Geotechnical Data Report Volume II

Geotechnical Report
Yards & Shops Segment

(P0504-D400-RPT-DE-008, Rev.0)

Rev. 0 | February 2021



Silicon Valley
Rapid Transit Project

GEOTECHNICAL REPORT

Yard & Shops Segment

FINAL
May 24, 2006

P0504-D400-RPT-DE-008
Rev. 0

BO511D070









Silicon Valley Rapid Transit Project —Yard & Shops Segment

P0504-D400-RPT-DE-008 Geotechnical Report

This Page Intentionally Left Blank

Rev. 0: 5/24/06



Silicon Valley Rapid Transit Project —Yard & Shops Segment
P0504-D400-RPT-DE-008 Geotechnical Report

TABLE OF CONTENTS
1.0 INTRODUCTION ..ottt bbbttt st 1-1
1.1 PUIPOSE ANA SCOPE ....veveeeieiereieteiesesieteeseetesesessese e teseessetesessssesesessesesessssesesessesassssesesessnsesessssasenens 1-1
1.2 SHEE LOCALION ..ot bbb bbbttt 1-1
IR T o (] T I 1= o] o] TS SPR 1-2
2.0 GEOLOGY AND SEISMICITY .ottt 2-1
0 R 1 (= =T ] o]0 TSRS 2-1
2.2 Faulting and SEISMICILY .......cveeririeiireeiesis et ae e e st enenensenas 2-1
3.0 GEOTECHNICAL EXPLORATION. ..ottt 3-1
IO R o =] o I 0] ] = L1 o o TSRS 3-1
3.1.1 Cone Penetrometer TESE PIODE ........cviiireeeeee s 3-3
T 0 1Y A = 1o ] o S 3-3
3.1.3 Groundwater MONItOriNg WELLS .........cciiiieiiseee et 3-4
I I oo = (o] A 1= 1] o RS SRRSRR 3-5
3.3 SUbSUIface Stratigraphy .........cccoiiueieiieeiess e e e s e ss et ne e aenes 3-5
TR T0 I T 1 1] o N 1 | PRSP 3-5
3.3.2 OlUEN AHTUVIUM. .ottt bbbttt 3-6
3.4 GIOUNUWVALET .......vvieiirisiesesisisi sttt ettt bbbttt bbbt ettt 3-7
4.0 DISCUSSION AND CONCLUSIONS ..ottt 4-1
O ATV 1111 0T LY O P PRSPPSO 4-1
4.2 COMPIESSIDIE SOIIS......c.oiiieiiiccess et aenes 4-1
4.3 EXPANSIVE SOUIS ....covievieiicieii ettt ettt et na s e e n s s e aenes 4-3
A4 SEISIMIC HAZAIUS ..ottt bbbt 4-4
O R (o TU a0 0T o] (1 =P S 4-4
A € o TU a0 IS g 1T o RS 4-4
4.4.3 Building Code Seismic INFOrMALtioN.........ccccceeiirieeirireeriseee e 4-5
I o113 7 o £ o] o S 4-6
4.4.5 Densification Due to Earthquake Shaking...........ccccovrreieineienissee e 4-8
R I 1 ST o] 7= 1o [ [ SRR 4-8
A5 GIOUNGWELET .....c.euiriirireeseeteie ettt bbbttt bbb bbbttt 4-9
4.6 DEWALEIING ..vevvvereeiieieesiste ettt e et se et e s e se st et e s e et et e se e e b ese e s tes e e ss et ese e nsese e ssesenenensenes 4-9
A o 1010 1] o TSRS 4-9
4.8 COITOSIVE SOIIS ...ttt bbbt 4-9
5.0 RECOMMENDATIONS ...ttt 5-1
5.1 General - Mass GratiNg........coururueermruerererisreenesiesesesissesessssesesessssesessssesessssesessssssesessssesessssesssssseses 5-1

i Rev. 0: 5/24/06



Silicon Valley Rapid Transit Project —Yard & Shops Segment

P0504-D400-RPT-DE-008 Geotechnical Report

5.2 Demolition and GrubDINg.........ccceiiie e 5-2
5.3 GFAUING ...ttt bbbttt 5-3
5.4 EXIStNG Fill MALEIIAL ..o 5-3
D.0  KBYWAYS ...ttt et et R R e R Rt e n e 5-3
5.6 Construction of SUDSUITACE DIAINS .........ccoiiririiieieieieieiirines e 5-4
5.7 SeleCtion Of MALEIIAIS .........cciiiiiiiii bbb 5-5
5.8 Fll PIACEMENL. ..ottt 5-5
5.8.1 Site Preloading RECOMMENUALIONS..........ccoriririeieirieieiiirrs e 5-6
5.8.2 Settlement IMONITOTING ...ttt 5-7
5.8.3 SUIChArge TESE SECTION ......cvieeecieieieiiirisi ettt 5-8
5.9 Graled SIOPES ......cviiiuiriiiieiest ettt bbb 5-8
5.10 FOUNCALION DESIN .....cuiriiiiieeieieieteieee sttt bbbttt 5-8
5.10.1 Conventionally Reinforced Structural Mat FOUuNdations ...........c.ccceevveieiinneiennsienseeeenns 5-10
5.10.2 Stiffened Rib Mat FOUNGALIONS. ........cciiiiiiiiriieicieee e 5-10
5.10.3 Post-Tensioned Slab FOUNTALIONS ... 5-11
5.10.4 Conventional FOOtING FOUNUALION...........oririiiieieicieiceeir et 5-12
5.11 Lateral RESISTANCE ......cvoiiieriierieieieieiee ettt bbbttt 5-12
5.12 DIFHIEA PIEIS......oeiiiiiiiiiisisis sttt bbbttt 5-13
5.12.1 VErtiCal LOAUING......c.ciiriririririeieieieieies ittt 5-13
5.12.2 LAteral LOAING .....c.euiuiiiiririsisieieieieiei ettt 5-14
5.12.3 Pier Hole Drilling CONSIAEIAtIONS. ..ot 5-15
5.12.4 Perimeter Grade BEAM..........couoviueuiieieiiiiiririsir ettt 5-16
5.13 Driven Pile FOUNUAIONS ...........ouvueieiiiiiiiiiisiis e 5-16
5.13.1 VErtiCal LOAUING......c.ciiiririririieieieieieitenisi sttt 5-16
5.13.2 LAteral LOAING .....cueuiuiiiiririsisieieieieiei ettt bbbttt 5-16
5.13.3 PHE DIIVING ..ttt bbbttt bbbt 5-17
5.13.4 INAICALON PHIES........oouiiiiiisesee ettt 5-18
5.14 Subgrade Treatment for Slab-0n Grade FIOOIS...........cccoiieeee s 5-18
5.14.1 Alternative | - Lime TreatMENT.... ..ottt 5-18
5.14.2 Alternative 11 - Low-EXpansive Select Fill ... 5-19
5.14.3 Structural Mat/Post-Tensioned Slab Subgrade Preparation.............cccovvvrnecceiinnnnnnnns 5-19
5.15 S1ab-On-Grade CONSIIUCTION .........eviveueiiiiiirisisisesese it 5-20
5.16 Retaining and FOuNdation WAaLIS ... 5-21
5.16.1 SeismiC Design CONSIAEIALIONS .........cciiiriririririeeeieieieieee ettt seenes 5-22
5.16.2 Surcharge CONSIARIALIONS .........viveveueueieiieiiisise sttt 5-22
5.17 Excavations and Lateral SUPPOIt SYSTEMS........ccouiiuieeiririeiiininirsessisisie et 5-23

Rev. 0: 5/24/06 i



Silicon Valley Rapid Transit Project —Yard & Shops Segment
P0504-D400-RPT-DE-008 Geotechnical Report

5.17.1 TEMPOIArY SNOTING ....cceiiieiiiieiieirisie ettt ettt 5-23
5.17.2 TI-BACK ANCROIS ...ttt e 5-24
5.17.3 CONSLIUCLION DEWALEIING .....vevvreieriirieierisieiee sttt ettt 5-25
5.17.4 Pre-CONSIIUCLION SUIMNVEY .....c.oiiiiiiiiieierisisie ettt ettt 5-25
5.17.5 ENCIOACHMENTS ..ottt ettt 5-26
5.18 SOU NG WaAL......coiiiiee bbbt 5-26
5.18.1 Recommended Factors Of SAfety ... s 5-27
5.18.2 Soil Nail Wall DeSign Parameters...........cccurrueeririeieininieenesisenesesie e sesseseseses 5-27
5.19 DIAINAGE ...cuevevereirieieisie ettt ettt s sttt b et e e e st e b e sttt b et et e ket et e b e R et et b ettt n et e 5-28
5.20 Preliminary Pavement DESIGN ..ot 5-28
5.21 Requirements for Landscaping IrTIgation ...........cccoevreirinneniniseesese e 5-30
5.22 EXCAVALION SAFELY ....ceoviriiiieiiiriee ettt bbb 5-31
6.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS ......cooeiinrrenneeesirieesenieeas 6-1

7.1 APPENDIX A - John Sarmiento and Associates, Cone Penetration Test Data
7.2 APPENDIX B — ENGEO Incorporated, Logs of Borings

7.3 APPENDIX C - ENGEO Incorporated, Laboratory Test Results

7.4 APPENDIX D - ENGEO Incorporated, Liquefaction Analysis Spreadsheets
7.5 APPENDIX E - ENGEO Incorporated, Settlement Analysis Spreadsheets
7.6 APPENDIX F — Comments and Responses to Revisions A and B

List of Figures

Figure 1 Vicinity Map

Figure 2 Site Plan

Figure 3 Regional Geologic Map

Figure 4 Seismic Hazards Map

Figure 5 Regional Fault Map

Figure 6 Liquefaction Data Correlation Chart

Figure 7 Pressure Distribution for Temporary Cantilever Shoring and Below Grade Walls
Figure 8 Pressure Distribution for Temporary Shoring Braced or Tie-Back Condition

iii Rev. 0: 5/24/06



Silicon Valley Rapid Transit Project —Yard & Shops Segment

P0504-D400-RPT-DE-008 Geotechnical Report
Selected References
Bart Facilities Standards (BFS) August 18, 2004.

Blake, T. F., 1994, EQFAULT, A Computer Program for the Deterministic Prediction of Peak
Horizontal Acceleration from Digitized California Faults.

Bortugno, E. J., et al, 1991, Map Showing Recency of Faulting, San Francisco-San Jose
Quadrangle USGS Map Sheet 5A.

California Department of Transportation, 1992, Highway Design Manual.

City of San Jose, 1983, Fault Hazard Maps, San Jose West Quadrangle.

Division of Mines and Geology, 1997, Special Publication 117, Guidelines for Evaluation and
Mitigating Seismic Hazards in California, Adopted March 13.

Finn, W. D. L., 1996, Evaluation of Liquefaction Potential for Different Earthquake Magnitudes
and Site Conditions, A Symposium on Recent Developments in Seismic Liquefaction
Assessment, April 12, 1996.

