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FOUNDATION REPORT 
FAIR OAKS AVENUE OVERHEAD  

(WIDEN) 
CITY OF SUNNYVALE, CALIFORNIA 

BRIDGE NO. 37C0765 
 
 

1. SCOPE OF WORK 
 
This report presents the results of our geotechnical engineering investigation for the proposed Fair 
Oaks Avenue Overhead (Widen) (Bridge No. 37C0765) project, as described herein, to be 
constructed in the City of Sunnyvale, California.  The subject overhead is located on Fair Oaks 
Avenue, over Hendy Avenue and the Peninsula Corridor Joint Powers Board (PCJPB) Caltrain 
tracks, and between Kifer Road and Evelyn Avenue.  The approximate location of the project site is 
shown on the Project Location Map, Plate No. 1. 
 
The purpose of this investigation was to evaluate the general soil and groundwater conditions at the 
project site, to evaluate their engineering properties, and to provide foundation design 
recommendations for the proposed project.  The scope of work performed for this investigation 
included a review of the readily available geologic and geotechnical literature pertaining to the site, 
obtaining representative soil samples and logging materials encountered in the exploratory borings, 
laboratory testing of the collected soil samples, engineering analysis of the field and laboratory 
data, and preparation of this report. 
 
The geotechnical recommendations presented in this report are intended for design input and are 
not intended to be used directly as specifications.  These recommendations should not be used 
directly for bidding purposes. 
 
 
2. PROJECT DESCRIPTION  
 
The project description is based on discussions with Biggs Cardosa Associations, Inc. (Designer) 
and the information contained in Request for Proposals of City of Sunnyvale (2011).  The existing 
Fair Oaks Avenue Overhead was built in 1967 and has been determined to be structurally deficient 
by California Department of Transportation (Caltrans).  The City of Sunnyvale plans to conduct 
bridge rehabilitation including sliver widening on the Overhead.  The existing independent 
pedestrian overcrossing on the east of the Overhead will be demolished.  The structure columns on 
the east side of Hendy Avenue, north of railroad tracks, will be shifted easterly to provide more 



Biggs Cardosa Associates, Inc. 
Fair Oaks Avenue Overhead (Widen)    
Job No. 2012-105-GEO  
January 10, 2014 
Page 2 
 

  

horizontal clearance to Hendy Avenue under the Overhead.  The project will include roadway 
improvement on portion of Hendy Avenue under the Overhead.  
 
 
3. EXCEPTIONS TO POLICY 

 
Normal procedures were assumed for construction of the bridge structure throughout our analysis 
and represent one of the bases of recommendations presented herein.   
 
 
4. FIELD INVESTIGATION AND TESTING PROGRAM 
 
Two exploratory borings were drilled for this study with a truck-mounted rotary wash drill rig on 
December 18 and 19, 2012.  The borings were drilled to about 51.5 to 71.5 feet below grade.  
Selected soil samples were obtained with either a 2.5-inch I.D. Modified California (MC) or 
1.4-inch I.D. Standard Penetration Test (SPT) sampler at various depths.  The samplers were 
driven into subsurface soils under the impact of a 140-pound hammer having a free fall of 30 
inches.  The blow counts required to drive the sampler for the last 12 inches are presented on the 
Log of Test Borings (LOTBs) in Appendix A.  The drilling subcontractor was Pitcher Drilling Co. 
of Palo Alto, California.  Based on the hammer energy calibration information provided by the 
drilling company, the hammer energy ratio of the drill rig (Failing 1500) used is approx. 65%.  
Using a method suggested by Daniel, Howie and Sy (2003), 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 conversion factor of 0.7.  The soil 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.   
 
Previously, Wilsey, Ham & Blair conducted field exploration for the Overhead in 1965 by drilling 
five (5) borings to depths ranging approximately from 80 to 103 feet below grade.  Rotary wash 
drilling method was used.  The As-built LOTBs are contained in Appendix D. 
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Due to disparity between the soils revealed in the two borings and those depicted on the As-built 
LOTBs, three (3) supplemental cone penetration tests (CPT) were conducted on February 20, 2013 
to assist with developing subsurface profiles.  The CPTs were advanced to approximately 100 feet 
below grade using a 20-ton truck mounted test rig.  Two pore pressure dissipation tests were 
performed during CPT sounding as well.  Several soil samples were collected at selected depths in 
CPT-13-001 for laboratory tests to verify the CPT soil behavior type (SBT) interpretation.  The 
CPT sounding was carried out by Gregg Drilling & Testing, Inc. of Martinez, California.   
 
The approximate locations of the borings and CPTs are shown on the Site Plan, Plate No. 2.  The 
Log of Test Borings and CPT data report are included in Appendix A.   
 
 
5. LABORATORY TESTING PROGRAM 
 
Laboratory tests were performed on selected samples in the laboratory to evaluate the physical and 
engineering properties of the soils.  The tests performed for the study included the following:  
Moisture-Density (ASTM Test Method D 2216), Atterberg Limits (ASTM Test Method D 4318), 
Grain Size (ASTM Test Method D 422), Corrosion (California Test Methods 643, 417, and 422), 
Unconfined Compressive Strength (ASTM Test Method D 2166), and R-value (California Test 
Method 301).  The corrosion tests were performed by Sunland Analytical in Rancho Cordova, 
California.  The laboratory test results are attached in Appendix B.  
 
 
6. SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 

6.1 Site Geology 
 
General geologic features pertaining to the project site were evaluated by reference to Helley et al. 
(1994), Quaternary Geology of Santa Clara Valley, Santa Clara, Alameda, and San Mateo Counties, 
California.  Based on the publication, the project site and its vicinity is generally underlain by 
Quaternary sediments including the geologic units as follows:   
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Qhaf - Alluvial fan and fluvial deposits (Holocene): Brown or tan, medium dense to 
dense, gravely sand or sandy gravel, that generally grades upward, to sandy or 
silty clay. 

Qpaf - Alluvial fans and fluvial deposits (Pleistocene): Brown dense gravely and 
clayey sand or clayey gravel that fines upward to sandy clay, variously sorted. 

