ~ 7.9
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 800 , WATER ~ 0 , SOIL ~ 800
CHLORIDES, PPM ... 78.8, SULFATES, PPM ... 221

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 22 30 37 47 72
16 0.0641 29 37 44 54 79
14 0.0791 36 44 51 61 86
12 0.1091 50 58 65 75 100
10 0.1381 63 71 78 88 113
080.168177 85 92 102 127

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA192+32 106.4' RT. "En LINE

TEST SAMPLE NO ..... RW-187#2@4.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* 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 ~ 560 , WATER ~ 0 , SOIL ~ 560
CHLORIDES, PPM ... 80.9, SULFATES, PPM ... 276.2

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in I (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 19 27 34 44 69
16 0.0641 25 33 40 50 75
140.079131 39 46 56 81
120.109143 51 58 68 93
100.138155 63 70 80 105
08 0.1681 66 74 81 91 116

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... 195+97 12.0 RT."E" LINE

TEST SAMPLE NO ..... AST154#2@8

OPERATOR O.GOUTHIER

TEST DATE 12/08/08
************* 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 ~ 860 , WATER ~ 0 , SOIL ~ 860
CHLORIDES, PPM ... 10.9, SULFATES, PPM ... 89.1

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK I 57 g BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & mm I (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 1. 3 1 23 31 38 48 73
16 1.6 I 30 38 45 55 80
14 2.0 1 37 45 52 62 87
12 2.8 1 51 59 66 76 101
10 3.5 I 65 73 80 90 115

8 4.3 I 79 87 94 104 129
FLOW VEL. <1.5 m/s WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
CAP, 18 GAGE (1.3 mm) 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO. 206117 .. GDR

SAMPLE LOCATION .... STAl96+40 208.5'RT."E"LINE

TEST SAMPLE NO ..... RW-189#3@8.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.7, WATER pH ~ 0.0, SOIL pH ~ 7.7
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 620 , WATER ~ 0 , SOIL ~ 620
CHLORIDES, PPM ... 157.5, SULFATES, PPM ... 218.1

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

180.052120 28 35 45 70
16 0.0641 26 34 41 51 76
140.079132 40 47 57 82
120.109145 53 60 70 95
10 0.1381 57 65 72 82 107
080.168169 77 84 94 119

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 201+07 173.9'RT."E"LINE

TEST SAMPLE NO ..... RW-193j13@8. 5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* 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 = 830 , WATER ~ 0 , SOIL ~ 830
CHLORIDES, PPM ... 53.1, SULFATES, PPM ... 214.1

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV. + GALV. + GALV. + GALV. +
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

180.052123 31 38 48 73
16 0.0641 30 38 45 55 80
14 0.0791 37 45 52 62 87
12 0.1091 50 58 65 75 100
10 0.1381 64 72 79 89 114
08 0.1681 78 86 93 103 128

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 203+03 116.2'Rt."E" LINE

TEST SAMPLE NO ... .. RW-194#5@18.5

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.8, WATER pH ~ 0.0, SOIL pH ~ 7.8
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1450 , WATER ~ 0 , SOIL ~ 1450

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

180.052129 37 44 54 79
160.064137 45 52 62 87
14 0.0791 46 54 61 71 96
120.109163 71 78 88 113
10 0.1381 81 89 96 106 131
08 0.1681 98 106 113 123 148

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 207+00 129.3'RT."E" LINE

TEST SAMPLE NO ..... RW-197#2@4.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/08
************* A DATA VALUE OF

CSP SITE pH = 7.1, WATER
MINIMUM RESISTIVITY, OHM-CM:
CHLORIDES, PPM ... 607.7 ,

ZERO INDICATES NO DATA INPUT
pH ~ 0.0, SOIL pH = 7.1
CSP SITE ~ 240 , WATER ~ 0 ,
SULFATES, PPM ... 240.2

*****************

SOIL ~ 240

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 l.l. 19 26 36 61
16 0.0641 14 22 29 39 64
14 0.0791 17 25 32 42 67
12 0.1091 24 32 39 49 74
10 0.1381 31 39 46 56 81
08 0.168 I 37 45 52 62 87

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 MAY BE ADVERSELY
AFFECTED BY CHLORIDES. RECOMMENDED DESIGN IS:

FOR CHLORIDE RESISTANT RCP, ESTIMATED SERVICE LIFE, YEARS 45
USING CEMENT CONTENT, sk/cy, C = 6
USING CONCRETE COVER, in, S ~ 2
USING TOTAL MIX WATER, % BY VOL., W 15

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



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA212+67 98.0'LT."E" LINE

TEST SAMPLE NO ..... SW-200#4@13.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17 /2008
************* 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 ~ 2120 , WATER ~ 0 , SOIL ~ 2120

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

csp 1 GALV. GALV. + GALV. + GALV. + GALV. +
THICK 1 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in 1 (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 33 41 48 58 83
16 0.0641 44 52 59 69 94
14 0.0791 54 62 69 79 104
12 0.1091 74 82 89 99 124
10 0.1381 95 103 110 120 145
08 0.1681 115 123 130 140 165

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 Rep 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117,GDR

SAMPLE LOCATION .... STA 213+97 121.4'RT."E" LINE

TEST SAMPLE NO ... .. RW-201jf2@4.5'

OPERATOR O,GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.6, WATER pH ~ 0.0, SOIL pH ~ 7.6
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 540 , WATER ~ 0 , SOIL ~ 540
CHLORIDES, PPM ... 81. 2, SULFATES, PPM ... 522.6

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV, +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 19 27 34 44 69
16 0.0641 25 33 40 50 75
14 0.0791 31 39 46 56 81
12 0.1091 42 50 57 67 92
100.138154 62 69 79 104
080.168165 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

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 EVAI,UATED. ALSO,
CONSIDER CONCRETE HEADWALLS AND CONCRETE OR METAL END
TREATMENT WHERE HIGH ,'IRE POTENTIAL EXISTS,



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 218+52 107.7'LT."E" LINE

TEST SAMPLE NO ..... RW-204#3@8.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.8, WATER pH ~ 0.0, SOIL pH ~ 7.8
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 590 , WATER ~ 0 , SOIL ~ 590
CHLORIDES, PPM ... 195.8, SULFATES, PPM ... 216.4

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

180.052120 28 35 45 70
16 0.0641 26 34 41 51 76
14 0.0791 32 40 47 57 82
12 0.1091 44 52 59 69 94
100.138156 64 71 81 106
080.168168 76 83 93 118

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... 219+37 12.8 RT. "En LINE

TEST SAMPLE NO ..... CAV-168#2@8.5

OPERATOR O.GOUTHIER

TEST DATE 12/08/2006
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.6, WATER pH ~ 0.0, SOIL pH ~ 7.6
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1450 , WATER ~ 0 , SOIL ~ 1450

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------I-------~----------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 57 g BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & mml (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 1.3 I 29 37 44 54 79
16 1. 6 I 37 45 52 62 87
14 2.0 I 46 54 61 71 96
12 2.8 I 63 71 78 88 113
10 3.5 I 81 89 96 106 131

8 4.3 I 98 106 113 123 148
FLOW VEL. <1. 5 m/s WITH NON-ABRASIVE CONDITIONS, (DEFAULT VALUES)
CAP, 18 GAGE (1.3 mm) 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 223+11 108.8'LT."E" LINE

TEST SAMPLE NO ..... RW 205#1@1.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17 /2008
************* 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 ~ 750 , WATER ~ 0 , SOIL~ 750
CHLORIDES, PPM ... 238.9, SULFATES, PPM ... 136.2

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

cSP 1 GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in 1 (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

180.052115 23 30 40 65
16 0.0641 20 28 35 45 70
14 0.0791 24 32 39 49 74
12 0.1091 33 41 48 58 83
10 0.1381 43 51 58 68 93
08 0.1681 52 60 67 77 102

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, !RELEASF, OAT!': 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... SW-170 # 1 @ 2 ft

TEST SAMPLE NO ..... 1

OPERATOR Ganga

TEST DATE 12/19/2006
************* 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 ~ 3750 , WATER ~ 0 , SOIL ~ 3750

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV. + GALV. + GALV. + GALV. +
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in 1 (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 24 32 39 49 74
160.064131 39 46 56 81
14 0.0791 38 46 53 63 88
12 0.1091 53 61 68 78 103
10 0.1381 67 75 82 92 117
080.168182 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

CONCRETE AND RCP MITIGATION MEASURES FOR pH
TYPE IP IMS) 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 230+23 110.3'LT."E" LINE

TEST SAMPLE NO ..... SW-207#3@8.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.7, WATER pH ~ 0.0, SOIL pH ~ 7.7
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1130 , WATER ~ 0 , SOIL ~ 1130

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 26 34 41 51 76
16 0.0641 34 42 49 59 84
14 0.0791 41 49 56 66 91
12 0.1091 57 65 72 82 107
100.138173 81 88 98 123
08 0.1681 89 97 104 114 139

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... SW-172 #3 @9.5

TEST SAMPLE NO ..... 3

OPERATOR Ganga

TEST DATE 02/09/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.7, WATER pH ~ 0.0, SOIL pH ~ 7.7
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 2060 , WATER ~ 0 , SOIL ~ 2060

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK I 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in I (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 33 41 48 58 83
160.064143 51 58 68 93
14 0.0791 53 61 68 78 103
12 0.1091 73 81 88 98 123
10 0.1381 94 102 109 119 144
08 0.1681 114 122 129 139 164