FEMA, 1999, Flood Insurance Rate Map (FIRM), City of Santa Clara, California, Santa Clara
County, January 20, Panels 3 and 5 of 5.

FEMA, 1982, Flood Insurance Rate Map (FIRM), City of San Jose, California, Santa Clara County,
August 2, Panel 18 of 64.

Giles Engineering Associates, Inc., December 2003, Title Unknown, excerpted Appendix of
Borings Logs and Laboratory Testing.

Hart, E. W., 1997, Fault-Rupture Hazard Zones in California, California Division of Mines and
Geology Special Publication 42.

HMM/Bechtel, Silicon Valley Rapid Transit Authority (SVRT), December 20,2004, Silicon Valley
Rapid Transit Project, Tunnel Segment, Report on Seismic Ground Motions, , P0503-D300-
RPT-DE-012 Rev. A.

International Conference of Building Officials, 1997, Uniform Building Code.

International Conference of Building Officials, 1998, Maps of Known Active Fault Near-Source
Zones in California and Adjacent Portions of Nevada.

Ishihara, K., 1985, Stability of Natural Deposits During Earthquakes: Proceeding of the Eleventh
International Conference on Soil Mechanics and Foundation Engineering.

Design and Construction of Post-Tensioned Slabs-on-Ground (PTI, 1996).

Rev. 0: 5/24/06 iv



Silicon Valley Rapid Transit Project —Yard & Shops Segment
P0504-D400-RPT-DE-008 Geotechnical Report

Robertson, P. K. and R. G. Campanella, 1988, Guidelines for Geotechnical Design Using CPT and
CPTU Data.

Robertson, P. K. and C. E. Wride, 1997, Cyclic Liquefaction and its Evaluation Based on SPT and
CPT, NCEER Workshop.

SEAOC, 1996, Recommended Lateral Force Requirements and Tentative Commentary.

Seed, H. B. and I. M. Idriss, 1982, Ground Motion and Soil Liquefaction During Earthquakes,
Earthquake Engineering Research Institute.

Seed, H. B., K. Tokimatsu, L. F. Harder and R. M. Chung, 1985, Influence of SPT Procedures in
Soil Liquefaction Resistance Evaluations, Journal of Geotechnical Engineering, ASCE.

Southern California Earthquake Center, 1999, Recommended Procedures for Implementation of
DMG Special Publication 117 Guidelines for Analyzing and Mitigating Liquefaction
Hazards in California.

State of California, Division of Mines and Geology (CDMG), 1974, Potential Seismic Hazards in
Santa Clara County, California, Special Report 107, Plates 1, 2, 3 and 4.

State of California, Division of Mines and Geology (CDMG), 1982, Earthquake Fault Zones Map,
San Jose East - 7.5" Quadrangle California Division of Mines and Geology.

State of California, Division of Mines and Geology (CDMG), 2001, Seismic Hazard Zones, San
Jose West 7.5 Minute Quadrangle, Preliminary Review Map.

Tokimatsu, K. and H. B. Seed, 1987, Evaluation of Settlements in Sands due to Earthquake
Shaking: Journal of Geotechnical Engineering, ASCE.

Valley Transit Authority (VTA), 2004, Technical Memorandum, Tunnel Segment Brief Report on
Seismic Ground Motions Design Criteria, November 1, P0503-D300-TM-DE-001.

Wentworth et al, 1999, Preliminary Geologic Map of the San Jose 30 x 60 Minute Quadrangle,
California.

Youd, T. L., 1993, Liquefaction-Induced Lateral Spread Displacement, Naval Civil Engineering
Technical Note N-1862, June 1993.

Youd, T. L. and I. M. Idriss, 1997, Proceedings of the NCEER workshop on Evaluation of
Liquefaction Resistance of Soils, Technical Report NCEER-97-0022.

Y, Rev. 0: 5/24/06



Silicon Valley Rapid Transit Project —Yard & Shops Segment

P0504-D400-RPT-DE-008 Geotechnical Report

This Page Intentionally Left Blank

Rev. 0: 5/24/06 Vi



Silicon Valley Rapid Transit Project —Yard & Shops Segment
P0504-D400-RPT-DE-008 Geotechnical Report

1.0 INTRODUCTION

1.1 Purpose and Scope

The purpose of this geotechnical report, as described in our contract agreement dated
August 15, 2005, is to identify geotechnical constraints for development that may affect land
planning decisions and provide preliminary geotechnical recommendations for site development
including discussions regarding the treatment of geotechnical constraints, remedial grading, site

grading and drainage, and foundation design.

The scope of our service included a review of readily available literature and geologic maps for the
project area; exploratory probing and drilling with collection of subsurface samples; laboratory
testing of subsurface materials collected; analysis of the gathered geotechnical data; and preparation

of this report summarizing our recommendations for site development.

This report was prepared for the exclusive use of STV Incorporated and its design team consultants.
In the event that any changes are made in the character, design, or layout of the development, the
conclusions and recommendations contained in this report should be reviewed by
ENGEO Incorporated to determine whether modifications to the report are necessary.

1.2 Site Location

The approximately 50-acre relatively level project Yard & Shops Complex is located near the
eastern portion of the Union Pacific Railroad (UPRR) Newhall Yard in the City of Santa Clara
and a small area east of Interstate 880 in San Jose (Figure 1).

According to a USGS topographic map, the relatively level site is situated in the Santa Clara Valley
floor at an approximate elevation of 65 feet above mean sea level (msl). The study area is currently
occupied by the existing UPRR rail yard and various commercial structures. At the time of our
study, field services within select off-property parcels and at the planned De La Cruz undercrossing
were prohibited. As such, additional subsurface exploration, lab testing, and analysis will be

required for these areas before design-level geotechnical information can be prepared.
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Numerous underground utility lines and vaults are present, as well as overhead utility lines and

existing railroad track.

1.3 Project Description

Site development will include a mainline track alignment, tail tracks, and a maintenance, storage
and service yard which will include multiple shops and operations buildings. The current
location of the proposed Yard & Shops Complex improvements is shown on Figure 2. As shown
on the site plan, site development will include a blowdown facility, an inspection pit, a car
cleaner’s facility, a revenue vehicle maintenance shop with 24 repair bays, a yard control tower,
a non-revenue vehicle shop, a maintenance and engineering shop, as well as miscellaneous
support structures and other site improvements. Other improvements will include a train station

platform, existing roadway re-alignment, access roads, parking and support facilities.

The mixture of structures will vary in height from one to two stories, to up to four stories for the
Yard Control Tower. Based on information provided to us by the Structural Engineer and the
design team, building loads are expected to vary from light to heavy. In general, column loads
for heavy structures will range from 100 to 500 kips per column, and light structures will have
column loads ranging from 20 to 50 Kkips per column. As discussed with the design team in
workshops, depending on the location and loading condition of each structure, the structures can
be supported by conventional spread footings with slab-on-grade flooring, structural mat

foundations or pile or pier foundations systems.

We understand wood-framed or steel-framed construction is anticipated for the shorter structures
while steel-framed or concrete construction is anticipated for the taller structures. Building

exteriors may range from sheet metal siding to architectural elements and facades.

The extent of cutting or filling required to achieve final grades is not finalized at this time. We
understand that all track attached structures are tentatively designed to have a finished grade of
Elevation 66.5 feet. Currently, below-grade truck/train maintenance pits are planned within the

wheel truing facility, inspection pit, non-revenue vehicle maintenance shop and revenue vehicle
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maintenance shop. We have assumed that the excavations for the pits will require shoring and
possibly dewatering during construction.
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2.0 GEOLOGY AND SEISMICITY

2.1 Site Geology

The primary geologic deposits at the Yard & Shops Complex is described by Wentworth (1999) as
Quaternary basin deposits (Qhb) and older alluvial fan deposits (Qhf2), as shown on Figure 3.
These deposits are typically unconsolidated and heterogeneous materials consisting of clays, silts,
sands, and minor gravels. CDMG (1974) maps the site as fluvial deposits at the outer edge of

alluvial fans (Qyfl) and interfluvial fresh water basin deposits (Qb).

2.2 Faulting and Seismicity

The site is not located within the State of California Earthquake Fault Hazard Zone or a City of
San Jose Fault Hazard Zone (1983), and no known active! faults are mapped across the property by
either Bortugno (1991) or Jennings (1994). The Yard & Shops Complex, however, is located with a
Seismic Hazard Zone (CDMG, 2002) for liquefaction potential, as presented in Figure 4, and as

discussed in the Seismic Hazards Section of this report.

Active faults are located nearby within the seismically active San Francisco Bay Region, and may
cause strong ground shaking at the site. Historically, large (>M7) earthquakes have occurred in the
Bay Area and many earthquakes of low magnitude occur every year. The closest known active fault
is the Monte Vista-Shannon fault, located approximately 7 miles southwest of the Yard & Shops
Complex. Other nearby faults include the Hayward fault (main and south extensions), about
8.5 miles to the northeast of the site; the Calaveras fault (north and south extensions), about
9.2 miles to the northeast; and the San Andreas fault, about 10.8 miles to the southwest. Figure 5

shows the approximate locations of these and other active faults within the region.

LFaults are usually classified into several types according to their activity status. Active or Holocene faults are those that have had
surface displacement within the last 11,000 years.
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3.0 GEOTECHNICAL EXPLORATION

3.1 Field Exploration

The field exploration for this study was conducted between August 29, 2005, and
September 27, 2005, and consisted of advancing 35 cone penetrometer test (CPT) probes and
drilling 32 boreholes (Borings B-1 through B-31, and B-37). Proposed Borings 32 through 36

and CPT probe 36 through 39 were not advanced because of access restrictions.

The approximate locations of the CPT probes and borings are shown on Figure 2. The actual

field exploration program is summarized in the following table.

