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EXECUTIVE SUMMARY 


This project is a result of Request for Proposal (#0213DCT) dated 8/6/02 for geotechnical 
consulting firms to perform a field drilling program to assist a larger research program being 
conducted by Caltrans and University of California at San Diego (UCSD). Earth Mechanics, Inc. 
(EMI) was selected to undertake the scope work described in the RFP under Task 3 (Abutment 
Backfill Characterization) of RTA Contract No. 59A0337 (Response Assessment of Bridge 
Systems - Seismic, Live, and Long Term Loads). The California Department of Transportation 
(Caltrans) is the ultimate client and end-user of this project. 

The Abutment Backfill Characterization task of this project is divided into two phases: 

•	 Phase I was to consist of a review of approximately 90 bridges state-wide and selection 
of approximately 20 bridge sites as potential candidates for further geotechnical field 
investigation of abutment backfills. It was the mutual understanding that Caltrans would 
provide bridge plans and logs of test borings for approximately 90 bridges. 

•	 Phase II was to consist of the actual investigation of 10 of the potential candidate bridges. 
The investigation consists of soil borings with sampling, laboratory testing, CPT 
soundings with shear wave velocity measurement, and data analysis. The analysis was to 
be supplemented with some pressuremeter testing (PMT) to further characterize the 
properties of the abutment backfill. A report was to be provided at completion of Phase 
II. 

At the end of Phase I, our database had grown to a total of 115 bridges. Caltrans provided plans 
for 105 sites and selected 26 bridge sites for investigation. We conducted site reconnaissance at a 
total of 35 of the bridge sites to verify that they met selection criteria, feasibility for site 
investigation, and to establish logistics requirements (traffic control). A Draft Report has been 
submitted earlier summarizing the progress of Phase I work. 

At the end of Phase II, we had tested a total of 15 bridge sites. Site investigation was performed 
at 11 bridge sites with a total of 26 soil borings, 22 CPT’s and 14 PMT’s. Caltrans provided bulk 
samples from 4 additional sites which we tested in the laboratory as well. The field and 
laboratory data was then evaluated and 4 soil type categories developed with representative 
geotechnical properties. The present report provides a final presentation of both Phase I and II 
work performed by EMI and serves as a project deliverable for both phases. 
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1.0 INTRODUCTION 

The California Department of Transportation (CALTRANS) provides a contract through the 
University of California, San Diego (UCSD) for conducting soil investigation of abutment 
backfill on ten selected bridges. This investigation is part of a larger research program being 
sponsored by CALTRANS. The purpose of this investigation program is to provide data to 
establish the types of abutment soil backfill that have been used in California highway bridges to 
allow a characterization of backfill behavior.  

2.0 PHASE I – REVIEW AND SELECTION OF BRIDGES 

2.1 Background 

The objective of this project is to investigate and characterize the structure backfill behavior 
when the bridge structure is subjected to seismic loading. The current design practice for 
ordinary bridges assumes that the abutment backwall shears off in the beginning of seismic 
loading and does not contribute to the abutment’s ability to resist external loads. The only load-
resisting source is the soil backfills behind the wall, providing passive pressure against the wall 
movement when the superstructure is pushed into the soil. The amount of passive resistance 
mobilized depends on the load-deformation characteristics of the soil backfills.  

Caltrans design practice makes use of the load-deformation curve established from the full-scale 
testing of a 5.5 ft high abutment conducted at the University of California, Davis (Caltrans 
2001). The abutment was backfilled with silty clay loam. Current design criteria given in 
Caltrans Seismic Design Criteria (2001) are based on an interpretation of the test results and 
disregard actual soil backfill conditions. It would be highly desirable to develop site- and/or soil- 
specific abutment load-deformation relationships for bridge design. It is our understanding that 
Caltrans is moving towards this direction. 

From experience and our review of typical bridge plans (Caltrans, 1999b) and the requirements 
presented in the Caltrans Standard Specifications (Caltrans, 1999a), it is obvious that there is 
tremendous variation in soil types used for structural abutment backfills and therefore load-
deformation behavior in true field conditions.  It will be a key effort to quantify typical abutment 
backfills and the potential range of variation in the field for improving current abutment design 
procedures and hence our ability to predict the overall bridge behavior for ordinary bridges. 

2.2 Typical Abutment Backfills 

Prior to 1995-96, the construction of abutment backfill did not require a particular soil type. 
Sections 19.306 and 19-3.065 of the current Caltrans Standard Specifications (Caltrans, 1999a) 
only contain gradation requirements and a compaction requirement of 95% relative compaction. 
Given these specifications, soils with high clay content (meeting the grain size requirements) 
could be used as abutment backfills as long as the required degree of compaction was achieved. 
This led to poor performance of some abutments, such as heaving and cracking of pavement 
overlying the backfill. Recognizing the shortcomings of these Standard Specifications, Caltrans 
encouraged the designers to include additional requirements in the project special provisions. 
The additional requirements are:  
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•	 The materials behind the abutment wall should be low-expansive soil with an Expansion 
Index (EI) of less than 50 as determined per ASTM D-4829. 

