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1 INTRODUCTION 

1.1 Purpose 
Blackburn Consulting (BCI) prepared this Final Foundation Report for the new Silva Valley 
Westbound On-Ramp Undercrossing (UC) planned for the US 50/Silva Valley Parkway 
Interchange project in El Dorado Hills, El Dorado County, California. 
 
The purpose of this report is to document subsurface geotechnical conditions, provide analyses 
of the subsurface conditions, and to recommend geotechnical design and construction criteria for 
the proposed bridge.  Do not use or rely upon this report for different locations or improvements 
without the written consent of BCI. 
 

1.2 Scope of Services 
To prepare this report, BCI: 

• Reviewed preliminary bridge design plans provided by Mark Thomas and Company, Inc. 
(MTCo) 

• Discussed the project design needs with MTCo 
• Reviewed geologic and seismic maps pertaining to the site 
• Prepared a Preliminary Foundation Report dated August 26, 2010 and a Draft Foundation 

Report dated November 8, 2010. 
• Drilled and sampled one boring to a maximum depth of 29 feet below existing grade at 

Abutment 4 to supplement the nearby data from the US 50 Undercrossing 
• Performed laboratory testing on soil and rock samples retrieved from the borings 
• Performed engineering and seismic analysis to provide recommendations for structure 

foundations and approach 
• Incorporated our responses to Caltrans review comments to the Draft Foundation Report 

(included in Appendix E). 
 
This Foundation Report supersedes the referenced Preliminary and Draft Foundation Reports 
prepared by BCI. 

2 PROJECT DESCRIPTION  

2.1 Project Location and Site Description 
The project is located in El Dorado County, California, along US 50 at Post Mile R1.65, 
approximately 20 to 30 feet north of the existing Clarksville Undercrossing (UC, at the 
existing Silva Valley Parkway).  Figure 1 (Vicinity Map) in Appendix A shows the 
approximate project location. 
 
 



FINAL FOUNDATION REPORT  EA 03-1E2901 
Silva Valley Westbound On-Ramp UC, PM R1.65 BCI File No. 556.2 
El Dorado County, California May 14, 2012 
 
 

2 

Silva Valley Parkway is a two-lane (north/south) road that crosses under US 50, with no freeway 
access.  The road is established in a “through-cut” section about 4 to 5 feet below the original 
ground surface.  US 50 crosses over the road and is built upon 13 to 15 feet of embankment fill 
at the bridge abutments.  The embankment end-slopes are unpaved at about 1½:1 (horizontal to 
vertical) and side-slopes are at 2:1. 
 
The original US 50 bridges at Silva Valley Parkway (Clarksville UC, Bridge No. 25-0072 R/L) 
consist of two parallel bridges constructed in 1965.  Each bridge is a 37-foot, 8-inch-wide by 
110-foot-long, three-span structure.  The substructure of each original bridge consists of open-
style abutments supported on H-piles and two-column bents supported on spread footings.  The 
original bridges were widened in 2010 with an infill at the median.  For the infill project, the 
original foundation system was matched with H-Piles at the abutments and shallow spread 
footings at the bents.  
 
The closest existing bridge structure is the Clarksville UC at Silva Valley Parkway.  Vegetation 
consists primarily of moderately dense grasses and thistle, and a few small scattered trees near 
the abutment locations.  Bents will be located on the road shoulder, which was cut down to 
grade.   There are some underground utilities in this area. 
 

2.2 Project Description 
The project will consist of a new undercrossing structure, Silva Valley Westbound On-Ramp 
UC.  The structure will be a three span, cast-in-place concrete voided slab bridge 115.5 feet long 
by 38.8 feet wide.  The bridge will be located 20 to 30 feet north of the existing US 50 
undercrossing.  The new deck grade will be super elevated and will ascend from elev. 702.42 
feet at Abutment 1 (Begin Bridge, “W3” Sta. 97+41.50) to elev. 707.09 feet at Abutment 4 (End 
Bridge, “W3” Sta. 98+57.00).  
 
The substructure will consist of short-seat abutments and two, six-column bents all supported on 
spread footings.  The abutment spread footings will be established within approach fill with 
uniform base of spread footing foundations planned at elevation 689.5 feet (about ½ to 1 foot below 
existing ground surface) at Abutment 1 and elevation 692.5 feet at Abutment 4 (about 3 feet above 
existing ground surface).  The spread footings at Bent 2 and Bent 3 will be established within 
rock with uniform base of spread footing foundations planned at elevation 677.5 feet. 
 
The new approach embankments will be about 12 feet high on the west (Abutment 1) and 21 feet 
high on the east (Abutment 4).  The new embankment side/end-slopes will be constructed at  2:1 
(horizontal:vertical distance), except at Abutment 4 where the north side-slope will be 4:1.  The 
embankments will be constructed from material derived from cuts elsewhere within the project 
interval and/or other unknown sources. 
 
Benchmark datum used for this project (per MTCo) is National Geodetic Vertical Datum 1929 
based on HPGN D CA 03 DL having an elevation of 693.55 feet and USGS BM T 127 (PID 
JS0692) having an elevation of 673.08 feet. 
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3 DOCUMENT REVIEW  

BCI reviewed the following structure/site information for this project: 
• Caltrans, Foundation Study, Clarksville Undercrossing III-ED-11-A, Br. #25-72 R&L, 

May 6, 1963. 
• Caltrans, As-Built LOTB, Clarksville Undercrossing, Sheets 9 of 9, As-Built stamp 

undated, plans dated January 6, 1964. 
• Caltrans, Memorandum, Foundation Report for Clarksville Undercrossing, August 3, 

1965. 
• Blackburn Consulting, Foundation Report for Clarksville UC (Widen), Bridge No. 25-

0072L/R, EA 03-3A7111, El Dorado County, California, 2008. 
 