BORING DEPTH CPT PROBE DEPTH
FACILITY NUMBER (FT) NUMBER (FT)
Bulk Power/Switching Station B-1 53 CPT-1 50
CPT-2 30
CPT-3 30
CPT-4 30
No Associated Building B-2 30 CPT-5 40
B-3 30 CPT-6 40
B-4 33
Turntable B-5 40
No Associated Building B-6 23 CPT-7 30
B-7 22 CPT-8 30
Train Control Station CPT-9 30
Detention Pond B-8 (piezo) 43
No Associated Building CPT-10 30
Non-Revenue Maintenance Shop B-9 52 CPT-11 40
CPT-12 40
M&E Office B-10 (piezo) 52 CPT-13 51
M&E Shop B-11 20 CPT-14 29
B-12 50
No Associated Building B-13 31 CPT-15 30
B-14 50 CPT-16 40
CPT-17 40
CPT-18 30
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BORING DEPTH CPT PROBE DEPTH
FACILITY NUMBER (FT) NUMBER (FT)
Car Wash Building B-15 40 CPT-19 40
B-18 30
Maintenance of Equipment Shop B-16 30 CPT-20 42
B-17 50 CPT-21 40
B-19 80 CPT-22 60
B-20 (piezo) 80 CPT-23 80
B-22 33
Window Replacement Platform B-21 40
No Associated Building CPT-24 30
Inspection Pit B-23 40
Blowdown Facility B-24 30 CPT-26 38
Wheel Truing Facility B-25 30 CPT-25 51
No Associated Building B-26 (piezo) 40 CPT-28 30
Trans Building & Yard Control B-27 61 CPT-27 56
Tower CPT-29 40
No Associated Building CPT-30 41
CPT-31 40
Car Cleaner’s Facility B-29 31.5 CPT-32 47
CPT-34 40
Santa Clara Station B-28 715 CPT-33 60
B-30 (piezo) 40.5 CPT-36* -
No Associated Building B-31 315
B-37 61.5 CPT-35 47
B-32* - CPT-37* -
B-33* - CPT-38* -
B-34* -

B-35 (piezo)*

* Not drilled because of access restrictions

The exploratory boring and CPT probe locations were established by utilizing Global Positioning

System (GPS) or

taping and visual

sighting from existing features and should

be considered accurately located only to the degree implied by the methods used. GPS utilized a

local coordinate system established for the project with modifications due to site access or

vehicle constraints. Access to off-site properties and the vicinity of De La Cruz were prohibited

at the time of our field program.
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3.1.1 Cone Penetrometer Test Probe. The CPT probes were extended to a maximum depth of
approximately 80 feet below the existing ground surface. The CPT logs and data sets are located in
Appendix A. The CPT probes were backfilled between August 29, 2005, and September 6, 2005,

after the completion of each field exploration activity using a bentonite-cement slurry.

The CPT equipment has a 20-ton compression-type cone with a 15-square-centimeter (cm?) base
area, an apex angle of 60 degrees, and a friction sleeve with a surface area of 225 cm® The cone,
connected with a series of rods, is pushed into the ground at a constant rate. Cone readings are
taken at approximately 5-cm intervals with a penetration rate of 2 cm per second in accordance
with ASTM D-3441. Measurements include the tip resistance to penetration of the cone (Qc),
the resistance of the surface sleeve (Fs), and pore pressure (U) (Robertson and
Campanella, 1988). The ratio of the sleeve reading to the corresponding tip reading provides the
Friction Ratio (Rf). Various soil property correlations have been developed based on these
relationships including equivalent standard penetration test (N) values, soil friction angle (Phi),
undrained shear strength (Su), soil behavior type, and estimated soil density range
(Robertson and Campenella, 1988; Olsen, 1989). The procedures used to estimate the soil
properties are discussed in Appendix A.

3.1.2 Test Borings. The test borings were drilled using a CME-750 truck-mounted drill rig

equipped with 8-inch-diameter hollow stem augers. The borings were dry augered; no drilling
fluid was used to advance the borings. An ENGEO Geologist logged the boreholes in the field
and collected soil samples using a 3-inch outside diameter (O.D.) California-type split-spoon
sampler fitted with 6-inch-long brass liners, a 2-inch outside diameter (O.D.) Standard
Penetration Test split-spoon sampler or a 3-inch O.D. Shelby Tube. The split spoon samplers
were driven with a 140-pound above-hole safety hammer falling a distance of 30 inches. An
automatic trip system was used to lift the hammer during our exploration, and drill rods were
used to keep the hammer above ground. The Shelby Tubes were pushed into the soil using
hydraulics of the drill rig. The borings ranged in depth between 20 and 81 feet below ground

surface.
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The penetration of the split-spoon samplers into the subsurface materials was field recorded as
the number of blows needed to drive the sampler 18 inches in 6-inch increments using the
140-pound hammer with a 30-inch drop. The report borelogs represent the actual field blow
counts for the last one foot of penetration and have not been subjected to conversion factors to
achieve representative SPT (Neo) results.

The field logs for the borings were used to develop the report borelogs, which are located in
Appendix B. The boring logs depict subsurface conditions within the borings for the date of site
activities; however, subsurface conditions may vary with time. The boreholes were backfilled
between September 6 and 27, 2005, after the completion of each field exploration activity, using

cement slurry.

3.1.3 Groundwater Monitoring Wells. A total of 5 piezometers were installed within the project
It should be noted that Borehole BH-35, and the

site for groundwater monitoring purposes.
associated planned piezometer, was not drilled due to UPRR railroad and off-site access restrictions.
The approximate location of the piezometers were shown on Figure 2. The following table
summarizes the approximate surveyed location, depth, and screen length of the monitoring wells

installed.
APPROXIMATE | SCREEN
P'Efgg’g ER | ELEVATION | NORTHING | EASTING BEC))ETPTTOHMTgF (MLEI%AI\\IS%-II;:I;D
CASING (BOC), | FROM BOC),
FEET FEET
BH-8 63.0 1953007.8 | 6147007.8 39 30
BH-10 62.4 1953162.2 | 6146677.6 50 40
BH-20 62.2 1953838.9 | 6145754.1 40 30
BH-26 63.6 1954327.0 | 6144956.9 38 30
BH-30 64.8 1954581.3 | 6144154.8 39 30

The screened depth of the piezometers were selected to be located within the sand/silt stratum. The

piezometers were constructed with a 2-inch O.D. screened PVC pipe.
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810 10 feet of the piezometer pipe is non-screened. Clean sand was used to backfill around the
screened section and extends to 1 foot above the screen section of the piezometer pipe. A bentonite
plug approximately 1 foot thick is located over the clean sand. The remaining length of the
piezometer pipe was backfilled with cement grout. Each piezometer location received a
flush-mounted, metal, bolted monitoring well box. The general piezometer construction method is
shown on the borelogs presented in Appendix A.

3.2 Laboratory Testing

Select samples recovered during drilling activities were tested to determine the following soil
characteristics:

SOIL CHARACTERISTIC ASTM METHOD LogEASTJCL).INSOF
Natural Unit Weight and Moisture Content D-2216 Appendix B

Unconfined Compression D-2166 Appendix B, C
Plasticity Index D-4318 Appendix C
Grain Size Distribution D-422; D-422-63 Appendix C
Consolidation (Incremental) D-2435 Appendix C
Triaxial Compression D-2850-87 Appendix C
Swell Test (Method A) D4546 Appendix C

The laboratory test results are shown on the borelogs (Appendix B), with individual test results
presented in Appendix C.

3.3 Subsurface Stratigraphy

Ground covering at the exploration locations typically consisted of a gravel-covered surface. The
alluvial soils are relatively variable, as detailed in the cross-section on Figure 2, as well as described
in the boring logs in Appendix B.

3.3.1 Existing Fill. The materials sampled during our subsurface exploration indicated that the

at-grade soils consisted of silty sands, sands, and gravelly sands to a depth of between 1 and 6 feet
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below grade. The soils present are typical for the site operations for the rail yard, and are considered

undocumented fill, loose to dense in consistency.

3.3.2 Older Alluvium. Older alluvium consists of native clays, silty clays, clayey silts, silts, silty

sand and gravelly sands are encountered below the existing fill. In general, the alluvium deposits
grades coarser and stiffer with depth. Beneath the existing fill, fine-grained deposits such as clays
and silty clays were encountered which extend to a depth of approximately 20 to 25 feet below
ground surface (bgs). The clay and silty clay are generally soft to medium stiff and is considered
slightly compressible. The fine-grained deposits grade into interbedded sandy silt, silty sand, sand
and gravelly sand layers which extend to approximately 25 to 45 feet bgs. Lenses of loose silt or
sand generally ranged from % inch to 4 feet thick, and were present within the medium dense to

dense, stiff interbedded silt/sand stratum.

It should be noted that due to the method of drilling (hollow stem auger), heaving sand problems
were encountered during drilling at some borehole locations at depths in excess of 45 feet. In these
cases, the recorded blow counts may not be representative due to soil disturbance effects. Data
from the nearby CPT probes (which are not subject to these problems) indicate that the granular
layers generally appear to be medium dense to dense in consistency. As such, based on
information from the test boreholes and CPTs, the silty clay and clay deposits have been classified
as medium stiff to stiff and the gravelly sand and sand deposits are considered to be dense to very
dense at depths over 45 feet within the project site. Based on our interpretation of site geology, we
anticipate that these dense/stiff deposits extend to below the termination depths of 80 feet bgs at our

deepest borings and CPT.

It should be noted that several CPT probes describe some soil deposits between 3 to 12 feet bgs as
potentially organic clay (peat). This layer ranged in thickness from less than 6 inches to as much as
9 feet (Probe CPT-7). Based on direct correlation with nearby borings, we believe that this layer is

more appropriately classified as soft clay.
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3.4 Groundwater

A total of five piezometers (Borings B-8, B-10, B-20, B-26, and B-30) were installed at the site for
groundwater level monitoring. Construction of piezometers is discussed in Section 3.1.3. In
summary, groundwater was initially encountered at depths of 19 to 25 feet below grade, depending
upon location, and stabilized at roughly 4 to 15 feet below current ground surface at the time of our
exploration. Fluctuations in groundwater levels may occur seasonally and over a period of years

because of precipitation, temperature, changes in drainage patterns, pumping, and/or irrigation.
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4.0 DISCUSSION AND CONCLUSIONS

4.1 Summary

Based on our evaluation, the proposed project is feasible from a geotechnical standpoint. It is our
opinion that the geotechnical concerns can be mitigated if the preliminary recommendations
contained herein and those from supplemental design-level studies are incorporated in the design of
the project. The primary geotechnical concerns to be considered in the design of the project include
the presence of compressible soils and earthquake-induced liguefaction and densification.
Secondary geotechnical concerns include the presence of expansive soils and encountering

groundwater during and post-construction.

The recommendations included in this report are preliminary and are intended for preliminary
design and project estimating purposes. Design-level geotechnical exploration(s) at the
Yard & Shops Complex should be undertaken during latter stages of project planning once
building locations, footprints, structure size and grades, and building loads are more closely
defined to provide specific foundation recommendations for each of the planned structure types.
The design-level explorations will include additional subsurface exploration consisting of test
borings and CPT probes; laboratory testing; engineering analyses; and geotechnical document

preparation.

4.2 Compressible Soils

In general, the site contains a surface layer of fill over older alluvium consisting of soft to medium
stiff silt and clay interbedded with layers of varying thickness of granular soils. As discussed in
Section 3.3.2, soft to medium stiff clay deposits at 5 to 25 feet bgs could be subjected to long-term
load-induced settlement associated with building loads and raising grades with new engineered fills.

