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1 INTRODUCTION 

1.1 Purpose  
Blackburn Consulting (BCI) prepared this Draft Foundation Report for the Lower Sacramento 
Road Bridge at Bear Creek in Stockton, California.  It contains our subsurface findings, 
conclusions and recommendations for bridge design. 

This report is for the project design team and City of Stockton to use during bridge design.  It 
shall not be used or relied upon by others, or for different locations or improvements without the 
written consent of BCI. 

1.2 Scope of Services 
To prepare this report, BCI performed the following: 

1. Discussed the project with Julie Passalacqua and Lance Schrey of Mark Thomas &
Company (MTCo).

2. Reviewed the General Plan, Foundation Plan, and foundation loads for the bridge
structure prepared and provided by MTCo.

3. Reviewed a “General Plan – Profile”, “Site Plan”, and “Footing & Foundation Plan” for
the Bear Creek Project, dated March 26, 1963, prepared by The Reclamation Board, State
of California.

4. Reviewed a Log of Test Borings drawing for the Bear Creek Bridge at Sacramento Road,
dated December 20, 1961, prepared by Moore and Taber.

5. Reviewed a Scour Analysis for Lower Sacramento Road over Bear Creek, Stockton, CA,
Bridge #29C0135, dated December 19, 2008 by Avila and Associates Consulting
Engineers, Inc.

6. Reviewed in-house literature pertaining to geologic and seismic conditions in the project
vicinity.

7. BCI observed, logged and sampled two borings (B9-08 and B10-08) to depths of about
71 feet at Bear Creek Bridge.

8. Performed laboratory tests on soil samples obtained from the exploratory borings.
9. Performed engineering analysis and calculations to develop our conclusions and

recommendations.
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2 SITE AND PROJECT DESCRIPTION 

2.1 Site Description 
The site is located on Lower Sacramento Road at Bear Creek, about 1,400 feet west of the Union 
Pacific Railroad (UPRR) tracks in Stockton, California.  Site coordinates are approximately latitude 
38.043ºN and longitude 121.322ºW.  We show the site location on Figure 1 in Appendix A. 

At this location, Bear Creek flows west within a 75-foot-wide, unlined man-made channel 
section.  The bottom of channel is at/near elev. 71, about 17 feet below existing bridge deck 
grade.  The channel slopes are in-place at about 2.5H:1V (horizontal:vertical distance). 

The existing bridge is a five-span, concrete flat-slab structure, about 128.5 feet long and 32.5 feet 
wide, with a super-elevated deck.  The substructure consists of concrete wall abutments 
supported on short piers on isolated spread footings and multi-column piers supported on spread 
footings.  The supports are skewed about 20 degrees to match the channel alignment.  The 
referenced plans show the base of each isolated spread footing at elev. 10.0 feet (1963 project 
datum) at the abutments and elev. 3.70 feet (1963 project datum) at the piers.    

2.2 Project Description 
The project will replace the existing structure with a three-span, cast-in-place, post-tensioned 
concrete voided slab bridge, about 152.7 feet long (“LSR” Sta. 27+68.74 to Sta. 29+21.41) and 
112 feet wide.  The new deck grade will be on a vertical curve that passes through elev. 27.68 at 
Abutment-1 (south) and elev. 27.63 at Abutment-4 (north).  The bridge substructure will consist 
of seat-type abutments with cantilever wingwalls and two, multi-column piers. 

No channel modifications, other than Rock Slope Protection (RSP) at the abutments, are planned 
for this project.  The bridge approaches will require 5 feet to 8 feet of new embankment fill. 

The new bridge will be constructed in two stages.  Stage 1 will build the northbound section of 
the new bridge.  The existing bridge will then be demolished and the southbound section 
constructed as part of Stage 2. 

3 SUBSURFACE EXPLORATION 

BCI retained V&W Drilling to drill two borings (one at each abutment) on April 4, 2008.  The 
drillers used 6-inch diameter hollow stem auger drilling methods.  Each boring was drilled to a 
maximum depth of 71.5 feet.  

A BCI engineer logged the borings consistent with the Unified Soil Classification System (USCS) 
and retrieved samples for laboratory testing.  We obtained 1.4-inch inside diameter (SPT) and 2.4-
inch inside diameter (modified-California) drive samples from the borings at various intervals.  
The samplers were driven into the ground with a 140-pound automatic trip hammer falling 30 
inches.  At completion of drilling, we backfilled the boreholes with a cement-grout. 

