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Figure 1-1

Route 5/1 Separation (Widen)

Project No.  11-137 Date: 03-15-2012
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MAP OF LIQUEFACTION POTENTIAL

Figure 3-2

Route 5/1 Separation (Widen)

Project No.  11-137 Date: 03-01-12

Source: California Geological Survey, 2001, 2002
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Latitude = 33.4670
Longitude = -117.6699

Damping Ratio = 5%

Spectral Coordinates
Acc. (g)

Period (sec) Design
0.010 0.400
0.100 0.701
0.200 0.869
0.300 0.857
0.500 0.760
1.000 0.618
2.000 0.342
3.000 0.218
4.000 0.156
5.000 0.121

Date: 01/12/12Project: 11-137

Route 5/1 Separation (Widen)           
Bridge No. 55-0510

Design ARS Curve

Figure 5-1
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DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES 

 
 

TO: MR. JEFF DEFEVERE     DATE:  January 22, 2013  
Office of Special Funded Projects (OSFP)   
Attention:  Ms. LUQI YANG    FILE: 12 ORA       05       6.76        
Fax:  (916) 227-8683     District County Route     Post mile 

 
FDN REPORT BY: Earth Mechanics, Inc DATED: Jan. 19, 2013                        Route 5/1 Separation (Widen)    

                  Structure Name 
 
GENERAL PLAN DATED: Nov. 12, 2012 FDN PLAN DATED:   Nov.12, 2012     12-0F96E4                55-0510 

        EA Number Bridge Number 
 

Submittal (Check One):  1st  2nd X 3rd  4th  Other: 

 
 
The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittal titled 
“Revised Final Foundation Report for Route 5/1 Separation (Widen), Bridge No. 55-0510, Orange 
County, California, 12-ORA-05, PM 6.76, Caltrans Project No. 1200020279, EA No 12-0F96E4”, 
prepared by Earth Mechanics, Inc, dated January 19, 2013. 
 
During our review we made reference to the following: 
 

 OGDS-1 review comment memorandum dated January 4, 2013. 
 Responses to OGDS-1 review comment memorandum, prepared by Earth Mechanics, Inc., 

dated January 11, 2013. 
 
The consultants have adequately responded to our review comments and incorporated the revisions 
in the subject report. Include this memorandum in the report, where appropriate. 

 
 

Please call Sharid Amiri at (949)724-2599, if you have any questions. 
 

 
 

Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                      
                   Geotechnical Design South-1 
(C1) Approved 
Office of Special Funded projects      
              
    
   
Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates  (All Reviews) OSC R.E Pending File 

















 

17800 Newhope Street, Suite B, Fountain Valley, California 92708. Tel: (714) 751-3826, Fax: (714) 751-3928 

Earth Mechanics, Inc.
Geotechnical & Earthquake Engineering 

 
                                                            
                                                                                                         MEMORANDUM 

  EMI PROJECT NO: 11-137 
DATE: January 19, 2013 
 
PREPARED FOR: Dr. Ayman Salama / TRC Solutions, Inc. (TRC) 
 
PREPARED BY: (Raja) S. Pirathiviraj and Lino Cheang / Earth Mechanics, Inc. (EMI) 
 
SUBJECT:  Responses to Caltrans 2nd Review Comments  
                                    Final Foundation Report for Route 5/1 Separation (Widen) 

Bridge No. 55-0510 
Orange County, California 

                                    12-ORA-5, PM 6.76 
                                    Caltrans Project No. 1200020279 (EA 12-0F96E4)                                                               
______________________________________________________________________________ 
Earth Mechanics, Inc. (EMI) submitted the Final Foundation Report, dated October 5, 2012, to 
Caltrans for review and Caltrans Office of Geotechnical Design South 1 (OGDS-1) has received 
the report on November 28, 2012. OGDS-1 has reviewed the report and provided their comments 
in a memorandum dated January 04, 2013. A copy of the memorandum is provided in 
Attachment 1.  