Qhfp - Floodplain deposits (Holocene): Medium to dark gray, dense sandy to silty clay. 
Qhb - Basin deposits (Holocene): Very fine silty clay to clay deposits occupying 

flat-floored basins at the distal edge of alluvial fans. 
 
A Geologic Map covering the project site is presented on Plate No. 3, which shows that the site is 
mostly underlain by Holocene alluvial fan and fluvial deposits (Qhaf).   
  

6.2 Subsurface Conditions 
 
The existing ground surface elevations are estimated from the general plan (December 2013) 
provided by the Designer.   According to the general plan, the existing ground surface elevations 
are at approximately 81 and 82 feet at boring locations of R-12-001 and R-12-002, respectively.   
The existing ground surface elevations at locations of CPT-13-001, -002 and -003 are at 
approximately 76, 81 and 82.5 feet, respectively.   
 
Boring R-12-001 was drilled below the Overhead, at the north side of railroad.  The boring 
encountered predominately medium stiff to very stiff lean clay and sandy lean clay to the 
maximum depth drilled, approximately 71.5 feet.  Medium dense to very dense sand, silty or clayey 
sand and clayey gravel were encountered approximately from 13 to 24, 46 to 49, and 68 to 71.5 feet 
(bottom of the borehole).   
 
Boring R-12-002 was drilled below the Overhead, at the south side of railroad.  The boring 
encountered predominately stiff to very stiff lean clay and sandy lean clay interbedded with dense 
granular materials to the maximum depth drilled, approximately 51.5 feet.  Sandy soils, including 
sand, silty and clayey sand, silty and clayey gravel, were encountered approximately between 14 
and 19, 23 and 28, and 39 and 43 feet. 
 
Three CPTs were pushed to about 100 feet below grade.  The reduced CPT data indicate that the 
subsurface conditions are mostly composed of sandy and clayey silt interbedded with sand, silty 
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sand and gravelly sand.  Generally, the silty soils appear to be stiff to very stiff, and the sandy 
materials are dense to very dense.  The CPT soil behavior type interpretation appears to be in 
general agreement with the subsoil conditions encountered in two recent borings. 
 
The As-built LOTBs of 1965 show that subsoils mostly consist of silty and clayey sand and gravel, 
from loose to dense, with stiff sandy clay layers at isolated spots.  However, comparing to the soil 
data of recent borings and CPTs, the loose sand shown on the As-built LOTBs appears more likely 
to be clayey or silty materials.   
 
The boring 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. 
 
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.  Therefore, it is recommended that a contingency fund be provided to 
accommodate any additional charges resulting from technical services that may be required during 
construction. 
 

6.3 Groundwater 
 

Groundwater was not encountered in the upper about 17 feet and not measured below 17 feet in the 
two recent borings during drilling due to rotary wash drilling method.  Groundwater is not shown 
on the As-built LOTBs (1965).  Two (2) pore pressure dissipation tests were performed during 
CPT sounding, which show that the groundwater is at about 44 (Elev. 32 ft) and 31 (Elev. 50 ft) 
feet below grade at locations of CPT-13-001 and CPT-13-002, respectively.  Based on Seismic 
Hazard Zone Report 068 (California Geological Survey [CGS], 2002), the groundwater level in the 
proximity of the project site could be within about 20 feet below grade.  Groundwater may vary 
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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.  For 
design purposes, groundwater is established at 20 feet below grade.  A copy of the historical 
groundwater depths from Seismic Hazard Zone Report 068 (CGS, 2002) is attached as Plate No. 
4. 
 
 
7. SCOUR EVALUATION  
 
No water course passes through the project site. 
 
 
8. CORROSION EVALUATION 
 
The corrosion investigation for this project was performed on selected soil samples in general 
accordance with the provisions of California Test Methods 643, 417, and 422.  A summary of the 
corrosion test results is presented in Table 8.1.  For structural elements, Caltrans Corrosion 
Guidelines (V2.0, November 2012) consider a site to be corrosive if one or more of the following 
conditions exist for the representative soil/water samples at the site:  Chloride concentration is 500 
ppm or greater; Sulfate concentration is 2,000 ppm or greater; or the pH value is 5.5 or less. 
 

TABLE 8.1 - CORROSION TEST RESULTS 

Boring No. Depth 
(ft) pH Minimum Resistivity 

(ohms-cm) 
Chloride 

Content (ppm) 
Sulfate Content 

(ppm) 

R-12-001  3 7.30 2,250 9.6 39.0 
R-12-002  11 7.24 1,470 41.3 39.9 

 
Based on the test results, the on-site materials are considered non-corrosive according to the 
Corrosion Guidelines by Caltrans Division of Engineering Services.  Standard Type II modified or 
Type I-P (MS) modified cement may be used for the concrete substructures.  Caltrans Bridge 
Design Specifications (September 2003) Section 8.22 for the minimum cement factor and cover 
thickness may be used for the bridge substructure and foundations.  
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9. SEISMIC RECOMMENDATIONS 
 

9.1 Seismic Sources 
 
The project site is located in a seismically active part of northern California.  Many faults in the 
San Francisco Bay Area are capable of producing earthquakes, which may cause strong ground 
shaking at the site.  The center of the Overhead is located at approximately 37.3753 degrees north 
latitude and 122.0206 degrees west longitude (Google Earth 2013).  The information of the closest 
faults in the area based on the Caltrans ARS Online Report (V2, 2012) is summarized below in 
Table 9.1.  The maximum magnitudes (Mmax) represent the largest earthquake that a fault is 
capable of generating and is related to the seismic moment.  The attached Fault Map, Plate No. 5, 
presents the locations of the fault system relative to the project site.   

 
TABLE 9.1 - FAULT INFORMATION 

Fault Fault ID Maximum 
Magnitude (Mmax) 

Fault 
Type 

Approx. Nearest 
Distance (miles) 

Silver Creek Fault 148 6.9 R 5.08 

Cascade Fault 153 6.7 R 2.77 

Monte Vista-Shannon Fault 154 6.4 R 4.61 
San Andreas Fault (Peninsula) 

2011 CFM 134 8.0 SS 8.61 

R = Reverse fault 
SS = Strike-slip fault 

 
9.2 Seismic Design Criteria 

 
The Caltrans ARS Online (V2, 2012) program was used for developing acceleration response 
spectra.   Development of the design ARS curve is based on several input parameters, including 
site location (longitude/latitude), average shear wave velocity for the top 100 feet (Vs30) of soils, 
and other site parameters, such as fault characteristics, site-to-fault distances.  The design methods 
incorporate both deterministic and probabilistic seismic hazards to produce the Design Response 
Spectrum.  The probabilistic response spectrum to be considered for structure design is based on 
the data from the USGS Interactive Deaggregations (Beta) program (USGS, 2008) for a 5% in 50 
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years probability of exceedance (975-year return period) or the Caltrans ARS Online program.  The 
controlling spectrum (upper envelope) is adopted for design response spectrum.    
 
