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1 INTRODUCTION 

1.1 Purpose 

Blackburn Consulting (BCI) prepared this Final Foundation Report for the proposed Thomes 
Creek Bridge (Replace) Project at State Route 99W located about 3.5 miles north of the City 
of Corning in Tehama County, California.  This report contains our findings and 
recommendations for design of new bridge foundations and roadway approaches. 
 
This report is for HDR and the County of Tehama to use during design and construction of the 
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 60% submittal plans for the proposed structure, provided by HDR. 

 Discussed the project with Mr. John Maniscalco and Mr. Titus Keng of HDR. 

 Reviewed geologic and seismic maps pertaining to the site. 

 Reviewed the June 2013 Hydraulic Design Study for the bridge prepared and provided 
by HDR. 

 Reviewed February 5, 1951 As Built Log of Test Borings for the existing bridge. 

 Reviewed June 1, 2007 Log of Test Borings and Pile Data Plans for the Thomes Creek 
Bridge (Replace) at Interstate 5, located about 1.3 miles west of the site. 

 Prepared a February 27, 2009 Preliminary Foundation Report for the project. 

 Observed, logged and sampled four (4) exploratory borings to depths of 101.5 to 140.2 
feet along the proposed bridge replacement alignment. 

 Performed laboratory tests on soil samples obtained during the subsurface investigation. 

 Performed engineering and seismic analysis to provide recommendations for new bridge 
foundations, roadway approaches, and pavement design.  

 

2 SITE LOCATION AND PROJECT DESCRIPTION 

2.1 Site Description 

The project is located on State Route 99W (99W) at Thomes Creek, about 3.5 miles north of the 
City of Corning in Tehama County, California.  Site coordinates are approximately latitude 
39.9796ºW and longitude 122.1767ºN.  We show the general site location on Figure 1 in 
Appendix A.   
 
The site is in a topographically flat area of the northern Sacramento Valley.  Natural ground 
elevation outside the creek channel near the bridge is approximately 265 ft.  Thomes Creek flows 
easterly and is a tributary to the Sacramento River, located about 4 miles east of the site.  The 
present channel is approximately 600 ft wide with bottom at about elev. 245 ft.  A railroad 
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bridge, no longer in service, is located parallel to the project site, about 50 ft. downstream (east) 
from the existing 99W bridge. 
 
The 99W bridge is a nine-span, 625 ft long and 31 ft. wide, reinforced concrete arch bridge.  It 
was originally constructed in 1920 and widened in 1950.  The site has been subject to significant 
scour, degradation and bedload migration, discussed further in the As-Built Foundation Data 
section of this report. 
 

2.2 Project Description 

The project will replace the existing bridge with a new bridge on a similar alignment.  The new 
bridge will be a five span cast-in-place, prestressed concrete box girder structure, approximately 
609 ft long and 43.5 ft wide.  Existing approaches will be widened and raised several feet, with 
side slopes oriented at 2:1 (horizontal to vertical).  Rock slope protection (RSP) will be used to 
mitigate potential scour at the abutments.  Scour protection will not be used at the piers. 
 

3 SUBSURFACE INVESTIGATION 

BCI retained Diamond Core Drilling to drill and sample 4 exploratory borings along the 
proposed bridge alignment from October 5-13, 2009 to characterize the subsurface conditions 
and obtain soil samples for laboratory testing.  The drillers used a B-59 mobile truck-mounted 
drill rig and both 8-inch O.D. hollow stem auger and 3.5-inch O.D. rotary wash drilling methods.   
 
BCI obtained relatively undisturbed samples using both Modified California Samplers (equipped 
with 2.4-inch I.D. brass liners) and Standard Penetration Test samplers (1.5-inch I.D.).  Samplers 
were driven into the ground with a 140 pound cable-pulley trip hammer falling 30 inches.  Samples 
were sealed in relatively air tight containers and delivered to our laboratory for testing.   
 
BCI logged the borings consistent with the Unified Soil Classification System (USCS).  The Log 
of Test Borings (LOTB) in Appendix A shows the boring locations and logged soil conditions.   
 

4 LABORATORY TESTING 

We completed the following laboratory tests on representative soil samples obtained from the 
exploratory borings:   

 Moisture content and dry density (ASTM D2216 / D2937) 

 Sieve Analysis (ASTM D422) 

 Plasticity Index (ASTM D4318) 

 Triaxial Compression – Unconsolidated, Undrained (ASTM D2850)  

 Unconfined compression (ASTM D2166) 

 Sulfate content (CTM 417), chloride content (CTM 422), pH (CTM 643) and resistivity 
testing (CTM 643)  

 
 

Appendix B contains the laboratory test results.    
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5 GEOLOGY AND SUBSURFACE CONDITIONS 

5.1 Geologic Setting 

The site is located in the northern Sacramento Valley that is bounded by the Sierra Nevada on 
the east and the Coast Ranges on the west.  The Sacramento Valley is a structural trough that 
represents the northern third of the Great Valley Geomorphic Province.  The relatively flat valley 
surface is underlain by alluvial, lacustrine, and marine sedimentary deposits that have 
accumulated as the structural trough formed and the adjacent mountain ranges were elevated.  
The thickness of the sediments varies from a thin veneer along the valley margins to thousands 
of feet at the axis of the trough. 
 