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... RW-173 ~t 5 @ 18.5

TEST SAMPLE NO . .... 5

OPERATOR Ganga

TEST DATE 12/19/2007
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.9, WATER pH ~ 0.0, SOIL pH ~ 7.9
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 2060 , WATER ~ 0 , SOIL ~ 2060

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in 1 (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 33 41 48 58 83
16 0.0641 43 51 58 68 93
140.079153 61 68 78 103
12 0.1091 73 81 88 98 123
10 0.1381 94 102 109 119 144
08 0.1681 114 122 129 139 164

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 236+38 108.4' LT."E" LINE

TEST SAMPLE NO ..... RW/SW-209#3@8.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.7, WATER pH ~ 0.0, SOIL pH ~ 7.7
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 560 , WATER ~ 0 , SOIL ~ 560
CHLORIDES, PPM ... 160.2, SULFATES, PPM ... 200.8

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in I (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

180.052119 27 34 44 69
16 0.0641 25 33 40 50 75
14 0.0791 31 39 46 56 81
12 0.1091 43 51 58 68 93
10 0.1381 55 63 70 80 105
08 0.1681 66 74 81 91 116

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... SW-175 # 1 @ 2 ft

TEST SAMPLE NO ..... 1

OPERATOR Ganga

TEST DATE 12/19/2006
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.8, WATER pH ~ 0.0, SOIL pH ~ 7.8
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 2570 , WATER ~ 0 , SOIL ~ 2570

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 36 44 51 61 86
16 0.0641 47 55 62 72 97
14 0.0791 58 66 73 83 108
120.109180 88 95 105 130
10 0.1381 102 110 117 127 152
08 0.1681 124 132 139 149 174

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 242+88 119.7 LT. "E" LINE

TEST SAMPLE NO .... . RW-211#2@4.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/08
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.8, WATER pH ~ 0.0, SOIL pH ~ 7.8
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 990 , WATER ~ 0 , SOIL ~ 990
CHLORIDES, PPM ... 20.8, SULFATES, PPM ... 113.8

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 24 32 39 49 74
16 0.0641 32 40 47 57 82
14 0.0791 39 47 54 64 89
12 0.1091 54 62 69 79 104
10 0.1381 69 77 84 94 119
080.168184 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 245+64 131' LT. "En LINE

TEST SAMPLE NO ..... RW-212*3@8.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/08
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.8, WATER pH ~ 0.0, SOIL pH ~ 7.8
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 960 , WATER ~ 0 , SOIL ~ 960
CHLORIDES, PPM ... 35.7, SULFATES, PPM ... 90.4

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in 1 (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.0521 24 32 39 49 74
16 0.0641 31 39 46 56 81
14 0.0791 39 47 54 64 89
12 0.1091 54 62 69 79 104
10 0.1381 68 76 83 93 118
08 0.1681 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

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... Highway 4 East

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... SW-177 # 4 @ 15 ft

TEST SAMPLE NO . .... 4

OPERATOR Ganga

TEST DATE 12/19/2006
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 8.0, WATER pH ~ 0.0, SOIL pH ~ 8.0
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 1660 , WATER ~ 0 , SOIL ~ 1660

*********************************************-*******************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP I GALV. GALV.+ GALV.+ GALV.+ GALV.+
THICK 1 2 oz BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & in 1 (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
I (ABRASION) INVERT

18 0.0521 30 38 45 55 80
16 0.0641 39 47 54 64 89
14 0.0791 49 57 64 74 99
12 0.1091 67 75 82 92 117
10 0.1381 86 94 101 111 136
08 0.1681 104 112 119 129 154

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- REQUI~ED 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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 251+49 155.9'LT."E"LINE

TEST SAMPLE NO .... . RW-214#3@8.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17 /08
************* A DATA VALUE OF ZERO INDICATES NO DATA INPUT *****************

CSP SITE pH ~ 7.6, WATER pH ~ 0.0, SOIL pH ~ 7.6
MINIMUM RESISTIVITY, OHM-CM: CSP SITE ~ 910 , WATER ~ 0 , SOIL ~ 910
CHLORIDES, PPM ... 33.3, SULFATES, PPM ... 136.4

****************************************************************************
ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS

I SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850
---------1------------------------------------------------------------------

CSP 1 GALV. GALV. + GALV. + GALV. + GALV. +
THICK I 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER

Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG
1 (ABRASION) INVERT

18 0.052[ 24 32 39 49 74
16 0.0641 31 39 46 56 81
14 0.0791 38 46 53 63 88
12 0.1091 52 60 67 77 102
10 0.1381 67 75 82 92 117
080.168181 89 96 106 131

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.



MAINTENANCE-FREE SERVICE DESIGN ESTIMATES FOR DRAINAGE FACILITIES USING:
CALIFORNIA CULVERT CRITERIA AND CULVERT4.EXE, (RELEASE DATE 04-16-98)

PROJECT LOCATION ... SR4

PROJECT ACCOUNT NO.206117.GDR

SAMPLE LOCATION .... STA 255+40 112.3' LT. "E"LINE

TEST SAMPLE NO ..... SW-206#2@4.5'

OPERATOR O.GOUTHIER

TEST DATE 09/17/2008
************* 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 ~ 320 , WATER ~ 0 , SOIL ~ 320
CHLORIDES, PPM ... 462.1, SULFATES, PPM ... 298
********************~*******************************************************

ESTIMATED SERVICE LIFE OF CSP CULVERTS, YEARS
1 SEE CALTRANS HIGHWAY DESIGN MANUAL CHAPTER 850

---------1------------------------------------------------------------------
CSP 1 GALV. GALV.+ GALV.+ GALV.+ GALV.+

THICK I 2 02 BIT COAT. BIT COAT & BIT COAT POLYMER
Gage & inl (WATER SIDE) PAVED INV. (SOIL SIDE) 90 DEG

1 (ABRASION) INVERT
180.052115 23 30 40 65
16 0.0641 20 28 35 45 70
14 0.0791 25 33 40 50 75
12 0.1091 34 42 49 59 84
100.138143 51 58 68 93
08 0.1681 53 61 68 78 103

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.



STRUCTURAL PAVEMENT DESIGN



Project: North Contra Costa County Project
Job No.: 206115, 206118 & 206117
Flexible pavement Design: Somerville Road to A Street - Phase 1, (Ultimate)

R-value (Soil) =15
R-value (AB) =78
R-value (AS) =50

(Class 2)
(Class 4)

TI- 9.0 12.51 14.5
Total GE rea (mm) - 745.9 1035.91 1201.7

Full Depth AC:
Add SF (mm) - 30.0 30.0 30.0

GE req(AC) + SF (mm) - 775.9 1065.9 1231.7
(table 633.1) t(AC) (mm)- 330.0 ,i48lrkll /1170m

Depth lAC & LCB):
GE rea(AC+LCB) (mm) - 745.9 1035.9 1201.7

40% of GE req (AC+LCB) (mm) - 298.4 414.4 480.7
Add SF (mm) - 60.0 60.0 60.0

GE rea(AC) + SF (mm) - 358.4

~Il!.m(table 633.1) tlAC) (mm)- 191Ml " .)

(table 633.1) GE t(AC) (mm) - 397.0 508.0 548.0
GE req(LCB) (mm) - 348.9 527.9 653.7

(table 633.1) t(LCn) (mm) - lii!i19M 285.0 3411.0
Depth (AC, LCB& AS):

GE req(AC+LCB) (mm) - 438.8 609.4 706.9
40% of GE req (AC+LCB) (mm) - 175.5 243.8 282.8

Add SF (mm) = 60.0 60.0 60.0
GE rea(AC) + SF (mm) - 235.5

I-I.i-(table 633.1) t(AC) (mm)- 1~lll
(table 633.1) GE t(AC) (mm) - 255.0 329.0 374.0

GE rea(LCB) (mm) - 183.8 280.4 332.9
Add SF (mm) - 60.0 60.0 60.0

GE rea(LCB) + SF (mm) - 243.8--(table 633.1) t(LCn) (mm) - 1;l!!\iiO
GE t(LCB) (mm) - 257.0 342.0 399.0

GE t (AC+LCB) (mm) - 512.0 671.0 773.0
GE req(AS) (mm) -~ 428.7

(table 633.1) t(AS) (mm) - '. ~

Note: User must input all values in yellow and then reference
chapter 600 to get the final values in gray
For full depth of AC section, 30 mm satety factor is taken
whereas for AC with AB and As 60 mm factor of safery is added.



Project: Rte 4 East-A Street to Hillcrest, Contra Costa County

A Street to Hillcrest Avenue - Phase 2 (Ultimate)

Full De th AC:

R-value (soil) = 20
R-value (AS) = 50

Total GE re

(Class 4)

9.00
2.30

2.30
0.92
0.20
1.12

().lIDO
1.18
1.12

total GE of LC

Net GE of LC

Note: User must input all values in yellow and then reference
chapter 600 to get the final values in gray
For full depth of AC section, 0.1 It satety factor is taken
whereas for AC with AB and As 0.20 It factor of safery is added.