4 SUBSURFACE EXPLORATION 

To supplement the existing nearby boring data, further characterize the subsurface conditions 
and obtain samples for laboratory testing, BCI retained PC Exploration to drill and sample one 
exploratory boring (R-10-005) near the proposed Abutment 4 location.  PC Exploration used a 
CME 75 truck-mounted rig to drill the boring on July 12, 2010 to a maximum depth of 30 feet 
below the ground surface (bgs).  PC Exploration used hollow-stem auger to relatively competent 
bedrock, and then switched to HQ wireline diamond core equipment to complete the boring.     
 
PC Exploration obtained relatively undisturbed samples using a Modified California Sampler.  
The sampler was driven into the ground with the force of a 140-pound hammer falling 30 inches 
using a hammer operated with an automated drop system.  PC Exploration obtained rock cores 
by diamond-core barrel.    
 
BCI’s geologist logged the borings consistent with the Unified Soil Classification System 
(USCS), and noted the degree of weathering, fracture density, hardness percent recovery and 
Rock Quality Designation (RQD) for the recovered rock cores. 
 
BCI retained soil and rock samples recovered with the drive sampler in moisture-proof 
containers for laboratory testing and reference.  Rock cores were retained in core boxes for 
reference.  BCI also made groundwater observations in the borings during and at completion of 
drilling operations.  At the completion of drilling, the boring was backfilled with cement-grout. 
 
Appendix B contains the Log of Test Borings (LOTB) drawings for this project which provide 
more specific soil and rock descriptions and an explanation of descriptive terms used to log the 
soil and rock. 
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5 LABORATORY TESTING 

BCI performed Unconfined Compressive Strength and Corrosivity (pH, Minimum Resistivity, 
Sulfates, and Chlorides) tests in the laboratory on some of the samples obtained from the 
exploratory boring.   
 
We present the laboratory test results in Appendix C. 
 

6 SITE GEOLOGY  

6.1 Regional Geology 
The site is located within the foothills of the Sierra Nevada Geomorphic Province of California.  
The Sierra Nevada has a general northwest topographic/structural trend and is approximately 430 
miles long and 40 to 80 miles wide.  The mountain ranges of the Sierra Nevada began to develop 
roughly 120 to 130 million years ago when sediments as thick as 30,000 feet along with volcanic 
rocks buckled and warped resulting in a series of low mountain ranges.  The roots of these 
mountain ranges were intruded by granitic rock. 
 
The Sierra Nevada was tilted upward (down to the west) along faulting at the eastern edge.  In 
the higher elevations, much of the younger sedimentary material and older metamorphic rock is 
eroded and now exposes the underlying granitic rock.  Older rocks that remain are metamorphic 
and are exposed in the foothills of the Sierra Nevada. 
 
Most of El Dorado County is underlain by Mesozoic-age metavolcanic and metasedimentary 
rocks.  The metamorphic rock structure is dominated by northwest trending foliation and 
northwest trending faults and fault zones that mark the boundaries of major rock types. 
 

6.2 Site Geology and Faulting 

Published geologic mapping by Wagner1 and Busch2 shows Jurassic-age metavolcanic rock at the 
project site.  Our site review and borings confirm the presence of shallow, metavolcanic rock.  
We show local site geology on Figure 2 (Geologic Map) in Appendix A. 
 
Rock structure at the UC location is expected to be similar to the surrounding area with 
predominant foliation having a strike of north, 35º to 45º west, and a steep dip of 70º-90º to 
the north.   
 
We did not observe indications of slope instability on the natural slopes in the area.  We did not 
observe groundwater seepage in the UC area.   
 

                                                 
1 Wagner, D.L. et al, “Geologic Map of the Sacramento Quadrangle, California”, California Geological Survey, Map 
No. 1A, 1981, revised 1987. 
2 Busch, “Generalized Geologic Map of El Dorado County, California”, June 2001, California Geological Survey, 
OFR 2000-03. 
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The West Bear Mountains Fault is located about 3,100 feet west of the site (near Latrobe Road) 
with a short splay mapped to the east approximately 1,200 feet west of the site.  The East Bear 
Mountains Fault (or Rescue section) is located approximately 7 miles east of the site.  Faults are 
not mapped through or adjacent to the UC site and we observed no indication of active faulting 
in the area.  
 
We did not observe significant occurrence of ultramafic rock where naturally occurring asbestos 
minerals (NOA) are likely to occur.  Published mapping and site review does not indicate that 
the project is within an ultramafic rock area; however, ultramafic rock and faulting are mapped 
nearby and naturally occurring asbestos minerals could potentially occur in the area.  Geologic 
mapping by Churchill3 shows an “area more likely to contain naturally occurring asbestos” about 
one mile north of the Latrobe Road Undercrossing and east of Bass Lake Road.  The mapping 
shows the site to be within an area “that probably does not contain asbestos.” 
 
Mapping by Bruyn4 shows the bridge site on the eastern border of a “Quarter Mile Buffer for 
More Likely to Contain Asbestos or Fault Line.”  Churchill discusses the possibility of 
serpentine occurring in faults or within fault zones, which may contain chrysotile or 
tremolite/actinolite asbestos. 
   

7 SUBSURFACE CONDITIONS  

7.1 Subsurface Soil and Rock Conditions 
7.1.1 Caltrans (1963) 

Subsurface exploration performed by the State Division of Highways (Caltrans) in April 1963 
for the Clarksville UC consisted of four, 1-inch diameter soil tube borings.  The foundation study 
and as-built Log of Test Borings (LOTB) drawing show subsurface materials encountered from 
original ground surface generally consist of 4 to 9 feet of stiff clay and slightly compact silty fine 
sand, underlain by sandstone, shale and schist.  The foundation report states, “Approximately 17 
feet of road embankment overlies the sand and clay at the right structure site.”  We include the 
as-built LOTB drawing in Appendix B. 
 