•	 The backfill materials should have a Sand Equivalent of more than 20 determined per 
Caltrans Test Method 217. 

These two additional requirements necessitate that the backfill behind abutments and retaining 
walls be predominantly sandy soil. A typical area of soil backfills that is to meet the soil type and 
compaction requirements is schematically shown in Figure 1. These two additional requirements 
do not yet appear in the current Standard Specifications. It is thought that these new requirements 
have probably been implemented in the final contract documents for most new bridge design 
after 1996, but may not have been enforced for all bridges. It is possible that some new bridge 
construction include clayey soil in structural backfill. 

2.3 Review and Selection of Bridges 

Caltrans provided us with As-Built plans or Log-Of-Test-Boring (LOTB) sheets for a total of 
105 bridges state-wide in December 2003. The As-Built Plans consisted of General Plans 
showing bridge structure of test borings. We have located these bridge sites on the maps as 
shown in Figures 3 to 6. We then created a bridge database presented in Table 1 using Microsoft 
Access software. This database included: 
• bridge number, 
• bridge name, 
•	 site location, 
• site longitude and latitude coordinates, 
•	 number of lanes, 
• bridge width, 
• year of original construction and modification, 
•	 indicators for site reconnaissance conducted, 
• indicator for potential bridge candidates to be investigated further, 
• as-performed filed investigation: boring, CPT and PMT depth and locations. 

From these bridge plans, we selected bridges to be targeted for investigation of the soil backfill. 
It is important to understand what kinds of soil types have been used in California highway 
bridges. Our goal was to collect sufficient abutment backfill properties to develop “typical” soil 
parameters statewide that can be used to develop site- and soil-specific load-deformation 
characteristics of the backfill. As a result, our review and selection process considered a number 
of issues, including: 

• Abutment type, 

• geographic distribution, 

• backfill soil type, 

• accessibility and safety for site drilling (requirement of traffic control), 

• fill height that could be sampled and tested, and 

2 




 
 
 
 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

• ease of securing encroachment permits considering the time constraints.  

We conducted site reconnaissance at a total of 35 of the bridge sites to verify that they met 
selection criteria, that site investigation was feasible, and to establish logistics requirements such 
as traffic control. 

The potential candidates sites included highway over- and undercrossings, river crossings, and 
railroad, pedestrian or utility underpasses. A few bridges selected are relatively new structures 
conforming to the latest structure detailing and soil type requirements. Other bridges are older 
bridges which constitute the bulk of the present day bridge improvement projects undertaken by 
various state, city and local agencies. New construction sites have the advantage of safe 
environment, virgin undisturbed soil condition, and easy encroachment permissions obtained 
from Caltrans. 

A total of up to 26 potential candidate bridges were found to be suitable for further investigation 
as identified in Table 1. Bridge plans and photographs for the selected bridges are provided in 
Appendix A. Bridge plans and photographs of the remaining bridges can be provided upon 
request. 

3.0 PHASE II - FIELD INVESTIGATIONS 

3.1 General 

The original scope for the field program called for drilling of two soil borings and two Cone 
Penetration Tests (CPT) with shear wave velocity measurements for each of 10 bridge sites. 
During Phase II, site investigation was actually performed at a total of 11 bridges, and Caltrans 
collected bulk samples from 4 additional sites. Table 2 lists the resulting 25 locations at 15 
bridges. The site locations are shown on the state map of Figure 2, and on selected area street 
maps in Figures 3 to 6.  The state map of Figure 2 also shows the number of bridges in each 
county. 

At some sites, bridges were currently under construction and we took the opportunity of 
investigating the new fills before the roadways were completed. For those sites, Mr. Shamsabadi 
of Caltrans arranged for permission with the construction site resident engineers. 

3.2 Testing 

Each site included up to 1 to 3 borings, CPT’s and Pressuremeter tests. A total number of 26 soil 
borings, 22 CPT’s and 14 PMT’s were performed. The borings, CPT’s and PMT’s were 
performed a small distance behind the abutment walls as listed in Table 1. The distance and 
depths are given in Table 1. 

3.2.1 Soil Borings 

Subsurface soils and conditions were logged and samples of soils were collected for laboratory 
testing. The borings were drilled using a truck-mounted drill rig equipped with 8” diameter 
hollow-stem augers. Large bulk samples of near-surface soils were collected at many sites for 
laboratory testing. Standard Penetration Test (SPT) samples and relatively undisturbed ring 
samples were logged in the field and collected for laboratory testing. The SPT sampler and 
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Modified California Drive sampler were used at approximately 5-ft intervals. The SPT sampler 
(1.4” ID, 2” OD) was driven a total depth of 18” or until refusal, using a 140-lb hammer falling 
30”. SPT blowcounts for the last 12” of penetration were recorded on the boring logs and were 
used to correlate in-situ soil strengths. 