1 Unless otherwise noted, all elevations are referenced to NGVD29 datum. 
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4 GEOLOGY AND SUBSURFACE CONDITIONS 

4.1 Regional Geology 
The site is located in the San Joaquin Valley within the southern portion of the Great Valley 
Geomorphic Province.  This province encompasses the San Joaquin Valley in the south and the 
Sacramento Valley in the north.  The province is bound by the Sierra Nevada Mountains to the 
east, the Coast Ranges to the west, the Mojave Desert and Transverse Ranges to the south, and 
the Klamath Mountains to the north. 

The Great Valley is a broad, elongated, northwest trending, structural trough that has been filled 
with a thick sequence of sediments.  The eastern margin of the valley is formed by the west 
sloping Sierran bedrock surface that extends westward beneath the alluvium and older 
sedimentary bedrock within the valley.  The western border is underlain by east dipping rock of 
the Coast Ranges that form a deeply buried trough. 

During the late Mesozoic and through most of Tertiary time (approximately 100 million to 20 
million years before present), deposition of thousands of feet of marine sediments occurred 
within the Great Valley.  Continental deposits (generally alluvium) of late Tertiary and 
Quaternary age (approximately 20 million years ago to the present) overlie these marine 
deposits.  Both the continental deposits and the underlying marine sediments form a wedge of 
sediments that generally thickens from east to west. 

4.2 Local Geology 
The California Geologic Survey (CGS)2 maps surface materials at the site as the Modesto 
Formation, which is predominantly composed of Pleistocene gravelly sand, sand and silt 
alluvium deposited by streams and rivers. 

4.3 Subsurface Conditions 

4.3.1 Native Soil 

In Borings B9-08 and B10-08, soils consist of predominately of medium dense to dense (locally 
very dense) clayey/silty sand and sand interbedded with layers of very stiff to hard (locally stiff) 
sandy silt, clay with sand, and sandy clay to the maximum depth explored (71.5 feet, elev.-49.4).  
We interpret the low blow count (N=11) recorded for sample number 15 in Boring B10-08 to 
reflect sluff in the boring. 

Refer to the Log of Test Borings drawings in Appendix A for soil descriptions, exploration 
details and sampling methods.  

2 “Geologic Map of the Sacramento Quadrangle, California”; Regional Geologic Map Series; Map No. 1A; 
California Division of Mines and Geology; D.L. Wagner, C.W. Jennings, T. L. Bedrossian, and E. J. Bortugno; 1991 
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4.3.2 Ground Water 

At the time of our field exploration (April 4, 2008), BCI measured ground water at a depth of 
approximately 50 feet (elev.-26.2 and elev.-27.9) below ground surface in Boring B9-08 and 
B10-08.   

Borings drilled by Moore & Taber in December 1961 indicate that the ground water was 
encountered 27 feet below ground surface in Boring 1.  No ground water level is shown in 
Boring 2.   

BCI reviewed ground water well data at the California Department of Water Resources website 
for three nearby wells.  This data indicates that the groundwater level in project area has been 
about 30 feet below existing grade during the last 15 years.  

Ground water and perched water levels can fluctuate due to changes in precipitation, Bear Creek 
surface water levels, irrigation, pumping of wells, and other factors. 

5 LABORATORY TESTING 

To classify the subsurface soil and obtain parameters for analysis, BCI performed laboratory 
tests on some of the samples obtained from the exploratory borings.  Tests included: 

• Moisture Content
• Density
• Particle Size Analysis
• Plasticity Index
• pH
• Minimum resistivity
• Sulfate Content
• Chloride Content

BCI performed laboratory tests in substantial conformance with current ASTM and Caltrans test 
procedures.  Test results are presented in Appendix B. 

6 CORROSION EVALUATION 

Table 1 presents our corrosivity test results.  

Table 1:  Soil Corrosion Test Summary
Minimum Reistivity Chloride Content Sulfate Content

(Ohm-cm) (ppm) (ppm)

B9-08/8 30.0 - 31.5 1,050 6.98 13.3 64.3
B9-08/16 55.0 - 55.8 2,810 7.13 11.4 5.9
B10-08/3 16.0 - 16.5 1,720 7.12 13.8 53.2

Boring/Sample Depth pH
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Caltrans considers soils corrosive to foundation elements if one or more of the following 
conditions exist: 

• Chloride concentration is 500 parts per million (ppm) or greater,
• Sulfate concentration is 2000 ppm or greater,
• pH is 5.5 or less.

Based on the laboratory test results, the site soils are classified as “non-corrosive” according to 
the Caltrans Corrosion Guidelines  (Version 1.0, Sept 2003). 

