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Parikh Consultants performed laboratory tests on basic index properties, including moisture 
content/dry density tests, Atterberg limits tests, gradation analyses, hydrometer tests, unconfined 
compression tests and laboratory minivane tests.  Appendix 12 presents the results of these tests.  
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7/26/2005

Boring Station 

Depth (ft) (ft) R/L Type Qty

BH-56 42.5 566+11 42 L Portal -

BH-57 42.5 569+16 18 L Tunnel VS 2

BH-01 61.5 574+05 13 L Tunnel VS 3

BH-02 75.0 578+07 23 R Tunnel PM 4

BH-03 90.0 581+81 14 L Tunnel

BH-04 91.5 590+51 10 L Tunnel VS 1

BH-05 92.5 598+17 55 R Tunnel -

BH-06 82.5 599+61 28 R Tunnel PM 5

BH-58 151.5 600+32 53 R Station

BH-59 200.5 602+37 146 L Station

BH-60 152.2 604+20 61 L Station PM 11

BH-61 151.5 605+84 41 L Station VS 12

BH-62 151.0 607+05 47 L Station -

BH-63 151.5 607+67 16 R Station VS 7

BH-07 86.0 609+41 9 R Tunnel VS 2

BH-08 91.0 615+75 64 R Tunnel PM 6

BH-09 101.5 619+92 26 L Tunnel -

BH-10 105.5 624+91 14 L Tunnel VS 1

BH-11 110.0 627+54 14 L Tunnel

BH-12 121.5 634+69 13 L Tunnel VS 1

BH-13 131.5 640+81 13 L Tunnel PM 3

BH-14 127.0 642+52 15 L Tunnel -

BH-15 128.0 645+69 97 L Tunnel

BH-16 116.5 650+33 25 L Tunnel VS 0

BH-17 107.5 654+44 24 L Tunnel -

BH-18 100.5 660+03 24 L Tunnel PM 3

BH-19 91.5 666+26 23 L Tunnel VS 1

BH-20 91.5 669+80 24 L Tunnel

BH-21 80.0 675+49 86 R Tunnel VS 2

BH-50 150.5 681+71 5 L Tunnel VS 3

BH-52 150.5 684+09 6 L Tunnel

BH-53 149.0 685+43 17 L Tunnel PM 3

BH-54 121.5 687+16 10 L Tunnel VS 3

BH-55 150.0 688+35 11 L Tunnel PM 2

BH-23 130.5 690+03 74 R Crossover VS 4

BH-64 141.5 691+93 30 L Crossover PM 5

BH-24 151.0 694+52 31 L Crossover

BH-65 149.0 695+58 16 L Crossover PM 7

BH-77 137.5 698+34 16 L Crossover VS 4

BH-25 150.0 701+55 2 R Station PM 13

BH-66 130.0 702+51 29 L Station VS 3

BH-68 216.0 703+72 69 R Station

BH-70 146.5 706+78 47 L Station

BH-71 148.0 707+62 18 L Station PM 6

BH-72 162.5 709+40 22 L Station VS 5

BH-26 157.5 710+66 19 L Station -

BH-27 140.5 715+01 131 L Tunnel -

BH-28 150.0 720+23 48 R Tunnel -

BH-29 112.5 723+89 29 R Tunnel VS 1

BH-30 110.5 728+02 31 R Tunnel -

BH-31 100.0 731+55 10 L Tunnel PM 4

BH-32 92.5 733+31 38 L Tunnel -

-

9.5, 34.5 & 40.5

-

-

-

- Continuous Sampling (10' to 70')

-

-

-

30', 80' & 160'  (Piezometer at 30' 

depth in separate hole)

23.5, 25, 43.5, 45, 63.5 & 65

 Continuous Sampling (10' to 70')

23.5, 25, 53, 54.5 & 74

21, 23, 48, 50, 74, 76, 105.5, 107, 113, 114.5, 127.5, 129, 148.5 & 150

18, 20, 22, 43 & 45

-

Table A12-1

Offset

Exploratory Borehole & In-Situ Test Program

  East Portal to Alum Rock Station

39, 50, 58.5 & 60

Silicon Valley Rapid Transit (SVRT) Project

25' & 52'

20' & 52'

-

San Jose, California

 Continuous Sampling (50' to 110')

 P/S Suspension Logging to 200' 

 Continuous Sampling (30' to 90')

Vib. Wire PiezometersIn-Situ Tests

Depth (ft)

  Alum Rock Station

  Alum Rock Station to Crossover/Downtown Station

  Crossover/Downtown Station

-

-

-

14.1, 19.1, 24.2 & 39.1

15.5, 21.5 & 44

-

-

 Continuous Sampling (10' to 70')

88.5

-

-

-

-

  Crossover/Downtown Station to Diridon Station

30' & 60'

30' & 90'

30.5' & 100.5'93.5, 114.5 & 116 

 Continuous Sampling (70' to 128')

45

40 & 50

-

-

-

Soil resistance higher than vane shear capacity

74.5, 76 & 86

-

13.5, 15.5, 23.5, 34.5, 36.5, 49.5 & 51.5 81'

Tunnel Segment

9.5 & 29.5

20, 30 & 40

& Standpipe Wells

-

-

-

45

9, 11, 19.5, 21.5, 30, 32, 39.5, 41.5, 49.5, 51.5, 64.5, 66.5

 Continuous Sampling (5' to 70') 30.5'

 P/S Suspension Logging to 200' 

44, 46, 53.5, 63.5 & 65 -

Standpipe Well to 217'

13, 15, 28, 33.5, 35, 43.5, 45, 73.5, 75, 97.5, 99

-

55

50 -

45 & 54.3

53, 54.5, 63, 64.5, 73.5 & 75 

-

-

30' & 75'

24, 34 & 48

 Continuous Sampling (30' to 90')

14.6, 17.1, 38.5 & 44.6

13, 15, 38, 40, 54, 111.5, & 113

-

-

-25 & 45

25, 45 & 55

30' & 60'72.5, 74, 82.5 & 84

Exploration Structure

Exploratory Borehole & In-Situ Test Program (A12-1_final_07262005).xls Page 1



7/26/2005

Boring Station 

Depth (ft) (ft) R/L Type Qty

Table A12-1

Offset

Exploratory Borehole & In-Situ Test Program

Silicon Valley Rapid Transit (SVRT) Project

San Jose, California

Vib. Wire PiezometersIn-Situ Tests

Depth (ft)

Tunnel Segment

& Standpipe Wells
Exploration Structure

BH-33 150.8 735+14 52 L Station PM 12

BH-73 150.5 736+58 41 L Station VS 5

BH-74 150.5 738+28 32 R Station

BH-75 200.5 739+52 45 R Station -

BH-76 152.5 741+02 70 R Station PM 9

BH-34 150.8 744+65 79 R Station VS 8

BH-35 78.0 750+49 77 R Tunnel

BH-36 81.0 755+33 101 R Tunnel -

BH-37 82.5 760+60 53 L Tunnel VS 2

BH-38 95.5 765+24 5 L Tunnel PM 4

BH-39 96.0 768+77 17 R Tunnel VS 0

BH-40 68.5 775+76 75 L Tunnel

BH-41 60.0 781+35 12 L Tunnel VS 3

BH-79 216.0 782+50 17 L Tunnel/Vent Shaft

BH-42 62.5 785+37 19 L Tunnel PM 6

BH-43 60.0 789+72 20 L Tunnel

BH-80 100.0 794+39 112 L Tunnel -

BH-44 61.5 798+28 20 L Tunnel VS 2

BH-45 85.5 802+44 26 L Tunnel PM 4

BH-46 60.0 809+36 9 L Tunnel

BH-47 61.5 813+52 52 L Tunnel VS 2

BH-48 86.5 818+34 15 R Tunnel PM 6

BH-49 77.5 824+28 66 L Tunnel -

BH-78 80.8 831+41 15 L Portal -

Note: Stations and offsets based on the April 2005, S1 track alignment.

