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1.0 INTRODUCTION 

This preliminary foundation report provides preliminary foundation recommendations for the 
Battery Tunnel structures, cut-and-cover tunnels located in San Francisco, California.  The 
proposed structure is part of the Doyle Drive Replacement project which will replace the freeway 
which stretches from the west end of Lombard Street, through the Presidio of San Francisco, 
ending at the Golden Gate Bridge toll plaza.  The cut-and-cover tunnel will be landscaped above 
to restore some of the natural beauty of the Presidio, which is now part of the U.S. National Park 
System. 

2.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

2.1 GENERAL SITE GEOLOGY 

The bedrock at the site of the Battery Tunnels is generally the Franciscan Formation.  This 
formation consists of a variety of heavily folded and sheared assemblages of Greywacke 
sandstone, siltstone, chert, serpentinite, and Mélange Matrix (a plastic bedrock unit which is 
similar to a gravelly clay).  The hardness of these bedrock units typically range from very soft to 
hard and may vary in short distances. 

Overburden soils consist of mostly marine deposited sediments.  Common sediment sequences 
found elsewhere along the San Francisco Bay fringes are found at this site.  The typical 
sediments begin with Bay Mud at the surface underlain with marine deposits followed by Colma 
Formation, which is a dense sand.  Beneath the Colma Formation is typically Old Bay Clay, a 
stiff overconsolidated clay.  Another deeper sequence of sand and clay are sometimes 
encountered. 

The footprint of the project extending from the Battery Bluff to Lombard Street was originally 
tidal marsh.  This land was reclaimed in 1912 using hydraulic filling method.  Up to 12 feet of fill 
consisting of sandy clays and silts and clayey sands can be found in this portion of the site. 

2.2 SITE SPECIFIC SUBSURFACE CONDITIONS 

A site map of the Battery Tunnels area is presented in Figure 1.  This map shows the location of 
the borings, as well as the proposed roadway and tunnel structure.  Figure 2 presents a 
generalized subsurface cross section, showing the soils encountered underneath the 
southbound tunnel. 

The general subsurface condition at the site of the Battery Tunnels consists of 15 to 50 feet of 
sediments over Franciscan bedrock.  The upper layer of the overburden soils is artificial fill.  The 
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thickness of the fill ranges between 3 to 10 feet.  This unit is typically clean sand, sand with clay 
and sandy clay/silt and is loose. 

Below the fill at the eastern edge of the Battery Tunnels is an upper stiff clay.  This unit is about 
10 feet thick at the eastern edge of the tunnel and shrinks to zero thickness near the middle of 
the tunnel.  This unit is low plasticity and may contain more silt than clay in some places. 

Below the fill along the middle portion of the tunnels is a layer of dune sand.  This unit was 
found to be 17 feet thick at borehole BTSB-R1, it was not found in boring RW6-R1, and was 
found to be about 3 feet thick in boring BTSB-R2.  The dune sand is in a medium dense state 
and is free of fines. 

Below the fill on the western portion of the tunnels and below the dune sand and upper stiff clay 
is the Colma Formation.  The Colma Formation is dense to very dense with typically a trace of 
fines (about 5 percent) to about 20 percent fines.  This unit ranges from 10 to 20 feet in 
thickness. 

Below the Colma Formation under the eastern two-thirds of the tunnel structures is a lower stiff 
clay.  The clay is of medium plasticity.  The thickness of this unit ranges from 5 to 10 feet and is 
not encountered in borehole RW6-R1. 

Underlying the overburden soils is the Franciscan Bedrock.  The bedrock underneath the 
western half of the tunnel structure is sandstone.  The sandstone is competent with RQD 
ranging from 0 to about 50 percent.  More competent sandstone was also found just east of the 
eastern edge of the tunnel in boring RW8-R1.  In the center and eastern portions of the tunnel, 
below the overburden soils is soft to very soft bedrock.  This material is mainly Mélange Matrix 
and serpentinite.  Mélange Matrix is similar to a gravelly clay.  In the serpentinite and Mélange 
Matrix, cobbles and boulders of sandstone and siltsone are common. 

2.3 GROUNDWATER 

An initial piezometer reading at RW6-R1 showed groundwater perched at the soil-rock contact 
(about 18 feet below the existing ground surface).  It is expected that the groundwater in the 
other areas of the site sits on top of the bedrock or the deep stiff clay unit. 

3.0 SCOUR 

Scour will not be a concern on this portion of the project.  However, surface runoff will cause 
erosion if engineered fill and native soils are not covered with vegetation. 
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4.0 CORROSIVITY 

Aside from the fill deposits, the dune sand and Colma Foundation units are not anticipated to be 
corrosive.  Corrosion samples have been collected from the site during the field investigation 
and will be tested for their corrosivity properties.  Sampling and testing of the site soils and 
groundwater shall be in conformance with the Corrosion Guidelines for Foundation 
Investigations (Caltrans, 2003). 

5.0 SEISMICITY/LIQUEFACTION  

Structural design criteria has been proposed in the report titled Structural Design Criteria: Cut-
and-Cover Tunnels and Nonstandard Retaining Walls, Version 2, dated January 23, 2008.  This 
document summarizes the seismic demand placed on the structure.  In addition, Geomatrix, in 
conjunction with Dr. Norm Abrahamson, will be retained to perform a probabilistic seismic 
hazard analysis, select time histories, and develop site specific rock motion spectra for the 
Battery Tunnels. 