The average shear wave velocity for the top 100 feet of soils at the project site was estimated by 
using the established correlations and guidelines in the Caltrans Methodology for Developing 
Design Response Spectrum for Use in Seismic Design Recommendations (November 2012).  An 
average shear wave velocity of 235 m/s was adopted.  According to the Caltrans guidelines, the 
USGS Beta program should be checked and compared with the Caltrans ARS Online program for 
four spectral probabilistic values (at periods of 0, 0.3, 1 and 3 sec.).  If the discrepancy between the 
USGS spectral acceleration values and the Caltrans Online results is less than 10%, then the 
probabilistic ARS curve generated by Caltrans ARS Online tool is acceptable for design.  
Otherwise, the probabilistic curve obtained from the USGS Beta program should be used.  For this 
project, the Caltrans Online probabilistic ARS curve governs.  An adjustment factor for near fault 
effect was applied to the calculated spectral acceleration values.  The increase of 20% to the 
spectral acceleration values corresponds to periods of 1 second and longer, and linearly tapers to 
zero at a period of 0.5-second.  No adjustment for basin effect is required for this location.  The 
subsurface soils at the project site can be categorized as Soil Type D per Caltrans Seismic Design 
Criteria (V1.7, 2013).  Based on the ARS curve, the anticipated peak ground acceleration (PGA) is 
about 0.6g.   The generated Acceleration Response Spectra Comparison Curves are presented on 
Plate No. 6A and the Recommended ARS Curve is presented on Plate No. 6B. 
 

9.3 Seismic Hazard 
 
Faulting 
 
The project site is located outside the designated State of California “Earthquake Fault Zones” 
(2010) for active faulting and no mapped evidence of active or potentially active faulting was 
found for the site.  The potential for fault rupture at the project site is considered to be low. 
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Liquefaction 
 
Liquefaction is a phenomenon in which saturated cohesionless 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 low-plastic silts of low relative density 
are the type of soils that usually are susceptible to liquefaction.  Clay is generally not susceptible to 
liquefaction.   
 
In examination of the Maps of Quaternary Deposits and Liquefaction Susceptibility in the Central 
San Francisco Bay Region, California (Witter et al., 2006), it appears that the project site is situated 
in a zone having moderate liquefaction susceptibility.  A Liquefaction Susceptibility Map, part of 
the publication pertinent to the project site, is attached on Plate No. 7. 
 
The liquefaction potential at the site was evaluated according to the procedures proposed by Youd 
et al. (2001).  Using the Caltrans ARS Online (V2, 2012) and reference to the USGS Beta program 
(2008), peak ground acceleration (PGA) was estimated to be 0.6g and the moment magnitude was 
estimated to be 8.0, representing a hazardous level of 5% exceedance in 50 years.  The above 
seismic parameters were incorporated into the liquefaction analysis.  Calculations on two boring 
data suggest that medium dense clayey sand approximately between 46 and 49 feet in Boring 
R-12-001 is potentially liquefiable.  The post-liquefaction settlement is about 0.5 inch. The 
analysis on reduced CPT data suggests that isolated pockets (less than 2 ft thick) of potentially 
liquefiable sandy soils exist in three CPT locations.   Since these potentially liquefiable sand layers 
are thin and surrounded by relatively thick non-liquefiable soils, liquefaction should not have 
significant impact on the overall soil behaviors at the site.   
 
Based on the liquefaction analysis results, it is our opinion that the liquefaction potential at the 
project site is relatively low.  The liquefaction impact on the structure foundation should be 
insignificant and should not be a major design concern.  Liquefaction calculations on borings and 
CPTs are contained in Appendix C. 
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10. AS-BUILT FOUNDATION DATA 
 
The existing Fair Oaks Avenue Overhead was constructed in 1967.  The City of Sunnyvale 
performed seismic retrofit improvements on the existing structure in 1981 and 1993.  The 
following As-built documents were provided by the Designer: 
 

• “City of Sunnyvale, Department of Public Works, Plans for the Construction of Seismic 
Retrofit of the Mathilda Ave. and Fair Oaks Ave. Overpasses,” November 1981, prepared 
by George S. Nolte & Associates. 

• “City of Sunnyvale, California, Plans for the Seismic Retrofit of the Mathilda Avenue 
Overhead and Fair Oaks Avenue Overhead,” June 1994, prepared by Willdan Associates.  

• “Fair Oaks Ave. Grade Separation at the Southern Pacific Railroad, Department of Public 
Works, City of Sunnyvale, California,” January 1966, prepared by Wilsey, Ham & Blair. 

 
Based on the As-built information, the existing overhead is about 905 feet long and has a minimum 
width of 65 feet.  The bridge deck consists of cast-in-place reinforced concrete box girder.  The 
structure bents consist of nine (9) pairs of concrete columns with steel casing supported by spread 
footings.  Two (2) abutment walls are supported by spread footings as well.  Table 10.1 
summarizes the As-built spread footing foundation information.  It should be noted that part of 
As-built plans is obscured and the existing foundation data should be verified by the Designer.  The 
As-built plan does not show the design footing pressures. 
 

