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State of California California Transportation Agency 
DEPARTMENT OF TRANSPORTATION 
 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 
To: MR. JEFF SIMS      Date: February 27, 2014 
 BRANCH CHIEF 
 Division of Engineering Services     
 Structural Design-Mail Station 9-4/8I   File: 03-BUT-70-PM 24.2 

Office of Bridge Design South 1-Branch 1 Flag Canyon Creek Bridge (Replace) 
 Br. No. 12-0204 

   E.A. 03-0F6901 
   EFIS 0300000100 

Attn:  Daniel Sessions 
 

From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 Geotechnical Services – MS 5 

Office of Geotechnical Design – North 
 
Subject:  Revised Foundation Report for Flag Canyon Creek Bridge (Replace) 

THIS MEMO SUPERSEDES AND REPLACES THE MEMO DATED February 11, 2014 
  

“Caltrans improves mobility across California”  
 

 
Scope of Work 

  
The Office of Geotechnical Design-North (OGD-N) has prepared this Foundation Report for the 
Flag Canyon Creek Bridge (Br. No. 12-0204), the proposed replacement of the existing Flag 
Canyon Creek Bridge (Br. No. 12-0140) located on State Route 70 at PM 24.2, in Butte County, 
California, approximately 10 miles east of the City of Oroville.  Foundation recommendations 
for the temporary bridge during construction are also included in this report. 
 
This report includes review and evaluation of the existing Flag Canyon Creek Bridge (Bridge 
No. 12-0140), the As-Built bridge records, the As-Built Log of Test Borings (LOTBs), and a 
subsurface investigation in April and May of 2013. 
 
Project Description 
 
The proposed replacement of Flag Canyon Creek Bridge (Br. No. 12-0204), is a PC/PS “I” girder 
single span structure with a length of 94 feet 3 inches.  The abutments will be supported on steel 
H-piles.  The existing Flag Canyon Creek Bridge (Br. No. 12-0140) was built in 1958.  The 
existing bridge will be removed and the new structure will be built on the same alignment.  A 
temporary bridge will be built during construction to route traffic around the removal of the 
existing bridge and construction of the new bridge.  The temporary structure will be a 49 feet 
long single span structure over Flag Canyon Creek supported on spread footings. 
 
The following foundation recommendations are based on the subsurface information gathered 
during the subsurface investigation (April and May 2013).  With regards to the foundation 
recommendations provided in this report, elevations are based on the NAVD 88 vertical datum, 
and horizontal coordinates are based on the NAD 83 horizontal datum, unless otherwise noted.  
The “As-Built” elevations were converted from NGVD 29 to NAVD 88 by using a conversion 
factor of +2.39 ft for this project. 



Mr. Jeff Sims  Revised Foundation Report  
February 27, 2014  Flag Canyon Creek Bridge 
Page 2   (Replace) 
  Br. No. 12-0204 
  EA 03-0F6901 

 EFIS 0300000100 
 

“Caltrans improves mobility across California”  

Field Investigation and Testing Program 
 
The Office of Geotechnical Design-North conducted a subsurface investigation in April and May 
2013. 
 
The 2013 subsurface investigation consisted of three mud rotary borings (Nos. RC-13-001, RC-
13-002, and RC-13-003).  The mud rotary borings were advanced using a self-casing wireline 
drilling method. The maximum depth reached by the 2013 subsurface investigation was 
approximately 150 feet.  Sampling was achieved in all borings by utilizing the Standard 
Penetration Test (SPT) sampler.  Selected soil and rock samples were tested in the Caltrans 
Geotechnical Laboratory.  A summary of the borings drilled during the subsurface investigation 
is included below in Table 1. 
 