Borings

24

52

A.  Sampling Schedule for Tunnel Borings :

Sampling for tunnel borings focused on the 60' tunnel zone (20' above crown to 20' below invert of the 20' diameter tunnel). 

B.  Sampling Schedule for Stations and Crossover :  

C.  Continuous Sampling :  

D.  Vane Shear Borings :  

E.  Pressuremeter Borings:  

F.  Downhole Logging :  

GEOVision Geophysical Services performed P/S suspension logging in borings at BH-59, BH-68 and 79. 

G.  Noise and Vibration Testing :  

Noise and vibration tests were performed at BH-03, BH-10, BH-15, BH-19, BH-23, BH-27, BH-35, BH-40 and BH-46

Summary

7

 Continuous Sampling (10' to 69')

 Continuous Sampling (5' to 60')

 Continuous Sampling (5' to 60')

 P/S Suspension Logging to 200' 

50, 58.5, 60 & 70

Vane Shear TestingContinuous Sampling Pressuremeter Testing

12

8

17

Stations & Crossover

Tunnel 12

4

9

2

1

Piezometer/Well Borings

-

47'

-

-

-

20' & 40'

-

7

  Diridon Station
13, 15, 23, 25, 43.5, 45, 74.5, 76, 88.5, 90, 113.5 & 115

43.5, 51, 65 & 80

Downhole Logging

 Continuous Sampling (10' to 70')

  Diridon Station to West Portal
 Continuous Sampling (20' to 78')

9.7, 11.5, 19.5, 21.5 & 23.5

Standpipe Well to 200'

30'

14.5, 16.5, 24.5, 26.5, 34.7, 44.5, 46.5 & 54.5

13, 15, 25, 43.5, 45, 73.5, 75, 93.5 & 95 105'

19.5, 29.5 & 34.5

20.5' & 60.5'42.5 & 52.5

-

Soil resistance higher than vane shear capacity

-

30.5, 32.5, 48.5, 50, 58.5 & 60

23, 25, 33, 35, 43 & 44.5 

35.5', 75.5' & 118.5'

20 & 30 -

Pressuremeter tests were performed by Hughes Insitu Engineering Inc.  Both "pre-bored" and "self-boring" pressuremeter tests were conducted.  A top-drive drill 

rig was used for self-boring pressuremeter tests.  In hard soils and gravelly soils, only the "pre-bored" type pressuremeter tests could be conducted.  Along the 

tunnel alignment, pressuremeter testing was typically attempted at the tunnel crown, center and invert.  Pressuremeter tests were performed at specified depths 

of the station borings.

Stations and crossover borings were drilled to approx. 150' depth in general.  Shelby tubes or Pitcher barrels were taken in cohesive soils, and SPT sampler (2" 

O.D. & 1.4" I.D.) or Modified California sampler (3" O.D. & 2.43" I.D.) were typically taken in granular soils.

Continuous Pitcher Barrel or Shelby Tube samples (in cohesive soils) and driven SPT or MC samples (in granular soils) were taken throughout the 60' tunnel 

zone at specified tunnel boring locations.  Continuous Pitcher Barrel or Shelby Tube samples (in cohesive soils) and driven SPT or MC samples (in granular 

soils) were taken from 10' to 70' at specified station boring locations.  

Vane Shear tests were performed using Geonor H-10 Vane Borer equipment.  Vane shear tests were not planned in granular soils and clay soils where the 

strength exceeded the equipment capacity (2.1 ksf).  Along the tunnel alignment, vane shear testing was typically attempted at the tunnel crown, center and 

invert.  Vane Shear tests were performed at specified depths of the station borings.

22 & 24.5 20' & 40'

Exploratory Borehole & In-Situ Test Program (A12-1_final_07262005).xls Page 2
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Appendix 13 presents the laboratory results of the Constant Rate of Strain (CRS) Consolidation 
tests performed by Fugro.
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Dear Mr. Arango: 

Fugro West, Inc., is pleased to submit this copy of “Appendix 13 - Constant Rate of 

Strain Consolidation Test Results,” presenting the results of the Constant Rate of Strain 

consolidation tests, conducted by the geotechnical laboratory of Fugro Consultants LP in 

Houston, Texas, for the Tunnel Segment of SVRT Project in San Jose, California. 

We appreciate this opportunity to be of continued service to HMM/Bechtel.  Please 

contact Jon Mitchell at (510) 267-4430 if you have any questions regarding the information 

presented in this appendix. 
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FUGRO WEST, INC. 

Linda Al Atik 

Staff Engineer  

Jon W. Mitchell 

Staff Engineer 

Ronald L. Bajuniemi, P.E., G.E. 
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1.0 INTRODUCTION 

This appendix presents the results of the Constant Rate of Strain (CRS) consolidation 

tests conducted by the geotechnical laboratory of Fugro Consultants LP, of Houston, Texas, 

(Fugro Consultants) as a part of the advanced laboratory testing program for the Tunnel 

Segment of SVRT Project.  The CRS consolidation tests were conducted on soil samples from 

boring locations situated along the tunnel segment alignment of the Silicon Valley Rapid Transit 

(SVRT) Project, as shown on the Boring Location Map, Figure A13-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT  

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments:  

1) A line segment that will be approximately 11.5 miles of at-grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A13-1). 

As currently planned, the tunnel segment includes at-grade and open cut track, three 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and-cover 

stations and the crossover structures have a cumulative length of approximately 4,970 feet.  

The remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) is providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included: Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that will aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigations explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 rotary wash borings, and 

• 146 cone penetration tests (CPTS). 

Figure A13-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) data requirements of the 

tunnel designer, 2) location of existing geotechnical data, 3) avoidance of private property, and 

4) avoidance of existing underground and overhead utilities.  For CPT correlation purposes, 

approximately 16 sets of borings and CPTs were conducted within 15 feet of each other. 

The boring investigation program was conducted by the two companies, Parikh and 

Pitcher.  The investigation included soil sampling and in situ testing.  Soil sampling consisted of 

Pitcher Barrel sampling, Shelby tube sampling, SPT sampling and California sampling.  The in 

situ testing conducted in the borings consisted of field vane shear testing, pressuremeter 

testing, downhole geophysical logging, and piezometer installation.  For further details regarding 

the boring investigation program and results, please refer to the main report.   

1.3 LABORATORY TESTING PROGRAM OVERVIEW 

1.3.1 Testing Overview 

The geotechnical laboratory of Fugro Consultants conducted the advanced laboratory 

testing program for the Tunnel Segment of SVRT Project. This program was conducted on 

samples provided by Parikh from soil borings located along the tunnel segment. Table A13-1, 

below, summarizes the numbers and types of different tests conducted.  The purpose of this 

advanced laboratory testing program was to determine selected index and engineering 

properties of the sampled soils. This appendix provides a detailed description for the constant 

rate of strain CRS consolidation tests along with a summary of the interpreted parameters. 