TABLE 10.1 - EXISTING FOOTING FOUNDATION INFORMATION 

Location Station Length 
(ft) 

Width 
(ft) 

Approx. 
Ground 
Elev. (ft) 

Approx. 
Embedment 

to the Bottom 
of Footing (ft) 

Bottom of 
Footing 
Elev. (ft) 

Footing 
Thickness 

(ft) 

Abutment 1 6+03 74 13 84 5 79 2 
Bent 2 6+75 20 12 83 10 73 5 
Bent 3 7+70 20 12 82 11 71 5 
Bent 4 8+65 20 12 82 12 70 5 
Bent 5 9+60 20 12 82 11 71 5 
Bent 6 10+55 20 12 81 11 70 5 
Bent 7 11+50 20 12 79 11 68 5 
Bent 8 12+45 20 12 78 12 66 5 
Bent 9 13+40 20 12 78 12 68 5 

Bent 10 14+35 20 12 77 12 65 5 
Abutment 11 15+07 81 13 77 5 72 2 
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11. FOUNDATION RECOMMENDATIONS FOR BENTS 
 

11.1 Bent Footing Foundations 
 
It is our understanding that bridge widening (sliver widening on the east side of the Overhead only) 
will impose additional column loads on the east footings of Bents 2 through 6 and 10, and on the 
west footings of Bents 7 through 9.  The east columns at Bents 7, 8 and 9 will be moved easterly to 
give additional horizontal clearance to Hendy Avenue under the Overhead, which require new 
footing foundations.  The existing column axial load is about 1,800 kips per Designer, 
corresponding to a footing pressure of 7.5 ksf.  Based on the subsurface conditions, it is our 
opinion that spread footing foundations appear to be feasible for the structure. 
 

11.2 Bearing Capacities 
 
The bearing strata below the bottom of the existing bent footing foundations appear to be relatively 
strong sandy soils overlying stiff clayey soils.  Footing bearing capacities were estimated in 
accordance with the procedures outlined in Das (2004) for rectangular footing on layered soils, 
which is based on the works of Meyerhof & Hanna (1978) and Meyerhof (1974).  The analysis was 
performed on recent borings and CPTs as well as As-built data, with assumptions that the 
dimensions and embedment of footing foundations are the same as those of the existing.  The 
materials shown on the As-built LOTBs with blow counts less than 15 were treated as clayey soils 
for conservativeness.  Using empirical correlations between soil friction angle and SPT blow count 
(N60) or CPT tip resistance (qc), presented in the book of Coduto (1999), internal friction angles 
ranging from 30 to 42 degrees were adopted for sand.  Undrained shear strengths of clay were 
estimated based on lab test results, CPT data interpretation, and correlation recommended by US 
Army Corps of Engineering (1992).  Undrained shear strengths ranging from 1.1 to 1.7 ksf were 
used for stiff clay underlying the sandy layer.   With above adopted soil strength parameters, the 
estimated ultimate footing bearing capacities vary approximately from 19 to 39.5 ksf.  Table 11.1 
summarizes the calculation results of footing bearing capacities.  Calculation example of footing 
bearing capacity is presented in Appendix C. 
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TABLE 11.1 - SUMMARY OF BENT FOOTING BEARING CAPACITIES 

Boring / CPT 

General 
Soil Type 

below 
Footing 

Approx. 
Thickness 
of Soils (ft) 

Ave. N60 
Ave. qc 

(ksf) φ° C 
(ksf) 

Ultimate 
Bearing 

Capacity qu 
(ksf) 

R-12-001 Sand 11 50  42 0  
 Clay 20 11  0 1.2 22.5 

R-12-002 Sand 13 38  38 0  
 Clay 16 10  0 1.1 23.0 

B-1 (1965) Sand 13 25  35 0  
 Clay 17 11  0 1.2 23.0 

B-2 (1965) Sand 16 30  35 0  
 Clay 20 11  0 1.2 28.0 

B-3 (1965) Sand 10 26  35 0  
 Clay 15 10  0 1.1 19.0 

B-4 (1965) Sand 20 25  35 0  
 Clay 10 14  0 1.4 39.0 

B-5 (1965) Sand 20 25  35 0  
 Clay 20 15  0 1.5 39.5 

CPT-13-001 Sand 7  480 42 0  
 Clay 20  50 0 1.7 20.0 

CPT-13-002 Clay 8  60 30 0  
 Sand 7  400 30 0  
 Clay 11  40 0 1.5 28.5 

CPT-13-003 Sand 11  600 42 0  
 Clay 15  40 0 1.5 24.0 

 
To reduce possible punching failure due to dense sandy soil layer overlying stiff clayey soil layer 
and since that the Overhead has been in place for 46 years (from 1967 to 2013), it is recommended 
that bent footing bearing capacity for service load be limited to 7.5 ksf, the existing bearing 
pressure.  The ultimate or nominal bearing pressure should not exceed 3 times the allowable 
bearing capacity (3 x 7.5 = 22.5 ksf). 
 

11.3 Settlement 
 
The settlement of the existing bent footings is considered to have completed given the fact that the 
Overhead was built 46 years ago.  If the existing footings are to be enlarged for additional load, the 
added portion should be doweled to the existing footings to minimize differential settlement.  The 
settlement of the new footings (east footings) for Bents 7, 8 and 9 was estimated to be less than 1.5 
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inches under service load of 7.5 ksf, assuming that the dimensions and embedment of footing 
foundations are the same as those existing.  Elastic settlement calculation used method 
recommended by Janbu, Bjerrum & Kjaernsi (1971) as referred to in the publication of Duncan & 
Buchignani (1976).  Drained and undrained moduli of soils were estimated based on correlations 
presented by Kulhawy & Mayne (1990) and Duncan & Buchignani (1976), respectively.  Table 
11.2 summarizes the calculation results of footing settlement.  Settlement calculation example is 
presented in Appendix C. 
 