The relatively undisturbed ring samples were collected at 10 ft intervals (alternating with the 
SPT sampler) by driving the Drive sampler a total of depth of 18” or until refusal, using the same 
hammer and drop height. The Drive sampler is a split-barrel sampler (2.5” ID) with a tapered 
cutting tip and lined with a series of 1” tall brass rings. 

3.2.2 Seismic Cone Penetrometer 

Conventional CPT’s were by Holguin Fahin Associates and Gregg Drilling using 10 cm2 cones 
and 25-ton trucks with on-board data acquisition. The soundings were performed a small 
distance behind the abutment walls.  The CPT report with measured data of cone tip resistance 
and sleeve friction is provided in Appendix A. The reports also include correlated data such as 
soil behavior types, undrained shear strengths and friction angles. The data is provided in 
graphical and tabular form over depth. 

Shear wave and compression wave velocities were also measured with the seismic cone at 
discrete depths, typically every 5 feet. Excitation was generated by impacting a timber log at the 
surface, which was weighed down by the truck’s dead weight, using a sledge hammer. The 
impact triggers the electronic recording of the arrival time which was measured by the seismic 
cone at the tip. 

3.2.3 Pressuremeter 

Testing was performed in the dry augered boreholes at selected depths using our mechanical 
Texam Pressuremeter device manufactured by RocTest using NX drill bit. The tests were 
performed a small distance behind the abutment walls as shown in Table 3. 

The device, probe and tubes were carefully saturated and calibrated for pressure, volume 
measurement and creep. The probe used consists of a single 70-mm diameter inflatable rubber 
membrane enclosed in a flexible metal shield. The device operates by means of water injected 
through high-pressure tubing into a rubber balloon which exerts lateral pressure to the soil of the 
borehole walls. The incremental amounts of water injected to achieve a predefined increment of 
pressure is measured. The increments of amounts of water are then correlated to lateral in-situ 
strain (and displacement) yield of the soil. We performed cycles of unloading and reloading. The 
test data results are provided in Appendix A in terms of lateral soil stress versus radial strain. 
Appendix C contains information on the device used. 

It can be noted that some of these resulting curves exhibit an initial upward trend at the departure 
of the curves that is not typical for loading behavior of soil. The upward departure is attributed to 
initial side effects of the test balloon when it is being filled with water and borehole disturbance 
when the hole is drilled. At that stage, the balloon elongates vertically and develops uniform 
contact with the borehole walls. 

3.3 Results 

Appendix A provides the following information for each bridge (as available): 

● Bridge number and site location of the bridge, 
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●	 Brief discussion of the field program with boring/test location relative 
to the abutment (if applicable) 

●	 Photographs from site reconnaissance and testing, 
●	 Bridge plans as provided by Caltrans, 
●	 Boring logs, 
●	 CPT logs, 
●	 Seismic wave velocities, and 
●	 Pressuremeter test results. 

The boring logs represent records of field observations; soil types shown on the boring logs may 
be revised depending on visual re-classification and testing in the laboratory. Refer to Table 1 
and Appendix B for final soil classification. 

4.0 LABORATORY TESTING 

Caltrans planned to test about 20 structural backfill soil samples from state-wide construction 
sites and 10 drilled samples using Modified California Sampler from the existing bridges as part 
of Caltrans’ abutment drilling program. Caltrans had some of the samples delivered to our office. 

Laboratory testing was performed by EMI on selected soil samples from the bridge sites to 
provide backfill characterization. A summary of the test procedures and results is provided 
below. All test results are summarized in Table 3 in order of borehole and depth. The actual test 
results are provided in Appendix B. 

4.1	 Moisture/Density 

Soil samples collected in brass ring containers were taped in the field to prevent moisture change 
during transport and storage. Field moist density was determined in the laboratory. Dry density 
and field moisture were determined in the laboratory by oven drying. The standards used were 
ASTM D-2937 for dry density and D-2216 for moisture. The densities and moisture contents are 
given in the summary Table 3. 

4.2	 Gradation 

For the sand samples were run through a standard sieve test per Caltrans Test Methods 202/203 
to analyze grain size distributions. The grain size curves show the presence of fines and coarse 
fractions and are provided in Appendix A.  

4.3	 Plasticity 

Atterberg limits were performed on the cohesive samples to determine their plasticity index (PI) 
from the liquid limit (LL) and plastic limits (PL) using Caltrans Test Method 204. The PI 
determines whether a soil is a silt or clay (See Table 3). 