7 SCOUR EVALUATION 

MTCo informed BCI that the proposed Bear Creek Bridge replacement corresponds to 
Alternative 2 reported in the scour analysis report by Avila and Associates Engineers, Inc.  That 
report indicates approximately 8 feet of total scour, of which 6 feet is pier scour and 2 feet is 
future degradation.  Avila recommends a design scour elevation at -1.0 feet (NGVD-29) for the 
pier foundations. 

The scour analysis report indicates that the abutments should be checked assuming washout 
to elev. 5 ft.   

8 SEISMIC DATA AND EVALUATION 

8.1 Caltrans Seismic Design Criteria 
Based on the Caltrans “California Seismic Hazard Map 1996”, the peak horizontal rock 
acceleration for the site is approximately 0.14g.  The controlling seismic source is the Coast 
Ranges-Sierran Block Boundary Zone (CSB), located about twenty-two miles west of the site, 
with an estimated maximum moment Magnitude of 7.0. 

Using Table B.1 of Caltrans “Seismic Design Criteria (SDC), Version 1.4 (June 2006), we 
classify the site soil profile as Type D, with SPT values ranging from 15 to 50.   

Based on guidelines and published Caltrans criteria as discussed above, use the following SDC 
seismic design parameters for design. 

• Controlling Fault: Coast Ranges-Sierran Block Boundary Zone (CSB)
• Soil Type D
• Magnitude 7.25 ± 0.25
• Peak Horizontal Rock Acceleration = 0.20g
• Peak Horizontal Ground Acceleration = 0.28g
• Acceleration Response Spectra (ARS) Curve from SDC (Version 1.4) Figure B.8.

We include our recommended ARS Curve as Figure 2 in Appendix A. 
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8.2 Liquefaction Potential 
Liquefaction can occur when loose to medium dense, granular, saturated soils (generally within 
50 feet of the surface) are subjected to ground shaking.  Based on our preliminary LOTB data 
and the relatively low peak ground acceleration, we conclude that the potential for liquefaction at 
the site is very low to nonexistent. 
 

9 BRIDGE FOUNDATION RECOMMENDATIONS 

BCI provides the following conclusions and recommendations related to abutment and pier 
foundations. 
 

9.1 Foundation Data and Loading 
The subsurface conditions encountered in our borings indicate that the site is suitable for either 
driven concrete or cast-in-drilled-hole (CIDH) piles.  Undersize pre-drilling will be required for 
driven piling to penetrate locally dense soil layers and achieve specified tip elevations.  CIDH 
piles may require casing due to potential caving of relatively clean sand layers in the upper 15 to 
20 feet, and will need to be at least 24-inch diameter to maintain pile tips above ground water at 
the abutments and to allow for slurry drilling at the piers.  Steel HP piles would require greater 
penetration than driven concrete piles for an equivalent pile capacity.   
 
We do not recommend spread footing foundations due to the limited soil bearing capacity (likely 
on order of 3.0 ksf) in the upper 15 feet at the abutments, depth to competent bearing support in 
the channel and scour potential. 
 
Based on the above information, driven Class 90 (Alt X) precast, prestressed concrete piles were 
selected for the abutments and 30-inch diameter CIDH piles were selected for the piers.     
 
MTCo provided the following foundation design information in Tables 2 and 3. 
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Table 2:  Foundation Design Data Provided by MTCo 

Foundation Design Data 

Pile Cap Size 
(ft) Support No. 

Design 
Method 
(WSD or 
LRFD) 

Pile Type 

Finish 
Grade 
Elev. 
(ft) 

Pile Cut-off 
Elevation * 

(ft) 
B L 

Permissible 
Settlement 
– Service
Load (in)

Number 
of Piles 

per 
Support 

Abut 1 WSD 
Class 90 
(Alt X, 
T=12”) 

21.0 16.25 7.5 120.75 1 31 

Pier 2 LRFD 30” 
CIDH 10.0 25.26 NA NA 1 18 

Pier 3 LRFD 30” 
CIDH 10.0 25.24 NA NA 1 18 

Abut 4 WSD 
Class 90 
(Alt X, 
T=12”) 

19.0 14.25 7.5 123.17 1 31 

Note: * For Piers 2 and 3, pile cut-off elevation is given as average soffit elevation at pier. 

Table 3:  Foundation Design Loads Provided By MTCo 

Foundation Design Loads 

Service-I Limit State (kips) Strength Limit State  
(Controlling Group, kips) 

Extreme Limit State  
(Controlling Group, kips) 

Total Load Permanen
t Loads Compression Tension Compression Tension 

Support 
No. 