Project: Rte 4 East-Somersville Interchange, Contra Costa County
Job No: 2061175.GDR
A Street & Lone Tree Way

R-value (Soil) = 10
R-value (AS) = 50 (Class 4)

TI- 12,0 13,0
Total GE req (ft) - 3.46 3,74

Full Depth AC:
Add SF (ft) - 0,10 0,10

GE req(AC) + SF (ft) - 3,56 3,84
(table 633,1) I(AC) (ft) = 1.55 1.70

Depth fAC & LCB):
GE req(AC+LCB) (ft) - 3.46 3,74

40% of GE req (AC+LCB) (ft) - 1,38 1,50
Add SF (It) - 0,20 0,20

GE req(AC) + SF (ft) - 1,58 1,70
(table 633,1) I(AC) (ft) = 0.85 0.90
(table 633,1) GE t(AC) (ft) - 1,63 1,70

GE req(LCB) (ft) - 1,83 2,04
(table 633,1) I(LCB) (ft) - 1.00 1.10

Depth (AC, LCB & AS):
GE req(AC+LCB) (ft) - 1,92 2,08

40% of GE req (AC+LCB) (ft) - 0,77 0,83
Add SF (ft)' = 0,20 0,20

GE req(AC) + SF (ft) - 0,97 1,03
(table 633,1) I(AC) (ft) = 0.60 0.65
(table 633,1) GE t(AC) (mm) - 1,02 1,09

GE req(LCBl (mm) - 0,90 0,99
Add SF (mm) - 0,2 0,2

GE req(LCB) + SF (mm) - 1,10 1,19
(table 633,1) tlLCR) (mm) ~ 0.60 0.65

GE t(LCB) (mm) - 1,14 1,24
GE t (AC+LCBl (mm) ~ 2,16 2,33

GE req(AS) (mm) - 1,30 1.41
(table 633,1) teAS) (mm)- 1.30 1.45

Note: User must Input all values in yellow and then reference
chapter 600 to get the final values in gray
For full depth of AC section, 0,1 ft satety factor is taken
whereas for AC with AB and As 0,20 ft factor of safery is added,



alue (AS) = 50
TI- 10,00

al GE req- 2,88
Add SF = 0.10

-A) + SF- 2,98
t(HMA-A)= 1':Z~1

Tot

R-value (soil) = 10
R-value (AB) = 78
R-v

GE req(HMA

Project: North Contra Costa County Project
Job No,: 206117.GDR
Flexible pavement Design (A Street on/off ramps)

R-value (soil) = 15
R-value (AB) = 78 (Class 2)
R-value (AS) = 50 'Class 2

TI= 10.00
Total GE req - 2,72

Full Deoth AC: Add SF- 0.10
GE req(HMA-A) + SF - 2,82

(table 633.1) t(HMA-A)~ 1.20 ,<"\",1',,:

2.40

(HMA-A) - 0,70
Add SF- 0.20

A-A) + SF- 0.90
t(HMA-A)= 0'

E t(HMA-A)'- 0.90
MA-A+AB) - 1,60
E rea(AB) - 0.70

Add SF- 0.20
q(AB) + SF- 0.90

t(AB)~ !i"'i"",O.SS
GE t(AB)- 0.94

(HMA-A+AB) 1,84
GE req(AS) = 1.04

t(AS)~ Mil

GEr

GEt

GE re

G
GE req(H

G

GE req(HM

Depth (AC, AB& AS): GE req(HMA-A) - 0,70
Add SF- 0.20

GE req(HMA-A) + SF - 0.90

'~(table 633,1) tlHMA-A}= O;~!J
(table 633.1 ) GE t(HMA-A)~ 0.90

GE rearHMA-A+AB) - 1.60
GE rea(AB)- 0.70

Add SF- 0.20
GE rea(AB) + SF --(table 633.1) t(AB)~ "

GE t(AB)- 0,94
GE t (HMA-A+AB 1.84

GE req(AS)- 0.88
(table 633.1) t(AS)~ lIT: 0.90 C\'

2.25 iii
Note: User must input all values in yellow and then reference
chapter 600 to get the final values in gray
For full depth of HMA-A section, 0.1 It satety factor is taken
whereas for HMA-A with AS and HMA-A with AB & AS sections, 0.20 It factor of safery is added.



Project: North Contra Costa County Project
Job No.: 206117.GDR
Flexible pavement Design - Sunset Drive

R-value (soil) = 10
R-value (AB) = 78 (Class 2)
R-value (AS) = 50 'Class 2

I TI- 8.00
Total GE req - 2.30

Full Deoth AC: Add SF- 0.10
GE reQ(HMA-A) + SF - 2,40

(table 633.1) t(HMA-A)~ 1.00 ..... "

De th (AC & AB):

table 633.1)

Depth (AC, AB& AS): GE req(HMA-A) - 0.56
Add SF- 0.20

GE req(HMA-A) + SF - 0.76
Itable 633.1) t(HMA-A)= O.4111' .. /.: ....•.•

(table 633.1) GE t(HMA-A)~ 0.80
GE req(HMA-A+AB) - 1.28

GE reQIAB)- 0,48
Add SF- 0.20

GE reQIAB) + SF - 0.68
(table 633.1) tIAB)- 1:·:,;.;:·,o.lJ5

GE t(AB)~ 0.72
GE t IHMA-A+AB) 1.52

GE req(AS)- 0.78
(table 633.1) t(AS)~ 0.80

o

1.85
Note: User must input all values in yellow and then reference
chapter 600 to get the final values in gray
For full depth of HMA-A section, 0.1 It satety factor is taken
whereas for HMA-A with AB and HMA-A with AB & AS sections, 0.20 It factor of safery is added.



Project: North Contra Costa County Project
Job No.: 206117.GDR
Temporary Mainline

R-value (soil) = 15
R-value (AB) = 78 (Class 2)
R-value lAS) = 50 (Class 2

I TI - 9.00 9.50
Total GE req - 2.45 2.58

Full Depth AC: Add SF- 0.10 0.10
GE req(HMA-A) + SF - 2.55 2.68

(table 633.1) t(HMA-A)~~""if'if"

R-value (soil) = 20
R-value (AB) = 78
R-value (AS) = 50

TI -19.00 19.50
Total GE req =1 2.301 2.43

AddSF- 0.10 0.10
2.53

0.62
1.52

0.20

0.90

GE req(HMA-A) =1 0.63 1 0.67
Add SF - 0.20 0.20

1.

GE t(HMA-A)= 0.85
GE re AB - 1.45

tIAB)- 1.

GE reaIHMA-A) =1 0.63
Add SF - 0.20

GE tIHMA-A)= 0.85
GE req(HMA-A+AB) - 1.44

GE req(ABl - 0.59
Add SF - 0.20

GE req(HMA-A) + SF =~ 0.831 =
t(HMA-A)=' 0.45 ._'.-

GE req(HMA-A) + SF =1 0.83~
tIHMA-A)- 0.45 .•.••

(table 633.1) t(AB)~

GE req(AB) =
(table 633j} GE t(HMA-A'=

GE req(HMA-A+AB) =1 1.441 1.52
GE req(AB) =1 0.591 0.62

Add SF =I 0.20
GE req(HMA-A) + SF =1 0.83

(table 633.1) t(HMA-A)-

Add SF =I 0.20 I 0.20

GE req(HMA-A) + SF = 0.83 0.87
table 633.1) t(HMA-A ~

Itable 633.1) GE t(HMA-A)= 0.85 0.90

Deuth (AC & AB): GE req(HMA-A) =1 0.63

De th (AC, AB& AS): GE re 0.67
0.20

0.82

GE t (HMA-A+AB)/ 1.68
GE req(AS) - 0.62

t(AS)=

GE t(AB)= I 0.83

GE req(AEl) + SF =I 0.79
t(AB)- 0.15

GE realAB) + SF =1 0.791 0.82

GE t (HMA-A+AB)I 1.681 1.73
GE req(AS) =1 0.771 0.85

GE t(AB)=1 0.831 0.83
Itable 633.1) t(AB)=! 0.15

(table 633.1) t(AS)=1 0..151 O.Sll
1.95 2.05

Note: User must input all values in yellow and then reference
chapter 600 to get the final values in gray
For full depth of HMA-A section, 0.1 ft satety factor is taken
whereas for HMA-A with AB and HMA-A with AB & AS sections, 0.20 ft factor of safery is added.
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,
Re+ WALL IK rOC I Rei" WALL------.... [TYPE GOD N 10> No. 12 TO

~~ 4" OR eo, ,/",/ II Q, m~ • 240+24.58-......,
"1 ........ 1Vor1' TO 0' FLATTE7 I£l>\''''-'-...r... ~'QC I 2%~. TO 2.3' 27. TO• I 14,,;;, ~ , -OX 5% ~ /. "4'"C--- f--- ~,-, -'---- ~

ES
'r

'<~c, ~· ~~~p~J~r L
ExisT c:::"'~If,I, -'~

Yit
0.35' Ae (TYPE Al 0.35' Ae (TYPE ill -,0.35' lie (TYPE II) 0.65't AS (CLASS 2 0.6S':!" AB (CLASS 2)

~i~ D.aS'±AB (CLASS 2) 0.50' AS (CLASS 4 0.50' AS (CLASS 4)
0.50' AS (CLASS 4)

ExiST .II • FFlOM 240+00.00 [xisT 0.35' AC (TYPE A) REMOVE cone~ EXist

~ """
i 0.75' pceI TO 241+75.00 0.75' pee 0.65'± AB (CLASS 2) Pvmt & 945;:: 0.45' CTS (CLASS II) EXIST
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SIJI R!\llfI, CA ~>a:l PlIASMIT HILL, C~ 9,>:':1

REO!5TER.o CIVIL EN~INEER

PL~NS APPROVAL I'ATE

~=~''fJ2!fH4:t!
t:OPJeS ar flUji /'!.AN -.-T.