Based on the conceptual building loads and proposed finished grades provided to us at this time,

preliminary settlement analysis was performed by ENGEO for the proposed structures. The loadings
provided to us are summarized in the following table.
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CONCEPTUAL LOADINGS (PSF)
DRAWING CIVIL
TITLE STRUCTURE STRUCTURAL GRADE EQUIP. & TOTAL
(FILL) MISC.
YB Trans Building 50 440 250 740
Yard Control Tower 410 450 250 1110
YC Car Wash Building 65 600 250 915
YD Blowdown Facility 65 475 250 790
Revenue Vehicle Maintenance Shop 235 785 270 1290
YE Repair Bay 80 585 65 730
Storage Room 219 585 1460 2265
YF Car Clearner’s Facility 30 365 250 645
YG Maintenance and Engineering Shops 135 535 1360 2030
YH NR Maintenance Shop 50 510 300 860
Mechanical and Engineering Office 250 535 250 1035
Y] Revenue Processing Building Opt A 80 60 350 490
Revenue Processing Building Opt B 80 135 350 565
YK Inspection Pit 125 0 0 125
YL Window Replacement Platform 50 435 250 735
YL Turntable 25 415 35 475
YM Wheel Truing Facility 55 465 15 535
Gap Breaker, Facility Power, Yard
OTHER | Substation, Train Control Station, 250 200 50 500
Bulk Power/Switching Substation

Our settlement analysis incorporated the limited field and laboratory test data included in this report

and the conceptual loads summarized above. Based on laboratory test data, the soft to medium stiff

clays beneath the surface appear to be slightly over-consolidated to normally consolidated and are

subject to settlement caused by anticipated new loads (planned engineered fills or structures).

Four soil profiles (Profiles A, B, C and D), as shown on Figure 2, were identified to account for

variable clay thickness and compressibility within the project area. The results of the settlement

analyses are provided in Appendix E. A summary of the estimated settlements due to consolidation

of soft clay soil is present in the following table:

ESTIMATED TOTAL
DRI'AI\'\I!\IiIIIE\I G STRUCTURE SETTLEMENT
(INCHES)
VB Trans Building 8109
Yard Control Tower 121013
YC Car Wash Building 13to0 14
YD Blowdown Facility 121013
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ESTIMATED TOTAL
DRTAI‘}/Y_IQ G STRUCTURE SETTLEMENT
(INCHES)

Revenue Vehicle Maintenance Shop 191020

YE Repair Bay 10to 11
Storage Room 271028

YF Car Clearner’s Facility 10to 11

YG Maintenance and Engineering Shops 2510 26

YH NR Maintenance Shop 121013
Mechanical and Engineering Office 1510 16

Y] Revenue Processing Building Opt A 5106
Revenue Processing Building Opt B 8109

YK Inspection Pit 2103

YL Window Replacement Platform 10to 11

YL Turntable 7t08

YM Wheel Truing Facility 7108
Gap Breaker, Facility Power, Yard

OTHER Substation, Train Control Station, Bulk 3to7

Power/Switching Substation

Consolidation settlement can be mitigated by various techniques including, but not limited to soft
soil removal, use of deep foundations, and surcharging proposed building areas with stockpiled soil
and delaying construction until after the settlement occurs. As discussed with the design team, soft
soil removal is not considered economically practical at the site. A combination of deep
foundations, mat foundations and/or spread footings along with surcharging is considered more
practical to mitigate the impacts from consolidation settlement. The preliminary foundation system
selected by the design team following our discussion of predicted settlement is provided in
Section 5.10.

It should be noted that the amount of consolidation settlement provided herein is considered
preliminary and should be modified during future design-level foundation explorations based upon

final building locations, building loads, and proposed grading configurations.

4.3 Expansive Soils

The soil samples tested at the site yielded Plasticity Indices (Pl) of 22 and 40. This indicates a
moderate to very high expansion potential. Expansive soils will shrink and swell as a result of
moisture changes. This can cause heaving and cracking of slabs-on-grade, pavements, and structures
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founded on shallow foundations. Building damage due to volume changes associated with expansive
soils can be reduced by deepening the foundations to below the zone of moisture fluctuation with
deep foundations, or by using mat foundations which are designed to resist the deflections associated
with the expansive soil. Preliminary recommendations that address the potentially expansive nature
of the site soils are provided in subsequent sections of this report.

4.4 Seismic Hazards

Potential seismic hazards resulting from a nearby moderate to major earthquake can generally be
classified as primary and secondary. The primary effect is ground rupture, also called surface
faulting. The common secondary seismic hazards include ground shaking, ground lurching, soil
liquefaction, and lateral spreading. These hazards are discussed in the following sections.

Based on topographic and lithologic data, earthquake-induced lurch cracking, regional
subsidence or uplift are unlikely to occur at the site. The risk of tsunamis and seiches does not

exist.

4.4.1 Ground Rupture. The Yard & Shops Complex is not located within a City of San Jose Fault

Hazard Zone Map (1983) or a State of California Earthquake Fault Hazard Zone and no known
active, potentially active or inactive faults cross the site. Therefore, it is our opinion that ground

rupture is not likely to occur at the site.

4.4.2 Ground Shaking. An earthquake of moderate to high magnitude generated within the

San Francisco Bay Region, similar to those which have occurred in the past, could cause
considerable ground shaking at the site. To mitigate the shaking effects, structures should be
designed using sound engineering judgment and the latest Uniform Building Code (UBC),
California Building Codes (CBC), or Bart Facility Standards (BFS) seismic design section
requirements as a minimum. The SVRT should identify those critical structures may require
alternate or supplement design methods.

Seismic design provisions of current building codes generally prescribe minimum lateral forces,

applied statically to the structure, combined with the gravity forces of dead and live loads. The
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code-prescribed lateral forces are generally substantially smaller than the expected peak forces
that would be associated with a major earthquake. Therefore, structures should be able
to: (1) resist minor earthquakes without damage, (2) resist moderate earthquakes without
structural damage but with some nonstructural damage, and (3) resist major earthquakes without
collapse but with some structural as well as nonstructural damage. Conformance to the current
building code recommendations does not constitute any kind of guarantee that significant
structural damage would not occur in the event of a maximum magnitude earthquake; however,
it is reasonable to expect that a well-designed and well-constructed structure will not collapse or

cause loss of life in a major earthquake (SEAQOC, 1996).

4.4.3 Building Code Seismic Information. Based on the subsurface soil conditions encountered in

the site vicinity and local seismic sources, the site may be characterized for design based on
Chapter 16 of the 1997 Uniform Building Codes (UBC) using the following information.

CATEGORIZATION/COEFFICIENT DESIGN VALUE

Soil Profile Type (Table 16-J) Sp
Seismic Zone (Figure 16A-2) 4
Seismic Zone Factor, Z (Table 16-1) 0.4
Seismic Source Type (Table 16-U)* A

Near Source Factor N, (Table 16-S) 1.0

Near Source Factor N, (Table 16-T) 1.1
Seismic Coefficient C, (Table 16-Q) 0.44*N,
Seismic Coefficient C, (Table 16-R) 0.64*N,

- Based upon the governing Type A Hayward Fault located 8.5 miles (13.6 km) from site

Additionally, seismic design ground motions have been developed for this project by others
(HMM/Bechtel, December 20, 2004). This document presents seismic design criteria for permanent
structures developed utilizing both probabilistic and deterministic seismic hazards analysis methods.
Based on the subsurface conditions encountered, the seismic design ground motion criteria

developed for the “south” reach should be utilized at the Shops and Yards Facility.
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4.4.4 Liquefaction. Liquefaction is a phenomenon in which saturated cohesionless soils are

subject to a temporary, but essentially total, loss of shear strength because of pore pressure

build-up under the reversing cyclic shear stresses associated with earthquakes.

Based upon our subsurface exploration, lenses of loose silty and sandy deposits were
encountered within the interbedded stiff/dense sand/silt stratum. Liquefaction analysis were
performed on test boring and CPT data based on guidelines provided in Robertson and
Wride (1997), Robertson and Campanella (1988), Finn (1996), Youd et al. (2001), and
Seed et al. (2003). Our analyses consider a peak ground acceleration of 0.54g, as provided by

the design team seismic consultant, and groundwater levels between 4 and 15 feet below grade.

The liquefaction assessment was performed on the test boring data to determine the liquefaction
potential of site soils based on the methods of Seed et al. (2003). SPT blow counts of saturated
clayey silt, sandy silt and sand layers were utilized to calculate the Cyclic Resistance Ratio (CRR)
and the Cyclic Stress Ratio (CSR). The scaled CRR is divided by the CSR to determine the factor
of safety (F.S.) of liquefaction resistance within the given soil profile layer.

In general, potentially liquefiable sand layers (F.S.<1.2) up to a cumulative thickness of 10 feet are
identified at approximately 25 to 45 feet below ground surface. According to the recent liquefaction
research performed by Seed et al. (2003), silty deposits may be marginally liquefiable. Marginally
liquefiable soil are defined as soil with fines content (FC) greater than 35 percent, Plasticity
Index (PI) less than 12 percent, and water content (w;) is greater than 80 percent of the liquid limit
(LL). Although soft/loose and saturated clayey silt and sandy silt layers up to 12 feet thick are
present, based on our visual classification, these deposits are considered moderately plastic (P1>12).
Therefore, we believe that the liquefaction potential of these silt layers is considered low.

Preliminary liquefaction assessment was also performed on the CPT data to determine the
liquefaction potential of site soils based on the methods of Robertson and Wride (1998), Robertson
and Campanella (1988), Finn (1996) and Youd et al. (2001). CPT data including tip and sleeve
resistance were utilized to calculate the Cyclic Resistance Ratio (CRR) and the Cyclic Stress Ratio
(CSR). To retain conservativeness, laboratory fines content of a nearby test boring is incorporated

into the CPT analyses when the CPT correlated fine contents value are higher than the laboratory

Rev. 0: 5/24/06 4-6



Silicon Valley Rapid Transit Project —Yard & Shops Segment
P0504-D400-RPT-DE-008 Geotechnical Report

tested value. A comparison on laboratory tested and CPT correlated fines content is shown on
Figure 6.

According to our liquefaction analysis, based on the CPT data, loose silt/sand lenses encountered
at a depth of 25 to 45 feet bgs are considered potentially liquefiable (FS<1.2). These silt/sand
lenses are generally ¥ inch to 4 feet thick individually, and the cumulative thickness of the

liquefiable lenses are less than 6 feet.

As such, we believe that results of the liquefaction analyses for both the test boring and CPT data
are generally conforming. Zones of liquefiable sand/silt lenses are present at a depth of
25 to 45 feet bgs and have a maximum cumulative thickness of 10 feet. Tabular liquefaction

calculations are included in Appendix D.

One significant hazard associated with soil liquefaction occurs when the liquefied soils vent to
the ground surface causing disruption and sand boils. In order for liquefaction-induced ground
surface disruption to occur, the pore water pressure generated within the liquefied strata must exert a
sufficient force to break through the overlying soil and vent to the surface, resulting in sand boils or
fissures. In 1985, Ishihara presented preliminary empirical criteria to assess the potential for ground
surface disruption at liquefiable sites based on the relationship between thickness of liquefiable
sediments and thickness of overlying non-liquefiable soil. A more recent study by Youd and Garris
(1995) expanded on the work of Ishihara to include data from over 308 exploratory borings,
15 different earthquakes, and several ranges of recorded peak ground acceleration. It is generally
believed that a significantly thick capping layer can reduce effects of sand boils and occurrence of

fissures at the ground surface.