7.1.2 BCI (2007)  

BCI completed a total of five test borings in June/July 2007 for the Clarksville UC (Widen) 
project.  In the existing UC abutment areas, subsurface materials generally consist of about 19 
feet of roadway/embankment fill and native overburden materials comprised of medium dense 
and dense clayey gravel and silty sandy gravel (with local cobbles and boulders), and stiff to 
hard lean clay with varying amounts of sand and gravel.  These materials are underlain by 
variably weathered and fractured metamorphic rock, consistent with published mapping.  We 
include our LOTB drawings for the Clarksville UC (Widen) project in Appendix B. 
                                                 
3 Churchill,  et al., 2000, “Areas More Likely to Contain Natural Occurrences of Asbestos in Western El Dorado 
County, California”, California Geological Survey, OFR 2000-02 
4 Bruyn, 2005, “Asbestos Review Areas, Western Slope, County of El Dorado, State of California”, El Dorado 
County 
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7.1.3 BCI (2010)  

In Boring R-10-005 completed for this project element, BCI encountered metavolcanic rock at a 
depth of 3 feet.  The rock is consistent with published mapping and previous site exploration. 
The upper 4 feet the rock between a depth of 3 to 7 feet is decomposed to intensely weathered 
and very intensely fractured (effectively soil-like described as very dense silty gravel).  This 
portion of the rock was drillable using 6-inch diameter hollow-stem auger.  
 
Below 7 feet to the maximum depth explored (30.0 feet) the rock is less weathered and required 
diamond coring for drill advancement.  We generally describe rock within this interval as 
moderately to slightly weathered (locally intensely weathered and fresh), intensely to moderately 
fractured, and hard to very hard.  The average core recovery was 99% and the Rock Quality 
Designation RQD5 ranged from 0 to 92%. 
 
The metavolcanic rock is overlain by 3 feet of residual soil comprised of hard silt with sand. 
 
Refer to the LOTB and As-Built LOTB in Appendix B for more specific soil/rock descriptions, 
sampling methods, laboratory test results, and blow count data.  We will include the required 
LOTB Sheet Checklist with the final report.  
 

7.2 Groundwater 
7.2.1 Caltrans (1963) 

The Caltrans foundation study and as-built LOTB for the Clarksville UC indicate that static 
groundwater levels were measured at ground surface in one boring and a depth of about 2 feet in 
two of the borings completed in April 1963.  The foundation study states, “This water is due to 
artesian flow from the underlying bedrock.”   
 
The as-built LOTB identifies measured groundwater surface as follows: 

 
Table 1 – Groundwater  

(Caltrans 1963 Exploration) 

Boring Ground Surface 
Elevation (ft) 

Measured Ground Water 
Elevation (ft) 

B2 686.6 684.5 

B3 681.5 “Water flowing from B-3 at rate 
of ½ gal per minute.” 

B4 676.5 676.5 
Note:  Elevations shown are referenced to datum used in 1963.    

 
 

                                                 
5 RQD = Rock Quality Designation, expressed as the ratio of the total length of recovered rock core in pieces longer 
than 4-inches to the total length of core run. 
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The 1965 Foundation Report states, “Ground water was encountered at approximately 6’ above 
the bottom of footing elevations.  The footing excavations were dewatered by pumping for 
cleanup of the bottom of footings, forming and placing concrete.” 
 

7.2.2 BCI (2007) 

During our June/July 2007 subsurface exploration for the Clarksville Undercrossing (Widen), BCI 
encountered groundwater at elev. 659.7, about 39 feet below ground surface in Boring R-07-B2.  
We did not encounter groundwater within the augered intervals in the other borings, and did not 
make groundwater measurements below the augered intervals due to the presence of residual drill 
fluid.  None of the borings completed for the 2007 study exhibited artesian flow conditions. 
 

7.2.3 BCI (2010) 

We did not encounter free groundwater to elevation 683 feet within the augered portion of 
Boring R-10-005 drilled in July 2010.  We did not make groundwater measurements below the 
augered interval due to the presence of residual drill fluid. 
 
In general, we expect that shallow groundwater and seepage can occur near the soil/rock 
interface (depths of approximately 3 to 9 feet below existing, natural grade), particularly during 
the winter months or extended periods of rainfall.  Locally, seepage can also occur along zones 
of fractured or less weathered rock and daylight at the ground surface or within excavations. 
 

8 SCOUR EVALUATION 

The site is not located adjacent to any waterways; therefore, scour is not a consideration for 
this project. 
 

9 CORROSION EVALUATION 

BCI evaluated one sample obtained during the 2010 site investigation for soil corrosivity.  
Table 2 presents the corrosivity test results. 
 

Table 2 – Soil Corrosion Test Summary 

Boring/Sample Depth 
(ft) 

Elevation 
(ft, msl) 

Minimum 
Resistivity 
(Ohm-cm) 

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

R-10-005 / S1B 1.0 689.0 3220 5.63 13.6 35.5 
Note: Caltrans considers a site to be corrosive to foundation elements if one or more of the following conditions 

exist:  Chloride concentration is greater than or equal to 500 ppm, sulfate concentration is greater than or 
equal to 2000 ppm, or the pH is 5.5 or less. (Caltrans, "Corrosion Guidelines", version 1.0, September 2003) 
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Laboratory test results indicate a “non-corrosive” soils environment as defined by the September 
2003 Caltrans “Corrosion Guidelines” publication.  Laboratory tests results on two samples 
obtained during our 2007 site exploration for the Clarksville Undercrossing (Widen) project were 
also “non-corrosive.”  These laboratory test results are consistent with our previous study 
completed in 2008.  Appendix C contains the laboratory test results for the 2010 study.  
 

10 SEISMIC RECOMMENDATIONS 

10.1 Fault Rupture 
The site does not lie within or adjacent to an Alquist–Priolo Earthquake Fault Zone for fault 
rupture hazard (Bryant and Hart, 2007)6, and no known active faults are mapped with the project 
area.  Busch (2001) shows the main trace of the West Bear Mountains Fault crossing US 50 
approximately 3,100 feet west of the bridge sites and a north-south trending splay associated 
with this fault crossing US 50 approximately 1,200 feet to the west.  Jennings (1994)7 shows the 
West Bear Mountains Fault as Pre-Quaternary in age.  The Caltrans Deterministic PGA Map 
(September 2007) does not consider this fault as an active seismic source and shows no active 
faults in the project area.  The closest fault considered in ground motion analysis is the East Bear 
Mountains Fault (or Rescue section, Caltrans Fault Identification No. 83) located approximately 
7 miles east of the bridge sites. 
 