Table 1.  The 2013 Subsurface Exploration Summary for Flag Canyon Creek Bridge 
(Replace) (Br. No. 12-0204) 

 

Boring No. Completion 
Date 

Drill Rig 
Type 

 
Hammer Type 

 
Hammer 

Efficiency (%) 

Approx. Ground 
Surface Elevation 

(ft) 

Boring Depth  
(ft) 

RC-13-001 4/24/2013 CS2000 Auto 85 462.8 134 
RC-13-002 4/24/2013 CS2000  Auto 86 463.3 150 
RC-13-003 5/1/2013 Acker Auto 58 447.0 75 

 
Laboratory Testing 
 
Laboratory testing was performed on selected samples of the subsurface materials obtained from 
the 2013 subsurface investigation.  Tests were performed to determine the corrosion and 
engineering properties of the subsurface materials for use in the foundation analyses.  Refer to 
the Corrosion Evaluation section of this report for information concerning corrosion test results.  
In addition to the corrosion tests, the following tests were performed on selected samples: 
particle-size analysis, Atterberg limits, triaxial, direct shear, unconfined compression strength 
and moisture content.  All tests were performed in general accordance with American Society for 
Testing and Materials (ASTM) standards or California Test Methods (CTM).  Laboratory test 
results are available upon request. 
 
Site Geology and Subsurface Conditions 
 
Regional Setting and Area Geology 

  
Based on the Geologic Map of Chico Quadrangle (Wagner, 1992), the project vicinity is 
underlain by two units.  The two units mapped are shown as the Tuscan Formation (Ptu), and the 
Chico Formation (Kc).  The Pliocene Tuscan Formation is described as interbedded lahars, 
volcanic conglomerate, volcanic sandstone, siltstone, and pumiceous tuff.  The Cretaceous Chico 
Formation is described as marine sandstone, conglomerate and siltstone.  
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According to the 1957 As-Built LOTB, five one-inch soil tube borings were performed during 
the subsurface investigation for the Flag Canyon Creek Bridge in December 1956.  The deepest 
boring was drilled 10.75 feet to an elevation of approximately 434 feet.  Based on the As-Built 
LOTB, the subsurface materials consist of cobbles, fractured rock, sand, “compacted” fine sandy 
silt, and “compacted” silt." 
 
The material encountered during the 2013 subsurface investigation generally consists of cohesive 
and cohesionless fill material underlain by sedimentary rock.  The cohesive fill material consists 
of stiff to hard, lean clay, lean clay with gravel, and gravel to cobble sized rock fragments in 
sandy lean clay. The cohesionless fill material consists of medium dense to dense sandy silt and 
sandy silt with gravel sized rock fragments.  The rock consists of decomposed to fresh siltstone 
and sandstone that ranges from very soft to very hard. 
 
For subsurface data and boring locations, please refer to the Log of Test Borings for detailed 
observations, information and conditions. 
 
Groundwater 
 
During the 2013 subsurface investigation, three boreholes were completed and RC-13-003 was 
finished as an open stand pipe piezometer.  Groundwater elevations were subsequently measured 
in borehole RC-13-003 on May 9, 2013 and July 24, 2013.  The borehole has since been 
backfilled with neat cement grout  The groundwater was encountered generally at the same 
elevation as the water level in Flag Canyon Creek. 
 
Groundwater elevations are subject to seasonal fluctuations and may occur at higher or lower 
elevations than those observed. Groundwater elevations respond to rainfall patterns, groundwater 
usage patterns and upstream stream flow regulation and diversions.  For more details, please 
refer to the LOTB sheets.  
 

Table 2. Groundwater Measurement Data 
 

Piezometer 
Location 

Groundwater 
Elevation 
on 5/9/13 

 (ft) 

Groundwater 
Elevation 
on 7/24/13 

 (ft) 
RC-13-003 437.6 436.5 

 
Scour Evaluation 
 
The Memorandum “Final Hydraulic Report for Flag Canyon Creek Bridge” dated March 12, 
2013, was written by Neal Alie from Structure Hydraulics and Hydrology.  This memo 
“Recommends that all new foundations for the abutments should be designed assuming no 
ground support (lateral or vertical) as a result of soil loss due to possible future scour or 
migration to elevation 438.5 feet.” 
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For more information, refer to the Final Hydraulic Report by Neal Alie with Structure 
Hydraulics and Hydrology. 
 