Per 
Support 

Per 
Pile 

Per 
Support 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max
Per 
Pile 

Abut 1 2260 85 1880 N/A N/A N/A N/A N/A N/A N/A N/A 
Pier 2 3890 230 2080 6425 375 0 0 2080 130 0 0 
Pier 3 3890 230 2080 6425 375 0 0 2080 130 0 0 
Abut 4 2430 90 2060 N/A N/A N/A N/A N/A N/A N/A N/A 

Notes: 1) For Piers 2 and 3, per support and per pile loads are given at top of column (i.e. average
soffit elevation given in Foundation Design Data Table).

2) To obtain Piers 2 and 3 pile loads at ground considering no scour (channel elevation = 7.0
feet), add an additional 14 kips per pile to service and extreme limit state loads, and 17 kips
per pile to strength limit state loads.

3) To obtain Piers 2 and 3 pile loads at ground considering total scour (scour elevation = -1.0
feet), add an additional 19 kips per pile to service and extreme limit state loads, and 24 kips
per pile to strength limit state loads.
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9.2 Foundation Recommendations and Pile Data Table 
BCI used the above preliminary foundation design data and loading conditions to evaluate pier 
foundations using AASHTO LRFD Bridge Design Specifications-4th Edition with Interims Thru 
2009 and current Caltrans Amendments (V4).  We evaluated abutment foundations using 
Caltrans November 2003 Bridge Design Specifications for foundations using Working Stress 
Design methods.  We present our foundation recommendations in Tables 4, 5 and 6 on the 
following pages. 

Table 4:  Foundation Recommendations for Abutments 

Abutment Foundation Design Recommendations 

LRFD Service-I Limit 
State Load – 

Compression (kips) 

Required 
Nominal 

Resistance 
(kips) 

Per Support 
Support Pile Type 

Cut-off 
Elev. 
(ft.) 

Total Permanent 
Per 
Pile Comp. Tens. 

Design Tip 
Elevations 

(ft.) 

Specified 
Tip 

Elevation 
(ft.) 

Nominal 
Driving 

Resistance 
(kips) 

Abut 1 
Class 90 
(Alt. X, 
T=12”) 

16.25 2260 1880 85 170 0 
-20.0 (a)
-15.0 (b)
-4.0 (c)

-20.0 170 

Abut 4 
Class 90 
(Alt. X, 
T=12”) 

14.25 2430 2060 90 180 0 
-20.0 (a)
-15.0 (b)
-4.0 (c)

-20.0 180 

    Notes: 1) 
2) 

Design tip elevations for Abutments are controlled by (a) Compression, (b) Scour, (c) Lateral. 
The nominal driving resistance required is equal to the required nominal resistance needed to 
support the factored load plus driving resistance from the penetrated soil layers, if any, which do 
not contribute to the required nominal resistance due to scour. 
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Table 5:  Foundation Recommendations for Piers 

Pier Foundation Design Recommendations 

Required Factored Nominal 
Resistance (kips) Per Pile 

Strength Limit Extreme Event Su
pp

or
t 

Pi
le

 T
yp

e 

C
ut

-o
ff

 E
le

v.
 (f

t.)
 

LR
FD

 S
er

vi
ce

-I
 

Li
m

it 
St

at
e 

Lo
ad

 P
er

 
Su

pp
or

t –
 

C
om

pr
es

si
on

 (k
ip

s)
 

To
ta

l P
er

m
is

si
bl

e 
Su

pp
or

t S
et

tle
m

en
t 

(in
.) 

Comp 
ϕ = 0.7 

Tens. 
ϕ = 0.7 

Comp 
ϕ = 1.0 

Tens 
ϕ = 1.0 

D
es

ig
n 

Ti
p 

El
ev

at
io

ns
 (f

t.)
 

Sp
ec

ifi
ed

 T
ip

 
El

ev
at

io
ns

 (f
t.)

 

N
om

in
al

 D
riv

in
g 

R
es

is
ta

nc
e 

R
eq

ui
re

d 
(k

ip
s)

 

Pier 2 
30-inch
CIDH 25.26 3890 1 399 0 150 0 -43.0 (a)

-45.0 (b) -45.0 N/A 

Pier 3 30-inch
CIDH 25.24 3890 1 399 0 150 0 -43.0 (a)

-45.0 (b) -45.0 N/A 

Notes: 

Based on our analysis presented in the following sections, BCI presents our recommended Pile 
Data Table as Table 6: 

Table 6:  Pile Data Table 
Pile Data Table 

Nominal Resistance 
(kips) Support Pile Type 

Compression Tension 

Design Tip 
Elevations (ft.) 

Specified 
Tip 

Elevation 
(ft.) 