CU O~275

~
EASTBOUND

"E" 245+08.75 TO 247+89.88

r~¢p~I~EOR FJ\

50I

I

TYPICAL CROSS SECTIONS

II SOUND WALL
V No. 6B ON Cane Ben-iii:!'-

RIW

",14:9

ES

'"
m

J~~~";~ :~~~~£5T

"HCT-6"
LINE,

ETw I
Var , 2~'

"

o , 2 •
J J I J

~MA DIKE
(TYPE E)

Exi.'3T
""0.35' AC (TYPE A)
D.BS'±- AB (CLASS 2J
0.50' AS (CLASS 4)

------

ExIST
'0:"35' AC (TYPE A)
0.85'+ AB (CLASS 2)
0.50'-AS (CLASS 4)

m

VOl' l' 0 .... 10'
TO 14."TO 13.2

'"

ExIst
""6:"75' pee
0.<;$' CTB (CLASS A)
0.50' AS (CLASS 4)

va .... 36' TO 24'

I Exist
0.75' pee

rf:4S' C;6 [CLASS A)
C.50' AS (CLASS 4)

RELATlVE 60ROER 5CALE
15 IN INCHES

m

ROUTE 4

"

O~JP I
~-------'-'-"'~--.I L '

CD 2'~1! ~ ~

EASTBOUND

"E" 2tJ5+08.75 TO 249+19.62

ROUTE 4

EASTBOUND

"En Zli9+19.o2 TO 261 +38.63

Vo ... 18' ricg:

REMOVE Cane
Pvmt & BASE

ExisT

0.35' AC (TYPE ill-'
0.8S';;. AB ICLASS 2

0.50' AS CLASS <'I

"E"
LINE

1, ETW

I n' I
,

! I
I

"["
LINE,
I

::;'w111~'~ '" II J.---'--- I I~" "" II Re' ""I PG Y I (TYPE E) ~Na.10

-_-.Ji~ _ I ~ /' . 'I."'\".~'<-~
!I - L-..;:::::;::: --_ == ,.....rr.. I'\.- C

Exjst

0.35"' AI; [TYPE ill-'
O.8S'± A8 !CLASS 2)

0_50' AS GLASS 4)

I

* FROM "E" 249""9.62 TO 260+93.68

** FROM "E" 249+19.62 TO 249+59.62

I FOR NOTES, AB8REV[ATIONS I
AND/OR LEGEND, SEE SHEET X 1
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"OST ~IUS IS"EEn ,oae
~""TS

4 I 27·2/2'0·0 I I
ROUTt

041 eCI

olHI CooNTv

",w

FOR NOTES, ABBREVIATIONS I
AND/OR LEGEND, SEE SHEET X-I

.
g ~

" ~

I~ ~,
.i ~ "i ,

" "~ ~

~~

,
~

§i;
~,

~~
~-;;n
~

'I
g

J EA 22B':>Fl

lYLINlM1l:~AflDNAl 1m,
lOlO CIll)lI" CANYON PLACE, SUITE" :150 :147& ElJSKlllO: AVE~oc, SUITE 100
SAN R~, CA 91563 PLL\SA,~T HilL, C~ !l523

REG1STER.O CIVIL ENGIN<ER

PL.NS .PPROVA,L DOTE

TI/£ S;A7l' r:l' I:A1IFrIINfA (f/ irS ()FFlCE//5
'"~/$ $!{Ail. ""7 IE JO:$P<t6IBLE FOR
ff:~CC;:"7:rf',.:;::u~tr SCMIN<l1

leu 04275

"ow

Cone BARRIER
(TYPE 600)

~-~-C~GUnEe

I ~ ReT WALL
~ 010.3

r=

f-llL-•
IrCABLE

RAILlOlG

"AST-3" 896+28.2<1 TO 896+56.94

IUSERHAUE => ..,5ER
oC>O nL' ~> "'"OUEST

"

.. SEE SHEET C-21 FOR DETAIL

TYPICAL CROSS SECTIONS
NO SCALE

ROUTE 4 EASTBOUND OFF-RAMP AT A STREET
"AST-3" 890+15.00 TO 896+56.9<1

X-11

"AST-3"
LlNE

I
Es ETW I"1! ETW ES,"C

24' 70 3"

_= I i 0
;3;;'>- ;0''" W>"

D.?~ VAR -2J! 1 I,e,one 6ARRtER
I

I No. 5A

" e---2" " neE '"" '
'rIC _ :>-=~;.r:ec ~ lC• dJ::.: = §=-__~--- ~- ee-,

~~~ "" " COO" wm
PE E) -- 57. R

~_'_ Rei- WALL

"" SIDE wme '0. ,

o g::lS' HMA-A
• AS (CI 4)

ROUTE ~
EASTBOUND

, ", "R~CA"'i~VEurf~g~~sSCALE

~-±CL'
(SOUND WALL No. ':>

ON cOile BARRIER
Ret WALL No.1

~
m"'EIS

I SOUND WALL No.5
____ ~ ~ ,--001 Cone i3ARRIER

"AST-3" 888+99.32 TO 890+15.00

ETW ES
24' ~

:-C;;C-...J0~'L_-i~['4'TO16.1

,~?Jni~~§1 "

HMA O;KE

HMA SlOE GUTTER
0.35' HMA-'A1

O.5'AS (~

ROUTE 4 EASTBOUND OFF-RAMP AT A STREET
"AST-3" 888+26.96 TO 890+15.00

BORDER LAST REY1SED 4/1112008

c---r
~~I ~
nl~
!i
~
• X
~ R
• X

'I~ ~
;~ Q
j"- X

I~ X

~51

'~I
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"I
~I

~'

~

~
:5

iU
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I



-IT
'Mi. I

" 0" ,X'x

L-

xl~

r--+-

POST ~,ch ISHH1[ TOnl
TOTA~ PROJ.CT I 0<0. I'~UTS

-"

oro+1 COUNT. I ROOT.

041 cc I 4 I 27.2/29.0 I I
REOlST~REO CIVIL ENG!NEER

PLANS I\PPROVAL DATE

f1f..~% %1i1L~'%f ifsfJfdJ[jCf1i
mE ~Jt:y "" crJIJ!'lErDE5S '"~=-= fJ" 11."5 Pl."'" SNEET.

"'''
Vor 24.6'

lYUNINJl'RNI.Tlow.l I""
2010 CllCIII CAlmIIl PLACE, SUITE lOO ~lS 811SllRK .Yl:HUE, SUITE Hill
SIIN RI>Ii':II,"!l<SlU PUA5lJ(f HILL, Cl 9'5:23

"

"AST-4" 996+54.15 TO 996+58.66

~o ",.

SOUND WALL [§
No.4

_~ r5.2:..... __ ....,~==',

;:-( :,I'1~ I
4rl:~'T

Ret WALL No.1'! "'IC 1''F=,",'3
HMA DIKE
(TYPE E)

"
Val' 11.5'

~--

,<~~'" r~=t
rCR

l"'i~~

-"

HMA DIKE (TYPE CI
TYPE U TYPE F)

~o 26-:2'

SOUND WALL lIL _~
No.4...:::::2Jr---1

"AST-4" 992+84.05 TO 994+65.00

Cone:: BARRIER
TYPE 7%A (Mod)

SOUND V",rTO."

"LL No. 'll w~'" 1

"AST-.q" 992+61.73 TO 992+8'<'05

-- --- - -- --- - - Re+ WALL
No.2

SOUND W4LL
No.3 ON
Cone BARRIER

!---Ret WALL
No. Z

~
=~

VOl"" 8.1'
TO 10.' , I

IT3

II ,""~R

'M 'M

SOUND
WALL No.4

"AST-'l" 992+27.02 TO 992+51.73

.
~I"~ ~

~
~,

I,

~
I~!I ~

'1 FOR NOTES. ABBREVIATIONS
AND/OR LEGEND. SEE SKEET X-1

ROUTE 4 WESTBOUND ON-RAMP AT A STREET
"AST-4" 988+28.89 TO 992+84.05

~';

"~~
@~

~~

!
§

~~
2::
~

~,,,

n
~!

~~
~9

8
X-12

SECTIONS

I EA 22B5Fl

ROUTE 4
WESTBOUND

"

I

CROSS
NO SCALE

J CU 04275

I

i

"AST-4"
L~NE

I
ETW ES

4~L.
"

TYPICAL

[Ij

'"'
E"

".
"

)~~~~~~ :~ :~~m

Val' 14.1'

ROUTE 4 WESTBOUND ON-RAMP AT A STREET
"AST-4" 992+84.05 TO 996+58;66

T-xli I " 06."
ill

o "

r

,,~cAW1Na1~g~~sSCAcE

HMA SIDE GUTTER

'~\

, '-----I-IMA DIKE: (TYPE E)

I

-
L ~ = r--- --- --- -Z,35' HM4-4t= ----. =~s+ 0.5 4S ltt 4)

0.25' AC (TYPE B)
0.60' cTS (CLASS A)
0.50' AS (CLASS 4)

'~

"A5T-4"
LINE
nw

R/W !
,I ES

'00 h I25.g'TO .'16' 3'

[Ij
I PI; I . Of!. l'l.A\1Ef!.

.-21L 2~ '1 1..
1

- ROUTE 4
R",+ \VALL No. 2~

BOR~E:R I.~ST aov!soo 4111/2008

"~
5i X

X

§ ~
C X
o X

" X" XX

; X

r
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I [j] fl m ""3 I SOUND WALL NO. 68
ON Cone BARRIER

eo' I ~ - Re+ WALL No. 10I VOl' \lor _/
ROUTE 4 ~ 2~ '~5'"X -Z'\~

WESTBOUND ~I-T==---. ~\.1>"'i '--...-
EXlst

0.25' AC !TYPE---'"§Tl HMA DIKE JTYPE E)
0.60' CTS (TYPE A)
0.50' AS !CLASS 4J

ROUTE 4 EASTBOUND OFF-RAMP AT HILLCREST
"HeT-6" 3'19+21.11 TO 350+30.73

60RDE~ LAST ~EV:SEO 4/1112005

ES R/W

,
,
t,
~

~

~-;;

"i~

P'O~T ~IL'S iSHEETI TOI~L

X-13

SECTIONS

TUTAL PROJECT I No.ISH<ETS

) EA 22851'1

CROSS
NO SCALE

or.... 1 COUNTy I ROUTE

) ell 04275

TYPICAL

I'IE01STEREO CIVIL EN<i!NEER

PLANS APPROV~L OATE

!tf,<{Jff,TfsW~If!f~'fg
:::~'f.:r!'!'tA~~~""$DMIlo£tJ

rYUNlIJTrJlKmCIlAL I,m
2010 I:ROIl Ulfl'(l~ PL.J£f. SUITE 350 3~11i eUSKlRK A~UE, SlJlTE 100
~1Jl RIlilII, CA 9'1513 PLHSIJlT HILL, t4 9<52,

E TREGALLAS ROAD
"T" 17+90.55 TO 22+47.09

041 CC I 4 I 27.2/29.0 I I

"T"
LINE

" I'f:.-4'gc;" ,
I FLII",No 6ASOU" "~i'R1i, ~ i 1

" 0000 "II I

~A ~