4.4	 Expansion Index 

This test was performed using ASTM D-4829-95/UBC 29-2 on samples from soils to be UU-
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tested. This test provides a measure of the expansion potential of any type of soil samples. 
Typically, expansion potential increase with presence of montmorillionite, which tends to be 
present more in fine-grained (cohesive) soils. Granular (sandy) soil typically have low EI (less 
than 20). Caltrans standard specifications for Abutment backfill require that the EI be less than 
50. 

4.5 Sand Equivalent 

This test was performed using CT Test Method 217 on samples from sandy soils to be UU-
tested. This test provides a measure of the amount of fines and coarse fractions in predominantly 
granular samples. Caltrans standard specifications for Abutment backfill require that the SE be 
20 or more.  

4.6 Maximum Density 

The maximum density and optimum moisture content was determined per ASTM D-1557 for 
each bulk sample representing a soil to be UU-tested. This method uses the Modified Proctor 
Test in a 4” diameter mold and requires four points to develop the dry density versus moisture 
curve. The Caltrans standard Test CT 216 requires only three points and was not used in our 
study. As a result, The ASTM method requires more effort. Nevertheless, we elected to use the 
ASTM method because our experience has shown that the CT 216 method can underpredict the 
maximum density. 

4.7 Direct Shear Tests 

Direct shear tests were conducted using ASTM-D3080 on a few ring samples of sandy soils as an 
alternate method to determine shear strength parameters of sandy soils. The test is run at three 
vertical pressures. Plots of the load-displacement curves and the three associated Mohr circles for 
the peak and the residual states are provided in Appendix B. The interpreted shear strength 
parameters are summarized in Table 3. 

4.8 UU Tests 

Samples were selected from the bridge sites following the criteria we defined above. We selected 
samples that were considered representative of the various soil types, the range in field density 
and that were from different locations in the State. 

The samples were prepared following ASTM D-2850. Preparation included oven drying and 
passing the sample through a #4 sieve if it contained gravel. Cohesive samples were extruded 
directly from five of our brass rings (2.42” ID, 2.5” OD, 1” high) and trimmed at the top and 
bottom ends for testing in the triaxial cell. Those samples are labeled “in-situ” in this report. 
Certain cohesive samples that could not be extruded were remolded in a 2.42” ID brass cylinder 
5” high by compacting to 95% relative compaction (95% of the field dry density) in accordance 
with Caltrans Standard Specifications. A rubber membrane was then applied to the surface of the 
samples. Granular samples were carefully compacted to the same criteria in a 2.8” ID aluminum 
split mold (5.75” high) lined with a rubber membrane under vacuum. All specimens were then 
capped by a filter stone and loading plate at each end, inside the rubber membrane. The 
membrane was then secured with outside O-rings outside the membrane to prevent water 
infiltration. 
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Specimens were then consolidated and tested in a Geomatic triaxial apparatus to failure under 
unconsolidated undrained (UU) conditions at three different confining pressures in order to 
obtain the total-stress friction angle and cohesion value at failure. The depth of interest in this 
study was in the upper few feet of the abutment walls where the wall engages (pushes into) the 
backfill soils and the passive wedge is expected to mobilize. If the sample was from this shallow 
depth zone, the first confining pressure was typically set equivalent to its original in-situ 
overburden pressure, otherwise an equivalent test pressure was calculated from the desired depth 
and the sample’s field density. The second and third confining pressure levels were set at 
arbitrary multiples of the first pressure to cover an equivalent soil depth range of up to about 
20 ft. 

The results in terms of deviatoric stress versus axial strain curves are plotted in Appendix B 
typically showing three unloading and reloading cycles. The plots include the three associated 
Mohr circles for the three failure states and the interpreted shear strength parameters (Mohr-
Coulomb failure criteria). 

5.0 CONCLUSIONS 

Soil Types. For each bridge site shown in Table 3, representative soil types were defined from 
the soil samples in the upper 15 ft of the boreholes.  The resulting 23 bridge-specific soil types 
were then sorted by USCS soil type. Because there are many soil types in the USCS system, the 
data was then grouped into four key soil categories: clean sands, “dirty” sands containing fines, 
clayey sands, and cohesive soils. Table 4 defines these four categories and provides the number 
of sites and soil samples and depth range that these categories are based on. Overall, we found 
that the majority of fills are silty sands with gravels. The blowcounts and shear wave velocities 
vary significantly, even within the same backfill, and it is difficult to find trends. Blowcounts 
frequently have more variation and are lower in older fills compared to more recent 
constructions. Newer fills tend to have higher strength and in-situ density due to a better quality 
compaction effort.  

Geotechnical Properties. For each of the selected soil type category, Table 4 shows the ranges of 
geotechnical properties measured in the field and laboratory: 

•	 SPT blowcount. Uncorrected SPT blowcount. Non-standard blowcounts were converted 
to SPT-equivalent blowcounts. 