Based on published geologic mapping1, the Thomes Creek channel contains Holocene age 
alluvium that consists of unconsolidated sand, silt and gravel.  The alluvium is underlain by 
Pleistocene sediments of the Modesto Formation, comprised of interbedded clay, silts, sands and 
gravels.  These sediments are underlain by older Pleistocene and Pliocene-age sediments of the 
Riverbank, Red Bluff and Tehama formations, including intensely weathered sandstone and 
siltstone with lenses of cross-bedded pebble and cobble conglomerate.  Figure 2 shows the      
site geology. 
 

5.2 Subsurface Soil Conditions 

 
BCI observed loose to medium dense silty sand and well-graded gravel in the borings from the 
existing ground surface to approximate elev. 245.0 ft. to 240.0 ft., which we interpret as recent 
stream channel deposits.  Beneath these deposits, we generally observed stiff to hard clay to 
about elev. 150.0 ft., which was interbedded with occasional dense to very dense layers of clayey 
sand, silty sand,  poorly graded sand with silt, clayey gravel and very stiff to hard silt.  Between 
elev. 150.0 ft. and 106.1 ft. (deepest boring), we generally observed dense to very dense poorly 
graded sand with gravel, clayey sand with gravel, and silty sand.  These deposits were 
interbedded with occasional very stiff to hard silt and clay layers.  
 
Refer to the Log of Test Borings sheets in Appendix A for more detailed soil descriptions, 
exploration details and sampling methods.  We also include the February 5, 1951 As Built Log of 
Test Borings in Appendix A. 
 

5.3 Groundwater 

We encountered groundwater in all of our borings during drilling in October 2009.  Groundwater 
elevations ranged from 227.5 ft. to 234.3 ft. near the existing abutments, and from Elev. 240.0 ft. 
to 240.8 ft. within the channel area.   We anticipate significantly higher groundwater elevations 
will be encountered from late Fall through Spring in response to increased precipitation and 
associated rising creek water levels. 

                                                 
1 Geologic Map of the Late Cenozoic Deposits of the Sacramento Valley, California Department of Water 
Resources, Mulder, J., 2007 
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BCI reviewed groundwater level data made available by the California Department of Water 
Resources webpage.  The closest well data indicates that the regional groundwater table is at a 
depth of about 20-40 f.t below ground surface, generally between Elev. 230-240 ft. 
 
BCI used a design groundwater elevation of 240.0 ft. in our pile analysis.   
 

6 SEISMIC RECOMMENDATIONS 

6.1 Ground Motion Study 

BCI used the Caltrans ARS Online Version 2.2.06 (web-based tool) to evaluate the minimum 
design acceleration response spectrum (Design Response Spectrum) for design of the bridge.  
Caltrans Seismic Design Criteria Version 1.7 (April 2013) defines the Design Response 
Spectrum as the maximum design envelope across the period spectrum developed by considering 
both deterministic and probabilistic spectra. 

 
Table 1 provides a summary of our ground motion study results. 
 

Table 1:  Ground Motion Study Results 

Peak Ground Acceleration (PGA) 0.27g 
*VS30 (Small Strain Shear Wave Velocity) 250 meters per second 

Near Fault Factor N/A 
Basin Amplification Factor N/A 

Controlling Deterministic Scenario Minimum Deterministic 

Nearest Late Quaternary Fault 

Great Valley 01 (Fault ID: 64) 
 Style: Reverse 
 Maximum Moment Magnitude 

(Mmax) = 6.7 
Site to fault distance (RRUP) = 22.2 miles

DESIGN RESPONSE SPECTRUM 

Recommended Design Response Spectrum is 
the Probabilistic Spectrum (probability of 

exceedance equal to 5% in 50 years, a 975-
year return period) which controls for this site 

over all periods. 
*Estimated using site boring/laboratory data and equations outlined in Appendix A of Caltrans “Methodology   
for Developing Design Response Spectrum for Use in Seismic Design Recommendations”, November 2012.  

 
Appendix C contains a graphical display of our recommended Design Response Spectrum along 
with the tabular data used to create the spectrum. 
 