TABLE 11.2 - SUMMARY OF BENT FOOTING SETTLEMENT 

Boring / CPT 
General Soil 
Type below 

Footing 

Approx. Soil 
Thickness (ft) 

Approx. 
Settlement (in) 

Approx. Total 
Settlement (in) 

R-12-001 Sand 11 0.40  
 Clay 30 0.55 0.95 

R-12-002 Sand 13 0.45  
 Clay 30 0.60 1.05 

B-1 (1965) Sand 13 0.65  
 Clay 30 0.55 1.20 

B-2 (1965) Sand 16 0.55  
 Clay 30 0.45 1.0 

B-3 (1965) Sand 10 0.45  
 Clay 30 0.70 1.15 

B-4 (1965) Sand 20 0.70  
 Clay 20 0.25 0.95 

B-5 (1965) Sand 20 0.70  
 Clay 20 0.25 0.95 

CPT-13-001 Sand 7 0.35  
 Clay 35 0.60 0.95 

CPT-13-002 Clay 8 0.60  
 Sand 7 0.20  
 Clay 25 0.35 1.15 

CPT-13-003 Sand 12 0.40  
 Clay 30 0.45 0.85 

 
11.4 Bent Footing at the Strength Limit State 

 
It is presumed that bent footing excavation will be backfilled with Caltrans structure backfill.  
Based on discussions with the Designer, it is our understanding that foundation design for Bents 
will be based on Caltrans Bridge Design Specifications (BDS, 2003) LFD method for the existing 
footings and Caltrans Amendments to AASHTO (2011) LRFD method for the new footings.  The 
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soil parameters for bent footing design at the Strength Limit State are provided in Table 11.3.  The 
footing should be supported on firm native soils, engineered fill, or properly treated subgrade.  
 

TABLE 11.3 – BENT FOOTING 
Soil Unit Weight 120 pcf 
Nominal Bearing Capacity 22.5 ksf 

Bearing Resistance Factor φ = 0.5 (LFD)1 
φb = 0.45 (LRFD)2 

Nominal Passive Equivalent 
Fluid Pressure 600 pcf (maximum 5 ksf) 

Passive Resistance Factor φep = 0.5 (LRFD)2 
Footing Base Friction 
Coefficient 

0.4 (Existing footing) 
0.5 (New footing) 

Friction Resistance Factor φτ = 0.8 (LRFD)2 
1. Caltrans BDS (2003), Section 4.10.6. 
2. Caltrans Amendments to AASHTO (2011), Table 10.5.5.2.2-1. 

 
11.5 Bent Footing at Seismic Event 

 
Nominal passive pressure on the sides of bent footing foundations for seismic condition was 
estimated to be 3 ksf, rectangular-shaped.  Lateral footing displacement is required to mobilize the 
passive pressure, which should follow the recommendation of Federal Emergency Management 
Agency (FEMA 356, November 2000).  The Passive Pressure Mobilization Curve (Figure 4-6 in 
FEMA 356) is attached on Plate No. 8.  Footing friction coefficients of 0.4 can be used between the 
footing base and subgrade for calculation of base friction resistance. Nominal bearing capacity of 
22.5 ksf can be utilized for seismic condition. 
 
In addition, bent footing spring constants were calculated in accordance with the recommendations 
provided in FEMA 356 (November 2000).  The methods incorporate the site parameters into 
foundation stiffness estimation, which include soil class at the site, soil shear wave velocity, 
normalized SPT blow counts of the soils, and site effective peak acceleration.  An average (N1)60 
of 15 was adopted for the soils surrounding the footings.  The site peak acceleration at short period 
(0.2 sec.), corresponding to a probability of 5% exceedance in 50 years, was estimated to be 1.26g 
using USGS Beta (2008) program.  An uncoupled spring model was used to calculate rigid footing 
spring constants.  The calculation outputs for three bent footing dimensions are presented in 
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Appendix C. 
 

11.6 Over-Excavation and Replacement below New Bent Footings 
 
To account for subsurface soil variation and uncertainty, the subgrade of new footing foundations 
at Bents 7, 8 and 9 should be over-excavated about 3 feet and replaced with Class 2 aggregate base 
(AB).  If soft and loose, saturated native soil deposits are encountered, deeper excavation will be 
required to expose firm native soils.  The over-excavation should be extended to a minimum of 2 
feet beyond the footprint of the footings.  The AB should be compacted to a minimum of 95 
percent relative compaction (Caltrans standard).  The exposed native soils should not be allowed 
to dry before placement of aggregate base and concrete. 
 
 
12. FOUNDATION DESIGN CRITERIA FOR ABUTMENTS 
 
According to the Designer, abutment retrofits are required to help limit the global displacement of 
the bridge.  Anchor heads/anchor piles at the corners of each abutment are being considered to 
provide additional lateral stiffness of the system.  The LPILE parameters presented in Tables 12.1 
and 12.2 can be used for the Designer to conduct lateral capacity analysis on anchor piles in 
longitudinal direction.  The recommended LPILE parameters are based on the reduced CPT data.  
If applicable, an average group factor p-multiplier of 0.6 should be used for piles with a minimum 
spacing of 3 times the pile diameter, center to center.  For a single row of piles spacing 3 times the 
pile diameter, a p-multiplier of 0.9 can be used for load direction perpendicular to the row.  
y-multiplier can be taken as 1. 
 

TABLE 12.1 - LPILE PARAMETERS FOR ABUTMENT 1 (CPT-13-003 south end of bridge) 

Approx. 
Elevation (ft) 

Generalized Soil 
Profile 

LPILE 
Soil Type Soil Strength K  

(pci) 
E50 

(in/in) 

Effective 
Unit Wt. 

(pcf) 

Above 82.5 Embankment Sand (Reese) φ = 32° Default N/A 120 

82.5 to 77.5 Silty Sand, Sandy 
Clay 

Sand (Reese) φ = 32° Default N/A 120 
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Approx. 
Elevation (ft) 

Generalized Soil 
Profile 

LPILE 
Soil Type Soil Strength K  

(pci) 
E50 

(in/in) 

Effective 
Unit Wt. 

(pcf) 

77.5 to 70.5 Sandy Silt, Clayey 
Silt 

Sand (Reese) φ = 34° Default N/A 120 

70.5 to 59.5 Gravelly Sand, Silty 
Sand 

Sand (Reese) φ = 38° Default N/A 120 

59.5 to 43.5 Sandy Silt, Clayey 
Silt, Silty Clay 

Stiff Clay w/o Free 
Water (Reese) C = 1,000 psf N/A Default 58 

43.5 to 36 
Silty Sand, Sandy 
Silt, Clayey Silt, 

Sand 
Sand (Reese) φ = 34° Default N/A 58 

36 to 22 Sandy Silt, Clayey 
Silt, Silty Clay 

Stiff Clay w/o Free 
Water (Reese) C = 1,500 psf N/A Default 58 

22 to 17.5 Gravelly Sand, Sand Sand (Reese) φ = 36° Default N/A 58 

17.5 to 11.5 Sandy Silt, Clayey 
Silt 

Stiff Clay w/o Free 
Water (Reese) C = 1,500 psf N/A Default 58 

11.5 to 8.5 Gravelly Sand, Sand Sand (Reese) φ = 38° Default N/A 58 

Below 8.5 Sandy Silt, Clayey 
Silt, Silty Sand 

Stiff Clay w/o Free 
Water (Reese) C = 2,000 psf N/A Default 58 

 
TABLE 12.2 - LPILE PARAMETERS FOR ABUTMENT 11 (CPT-13-001 north end of bridge) 

Approx. 
Elevation 

(ft.) 
Generalized Soil 

Profile 
LPILE 

Soil Type Soil Strength K 
(pci) 

E50 
(in/in) 

Effective 
Unit Wt. 