Corrosion Evaluation  
 
Composite soil samples were collected from Borings RC-13-002 and RC-13-003 drilled during 
the 2013 subsurface investigation.  The Office of Testing and Technology Services, Corrosive 
Technology Branch tested the composite samples for corrosive potential.  The Corrosion 
Technology Branch considers a site to be corrosive if one or more of the following conditions 
exist for the representative soil or water samples collected at the site: chloride concentration is 
550 ppm or greater, sulfate concentration is 2000 ppm or greater, or the pH is 5.5 or less.  The 
minimum resistivity serves only as an indicator parameter for the possible presence of soluble 
salts and is not used to define a site as being corrosive.  It is the practice of the Corrosion 
Technology Branch that if the minimum resistivity of the sample is greater than 1000 ohm-cm, 
the sample is considered to be non-corrosive and testing to determine the sulfate and chloride 
content is not performed. 
 
The results of the laboratory tests determined that the composite samples were considered to be 
non-corrosive at this site.  Refer to Table 3 for specific test results. 

 
Table 3.  Corrosion Test Summary of the Composite Samples for  

Flag Canyon Creek Bridge (Replace).  (Br. No. 12-0204) 
 
 

 
Seismic Recommendations 
 
Based on the Caltrans ARS Online Tool (Version 2.3.0.6), the nearest active fault for the site is 
the Foothills Fault System-northern reach section (Swain Ravine fault zone) with MMax of 6.5.  
The fault is located southeast of the bridge site, and the closest distance to the fault rupture plane 
from the bridge site is approximately 11.0 miles. 
 
Based on the Log of Test Borings, a VS30 (the weighted shear wave velocity for the top 100 feet 
of foundation materials) of 1310 feet per second (400 meters per second) is considered to be 
applicable to the foundation materials.  
 
According to the “Methodology for Developing Design Response Spectrum for Use in Seismic 
Design Recommendations, November 2012,” the design ground motion for the replacement 

SIC Corrosion 
Number 

Nearby 
Support 
Location 

Boring 
Number 

Sample Depth  
(ft) pH 

Minimum 
Resistivity  
(Ohm-Cm) 

Chloride 
Content  
(ppm) 

 
Sulfate 
Content 
(ppm) 

 
C739505 Abutment 1 RC-13-002 1-2.4 8.05 6215 N/A N/A 
C739506 Abutment 1 RC-13-003 11.5-15.85 7.31 2380 N/A N/A 
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bridge is the highest spectral acceleration as obtained by any or a combination of the following 
three methods for the Flag Canyon Creek Bridge: 
 
1) Statewide minimum deterministic spectrum requirements with MMax of 6.5, vertical strike-

slip event with a rupture distance of 7.5 miles. 
2) The nearest active fault as shown on the ARS Online Tool (Version 2.3.0.6). 
3) The USGS 5% Probability of Exceedance in 50 years (975 year return period). 

 
Based on the VS30, the Acceleration Response Spectrum (ARS) is an envelope of methods 1 and 
3 as stated above.  The peak ground acceleration is estimated to be 0.22g as shown on the ARS 
curve.   
 
According to MTD 20-2 for temporary structures, ground motion is based on 10% probability of 
exceedance in 10 years (95 year return period).  This ARS curve for the temporary bridge was 
created using the USGS 2008 Interactive Deaggregations website 
(https://geohazards.usgs.gov/deaggint/2008/).  Since this website does not have an option for 
Caltran’s requirement of 10% probability of exceedance in 10 years (95 year return period), it 
was determined that the equivalent would be to use 20% probability of exceedance in 21 years 
(95 year return period). Based on this method, the peak ground acceleration is estimated to be 
0.075g as shown on the ARS curve for the temporary bridge. 
 