6.2 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)2, and no known active faults are mapped within or 
through the project area based on our ARS Online evaluation which displays an active fault map 
                                                 
2 Fault Rupture Hazard Zones in California, Special Publication 42, Interim Revision; California Geological Survey    
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using data from the 2012 Caltrans Fault Database. We consider the potential for fault rupture at 
the site to be very low to nonexistent. 
 

6.3 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.  We consider the potential for detrimental liquefaction at the site to be very low to 
nonexistent based on the soil and groundwater conditions encountered in our borings and the 
relatively low design peak ground acceleration. 
 

6.4 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.  We consider the potential for 
detrimental seismic settlement at the site to be very low to nonexistent based on the soil and 
ground water conditions encountered in our borings and the relatively low design peak 
ground acceleration.  
 

7 CORROSION EVALUATION 

Table 2 presents our soil corrosivity test results. 
 

Table 2: Soil Corrosion Test Summary 

Boring Sample 
No. 

Depth 
(ft) 

Minimum 
Resistivity  
(ohm-cm)

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm)

R-09-B2 7 40-41.5 1,770 7.97 31.2 3.5
R-09-B2 10 55-56.5 2,360 7.97 22.0 3.1
R-09-B2 13 70-71.5 1,630 7.42 26.0 5.2
A-09-B3 12 60-61.5 1,370 7.49 15.1 2.9

 
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” to structural 
elements according Caltrans Corrosion Guidelines  (Version 2.0, November 2012).  
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8 SCOUR ASSESSMENT 

HDR prepared a June 21, 2013 “Thomes Creek Hydraulic Design Study” for the project which 
included estimated maximum scour depths at the abutments and piers.  Table 3 summarizes 
HDR’s estimated maximum scour depths: 
 
 

Table 3: Scour Depths 

Support 
Long-Term 

Degradation/Contraction 
Depth (ft.) 

Local Scour Depth 
(ft.) Total Scour Depth (ft.) 

Abutment 1 0 19.22 19.22 
Piers 2-5 20.0 14.82 34.82 

Abutment 6 0 20.37 20.37 
 
HDR is designing Rock Slope Protection to mitigate potential scour at the abutments so that they 
can be designed for the no scour case.  Scour protection will not be provided for the piers.   
 

9 AS-BUILT FOUNDATION DATA 

The 1920 bridge plans show the original abutments and pier walls supported on timber piles with 
a 5 ft. thick concrete pile cap.  The base of the cap is shown at Elev. 245 ft., about 6-9 ft. below 
the 1920 channel bottom.  A 1951 Bridge Report quotes an August 26, 1921 report indicating 
that the piles are 8-14 ft. long with a few driven to “refusal”.  The 1921 report describes some 
scour observed around Pier 4 the first year after construction. 
 
In 1950 the bridge was widened on the upstream (west) side.  The widened section, per 
discussions with Tehama County DPW, is supported on H-piles driven about 11 ft below the pile 
caps. The February 5, 1951 As Built Log of Test Borings drawing shows a channel bottom 
between about Elev. 250 and 255 ft. (approximately the same as indicated in 1920).  Several 
inspection reports in the 1950’s describe channel shaping, backfilling of potholes around piers 
and rip-rap to control scour/erosion, although a January 1960 report states that “no scour is 
evident at any of the piers”.        
 
Channel degradation and scour increased after 1960, and a 1983 inspection report states that all 
piers, except Pier 2, are undermined, and that the piling is exposed at Piers 3 and 4.  Other 
inspection reports from 1960 through 1983 describe drift on the piers.   
 
An inspection report dated May 23, 2002, includes channel cross-sections that show the 2002 
channel generally below Elev. 245 ft., and locally as deep as Elev. 234 ft.  The base of the 
abutment footings and pile caps is shown between about Elev. 244 and 246 ft.  With the 
exception of Abutment 1 and Pier 2 (south end), the 2002 channel profile is below the base of all 
the pile caps and, in the area of Piers 6 and 7, at or below the pile tips.  Sacked concrete 
protection is described in the 2002 inspection report at Abutments 1 and 10, noting channel 
migration based on a comparison of previous channel cross sections.  The 2002 report indicates 
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that, based on a hydraulic review, the anticipated scour will “go below the Pile Tip Elevation for 
all the bridge piers”.  The bridge was therefore categorized by Caltrans as scour critical.   
 
Based on our discussions with Jim Brinkley, former county bridge engineer (now retired), the 
County Department of Public Works performed a variety of measures since about 1970 to 
mitigate the scour conditions.  These included concrete cutoff walls around the pile caps to 
protect the piles; grouted rock slope protection around the piers; grouting inside the cutoff walls; 
and a rip-rap “wall” between the roadway and railroad bridge.  Mr. Brinkley estimates that about 
15-18 ft. of total channel degradation has occurred at the bridge site.   
 