(pcf) 

Above 76 Embankment Sand (Reese) φ = 32° Default N/A 120 

76 to 71 Silty Sand, Sandy 
Clay 

Sand (Reese) φ = 32° Default N/A 120 

71 to 59 
Sandy Silt, Clayey 
Silt, Gravelly Sand, 

Sand 
Sand (Reese) φ = 36° Default N/A 120 

59 to 55.5 Silty Clay, Clayey 
Silt 

Mod. Stiff Clay w/o 
Free Water (Reese) C = 550 psf N/A Default 120 

55.5 to 51 Sandy Silt, Clayey 
Silt 

Stiff Clay w/o Free 
Water (Reese) C = 1,000 psf N/A Default 58 

51 to 47 
Silty Sand, Sandy 
Silt, Clayey Silt, 

Sand 
Sand (Reese) φ = 36° Default N/A 58 
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Approx. 
Elevation 

(ft.) 
Generalized Soil 

Profile 
LPILE 

Soil Type Soil Strength K 
(pci) 

E50 
(in/in) 

Effective 
Unit Wt. 

(pcf) 

47 to 40 Sandy Silt, Clayey 
Silt,  

Stiff Clay w/o Free 
Water (Reese) C = 1,000 psf N/A Default 58 

40 to 35 Gravelly Sand, Sand Sand (Reese) φ = 38° Default N/A 58 

35 to 23.5 Sandy Silt, Clayey 
Silt,  

Stiff Clay w/o Free 
Water (Reese) C = 1,500 psf N/A Default 58 

23.5 to 16 Gravelly Sand, Sand Sand (Reese) φ = 38° Default N/A 58 

16 to 6 Sandy Silt, Clayey 
Silt 

Stiff Clay w/o Free 
Water (Reese) C = 1,750 psf N/A Default 58 

Below 6 Sandy Silt, Clayey 
Silt, Silty Sand 

Stiff Clay w/o Free 
Water (Reese) C = 2,000 psf N/A Default 58 

 
Based on the Designer, the existing Abutment 1 will be extended about 6 feet easterly.  Therefore, 
new abutment footing extension of about 7.3 feet is required.  The width of the new abutment 
footing extension will be kept the same as that of the existing (13 ft).  The existing axial service 
loads are about 2,290 kips and 2,645 kips per support on Abutment 1 and Abutment 11, 
respectively, which correspond to a bearing pressure of about 2.5 ksf.  The required bearing 
capacity of the new footing will be similar to that of the existing.  Per the CPT-13-003 and As-built 
B-1 data, the following (Table 12.3) geotechnical parameters should be incorporated into 
Abutment 1 footing extension design.  It is our understanding that abutment footing foundation 
design will use Caltrans Working Stress Design (WSD) method.  Proper factors of safety should 
be applied. 
 

TABLE 12.3 – ABUTMENT FOOTING EXTENSION 
Active Equivalent Fluid Pressure 36 pcf  
At-Rest Equivalent Fluid Pressure 55 pcf 
Nominal Passive Equivalent Fluid 
Pressure (neglect the upper 1 foot) 600 pcf (maximum 3 ksf) 

Nominal Bearing Capacity  
Allowable Bearing Capacity 

12 ksf 
4 ksf 

Footing Base Friction Coefficient 0.4 
Traffic Load (minimum) 240 psf 
Incremental Seismic Lateral Pressure 28 pcf  
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According to AASHTO (2011) recommendations, the additional seismic lateral pressure is 
triangular-shaped, and the resultant is at about one third of the wall height measured from the 
bottom of the wall.   
 
The lateral pressures in Table 12.3 are based on an assumption that the Caltrans structure backfill 
will be placed behind the abutment extension and is properly drained.  To prevent hydrostatic 
pressure build-up, the abutment wall should be provided with permanent backdrain.  Otherwise, 
hydrostatic pressure should be included into design.   Other approximate surcharges in addition to 
traffic load should be considered by the Designer.  A coefficient of 0.3 and 0.5 may be used to 
determine the additional horizontal earth pressure resulting from the surcharge for active and 
at-rest conditions, respectively. 
   
Per Caltrans Seismic Design Criteria (V1.7, 2013), the ultimate passive earth resistance behind the 
abutment backwall should be limited to 5 ksf for seismic design of the backwall (5.5 feet high or 
greater); for activated backwall height less than 5.5 feet modify the passive resistance 
proportionally, i.e. 5×(H/5.5) ksf. A minimum lateral wall movement of 2% of wall height to 
mobilize the full ultimate passive pressure is required.  The ultimate passive earth resistances are 
also based on an assumption that the embankment fill behind the abutment is properly drained.   
 
To account for subsurface soil variation and uncertainty, the bottom of new footing foundation 
should be over-excavated about 2 feet and replaced with Class 2 AB.  If soft and loose, saturated 
native soil deposits are encountered, deeper excavation will be required to expose firm native soils. 
The over-excavation should be extended to a minimum of 1 foot beyond the footprint of the 
footing foundations.  AB should be compacted to a minimum of 95 percent relative compaction 
(Caltrans standard).  The exposed native soils should not be allowed to dry before placement of 
aggregate base and concrete. 
 