Nominal 
Driving 

Resistance 
(kips) 

Abut 1 Class 90  
(Alt. X, T=12”) 170 0

-20.0 (a)
-15.0 (b)
-4.0 (c)

-20.0 170

Pier 2 30-inch
CIDH 570 0 -43.0 (a)

-45.0 (b) -45.0 N/A

Pier 3 30-inch
CIDH 570 0 -43.0 (a)

-45.0 (b) -45.0 N/A

Abut 4 Class 90  
(Alt. X, T=12”) 180 0

-20.0 (a)
-15.0 (b)
-4.0 (c)

-20.0 180

Notes: 

1) Design tip elevations for Piers are controlled by (a) Compression (Strength Limit), (b)
Scour, respectively.

2) The CIDH specified tip elevation shall not be raised.

1) Design tip elevations for Abutments are controlled by (a) Compression, (b) Scour,
(c) Lateral, respectively.

2) Design tip elevations for Piers are controlled by (a) Compression (Strength Limit),
(b) Scour, respectively.

3) The nominal driving resistance required for Abutment piles is equal to the required nominal
resistance needed to support the factored load plus driving resistance from the penetrated
soil layers, if any, which do not contribute to the required nominal resistance due to scour.
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Provide a minimum pile spacing of two pile dimensions, center to center, to achieve the above 
compressive capacities.  BCI presents a discussion of our pile analysis in Sections 9.3 and 9.4. 

9.3 Abutments 1 and 4 (Class 90 PPC Piles) 
In accordance with current Caltrans specifications, we used Working Stress Design (WSD) for 
the abutment piles.  BCI presents the results of our compressive resistance, settlement and lateral 
pile analysis below. 

9.3.1 Compressive Resistance 

The tips of the Class 90 piles will bear in medium dense to dense sand about 32 feet below the 
existing channel bottom elevation.  BCI used both end bearing and skin friction contributions in 
our compressive resistance analysis.  Actual contributions to end bearing and skin friction could 
vary depending on how the load is transferred to the pile.  We neglected the approach fill in our 
skin friction and end bearing analysis.   

We determined the compressive resistance using the Federal Highway Administration’s Driven 
1.2 (March 20, 2001) computer program developed by Blue-Six Software, Inc.  BCI estimated 
specified tip for a nominal resistance of 170 kips/pile at Abutment 1 and 180 kips/pile at 
Abutment.   

BCI evaluated pile compressive resistance for washout to elev. 5 feet at the abutments.  MTCo 
indicates that under these conditions the foundation piles will be subject only to a maximum 
dead load of 53 kips/pile (nominal load of 106 kips/pile). 

Refer to the Driven 1.2 output files in Appendix C for additional information. 

9.3.2 Settlement 

We calculated immediate pile settlement of approximately 0.6-inches (for the Service 1 Limit 
State Load) by the method outlined in Section 16-10 of Foundation Analysis and Design, 5th 
edition, Joseph E. Bowles, 1996.  We do not anticipate significant long-term settlement due to 
the competent soil conditions above and below the pile tips.  We include the pile settlement 
calculations in Appendix C.  

9.3.3 Lateral Load Analysis 

We used LPILE Plus Version 5.0 software to evaluate lateral pile capacity for the driven Class 
140 (Alt X, T = 12”) piles.  MTCo requested analysis to determine the allowable lateral pile 
design loads which would produce approximately ¼-inch top-of-pile deflection and 1-inch top-
of-pile deflection assuming a pinned head condition.  MTCo requested analysis for the pre-scour 
condition only.  For ultimate scour condition, the lateral pile capacities will be significantly 
lower than the values shown below. 
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BCI used a reduced p-multiplier of 0.93 in the longitudinal bridge direction to account for group 
effects for a pile center-to-center spacing of about 5 pile widths.  BCI did not use a p-multiplier 
in the transverse bridge direction due to the wider pile spacing. 

For the longitudinal bridge direction, our analysis yielded a lateral resistance of 12.5 kips for ¼-
inch top-of-pile deflection, and 24.3 kips for 1-inch top-of-pile deflection. 

For the transverse bridge direction, our analysis yielded a lateral resistance of 13.0 kips for ¼-
inch top-of-pile deflection, and 25.3 kips for 1-inch top-of-pile deflection. 

BCI calculated a minimum lateral tip elevation of -4.0 ft. (NGVD29) for the piles using a factor 
of safety of 1.5.   

Refer to the LPILE output files in Appendix C for additional information. 

9.3.4 Negative Skin Friction 

Because the subsurface soil is generally competent with no soft clay or loose sand layers, we do 
not anticipate negative skin friction at the abutments. 