Potential liquefaction conditions do not exist in the Battery Tunnels area. 

Suspension P-S velocity logging was performed in boreholes BTSB-R2, BTNB-R4, BTNB-R7, 
and RW6-R1.  The velocity results for these four boreholes are presented in Appendix A of this 
preliminary foundation report. 

6.0 FOUNDATION TYPE RECOMMENDATIONS 

The Battery Tunnel structures should be founded on a reinforced mat foundation.  For 
preliminary design, an allowable bearing pressure of 5,000 psf can be used for the portion of 
mat founded on the Colma foundation and 12,000 psf for the portion of the mat bearing directly 
on the sandstone or a spring constant approach may be used. 

Two spring constants will need to be used for the mat foundation.  For the eastern portion of the 
tunnel, the bedrock will not be exposed when excavating for the structure.  For this portion, east 
of Station 82+80, the foundation material will be the Colma Formation unit and a preliminary 
design spring constant of 450 kip/ft3 may be used.  For the portion of the tunnel west of 
Station 82+80, the foundation material will be bedrock and a preliminary design spring constant 
of 1,000 kip/ft3 may be used. 

These spring constants assume that all soft or loose materials are removed prior to the 
construction of the mat foundation.  If soft materials, especially clays, are encountered below 
the base of the mat, these materials will need to be excavated and replaced with structural 
backfill. 
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7.0 EARTH PRESSURES 

7.1 VERTICAL EARTH PRESSURES 

Landscaping over the top of the tunnel structure will exert a distributed vertical load on the roof 
of the structure.  This dead load pressure from landscaping fill will be equal to 140 pcf times the 
depth of the fill.  For example, if there is 5 feet of fill material placed over the structure, the 
applied distributed load from this material will be 700 psf. 

There will be other vertical loads imposed on the structure from other sources such as traffic, 
however these loads are not considered in the scope of this preliminary foundation report. 

7.2 LATERAL EARTH PRESSURES 

Lateral earth pressures will develop on the retaining walls at the ends of the tunnels.  Retaining 
Walls RW-5 and RW-6 are located at the west end of the Battery Tunnels while RW-7 and 
RW-8 are located at the east end.  For preliminary estimation of the earth pressures at 
Retaining Walls RW-5, RW-6, RW-7, and RW-8, the recommendation presented in the Caltrans 
memorandum, dated February 5, 2008, should be used.  A copy of the memorandum prepared 
for the Doyle Drive Replacement Retaining Structures is presented in Appendix B. 

At-rest lateral earth pressures will develop on the side walls of the tunnels with the placement of 
the backfill.  For preliminary estimation of the at-rest earth pressure at a particular depth, z in 
feet, the following equation can be used.  pat-rest (lbs/ft2) = 65 * z. 

It is assumed that drainage behind retaining walls and the tunnel sidewalls will be provided to 
relieve hydrostatic pressure.  Surcharges from other loadings should be added where 
appropriate. 

Seismic lateral earth pressures will be developed as part of a detailed seismic analysis and are 
not included in this preliminary report. 

The equations to determine preliminary pressures are given for an individual point.  Over the 
side of the tunnel walls, the earth pressure will be a trapezoidal distributed force.  Resultants 
may be easily determined using standard methods. 

8.0 CONSTRUCTION CONCERNS 

Shoring will need to be constructed for both the northbound and southbound tunnels.  For the 
southbound tunnel, to be constructed first, Lincoln Avenue will need to be closed for installation 
of a shoring system.  In addition, a detailed study of the national cemetery must be conducted to 
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determine if tieback anchors may be required.  If tiebacks are not an option for the shoring 
system, a secant wall with possible internal bracing may be required.  For the northern wall on 
the northbound tunnel, a detailed study of the bunker structures and batteries must be 
completed to determine if tiebacks are possible for this wall.  Again, if tiebacks are not possible 
an internal bracing system may be required. 

Seepage through the Battery bluff is critical in order to preserve the protected wetlands on the 
northern face of the bluff.  The Battery Tunnels must be designed with proper drainage beneath 
so as not to disrupt this seepage. 

9.0 ADDITIONAL FIELD WORK AND LABORATORY TESTING 

The laboratory testing program for the 2007/2008 exploration work has not been executed as of 
the issuing of this preliminary foundation report.  The program will consist of laboratory tests that 
will determine the geotechnical engineering properties of the major soil units. 

The recommendations contained in this preliminary foundation report are not final.  Any 
questions regarding the above preliminary recommendations should be directed to the attention 
of Francis R. Greguras at 415-946-0255. 
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APPENDIX A 

Shearwave Velocity Results 
Boreholes BTSB-R2, BTNB-R4, BTNB-R7, and RW6-R1



SAN FRANCISCO DOYLE DRIVE BORING BTSB-R2
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SAN FRANCISCO DOYLE DRIVE BORING BTNB-R4
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SAN FRANCISCO DOYLE DRIVE BORING BTNB-R7
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SAN FRANCISCO DOYLE DRIVE BORING RW6-R1
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APPENDIX B 

Copy of Caltrans Memorandum 
Dated February 5, 2008 

Doyle Drive Replacement Retaining Structures Preliminary Foundation Report 












