We consider the potential for fault rupture at the site to be low. 
 

10.2 Ground Motion 
BCI used the Caltrans ARS Online (web-based tool) to calculate both deterministic and 
probabilistic acceleration response spectra for the site based on criteria provided in Appendix B 
of Caltrans Seismic Design Criteria (Revision Date:9/11/09). 
 
The deterministic spectrum is determined as the average of median response spectra calculated 
using ground motion prediction equations developed under the “Next Generation Attenuation” 
(NGA) project. These equations are applied to all faults considered to be active in the last 
750,000 years (late-Quaternary age) that are capable of producing a moment magnitude 
earthquake of 6.0 or greater.  Caltrans procedures also require a minimum deterministic response 
spectrum that assumes a Maximum Moment Magnitude (MMax) of 6.5, vertical strike-slip event 
occurring at a distance of 7.5 miles.     
 
Based on Caltrans ARS Online (V1.0.4) and other mapping, the closest recognized Late 
Quaternary or younger fault is the Bear Mountains Fault Zone (Rescue Fault section) located 
±7 miles east of the site.  Figure 3, Seismic Hazard Map, in Appendix A shows the approximate 
fault locations.  Caltrans assigns the Bear Mountains Fault Zone (Rescue Fault section) the 
following parameters: 
 
                                                 
6 Fault Rupture Hazard Zones in California, Special Publication 42, Interim Revision; California Geological Survey    
7 Fault Activity Map of California and Adjacent Areas, Geologic Map No. 6, California Division of Mines and 
Geology 
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Table 3:  Fault Data 

Fault Parameters Likely Fault 

Fault Identification Number (FID) 83 

Maximum Moment Magnitude (MMax) 6.5 

Site-to-Fault (RRUP) Distance (km/mi) 12.86 / 8.0 

Style of Faulting Normal 

Fault Dip (degrees) 90 

Dip Direction Vertical 
 
 
The probabilistic spectrum is obtained from the USGS (2008) National Hazard Map for 5% 
probability of exceedance in 50 years. Caltrans design spectrum is based on the larger of the 
deterministic and probabilistic spectral values.  Both the deterministic and probabilistic spectra 
account for soil effects through incorporation of the parameter Vs30, the average shear wave 
velocity in the upper 30 meters of the soil profile.  For this site/project, we used a Site Class C 
with average Vs30 equal to 560 meters per second (approximately 1,800 feet per second) based 
on consideration of footings established in approach fill and the mapped ground conditions 
(underlain by metamorphic rock). 
 
We recommend the design spectrum based on the upper envelope spectral values of the combined 
minimum deterministic and probabilistic response spectra across the period spectrum from 0 to 
5 seconds.  BCI assigns the site a MMax of 6.5 with a Peak Ground Acceleration (PGA) of 0.21g.  
We present data points for site spectra in Table 4 and graphed site spectra on Figure 4. 
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Table 4 - Caltrans ARS Online Envelope* Spectrum Data 

Period SA Period SA Period SA Period SA 
0 0.210 0.085 0.386 0.35 0.400 1.4 0.138 

0.01 0.210 0.09 0.399 0.36 0.394 1.5 0.131 

0.02 0.214 0.095 0.413 0.38 0.381 1.6 0.124 

0.022 0.217 0.1 0.425 0.4 0.369 1.7 0.118 

0.025 0.221 0.11 0.444 0.42 0.355 1.8 0.113 

0.029 0.227 0.12 0.461 0.44 0.341 1.9 0.108 

0.03 0.228 0.13 0.476 0.45 0.335 2 0.104 

0.032 0.233 0.133 0.480 0.46 0.329 2.2 0.093 

0.035 0.240 0.14 0.488 0.48 0.317 2.4 0.084 

0.036 0.243 0.15 0.499 0.5 0.306 2.5 0.080 

0.04 0.252 0.16 0.502 0.55 0.278 2.6 0.076 

0.042 0.257 0.17 0.503 0.6 0.254 2.8 0.070 

0.044 0.262 0.18 0.504 0.65 0.233 3 0.064 

0.045 0.265 0.19 0.505 0.667 0.227 3.2 0.059 

0.046 0.267 0.2 0.504 0.7 0.216 3.4 0.055 

0.048 0.272 0.22 0.490 0.75 0.203 3.5 0.053 

0.05 0.277 0.24 0.477 0.8 0.197 3.6 0.051 

0.055 0.294 0.25 0.470 0.85 0.193 3.8 0.047 

0.06 0.310 0.26 0.463 0.9 0.188 4 0.044 

0.065 0.326 0.28 0.449 0.95 0.185 4.2 0.042 

0.067 0.332 0.29 0.442 1 0.181 4.4 0.040 

0.07 0.342 0.3 0.436 1.1 0.168 4.6 0.039 

0.075 0.357 0.32 0.421 1.2 0.156 4.8 0.037 

0.08 0.371 0.34 0.407 1.3 0.147 5 0.036 

* Envelope data for this site is a combination of the Minimum Deterministic Spectra and Probabilistic Spectra 
 
 
 

10.3 Liquefaction Evaluation 
Liquefaction can occur when saturated, loose to medium dense, granular soils (generally within 
50 feet of the surface), or specifically defined cohesive soils, are subjected to ground shaking.  
Rock is present at shallow depths throughout the project area; therefore, we consider the 
potential for liquefaction of soils to be nonexistent at the UC.  
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10.4 Seismic Settlement 
During a seismic event, ground shaking can cause densification of granular soil above the water 
table that can result in settlement of the ground surface.  Rock is present at shallow depths 
throughout the project area; therefore, the potential for significant seismic settlement is low. 
 