10 FOUNDATION RECOMMENDATIONS 

10.1 Foundation Data and Loading 

The subsurface conditions encountered in our borings indicate that the site is conducive for 
either driven piles, Cast-In-Drilled-Hole (CIDH) piles or Cast-In-Steel-Shell (CISS) piles.  
Spread footings are not considered feasible for support due to the potential for scour and/or 
excessive settlement. 
 
CIDH piles would require temporary casing and slurry drilling due to the potential for 
encountering caving or squeezing soil.  We understand that during recent construction of large 
diameter CIDH piles for the upstream Thomes Creek Bridge Replacement at Interstate 5, pile 
defects were detected in several piles during gamma-gamma logging, resulting in delays and 
significant additional foundation installation costs.  Therefore, we favor the use of driven piles or 
CISS piles over CIDH piles.   
 
Driven steel HP piles or open-ended pipe piles are preferred over driven concrete piling in order 
to penetrate through variably thick layers of dense to very dense sand to reach specified tip 
elevations.  Standard open-ended pipe piles (16 inches or less in outside diameter) could plug 
during driving and experience driving refusal in dense to very dense sand layers prior to reaching 
specified tip elevations.  In this case, center relief drilling would be required to achieve specified 
tip elevations. 
 
At HDR’s request, BCI performed preliminary analysis for CIDH pile, CISS pile and HP pile 
alternatives for support of the piers for their cost benefit analysis.  Based on the cost benefit 
analysis, HP14x89 piles were selected at all bridge supports. 
 
At the piers, HDR is designing the bottom of the pile cap elevations at about 20 feet below 
existing grade (below long-term scour level), and designing the piles for 15 feet of unsupported 
length to account for local scour occurring after the full long-term scour occurs. 
 
HDR provided the following foundation design information in Tables 4 and 5. 
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Table 4:  Foundation Design Data Provided By HDR 

Foundation Design Data 

Support 
No. 

Design 
Method  

Pile 
Type 

Finish 
Grade 
Elev. 
(ft) 

Cut-Off 
Elevation 

(ft) 

Pile Cap Size (ft) Permissible 
Settlement – 

Service 
Load (in) 

Number 
of Piles 

Per 
Support B L 

Abut 1 WSD HP14x89  262.0 254.17 7 45.5 1 12 

Pier 2 LRFD HP14x89  255.0 235.42 19.67 16.33 1 29 

Pier 3 LRFD HP14x89  245.0 225.42 19.67 16.33 1 29 

Pier 4 LRFD HP14x89  242.0 222.42 19.67 16.33 1 29 

Pier 5 LRFD HP14x89  245.5 225.92 19.67 16.33 1 29 

Abut 6 WSD HP14x89  258.0 247.92 10 45.5 1 17 

 
 
 

Table 5:  Foundation Design Loads Provided By HDR 

Foundation Design Loads 

Support 
No. 

Service-I Limit State (kips) 
 

Strength Limit State  
(Controlling Group, kips) 

Extreme Limit State  
(Controlling Group, kips) 

Total Load 
Permanent 

Loads 
Compression Tension Compression Tension 

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 1505 175 1265 N/A N/A N/A N/A N/A N/A N/A N/A 

Pier 2 2715 N/A 2540 4285 335 620 70 2805 370 1030 280 

Pier 3 3240 N/A 2930 4560 365 670 75 3190 405 1015 280 

Pier 4 3280 N/A 2900 4640 365 720 80 3160 394 1015 280 

Pier 5 3140 N/A 2775 4710 370 830 91 3100 390 1020 280 

Abut 6 2200 185 1950 N/A N/A N/A N/A N/A N/A N/A N/A 

 

10.2 Pile Data Table 

Based on the above information, we provide recommended pile tip elevations in Table 6.  We 
describe our engineering analysis in the following section.   
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Table 6:  Pile Data Table 

Location 
Pile 

Type 

Nominal Resistance Design 
Tip 

Elevation 
(feet) 

Specified Tip 
Elevation (feet) 

Required 
Nominal 
Driving 

Resistance 
(kips) 

Compression 
(kips) 

Tension
(kips) 

Abut 1 HP14x89 350 0 
191.0 (1)

224.0 (2) 
191.0 350 

Pier 2 HP14x89 480 280 
145.0 (1) 
188.0 (2) 
157.0 (3)

145.0 550 

Pier 3 HP14x89 530 280 
137.0 (1) 
178.0 (2) 
148.0 (3)

137.0 600 

Pier 4 HP14x89 530 280 
134.0 (1) 
175.0 (2) 
146.0 (3)