Currently, at least 25 feet of existing non-liquefiable soil overlays the potentially liquefiable lenses
and approximately 2 to 6 feet of imported fill will be placed to achieve designed grades. We
believe that the site will have a thick enough non-liquefiable surface layer to reduce the potential
for ground failure (sand boils) at the surface due to liquefaction. During final design, if
excavations over 5 feet are planned, such as for inspection and maintenance pits, additional
review and analysis may be warranted and improvement-specific mitigation measures to address

the potential effects of sand boiling may be required.
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It is important that the final grading plans and building cross-sections be reviewed by the
Geotechnical Engineer to develop recommendations, as necessary, to mitigate ground disruption
concerns. These measures may include grade modifications, thickened mat foundations possible
with tie down anchors, deep foundations, or various soil densification methods such as
subexcavation and recompaction or dynamic compaction. The Geotechnical Engineer should
continue to work with the development team to identify areas that may require soil modification

or grade increases to reduce the impacts of liquefaction on the proposed development.

We assume that the effects of liquefaction and/or ground rupture within parking areas or other

open space areas can be tolerated.

4.4.5 Densification Due to Earthquake Shaking. Densification of the loose granular soil above

and below groundwater levels can result in settlement/densification during an earthquake. Since
some of the granular materials were characterized as loose to medium dense and liquefiable, we
estimate that up to 3 inches of total earthquake-induced settlement may occur as a result of
densification within the development area. With the exception of structures not housing
sensitive equipment, we recommend that the planned buildings and train platform/overcrossing
structure be designed to accommodate 1.0 inch of differential settlement over a 40-foot span or
between column supports (SCEC, 1999) if supported on a structural mat or shallow foundation,
unless ground improvement techniques are implemented to reduce the potential for densification

due to earthquake shaking.

4.4.6 Lateral Spreading. Lateral spreading is a failure within a nearly horizontal soil zone

(possibly due to liquefaction) which causes the overlying soil mass to move down a gentle slope
or toward a free face. Since the site is relatively flat and the nearest open slope, main drainage
course, is the Guadalupe River located approximately 0.6 mile northeast of the site, the potential

for lateral spreading is low.
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45 Groundwater

As noted above, groundwater stabilized at variable elevations of 4 to 15 feet below ground surface
during field operations. We recommend that for design purposes, the groundwater is assumed to be

at 4 feet below existing grade.

4.6 Dewatering

Some utilities or excavations for footings and maintenance pits may encounter perched
groundwater. Similarly, groundwater may be encountered during the drilling of piers. Construction

dewatering may be necessary and should be assessed on a case-by-case condition.

4.7 Flooding

Flood Insurance Rate Maps (FIRM) by FEMA (1982 and 1999) map the site outside the 100-year
flood elevation, within Zone D. However, the project Civil Engineer should be consulted on the
potential for localized flooding at the subject property. The review should also include a

determination of which portions of the site fall below the 100-year flood plain elevation.

4.8 Corrosive Soils

Corrosion testing is being preformed by another consultant and the results of that assessment will be
provided in a separate document. Concrete mix design to mitigate the potential affects of corrosive
soils on foundations should be in accordance with Table 19-A-4 Requirements for Concrete
Exposed to Sulfate-Containing Solutions provided in the 1997 UBC. Alternatively, the concrete
mix may be designed for the severe conditions and utilize Type V cement or modified Type Il

cement a maximum water cement ratio of 0.45 and a minimum compressive strength of 4,500 psi.
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5.0 RECOMMENDATIONS

5.1 General - Mass Grading

Based on our preliminary study and as noted above, the proposed project is feasible from a
geotechnical standpoint. It is our opinion that the geotechnical concerns can be mitigated if the
preliminary recommendations contained herein and those from design-level studies are incorporated
in the design of the project. The primary geotechnical concerns to be considered in the design of the
project include the presence of load-induced compressible soils and earthquake-induced liquefaction
and densification. Secondary geotechnical concerns include the presence of expansive soils, sand

boils, and encountering groundwater.

The following recommendations are for land planning and preliminary estimating purposes only.
Final recommendations and work plans regarding the Yard & Shops Complex remedial grading and
mass grading can occur once the final site plan has been established and grading plans are available.

Additional exploration and laboratory testing will also be necessary.

We assume the initial grading activities performed will be limited to remedial and mass grading
activities to establish pads for the building structures, yard tracks and rough perimeter street and
parking area elevations. From that state of development, the individual building areas will be
fine-graded to establish drainable building pads and interior slopes, roadways, parking areas under
specific development plans.

As previously stated, provided site grades are not lowered by more than 5 feet, the site has a
thick enough non-liquefiable surface layer to reduce the potential for ground failure (sand boils)
at the surface due to liquefaction. If deeper excavations are planned, such as for maintenance
and inspection pits, additional review and analysis may be warranted and improvement-specific

mitigation measures to address the potential effects of sand boiling may be required.

Although overall site mass grading and drainage recommendations will likely be unaffected,
subsequent exploration will also be necessary to provide specific foundation criteria for proposed

individual structures and other site improvements. Additionally, we were not able to explore
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subsurface conditions in some areas of the proposed site because of access restrictions. These areas

will require additional exploration as project planning and design continues.

It should be noted that a qualified Geotechnical Engineering firm must be identified in writing to the
City of San Jose as the Geotechnical Engineer of Record and must be involved with Yard & Shops
Complex demolition, preparation, remedial/corrective grading, civil mass grading, and
improvement (utilities and streets) activities at the site. Operations performed without proper
oversight and testing by a qualified Geotechnical Engineer or their field representatives could result
in the inability to obtain Final Permit compliance or occupancy by city/county agencies and could

deem work performed as inadequate.

All earthwork activities including clearing, grubbing, and site grading should be accomplished as
described in this report and in general conformance with the Bart Facility Standards.

5.2 Demolition and Grubbing

Site development will commence with the excavation and removal of buried structures

including abandoned utilities and other structures.

Following the demolition of existing improvements, site development should include removal
of vegetation, debris, loose soil, and soft compressible materials in any location to be graded.
Any soft compressible soils should be removed from areas to receive fill or structures, or those
areas to serve as borrow. Subject to approval by the Landscape Architect, strippings and
organically contaminated soils can be used in landscape areas. Otherwise, such soils should be
removed from the project site. Any topsoil that will be retained for future use in landscape areas

should be stockpiled in areas where it will not interfere with grading operations.

All excavations from demolition and stripping below design grades should be cleaned to a firm
undisturbed soil surface determined by the Geotechnical Engineer. This surface should then be
scarified, moisture conditioned, and backfilled with compacted engineered fill. The requirements

for backfill materials and placement operations are the same as for engineered fill.
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No loose or uncontrolled backfilling of depressions resulting from demolition or stripping is
permitted.

5.3 Grading

Demolition at the site will consist of removal of the existing facilities, pavement, concrete slabs, and
potentially, the pre-existing fill. A site grading plan was not available for our review at this time.
However, we understand that all track-connected structures are currently planned with a finished
grade at an elevation of 66.5 feet. Excavations for below-grade portions of the buildings and
miscellaneous site filling to establish individual building pads will also be required. On-site soils
that do not contain debris or organic material appear suitable for reuse as engineered fill. The
project Geotechnical Engineer should be retained to provide detailed and site-specific grading

recommendations for the project when grading plans have been finalized.

5.4 Existing Fill Material

At the time of the field exploration, undocumented fill was encountered at various locations across
the site to depths of approximately 1 to 6 feet. In general, we recommend that existing fill located in
areas to receive site improvements be overexcavated to expose native side walls and base. Any
debris, such as concrete blocks, should be removed at this time. In general, the existing fill material
may be suitable to use as engineered fill for the construction of the building pads and other site
improvements. Depending on the location of adjacent structures that will remain, shoring of the
existing improvements may be required. Areas requiring overexcavation and possible shoring
should be identified on the project remedial grading plan that is typically prepared after completion

of the 40-scale grading plans.

5.5 Keyways

After stripping, mass grading should begin with construction of keyways and subdrains as
applicable. Fills should be adequately keyed into firm natural materials. Anticipated keyway sizes
and locations should be determined by the project Geotechnical Engineer after the final 40-scale

grading plans become available. The actual depth of the keyways will be determined in the field
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by the Geotechnical Engineer during grading. Fills placed on slopes above keyways should be
benched into firm competent soil or bedrock and drained as appropriate. Unless otherwise
recommended by the Geotechnical Engineer, benches should be constructed at vertical intervals of

not less than 5 feet.

5.6 Construction of Subsurface Drains

Subsurface drainage systems should be installed in all keyways, swales or natural drainage areas,
as applicable. Swales and drainage courses should be overexcavated to a firm base as determined
by the Geotechnical Engineer during grading. A trench subdrain should then be installed through
the center of the subexcavation. The approximate location of the recommended subdrains should

be shown on the final 40-scale grading plans prior to the beginning of the site work.

Subdrains should also be added where wet conditions are encountered during excavations.
Subdrain systems should consist of a minimum 6-inch-diameter perforated pipe encased in at least
18 inches of Caltrans Class 2 permeable material or coarse drain rock wrapped in geotextile filter
fabric (6 ounce minimum). For selected keyway and bench subdrains, pre-manufactured synthetic
edge drains may be substituted for the perforated pipe and permeable material. The subdrain pipe
should meet the requirements contained in the BFS Specifications. Discharge from the subdrains
will generally be low, but in some instances may be continuous. Subdrains should outlet into open
drainages or the proposed storm drain system and their locations should be documented by the

project Civil Engineer for future maintenance.

Not all sources of seepage have been uncovered during our field service because of the intermittent
nature of some of these conditions and their dependence on long-term climatic conditions.
Furthermore, new sources of seepage may be created by a combination of changed topography,
man-made irrigation patterns and potential utility leakage. Since uncontrolled water movements
are one of the major causes of detrimental soil movements, it is of utmost importance that the
Geotechnical Engineer be advised of any seepage conditions encountered during or after grading
so that remedial action may be initiated, if necessary.
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5.7 Selection of Materials

With the exception of any organically-contaminated material (soil which contains more than

2 percent organics), the site soils seem to be suitable for use as engineered fill.

Oversized materials (those exceeding two-thirds of the lift thickness or 6 inches in dimension
(whichever is less) should be removed from the engineered fill and broken down to satisfy this

criteria prior to being reused as engineered fill or removed from the site.

If deemed suitable from an environmental standpoint, the existing asphalt concrete, underlying
aggregate base, and un-reinforced curb/gutter and sidewalk concrete can be reused as engineered fill
within roadway areas. The material must be broken down, but not pulverized, to less than 6 inches
in dimension and should be thoroughly mixed with soil prior to reuse as engineered fill. Pending
laboratory testing and approval by the Geotechnical Engineer and builder(s), and if separately
stockpiled and not mixed with soil, these materials could be also be considered for reuse as

low-expansive select fill under buildings.

The Geotechnical Engineer should be informed when import materials are planned for the site.
Import materials should be submitted and approved by the Geotechnical Engineer prior to

delivery at the site and should conform to the requirements provided in BFS Specifications.