Table A13-1.  Summary of Advanced Laboratory Testing Program 

Test Description Number of Tests 

Constant Rate of Strain (CRS) Consolidation 37 

Static Direct Simple Shear 15 

K0-Consolidated Undrained Triaxial Compression 20 

K0-Consolidated Undrained Triaxial Extension 16 

K0-Consolidated Bishop’s Procedure 12 

Isotropically-Consolidated Drained Triaxial Compression 30 
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1.3.2 Program Description 

The physical properties of the soils tested during the advanced laboratory testing 

program are separated into two categories - index and engineering. The index properties 

include items such as water content, specific gravity, unit weight, void ratio, and degree of 

saturation. The engineering properties would include items such as compressibility 

(consolidation), strength, and hydraulic conductivity (permeability). The advanced tests 

conducted as part of this laboratory testing program are discussed in more detail below. 

• Constant Rate of Strain (CRS) Consolidation tests were conducted to determine 

the rate and magnitude of soil consolidation as well as stress history for a soil 

sample that is restrained laterally and drained axially. The one-dimensional 

consolidation tests typically involved constant rate-of-loading, one unload-reload 

cycle, and one rebound stage from the maximum applied stress. Detailed discussion 

of the CRS consolidation tests is provided in Appendix 13 (this appendix). 

• Static Direct Simple Shear (DSS) tests were conducted to measure constant 

volume (undrained) shear strength and stress-strain characteristics of cohesive soils 

after one-dimensional consolidation using a constant rate of simple shear 

deformation. Detailed discussion of the DSS tests is provided in Appendix 14. 

• Isotropically Consolidated Drained Triaxial (CDTX) tests were conducted to 

evaluate the drained strength characteristics, such as friction angle and stress-strain 

relationship of the soils encountered in the borings.  For detailed discussion of the 

consolidated drained triaxial tests, refer to Appendix 15. 

• K0-Consolidated Undrained Triaxial Compression and Extension (CK0UC & 

CK0UE) tests were conducted to estimate the static strength parameters and stress-

strain characteristics of fine-grained soils under a range of confining stresses and 

overconsolidation ratios (OCRs).  In K0-consolidated test, the sample was 

consolidated under drained conditions to the assigned vertical stress while 

maintaining a constant diameter of the cylindrical specimen (the horizontal confining 

stress was automatically adjusted to maintain the constant diameter).  For detailed 

discussion of the K0 triaxial compression and extension tests, refer to Appendix 16. 

• K0 Bishop’s Procedure Triaxial tests were conducted to determine the at-rest 

lateral earth pressure coefficient (K0) as a function of the overconsolidation ratio 

(OCR). For detailed discussion of the K0 Bishop’s tests, refer to Appendix 17. 

The scope of the advanced laboratory testing program also included the x-raying of 

assigned soil samples. Discussion of the x-ray testing procedures and a summary of results are 

provided in Section 2.0 of Appendix 13 (this appendix), with x-ray images shown in Appendix 

20. 

1.3.3 Sample Recovery and Handling 

Soil sampling was conducted by Parikh at intervals typically ranging from 5 to 10 feet, in 

accordance with the project specifications.  Upon sample recovery, undisturbed portions of the 
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soil sample tubes were sealed and transported to Parikh’s lab. For further details regarding 

sample recovery and handling, refer to the main report.  

Soil samples assigned for advanced laboratory testing were transported in wooden 

Shelby tube holders, designed to maintain the tubes’ vertical orientation during transit to Fugro’s 

laboratory in Oakland.  The samples where then packed in specially-fabricated, padded 

containers designed to minimize disturbance and maintain an upright (vertical) orientation of the 

samples during shipping.  The samples were finally shipped to the Fugro Consultants’ 

geotechnical laboratory for testing. 

1.3.4 Constant Rate of Strain Consolidation Test Overview 

The Fugro Consultants’ geotechnical laboratory conducted CRS consolidation tests on 

37 soil samples, as assigned by HMM/Bechtel. These tests involved constant rate-of-strain 

loading and, typically, one unload-reload cycle and one rebound stage of the soil samples. The 

CRS consolidation tests are conducted to determine the rate and magnitude of soil 

consolidation, as well as stress history for a soil sample that is restrained laterally, and drained 

and loaded axially.  The primary output of the CRS consolidation tests includes load versus 

strain and coefficient of consolidation data. The compressibility-related parameters of interest 

that are typically obtained from CRS consolidation tests are the compression (Ccε), 

recompression (Crε) and swelling ratios (Csε).  These ratios are used to estimate the magnitude 

of consolidation settlements, and are determined from the plots of strain versus log of pressure.  

The rate of consolidation is characterized by the coefficient of consolidation (cv), which is 

estimated from the time rate of consolidation data.  In addition, consolidation test data can be 

used to estimate the preconsolidation stress.  The preconsolidation stress is a measure of the 

maximum past consolidation pressure that the soil was subjected to.  The results of the CRS 

consolidation tests may be used to estimate one-dimensional consolidation settlement and 

rates. 

2.0 X-RAY TEST PROCEDURES AND RESULTS 

2.1 OVERVIEW 

Fugro Consultants conducted 68 x-ray tests on soil samples assigned by HMM/Bechtel, 

in general accordance with ASTM D4452, Standard Test Methods for X-Ray Radiography of 

Soil Samples. X-ray radiography provides a qualitative measure of the internal structure of the 

sample’s content, as displayed by the varying shades of gray resulting from variations in the soil 

sample. These varying shades of gray enable one to evaluate items such as the following: 

• Sample quality as noted by signs of voids, drilling wash, separations in the soil 

caused by gas expansion, unusual changes in bedding planes or layering; 

• The presence of inclusions in the sample, such as shells and/or calcareous nodules; 

and 

• The presence of naturally occurring fissures, bedding planes, voids, layering, gravel, 

and silts seams. 
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Results of the x-ray tests are used to help select appropriate and relatively undisturbed 

soil specimen for the different types of laboratory testing.  

2.2 PROCEDURE 

In accordance with ASTM D4452, x-rayed soil samples were viewed in a slightly 

darkened room. Information regarding the tested sample was recorded on the laboratory’s tube 

log sheet. 

All pertinent project information, including project number, boring, sample, and depth, 

was recorded on the tube log sheet along with the technician’s interpretation of the test. The 

location of the sub samples, also known as “specimen,” was marked on the tube log sheet. 

Subsequent technicians making tube cuts used the tube log sheet to pick up their specimen for 

advanced testing. 

2.3 RESULTS AND LIMITATIONS 

Results obtained from the x-ray tests performed are summarized in Table A13-2. Table 

A13-2 displays information related to the sample and boring numbers, the depth of the soil 

sample, the length of the material tested, the available testing material and a soil description.  

X-ray tests involve some degree of uncertainty. The interpretation of the radiographs is 

dependent upon the quality of the radiograph and the amount of experience the technician has 

in performing these interpretations. 