This memorandum provides our responses to Caltrans OGDS-1 comments. For convenience, 
Caltrans comments are provided in italics followed by EMI responses. 

1. Title Sheet addressed to TRC: Include the date of the meeting where over the shoulder 
meeting was conducted and the name of the oversight geo-professional. 
 
The second paragraph of the title sheet (letter) will be revised as follows: 

 “Earlier versions of this report dated April 23, 2012 and October 5, 2012 were submitted to 
Caltrans for review. Office of Geotechnical Design South 1 (OGDS-1)  provided their comments 
in memorandums dated August 31, 2012 and January 4, 2013. EMI prepared responses to the 
OGDS-1 review comments, which were reviewed by the Caltrans Oversight Geo-Professional 
Dr. Sharid Amiri at the over-the-shoulder review meeting conducted at the EMI office on 
September 20, 2012 and January 9, 2013. The EMI oversight engineers, Mr. Lino Cheang and 
Mr. Raja Pirathiviraj on September 20, 2012, and Mr. Andrew Korkos, Mr. Mike Kapuskar and 
Mr. Raja Pirathiviraj on January 9, 2013, were the attendees of the meeting. Responses to 
Caltrans comments have been incorporated into this Revised Final Foundation Report. Caltrans 
review comments and EMI responses are provided in Appendix D.” 

2. Existing geotechnical information was reviewed and collected to prepare the subject 
report. Revise Section 1.2 of the subject report accordingly. 
 
This task is listed in Section 1.1 of the report as a first bullet item.  
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3. The site investigation must be site specific and stated as such in the report. Revise Section 
1.2 of the subject report accordingly. 
 
The second bullet item in Section 1.1 of the report will be revised as follows:. 

 Site-specific field exploration consisting of drilling and logging exploratory borings and 
cone penetration test (CPT) sounding;” 

  
4. Project description does not make any reference to the other bridge structures that are part 
of the subject project. Revise Section 1.3 accordingly. 
 
The first paragraph in Section 1.2, Project Description, will include reference to the other bridge 
structures as follows: 
 
“The proposed improvement project includes widening of three bridge structures; 5/N5-N1 
Connector Separation (Bridge No. 55-0226), Route 5/1 Separation (Bridge No. 55-0510) and 
Camino Capistrano Undercrossing (Bridge No. 55-0227)” 
 
5. Revise Section 1.0 to include a table for “As-Built Foundation Data” with the relevant 
information. 
 
A “Section 1.3. As-Built Foundation Data” will be included in Section 1.0 of the report as 
follows. 
 

“1.3 As-Built Foundation Data 

This existing bridge was originally named “Camino Las Ramblas Ramp Undercrossing (UC)”, 
and was constructed in 1973. The existing UC is a two-span structure with a total length of 
175 feet and a variable width of about 183 feet. The abutments and bent are supported on spread 
footings. Pertinent foundation data as shown on the as-built plans is summarized in Table 1-1. 

Table 1-1. As-Built Foundation Data 

Support Foundation Type 
Bottom of Footing Elevation    

(feet) 
Design Load  

(ksf) 

Abutment 1 Shallow Footing +158.0 to +165.0 4.0 

Bent 2 Shallow Footing +140.0 to +143.0 6.0 

Abutment 3 Shallow Footing +156.7 to +161.0 4.0 

 
6. Revise the notes in Table 2.1, to include the appropriate Survey Datum. 
 
We will include the survey datum in the notes in Table 2-1 as follows: 
 
“Exploration locations were field surveyed using California Coordinate System (CCS) 83 
(1991.35) Zone 6  and vertical datum NAVD 1988.” 

“
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7. Revise Section 2 to include survey conducted for each boring and CPT. 
 