The potential for surface rupture at the site due to fault movement is considered insignificant 
since there are no known faults projecting towards or passing directly through the project site. 
 
Based on the data from the LOTB the potential for soil liquefaction is considered low. 
 
As-Built Foundation Data 
 
At Abutment 1 and Abutment 4, driven steel H-piles were used for support.  At Pier 2 and Pier 3, 
spread footings were used for support.  According to the As-Built plans, the bottom of the spread 
footing located at Pier 2 was constructed at elevation 438.9, and the bottom of the spread footing 
located at Pier 3 was constructed at elevation 439.4.  The spread footings were designed with an 
allowable bearing pressure of 6 ksf. 

 
Table 4:  1956 As-Built Foundation Data Table for Abutment 1 and 4 locations of the 

Flag Canyon Creek (Bridge No. 12-0140). 
 

 
 
 
 
 
 
  

Location Foundation Type Design Load 
(kips) 

Pile Tip Elevation(s) 
(ft) 

Abutment 1 10BP42 90 433.8 to 434.6 

Abutment 4 10BP42 90 437.1 to 437.9 

https://geohazards.usgs.gov/deaggint/2008/
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Foundation Recommendations 
 
The following foundation recommendations for the replacement of Flag Canyon Creek Bridge 
and Flag Canyon Creek Temporary Bridge are based on the General Plans, conversations with 
Mr. Daniel Sessions and Mr. Kevin Harper from the Division of Structure Design and the 
subsurface investigations conducted at the site. 
 
Flag Canyon Creek Bridge (Br. No. 12-0204) 
 
Driven H-Pile foundations driven into rock are recommended at all support locations.  Due to 
hard driving conditions we recommend the use of high grade steel (50 ksi) to be used for the H-
piles. 

 
Table 5.  Foundation Design Recommendations for H-Piles for Bridge No. 12-02041,2 

 

Abutment Foundations Design Recommendations 

Support 
Location Pile Type 

 
 

Cut-off 
Elevation 

(ft) 

LRFD Service-I  
Limit State Load (kips)  

per Support 
LRFD Service-I  

Limit State Total Load 
(kips) per Pile 
(Compression) 

Nominal 
Resistance 

(kips) 

Design Tip  
Elevations 

(ft) 

Specified Tip 
Elevation 

(ft) 

Nominal 
Driving 

Resistance 
(kips) 

Total Permanent 

Abut. 1 14 x 117 
 H-Piles 449.8 975 800 140 280 417.0 (a) 417.0 280 

Abut. 2 14 x 117 
 H-Piles 450.3 975 800 140 280 417.0 (a) 417.0 280 

Notes: 
1) Design tip elevations are controlled by (a) Compression. 
2) The nominal driving resistance is the resistance if the pile location is predrilled to the scour elevation (438.5 feet). 

 
 

Table 6.  Pile Data Table, Flag Canyon Creek Bridge (Br. No. 12-0204) 
  

Pile Data Table 

Location Pile Type 
Nominal Resistance (kips) Design Tip 

Elevation 
(ft) 

Specified Tip 
Elevation 

(ft) 

Nominal 
Driving Resistance 

(kips) Compression Tension 

Abut. 1 14x117  
H-Piles 280 0 417.0 (a) 417.0 280 

Abut 2 14x117  
H-Piles 280 0 417.0 (a) 417.0 280 

Notes:  
1) Design tip elevations for Abutments are controlled by (a) Compression. 
2) The nominal driving resistance is the resistance if the pile location is predrilled to the scour elevation (438.5 feet). 
3) The specified tip elevation shall not be raised above the design tip elevations for Lateral Load. 
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Flag Canyon Creek Temporary Bridge 
 
It is proposed to support the Flag Canyon Creek Temporary Bridge on spread footings at all 
support locations.  The Office of Structure Construction should inform the Office of 
Gectechnical Design-North of the Contractor’s proposed bottom of footing elevation and the 
footing will be inspected by a representative of this Office for approval. 