10.5 Seismic Slope Instability 
Due to the presence of shallow rock and favorable rock structure, we consider the potential for 
seismic slope instability in the form of landslides and mudslides at this site to be very low.  
Similarly, we consider the potential for seismically induced failures on engineered fill slopes 
constructed at 1.5:1(horizontal: vertical) or flatter to be very low.  We present further slope 
stability evaluation below in the Foundation Recommendations.  
 

11 AS-BUILT DATA 

A Caltrans April 5, 2000 Memorandum presents a summary of the existing Clarksville Road UC, 
Bridge No. 25-0072 L/R foundations.  In general, the existing left and right bridges, constructed 
in 1965, consist of 3-span structures supported on a combination of spread footings and pile 
foundations.  H-piles were used at the abutments and designed for a design load of 45 tons when 
driven to rock.  Shallow spread footings were used at the bents and designed for an allowable 
bearing capacity of 5 tons per square foot (tsf).  At the abutments, embankment fill was 
predrilled to elev. 680.0 and piles then driven using a Delmag D12 Diesel hammer.  Rocks 
encountered during pre-drilling through the existing highway embankment slowed the drilling 
operations.  At the left footing of Bent 3 (right bridge), excavation was difficult and blasting was 
required to achieve the planned footing level. 
 
BCI (2008) provided foundation recommendations for the bridge widening (to the median) at the 
Clarksville UC.  The existing foundation system was matched with H-Piles at the abutments and 
shallow spread footings at the bents.  H-piles were designed for a nominal resistance of 170 kips 
when driven to rock.  Shallow spread footings on rock were designed using a Net Permissible 
Contact Stress of 23.0 to 31.5 kips per square foot.  
 

12 FOUNDATION RECOMMENDATIONS 

The new abutments for the Silva Valley Westbound On-Ramp UC will be founded on shallow 
spread footings established within engineered fill.  The new bents will be established within 
moderately to slightly weathered, hard rock at least 6.5 feet below lowest existing grade. 
The base of the spread footing at Abutment 1 will be about ½ to 1 foot below existing ground 
surface and at Abutment 4 about 2.5 feet above existing ground surface.  To provide uniform 
support and minimize post construction settlement of footings founded in fill, we recommend 
that the abutment footings be established within a prism of engineered fill  
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At Abutment 1 overexcavate all existing fill and native overburden materials to elev. 685.5 feet; 
at Abutment 4 to elev. 688.5 feet.  Replace the overexcavated materials to footing grade with 
engineered “Structure Backfill” (per Section 19 of Caltrans “Standard Specification”) compacted 
to a minimum of 95% relative compaction (per CTM 216).  Extend the limits of the engineered 
fill prism to at least 5 feet horizontally beyond the footing footprint. 
 
We considered Cast in Drilled Hole (CIDH) pile foundations or large diameter drilled-shafts; 
however, casing would be required in the fill section at Abutment 4 and difficult drilling is 
expected due to both the hardness of the underlying rock and the frequency of fractures. Driven 
concrete piles are not an appropriate foundation alternative.  Such piles would experience very 
hard driving within rock at shallow depths (likely resulting in damage to the pile) and likely 
would not achieve adequate penetration for stability.  H-piles, similar to the nearby widened 
structure, would also experience very hard driving in rock, be essentially point bearing, and have 
very limited lateral capacity.  Therefore, we do not recommend H-piles for new bridge support. 
 
MTCo provided the following foundation design information in Tables 5, 6 and 7. 
 

Table 5 - Foundation Data 

Support 
No. 

Design 
Method  

Finish 
Grade 

Elev. (ft) 

BOF 
Elevation 

(ft) 

Footing Size (ft) Permissible Settlement 
under Service Load (in) 

* B L 

Abut 1 WSD 694.4 689.5 8.0 40.9 1.0 

Bent 2 LRFD 684.0 677.5 8.5 42.0 1.0 

Bent 3 LRFD 684.0 677.5 8.5 42.0 1.0 

Abut 4 WSD 697.4 692.5 8.0 40.9 1.0 
*Based on CALTRANS’ current practice, the total permissible settlement for a shallow footing is one inch for multi-span structures with 
continuous spans or multi-column bents, one inch for single span structures with diaphragm abutments, and two inches for single span structures 
with seat abutments.  Different permissible settlement under service loads may be allowed if a structural analysis verifies that required level of 
serviceability is met. 
 
 

Table 6 - LRFD Service Limit State I 

Support 
No. 

Total Load Permanent Load * 

Vertical 
Load 
(kip) 

Effective 
Dimensions (ft) 

Horizontal Load in  
Longitudinal Direction 

(kip) 

Vertical 
Load 
(kip) 

Effective 
Dimensions (ft) 

B’ L’ B’ L’ 

Abut 1 760 7.2 40.9 160 610 7.3 40.9 

Bent 2 1050 7.2 39.4 N/A 820 8.3 42.0 

Bent 3 1060 7.1 37.4 N/A 820 8.4 41.9 

Abut 4 820 7.4 40.9 190 670 7.0 40.9 
* See table 3.4.1-2 in the AASHTO LRFD Bridge Design Specifications for components of permanent load.  Total and Permanent Loads are 
NET for Bents and GROSS for Abutments. 
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Table 7 - LRFD Strength and Extreme Event Limit States 

Support 
No. 

Strength Limit State (Controlling 
Group) 

Extreme Event Limit State 
(Controlling Group) 

Vertical 
Load 
(kip) 

Effective Dimensions (ft) Vertical 
Load 
(kip) 

Effective Dimensions 
(ft) 

B’ L’ B’ L’ 

Bent 2 1440 6.6 38.0 820 8.3 42.0 

Bent 3 1460 5.9 35.7 830 8.4 41.9 

 
 
 

12.1  Shallow Foundations  
1.1.1 Spread Footing Data Table 

Based on footing foundation design data provided by MTCo and our geotechnical analysis, we 
provide foundation design recommendations in Table 8.  A discussion of our analyses follows. 
 