We will revise the second paragraph in Section 2.1 of the report as follows: 
 
“To supplement the existing subsurface information, five soil borings and one cone penetration 
test (CPT) sounding were performed between September 26 and October 10, 2011. The 
exploration locations were field surveyed using California Coordinate System (CCS) 83 
(1991.35) Zone 6 and vertical datum NAVD 1988 to obtain coordinates and elevations and 
establish stations and offsets. Boring information, including surveyed locations and elevations, 
are summarized in Table 2-1. Locations of the borings and CPTs are shown on the LOTB sheets 
provided in Appendix A.” 
 
8. Revise Section 2.0 of the subject report to include a narrative as to how the hammer 
efficiency is assessed per Caltrans Guidelines. 
 
The fourth paragraph in Section 2.1 of the report will include a narrative as to how the hammer 
efficiency is assessed as follows: 
 
“The SPT hammer energy measurements for this drill rig were performed by SPT CAL under 
subcontract with 2R Drilling on April 14, 2011. The SPT hammer energy report is provided in 
Appendix A.” 
 
9. Revise Section 2.3 to include a Table for the laboratory tests performed with type of test, 
applicable test method (i.e. ASTM, CT designation) and purpose of the test. 
 
Section 2.2 of the foundation report will be revised to include the table below. 

Table 2-2. Explanation of Laboratory Tests Performed 

Type of Test 
Applicable 

Test Method 
Purpose 

Unit Weight ASTM D 4767 Estimate in-situ unit soil weight 
Moisture Content ASTM D 2216 Estimate in-situ soil moisture content 
Percent Passing  
No. 200 Sieve 

ASTM D 1140 Determine the percentage of fine grained particles of soil 

Consolidation ASTM D 2435 Determine compressibility of fine-grained soil 
Direct Shear ASTM D 3080 Determine strength parameters of coarse-grained soil 

Unconsolidated 
Undrained Triaxial 

ASTM D 2850 Estimate strength parameters of fine-grained soil 

Soil pH CT 532/643 Determine corrosion potential of soil 
Minimum Resistivity CT 532/643 Determine corrosion potential of soil 

Sulfate Content CT 417 Determine corrosion potential of soil 
Chloride Content CT 422 Determine corrosion potential of soil 

Notes:   
1. ASTM = American Society for Testing and Materials. 
2. CT = California Test Method. 
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10. Revise Section 4.0 to include a separate subsection (i.e. 4.3) for Idealized Soil Profile 
along with the Table 2 and the corresponding narrative. 
 
“Section 4.2 Idealized Soil Profile” will be added to the Foundation Report along with 
“Table 4-1 Idealized Soil Profile and Strength Parameters”. 
 
11. Insert the Idealized Soil Profile in the main report where appropriate. 
 
“Figure 4-1 Idealized Soil Profile for Right Bridge” and “Figure 4-2 Idealized Soil Profile for 
Left Bridge” will be added to the Section 4.2 of the report. 
 
12. Revise the Idealized Soil Profile to include station line. 
 
“Figure 4-1 Idealized Soil Profile for Right Bridge” and “Figure 4-2 Idealized Soil Profile for 
Left Bridge”, showing the idealized soil profile with the station line, will be added to Section 4.2 
of the  report. 
 
13. Designate where the supports are located on the Idealized Soil Profile. 
 
“Figure 4-1 Idealized Soil Profile for Right Bridge” and “Figure 4-2 Idealized Soil Profile for 
Left Bridge”, showing the support locations, will be added to Section 4.2 of the report. 
 
14. Revise the Table of Contents accordingly. 
 
The table of contents will be revised to reflect the format changes discussed herein.  
 
15. Was the CPT calibrated against the borings performed at the site? Explain and provide 
justification. 
 
CPT-11-321 was calibrated against the nearby boring A-11-319 performed at the nearest bridge 
5/N5-N1 Connector Separation (Bridge No. 55-0226). Based on the boring, stratigraphy consists 
of about 50 feet of lean and fat clay with layers of sand and sand with silt underlain by 
sedimentary bedrock of the Capistrano formation. In addition, CPT-11-325 was performed for 
this bridge. The soil behavior type shown on these CPT sounding logs is consistent with the 
observations from the nearby borings. 
 