5.8 Fill Placement

After removal of existing pavements, undocumented fill materials, and soft soils are completed,
the exposed non-yielding surface of areas to receive fill should be scarified to a depth of
12 inches, moisture conditioned, and recompacted to provide adequate bonding with the initial
lift of fill. All fills should be placed in thin lifts. The lift thickness should not exceed 8 inches

or the depth of penetration of the compaction equipment used, whichever is less.

The following compaction control requirements should generally be applied to general fills:
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Fine-Grained Cohesive Deposits (Pl greater than 15)

Test Procedures: ASTM D-1557-78.

Required Moisture Content: Not less than 3 percentage points above
optimum moisture content.

Minimum Relative Compaction: Not less than 90 percent.

Granular Cohesionless Deposits (PI less than 15)

Test Procedures: ASTM D-1557-78.

Required Moisture Content: Not less than 2 percentage points above
optimum moisture content.

Minimum Relative Compaction: Not less than 95 percent.

It is important that all site preparation, including demolition and stripping, is done under the
observation of the Geotechnical Engineer’s qualified field representative and should be carried out
according to the requirements contained herein. The final grading plans should be submitted to the

Geotechnical Engineer for review.

5.8.1 Site Preloading Recommendations. As discussed in Section 4.2, compressible clay is present

at the site and loads from the proposed structures, equipment and additional fill will cause the
compressible material to settle. As discussed with the design team, a surcharge program is planned
for the site to minimize the effect of post construction consolidation settlement. The final surcharge
fill heights and duration of loading will vary within the site based on location and structure loading
as discussed below.

Prior to placement of surcharge fill, an additional 12 inches of engineered fill should be placed
above the design building pad elevation. Engineered fill placed to achieve design pad grade and the
12-inch overbuild should be compacted and moisture conditioned in accordance to fill placement
specification provided in Section 5.6. The surcharge fill may be placed by stockpiling soil in lifts
ranging from 12 to 18 inches thick that is slightly compacted by track walking. Based on the
proposed loads at each building location, the estimated surcharge fill required to preload the soil is

presented in the following table. In track areas where grade is being raised but no buildings are
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planned, we recommend a surcharge height equal to the thickness of the proposed fill but in no case
less than 3 feet. For planning purposes, the minimum duration of the surcharge load should be

6 months.
ESTIMATED
ESTIMATED
DRAWING STRUCTURE SURCHARGE | SURCHARGE
TITLE HEIGHT (FEET) TIME
(MONTHS)
YB Trans Building 3 7
Yard Control Tower 7 7
YC Car Wash Building 3 6
YD Blowdown Facility 3 8
Revenue Vehicle Maintenance Shop 3 10
YE Main Repair Bays 3 10
Storage Room 3 10
YF Car Cleaner’s Facility 3 6
YG Maintenance and Engineering Shops 4 5
YH NR Maintenance Shop 5 8
Mechanical and Engineering Office 6 8
Y] Revenue Processing Building Opt A Undetermined Undetermined
Revenue Processing Building Opt B Undetermined Undetermined
YK Inspection Pit 2 2
YL Window Replacement Platform 0 0
YL Turntable 5 6
YM Wheel Truing Facility 2 6
Gap Breaker, Facility Power, Yard
OTHER | Substation, Train Control Station, 3to5 6
Bulk Power/Switching Substation

The preliminary surcharge schedule proposed above could be shortened by installing closely-spaced
vertical permeable drains, or “wick drains”, that extend through the compressible clay layer.
Typically, the surcharge schedule could be reduced by 20 to 50 percent by installing wick drains
approximately 5 to 10 feet apart in a triangular pattern. Additional design-level recommendations
may be provided for the implementation of a wick-drain surcharge program as the design of

improvements progresses.

5.8.2 Settlement Monitoring. The actual surcharge duration will be determined by monitoring the
actual settlement over time. We recommend that a series of surveyed settlement monuments be

installed at locations selected by the Geotechnical Engineer. The monitoring points should be
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surveyed periodically during the placement of surcharge grades and thereafter until the desired
degree of settlement has been achieved as determined by the Geotechnical Engineer. All readings
of settlement monuments should be tied to bench marks established well beyond the zone of
surcharge influence. Construction of structures should be postponed until the majority of the
settlement has occurred.

5.8.3 Surcharge Test Section. Because of the significant costs associated with implementing a

surcharge program, we recommend that a surcharge test section be implemented. A footprint
approximately 50 by 50 feet could be surcharged with and without wick drains and the time rate of
settlement monitored to evaluate the effectiveness of surcharging. The fill should be placed and
settlement monitored as described above. The information collected from the test program would

aide in the development of the production surcharge program.

5.9 Graded Slopes

As stipulated in BFS, Civil, Standard Surface Parking, Section 3.2, side slopes shall be as flat as
available right-of-way permits. In any case, we recommend that permanent cut or fill slopes be
graded no steeper than a gradient of 2:1 (horizontal:vertical). Cut or fill slopes exceeding 10 feet
should be flattened to 3:1. Cut-fill transition slopes should be overexcavated and reconstructed as

engineered fill slopes.

All fill and reconstructed fill slopes should be adequately keyed into firm materials unaffected by
shrinkage cracks. Remedial grading measures may include location of keyways, location of swale

or keyway subdrains, and location of unsuitable soil removal.

5.10 Foundation Design

Based on our exploration and the proposed plans, the significant geotechnical issues are the
variable expansive nature of the on-site soils, consolidation settlement associated with the
underlying clayey soils, potential for earthquake-induced liquefaction and densification of sandy
soils and localized perched groundwater. In order to reduce the effects of potential for differential

movements, the foundations should be sufficiently stiff to move as rigid units. Considering these
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conditions and building loads typical for the structures, the following foundation systems are
appropriate for the proposed structures.

e Heavily loaded structures should be supported on structural mat or deep (piles or piers)
foundations.

e Light to moderately loaded structures should be supported on mat foundations or conventional
shallow foundations with a slab-on grade floor.

Based on discussions with the design team and with considerations on soil conditions, structural
loads, equipment sensitivity to differential movement, constructability and cost, conceptual
foundation types appropriate for each proposed structure are presented in the following table.

TOTAL PRELIMINARY SURCHARGE
DRTAI‘}/Y_IQ G STRUCTURE C?_%%Eg&%AL FOUTI\{(DP,E'IS'ION REQUIRED
(PSP) (YIN)
YB Trans Building 740 Mat Foundation Y
Yard Control Tower 1110 Mat Foundation Y
YC Car Wash Building 915 Mat Foundation Y
YD Blowdown Facility 790 Mat Foundation Y
Revenue Vehicle Maintenance Shop 1290 Pier / Pile Foundation Y
YE Main Repair Bays 730 Pier / Pile Foundation Y
Storage Room 2265 Pier / Pile Foundation Y
YF Car Cleaner’s Facility 645 Fogﬁgvggg(;g::ion Y
YG Maintenance and Engineering Shops 2030 Pier / Pile Foundation Y
YH NR Maintenance Shop 860 Pier / Pile Foundation Y
Mechanical and Engineering Office 1035 Mat Foundation Y
Y] Revenue Processing Building Opt A 490 Mat Foundation Y
Revenue Processing Building Opt B 565 Mat Foundation Y
YK Inspection Pit 125 Mat Foundation Y
YL Window Replacement Platform 735 Pier / Pile Foundation N
YL Turntable 475 Mat Foundation Y
YM Wheel Truing Facility 535 Pier / Pile Foundation Y
Gap Breaker, Facility Power, Yard
OTHER Substation, Train Control Station, 500 Mat Foundation Y
Bulk Power/Switching Substation
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Pending specific design-level explorations, building loads and locations, the preliminary foundation
type should be reviewed, and updated as appropriate. For preliminary design purposes, the
Structural Engineer can consider designing mat foundations as a conventionally reinforced
structural mat, stiffened rib mat or post-tensioned slab. In addition, drilled piers such as auger
cast-in-place piers and driven piles such as precast concrete piles, steel pipe piles and H-piles can be
designed for structures planned with a pier/pile foundation. Preliminary design criteria for each

foundation option are discussed in the following sections.

5.10.1 Conventionally Reinforced Structural Mat Foundations. Conventionally reinforced structural

mats should be designed for a 5-foot edge-cantilever distance and a 15-foot unsupported interior-span
distance. The structural mat should have a minimum thickness of 10 inches and be thickened an

additional 2 inches at the perimeter.

Mats should be reinforced with top and bottom steel as determined by the Structural Engineer to
provide structural continuity and permit spanning of local irregularities. Structurally reinforced
mats should be designed to accommodate a maximum differential movement of 1/600 of the
effective span without experiencing structural distress to the slabs or excessive deflections in the
framing and wall finishes. Structural mats should be designed for an allowable uniform soil
pressure of 1,000 pounds per square foot (psf) dead plus real live loads. This value may be
increased by 1/3 for total loads including wind and seismic. A modulus of subgrade reaction (k)
of 150 pounds per cubic inch (pci) for native undisturbed soils or compacted fill can be used in the
mat foundation design. The thickened edge of the mat should have a minimum width of
12 inches. The minimum backfill height of soil against the mat at the perimeter should be
6 inches. The resistance to lateral loads should be computed using a base friction factor of
0.35 acting between the bottom of the mat and subgrade.

5.10.2 Stiffened Rib Mat Foundations. Alternatively, a rib mat foundation system that utilizes a

structural slab stiffened with continuous strip footings may be used. The strip footings should have
a minimum width of 12 inches and extend at least 24 inches below the top of the slab.
The continuous footings should be designed by a Structural Engineer to be reinforced with top and
bottom steel to provide structural continuity and to permit spanning of local irregularities. Footings

should be designed to form a rigid grid and be reinforced to accommodate a differential movement
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of %2 inch over 20 feet. In addition, the Structural Engineer should consider designing the footing

reinforcement to limit excessive deflections in the framing and wall finishes.

Continuous footings should be designed for an allowable bearing pressure no greater than 2,000 psf
for dead plus real live loads; this value may be increased by one-third for total loads including wind
and seismic loads. A passive resistance pressure of 250 pounds per cubic foot (pcf), equivalent fluid
weight, may be used for design if the area in front of the footing is level for at least 10 feet. The
upper 1 foot of footing embedment should be neglected for passive resistance pressure. For
foundations located less than 10 feet from the edge of slopes (measured horizontally) passive
resistance should be neglected. A base friction factor of 0.35 may be used in the design. A
combination of both friction and passive pressure may be used if one of the values is reduced by
50 percent. A modulus of subgrade reaction of 150 pounds per cubic inch (pci) for native

undisturbed soils or compacted fill can be used in the mat foundation design.

Footings founded in expansive soils may be subjected to detrimental uplift forces along the sides of
the footings. To help reduce the potential for uplift pressures in expansive soils, we recommend that
all perimeter footings achieve bearing support a minimum of 24 inches below the lowest adjacent
grade and that any expansive soil in the upper 18 inches of the building pads be lime treated or
replaced with low to non-expansive soil with a Plasticity Index of 12 or less. Footing excavations

should be kept moist prior to placing foundation concrete.