~~~~~d"," ~ I rr¥.;:: ~\, 'litis!' 'j
~~g. AS (CLASS 4)

g:~~: ~~C(CLASS 4)Rem ASPHALT
SURFACING

''T''
LINE

I
i,

IUSe:"""'E ·'oli~"
oo~ FlU: ~> """,,"EsT

,,..

E TREGALLAS ROAD
"1" 16+10.72 TO 17+90.55

Vcr 0'
ro 3.4'

'~I1'"C s.,'TO 6.5'

"
I t 20

E TREGALLAS ROAD
"T" 22+47.09 TO 39+36.92

COA SW

o ", "

"T"

~
'"C,." "I"

SOUND WALL No. 6A ~ TO 4.6'
ON Cone BARRIER· " Fe

,"c
19.1 TO 20' I

lll'~'o" 1
MATCHI1 ~ I

ROUTE 4 I IEXisT I ~ 1
EASTBOUND CRoSS

SLOPE EXIst Exist

Ret WALL No.9 ,,+ 1':::-Ur
COA ---" ---qXT-St

COA GaG 0.25' AG JTYPE B1
0.60' GTE (GLASS A)

Rem ASPHALT 0.35' PCC 0.50' AS ;CLASS 4)
SURFACING & C&(; 0.25' AS (CLASS 4)

1

RELATIVE OOROER ~LE

l~ l~ l~eHE$

FOR NOTES, AB8REVlA nONS
AND/OR LEGEND, SEE SHEET X-'

'0,

43.8' TO 55.S'

ETW ES
I ~O'

C"
ETW ES I

I. 10' J VOl' 31.1' I 2 •.:5'

N'

><'

"HCT-6"
LlNE

ES

"KCT-6"
LINE

ROUTE 4 EASTBOUND OFF-RAMP AT HILLCREST

"HCT-6" 350+30.73 TO 353+00

Vcr I Vcr

---~

~
'---o./

1-~'\-(\'E.-~,c'
riMA D!KE (TYPE E)

"HCT-6" 349+6'1.77 TO 350+30.73

35.6' TO 12.3' TO
27.8' 16'

I,
"Irt-

, I'"C'"I TO 4.S·

, [j]

I
~-

b 1 57.j::ATCH _ ~------EI = .=::-~T-"

Yr
.~~~,;; '; - H~A D1KE

0.60' GT9 ITYPE A) !TYPE E)
..Q..50' AS (CLASS 4)

ROUTE 4
WESTBOUND

l

.~

~
. ~

~ e;
~ ~
~

I. ,

I
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><'><
x Xx •

~E;i 1;
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!
~,
~

1
'!lii~g

~g

S....O.T~';-L"

X-14

21.2129.0

'OST ~[LE$

EA 22BSFl

ToTAL PROJ,C;

COA SW

NO SCALE

,~

04 I CC

cu 04275

010+1 CC<JNTY 1 ROUT,

11 m "/>'ST" 15+64.85 TO 15+89.47

[I]j]"AST" 15+69.47 TO 18+83.56

"
",c '.5' ~
TO 3.6

, II
!tr,1

COA C&G
"5" 405+52.18 TO 405+67.87

MATCH Exi"t
CROSS SlOPIO

Re=:S-;t
& C&G!J

"s"
LJ,NIO

'",
I " I' ~Var20' , ZO' 110 II O'TO 3.1'

TYPICAL CROSS SECTIONS Il1

COA C&G

~

,,'

SUNSET DRIVE
"5" 403+li5.92 TO 40Li+88.33

5'

w

".

"

'oc
0' TO 3.1'

0.25' AS

uS,RNAUE =, ...m
OON FlLE ~> _OUI:ST

,,ow

"

,.

. "

SUNSET DRIVE
"s" 404+88.33 TO 405+94.11

"s"
LINE Fe

hiJ
! :jtl
i ,~

l~~J~g!d;~
-,,~~--

~]Jst Rem SW
' (TYPE B & e&G

~5~h~CleLAS~ ~) COA C&G°0.50' AS CLAS

SUNSET DRIVE
"s" ':;01+30.32 TO 403+Li5.92

"

Ret WAll
No. 16

1 1 ' 1 ·1 I~'OCJ IS'vor21-IUZ4-i 20 lO/0'T03.1'

IS I~ I~CHES
RELATl\IE BORDER SDALE

b9~0 42."1'

0,25' AS
"

COA C&G

,,ow

"S" 402+58.05 TO 404+01.08

F~',ow
'"O.~ I C~AJN LlNK

(el~-li RA[UNG

___ I
1 --~--;'7

I ,

0.25' AS

RIll'

~l"i~ iIT09.5

"AST" 1 8+31.00 TO 1 8+42.00

COA C&GJ

"S"
LINE

I,

0.35· PCC
0.25' AS (CLASS 4)

COA e&G
COA sw

"

SUNSET DRIVE
"s" 400+12.42 TO li01+30.32

5'

"s" li02+52.32 TO 404+09.95

,,ow

~O;

FOR NOTES, ABBREYiAT[ONS
ANDIOR LEGIOND, SIOIO SHEET X-I

Rei" WAll No. 15

'OC
3.5' TO 3.6'-

PAST" 18+23.93 TO 18+33.43

"AS,"
LIN':

! I Vcr 0

""'~'OC'" 1 ~;Ij~[I TO 1.:"
1

~ SMSC

","l§"""'~-~-r -
1---- Rem Ccrte

iSLAND & C&G

0.25' AS

~•
"

8"1 •
~o 0

j~ !;;!

~~ ~

~I~

><:13

BORDER LAST REVISED 4/11120D8

~I

~I x" x

~ §
2, ?:2
>-,1 x
zl x

il
~
~I
gl
~I

~I
~i
"I

~I

~Ij'"I

~i
~I dr



ol~~ I c<>JN,y I ~OlJT~ F'OST ~'L£S is"Eoi TOTAL
TOT"\. PROJEcT I No.ISl1.ns

~

~~

§•
j~

If
"eO;

n
n
~1

~g

~$
~g

X-15

IEA 22B5F1

NO SCALE

"AST"
LINE

,

I
'"

"~ ~ l'j I r"

R-EGISTERED CIVIl ENctNEER

PLANS APPF!OVAL DATE

11'£ >TAT! tF Clll!'tlWM cFllTS IFF/CEliS
(R IlIie1TS _1.1. HI>! t£ 11E'SPflIlS1&£ _0'/
7HE 4cam~" r:H t:QI/PlE~ (;JF~Q

fYJPl<'r(;JF"'f5f'L4'1~r_

TTU~!JITERIIITIOIlA, I,m
21M CIlOl! UNlO~ PLACE, 5lJIlE >50 J4lS iIISKI!lX ~~IJE, SI.I1l£ l~a

SI.I< ~MI()N, C. 94583 PLCl.SANT HILL, CI. 94,\23

I CU 04275

f n ~--=--='j.1:.- ~ - 1
~em Cone -

lSLAND 8< C&G

"AST" 27+75,36 TO 28+52.57

"AST"
LlNE,,
IF'C F'C F'C

18'J 56' 1_10'_1""

"AST"
LlNE,
i

V I'" 11' TO 11 ' 'Im
j~ ll'"

"AST" 23+83.28 TO 24+65.25

~=fS, "'7i=~~1
~ne

rSLANO &. C8<G

I~~~"~~ :~ ~~~<ST

I FOR NOTES, ABBREVIATIONS
ANDIOR LEGEND, SEE SHEET X-1

"'""

041 cc I '" I 27.2/29.0 I I

LONE TREE WAY
"AST" 23+89.21 TO 28+71.29
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SR4 Widening; Segment 3 - Lone Tree Way/A Street - EA 228511 Page: 1 / 10

Agency: Caltrans Responded By:
Review Unit: Geotechnical Services Date Responded:
Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultant to Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action DisD. DiSD.