9.4 Piers 2 and 3 (30-inch CIDH Piles) 
We used AASHTO LRFD Bridge Design Specifications-4th Edition with Interims Thru 2009 and 
current Caltrans Amendments (V4) for evaluating the pier pile extensions.  BCI presents the 
results of our compressive resistance, settlement and lateral pile analysis below. 

9.4.1 Compressive Resistance 

For 30-inch diameter CIDH piles, BCI used skin friction contributions and neglected end bearing 
in our compressive resistance analysis.  We determined the compressive resistance using SHAFT 
6.0, the drilled shaft computer program developed by Ensoft, Inc.  SHAFT computes the axial 
capacity and short-term settlement analysis.  In general, SHAFT analytical methods are based on 
methods recommended in the FHWA manual Drilled Shafts: Construction Procedures and 
Design Methods, by L.C. Reese and M. W. O’Neill, published in November 1999.  We used a 
design scour elevation of -1.0 feet in our analysis for both piers.   

BCI determined the required factored nominal resistance by comparing the Factored Strength 
Limit Load (Geotechnical Resistance Factor = 0.7) with the Extreme Event Load (Resistance 
Factor = 1.0).  We then used the higher value as the required factored nominal resistance under 
scour conditions.  In this case, the Factored Strength Limit Load [(375+24)/0.7 = 570 kips per 
pile] is controlling over the Extreme Event [(130+19)/1.0 ≈ 150 kips per pile]. 

Refer to the SHAFT output graphs in Appendix D for additional information. 
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9.4.2 Settlement 

The settlement analysis obtained from SHAFT estimates that the maximum total settlement of 
CIDH piles established as above will be nominal (less than 0.5-inches for the Service 1 Limit 
State Load) and occur substantially during construction. 

We do not anticipate significant long-term settlement due to the competent soil conditions above 
and below the pile tips.  We include the pile settlement calculations in Appendix D.  

9.4.3 Lateral Load Analysis 

MTCo requested that BCI provide L-pile parameters for use in their equivalent column length 
and overturning calculations for the pier foundations.  MTCo indicated that BCI not perform 
lateral load analysis for pier piles. 

Table 7 provides our recommended L-pile parameters for equivalent column length calculations 
at the pier. 

Table 7:  L-pile Parameters for Equivalent Column Length Analysis 

Elevation 
(NGVD-29) 

L-Pile Soil Type
(p-y curve model) 

Unit 
Weight 

(pci) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

ε50 
(dim.) 

Modulus, 
k 

(lb/in3) 

7.0 to -1.0 Sand (Reese) 0.0368 33 -- -- 60
*-1.0 to -10.0 Sand (Reese) 0.0729 36 -- -- 90

-10.0 to -20.0 Stiff Clay w/o Free 
Water (Reese) 0.0677 -- 1,600 0.007 **

-20.0 to -47.0 Sand (Reese) 0.0380 
(submerged) 38 -- -- 125

*scour elevation; ** L-pile program internally calculates k value for clay.

9.4.4 Negative Skin Friction 

Because the subsurface soil is generally competent with no soft clay or significant loose sand 
layers, we do not anticipate negative skin friction at the piers. 

9.5 Abutment Lateral Earth Pressures 

We recommend the following equivalent fluid weights (EFWs) be used to design the abutment 
walls and wing walls. 
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Table 8: Equivalent Fluid Weight 

Equivalent Fluid Weight 
Condition Static 

(lb/ft3) 
Dynamic 

(lb/ft3) 
Active 38 47
At-Rest 60 74
Passive 2220 203

The values shown above assume level backfill conditions using Caltrans “Structure Backfill” 
with a soil unit weight of 130 pcf, a minimum angle of internal friction of 33º, and that drainage 
is placed behind walls in accordance with Caltrans “Standard Plans and Specifications.” 

We estimated the EFWs for seismic loading conditions 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.  We used a horizontal 
acceleration of 0.14g (50% of the peak ground acceleration of 0.28g) in the Mononobe-Okabe 
equation.  We calculated the static EFWs using methods presented in the 1982 Naval Facilities 
(NAVFAC) Design Manual 7.2. 

Apply the resultant of the seismic active and at-rest pressures at a depth of 0.5H from the base of 
the wall, where H equals the wall height in feet.  The passive pressures are applicable for 
concrete placed directly against undisturbed soil or compacted fill.  

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.1.4. 

For surcharge loads, apply an additional uniform lateral load behind the wall equivalent to 
0.3-times the surcharge pressure. 