5.10.3 Post-Tensioned Slab Foundations. Post-tensioned slabs should be designed according to the

method recommended in the Design and Construction of Post-Tensioned Slabs-on-Ground

(PTI,1996). Soil design criteria for the post-tensioned slab foundations are as follows:

Center Lift Condition

Edge Moisture Variation Distance, ey, = 5.0 feet
Differential Soil Movement, yn, = 2.9 inches

Edge Lift Condition

Edge Moisture Variation Distance, ey, = 4.0 feet
Differential Soil Movement, ym,= 1.3 inches
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The post-tensioned slab should be designed to impose a maximum allowable bearing pressure of
1,000 pounds per square foot (psf) for dead-plus-live loads. This value may be increased by
one-third when considering total loads including wind and seismic loads. A minimum slab
thickness of 10 inches is recommended. The perimeter should be thickened an additional
2 inches, and the minimum backfill height of soil against the slab at the perimeter should be
6 inches. The resistance to lateral loads should be computed using a base friction factor of

0.35 acting between the bottom of the mat and subgrade.

5.10.4 Conventional Footing Foundation. A shallow footing foundation system designed to

accommodate the anticipated load-induced and earthquake-induced values noted above could be

considered. The following provides preliminary design information:

Maximum Allowable Bearing Pressure: 2,000 pounds per square foot (psf) for
dead-plus-live loads. This value can be
increased by one-third to include seismic or
wind loads.

Minimum Depth of Footing: At least 24 inches below lowest adjacent soil
subgrade.

Geopiers may be constructed in conjunction with the shallow footing foundation if additional
bearing capacity is required. The following preliminary information can be used for geopiers

reinforced shallow footing design:

Maximum Allowable Bearing Pressure: 4,500 pounds per square foot (psf) for
dead-plus-live loads. This value can be
increased by one-third to include seismic or
wind loads.

Minimum Depth of Footing: At least 24 inches below lowest adjacent soil
subgrade.

5.11 Lateral Resistance

Resistance to lateral loads for structures supported on mat and conventional footing foundations
may be provided by frictional resistance between the foundation concrete and the subgrade soils,
and by passive earth pressure acting against the side of the foundation. A coefficient of friction
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of 0.35 can be used between concrete and the subgrade soils. Passive pressures of competent soil
material can be taken as equivalent to the pressure developed by a fluid having a weight of
250 pounds per cubic foot (pcf). A combination of both friction and passive pressure may be used

if one of the values is reduced by 50 percent.

Further discussion about proposed building loads and layouts and additional design-level
explorations should occur prior to preparation of foundation design information for the project

improvements.

5.12 Drilled Piers

Drilled piers such as auger cast-in-place concrete piers may be used to support the proposed
structures. The piers should be interconnected by grade beams or structural slabs. The construction
of deeper and larger diameter piers with a wider spacing and stiffer grade beams is preferred. We
also recommend extending the piers into firm, natural materials as determined by the Geotechnical

Engineer from the boring data and also from pier drilling during construction.

5.12.1 Vertical Loading. Drilled pier capacity will be derived from skin friction obtained between

the soil and concrete interface. Drilled pier design and construction criteria recommended are as

follows:

Pier diameter: Minimum of 16 inches or 5 percent of pier length, whichever
is greater.

Pier depth: Not less than 25 feet but they should extend through any
potentially liquefiable zone.

Pier load capacity: The allowable pier capacity may be determined using a side
friction of 500 psf, neglecting the upper 2 feet of pier
embedment.

Pier uplift capacity: The allowable pier uplift capacity may be determined using a

side friction of 350 psf plus the weight of the pier.

Typical single drilled pier capacities with appropriate factors of safety incorporated are provided in

the following table.
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PIER DIAMETER | EMBEDMENT | ULTIMATE VEF(*;:ESA)'— CAPACITY**
(INCHES) DEPTH (FEET) I =OMPRESSION | UPLIFT/TENSION

18 25 55 25

24 45 135 120

5 45 200 195

** A Factor of Safety of 3 is incorporated

The pier spacing should be determined from the load-bearing capacity of the piers; in no case
should it be less than three pier diameters on centers. Well-reinforced grade beams or a structural
slab should interconnect the foundation piers supporting bearing walls. Isolated piers may be used
to support floor loads and isolated point loads; however, the number of isolated piers should be kept

to a minimum.

5.12.2 Lateral Loading. Lateral loads such as wind and seismic loads can be resisted by passive

pressures generated below a depth of 5 feet. In general, passive resistance for drilled piers can be
estimated with an equivalent fluid weight of 250 pounds per cubic foot (pcf) acting on 2 times the
diameter may be used for the portions below a depth of 5 feet. The passive equivalent fluid pressure
is an allowable value and includes appropriate factors of safety. Typical lateral capacities of single

drilled piers with appropriate factors of safety incorporated are provided in the following table.

PIER DIAMETER | EMBEDMENT ULTIMATE LATERAL
(INCHES) DEPTH (FEET) CAPACITY** (KIPS)
18 25 15
24 45 40
36 45 60

** A Factor of Safety of 3 is incorporated

It should be noted that piers located on or within 15 feet of the top of slope should be designed to
resist lateral creep loads using a uniform pressure of 600 psf acting on 1% times the diameter against
the upper 5 feet of the pier.

At this time, final lateral loadings for individual structures are not available, and therefore, details for
pile design such as top of pier deflection, point of fixity and bending moment cannot be provided.
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Instead, preliminary soil criteria for the required variables used in the applied L-Pile program for
lateral pile analyses are provided based on information gathered during our exploration. A tabular

summary of the L-Pile soil parameters is presented below.

ggfg\'fv L-PILE EFFECTIVE
GROUND | GENERALIZED SOIL SOIL SOIL K e | 0 UNIT
SUREaCe | SOILPROFILE | CODE | STRENGTH | STRENGTH %) | WEIGHT
NO./TYPE (PCF)
(FT)
005 | Sy C'?I’ag‘/’ Sandy |5 oAy 2,000 psf 500 | 06 115
510 25 Silty Clay 1. CLAY 500 psf 30 2.0 40
251045 | ClYEY g'i'ltt’ sandy |7 gLt 20° 1,200 psf 60 | 10 45
45 t0 80 Silty Clay / 4. SAND 30° 3,500 psf 125 - 65
Gravelly Sand

The Structural Engineer should design the pier-and-grade-beam reinforcement. As a minimum, at
least two No. 5 rebar should extend the full length of each pier; at least four No. 5 rebar should be

used for piers located on or within 15 feet of the top of slope.

5.12.3 Pier Hole Drilling Considerations. Pier hole drilling should be done under the observation of

the Geotechnical Engineer or his qualified representative to confirm that the above
recommendations are being complied with and so that alternative action may be implemented when
subsurface conditions vary from those encountered in the borings. If refusal to drilling is
encountered, the Geotechnical Engineer, in consultation with the Structural Engineer, should
determine what measures, if any, need to be taken. Moreover, due to presences of granular soil
deposits below the groundwater table, casing may be required during construction to prevent caving

of such soils before concrete placement.

In order to minimize potential future pier settlements, all loose soil should be removed from the
bottom of pier holes prior to placing concrete. Pier holes should not be allowed to desiccate before
placing concrete. Depressions at the top of the piers resulting from drilling operations or from any
other cause should be backfilled to prevent ponding. Concrete collars occurring at the top of the

piers as a result of placing should be removed to prevent unnecessary uplift forces against the piers.
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5.12.4 Perimeter Grade Beam. We recommend that perimeter grade beams be underlain by a
3-inch-minimum void space. This may be achieved by the use of degradable material such as
Surevoid or equivalent material at least 3 inches thick provided between the bottom of the grade
beams and the ground. As an alternative to the recommended void space beneath grade beams, these
structural elements may rest upon grade provided they are designed to resist an upward swell
pressure of at least 2,500 pounds per square foot. All grade beams and structural slabs should be

reinforced to maximize their moment capacity, and designed by the Structural Engineer.

Foundation drainage should provide rapid removal of any water that may otherwise tend to flow
under the building, as discussed in the subsequent sections of this report. In addition, it is
recommended that at least 12 inches of soil be placed and compacted on the outside of the grade
beam or structural slabs and sloped away from the foundation at right angles to provide for rapid

removal of surface water runoff.

5.13Driven Pile Foundations

5.13.1 Vertical Loading. As an alternative to drilled piers, the more heavily loaded structures may

be supported on driven, precast, prestressed concrete piles tied together with grade-beams and/or a
structural floor. The pile capacity will be derived from a combination of friction and end bearing in
the underlying dense silty and clayey sand. We estimate that approximately 50- to 60-foot-long, 12-
and 14-inch-square, prestressed concrete piles can achieve an ultimate capacity of 90 to 110 tons,
respectively. A factor of safety of 2.0 should be used to estimate dead plus live load capacity.
Similarly, a factor of safety of 1.5 should be used to estimate the pile capacity for all loads including
seismic. Pile spacing should be not less than 3 times the pile diameter, center-to-center. The
uplift capacity of the piles may be determined using 80 percent of the total vertical downward

capacity.

5.13.2 Lateral Loading. Lateral resistance to wind and seismic loads can be developed by passive

pressure on the soil against the pile caps and grade beams, as well as by bending resistance of the pile
foundation. The passive resistance may be assumed as an equivalent fluid pressure of 250 pounds
per cubic foot (pcf) acting on two pile widths. The passive equivalent fluid pressure is an allowable

value and includes appropriate factors of safety. At this time, final lateral loadings for individual
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structures are not available, and therefore, details for pile design such as top of pier deflection, point
of fixity and bending moment cannot be provided. Preliminary soil criteria for the required variables
used in the applied L-Pile program for lateral pile analyses were provided in Section 5.12.2. The

Structural Engineer may use the L-Pile program to design lateral pile conditions.

The foundations should be designed by a licensed Structural Engineer. Once details regarding the
structural designs of the buildings have been determined, the project Geotechnical Engineer should
review such designs for appropriate changes and/or modifications to these preliminary foundation
recommendations as deemed necessary. Since the structures that may require deep foundations are
not know at this time, additional test borings may be required to evaluate subsurface conditions at

pile locations.

5.13.3 Pile Driving. The design pile capacity will be achieved through a combination of adhesion

between the pile and soil and end-bearing. In any case, the piles should have a minimum depth of
penetration of 45 feet and terminate in the dense sandy soils as documented by driving resistance.
The piles should be installed within the alignment and depth tolerances specified by the structural
engineer. We recommend pre-drilling through the upper soil to aid the alignment and installation
process, and to reduce the tendency to damage piles when driving from hard material into a soft
layer. Pre-drilling should not extend below a depth of 5 feet. The pre-drilling hole area should not
exceed 80 percent of the cross-sectional area of the pile. For 12- and 14-inch-square piles, the auger
diameters should not exceed 12 inches and 14 inches in diameter, respectively. Pile driving should
be continuous, as interruptions for extended periods of time may allow the pile to set up and result
in harder pile driving resistance to reach design tip elevations. High driving resistance may be
encountered as the pile advances through layers of dense sandy granular soil at depth. In no case

should jetting be used to advance the piles since loss of frictional support would result.