Table 8 – Foundation Design Recommendations for Spread Footings 1, 2 

 

Support 
Location 

Footing 
Size 
(ft) Bottom 

of 
Footing 

Elevation 
(ft) 

Minimum 
Footing 

Embedment 
Depth        

(ft) 

WSD 
(LRFD Service-I 
Limit State Load 

Combination) 

LRFD 

Service Strength 
ϕb = 0.45 

Extreme 
Event 
ϕb = 1.0 

B L 

Permissible 
Gross 

Contact 
Stress 
(ksf) 

Allowable 
Gross 

Bearing 
Capacity 

(ksf) 

Permissible 
Net 

Contact 
Stress 
(ksf) 

Factored 
Gross 

Nominal 
Bearing 

Resistance 
(ksf) 

Factored 
Gross 

Nominal 
Bearing 

Resistance 
(ksf) 

Abut 1 8.0 40.9 689.5 4.9 6.40 4.58 N/A N/A N/A 

Bent 2 8.5 42.0 677.5 6.5 N/A N/A 25.00 16.83 37.41 

Bent 3 8.5 42.0 677.5 6.5 N/A N/A 26.60 16.04 35.64 

Abut 4 8.0 40.9 692.5 4.9 7.70 5.40 N/A N/A N/A 

Notes: 1) Recommendations are based on the foundation geometry and loads provided by the Design Engineer.  
The footing contact area is taken as equal to the effective footing area, where applicable. 
2) See Memo to Designers (MTD) 4-1 for definitions and applications of the recommended design 
parameters. 

 
 
 



FINAL FOUNDATION REPORT  EA 03-1E2901 
Silva Valley Westbound On-Ramp UC, PM R1.65 BCI File No. 556.2 
El Dorado County, California May 14, 2012 
 
 

14 

At the bents, we conservatively modeled the weathered/fractured rock (RQD < 25%) as a very 
dense soil with a friction angle of 38° and no cohesion.  At the abutments, BCI used a friction 
angle of 34° with no cohesion for engineered fill and determined a modified bearing capacity 
factor (Nγq) for the abutment footings established adjacent to sloping ground based after 
Meyerhof (1957) which assumes cohesionless soils.  We modeled ground water at elev. 684.0 ft. 
We include our spread footing design calculations, including determination of Nγq at the 
abutments, in Appendix D. 
 

12.1.1 Slope Stability 

The base of footing at Abutment 4 will be founded within new embankment fill about 3 ft above 
original ground surface and with a maximum proposed slope gradient of 2(H):1(V) in front of 
the abutment. 
 
We evaluated Abutment 4 established in new embankment for global stability with respect to 
static loading and pseudostatic (seismic) loading conditions.  For pseudostatic conditions we 
used a horizontal seismic acceleration coefficient of 0.1. 
 
BCI used SLIDE 6.0 limit equilibrium slope stability software by Rocscience, Inc. to analyze slope 
stability.  We analyzed the cross-section using the Spencer method of slices, which satisfies both 
force and moment equilibrium, and circular shaped failure surfaces.  Considering local material 
types, we anticipate that coarse granular materials with a silt/clay matrix will be used for new 
embankment.  For our slope stability analysis, we modeled the new embankment fill with an angle 
of internal friction equal to 34° and a nominal cohesion value of 50 psf.  We modeled the 
underlying decomposed and very intensely fractured rock with a friction angle of 40°; moderately 
weathered rock with a friction angle of 43°.  We modeled ground water at elev. 684.0 ft. 
 
The computed slope stability factor of safety for static loading is 1.5, and for pseudostatic 
loading is 1.3.  We expect conditions at Abutment 1 to be the same or better. 
 
We include the graphical outputs from our stability trials that show soil/rock parameters and 
foundation loading conditions used in our analysis in Appendix D. 
  

12.1.2 Lateral Resistance 

Calculate lateral load resistance of spread footings as follows: 
• A soil friction factor (tan δ) of 0.45 for cast in-place concrete foundations bearing on 

intact rock materials or engineered fill.  Use a friction angle (φf) of 34° and a resistance 
factor (ϕτ) of 0.8 for LRFD.  

• An allowable passive pressure of 270 pcf equivalent fluid pressure against the face of the 
footing (based on formed footings with compacted structure backfill or footings poured 
neat against intact rock) ); neglect the upper 3 feet of soil depth (from final ground 
surface) in determination of passive earth pressure due to potential soil disturbance/ 
removal.  Use a friction angle (φf) of 34° and a resistance factor (ϕep) of 0.5 for LRFD. 

• Passive and friction resistance may be combined. 
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12.1.3 Settlement 

We calculated the settlement of spread footing foundations based on elastic settlement theory 
using Schmertmann's Modified Method.  We conservatively modeled the underlying rock at all 
supports as a very dense soil.  For spread footings established as above, we estimate that 
settlement will be nominal (about ½-inch or less) and will occur substantially during 
construction.  We expect differential settlement to be less than one-half of the total realized 
settlement.  We include our abutment settlement calculations in Appendix D. 
 

12.2 Approach/Abutment Backfill Earthwork 
12.2.1 Fill Material 

The source of borrow material for construction of approach fills has not been identified.  
Proposed borrow must be tested and approved for use by the project engineer prior to 
transporting to the site. 
 

12.2.2 Expansive Material 

Expansive materials shall not be placed as part of the embankment within the limits of the bridge 
abutment for the full width of the embankment.  Low expansion material is defined as having an 
Expansion Index (EI) less than 50 (per ASTM D4829), and a Sand Equivalent (SE) greater than 
20 (per California Test 217). 
 

12.2.3 Geometry and Stability 

The maximum fill height at the bridge abutments will range from about 12 to 21 feet.  Approach 
side-slopes will have a gradient of 2:1 or flatter and the end-slopes will have a gradient of 2:1.  
The proposed geometries are common slope gradients considered stable for typical approach fill 
construction.   
 