The CPT output data file with the estimated undrained shear strength using CPT correlations is 
provided in Appendix A of the report. Unconsolidated-undtained triaxial test results are 
presented in Appendix B of the report. The undrained shear strength values obtained from 
unconsolidated-undrained triaxial tests falls within the lower bound shear strength values that 
were estimated using CPT correlations. The design strength parameters were conservatively 
selected based on the average lower bound shear strength values. 
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In addition, the small-strain shear wave velocity (Vs30) measured by the seismic cone 
penetrometer used in Sounding CPT-11-321 was used to normalize the Vs30 values calculated 
using correlations with SPT blowcounts obtained from other borings.  
 
16. How was the cone factor Nk as it relates to the subject CPT investigation evaluated? 
Explain and provide justification. 
 
Based on the CPT interpretation files provided in Appendix A of the report, an Nk value of 15 
was used in estimating the undrained shear strength values using CPT correlation, which is the 
mid value of typical Nk values that range between 10 and 20 indicated in the CPT guidelines by 
Robertson (2009). In addition, based on our laboratory test results, over consolidation ratio 
(OCR) is slightly higher than 1.0. The OCR of 1 or slightly higher indicates that the soil is 
normally consolidated or slightly over consolidated (calculation sheets are attached). Based on 
these data, we believe that using Nk value of 15 is appropriate for the design. Based on Nk value 
of 15 and cone tip resistances, the estimated undrained shear strength values are higher than the 
undrained shear strength values used in our design; therefore, the design is appropriately 
conservative.  
 
In retrospect, the cone factor Nk, which varies mainly between 10 and 20 should preferably have 
been obtained from empirical correlation with the strength test used in that area (Robertson, 
2009). As a minimum, we believe that one boring and two to five CPT soundings should be 
performed for a site, depending on the number of supports and width of the bridge. This boring 
used for sampling and testing should be performed next to one of the CPT soundings to check 
the local CPT correlations and soil behavior type. The boring should be extended to the same 
depth as he CPT sounding. Soil samples should be taken at least every 2.5 or 3 feet using SPT, 
Modified California Drive, or other appropriate samplers, or at changes in soil stratigraphy. 
Additional confirmation borings and CPT soundings should be necessary if the site is large or the 
subsurface conditions vary significantly within the site. The need for and the number of the 
additional borings should be determined by the project geotechnical consultant, subject to the 
review of the appropriate regulatory agencies. 
 
17. Refer to the CPT data and calculate the bearing capacity and the consolidation settlement 
magnitude when spread footing is considered. Explain why spread footing cannot be considered 
based on the engineering calculation derived from the CPT. 
 
The CPT data shows that the lower-bound undrained shear strength is similar to the strength 
obtained from laboratory tests, which was used in the analysis to determine bearing capacity. 
Since there are five borings and one CPT were performed for this bridge, consolidation 
settlements were performed based on the soil boring data and the laboratory testing. The CPT 
data was not used to evaluate consolidation settlement. The primary purpose of the CPT 
sounding, conducted for the bridge, was to estimate shear wave velocity and assess liquefaction 
potential.  
 
Spread footing is not recommended as a suitable foundation option for the widening of Route 5/1 
Separation due to excessive settlement. Spread footing settlement is estimated using the 
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AASHTO LRFD Equation 10.6.2.4.2-3. Using the footing pressures presented in the as-built 
plans for abutments and bents, the settlement of the spread footing is estimated to be about 
3.2 inches and 5 inches at abutments and bents, respectively. A 5-foot deep overexcavation will 
only lower the settlement to about 1.7 inches and 3.3 inches at abutments and bents, respectively. 
The settlement calculations are included in Appendix C of the report. 
 