•	 Field density. Dry density determined from ring samples, and moisture. 

•	 Grain size distribution. Percentage of gravel, sand and fines fractions, and qualitative 
assessment (fine, medium, coarse). 

•	 Plasticity. Plasticity Index (PI) and qualitative assessment (none, low, medium, high) for 
cohesive portion of the sample. 

•	 Sand Equivalent (SE) 

•	 Expansion Index (EI) 

•	 Compaction. Maximum dry density and optimum moisture per ASTM-1557. 

•	 Compacted fill parameters. Dry density of the soil compacted to 95% R.C., and shear 
strength parameters (friction angle, cohesion) from the UU triaxial tests at failure and 
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residual values from direct shear tests (peak values were high and were ignored). 

Values shown in the table in parentheses are typical values based on straight average and some 
judgment. In addition to soil descriptions and shear strength properties indicated in Table 4, 
shear wave velocities and pressuremeter test results were evaluated.  

Shear Wave Velocities. Shear wave velocities were measured using a seismic cone which as a 
built-in seismometer to measure seismic velocities. Shear waves are generated by striking a beam 
coupled to the ground surface by a hydraulic cylinder under the CPT rig. The sledgehammer 
strikes the beam and triggers seismic wave sending the impulse signal down the ground surface. 
Geophones embedded in the piezocone pickup the arriving signal to determine arrival times. A 
presumptive shear wave velocity of 800 feet per second for compacted backfills as indicated in 
Caltrans BDS is a reasonable average value to be used for the cohesionless soils such as Soil 
Type Categories I, II, and III in Table 4. The typical shear wave velocities range from 700 to 
1000 feet per second for those soil categories. The clayey soil such as Soil Type Category IV 
tends to show a lower shear wave velocity than the cohesionless soils. Representative shear wave 
velocities for the Soil Type Category IV are 550 to 800 feet per second.  These values are also 
shown in Table 4. 

Soil Moduli. Pressuremeter tests were performed for initial monotonic loading, followed by 
cycles of unloading and reloading. The Young’s modulus is determined as a ratio of pressure 
increment to the increment of radial strains. The modulus determined for unloading/reloading is 
larger than the modulus determined from initial loading. Since a borehole must be made prior to 
inserting a pressuremeter probe, the initial branch of stress versus strain relation is often 
influenced by the borehole disturbance. While there are no quantitative measures of borehole 
disturbance, some considerations were given to account for this effect. The following secant 
modulus is judged to be appropriate based on the limited pressuremeter test results: 

Soil Type Categories I, II, III: Initial Modulus 2,000 to 4,000 kPa 

     Unloading/Reloading Modulus 10,000 to 15,000 kPa 

Soil Type Category IV: Initial Modulus 1,500 to 3,000 kPa 

     Unloading/Reloading Modulus 6,000 to 10,000 kPa 

These moduli ranges are also shown in Table 4. 

In conclusion, we find that the number of bridges and soil samples tested so far in this project are 
relatively few comparing to the variability of site conditions, structures, and geographic 
locations. To establish firm trends for abutment backfill properties statewide, more field work 
would be needed at bridge sites throughout the state, particularly in the northern and in-land 
areas. 
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Figure 2. Map of Site Locations and Bridge Counts by County 
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 Figure 3. Map of Bridge Sites in San Francisco Bay Area 
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 Figure 4. Map of Bridge Sites in Central California 
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Caltrans Bridge 37-0609 

Route 87/880 Separation, Santa Clara
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Caltrans Bridge 37-0609, Route 87/880 Separation, Santa Clara 

The field investigation for the Route 87/880 bridge was conducted on 1/30/04, consisting of (2) 
30-ft deep soil borings and (2) 30-ft deep CPT’s. Drilling was performed by Gregg Drilling of 
Martinez, CA. Boring 04-1 and CPT 04C-1 were located on the south bridge abutment in the 
north-bound lane, near the approach slab. Boring 04-2 and CPT 04C-2 were located on the north 
bridge abutment in the north-bound lane, also near the approach slab. Geotechnical soil sampling 
consisted of ring samples collected using a Modified California sampler and small bulk samples 
collected with a SPT sampler. Samples were taken at 2.5-ft intervals for the first 10 feet and at 
5-ft intervals below. No groundwater was encountered during the investigation. 