134.0 600 

Pier 5 HP14x89 530 280 
136.0 (1) 
179.0 (2) 
148.0 (3)

136.0 600 

Abut 6 HP14x89 370 0 
187.0 (1) 
217.0 (2) 187.0 370 

- Design tip elevations at Abutments are controlled by: (1) Compression, (2) Lateral 
- Design tip elevations at Piers are controlled by:  (1) Compression (Scour Case), (2) Lateral (Scour Case), 

(3) Tension (Scour Case) 
- Do not raise specified tip elevations without BCI review and approval. 
- The nominal driving resistance required is equal to the nominal resistance needed to support the factored 

load plus driving resistance from the unsuitable penetrated soil layers (scourable soil), if any, which do 
not contribute to the required design resistance. 

 

10.3 Abutment Pile (HP14x89) Analysis  

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 
load analysis below.  No tension demand is indicated for abutment piles. 
 

10.3.1 Compressive Resistance 

Our calculations indicate that the nominal compressive resistance of the piles can be obtained 
through about 10% end bearing and 90% skin friction.  Actual contributions to end bearing and 
skin friction could vary depending on how the load is transferred to the piles.  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.      
 
Refer to the Driven input files and compressive resistance graphs in Appendix D for the 
analysis results. 
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10.3.2 Settlement 

We expect that settlement will be nominal (less than the permissible 1-inch settlement specified 
for the Service-I Limit State total load per pile) since pile compressive resistance is primarily 
derived by skin friction with competent soil along the pile length.  We do not anticipate 
significant long-term settlement at this site. 
 

10.3.3 Lateral Load Analysis 

We used LPILE Plus Version 5.0 software to evaluate lateral pile capacity.  BCI determined the 
allowable lateral pile design loads which would produce approximately ¼-inch and 1-inch top-
of-pile deflection assuming a pinned head condition.  For the ¼-inch deflection case, BCI 
applied the Service-I Limit State maximum per pile axial load in the analysis.  For the 1-inch 
deflection case, BCI applied the pile axial nominal resistance in the analysis.   
 
HDR is designing the pile orientation so that the H-pile strong axis will resist lateral loading in 
the longitudinal bridge direction, with the weak axis resisting lateral loading in the transverse 
bridge direction.  Table 7 presents the lateral pile capacity results.  
 

Table 7:  Abutment Lateral Pile Capacity 

Support Lateral Load Direction 
Top-of-Pile 
Deflection 
(inches)

Lateral Resistance 
(kips) 

Abutment 1  

Longitudinal 
 (Pile Strong Axis) 

¼ 19.5 

1 50.0 

Transverse 
(Pile Weak Axis) 

¼ 14.0 

1 34.0 

Abutment 6 

Longitudinal 
(Pile Strong Axis) 

¼ 16.5 

1 41.5 

Transverse 
(Pile Weak Axis) 

¼ 14.0 

1 34.0 

 
To account for group effects at Abutment 1, BCI used reduced p-multipliers of 0.79 and 0.85 for 
lateral loads in the longitudinal and transverse bridge directions, respectively.  For Abutment 6, 
BCI used reduced p-multipliers of 0.57 and 0.85 for lateral loads in the longitudinal and 
transverse bridge directions, respectively.  These p-multipliers are based on the pile spacing and 
layout shown on HDR’s 60% Submittal Plans for the project.  If the pile layout and/or spacing 
change, BCI will need to perform additional LPILE analysis to evaluate lateral pile capacity. 
 
BCI calculated design lateral tip elevations shown in the Pile Data Table using a factor of 
safety of 1.5. 
 
Refer to the LPILE output graphs in Appendix D for additional information. 
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10.3.4 Negative Skin Friction 

We do not anticipate negative skin friction at the abutments given the competent soil conditions. 
 

10.4 Bent Pile (HP14x89) Analysis 

We used AASHTO LRFD Bridge Design Specifications-4th Edition and current Caltrans 
Amendments for evaluating driven HP14x89 piles for compressive resistance, tension resistance, 
settlement and lateral load analysis.  HDR is responsible for evaluation of structural pile 
capacity, including buckling potential of the pier piles under the design 15-feet of unsupported 
length due to scour.     
 
BCI presents the results of our analysis below.   
 

10.4.1 Compressive and Tension Resistance 

Our calculations indicate that the nominal compressive resistance of the piles can be obtained 
through about 10% end bearing and 90% skin friction.  Actual contributions to end bearing and 
skin friction could vary depending on how the load is transferred to the pile. 
   
We determined the required nominal compressive resistance using the Federal Highway 
Administration’s Driven 1.2 (March 20, 2001) computer program developed by Blue-Six 
Software, Inc.    
 