18. Why CPT data was not used in part for evaluation of the design parameters? 
 
CPT data was used in assessing the in-situ shear strength and subsurface conditions. Although 
the CPT data shows that there are layers with higher shear strengths, the CPT data also shows 
soil layers with lower strengths that are equivalent to the strengths selected for the idealized soil 
profile. Our rationale was to use lower-bound strengths from the CPT data as well as strength 
data from the UU triaxial and direct shear tests. 
 
19. Compare the in-situ data interpreted by CPT with the laboratory tests values and come up 
with idealized strength parameters. 
 
Please see response to Comment No. 18. 
 
20. Why idealized soil profile soil strength characterization in Table 4.1 is based only on the 
SPT, when CPT was also conducted to characterize the subsurface soil? 
 
Please see response to Comment No. 18. 
 
21. Provide SAP input files corresponding to the seismic analysis of the bridge pile foundation. 
 
EMI did not perform SAP analyses for the subject project and does not have the SAP files. 
JACOBS should be contacted regarding the SAP analysis.  
 
22. Revise the subject report to include Section 3.0 for only “Geology”. 
 
Section 3.0 will be retitled as requested.  
 
23. Take out Seismicity from Section 3.0. 
 
Section 3.0 will be retitled as requested and the seismicity will be included in Section 5.0 as 
requested in Comment No. 24. 
 
24. Revise the subject report to include Section 5 as “Seismicity and Geo-Seismic Hazards” to 
have subsections 5-1 for “Seismic Study”, 5-2 for “Ground Rupture”, 5-3 for “Caltrans ARS 
Curve”, 5-3-1 for “Development of Vs30”, 5-3-2 for “Development of Caltrans ARS Curve”, 5-4 
for “Liquefaction”, 5-5 for “Lateral Spread”, 5-6 for “Seismic Settlement”. 
 
Section 5.0 and its subsections will be formatted as requested.  
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25. Revise the subject report to include Section 6 for “Soil Corrosion”. 
 
Section 6.0 will be retitled as requested.  
 
26. Revise the subject report to include Section 7 for “Scour”. 
 
Section 7.0 will be retitled as requested.  
 
27. Revise the subject report to include Section 8.0 for “Foundation Recommendations”. 
 
Section 8.0 will be retitled as requested.  
 
 
Attachments: 

Attachment 1 – Second Review Comments by Caltrans Office of Geotechnical Design South 1 
(OGDS-1), Dated January 4, 2013, on the Final Foundation Report for Route 5/1 
Separation (Widen), Bridge No. 55-0510, Orange County, California, 12-ORA-
05, PM 6.76, Caltrans Project No. 1200020279, EA No. 12-0F96E4, Prepared by 
Earth Mechanics, Inc., Dated October 5, 2012. 

 
Reference: 

Earth Mechanics, Inc., 2012, Final Foundation Report for Route 5/1 Separation (Widen), Bridge 
No. 55-0510, Orange County, California, 12-ORA-05, PM 6.76, Caltrans Project No. 
1200020279, EA No. 12-0F96E4, October 5. 

 



 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT 1 

Caltrans Review Comments, Dated January 4, 2013 
 



DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES 

 
 

TO: MR. JEFF DEFEVERE     DATE:  January 04, 2013  
Office of Special Funded Projects (OSFP)   
Attention:  Ms. LUQI YANG    FILE: 12 ORA       05       6.76        
Fax:  (916) 227-8683     District County Route     Post mile 

 
FDN REPORT BY: Earth Mechanics, Inc DATED: Oct. 05, 2012                        Route 5/1 Separation (Widen)    

                  Structure Name 
 
GENERAL PLAN DATED: Nov. 12, 2012 FDN PLAN DATED:   Nov.12, 2012     12-0F96E4                55-0510 

        EA Number Bridge Number 
 

Submittal (Check One):  1st X 2nd  3rd  4th  Other: 

 
 
The Office of Geotechnical Design South 1 (OGDS-1) has reviewed the submittal titled 
“Final Foundation Report for Route 5/1 Separation (Widen), Bridge No. 55-0510, Orange County, 
California, 12-ORA-05, PM 6.76, Caltrans Project No. 1200020279, EA No 12-0F96E4”, prepared 
by Earth Mechanics, Inc, dated October 05, 2012 and received by our office on November 28, 
2012. 
 