North Abutment 

South Abutment 
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Caltrans Bridge 57-1078D
 
Gonzalez Creek Rd UC, San Diego  


And 


Caltrans Bridge 57-1077L 

Carmel Valley Rd UC, San Diego 
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Caltrans Bridge 57-1078D, Gonzalez Creek Rd UC, San Diego 

This Route 56 bridge is located in the Carmel Valley area of San Diego where SR56 is being 
built. This bridge is one of four parallel bridges in construction. The site is located 1-2 miles 
southwesterly from Rancho Santa Fe Springs Rd bridge over SR57. The field investigation was 
conducted on 2/7/04 and consisted of (1) 25.5-ft deep soil boring performed by 2R Drilling, and 
(1) 17.4-ft deep seismic CPT sounding performed by HFA. Boring 04-1 and CPT 04-1C were 
located at the north bridge abutment, adjacent to the newly cast concrete approach slab. 
Geotechnical soil sampling consisted of 11 ring and bag samples collected at dense (2.5-ft) 
intervals using a Modified California and SPT samplers, and one bulk sample was collected. 
Seven seismic wave measurements were taken at <3-ft intervals. Groundwater was not 
encountered. 
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Caltrans Bridge 57-1077L, Carmel Valley Rd UC, San Diego 

This bridge is located in the same Carmel Valley area of San Diego where the SR56 is being 
built. The bridge is one of two parallel bridges in construction. This site is located about 2,500 ft 
westerly of Gonzalez Creek bridge. The field investigation for this bridge was conducted on 
2/7/04, consisting of (1) 22.8-ft deep soil boring and (1) 25-ft conventional and seismic CPT 
sounding. Drilling was performed by 2R Drilling and CPT was performed by HFA. Boring 04-2 
and CPT 04-2C were located at the south bridge abutment, between the two newly cast 
wingwalls. Geotechnical soil sampling consisted of 9 ring and bag samples collected at 2.5-ft 
intervals using a Modified California and SPT samplers, and one bulk sample was collected. 10 
seismic wave measurements were taken at 2.5-ft intervals. Groundwater was not encountered 
during the investigation. 
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Caltrans Bridge 55-0257 

Harbor Blvd UC (Widen), Orange Co. 
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Caltrans Bridge 55-0257, Harbor Blvd., Costa Mesa, Orange Co. 

This bridge undercrossing is located in Santa Ana in Orange County. The I-405 runs on high 
raised embankments in this area. The subject bridge is skewed and consists of older bridges that 
were subsequently widened in the median and the outer sides. A subject bridge is part of the SB 
loop ramp recently added in 2004. The east Abutment No. 1 is a small monolithic abutment 10 ft 
tall and on one row of piles. The west Abutment 5 is a tall, heavy seat-type abutment on three 
rows of piles. 

The field investigation for this bridge was conducted on 2/28/04, consisting of (2) 21.5-ft deep 
soil borings and (3) 15 to 20-ft deep conventional and seismic CPT’s. Drilling was performed by 
2R Drilling and CPT was performed by HFA. Borehole 04-3 and CPT 04-3C were performed at 
Abutment 1 behind the approach slab (at about 13 feet away from the abutment wall). Borehole 
04-4 and CPT’s 04-4C and 04-5C were performed at Abutment 5 through the approach slab 
(about 4 to 5 ft from the abutment wall), which was precored using an electric coring machine. 
Geotechnical soil sampling consisted of ring samples collected at 2.5-ft depth intervals using a 
Modified California and SPT samplers. Seismic wave measurements were taken at 2.5-ft 
intervals. Groundwater was not encountered. 
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Caltrans Bridge 55-0414 

Tustin Ave OC (Widen), Orange Co. 
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Caltrans Bridge 55-0414, Tustin Ave OC (Widen), Orange Co. 

This bridge is located in Riverside in Orange County and is in construction next to an existing 
Tustin Ave bridge over SR90. The new abutments are seat-type with rigid walls about 20 to 25 ft 
tall on piles and boxed in by existing and new wingwalls. 

The field investigation for this bridge was conducted on 3/6/04, consisting of (3) up to 21.5-ft 
deep soil borings and (2) 20-ft conventional and seismic CPT’s. Drilling was performed by 2R 
Drilling and CPT by HFA. Borehole 04-6 and CPT 04-6C were performed at the south abutment. 
Borehole 04-7 and CPT 04-7C were performed at the north abutment. Another borehole 04-8 
was added at CPT 04-7C to define the extent of the structural backfill. Geotechnical soil 
sampling consisted of ring samples collected at 2.5-ft depth intervals using a Modified California 
and SPT samplers. Seismic wave measurements were taken at 2.5-ft intervals. Groundwater was 
not encountered. 
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Caltrans Bridge 55-0131 

Coldwater Canyon, Los Angeles 
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Caltrans Bridge 55-0131, Coldwater Canyon, Los Angeles 

This freeway undercrossing is located in Studio City in the Los Angeles area. The 101 freeway 
runs on a high raised embankment in this area. The abutments are tall monolithic abutments on 
piles, but one has a horizontal joint with a transverse shear key (hinge) at the deck soffit level 
(see Abutment detail plan), which is an unusual location for Caltrans bridges. Caltrans provided 
plans for the adjacent Whitsett Ave UC bridge which is about 2500 ft east of the Coldwater 
Canyon bridge. 