BCI determined the required factored nominal compressive and tension 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 
compressive and tension resistance.  In this case, the Factored Strength Limit Loads controlled 
for compression and the Extreme Event Loads controlled for tension. 
    
Refer to the Driven input files and compressive resistance graphs in Appendix D for the 
analysis results. 
 

10.4.2 Settlement 

We expect that settlement will be nominal (less than the permissible 1-inch settlement specified 
for the Service-I Limit State total load per pile) since pile compressive resistance is primarily 
derived by skin friction with competent soil along the pile length.  We do not anticipate 
significant long-term settlement at this site.       
 

10.4.3 Lateral Load Analysis 

We used LPILE Plus Version 5.0 software to evaluate lateral pile capacity for the vertical pier 
piles under the total scour case (15 feet of unsupported length).  HDR indicated that LPILE 
analysis for the battered pier piles was not needed.  BCI determined the allowable lateral pile 
design loads which would produce approximately ¼-inch and 1-inch top-of-pile deflection 
assuming a pinned head condition.  For the ¼-inch deflection case, BCI applied the highest 
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Service-I Limit State maximum per pile axial load in the analysis.  For the 1-inch deflection case, 
BCI applied the highest Extreme Limit State per pile axial load in the analysis. 
 
HDR is designing the vertical pile orientation so that the H-pile strong axis will resist lateral 
loading in the longitudinal bridge direction, with the weak axis resisting lateral loading in the 
transverse bridge direction.  Table 8 presents the lateral pile capacity analysis results.     
 

Table 8:  Pier Lateral Pile Capacity (Vertical Piles) 

Support Lateral Load Direction 
Top-of-Pile 
Deflection 
(inches)

Lateral Resistance 
(kips) 

Piers 2-5 

Longitudinal 
(Pile Strong Axis) 

¼ 1.1 

1 2.8 

Transverse 
(Pile Weak Axis) 

¼ 0.4 

0.9* 0.07 

* At higher deflections, L-pile software returned an error message indicating  
  that plastic yielding of the pile may have occurred.   

 
To account for group effects at the piers, BCI used reduced p-multipliers of 0.46 and 0.47 for 
lateral loads in the longitudinal and transverse bridge directions, respectively.  These p-
multipliers are based on the pile spacing and layout shown on HDR’s 60% Submittal Plans for 
the project.  If the pile layout and/or spacing change, BCI will need to perform additional LPILE 
analysis to evaluate lateral pile capacity.   
 
BCI calculated design lateral tip elevations shown in the Pile Data Table using a factor of 
safety of 1.5. 
 
Refer to the LPILE output graphs in Appendix D for additional information. 
 

10.4.4 Negative Skin Friction 

We do not anticipate negative skin friction at the bents given the competent soil conditions. 
 

11 LATERAL EARTH PRESSURES 

The following equivalent fluid weights (EFWs) may be used to design the abutment walls and 
wing walls assuming level backfill conditions: 
  

Table 9: Equivalent Fluid Weights 

Condition Static EFW 
(pcf) 

Seismic EFW 
(pcf) 

Active 36 8 
At-Rest 56 13
Passive 220 200
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For static design, apply the resultant of the static active earth pressure (36 lb/ft3) at a depth 
of 0.33H from the base of the wall where H equals the wall height in ft.   
 
For seismic design, calculate the resultant of incremental lateral soil pressure due to seismic 
loading based on an equivalent fluid pressure of 8 lb/ft3 and apply the magnitude of the 
resultant at 0.5H from the base of the wall.  Add the resultant of the seismic earth pressure to 
the resultant of the static active 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 125 pcf, a 
minimum angle of internal friction of 34º, 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 0.14 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. 
 
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.1.7 (April 2013).  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 
0.48 to resist sliding for concrete placed on native undisturbed soil or compacted fill 
 

12 APPROACH FILL EARTHWORK 

12.1 Fill Material 

Embankments will be constructed using imported borrow material, supplemented with material 
excavated from shallow on-site cuts.  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. 
 
Fill placed within the upper 4 feet of finish pavement subgrade shall have a minimum R-value of 15. 
 
Expansive soil (Expansion Index > 50 and Sand Equivalent < 20) shall not be used as fill within 
5 ft. of abutment backwalls or wingwalls.  
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12.2 Slope Geometry & Stability 

The existing roadway approaches will be widened but finish roadway grade will be raised only a 
few feet.  New fill slopes will have a gradient of 2:1 (horizontal to vertical) or flatter.  HDR’s 
design includes rock slope protection at the abutments to mitigate scour potential. 
 
Proposed 2:1 or flatter slopes will be stable based on the relatively stable condition of the 
existing slopes, provided the new slopes are constructed in accordance with current Caltrans 
Standard Specifications. 
 