3.0 CRS CONSOLIDATION TEST PROCEDURES  

3.1 INTRODUCTION 

Thirty-seven CRS consolidation tests were performed in general accordance with ASTM 

Test Method D 4186 – 89 (1998) using an updated consolidometer and testing methodology. 

CRS consolidation tests include loading at a constant rate-of-deformation while monitoring axial 

deformation, axial force, and pore water pressure transducers using a data acquisition-control 

loading system. One unload-reload cycle was achieved for each soil sample and then a rebound 

stage from the maximum applied stress was performed.  

3.2 TEST STANDARDS AND PROCEDURES 

CRS consolidation tests were performed in general accordance with ASTM D4186-89, 

using an updated consolidometer and testing methodology. CRS consolidation specimens were 

taken from Shelby tubes that had been x-rayed to determine the least disturbed portion of the 

sample. Each test specimen had a diameter of 2.50 inches and a height of about 0.75 inches. 

The tests were run on consolidometers manufactured by Trautwein Soil Testing Equipment, 

using specifications based on research sponsored by Fugro at the Massachusetts Institute of 

Technology, and reported by Force and Germaine (1998). 
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The key components in the updated testing methodology may be summarized as 

follows: 

• Specimen Preparation: The selected portions of the tubes were cut into 

segments with a mechanical hacksaw (18 teeth per inch).  A wire saw was used 

to separate the soil from the surrounding tube in an effort to reduce potential 

disturbance upon extrusion.  In addition, each tube is marked such that all test 

specimens, will have the same orientation when sheared.  The sample is then 

extruded from the cut portion of the tube using a hydraulically actuated ram. 

The placement of the specimen into the consolidometer is done in a manner to 

prevent any swelling of the specimen or entrapment of air between the specimen 

and the consolidometer’s base and porous stone in the pore-water pressure 

(PWP) measurement system.   

• Seating and Back Pressure Saturation: A seating stress of about 0.1 ksf is 

applied to enable the initialization of the deformation indicator.  Next, the 

specimen is consolidated to an axial strain of about 0.2 percent, and back-

pressure saturation is initiated without allowing the specimen to swell and at a 

rate that minimizes soil compression.  The applied bask pressure is typically 70 

psi.   

• Loading (Consolidation): Loading is initiated at a constant rate-of-deformation 

while monitoring axial deformation, axial force, and PWP transducers using a 

data acquisition-control loading system.  This system can display the stress-

strain curve, pore pressure-stress ratio (Ru = ratio of excess PWP to total 

axial/vertical stress), etc. and control the applied rate-of-deformation (constant 

rate-of-strain).  If required, the constant rate-of-strain is adjusted to keep Ru 

between about 3 and 15 percent (in lieu of the 30 percent allowed in D 4186).  As 

presented by Force and Germaine (1998) usage of a smaller range for Ru obtains 

compressibility and rate-of-consolidation coefficients that are more reliable.   

Loading is continued until the virgin compression curve is well defined or the 

stress limit of the apparatus is reached, 120 ksf.  When an unload-reload curve is 

required, as in this program, it is initiated when it appears that the consolidation 

curve is well into the virgin consolidation region (axial strain of about 10 to 15 

percent for plastic clays).  The unload-reload cycle covers about one log cycle of 

effective vertical stress. The applicable data are corrected for the piston uplift 

force applied by the back pressure and apparatus compressibility. 

4.0 CRS CONSOLIDATION TEST RESULTS 

4.1 CRS CONSOLIDATION TEST RESULTS 

During consolidation, the necessary data (time, vertical forces, strain, pore pressure, and 

transducer excitation voltage) were recorded using an automated data-acquisition system and 

electronically filed.  Specialized Excel worksheets, along with a Visual Basic code (VBA) were 

used to reduce the data files into engineering units in tabular and graphical format.  Figures 

A13-2a through A13-38b present the CRS consolidation test results. For each test performed, 
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the laboratory axial strain versus the log of effective vertical stress curve is displayed showing a 

recompression phase, a virgin compression stage, an unload-reload cycle and a final rebound 

stage. The coefficient of consolidation (cv) versus the average effective vertical stress and the 

void ratio at 50 percent consolidation versus the hydraulic conductivity k curves were also 

plotted. Results such as moisture content, Atterberg limits, initial unit weight, initial and final void 

ratios, interpreted preconsolidation pressure, estimated in situ vertical stress and 

overconsolidation ratio, and compression, recompression and swelling ratios are summarized in 

Table A13-3 for all the CRS consolidation tests performed.  The in situ vertical effective stress 

was estimated by developing a unit weight profile from the boring data and either measured or 

estimated ground water levels. The interpretation of the parameters from the CRS test data 

(e.g., preconsolidation pressure and compression/recompression ratios) is discussed in more 

detail in the sections below.  

4.2 DISCUSSION AND INTERPRETATION OF CRS CONSOLIDATION TEST DATA 

4.2.1 Coefficients of Consolidation and Permeability 

After recording the stress-strain behavior of the tested soil specimens under loading, 

unloading-reloading and rebound, the applicable data were corrected for the piston uplift force 

applied by the back pressure and apparatus compressibility. 

Consolidation parameters, such as coefficient of consolidation (cv), and hydraulic 

conductivity (k), were calculated using the “non-linear” approach, as presented by Wissa, et al. 

(1971) and Sheahan and Watters (1996), instead of using a combination of the “non-linear” and 

“linear” approaches as presented in D4186. In addition, values of cv and k were only determined 

when steady-state conditions were achieved, as defined by Wissa et al. (1971). 

4.2.2 Preconsolidation Pressure 

Casagrande’s method (1936), and Becker’s method (Becker et al. 1987) were employed 

to estimate the preconsolidation pressure (σ’p) from the CRS consolidation test data.  These 

methods are discussed in more detail below. 

4.2.2.1 Casagrande Method 

The most common method for determining the preconsolidation pressure is the graphical 

construction, where a void ratio (or axial strain) versus log pressure curve is plotted for the 

clayey soil. Preconsolidation pressure is difficult to define when sample disturbance has 

occurred. The Casagrande procedure is illustrated on Figure A13-39 and described as follows: 

1. Choose by eye, the point of minimum radius or maximum curvature on the 

consolidation curve (Point A). 

2. Draw a horizontal line from point A (Line 1). 

3. Draw a line tangent to the curve at point A (Line 2). 

4. Bisect the angle made by steps 2 and 3 (Line 3). 
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5. Extend the straight-line portion of the virgin compression curve up to where it meets 

the bisector line obtained in step 4 (Line 4). The point of intersection of these two 

lines is the preconsolidation stress (Pp). 

4.2.2.2 Becker Method 

Becker et al. (1987) proposed a method of interpreting conventional consolidation test 

data using work per unit volume as a criterion for determining both the in situ effective and 

preconsolidation stresses in clayey soils. The work per unit volume – effective stress 

relationship, using arithmetic scales, can be approximated using linear relationships.  The total 

work (defined as the average vertical stress between two load increments multiplied by the 

strain between load increments) is plotted versus vertical effective stress.  The preconsolidation 

stress is simply defined as the intersection of the pre-yield line (initial loading points) and the 

post-yield line (at higher stresses) on the work versus vertical stress plot, as illustrated on 

Figure A13-40. 

The Becker method applies for both horizontally and vertically trimmed samples. 