The contractor should select pile driving equipment that is capable of delivering driving energy at
least equivalent to that of a Delmag D-30 hammer. For this equivalent hammer energy, we
anticipate a penetration resistance (blow count) of approximately 30 to 40 blows per foot for piles
that achieve end bearing in the dense silty clayey sandy soils at the site. The driving resistance will
vary between individual piles, and depend on many factors including the type of hammer, hammer

cap, hammer efficiency and subsurface conditions. The final pile capacity will develop after driving
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as a result of soil setup and dissipation of excess pore water pressures. The gain in pile capacity as a
result of these conditions may be evaluated based on re-driving the pile a minimum of 24 hours after

the initial driving.

5.13.4 Indicator Piles. We recommend that indicator piles be driven to assist in establishing the

final pile driving criteria, estimate final pile lengths, assist in identifying driving issues prior to
ordering and casting the final production piles. The number of indicator piles and their locations
should be determined in consultation with the Structural Engineer and other design team members.
The use of a Pile Driving Analyzer during the indicator pile program along with re-driving the piles
a minimum of 24 hours after initial driving will assist in evaluating driving stresses and the effects
of soil setup on pile capacity. The indicator piles should be driven with the same equipment that
will be used to drive the production piles. The indicator piles may be used as production piles if
they are driven at production pile locations. We recommend that the project Geotechnical Engineer
be retained to observe both the indicator and production pile driving operation and record the

driving resistance and tip elevations obtained.

5.14 Subgrade Treatment for Slab-on Grade Floors

According to the test results, the on-site clayey soil is expected to be moderately to highly
expansive. Because of this and the fact that slab-on-grade construction is desired, we recommend
that the building pad and an area extending 5 feet out from the building perimeters or to the adjacent
curb where walkways are planned, include a layer of low expansive fill or lime-treated soil at least
18 inches thick below slab subgrade levels. Recommendations for these two treatments are

provided below.

5.14.1 Alternative | - Lime Treatment. In order to reduce the expansive nature of the site soil below

the proposed building and other improvements, the subgrade soils within these areas can be lime
treated to a minimum depth of 18 inches. The lime mix should consist of 3 to 5 percent lime and
should be approved by the Geotechnical Engineer. Prior to lime treatment of the subgrade soils,
chemical testing should be performed to determine the suitability of lime treatment and the actual

percentage of lime required.
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After mixing, the lime-soil mixture should be allowed to fully hydrate for a period of at least
24 hours prior to compaction. The treated subgrade should then be compacted to the compaction
requirement as listed below to create a non-yielding surface. Mixing and compaction should not
occur during a period of rain. Measures should also be taken to avoid ponding of surface water on

the building subgrade.

5.14.2 Alternative 11 - Low-Expansive Select Fill. Placement of an 18-inch-thick layer of a select

material consisting of low swell potential import soil is also feasible. The import soil should

comply with the specifications provided in the BFS.

The following are compaction control requirements for the lime-treated soil material or select
import material:
Test Procedures: ASTM D-1557-78.

Required Moisture Content: Not less than 2 percentage points above
optimum moisture content.

Minimum Relative Compaction: Not less than 90 percent. Not less than
95 percent in the upper 6 inches.

It is important that all site preparation, including stripping, is done under the observation of the
Geotechnical Engineer’s field representative and should be carried out according to the

requirements contained in the BFS.

5.14.3 Structural Mat/Post-Tensioned Slab Subgrade Preparation. The subgrade material under

structural mats or post-tensioned slabs should be uniform and properly moisturized. The subgrade
soil should be moisture conditioned to at least 4 percentage points above optimum moisture content.
The subgrade should be thoroughly soaked prior to placing the concrete and should not be allowed
to dry prior to concrete placement.

Where floor coverings are anticipated, we recommend that the concrete be underlain by a tough,
water vapor retarding membrane that meets ASTM E 1745 — 97 Class A requirements for water
vapor permeance, tensile strength, and puncture resistance. This membrane may be protected from

damage during construction by overlying a 2-inch-thick layer of sand, if recommended by others
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(architect, structural, etc.). Foundation subgrade soils should be protected from seepage by
providing impermeable plugs within utility trenches as described in the "Utilities” section of this

report.

5.15 Slab-On-Grade Construction

It is our understanding that concrete slabs will be used for support vehicle parking and/or
commercial floors above the groundwater level at street grade level. If the potential for a damp slab
is undesirable, or if moisture sensitive floor coverings are proposed, it is recommended to use a
vapor retarder beneath the slabs-on-grade. Accordingly, concrete slabs can be constructed on grade

utilizing the following design guidelines:

a. Concrete slabs should be at least 5 inches thick, depending on intended use, and reinforced with
at least No. 4 bars spaced 18 inches on center each way. Actual slab reinforcing should be
designed by the Structural Engineer. The slab-on-grade should be placed on a capillary break
consisting of 6 inches of % inch clean crushed rock. Class 2 aggregate base should not be used
as a capillary break. However, for slabs to receive vehicle loads, where moisture migration is
not a consideration, the clean crushed rock may be replaced with Class 2 aggregate base.

b. The Structural Engineer should consider using a tough, vapor retarding membrane that meets
ASTM E 1745 - 97 Class A requirements for water vapor permeance, tensile strength, and
puncture resistance. This membrane may be protected from damage during construction by
overlying a 2-inch-thick layer of sand, if recommended by others (architect, structural, etc.).

c. A modulus of subgrade reaction of 150 pounds per square inch (psi) per inch of deflection for
site soils can be used in the slab design.

The use of high strength concrete with a low water-cement ratio will also assist in reducing the
potential for vapor transmission through the slab.

Some cracking of the slabs-on-grade should be anticipated at the site as a result of concrete
shrinkage. Frequent control joints should be provided to control the cracking. As a general
guideline, control joints can be 20 feet apart. Added steel or slab thickness would also serve to
improve the performance of the slabs.
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5.16 Retaining and Foundation Walls

We anticipate the use of retaining walls at various locations within the site including loading docks,
maintenance pits, and along the tracks where they transition from below grade to above grade.

Retaining walls may be designed for the following equivalent fluid pressures (static case):

BACKEILL SLOPE EQUIVALENT FLUID PRESSURES (PCF)
CONDITION ACTIVE RESTRAINED
CONDITION (FOUNDATION AT-REST)
Level 50 70
4:1 60 75
3:1 70 80
2:1 80 90

Passive pressures acting on foundations may be assumed as 250 pounds per cubic foot (pcf)
provided that the area in front of the retaining wall is level for a distance of at least 10 feet or
three times the depth of foundation and keyway, whichever is greater. The upper one foot of
soil should be excluded from passive pressure computations unless it is confined by pavement

or concrete slab.

Retaining walls should be provided with drainage facilities to prevent the build-up of hydrostatic
pressures behind the walls. Alternatively, the walls should be waterproofed and designed to resist

hydrostatic pressures acting on the entire wall height.

Wall drainage may be provided using a 4-inch-diameter perforated pipe embedded in
Class 2 permeable material (Caltrans Standard Specifications), or free-draining gravel surrounded
by synthetic filter fabric. The width of the drain blanket should be at least 12 inches and the drain
blanket should extend to about one foot below the finished grades. As an alternative, prefabricated
synthetic wall drain panels can be used. The upper one foot of wall backfill should consist of
compacted site soil. Drainage should be collected by pipes and directed to an outlet approved by the

Civil Engineer. Synthetic filter fabric should meet the minimum requirement listed in the BFS.
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All backfill should be placed in accordance with recommendations provided above for engineered
fill.  Light equipment should be used during backfill compaction to minimize possible

overstressing of the walls.

5.16.1 Seismic Design Considerations. Should the design height of a retaining or foundation wall

exceed 12 feet, seismic conditions need to be considered on the design of a retaining wall
(California Building Code, Section 1611A.6, 2001). Under seismic conditions, the incremental

seismic force along the face of a retaining wall should be calculated as follows:

AP =17xH?

H is the design height of the wall (in feet) and AP is the incremental seismic force in pounds per
foot of wall. This force has a horizontal direction and should be applied at 0.6 x H from the base of

the wall.

Alternatively, it is acceptable to use Mononobe and Okabe relationships in the design of retaining
walls to resist seismic loading. The required parameters will depend on the wall geometry and soil
conditions at the wall location. The seismic input can be obtained from the HMM/Bechtel Tunnel
Segment Preliminary Engineering Services Report on Seismic Ground Motions dated
December 20, 2004.

5.16.2 Surcharge Considerations. The effect of any surcharge (dead or live load) should be added to

the preceding lateral earth pressures. It is common to assume a minimum live load surcharge
pressure equal to, but not less than, two feet of the earth when traffic can come within a horizontal
distance from the top of the structure equal to one half its height. A coefficient of 0.40 may be used
to determine the additional earth pressure resulting from the surcharge for the active condition.
Respectively, a coefficient of 0.60 may be used to determine the additional earth pressure resulting
from the surcharge for the at-rest condition. These loads should be evaluated once wall locations
and heights are defined.

Rev. 0: 5/24/06 5-22



Silicon Valley Rapid Transit Project —Yard & Shops Segment
P0504-D400-RPT-DE-008 Geotechnical Report

5.17 Excavations and Lateral Support Systems

Grading and construction activities will result in a retained cut structure of variable height near the
portal and the mainline alignment underneath the existing UPRR near De La Cruz Boulevard.
These excavations may require temporary lateral support. Based on site grades, we have assumed at
this time that retained excavations up to approximately 20 feet deep may be required.

Groundwater will likely be encountered at increased depths or perched water conditions will be
encountered, which may require dewatering. The contractor should be aware of such conditions and
plan to mitigate them in the construction program (see “Construction Dewatering” section of this
report).

For planning purposes, excavations can be made using open cuts with temporary slopes at
approximately 1:1 (horizontal:vertical) provided the groundwater level is lowered to a minimum of
3 feet below the bottom of the excavation. Stockpiles of soil and equipment should be kept back
from the top of the excavation slope a distance equal to the depth of the excavation but in no case

closer than 5 feet. Otherwise, temporary shoring should be used for the excavation.

5.17.1 Temporary Shoring. Temporary shoring may be required to facilitate site construction.
Shoring is used to protect the integrity of an excavation by keeping soil adjacent to the excavation
from entering the excavation. This is commonly accomplished with a cantilever soldier pile and
lagging system. Piles are installed in a row along the lateral extent of the proposed excavation to a
depth below the lowest anticipated excavation depth that will provide sufficient lateral support to
the pile. The piles are driven or installed in a drilled hole that is backfilled with concrete. Lagging
is applied as necessary between the soldier piles to prevent soil from passing between the piles into
the excavation. Depending on the design, excavations that extend deeper than about 12 feet may
require tie-back anchors.

If it is preferable to install the soldier piles in drill