12.3 Settlement 

We anticipate short-term settlement of less than 2 inches will occur beneath new embankment 
fills.  Since the settlement will occur substantially during embankment construction, a settlement 
waiting period is not required from the end of embankment construction to beginning abutment 
pile installation.   
 

13 PAVEMENT DESIGN 

HDR requested flexible pavement section thickness recommendations for Traffic Indexes of 8, 
10 and 12 using a subgrade design R-value of 15 (provided by Tehama County).    
 
Using Caltrans Flexible Pavement Design Methods and a design R-value of 15, we recommend 
the hot mix asphalt (HMA) pavement sections shown in Table 10. 
 

Table 10: Recommended HMA Pavement Sections 
(R-value = 15) 

Traffic Index 
Material Type/Thickness 

*HMA-Type A Aggregate Base 
(Class 2) 

8.0 0.40 ft. 1.25 ft. 

10.0 0.50 ft. 1.65 ft. 

12.0 0.60 ft. 2.05 ft. 

*HMA binder grade should be PG 64-10 based on 
“Inland Valley” site location per Caltrans Pavement 
Climate Regions Map (2005). 

 
HMA and Class 2 Aggregate Base material quality and construction should conform to the 2010 
Caltrans Standard Specifications. 
 
Slope all areas adjacent to pavement at a gradient of 2% or greater to allow for positive surface 
drainage away from the pavement.     
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14 CONSTRUCTION CONSIDERATIONS 

Where referenced below, Caltrans Standard Specifications (CSS) refer to the 2010 Caltrans 
Standard Specifications with latest revisions. 
 

14.1 HP14x89 Piles 

Difficult pile installation is anticipated due to the presence of dense to very dense sand and gravel 
layers above the specified tip elevations.  The contractor shall provide a Driving System Submittal 
per Section 49-2.01A(3)(b) of the CSS to verify that the pile driving system is adequate. 
 
Verify pile capacity during driving per CSS 49-2.01A(4)(b).  A pile load test is not necessary.    

 

Piles that do not attain the required nominal driving resistance at specified tip elevation during 
the end of initial driving (EOD) may be allowed to stand for a "setup period" before being 
restriked. The "setup period" must be at least 16 hours from EOD.  At least 25 percent of the 
piles (rounded up) at each support that do not achieve the required nominal driving resistance at 
EOD must be restriked after the “setup period” using the same pile driving hammer to confirm 
that the nominal resistance has been achieved following pile setup. The pile penetration during 
restrike must be at least 2 inches and the piles with the lowest nominal driving resistance at EOD 
must be selected for restrike. If all of the restrike piles meet or exceed the required nominal 
driving resistance, then the remaining piles shall be considered to have achieved the required 
nominal resistance.  If any of the restrike piles do not meet or exceed the required nominal 
driving resistance, contact BCI for additional recommendations which could include an extended 
“setup period”. 
 
Do not raise specified tip elevations without the approval of BCI. 

 

14.2 Excavation Dewatering 

Abutment and pier excavations extending below the creek water level will require dewatering 
methods to construct foundations in the “dry.”  The contractor is responsible for design and 
construction of dewatering systems.    
 

14.3 Temporary Excavation and Shoring 

The contractor is responsible for design and construction of excavation sloping and shoring in 
accordance with CalOSHA Standards.   
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15 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. 

3. Update this report if: 

 design changes occur  
 2 years or more lapse between this report and construction 
 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 discussions. 
 

16 LIMITATIONS 

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/groundwater 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. 
 
Use this report only for design and construction of the Thomes Creek Bridge (Replace) at 
99W project, as described herein. 
 
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 2: Site Plan 
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R-09-B1 1b 5.5-6.0 CL 100 23
R-09-B1 1c 6.0-6.5 CL 26 44 18 0 7 93
R-09-B1 2 10.0-11.5 SP-SC 38 51 11
R-09-B1 3 15.0-16.5 SP-SC 29 60 11
R-09-B1 5 25.0-26.5 CL 102 23 16 28 12 0 50 50
R-09-B1 7 36.0-36.5 CL 100 26 0.6
R-09-B1 8 40.0-41.5 CL 90 33 19 37 18 3 33 63
R-09-B1 9 45.0-46.5 SP-SC 0 88 12
R-09-B1 11 55.0-56.5 ML 109 23
R-09-B1 12 60.0-61.5 CL 107 21 16 36 20 9 41 51
R-09-B1 13 65.0-66.5 CL 101 26
R-09-B1 14 70.0-71.5 CL 98 28
R-09-B1 16 80.0-81.5 SP 6 76 18
R-09-B1 17 85.0-86.5 SC 115 18
R-09-B1 18 90.5-91.5 CL 108 22
R-09-B1 20 110-111.5 SP 14
R-09-B1 21 120.0-121.5 SP 14