Use a coefficient of friction of 0.45 to resist sliding for concrete placed on native undisturbed soil. 

10 APPROACH FILLS 

10.1 Fill Material 
Embankments will be constructed using imported borrow material, supplemented with material 
excavated from on-site cuts and existing approach embankment fill.  The source(s) 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.  Refer to 
Section 11.5 and 11.6 for Approach Fill and Levee Embankment Fill requirements, respectively. 
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10.2 Slope Geometry and Stability 
The maximum fill height at the bridge abutments will be approximately 8 feet.  Approach side 
slopes and end slopes will have a gradient of 2H:1V, or flatter.  Such slopes should be stable 
provided the new slopes are constructed in accordance with the 2006 Caltrans Standard 
Specifications.  The underlying native soil should provide a stable base on which to construct 
the fills. 

10.3 Settlement 
Based on the subsurface conditions, we anticipate about 1 to 3 inches of settlement for 10 foot 
high embankments, mostly occurring during construction.  No waiting period is necessary prior 
to construction of bridge abutment foundations. 

11 CONSTRUCTION CONSIDERATIONS 

Where referenced below, “Standard Specifications” refers to Caltrans Standard Specifications 
(May 2006). 

11.1 Abutment Piles  
Class 90 (Alt. X) piles shall conform with Section 49-1 of the Standard Specifications.  Difficult 
pile installation is anticipated due to the presence of locally dense soil layers above the specified 
tip elevations. 

At the abutments, perform predrilling through the abutment fill to Elevation 10.0 feet in 
accordance with Section 49-1.06 of the Standard Specifications.  The hole shall have a diameter 
of not less than the greatest dimension of the pile cross section plus 6 inches.  The annulus 
remaining after driving the piles shall be filled with cement-bentonite grout.  Spudding should 
not be used.   

The contractor may perform undersize drilling to assist pile driving through dense native soil to 
achieve the specified tip elevations.  Drilling should be performed prior to pile driving in 
accordance with Caltrans Standard Specification 49-1.05, except the drill hole should be no 
greater than 8 inches in diameter for the 12-inch Class 90 (Alt. X) piles.  Perform undersize 
drilling to at least Elevation -5.0 feet (NGVD-29) but not deeper than within 10 feet of specified 
pile tip elevations.  The contractor should drill and drive the first pile at the abutment locations, 
and then adjust the drilling procedure if necessary to achieve the specified tip elevation on 
remaining piles.  

Jetting or vibratory hammers should not be used to obtain the specified pile penetration. 

Verify pile capacity during placement using energy equations in accordance with Caltrans 
Standard Specification 49-1.08.  However, in no case shall the required blows (N) be less than 
that obtained using the Engineering News Formula (P=Er/6(s + 2.54).  A pile load test is not 
necessary.   
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11.2 Pier Piles  
Due to the presence of ground water (above specified tip elevation), construct 30-inch diameter 
CIDH piles by the “wet” method, slurry drilling and concrete deposited under slurry. 

Construct CIDH piles in conformance with Section 49-4 of the 2006 Caltrans Standard 
Specifications and the Standard Special Provision 49-310 (Cast-In-Drilled-Hole Concrete Piles).  
Drilling slurry shall conform to Caltrans Standard Special Provision 49-311.  The slurry 
construction method also requires placement of inspection tubes to permit gamma-gamma and 
crosshole sonic testing of the CIDH pile (Caltrans Memo to Designers 3-1, July 2008). 

The CIDH pile excavations will encounter sandy layers based on our boring data.  Temporary 
casing may be required during construction of the CIDH piles to mitigate caving within clean 
sand layers.  The contractor should review the Log of Test Borings and plan accordingly.  The 
contractor is responsible for the design of temporary casing, including actual length(s), to install 
CIDH piles according to the above specifications without defects. 

11.3 Temporary Shoring 
The contractor is responsible for design and construction of excavation sloping and shoring in 
accordance with CalOSHA Standards.  

11.4 Dewatering 
During the rainy season, infiltrating rain water can pond upon less permeable underlying soil 
creating a perched water condition.  This perched water condition may extend into the late spring 
or early summer season.  If perched ground water or surface water is encountered, sump pumps 
may be required to facilitate construction.  If needed, we expect that surface water in the channel 
(at low flow) can be diked/diverted if construction takes place during the late spring through 
early fall months. 

11.5 Approach Fill  

Construct embankment and place/compact new fill in accordance with Caltrans “Standard 
Specifications” (including Section 19, “Earthwork”).   