PLAN PLANSHEETS
SHEETS

I C-18, This typical section refers to Ret Wall #3. This should be Ret Wall #1 as per
Section B-B Sheet X-4 and Page 46 ofthe GDMR.

2 SD-6 This is a special design overhead sign. Plans and details should be provided
3 SQ-5 & SD-5 Sign No. H pile depth is 23' and not 25' as per page 50 ofthe GDMR

4 SW-14
Typical section refers to 16" and 24" diameter piles. However, Page 35 ofthe
GDMR recommends a 36" pile diameter.

5 SW-24 Elevation view refers to 16" diameter piles. However, Page 35 ofthe GDMR
recommends 24" diameter pile.

6 SW-Sheets All Standard Plan soundwall details sheets should be included
This sheet shows soundwall quantities for SW #7 on 16" Piles. However, the

4 SW-38 GDMR Page 38 and Table 8, on Page 47 mention that this wall will be
founded on Retaining Walls #4 and #13 On spread footings

Ret. Wall #3
The typical section shows part ofthe wall will be constructed on piles.

5
General Plan #2

However, on Page 33 ofthe GDMR, It mentions that the wall will be
constructed on Spread footing.

Ret. Wall #4 The typical section shows part ofthe wall will be constructed on piles.
6 Ret. Wall Details However, on Page 34 ofthe GDMR, It mentions that the wall will be

#4 constructed on Spread footing.
Ret. Wall #4 Specified and Design tip elevations should be filled out in the table

7 Ret. Wall Details
#4
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SR4 Widening; Segment 3 - Lone Tree Way/A Street - EA 228511 Page: 2/10

Agency: Caltrans ResDonded Bv:

Review Unit: Geotechnical Services Date ResDonded:

Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultant to Evaluate; C-Will Not Incorporate; D-cCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Disp.

8
Ret. Wall #9 Specified and Design tip elevations should be filled out in the table

Ret. Wall Details

9
Ret. Wall #10 Specified and Design tip elevations should be filled out in the table

Ret. Wall Details
10 LOTB Sheets Please post the LOTB sheets after each pertinrnt sound wall or retainin~ wall.

GDMR GDMR datedNovember :2008
The follwowing comments were sent to Overcommer Bor ofthe OSFP
Liaison on February 5, 2009 as comments on the Draft GDMR dated
November 2008.

P 5, These pages refer to total of 50 borings drilled for this project. However, The initial tables consisted of A
Section 5.1 & P there are an additional 15 borings that were not mentioned or discussed and borings within the initial
17, are attacahed to the LOTB sheets (RW/SW 141, 143, 175, 176 through 179, project boundaries (179+00
Table lB 211 through 214, SW 140 and 142). Please either remove these extra borings to 240+00). The tables have

1 Appendix A or discuss in the report. now been updated to inclnde
all the borings within the new
project limits and are now
consistent with the LOTB
sheets presented.
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SR4 Widening; Segment 3 - Lone Tree Way/A Street - EA 228511 Page: 3 / 10

Agencv: Caltrans Responded By:

Review Unit: Geotechnical Services Date Responded:

Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Cbnsultant to Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Disp.

P27 This section mentions the potential for liquefaction encountered in bomig The effect ofthe potential A
RW/SW-173 drilled for retaing wall #1 O/Soundwall 6B. Please discuss liquefaction has been

2 liquefaction mitigation measures. addressed in Section 8.4,
Retaining Walls, under Wall
No. 10.

P28, This section mentions that material generated from the cuts may be used as Agreed. Statements will be A

3
Section 8.2.3 fill. However, a special provision should be added regarding the use of added in the Special

expansive soils/low R-value allowing the use of this material up to 3 feet Provisions section to that
below subgrade only. effect.

4
P30, The required 30 day waiting period should be added to the project Special Agreed. A
Section 8.3.1 Provisions.
P 32-P 39, Table Based on the discussions on pages 32 through 39, there are several types The table has been revised to A
5 mentioned for some ofthe proposed retaiuing walls. This table should be indicate the wall types per the

revised for the following retaining walls: Retaining Wall #2 wall type is most current pillns. Multiple
5 ISWB and ISWBP, retaining wall #5 Types are ISW and 7SW. Retaining wall types have been

wall #9 Types are ISWB and CIDHpiIes. Retaining wall #10 Types are included as applicable.
7SWB and CIDH piles. Retaining wall #11 Types are 1, 5SWBP, and CIDH
niles.

P 33 Caltrans Standard Plans required ultimate bearing capacity for 12' high wall Agreed. The text has been A

6
RW#2& is 6.6 ksfnot 7.3 ksf. Also, Caltrans Standard Plans required ultimate bearing revised.
RW#3 capacity for 20' high wan is 9.9 ksfnot 7.3 ksf.
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Agency: Caltrans Responded 8y:

Review Unit: Geotechnical Services Date Responded:

Comments 8y: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; 8-Consultant to Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Di,p.

P 35 and P 36 Caltrans Standard Plans required ultimate bearing capacity for 14' high wall is Agreed. The text has been A

7
RW#6,RW#9 7.3 ksfnot 7.6 ksf. revised.
&
RW#ll
P 35 &P 36 Who will design the recommended 36 in and 24 in CIDH piles for portions of Required pile tips were A
RW#9, these walls? established and lateral load
RW#lO&RW analyses were performed per

8
11 the designer's input for RW

nos. 2, 3, 9, 10, 11 and 12.
The results are presented in
Section 8.4 uoder appropriate
Wall Nos.

P35 & Based on boring RW/SW 173 that was drilled for this wall, there is a potential It is judged that the A
P 36 for liquefaction. This section should discuss the remedies for liquefaction. liquefaction will have
RW#IO minimal effect on the wall,

9 due to the depth of the
potential liquefaction of the
layer. This is discussed in the
section.

P 37 Refer to Loading Case No (1?) as per Caltrans Standard Plans sheet B3-7. Agreed. Text has been A
10 Wall #11 revised to include Loading

Paragraph C Case No. I.
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A!!encv: Caltrans Responded By:
Review Unit: Geotechnical Services Date Responded:
Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultantto Evaluate; C-Will Not Incorporate; D-CCTA 10 Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Disp.

P 38 and Refer to Loading Case No (1 ?) as per Caltrans Standard Plans sheet B3-l. Agreed. Text has been A
P 39 Caltrans Standard Plans required ultiruate bearing capacity for 12' high wall revised to include Loading

11 Wall #13 is6.6 ksfnot 7.3 ksf. Case No. I.
Paragraphs A & (Second part of comment is
B repetition of Comment No 6,

first part).
P47 For SW 6A, in the Remarks colU1nn, reference is made to the use of24" l. The 24-in ClDH piles C
Table 8 ClDH pile for about 20'. However, Page 36 ofthe report mentions the use of noted in the Remarks column

36" ClDH pile between ECR Sta. 82+85 and 84+35 (150' long). Also, for for SW 6A pertain to
SW 6B, in the Remarks colU1nn, reference is made to the use of 16" ClDH soundwall piles on either side
pile to avoid utility lines. However, Page 36 ofthe report mentions the use of of Roosevelt Lane PUC. The
24" CIDH pile for this portion. 36-in piles pertain to piles

below Retaiuing Wall No.9.

12 They are in two different
locations.
2. This portion of SW 6B if
founded on l6-inch CIDH
piles (utility lines are not
mentioned in the Remarks
colunm). The two different
pile sizes are at different
locations.
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Ae:encv: Caltrans Responded By:
Review Unit: Geotechnical Services Date Responded:
Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultantto Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Disp.

P 50 For overhead sign HI, refrence is made to boring RW-210 as relevant to this 1. Overhead sign HI is C
Table 9 sign. However, refreing to the LOTB sheets, it appears that boring RW-211 is between RW-210 and RW-

closer to this sign structure. Also, for overhead sign I, refrence is made to 211 (closer to RW-211). A
boring RW-210 as relevant to this sign. However, refering at the LOTB However, RW-210 shows

13 sheets, it appears that boring RW-212 is closer to this sign structure. softer/looser soils. Hence it is
used.
2. Accepted. RW-212 is
closer to Sign I. The report
will be revised.

PSI, lt appears that the structural designer for the proposed overhead signs has not The vertical, lateral and C
Paragraph 1 provided the lateral and vertical loads. Thus, the foundation torsional loads for the

recommendations for these signs are based on some assumption. We will overhead sign structures will
14 review the foundation recommendations based on actual loadings in the next be similar to other similar

submittal. standard structures.
Therefore, the foundations
should be acceptable.

P 62 & P 49 As per page 49 ofthis report, difficult pile installation is anticipated due to Agreed. A

15
Special caving of sand and gravel layers and hard clays. This should be added to the
Provisions special provisions.

Also, See our comment #4 above.
Appendix A Refer to conunent #2 above regarding the attached borings that were not The tables have been revised A

discussed in the report. to be consistent with the
16 borings in presented in

LOTB sheets. See response
to comment # 4 above.
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Al?:ency: Caltrans Responded By:
Review Unit: Geotechnical Services Date Re~onded:
Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultant to Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Disp.

The followine: are additiOnal commentson the Draft GDMR
For future projects, especially those with structures, piezometers should be It is judged to be not C
installed to monitor fluctuations in ground water levels. This would be significant for this particular
helpful in determining seasonal groundwater fluctuations where piles project, since the water table

17 GENERAL foundations will be constructed. occurred at least 38 feet
below ground surface, and
trerefore, groundwater
fluctuations is of little
consequence.