R-09-B2 1 10.0-11.5 SP-SM 12 35 55 11
R-09-B2 2 15.0-16.5 CL 96 30 18 37 19 1 15 84
R-09-B2 3c 21.0-21.5 CL 93 32 1 25 75
R-09-B2 4 25.0-26.5 CL 97 30 16 34 18 0 14 86
R-09-B2 5 30.0-31.5 CL 95 29
R-09-B2 6b 35.5-36.0 CH 84 41 *1141
R-09-B2 6c 36.0-36.5 CH 28 66 38 7 3 90 1.3
R-09-B2 7 40.0-41.5 CL 7.97 1770 31.2 3.5
R-09-B2 8 45.0-46.5 CL 94 32 0 4 96
R-09-B2 9c 51.0-51.5 CL 87 32
R-09-B2 10 55.0-56.5 CL 95 24 14 36 50 7.97 2360 22.0 3.1
R-09-B2 12b 65.5-66.0 CL 22 44 22 15 25 60
R-09-B2 12c 66.0-66.5 CL 104 24 2.0
R-09-B2 13 70.0-71.5 CL 7.42 1630 26.0 5.2
R-09-B2 14 75.0-76.5 CL 100 26 0 43 57
R-09-B2 15c 80.4-80.9 CL 100 18
R-09-B2 16 85.0-86.5 ML 98 25
R-09-B2 17b 90.5-91.0 ML 5 16 79
R-09-B2 17c 91.0-91.5 CL 109 21
R-09-B2 20 105.0-106.5 ML 94 31 2.0

Laboratory Test Summary

Unconfined 
Compressive 

Strength    (tsf)

Pocket 
Pen (tsf)

U-U Triaxial

pH
Su           

(psf)

Thomes Creek Bridge (Replace) at 99W

Minimum 
Resistivity 
(ohm-cm)

Chloride 
(ppm)

Sulfate 
(ppm)

Corrosivity
Fines    
(%)

Sand    
(%)

Gravel    
(%)

Plasticity 
Index

Liquid 
Limit

Boring
Plastic 
Limit

Natural 
Moisture 

(%)

Dry 
Density 

(pcf)

Unified Soil 
Classification

Depth      
(feet)

Sample
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Laboratory Test Summary

Unconfined 
Compressive 

Strength    (tsf)

Pocket 
Pen (tsf)

U-U Triaxial

pH
Su           

(psf)

Thomes Creek Bridge (Replace) at 99W

Minimum 
Resistivity 
(ohm-cm)

Chloride 
(ppm)

Sulfate 
(ppm)

Corrosivity
Fines    
(%)

Sand    
(%)

Gravel    
(%)

Plasticity 
Index

Liquid 
Limit

Boring
Plastic 
Limit

Natural 
Moisture 

(%)

Dry 
Density 

(pcf)

Unified Soil 
Classification

Depth      
(feet)

Sample

A-09-B3 3 15.0-16.5 CL 107 24 20 32 12 2.5
A-09-B3 6 30.0-31.5 SP-SC 16 71 13
A-09-B3 7c 36.0-36.5 CL 107 22 2.5 *1332
A-09-B3 8 40.0-41.5 CL 20 36 16 0 5 95
A-09-B3 10c 51.0-51.5 CL 98 26 3.5 *1410
A-09-B3 12 60.0-61.5 CL 20 37 17 7.49 1370 15.1 2.9
A-09-B3 13c 66.0-66.5 CL 115 19 >4.5
A-09-B3 15 75.0-76.5 CL 18 28 10 0 32 68
A-09-B3 16c 80.9-81.4 SC 128 12 2.5
A-09-B3 17 85.0-86.5 SC 29 53 17
A-09-B3 19c 96.0-96.5 CL 94 31 2.5

A-09-B4 2 15.0-16.5 GC 50 37 13
A-09-B4 4c 26.0-26.5 CL 89 31 2.5 *1954
A-09-B4 6 35.0-36.5 CL 22 38 16 0 8 92
A-09-B4 7c 41.0-41.5 CL 103 22 1.5 *886
A-09-B4 10c 56.0-56.5 CL 111 20 4.5
A-09-B4 12 65.0-66.5 CL 15 26 11 0 44 56
A-09-B4 13c 71.0-71.5 CL 108 22 3.0 *1476
A-09-B4 15 80.0-81.5 SM 0 59 41
A-09-B4 16c 85.25-85.75 SW-SM 131 11 37 55 8 2.5

*Samples appeared disturbed.
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Design Response Spectrum and Tabular Data 
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Driven 1.2 Input Files and  
Compressive Resistance Graphs 

LPILE Output Graphs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






















































