We have the following comments: 

 
1. Title Sheet addressed to TRC: Include the date of the meeting where over the shoulder 

meeting was conducted and the name of the oversight geo-professional. 
2. Existing geotechnical information was reviewed and collected to prepare the subject report. 

Revise Section 1.2 of the subject report accordingly. 
3. The site investigation must be site specific and stated as such in the report. Revise Section 

1.2 of the subject report accordingly. 
4. Project description does not make any reference to the other bridge structures that are part 

of the subject project. Revise Section 1.3 accordingly.  
5. Revise Section 1.0 to include a table for “As-Built Foundation Data” with the relevant 

information. 
6. Revise the notes in Table 2.1, to include the appropriate Survey Datum.  
7. Revise Section 2 to include survey conducted for each boring and CPT. 
8. Revise Section 2.0 of the subject report to include a narrative as to how the hammer 

efficiency is assessed per Caltrans Guidelines. 
9. Revise Section 2.3 to include a Table for the laboratory tests performed with type of test, 

applicable test method (i.e. ASTM, CT designation) and purpose of the test.  
10. Revise Section 4.0 to include a separate subsection (i.e. 4.3) for Idealized Soil Profile along 

with the Table 2 and the corresponding narrative. 
11. Insert the Idealized Soil Profile in the main report where appropriate. 
12. Revise the Idealized Soil Profile to include station line. 
13. Designate where the supports are located on the Idealized Soil Profile.  
14. Revise the Table of Contents accordingly. 
15. Was the CPT calibrated against the borings performed at the site? Explain and provide 

justification. 



16. How was the cone factor Nk as it relates to the subject CPT investigation evaluated? 
Explain and provide justification. 

17. Refer to the CPT data and calculate the bearing capacity and the consolidation settlement 
magnitude when spread footing is considered. Explain why spread footing cannot be 
considered based on the engineering calculation derived from the CPT. 

18. Why CPT data was not used in part for evaluation of the design parameters? 
19. Compare the in-situ data interpreted by CPT with the laboratory tests values and come up 

with idealized strength parameters. 
20. Why idealized soil profile soil strength characterization in Table 4.1 is based only on the 

SPT, when CPT was also conducted to characterize the subsurface soil? 
21. Provide SAP input files corresponding to the seismic analysis of the bridge pile foundation. 
22. Revise the subject report to include Section 3.0 for only “Geology”. 
23. Take out Seismicity from Section 3.0. 
24. Revise the subject report to include Section 5 as “Seismicity and Geo-Seismic Hazards” to 

have subsections 5-1 for “Seismic Study”, 5-2 for “Ground Rupture”, 5-3 for “Caltrans 
ARS Curve”, 5-3-1 for “Development of Vs30”, 5-3-2 for “Development of Caltrans ARS 
Curve”, 5-4 for “Liquefaction”, 5-5 for “Lateral Spread”, 5-6 for “Seismic Settlement”. 

25. Revise the subject report to include Section 6 for “Soil Corrosion”. 
26. Revise the subject report to include Section 7 for “Scour”. 
27. Revise the subject report to include Section 8.0 for “Foundation Recommendations” 

 
 
Please call Sharid Amiri at (949)724-2599, if you have any questions. 

 
 
 

Approval:      Reviewed By:  Sharid Amiri, PhD, P.E.                      
                   Geotechnical Design South-1 
(C3) Not Approved 
Office of Special Funded projects      
              
    
   
Cc:  OGDS (Sacramento)  DES Office of Specifications and Estimates  (All Reviews) OSC R.E Pending File 




















































