According to Becker et al. (1987), the accuracy with which in situ effective and preconsolidation 

stresses are determined was demonstrated to be within 10 percent of known stresses. 

4.2.3 Compression, Recompression, and Swelling Ratios 

The compression, recompression and swelling ratios are determined from the axial 

strain versus the effective vertical stress curve plotted using a semi-logarithmic scale. The 

compression ratio is the slope of the virgin compression line beyond the determined 

preconsolidation pressure. The swelling and recompression ratios are the slopes of the fitted 

lines of the unloading and reloading curves respectively. 

5.0 LIMITATIONS 

Our services consist of laboratory testing and data evaluations that are made in 

accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The test data provided in this appendix is from laboratory testing of samples obtained 

from subsurface explorations conducted by others. These explorations indicate subsurface 

conditions only at specific locations and times, and only to the depths penetrated.  Variations 

may exist and conditions not observed or described in this report could be encountered during 

construction.  Our laboratory tests results presented in this appendix are based on the 

standards and procedures indicated herein. The laboratory assignments were provided by 

HMM/Bechtel.  

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 
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in this appendix are modified or verified in writing.  Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report.   
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Boring Number B-9 B-18 B-23 B-23 B-23 B-24 B-24 B-24 B-24 B-24 B-25 B-33 B-33 B-42 B-45 B-50 B-50 B-52 B-52
Sample Number 3d 9a 9a 17a 18a 3a 6a 7a 8a 29a 16a 1a 9a 7a 4a 10a 17a 8a 11a

Soil Type CH CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL CL

Moisture Content (%)

Initial, W0 30.2 23 22.1 17.5 21.3 26.7 24.1 22.9 27.2 21.9 18.5 23.5 25.5 25.2 22.2 26.8 24.6 22.7 27.3

Final, Wf 25.5 17.1 15.2 11.8 15.8 21.4 16.2 16.5 17.9 14.4 13.7 18.5 21.1 17.7 16.2 19 19.2 17.2 17.9

Atterberg Limits

Liquid Limit, LL (%) 53 32 32 24 30 37 30 29 35 28 43 35 40 31 27 41 NA NP 41
Plastic Limit, PL (%) 22 18 15 16 18 18 20 16 18 16 16 16 16 13 17 16 NA NP 20

Specific Gravity NA NA 2.694 2.696 2.670 2.680 2.703 2.676 2.724 2.664 NA NA NA NA NA 2.699 2.707 2.700 2.703

Void Ratio

Initial, e0 0.83 0.64 0.64 0.52 0.63 0.70 0.66 0.60 0.74 0.61 0.54 0.71 0.71 0.68 0.61 0.73 0.71 0.72 0.77

Final, ef 0.69 0.45 0.39 0.32 0.42 0.54 0.43 0.40 0.47 0.38 0.37 0.50 0.56 0.48 0.42 0.49 0.52 0.48 0.48

Interpreted Preconsolidation Pressure, σ'p (ksf)

Casagrande (1936) Method 12.8 18.1 10.0 25.0 20.6 9.2 13.2 8.9 10.9 19.6 20.6 6.2 18.6 12.9 17.5 10.8 19.2 26.1 8.9
Becker (1987) Method 12.4 18.6 10.1 25.4 20.8 9.4 13.7 8.5 10.9 19.2 23.7 6.3 18.6 12.5 14.9 10.7 18.4 26.4 8.9

Overconsolidation, OCR

OCR - Casagrande Method 3.5 3.3 3.6 3.7 2.8 5.6 6.3 3.9 4.5 2.4 2.5 5.2 3.3 4.5 5.7 3.1 2.6 11.2 3.2
OCR - Becker Method 3.4 3.4 3.6 3.7 2.8 5.7 6.5 3.8 4.5 2.4 2.9 5.2 3.3 4.4 4.9 3.0 2.5 11.4 3.2

Compression Index/Ratio

Cc 0.29 0.17 0.16 0.16 0.23 0.21 0.22 0.17 0.22 0.18 0.14 0.19 0.27 0.17 0.17 0.27 0.23 0.27 0.26

Ce,c 0.16 0.10 0.10 0.11 0.14 0.12 0.13 0.10 0.13 0.11 0.09 0.11 0.16 0.10 0.11 0.16 0.13 0.16 0.15

Recompression Index/Ratio

Cr 0.057 0.018 0.020 0.021 0.024 0.041 0.032 0.022 0.026 0.026 0.017 0.024 0.026 0.017 0.016 0.048 0.026 0.017 0.049

Ce,r 0.031 0.011 0.012 0.014 0.015 0.024 0.019 0.014 0.015 0.016 0.011 0.014 0.015 0.010 0.010 0.028 0.015 0.010 0.028

Swelling Index/Ratio

Cs 0.060 0.016 0.011 0.018 0.021 0.036 0.023 0.018 0.028 0.018 0.012 0.020 0.026 0.012 0.014 0.040 0.026 0.012 0.039

Ce,s 0.033 0.01 0.007 0.012 0.013 0.021 0.014 0.011 0.016 0.011 0.008 0.012 0.015 0.007 0.009 0.023 0.015 0.007 0.022

Coefficient of Consolidation, Cv (ft
2
/yr)

Min (Typical) 1.6 20.1 9.8 5307.6 600.3 3.6 149.9 13.5 5.7 233.7 1386.7 3.6 3.0 100.7 1252.1 7.5 27.6 10951.0 49.3

At σ'vo  51.7 958.0 32.3 - 699.7 4.3 828.8 21.5 9.7 430.6 - 32.3 215.3 1237.8 - 7.5 699.7 - 107.6

Max (Typical) 91.8 1894.4 3656.1 8221.9 11552.3 42.9 2123.1 189.6 135.2 2701.7 20031.3 204.4 373.7 1638.0 20095.8 98.8 969.7 957990.2 835.2

Notes: Data could not be interpreted from test results

NA = Test not assigned, see Appendix 12

NP = Non plastic soil sample

3.51 7.36 2.32 2.771.20 5.71 2.84 3.082.25 2.40 8.09 8.24Estimated Effective Vertical Stress, σ'vo (ksf) 3.63 5.47 2.79 6.84 7.48 1.64 2.10

124 123 120 122123 124 126 128128 124 126 131Initial Total Unit Weight, γt,0 (pcf) 122 127 125 130 124 124 126

47.50 101.10 24.20 31.909.75 82.25 37.50 41.4025.00 27.50 110.50 112.50Penetration Depth (ft) 52.35 80.15 41.35 106.80 117.30 15.00 22.50

SUMMARY OF CRS CONSOLIDATION TEST RESULTS

Tunnel Segment of SVRT Project

San Jose, California

 

TABLE A13-3a 

  



HMM/Bechtel

Project No. 1637.001

Boring Number
Sample Number

Soil Type

Moisture Content (%)

Initial, W0

Final, Wf

Atterberg Limits

Liquid Limit, LL (%)
Plastic Limit, PL (%)

Specific Gravity

Void Ratio

Initial, e0

Final, ef

Interpreted Preconsolidation Pressure, σ'p (ksf)

Casagrande (1936) Method
Becker (1987) Method

Overconsolidation, OCR

OCR - Casagrande Method
OCR - Becker Method

Compression Index/Ratio

Cc

Ce,c

Recompression Index/Ratio

Cr

Ce,r

Swelling Index/Ratio

Cs

Ce,s

Coefficient of Consolidation, Cv (ft
2
/yr)