 
Table 7.  Foundation Design Recommendations for Spread Footings, Flag Canyon Creek 

Temporary Bridge1,2. 
 

Support 
Location 

Footing 
Size 
(ft) 

Bottom of 
Footing 

Elevation 
(ft) 

Minimum 
Footing 

Embedment 
Depth 

(ft)  

WSD 
 (LRFD Service-I Limit 

State Load) 

LRFD 

Service Strength  
ϕ = 0.45 

Extreme Event 
 ϕ = 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 4.0 20.0 See Note 
No. 3 

See Note 
No. 3 3.0 6.0 N/A N/A N/A 

Abut 2 4.0 20.0 See Note 
No. 3 

See Note 
No. 3 3.0 6.0 N/A N/A N/A 

Notes:  1)  Recommendations are based on the foundation geometry and the load data provided by Structure Design in the Foundation Design 
Data Sheet. The footing contact area is taken as equal to the effective footing area, where applicable. 

2) See MTD 4-1 for definitions and applications of the recommended design parameters. 
3) To be determined by Contractor and approved by the Engineer: may not be higher than original grade. 

 
 

Table 8.  Spread Footing Data Table for Flag Canyon Creek Temporary Bridge 
 

 

Support 
Location 

Working Stress Design (WSD) Load and Resistance Design (LRFD) 

Permissible Gross Contact 
Stress 

(Settlement) 
(ksf) 

Allowable Gross 
Bearing Capacity 

(ksf) 

Service 
Permissible Net 
Contact Stress 
(Settlement) 

(ksf) 

Strength 
Factored Gross 

Nominal Bearing 
Resistance 
φb=0.45 

(ksf) 

Extreme Event 
Factored Gross 

Nominal Bearing 
Resistance 
φb=1.00 

(ksf) 
Abutment 1 3.0 6.0 N/A N/A N/A 
Abutment 2 3.0 6.0 N/A N/A N/A 
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Construction Considerations 
 

1. The steel H-piles should be driven to the specified tip elevations with minimal interruptions 
in order to minimize an increase in driving resistance due to soil setup. 

 
2. Groundwater was encountered during the subsurface investigation and should be 

considered during all phases of construction and pile installation. Groundwater surface 
elevation is subject to seasonal fluctuations.  Groundwater may occur higher or lower than 
indicated on the Log of Test Boring Sheets (LOTB) at the time of construction. 

 
3. The Contractor may use predrilled holes for the piles, Refer to the 2010 Caltrans Standard 

Specifications 49-2.01C(4).  The predrilled holes may be extended to the scour elevation of 
438.5 feet. 

 
4. Hard driving should be expected from approximately elevations 440.0 feet to pile tip 

elevation due to driving into a rock layer. 
 

5. Due to hard driving conditions we recommend the use of high grade steel (50 ksi) to be 
used for the H-piles. 

 
6. At the Engineer’s option, if the H-piles are driven below lateral design tip elevation and to 

a depth that is within 10.0 feet of the specified tip and three times the required pile 
acceptance criteria is achieved, the pile tip elevation may be considered adequate and the 
excess pile length cut-off.  Refer to the 2010 Caltrans Standard Specifications 49-
2.01A(4)(b) for information concerning the pile acceptance criteria.  

 
7. Due to expected hard driving, driving tips may be necessary to ensure pile integrity. 

 
8. For the temporary bridge, the Office of Structure Construction should inform the Office of 

Gectechnical Design-North of the Contractor’s proposed bottom of footing elevation and 
the footing will be inspected by a representative of this Office for approval. 

 
Project Information  
 
“Project Information,” discloses to bidders and contractors a list of pertinent information 
available for their inspection prior to bid opening.  The following is information originating from 
Geotechnical Services. 
 
Data and information attached with the project plans are: 

A. Log of Test Borings (Flag Canyon Creek Bridge (Replace), Br. No. 12-0204). 
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