Where new fill is to be placed onto existing fill slopes or natural slopes exceeding 5H:1V, fully 
bond into the existing slope by placing on discrete horizontal benches cut fully into the slope and 
below any loose/soft or otherwise unsuitable materials (per Section 19 of Caltrans “Standard 
Specifications”). 

Expansive soil (Expansion Index > 50) should not be used as fill within 10 feet behind the 
abutment backwall. 
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11.6 Levee Embankment Fill 
New levee fill shall meet the following criteria: 

• 100% passing the 2-inch sieve
• 90% to 100% passing the No. 4 sieve
• At least 20% passing the No. 200 sieve
• Liquid Limit ≤45
• Plasticity Index ≥ 8 ≤ 40
• Expansive soil (Expansion Index > 50) shall not be placed within 10 feet behind the

abutment backwall.
• Shall not contain organics, debris or other deleterious material

Existing levee materials may be reused as engineered fill within the levee, provided that 
organics, high-plasticity clays (CH), oversize material (i.e., greater than 2-inches), trash, and 
other deleterious material are removed. 

Place fill in maximum 6-inch lifts, moisture condition to within 1% below to 2% over optimum 
and compact to a minimum of 97% relative compaction per ASTM D 698. 

Bench fill into the existing levee a minimum of one foot for every foot of fill placed, or as 
necessary to remove loose material and provide proper compaction along the zone of transition. 

11.7 Construction Monitoring 
Pile driving for Stage 1 bridge construction could potentially cause settlement of the native soil 
below the existing bridge foundations, which could result in excessive settlement of the existing 
bridge, especially since the structure is founded on shallow spread footings.   

BCI recommends that a settlement monitoring program be developed to avoid excessive 
settlement of the existing bridge during pile driving for the new bridge. 

The settlement monitoring program should include performing a pre-construction survey of the 
existing bridge to develop baseline elevation data and benchmarks.  The benchmarks should be 
continuously surveyed/monitored during all pile driving operations for the new bridge.  In the 
event that settlement at any benchmark exceeds 0.2 inches, discontinue pile driving immediately 
and contact MTCo and BCI for additional recommendations. 

11.8 Potential Pier Pile Conflict 
BCI expects the existing bridge will be removed in accordance with Caltrans Standard 
Specifications Section 15-4.  There appears to be potential for conflict between the existing Pier 
5 foundation and new Pier 3 CIDH piles. 

We understand that MTCo has offset Pier 3 CIDH pile elements to be clear of the existing bridge 
foundation.  In the event that demolition of the existing structure reveals potential conflicts with 
new Pier 3 construction (or other new support locations), contact MTCo and BCI immediately 
for additional recommendations. 
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12 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, BCI should be 
retained to: 

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

2. Monitor construction to check and document our report assumptions.  At a minimum, we 
should monitor pile installation; approach fill subgrade and fill construction; abutment 
and wingwall backfill. 

3. Update this report if: 
• design changes occur, 
• 2 years or more 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 addenda, letters, and discussion. 
 

13 LIMITATIONS 

This report should only be used for design and construction of the Lower Sacramento Road 
Bridge at Bear Creek project, as described herein. 
 
BCI performed services in accordance with the generally accepted geotechnical standard of 
practice currently used in this area.  Where referenced, we used ASTM and Caltrans Standards as 
a general (not strict) guideline only. We do not warranty our services. 
 
BCI based this report on the current site and project conditions.  We assumed the soil and ground 
water conditions encountered in our exploratory borings were representative of the subsurface 
conditions across the site.  Actual conditions between borings could be different.  Ground water 
may be higher in other locations than measured in the borings. 
 
The interface between soil types on the logs is approximate.  The transition between soil types 
may be abrupt or gradual.  We based our recommendations on the final logs, which represent our 
interpretation of the field logs and general knowledge of the site and geologic conditions. 
 
Our scope did not include evaluation of flooding or hazardous materials on site. 
 
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. 
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Figure 1 – Vicinity Map 

Figure 2 – ARS Curve 

Log of Test Borings (3 sheets) 
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ARS CURVE 
Lower Sacramento Road Bridge  

at Bear Creek (Replace) 
Stockton, California 

File No. 879.5 

June 2010 

Figure 2 

2437 Front Street 
West Sacramento, CA 95691 
Phone: (916) 375-8706 
Fax: (916) 375-8709 
www.blackburnconsulting.com 

Reference: Figure B.8, Caltrans Seismic Design 
Criteria, Version 1.4, June 2006. 
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Laboratory Test Results 
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APPENDIX C 

Abutments 1 & 4:  Class 90 Pile Analysis 
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APPENDIX D 

 

 

 

Piers 2 & 3:  30-inch CIDH Pile Analysis 
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