Min (Typical)

At σ'vo  

Max (Typical)

Notes: Data could not be interpreted from test results

NA = Test not assigned, see Appendix 12

NP = Non plastic soil sample

Estimated Effective Vertical Stress, σ'vo (ksf)

Initial Total Unit Weight, γt,0 (pcf)

Penetration Depth (ft)

B-52 B-52 B-52 B-52 B-55 B-55 B-55 B-59 B-59 B-61 B-61 B-61 B-64 B-64 B-64 B-65 B-71 B-77

12a 34a 35a 36a 7a 22a 26a 5a 17a 5a 15a 17a 5a 18a 19a 13a 6a 16a

CL CL CL CL CL CL CL CL CL CH CH CH CL CL CL CL OH CL

31.8 22.7 19.9 19.8 32.1 21.4 20.2 22.6 28.8 33.4 25.4 28.3 31 20.5 30.1 21.3 32 17.2

20.7 18.6 14.2 15.2 18.5 15.6 16.4 22.3 28.2 25.5 20.6 25.6 19.8 14 22.8 14.5 24.9 12.2

35 NA 34 NA 39 34 37 42 51 53 41 47 32 NA NA 36 68 NA

19 NA 16 NA 20 14 16 15 25 25 21 20 21 NA NA 14 20 NA

2.768 2.681 2.708 2.667 2.684 2.664 2.705 NA NA NA NA NA 2.714 2.679 2.679 2.666 NA 2.668

0.85 0.62 0.57 0.60 0.83 0.59 0.60 0.62 0.82 0.93 0.71 0.77 0.82 0.57 0.82 0.58 0.90 0.52

0.57 0.50 0.38 0.41 0.49 0.41 0.44 0.60 0.75 0.69 0.56 0.69 0.53 0.37 0.61 0.39 0.68 0.32

8.5 30.6 21.4 29.2 7.5 20.2 25.5 10.9 33.5 10.57 25.62 23.42 20.17 24.23 31.26 18.14 9 16.14

8.5 30.4 22.0 27.7 7.4 19.5 25.4 10.9 33.0 10.42 23.44 22.12 18.23 23.18 31.7 18.32 9.6 15.11

2.9 3.9 2.6 3.4 2.7 2.5 2.8 3.1 3.0 2.9 2.9 2.5 8.0 3.3 3.9 2.1 3.2 2.2

2.9 3.9 2.7 3.3 2.6 2.5 2.8 3.1 2.9 2.8 2.7 2.3 7.2 3.1 4.0 2.1 3.5 2.1

0.21 0.15 0.20 0.22 0.22 0.18 0.20 0.18 0.34 0.29 0.25 0.30 0.19 0.18 0.28 0.20 0.29 0.19

0.11 0.09 0.13 0.14 0.12 0.11 0.13 0.11 0.19 0.15 0.15 0.17 0.11 0.12 0.15 0.13 0.15 0.12

0.022 0.029 0.031 0.026 0.035 0.018 0.027 0.039 0.064 0.046 0.034 0.050 0.022 0.030 0.033 0.041 0.084 0.027

0.012 0.018 0.020 0.016 0.019 0.011 0.017 0.024 0.035 0.024 0.020 0.028 0.012 0.019 0.018 0.026 0.044 0.018

0.022 0.021 0.027 0.021 0.022 0.011 0.021 0.036 0.062 0.052 0.038 0.046 0.009 0.019 0.018 0.027 0.074 0.017

0.012 0.013 0.017 0.013 0.012 0.007 0.013 0.022 0.034 0.027 0.022 0.026 0.005 0.012 0.01 0.017 0.039 0.011

31.4 21.6 88.0 189.3 13.2 37.2 305.1 5.2 4.0 7.4 10.5 5.6 282.9 4472.9 2795.8 423.5 5.7 4292.5

366.0 118.4 2454.2 193.8 581.3 678.1 968.8 - 344.4 204.5 1216.3 93.6 538.2 - - - 12.9 -

492.0 567.1 11764.7 12442.4 663.5 691.4 1338.6 38.6 381.3 371.9 1261.3 94.2 114536.1 6763.0 4361.7 60303.4 404.1 5936.0

2.77 7.342.54 7.39 7.99 8.578.72 9.462.80 7.91 9.15 3.48 11.21 3.702.92 7.76 8.12 8.47

119 128122 128 119 128122 118 126 124121 127 126 129123 126 129 124

25.00 102.0032.50 107.05 117.40 121.60170.00 47.20 125.55 135.4532.35 110.80 131.50 50.7034.50 106.50 111.50 116.50

SUMMARY OF CRS CONSOLIDATION TEST RESULTS

Tunnel Segment of SVRT Project

San Jose, California

 

TABLE A13-3b 

  



 

 