In our opinion, the proposed new side/end-slopes will be stable provided the new slopes are 
constructed in accordance with current Caltrans Standard Specifications.  The generally 
hard/dense nature of the underlying native soil and rock will provide a stable base on which to 
construct the fills. 
 

12.2.4 Site Preparation 

In the area of the proposed approach fills, clear and grub existing slopes in accordance with the 
Caltrans “Standard Specifications”, Section 16.  Construct structure backfill at the abutments in 
accordance with the “Standard Specifications”, Section 19-3.06.  Construct the embankment 
approach fills in accordance with the “Standard Specifications”, Section 19-6.01.  The project 
geotechnical engineer must approve the prepared ground surface prior to placement of 
approach fill.   
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At Abutment 1 subexcavate all existing fill and native overburden materials to expose intact 
weathered rock and replace to footing grade with engineered “Structure Backfill” (per Section 19 
of Caltrans “Standard Specification”) compacted to a minimum of 95% relative compaction (per 
CTM 216).  Extend the limits of the engineered fill prism to at least 3 feet below the base of 
footing and horizontally 5 feet beyond the footing footprint.   
 

12.2.5 Settlement 

Due to the presence of shallow rock, we do not anticipate significant settlement at approaches.  
We expect post-construction settlement between the abutment backwall and adjacent approach 
fills/backfill to be less than ½-inch, provided structure backfill is compacted in accordance with 
the “Standard Specifications.”  A waiting period is not necessary. 
 

12.2.6 Lateral Earth Pressures 

Use the following EFWs to design the abutments walls and wing walls at Abutments 1 and 4:  
 

Condition  EFW Static  EFW Seismic  
Active   36 lb/ft3     4 lb/ft3 

At-Rest   55 lb/ft3       7 lb/ft3 

Passive 270 lb/ft3 250 lb/ft3 
 
For static design, apply the resultant of the static active earth pressure (36 lb/ft3) at a 
distance of 0.33H above the base of the wall where H equals the wall height in feet.   
 
For seismic design, calculate the resultant of incremental lateral soil pressure due to seismic 
loading based on an equivalent fluid pressure of 4 lb/ft3 for active condition and 7 lb/ft3 for 
at-rest condition.  Apply the magnitude of the resultant seismic active and at-rest pressures at 
0.5H from the base of the wall.  Add the resultant of the seismic earth pressure to the 
resultant of the static earth pressure. 
 
The values shown above are consistent with Caltrans standards/practice and assume level 
backfill conditions using Caltrans “Structure Backfill” with a soil unit weight of 120 pcf, a 
minimum angle of internal friction of 33º, and that drainage behind walls is placed in accordance 
with Caltrans “Standard Plans and Specifications.” 
 
To limit wall deflection to acceptable levels, BCI applied a factor of safety of 2.0 to the ultimate 
passive pressure to generate the allowable passive pressures provided above. 
 
BCI estimated the EFWs for seismic loading using the Mononobe-Okabe equation for active 
and passive lateral coefficients Ka and Kp.  We estimated the at-rest coefficient, Ko, for the 
seismic condition using an increase ratio similar to the active condition.  In the Mononobe-
Okabe equation, BCI used a horizontal seismic acceleration coefficient (kh) of 0.11 calculated 
using the equation in Chapter 11, Section 11.6.5 of the AASHTO LRFD Bridge Design 
Specifications-4th Edition.  This kh value assumes that the walls displace at least 1-inch during 
the design seismic event.  BCI calculated the above static EFWs using methods presented in 
the 1982 Naval Facilities (NAVFAC) Design Manual 7.2. 
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For seismic loading into abutments, use a maximum passive pressure of 5.0 ksf for longitudinal 
abutment response, with the proportionality factor presented in Section 7.8.1 of Caltrans Seismic 
Design Criteria v.1.6 (November 2010).   
 
For surcharge loads, apply an additional uniform lateral load behind the wall equivalent to 
0.3-times the surcharge pressure.  Use a soil friction factor (tan δ) of 0.45 for cast in-place 
concrete foundations bearing on compacted fill materials.  The passive pressures are applicable 
for concrete placed directly compacted fill.  
 

13 CONSTRUCTION CONSIDERATIONS 

13.1  Cuts and Excavations 
Typical grading equipment such as scrapers, dozers, backhoes and excavators are sufficient to 
excavate surficial soil and decomposed to intensely weathered rock at the proposed 
undercrossing.  However, due to the presence of moderately hard to hard rock (particularly at the 
bent foundation locations), foundation excavation may require a large excavator equipped with 
rock teeth and a single-shank rock ripper attachment.  Use of air tools (chiseling and rock 
splitting) will likely be required at the bent foundation locations and isolated abutment 
foundation locations.   
 
Temporary slopes may be required for foundation construction.  The Contractor shall slope 
and/or shore temporary excavations in accordance with current Cal-OSHA requirements.  Where 
the use of excavation sloping and/or shoring is required, a competent person must classify each 
soil deposit as Type A, Type B, or Type C in accordance with OSHA procedures, and shall 
confirm the soil types during construction.  Based on our investigation, we preliminarily classify 
native soils as Type B.  Design excavation sloping and/or shoring located in any fill material in 
accordance with Type C soils. 
 
Rock blasting may disrupt/degrade integrity of the surrounding rock.  Therefore, rock blasting 
should not be permitted to construct new bridge foundations.  If it is required, remove all 
overblast and/or shattered rock prior to placement of reinforcement and concrete.  
 
Large blocks may pull-out from walls of foundation excavations.  Fill any cavities formed by the 
blocks with structural concrete. 
 

13.2  Embankments 

Import borrow sources are not yet identified and, therefore, imported embankment materials cannot 
be evaluated.  We expect slopes constructed of on-site materials or imported borrow to meet the 
specifications for embankment fill, and sloped at a gradient of 2(h):1(v) or flatter, to be grossly 
stable.  Material used for backfill at abutments must meet the requirements for Structure Backfill.   
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13.3   Spread Footings 
Pour footing concrete “neat” (without forming), against trimmed, intact bearing material within 
clean and dry excavations.  If forming is necessary, backfill excavations outside footing limits 
with lean concrete or suitable granular backfill (i.e. “Structure Backfill” per Caltrans “Standard 
Specifications”) compacted to at least 95% relative compaction (per CTM 216).   
 