The field investigation for this bridge was conducted on 3/6/04 at nighttime on the EB slow-
lane.and required traffic control. The investigation consisted of (2) 16.5-ft deep soil borings and 
(2) about 14.5-ft deep conventional and seismic CPT soundings. Drilling was performed by 2R 
Drilling and CPT by HFA. All locations were precored by Penhall and were about set back about 
5 ft from the abutment walls. Borehole 04-9 and CPT 04-9C were performed at the west 
abutment, and Borehole 04-10 and CPT 04-10C were performed at the east abutment. 
Geotechnical soil sampling consisted of ring samples collected at 5-ft or 2.5-ft depth intervals 
using a Modified California sampler. Groundwater was not encountered. Seismic wave 
measurements were taken at 2.5-ft intervals. Three pressuremeter tests were performed in the 
two boreholes at 7.5, 10 and 12.5 depths. 
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Caltrans Bridge 33-0250 

Patterson Slough Bridge, Fremont 
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Caltrans Bridge 33-0250, Patterson Slough Bridge, Fremont 

The field investigation for the Patterson Slough Bridge, conducted on 6/11/04 and 6/12/04, 
consisted of 2 soil borings (04-11A and 04-12A), 2 PMT borings (04-11P and 04-12P), and 2 
CPT’s (04-11C and 04-12C). Soil and PMT borings were drilled by Pitcher Drilling of Palo 
Alto. CPT’s were performed by Gregg Drilling of Martinez. Locations 04-11x were located on 
the north bridge abutment in the south-bound carpool lane.  Locations 04-12x were located on 
the south bridge abutment in the south-bound carpool lane.  

Geotechnical soil sampling consisted of ring samples collected using a Modified California 
sampler and small bulk samples collected with a SPT sampler.  Samples were taken at 2.5-ft 
intervals to 15 ft depth and at 20 ft depth.  No groundwater was encountered during the 
investigation. One pressuremeter tests was performed at each abutment at 5 ft depth. 
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Caltrans Bridge 35-0083 

Route 101/84 Separation, San Mateo 
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Caltrans Bridge 35-0083, Route 101/84 Separation, San Mateo 

The field investigation for the Route 101/84 Separation Bridge, conducted on 6/11/04 and 
6/12/04, consisted of 2 soil borings (04-13A and 04-14A), PMT in the soil borings, and 2 CPT 
(04-13 and 04-14). Soil/PMT borings were drilled by Pitcher Drilling of Palo Alto.  CPT’s were 
performed by Gregg Drilling of Martinez.  Locations 04-13x were located on the northeast 
bridge abutment in the north-bound lane.  Locations 04-14x  were located on the northwest 
bridge abutment in the north-bound lane. 

Geotechnical soil sampling consisted of ring samples collected using a Modified California 
sampler and small bulk samples collected with a SPT sampler.  Samples were taken at 2.5-ft 
intervals to 15 ft depth and at 20 ft depth for 04-14A.  Samples were taken at 2.5-ft intervals to 
15 ft depth and at 20, 25, and 28 ft depth for 04-13A.  No groundwater was encountered during 
the investigation. One pressuremeter test was performed at 7.5 ft depth in each boring. 
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Caltrans Bridge 04-0236 

Painter St. Bridge, Humboldt Co. 
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Caltrans Bridge 04-0236, Painter St Bridge, Humboldt Co. 

Painter St. is one of the Caltrans bridges that are seismically instrumented and focus of numerous 
research studies. The field investigation for the Painter Street Bridge, conducted on 6/30/04 and 
7/01/04, consisted of 2 soil borings (04-15A and 04-16A), 2 PMT borings (04-15P and 04-16P), 
and 2 CPT (04-15C/D and 04-16C). Soil and PMT borings were drilled by PC Exploration of 
Rocklin. CPT‘s were performed by Gregg Drilling of Martinez.  Locations 04-15x were located 
on the west bridge abutment in the east-bound lane, near the approach slab and locations 04-16x 
were located on the west bridge abutment, in the east-bound lane, also near the approach slab.  

Geotechnical soil sampling consisted of ring samples collected using a Modified California 
sampler and small bulk samples collected with a SPT sampler. Samples were taken at 2.5-ft 
intervals. No groundwater was encountered during the investigation. One  pressuremeter test 
was performed in each boring. 
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Caltrans Bridge 58-0215 

Meloland Rd. OC, Imperial Co. 
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Caltrans Bridge 58-0215, Meloland Rd. OC, Imperial Co. 