FIGURES 



!A!A
!A!A!A!A

!A

!A!A!A!A!A!A!A!A!A!A!A!A !A

#

#

#
#
##

#

###########
#

#
#

####

##
###

#####

#

#

#
##

#

##
#

!A#
#
#

!A
#

##!A

!A
#!A#

!A#
!A

#
#!A

#!A
#
#!A#

#!A#
#
!A#

#

#!A

#
!A

!A
!A !A#

#

!A

!A

#

!A

#

!A

#

#

!A

#
#

#

!A
#
!A

!A

#

##!A

#
#!A#

#
#!A# !A#

#
!A#!A#!A

!A#
#!A## !A

#
#

!A#!A!A
#

!A#

#

#

!A

#

#

!A

#

#

!A#

#

# !A

!A#

#

#

!A
#

#
!A

#

#

!A

#

#

#
!A

#

!A
#

#

!A

#
#

!A
#

#

!A#

#

!A

!A

!A ##
#

# ##
#

#

!A

!A

!A!A

!A

!A

!A

#

#

!A!A

#

!A

!A

!A

!A

##

#

A
L
U

M
 R

O
C

K
 S

T
A

T
IO

N

DOWNTOWN SAN JOSE STATION

T
U

N
N

E
L

 S
E

G
M

E
N

T
A

L
U

M
 R

O
C

K
 S

T
A

T
IO

N

C
O

Y
O

T
E

 C
R

E
E

K

L
O

S
 G

A
T
O

S
 C

R
E

E
K

G
U

A
D

A
L

U
P

E
 R

IV
E

R

LOWER SILVER CREEK

WEST PORTAL

DIRIDON/ARENA STATION

DOWNTOWN SAN JOSE STATION

ALUM ROCK STATION

EAST PORTAL
C

P
T
-5

5
A

C
P

T
-9

5

H
P

-1

BH-49

CPT-157

BH-80

BH-79

B
H

-3
0

ST-13

ST-12

S
T
-1

1

S
T
-1

0

B
H

-3
1

S
T
-5

S
T
-4

ST-3

ST-2

ST-1

BH-78

BH-48

BH-47

BH-46

BH-45

BH-43

BH-42

BH-41

BH-40

BH-39

B
H

-3
8

BH-37

B
H

-3
6

B
H

-2
0

B
H

-1
9

B
H

-1
8

B
H

-1
7

B
H

-1
6

B
H

-1
5

B
H

-1
4

B
H

-1
3

B
H

-1
2

B
H

-1
1

B
H

-1
0

B
H

-0
9

BH-08

BH-07

BH-06

BH-05

BH-04

BH-03

BH-02

BH-01

B
H

-2
9

S
T
-9

B
H

-3
2

B
H

-3
3

B
H

-3
4

B
H

-3
5

B
H

-7
6

B
H

-7
5

B
H

-7
4

B
H

-7
3

BH-63

BH-62 BH-61

BH-60

BH-59

BH-58

BH-57

BH-56

BH-44

B
H

-2
8 B

H
-2

1

CPT-85

C
P

T
-3

7
C

P
T
-3

6

C
P

T
-2

9

C
P

T
-3

4

C
P

T
-1

9

C
P

T
-3

9

CPT-93

CPT-92

CPT-91
CPT-90

CPT-89 CPT-88

CPT-87
CPT-86

CPT-84

CPT-83CPT-82

CPT-80

CPT-79
CPT-78

CPT-77CPT-76

CPT-75
CPT-74

CPT-73

CPT-70
CPT-69CPT-68

CPT-67

CPT-66

CPT-65

C
P

T
-6

4
C

P
T
-6

3
C

P
T
-6

2

C
P

T
-5

3

C
P

T
-3

8

C
P

T
-3

5

C
P

T
-3

3

C
P

T
-3

0

C
P

T
-3

2

C
P

T
-2

8
C

P
T
-2

7

C
P

T
-2

6

C
P

T
-2

3

C
P

T
-2

2

C
P

T
-2

1
C

P
T
-2

0

C
P

T
-1

8
C

P
T
-1

7
C

P
T
-1

6

CPT-14

CPT-13

CPT-12
CPT-11

CPT-10

CPT-09

CPT-08

CPT-07

CPT-06

CPT-05

CPT-04

CPT-03

C
P

T
-5

5

C
P

T
-5

6

C
P

T
-6

0C
P

T
-6

1

CPT-81

C
P

T
-5

2

C
P

T
-2

5

C
P

T
-2

4

CPT-02

CPT-01

CPT-156

C
P

T
-1

5
4

C
P

T
-1

5
3

C
P

T
-1

5
2

C
P

T
-1

4
6

CPT-124

CPT-122
CPT-123

CPT-120

CPT-118

CPT-114

CPT-112

CPT-110

CPT-109 CPT-108

CPT-107

CPT-111

C
P

T
-3

1

C
P

T
-5

7

C
P

T
-1

5

C
P

T
-1

5
0

C
P

T
-1

4
8

CPT-117

CPT-113

C
P

T
-1

4
7

C
P

T
-1

4
9

C
P

T
-1

5
1

1
s
t

4
th

5
t h

7
th

101

6
th

9
th

8
th

2
n

d

Taylor

1
0

th

3
rd

8
7

1
7

th

1
3

t h

1
2

t h

1
1

th

1
5

th

1
6

t h

Hedding

1
8

th

1
9

t h

880

Mission

2
0

th

Santa Clara

Empire

1
4

th

Jackson

E
lm

S
to

c
k
to

n

C
olem

an

2
6
th

M
abury

2
8
th

Saint John

M
a
rke

t

S
p
rin

g

2
4
th

Julian

W
a
ln

u
t

Washington

G
u
a
d
a
lu

p
e

2
1

s
t

2
7
th

Emory

A
u
tu

m
n

2
5

th

Villa

Lenzen

M
o
rr

is
o
n

Vestal

Bassett

Younger

C
h
e
s
tn

u
t

Post

Berryessa

S
u
n
o
l

Airport

Asbury

R
e

g
e

n
t

University

B
u
sh

A
n

ita

M
il le

r

The Alameda

M
o
n
tg

o
m

e
ry

K
e
e
b
le

Schiele

C
le

a
ve

s

R
i v

e
r

Bayshore

W
h
ite

E
a

s
t

San Fernando

M
y
rtle

Pershing

Fox

W
e

s
t

Seymour

A
tla

s

E
g
g
o

Shortridge

O
a
k
la

n
dNewhall

2
3

rd

3
0
th

Ire
n
e

V
e
n

d
o
m

e

George

Tim
othy

Horning

C
a
h
ill

2
2

n
d

Hamline
M

a
rb

u
rg

S
a
n

 P
e

d
ro

Ayer

A
lm

a
d
e
n

W
ils

o
n

L
a

u
re

l

Madera

W
o
o

s
te

r

Hobson

R
u
ff

Saint James

R
a
ce

Clayton

R
a
in

ie
r

Ryland

Hensley

Harding

Park

Devine

Cinnabar

Bulldog

Hawthorne

Rankin

Tripp

P
le

a
s
a

n
t

Kinney

M
o
n

fe
rin

o

Acacia

T
e

rra
in

e

Vermont

W
a

c
o

Luther

Bruce

H
o
o

v
e

r

D
e

l m
a

s

Santa Ana

R
h
o
d
e
s

Mc Kendrie

T
e

rra
c
e

Garland

Las Plumas

N
ip

p
e

r

Carlysle

Nicora

Mc Kee

N
o

t r
e

 D
a

m
e

Martin

Village

Howard

Marianelli

Melina

De Mattei

Yard

Five Wounds

C
o
m

m
e
rcia

l

Filomena

L
ig

h
ts

o
n

Fountain

Warren

Stover

Elizabeth

L
it
tl
e
 M

a
rk

e
t

L
o

s
s
e

C
h

ic
o

Cottage

Calhoun

Sierra

C
o
y
o

te
 C

re
e
k

Clinton

P
e

ru
k
aHanchett

Arroyo

Saint Paul

S
a

n
ta

 T
e
re

s
a

Q
u

a
ilb

ro
o

k

P
e
rm

a
ta

Martel

Glithero

Houghton

C
o
le

m
a

n
 A

v
e

n
u

e

H
ed

di
ng

1
2

th

Saint John

Saint James

A
lm

a
d

e
n

1
5

th

3
0

th

San Fernando

Saint John

Berryessa

Empire

1
6

th

2
0

th

2
1

s
t

S
to

c
k
to

n

Vermont

T
e

r r
a

in
e

2
3

rd

Asbury

Emory

1
1

th

1
9
th

San Fernando

Devine

S
p
rin

g

S
a

n
 P

e
d

ro

Hobson

San Fernando

University

Mc Kendrie

Lenzen

2
2
n

d

Asbury

Saint James

Empire

Saint John

E
lm

Hamline

3
rd

C
h
e
stn

u
t

A
lm

a
d
e

n

1
4
th

Cinnabar

S
a

n
 P

e
d

ro

1
3

th

§̈¦880

tu101

!A
!A

!A!A
!A

!A!A!A!A!A!A
!A!A

!A
!A

!A!A
!A

#
#
##### ########

#
#

#
####

##
#

#####

#

#

#
#

##
#

!A

##
!A

!A!A!A

DOWNTOWN
SAN JOSE STATION

CROSSOVER

S
T-7

S
T-6

C
P
T-1

34
A

B
H
-2

7

B
H
-6

8

B
H
-7

7

B
H
-7

2

B
H
-7

1

B
H
-7

0

B
H
-6

6

B
H
-6

5

B
H
-6

4

B
H
-5

5
B
H
-5

4
B
H
-5

3

B
H
-5

2

B
H
-5

0

B
H
-2

6

B
H
-2

5

B
H
-2

4

B
H
-2

3

B
H
-2

1
C
P
T

C
P
T-9

7
C
P
T-9

4

C
P
T-5

1

C
P
T-4

9
C
P
T-4

8

C
P
T-4

1
C
P
T-4

0

C
P
T-1

55

C
P
T-1

43

C
P
T-1

41
C
P
T-1

40

C
P
T-1

36

C
P
T-1

26

C
P
T-1

01
C
P
T-9

8

C
P
T-9

6

C
P
T-5

0

C
P
T-4

7

C
P
T-4

6

C
P
T-4

5

C
P
T-4

4

C
P
T-4

3

C
P
T-4

2
B
H
-5

5A

C
P
T-1

45
C
P
T-1

44

C
P
T-1

42

C
P
T-1

39
C
P
T-1

38
C
P
T-1

37

C
P
T-1

35

C
P
T-1

34
C
P
T-1

33

C
P
T-1

32

C
P
T-1

30

C
P
T-1

29
C
P
T-1

28

C
P
T-1

06

C
P
T-1

05
C
P
T-1

03

C
P
T-1

02

C
P
T-1

00

C
P
T-1

45
A

Santa Clara

1
s
t

Post

6
th

4
th

7
th 8

th5
th

3
r d

2
n

d

M
a

rk
e

t

S
a

n
 P

e
d

ro

Carlysle

A
lm

a
d
e
n

Fountain

N
o

tr
e

 D
a

m
e

A
lm

a
d

e
n

FIGURE A13-1

CRS LOCATION MAP
Tunnel Segment of SVRT Project 

San Jose, California

G
:\

jo
b

d
o

c
s
\1

6
3

7
\1

6
3

7
.0

0
1

\g
is

\m
x
d

\l
a

b
_

te
s
t_

o
v
e

rv
ie

w
\B

A
R

T
_

c
rs

_
O

V
E

R
V

IE
W

.m
x
d

, 
0

6
/0

2
/0

5
, 

m
fi
lli

n
g

im

0 500 1,000250

Feet

!A

´
!A CRS TEST

BORING

LEGEND

#



HMM/Bechtel

Project No. 1637.001
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Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-8a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 6a - Depth 22.50 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-8b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 7a - Depth 25.00 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-9a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 7a - Depth 25.00 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-9b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 8a - Depth 27.50 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-10a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 8a - Depth 27.50 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-10b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 29 - Depth 110.50 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-11a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 29 - Depth 110.50 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-11b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 16a - Depth 112.50 ft

Boring B-25

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-12a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 16a - Depth 112.50 ft

Boring B-25

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-12b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 1a - Depth 9.75 ft

Boring B-33

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-13a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 1a - Depth 9.75 ft