 
13. FOUNDATION DESIGN CRITERIA FOR RETAINING WALL 
 
A new retaining wall will be constructed along the east side at the south end of the bridge to 
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accommodate sliver widening requirement.  Per the plan and typical cross sections of the retaining 
wall (July 2013) from the Designer, the new retaining wall will start from Abutment 1 and extend 
about 160 feet southerly with design height varying from 6.5 to 18 feet.  The bottom elevations of 
the new retaining wall will confirm to those of the existing ones, about 4 to 5 feet below the 
existing grade.  Part of the existing retaining wall will be demolished.  No As-built design bearing 
capacity of the existing retaining wall is available.  However, the As-built design bearing pressure 
for Abutment 1 is about 2.5 ksf.  Per the CPT-13-003 and As-built Boring B-1 data, the following 
geotechnical parameters in Table 13.1 should be incorporated into the new retaining wall design. 
 

TABLE 13.1 – RETAINING WALL FOOTING 
Soil Unit Weight 120 pcf 
Active Equivalent Fluid Pressure 36 pcf  
At-Rest Equivalent Fluid Pressure 55 pcf 
Nominal Passive Equivalent Fluid 
Pressure (neglect the upper 1 foot) 600 pcf (maximum 3 ksf) 

Active Pressure Coefficient, ka 0.3 
At-Rest Pressure Coefficient, ko 0.45 
Passive Pressure Coefficient, kp 5.0 
Nominal Bearing Capacity  6.5 ksf 
Footing Base Friction Coefficient, tanδ 0.35 
Traffic Load (minimum) 240 psf 
Incremental Seismic Lateral Pressure 28 pcf  

 
According to AASHTO (2011) recommendations, the additional seismic lateral pressure is 
triangular-shaped, and the resultant is at about one third of the wall height measured from the 
bottom of the wall.  It is our understanding that the new retaining wall will be designed similarly to 
Caltrans Type 1 retaining wall.  The footing foundation design will use AASHTO LRFD method. 
According to Table 11.5.6-1 of Caltrans Amendments to AASHTO (2011) for semi-gravity wall, 
the footing resistance factors of 0.55, 1.0 and 0.5 should be specified for bearing, friction, and 
passive resistance at the Strength Limit State, respectively.   

 
The lateral pressures provided in Table 13.1 are based on an assumption that the Caltrans structure 
backfill will be placed behind the new retaining wall and the backfill is properly drained.  To 
prevent hydrostatic pressure build-up, the abutment walls should be provided with permanent 
backdrains.  Otherwise, hydrostatic pressure should be included into design.   Other approximate 
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surcharges in addition to traffic load should be considered by the Designer.  A coefficient of 0.3 
and 0.5 may be used to determine the additional horizontal earth pressure resulting from the 
surcharge for active and at-rest conditions, respectively. 
 
To account for subsurface soil variation and uncertainty, the bottom of new footing foundation 
should be over-excavated about 2 feet and replaced with Class 2 AB.  If soft and loose, saturated 
native soil deposits are encountered, deeper excavation will be required to expose firm native soils. 
The over-excavation should be extended to a minimum of 1 foot beyond the footprint of the 
footing foundations.  AB should be compacted to a minimum of 95 percent relative compaction 
(Caltrans standard).  The exposed native soils should not be allowed to dry before placement of 
aggregate base and concrete. 
 
 
14. PAVEMENT SECTIONS    
 
Minor roadway widening will be required for Hendy Avenue under the Overhead.  Pavement 
design for flexible pavement sections using hot mix asphalt (HMA) was based on the current 
Caltrans Highway Design Manual (HDM, 2012).  The R-value of the existing subgrade material 
was tested to be 18.  An R-value of 15 was used for pavement design.  It is not expected that import 
fill will be needed.  If import fill will be brought in for subgrade leveling, the import fill should 
have a minimum R-value of 15 and placed within 3 feet of the subgrade below pavement sections. 
Table 14.1 presents the design recommendations for structural pavement sections.  Caltrans 
Standard Specifications (2010) should be referred for the materials (HMA, AB and AS) to be used 
and their placement and compaction.  
 

TABLE 14.1 - STRUCTURAL PAVEMENT SECTIONS 

TI R-value 

Structural Pavement Section (ft) 

Option 1 Option 2 Option 3 

Full-Depth 
HMA HMA AB HMA AB AS 

6 15 0.70 0.30 0.90 0.30 0.50 0.50 
6.5 15 0.75 0.30 1.05 0.30 0.55 0.55 
7.0 15 0.85 0.35 1.05 0.35 0.55 0.60 
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TI R-value 

Structural Pavement Section (ft) 

Option 1 Option 2 Option 3 

Full-Depth 
HMA HMA AB HMA AB AS 

7.5 15 0.90 0.40 1.15 0.40 0.55 0.65 
8.0 15 0.95 0.40 1.25 0.40 0.65 0.70 
8.5 15 1.05 0.45 1.35 0.45 0.65 0.75 
9.0 15 1.10 0.45 1.50 0.45 0.75 0.80 

 HMA:  Hot Mix Asphalt (Type A);   
 AB:  Aggregate Base (Class 2) with R-value equal to 78; 

AS:  Aggregate Sub-base (Class 2) with R-value equal to 50.  

 
 
15. GRADING 
 
All grading and compaction operations should be performed in accordance with the project 
specifications and Section 19, Earthwork, of Caltrans Standard Specifications (2010).  A 
representative from this office or regulating agency should observe all excavated areas during 
grading and perform moisture and density tests on prepared subgrade and compacted fill material.  
 
Areas to receive fill should be clean of vegetation, shrubs, trees, and their roots greater than 1.5 
inches in diameter.  If any soft or saturated soils are encountered during site grading, deeper 
excavation may be required to expose firm soils. 
 
Any fill materials imported to the project site should be non-expansive, relatively granular material 
having a Plasticity Index (PI) of less than 15 and a minimum Sand Equivalent (SE) of 10.  The 
maximum particle size of fill material should not be greater than 4 inches in largest dimension.  It 
should also be non-corrosive, free of deleterious material and should be reviewed by the 
Geotechnical Engineer.   In addition, it is recommended that the materials within 3 feet of the 
proposed pavement subgrade should have a minimum R-value of 15.  The on-site soils may be 
used as engineered fill, provided they meet the above criteria. 
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16. CONSTRUCTION CONSIDERATIONS 
 

16.1 General   
 
To a degree, the performance of any structure is dependent upon construction procedures and 
quality.  Hence, observation of foundation excavation and grading operations should be carried out 
by the geotechnical engineer.  If the encountered subsurface conditions differ from those forming 
the basis of our recommendations, 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. 
 