Where structures are to be constructed, soil profiles would be helpful for the The general soil profile is C
design. discussed in Section 7.2

(Subsurface Soil Conditions):
Hard aliuTIal clliy soils with

18 GENERAL weathered siltstone/sandstone
at around 70 feet. Specific
soil profiles and properties
are noted for the piles in the
Calculations in Appendix C.

19
Page 15-16 The description ofthe SPT test should be changed to reflect the use ofa 140 Agreed. Text has been A
Section 5.1 lb. hanuner as is standard for the test. revised.

S:\Ongoing Projects\2006\206117 TYLIn Rte 4 Project\GDMR\Responses to Caltrans 65% Geotechnical Comments 080709.doc

-~---~----_.__..._._---



SR4 Widening; Segment 3 - Lone Tree WaytA Street - EA 228511 Page: 8/10

Agencv: Caltrans Responded By:

Review Unit: Geotechnical Services Date Responded:

Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19-09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultant to Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Di'D. DiSD.

Check the reference to the Geology Map in the text with that on the map - Agreed. The reference in the A
they are inconsistent Map should indicate 'Contra

20
Page 20 Costa County' instead of

& Plate 3 'Alameda County'. I! has
been revised to make it
consistent with the text..

The lithology section should be described in greater detail. Several tens of The geology and lithology A
borings were drilled and logged during the proj ect and significant information sections have been revised to

21
Page 21 was gathered regarding the lithology ofthe subsurface materials. This should include discussions on the

Section 7.1.1 be sununarized. bedrock occurring 60 to 70
feet below ground surface in
the deep borings.

I! is mentioned that erosion is considered but not applicable. Yet in the Statements have been added A
previous section it is mentioned that sloughing of slopes has occurred and in in Section 7.3.2 that
the construction considerations, you discuss that construction should take 'standard' erosion protection

Page 22
place in the dry season. These statements as they pertain to Section 7.3 .1.2 measures will be taken

22
Section 7.3 .1.2

are inconsistent. during construction.

While it is true that slope conditions as described should be stable, some
mention oferosion control should be added

Page 22 & Page Groundwater elevations in the text (page 22) are inconsistent with that of Agreed. Text has been A
Table 2. revised to remove the23 23

inconsistencies.
Section 7.3 .1.2
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A2ency: Caltrans Responded By:

Review Unit: Geotechnical Services Date Responded:

Comments By: Ali Kaddoura JRT Meeting Date:

Date Reviewed: 2-19·09 & 2-23-09

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 65% PS&E plans

Revision Action Code: A-Will Comply; B-Consultant to EValuate; C-Will Not Incorporate; D-CCTA to Evaluate
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Di,p.

24 Page 24
In Table 3, "RLSS" actually stands for "right lateral strike slip" and not "right Agreed. Text has been A
left strike slip. revised.

SPECIAL SPECIAL PROVISIONS
PROVISIONS

I Refer to items #3, #4 and #15 above
First Paragraph (#6), difficult pile installation is anticipated.... This should be

2 Page SP-306 edited to conform to actual field conditions and not in this generic form.
Surely there is no soft bay mud present within the project limits! Also, blank
spaces should be filled out in Paragrphs #8, #9 and #10.
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Responses to Caltrans Comments dated 6/16/2009 on the Materials Report dated 8/15/2008

Note: The Caltrans Comments are attached at the back of the responses. The report has
been revised per the comments as appropriate.

Response to Comment No.1

Accepted. Open graded HMA has been removed from the revised Table 12B and 12C for ramp
and city street pavement sections.

Response to Comment No.2

Accepted. A note has been added in the tables to indicate that full depth HMA options are to be
used only for narrow widening, areas inaccessible to conventional equipment.

Response to Comment No.3

Accepted. A note has been added in Table 12B that if JPCP option is chosen for Mainline, then
for ramps, RHMA should be substituted with HMA. A similar statement has been included in the
revised text of the report.

Also, the tables have been revised to reflect current nomenclature, e. g. RAC has been changed
to RHMA-G, etc.

Response to Comment No.4

Accepted. Table 12A in the revised report reflects the same structural section for all lanes,
consistent with the typical cross-section per the designer. A note is added as suggested to
indicate that the same structural section is used "for ease of construction, and to allow for
offsetting ofLCB joints from that of lane line joints, outside lane TI have been used in design of
both inside and outside lane structural sections.

Response to Comment No.5

Accepted. Table 12A has been revised as indicated in the comment: TI for outside shoulders has
been left blank; HMA thickness for outside shoulders varies from 0.70 to 1.00 feet and 'hybrid
shoulder' recommendation has been removed for median shoulder.

Response to Comment No.6

Accepted. The calculation has been revised.

Response to Comment No.7

Per the designers, the duration for temporary use is 2 years.

Response to Comment No.8

Agreed. The text has been revised. The item will be included in the Special Provision
recommendations to ensure the quality requirements used in the structural section design.
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Fl'om:

Slllie of California
DEPARTMENT 01<' TRANSPORTATION

Memorandum

MR. RAY PANG
District Office Chief
Design, Contra Costa

Attention: B. Chowl P. Engstrom

Materials Design Engineer
Engineering Services I - Materials A

Concurred By:

Business, Transp0l1ation and Housing Agency

Flex your ]Jower!
Be energy efficient!

Date, June 16, 2009

File: 4-CC-4 PM R 27,4/28.7
4-228511
Route 4 Bypass Widening &

A StreetIlC
(Segment 3A)

. MIS (P.E.
D' t ·et':K1:a~isl~
D rict Branth Chief, Materials A

Subject, Review of 65% PS&E (Segment 3A)

We received the Materials Rep01t and 65% Project Plans for the project 'Segment 3A' that
proposes construction of the 'A Street' Interchange and widening of Route 4 (East) with in above
referenced post mile limits. 'Segment 3A' is a segment of the State Route 4 (East) Widening
project which proposes the corridor widening from Loveridge Road to State Route 160 cunently
programmed under EA 228511. The actual work is planned to bc accomplished in many
segments (5 or 6 ENs), as funds become available, and segment 3A is one of these segments
with no separate EA yet for this segment.

The Materials Report has not been finalized. Thus, review of the Project Plans is cursory, and a
review of the special provisions will be provided at the next submittal. Our comments are as
follows:

MATERIALS REPORT

1. We do not recommend use of open graded lIMA or RHMA-O for city streets.

2. Proposed full depth lIMA options should include a note that these are to be used only for
nanow widenings, areas inaccessible to conventional equipment.

3. Include a note that if JPCP option is chosen for mainline, then for ramps, RHMA should
be substituted with lIMA as RHMA quantities would not be sufficient to warrant its use
on this project. Use the current nomenclature; RAC is to be changed to RHMA-G ctc.

4. The most recent submittal of the typical cross-section by the Design Engineer shows
same structural section for all lanes. Our preference is that Materials Report Table 12 A

"Ca{rrans improves mobilit}' acmss Califol'llia"



Mr. Ray Pang
Attn: B .Chow! P. Engstrom
June 17, 2009
Page 2

be revised to reflect this. A note may be included that for ease of construction, and to
allow for offsetting of LCB joints from that of lane line joints, outside lane TI have been
used in design of both inside and outside lane structural sections.

5. Table 12 A - - - For outside liMA shoulders leave the TI column blank. Show the lIMA
thickness to be val'. from 0.70' to 1.00'. Do not propose hybrid shoulder design for
median shoulder.

6. Table 12 C - - - Ramp structural section, option 3 should be adjusted to show 1.00' of AS
and 0.90' AB.

7. For temporary structural sectiotW for mainline a Tl of 9.5 has been used, what is the
duration for temporary use?

8. Section 13.2.2 - - - Imported borrow- Revise 2' to 2.5' to be consistent with the
recommendations made on page 54. If local borrow can be used then provide the special
provision recommendations to ensure that material placed with in 2.5' of the grading
plane has the quality requirements used in the structural section design. Currently, no
quantities are shown for imported borrow on the Project Plans or BEES.

PRO,JECT PLANS

Typical Cross-Sections

1. Delete structural section No.2 as the current proposal is to use structural section no. I
for all lanes.

2. Show over excavation and replacement of subgrade soils for a depth of 2.5' as
recommended in the Materials Report between Sta. 191+50 and 193+00, and between
Sta. 195+00 and 201+50.

3. Revise PRF to current- terminology.

4. Why lIMA pavement is proposed for a short segment of the mainline?

5. Structural section no.8 is not adequate for traffic use. Re-evaluate.

6. Show a minimum thickness of lIMA for structural section no. 15.

7. Abbreviations - - - Edit RAC and RlIMA abbreviations.

"Callralj,~ impl'0l1eS mobility ucm8.~ Califon/ta"



Mr. Ray Pang
Attn: B,Chowl P. Engstrom
June 17, 2009
Page 3

Drainage Quantities

Sheet DQ-l

1. Delete Note 4,

2. Revise APe Table to be in accordance with recommendations made in the Materials
Report.

If you have questions, please contacl Maninder Kaul' at 286-4827.

c: Daily File, Project File, dg

"Ca/trans imprQ1Jes mobility across Ca/{forllfa"



SR4 (East) Widening; Segment 3A - Lone Tree Way/A Street - EA
2285FI CC-4-PM R27.4!R28.7

Page: 1/2

Al(ency: Caltrans Responded By:
Review Unit: Geotechnical Services Date Responded:
Comments By: Ali Kaddoura lRifaat Nashed JRT Meeting Date:

Date Reviewed: 6/1/2010

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 100% GDMR

Revision Action Code: A-Will Comply; B-Consultant to Evaluate; C-Will Not Incorporate; D-CCTA to Evaluate

GDMR GDMR tlatetlMarch 2010
Item Drawing or Page Review Comments Design Responses Revision JRT Final
No. No. Action Disp. Disp.