Meloland Rd bridge is one of the Caltrans bridges that are seismically instrumented. The field 
investigation for this bridge, conducted on 8/20/04, consisted of 2 soil borings (04-17A and 04-
18A), 2 PMT borings (04-17P and 04-18P), and 1 CPT sounding (04-18C).  Soil and PMT 
borings were drilled by 2R Drilling of Chino. CPT were performed by Holguin, Fahan, and 
Associates (HFA) of Orange.  Locations 04-17 and 04-17P were located on the south bridge 
abutment in the north-bound lane, near the approach slab and locations 04-18, 04-18P, and 04-
18C were located on the north bridge abutment, in the north-bound lane, also near the approach 
slab. 

Geotechnical soil sampling consisted of ring samples collected using a Modified California 
sampler and small bulk samples collected with a SPT sampler.  Samples were taken at 2.5-ft 
intervals to 15 ft depth and at 20 ft depth. No groundwater was encountered during the 
investigation. One pressuremeter test was performed at the south end and two tests at the north 
end. No CPT boring was conducted at the south abutment due to equipment malfunction.  HFA 
returned to the site at a later date to conduct the north abutment CPT investigation. 
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Caltrans Bridge 51-0234 

Becksead OC, Santa Barbara Co. 
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Caltrans Bridge 51-0234, Becksead OC, Santa Barbara Co. 

This bridge is located northwest of the city of Santa Barbara in Santa Barbara County. The 
bridge is an overcrossing over Rte 101. 

Caltrans provided a bulk sample taken from this bridge site. We have performed UU testing on 
this sample. Test results are in Appendix C. 
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Caltrans Bridge 56-0318 

Spruce St. OC, Riverside Co. 
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Spruce St. OC, Bridge 56-0318, Riverside Co. 

This overcrossing over SR 91 is located south of the Rte 215/91 interchange in Riverside 
County. 

Caltrans provided a bulk sample taken from this bridge site. However, UU testing was not 
performed on this sample because of the limited testing program. As a replacement, soil from the 
Jackson St. bridge, which is also in this county, was tested instead. Caltrans provided maximum 
density test results using a nuclear gauge. The data showed the in-situ fills had a relative 
compaction of 90 to 95%.. 
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Caltrans Bridge 56-0390 

Jackson St. OC (Replace), Riverside Co. 
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Caltrans Bridge 56-0390, Jackson St. OC (Replace), Riverside Co. 

This bridge is located at Jackson St. over SR 91, halfway between Corona and Riverside cities in 
Riverside County. 

Caltrans provided a bulk sample taken from this bridge site for determination of fill properties. 
We have performed UU testing on this sample. Caltrans provided maximum density test results 
using a nuclear gauge. Test results from our UU testing are in Appendix C. The data showed the 
in-situ fills had a relative compaction of 92 to 97%. 
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Santa Clara River Bridge, 


Los Angeles Co./Santa Clarita 
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Caltrans Bridge 53-2928, Santa Clara River Bridge, 

Los Angeles Co./Santa Clarita 


This freeway undercrossing is located in Santa Clarita in Santa Clara County, near Magic 
Mountain Parkway. Two new bridge are being built on the outside of the two existing bridges. 
The four bridges span over a deep gorge. The abutments of the two new bridges are monolithic 
abutments on piles.  

The field investigation for the new bridges was conducted on 3/6/04 on the freshly compacted 
fill. The investigation consisted of (2) 25-ft deep soil borings and (2) 25-ft deep conventional and 
seismic CPT soundings. Drilling was performed by 2R Drilling and CPT by HFA. All locations 
were set back 3 to 5 ft behind the abutment walls. Borehole 04-23 and CPT 04-23C were 
performed at the north abutment of the east bridge, and Borehole 04-24 and CPT 04-24C were 
performed at the north abutment of the west. Drilling at the south abutments of either bridge was 
not feasible. Geotechnical soil sampling consisted of ring samples collected at 2.5-ft depth 
intervals using a Modified California and SPT sampler. Groundwater was not encountered. 
Seismic wave measurements were taken at 2.5-ft intervals. Two pressuremeter tests were 
performed in the two boreholes at 5.5 and 7.5-ft depth. 
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Caltrans Bridge 04-0398 

Maple Ave UC Bridge, 


Fresno Co. 
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Caltrans Bridge 04-0398, 

Maple Ave UC Bridge, Fresno Co. 


This undercrossing is located at Route 168 over Olive Ave in Fresno County. The bridge has set-
type abutments on spread footings 

Caltrans provided bulk samples taken from this bridge site for determination of fill properties. 
We have performed UU testing on this sample. Test results are in Appendix C. Caltrans provided 
maximum density test results using a  nuclear gauge. The data showed the in-situ fills had  a 
relative compaction of 95 to 97%. 
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APPENDIX B 


Pressuremeter Test Device 
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APPENDIX C 


Laboratory Test Results 
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