16.2 Construction of CIDH Piles 
 
It is assumed that Cast-In-Drilled-Hole (CIDH) concrete piles will be constructed as abutment 
anchor head/anchor piles.  Caltrans standard specifications (2010) and standard special provisions 
(SSP) for “Cast-in-Place Concrete Piling” should be used for the construction of CIDH piles.  
Groundwater is expected during pile construction.   Hard drilling should be anticipated for drilling 
into dense or very dense sand/gravel materials. The contractor should carefully examine the 
subsurface conditions and should make their own interpretation and perform independent study on 
the constructability of the piles.  Special tool or drilling equipment may be required.  The use of 
temporary steel casing or fluid displacement method should be anticipated at all times to maintain 
the integrity of the piles. 
 
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 Method CT 233 to check the homogeneity of 
CIDH piles.  CT 233 defines pile rejection criteria based on the statistical principles of mean and 
three standard deviations to analyze the homogeneity of a pile.  Anomalies detected should be 
evaluated by the Designer for their significance and potential impact on design and to see if 
mitigation plans are required.   Details of the acceptance testing and Gamma-Gamma Logging are 
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contained in Caltrans SSP and CT 233. 
 
Due to presence of granular material and groundwater, raveling or caving is expected, which may 
require additional drilling and cleaning effort and may increase the concrete volume for the piles. 
It is prudent to make the contractor aware of these conditions so that they take appropriate steps to 
comply with the standards and maintain the integrity of the CIDH concrete piles.  Mitigation and 
repair procedures for CIDH anomaly should be anticipated.  All pile excavations should be 
observed by the geotechnical engineer prior to the placement of reinforcement and concrete so that 
if conditions differ from those anticipated, appropriate recommendations can be made. 
 

16.3 Construction Dewatering 
 
Groundwater is assumed at 20 feet depth for project design based on Seismic Hazard Zone Report 
068 (CGS, 2002).  In case of excavation below the groundwater table, construction dewatering will 
be required.  The contractor should evaluate the subsurface conditions before selecting a dewatering 
method, which may include shoring, sumps or tremie slabs.  Groundwater should be lowered to at 
least 2 feet below the bottom of excavation to provide workable condition.  Designing dewatering 
system should be the contractor’s responsibility.  
 
All dewatering systems should be properly designed to prevent pumping soil fines with the discharge 
water.  The contractor should sample and test the groundwater for soil fines content from the 
discharge, as needed.  If soil fines are pumped, the contractor should revise his dewatering operations. 
Otherwise, failure of shoring, partial instability of trench bottom resulting in intolerable ground 
settlement/ movement of existing utilities and unsafe working conditions may occur.  The contractor 
should provide discharge sampling locations for each pump.  The contractor is encouraged to perform 
their own investigation, test program, etc. prior to construction in order to satisfy their design 
requirements for an effective dewatering program.  Contractor should confirm the design 
groundwater level (for shoring) prior to actual construction. 
 

16.4 Temporary Excavation and Shoring 
 
Excavation will be required for installation of foundations.  It is possible that unknown old buried 
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utilities are located at the site.  It might require special equipment and additional efforts to remove 
these buried objects. 
                        
According to OSHA Safety Standards, temporary excavations with personnel working within the 
excavations should be sloped or shored if the excavations are deeper than 5 feet.  All excavation for 
the project should be made and supported in accordance with OSHA standards.  Temporary slopes 
up to 20 feet high should not be steeper than gradient of 1H:1V in clayey soils and 1.5H:1V in 
sandy soils.  It should be noted that the slope ratio recommended by OSHA is for temporary, 
unsurcharged slopes and properly dewatered conditions.  Traffic and surcharge loads should be 
kept back at least 15 feet from the top of the excavation.  Flatter trench slopes may be required if 
seepage is encountered during construction or if exposed soils conditions differ from those 
encountered by test borings.  The excavation should be closely monitored during construction to 
detect any evidence of instability, soil creep, settlement, etc.  Appropriate mitigation measures 
should be implemented to correct such situations that may cause or lead to future damage to 
facilities, utilities and other improvements.   
 
A shoring system will be necessary for excavation support if open cut is not feasible due to site 
restraint.  Selection, design, and performance of shoring system should be the responsibility of the 
contractor.  The contractor should have the shoring system designed and signed by a registered 
civil engineer.  The shoring system should be designed to be relatively rigid and with as many 
supports or struts as necessary to prevent excessive straining and deformation of the supported 
soils.  Trench shield (boxes) or similar passive shoring systems are not recommended unless it can 
be demonstrated by the contractor through field monitoring (inclinometer) that lateral soil creep 
will not affect existing facilities and utilities. 
 
It is recommended to use an active earth pressure of (Pa = 45 x H) in pounds per square feet (psf), 
where H is the excavation depth in feet.  An apparent lateral earth pressure diagram for internally 
braced shoring system is presented on Plate No. 9.  Additional lateral load from adjacent (within 
15 feet of the top of trench) traffic and construction operation surcharge should be included in 
design.  The lateral load may be assumed at 50% of the total surcharge load.  For passive earth 
pressure below bottom of excavation, it is recommended to use triangular earth pressure 
distribution of (Pp = 350 x D) in psf, where D is the depth of shoring below the bottom of 
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excavation in feet.  The passive pressure should not exceed 3.5 ksf.  The upper 2 feet of soil 
resistance should be neglected in calculating the passive pressure.  Appropriate factor of safety 
should be applied. 
 
 
17. NOTES TO DESIGNER 
 
This report was prepared specifically for the proposed project as described earlier.  Normal 
procedures were assumed for construction of the bridge structure throughout our analysis and 
represent one of the bases of recommendations presented herein.  The 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.  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. 
 
 
18. PLAN REVIEW 
 
It is recommended that the final foundation plans for the subject project 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.  
 
 
19. 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. 
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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. 
 
      
 
Peter Haoli Wei, PE, GE 2922    Y. David Wang, PhD, PE 52911 
Project Engineer      Project Manager 
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