The following comments were sent to Paul Engstrom ofthe oversight PE on
June 2, 2010 as comments on the Draft GDMR dated March 2010.

P9, The terrain elevation along the project alignment should be as follows: see "OLe I.LI
C

Section 2, - from Sta. 170+00 to Sta. 180+00, the elevation average is 55 ft at bottom of

I Existing - from Sta. 180+00 to Sta. 220+00, the elevation average is 65 ft
Facilities and - from Sta. 220+00 to the end of the project, the elevation average is 50 ft page

Proposed
Improvement
P 13, The Statement: "The regional structure.....of northwest-trending faults", should

Agreed. The A
Section 4.5, be replaced by the following statement:
Regional ''The project area is located in Contra Costa County at the northeastern flanks of text has been
Geology and Mount Diabblo and sonth San Joaquin plain. Conta Costa county lies in parts of revised as
Seismicity two geomorphic provinces. The major portion of the county is in the Coast

indicatedRanges province, with a small portion of the eastern end within the Great Valley2
provice, where the project area is located.
The Great Valley Sequence is depositionally linked to the Coast Range Ophiolite.
The Franciscan complex presumably underlies all of Contra Costa county. It was
emplaced beloe the Coast Range Ophiolite (USGS OPR 94-622).
Quaternary deposits in this area fonn a combination of eolian dune and river delta
denosits (USGS, OFR 97-98).

(1) The elevations noted in the Section are for terrain adjacent to the highway, e.g. outside the

highway cut or embankment and appear to be correct.

C:\Documents and Settings\s110262\Desktop\CC-4-Seg 2 & 3A Final\GDR Reniew-Rte 4E Segment 3A-2285FI-A st.-Lone Tree .doc



SR4 (East) Widening; Segment 3A - Lone Tree Way/A Street - EA

2285Fl CC·4·PM R27.4!R28.7
Page: 2/2

Ae;ency: Caltrans Responded By:
Review Unit: Geotechnical Services Date Responded:

Comments By: Ali Kaddoura lRifaat N ashed JRT Meeting Date:

Date Reviewed: 6/112010

TECHNICAL COMMENT REVIEW AND RESPONSE

Title: Submittal: Comments to 100% GDMR

Revision Action Code: A-Will Comply; B-Consultant to Evaluate; C-Will Not Iilcorporate; D-CCTA to Evaluate
P16, - "offset" of Borings No. SW-142, RW-187, RWfSW -211, and RW/SW Agreed. Text A
Table lB -212 should he corrected.

has been3 . "Approx. Ground Elevation" for Borings No. SW-146, E-19lshould be
corrected. revised as

- Borehole No. SW -176 is missing .... ...
4

P18, Boring depth of borehole No. AST-155 A is 130 ft not 100 ft. Should be Agreed. Revised A
Table lC corrected
PZI, - Fat clay layers are also present in boreholes No. RW-SW 149 and SW- Agreed. Text A
Sectiou 7.2, 144. Should be included has been
Subsurface Soil - Groundwater was encountered in four not three of the five 50-ft deep

5 Conditions borings (J{W/SW 173, SW 205, RW/SW211, and RW-l92). revised as
- The groundwater elevations at the project site ranged from 4.5 ft @ indicated.

borehole No. CAV·169 to 18,4 ft @ borehole No. RWfSW·211. The
maximum depth should be correcte

P23 - The number of the boreholes encountered groundwater and the Agreed. Text A
6 Section 3.2.2 maximum groundwater elevation should be corrected as noted above.

Groundwater . In table 2, the borehole No. RW/SW -211 is missing. revised.
P26 . Groundwater depth in borehole No. RW/SW-173 is 38.0 ft i.e. less than 50 ft See Note (2) at A

7 Section 26, depth. According to FEMA 365, it should be taken in consideration. bottom of pageLiquefaction
8
9
10

(2) Agreed. Text has been revised to indicate that the liquefaction potential exists in Boring
No. RW/SW-173 and cannot be ignored per FEMA 365.

C:\Documents and Settings\s110262\Desktop\CC4-Seg 2 & 3AFinal\GDR Reniew-Rte 4E Segment 3A-2285FI-A st.-Lone Tree .doc



 
 
11. Information of Existing Ground Water Contamination Monitoring Wells 
 



Keith Rhodes

From:
Sent:
To:
Cc:
Subject:
Attachments:

Hi Andy-

Rick Day [day@geoconinc.com]
Thursday, March 03, 2011 4:56 PM
Andrew Plaine
Keith Rhodes; Trudy Presser; Carla Peccianti; Karen Laws
RE: Chevron Service Station, A Street, Antioch
40thlogo.jpg; 2413 A Street.pdf; 2413 A Street Well Details.xls

The impacted well locations for the 2413 A Street property are identified on the appended figure.

I confirmed with the RWQCB this morning that only one well (MW-11) will need to re-installed after construction of the
Sunset Drive extension - we have a one-year timeframe following the abandonment of MW-11 for the well to be re-
installed.

The follOWing wells can be abandoned (without replacement):

Chevron
MW-5
MW-8
MW-10
MW-12
MW-13
MW-14

Olympian
MW-8

The appended excel table lists the well depths and casing sizes.

When doing your evaluation, please keep in mind that the responsible parties would be required to abandon these wells at
some time in the future at their own expense.

My opinion of probable cost for the eight well abandonments is as follows:

Permitting $3,500
Driller $23,000
Consultant $5,000 (5 days fieldwork)
Drum Disposal $6,000
PM and Reporting $7,500

My opinion of probable cost for the re-installation of MW-11 is as follows:

Permitting $1,000
RWQCB Workplan $2,500
Utility Clearance $1,000 (1/2 day fieldwork plus utility sub)
Driller $4,500
Consultant $1,000 (1 day fieldwork)
Well Development $3,000
Laboratory Analysis $1,000
Drum Disposal $1,500
PM and Reporting $3,500

1



Also, I have been asked to coordinate with Keith Rhodes at TY Lin to determine the location for the MW-11
replacement well. I anticipate that the replacement well will be installed in City of Antioch right-of-way. I will keep you
posted once I speak with Keith and we get concurrence from the City of Antioch.

Please let me know if you have questions.

Thanks,
Rick.

FYI - I will be on vacation from March 14 through March 21, returning on Tuesday, March 22.

~-----~-~ Richard Day, PG, CEG, CHG I Vice President
Geocon Consultants, Inc.
6671 Brisa Street, Livermore, California 94550
Tel 925.371.5900, ext. 201 Fax 925.371.5915
www.geoconinc.com

Cell 925.872.5860

From: Andrew Plaine [mailto:acplaine@pacbell.netl
Sent: Monday, February 28, 2011 12:15 PM
To: Rick Day
Subject: RE: Chevron Service Station, A Street, Antioch

Hi Rick:

Hope all is well. Any news on the status ofthis location?

Many thanks,

Andy

Andrew C. Plaine, MAl, SRA
Andrew C. Plaine & Associates
1966 Tice Valley Boulevard, No. 423
Walnut Creek, CA 94595

(925) 977 8361 DirecWM
(925) 831 0287 FAX

--- On Wed, 2/16/11, Rick Day <day@geoconinc.com>wrote:

From: Rick Day <day@geoconinc.com>
Subject: RE: Chevron Service Station, A Street, Antioch

2



To: "'Andrew Plaine'" <acplaine@pacbell.net>
Date: Wednesday, February 16,2011,3:22 PM

Hi Andy-

I received the updated geometry drawings yesterday afternoon from TY Lin and was able to start working on it today - I
have already talked with Chevron's consultant and am hoping to hear back from the RWQCB soon.

When we looked at it in August 2009, there were seven Chevron (2413 A Street) and one Olympian (2310 A Street) wells
that would be impacted. Per the RWQCB at that time, only one of the wells (Chevron MW-11) needed to be replaced - the
other wells could be destroyed with no subsequent replacement.

I'll be back in touch after I speak with the RWQCB and confirm there are no changes - will also provide you with the well
list and construction details, and opinion of probable cost for destruction and replacement.

Rick.

Richard Day, PG, CEG, CHG I Vice President
Geocon Consultants, Inc.
6671 Brisa Street, Livermore, California 94550
Tel 925.371.5900, ext. 201 Fax 925.371.5915 Cell 925.872.5860
www.geoconinc.com

From: Andrew Plaine [mailto:acplaine@pacbell.netl
sent: Wednesday, February 16, 2011 3:13 PM
To: day@geoconinc.com
Subject: Chevron Service Station, A Street, Antioch

Hi Rick:

Just checking in to see whether you have any infonnation regarding the status of the monitoring
wells/remediation at the Chevron station on A Street in Antioch, or any environmental reports.

Best regards,

Andy

Andrew C. Plaine, MAl, SRA
Andrew C. Plaine & Associates
1966 Tice Valley Boulevard, No. 423
Walnut Creek, CA 94595

(925) 977 8361 DirecWM
(925) 831 0287 FAX

3
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Well Well Depth (ft) Casing Diameter (in)

MW-5 50 2

MW-8 90 2

MW-10 50 2

MW-11 50 2

MW-12 50 2

MW-13 50 2

MW-14 50 2

MW-8 (Olympian) 50 2
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