If it is necessary to deepen footing excavations in order to engage suitable bearing materials, it is 
acceptable to backfill with structural concrete to plan footing grade, up to a depth of 3 feet below 
the footing, with BCI approval.  Conversely, to avoid excessive excavation, stepping of footings 
is acceptable to achieve required penetration of bearing materials. 
 
A BCI geologist or engineer must review foundation excavations to confirm suitable bearing 
material and/or identify loose/soft or unsuitable materials to be overexcavated.   
 

13.4   Dewatering 
We do not anticipate the presence of significant ground water within footing excavations during 
dry season construction (June through October).  Seepage should be expected at bent footing 
locations.  If/where seepage is encountered, we expect it can be controlled with sump pumps.  
Winter or spring construction may encounter perched ground water, possibly under head, and 
require additional controls. 
 

13.5   Naturally Occurring Asbestos 
During our site reconnaissance and subsurface exploration we did not observe outcrops 
containing serpentinite or other ultramafic rock, a host rock for naturally occurring asbestos 
minerals (NOA), or significant bands of fibrous (asbestiform) minerals within the visible 
bedrock.  As discussed above, NOA mapping does not show the project within an ultramafic 
rock area, although the project is near mapped faults and other areas known to contain naturally 
occurring asbestos.  We cannot rule out the potential for NOA to occur at the project site and it 
will need to be considered as a potential risk during construction. 
 
Based on the preliminary test results (BCI, 2008), and the unknown origin of fill placed during 
road construction in the 1960’s (and previous), BCI recommends preparation of an Asbestos 
Hazard Mitigation Plan in compliance with provisions of El Dorado County Air Quality 
Management District (EDAQMD) Rule 223-2.and California Air Resources Board requirements, 
as applicable.   
 
Visually monitor rock types exposed during construction for the potential presence of naturally 
occurring asbestos (NOA) minerals.  If construction activities expose NOA, comply with the 
applicable provisions of EDAQMD Rule 223-2 and the State of California Asbestos Airborne 
Toxic Control Measure (ACTM), CCR Title 17, Section 93105.  In addition, prepare a worker 
health and safety program for excavations in areas with NOA in accordance with all regulatory 
requirements, including CAL OSHA. 
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13.6   Storm Water Quality 
We expect that construction term erosion control will be available by means of typical good 
construction practices (e.g., use of erosion barriers, synthetic slope covers, hydro-seeding, etc.).  
This project will involve earthwork and we expect that the contractor will be required to develop 
a Storm Water Pollution Prevention Plan. 
 

14 RISK MANAGEMENT 

Our experience and that of our profession clearly indicates that the risks of costly design, 
construction, and maintenance problems can be significantly lowered by retaining the 
geotechnical engineer of record to provide additional services.  For this project, retain BCI to: 

• Review and provide written comments on the (civil, structural) plans and specifications 
prior to construction. 

• Monitor construction to check and document our report assumptions.  At a minimum, we 
should monitor footing excavations, and observe and test fill construction. 

• Update this report if design changes occur, 2 years lapse between this report and 
construction, or site conditions change. 

 
If BCI is not retained to perform the above applicable services, we are not responsible for any 
other parties’ interpretation of our report, and subsequent addendums, letters, and discussions. 
 

15 LIMITATIONS 

BCI performed services in accordance with generally accepted geotechnical engineering 
principles and practices currently used in this area.  We do not warranty our services. 
 
BCI based this report on the current site and project conditions.  We assumed the 
soil/rock/groundwater conditions we observed in our borings are representative of the subsurface 
conditions on the site.  Actual conditions between borings could be different. 
 
Our scope did not include an evaluation of potential flooding or hazardous materials on site. 
 
Use this foundation report only for the design and construction of the Silva Valley Westbound 
On-Ramp UC. 
 
Modern design and construction is complex, with many regulatory sources, restrictions, involved 
parties, construction alternatives, etc.  It is common to experience changes and delays.  The 
owner should set aside a reasonable contingency fund based on complexities and cost estimates 
to cover changes and delays. 
 
The interface between soil and rock materials on the logs is approximate.  The transition 
between materials may be abrupt or gradual.  We base our recommendations on the final logs, 
which represent our interpretation of the field logs and general knowledge of the site and 
geological conditions.  
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SEISMIC HAZARD MAP

Silva Valley WB On-Ramp UC
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El Dorado County, California
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Figure 4

PRELIMINARY ARS CURVE

Silva Valley WB On-Ramp UC

EA 03-1E2901

El Dorado County, California

Design ARS Curve

(5% Damping)

Reference: Geotechnical Services Design Manual

(Version 1.0, August 2009) and Caltrans Seismic

Design Criteria, Appendix B, Revised 9/11/2009.
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Laboratory Test Results 

• Silva Valley Westbound On-Ramp UC 

• Clarksville UC (Widen) 

 
 



 
 
 
 
 
 
 
 
 
 
 

Laboratory Test Results 
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Clarksville UC (Widen) 
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Design Calculations 

• Allowable Bearing Capacity and 
Settlement – Abutments 

 

• Allowable Bearing Capacity and 
Settlement – Bents 

 

• Elastic Constants of Various Soils 
 

• Slope Stability Output Graphs 
 

• Lateral Earth Pressure 
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Allowable Bearing Capacity and Settlement – Abutments 

 

















 
 
 
 
 
 
 
 
 
 
 

Design Calculations 

 

 

 

Allowable Bearing Capacity and Settlement – Bents 
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Elastic Constants of Various Soils 
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Slope Stability Output Graphs 
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Design Calculations 

 

 

 

Lateral Earth Pressure 
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Draft Report Comment and Response –  

Caltrans OGDN and OSFP  
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