Boring B-33

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-13b
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 CRS CONSOLIDATION TEST RESULTS
Sample No. 9a - Depth 82.25 ft

Boring B-33
Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-14a
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 CRS CONSOLIDATION TEST RESULTS
Sample No. 9a - Depth 82.25 ft

Boring B-33
Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-14b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 7a - Depth 37.50 ft

Boring B-42

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-15a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 7a - Depth 37.50 ft

Boring B-42

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-15b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 4a - Depth 41.40 ft

Boring B-45

Tunnel Segment of SVRT Project

San Jose, California  FIGURE A13-16a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 4a - Depth 41.40 ft

Boring B-45

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-16b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 10a - Depth 47.50 ft

Boring B-50

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-17a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 10a - Depth 47.50 ft

Boring B-50

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-17b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 17 - Depth 101.10 ft

Boring B-50

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-18a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 17 - Depth 101.10 ft

Boring B-50

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-18b
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Specimen's permeability was too fast to allow for 

development of sufficient excess pore pressure to

determine cv.  Estimations from test data indicate 

cv > 400 m
2
/yr.

CRS CONSOLIDATION TEST RESULTS

Sample No. 8a - Depth 24.20 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-19a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 8a - Depth 24.20 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-19b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 11a - Depth 31.90 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-20a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 11a - Depth 31.90 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-20b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 12a - Depth 34.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-21a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 12a - Depth 34.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-21b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 34a - Depth 106.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-22a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 34a - Depth 106.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-22b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 35a - Depth 111.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-23a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 35a - Depth 111.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-23b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 36a - Depth 116.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-24a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 36a - Depth 116.50 ft

Boring B-52

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-24b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 7a - Depth 32.35 ft

Boring B-55

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-25a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 7a - Depth 32.35 ft

Boring B-55

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-25b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 22a - Depth 110.80 ft

Boring B-55

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-26a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 22a - Depth 110.80 ft

Boring B-55

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-26b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 26a - Depth 131.50 ft

Boring B-55

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-27a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 26a - Depth 131.50 ft

Boring B-55

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-27b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 5a - Depth 50.70 ft

Boring B-59

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-28a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 5a - Depth 50.70 ft

Boring B-59

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-28b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 17a - Depth 170.00 ft

Boring B-59

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-29a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 17a - Depth 170.00 ft

Boring B-59

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-29b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 5a - Depth 47.20 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-30a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 5a - Depth 47.20 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-30b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 15a - Depth 136.00 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California

FIGURE A13-31a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 15a - Depth 136.00 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-31b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 17a - Depth 135.45 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California

FIGURE A13-32a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 17a - Depth 135.45 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California

FIGURE A13-32b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 5a - Depth 32.50 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-33a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 5a - Depth 32.50 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-33b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 18a - Depth 107.05 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-34a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 18a - Depth 107.05 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-34b
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CRS CONSOLIDATION TEST RESULTS

Sample No. 19a - Depth 117.40 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-35a
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CRS CONSOLIDATION TEST RESULTS

Sample No. 19a - Depth 117.40 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-35b

 



HMM/Bechtel

Project No. 1637.001

 - Loading with solid symbols indicating
  - Unloading (Final) reloading increments

0.0

5.0

10.0

15.0

20.0

25.0

30.0

0.1 1 10 100 1000

Overall Effective Vertical Stress, σ'v (ksf)

A
x
ia

l 
S

tr
a

in
, 
e

a
 (

%
) 

σ'v,m = 12.5 ksf

0

200

400

600

800

1000

0.1 1 10 100 1000

Avg. Effective Vertical Stress Between Data Points, σ'v,avg (ksf)

C
o

e
ff
ic

ie
n

t 
o

f 
C

o
n

s
o

lid
a

ti
o

n
, 
c
 v 

(m
2
/y

)

CRS CONSOLIDATION TEST RESULTS

Sample No. 13a - Depth 121.60 ft

Boring B-65

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-36a
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 13a - Depth 121.60 ft

Boring B-65

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-36b
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 CRS CONSOLIDATION TEST RESULTS

Sample No. 6 - Depth 25.00 ft

Boring B-71

Tunnel Segment of SVRT Project

San Jose, California FIGURE A13-37a
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1.0 INTRODUCTION 

This appendix presents the results of the Static Direct Simple Shear (DSS) tests 

conducted by the geotechnical laboratory of Fugro Consultants LP, in Houston, Texas, (Fugro 

Consultants) as a part of the advanced laboratory testing program for the Tunnel Segment of 

Silicon Valley Rapid Transit (SVRT) Project.  The DSS tests were performed on soil samples 

from boring locations situated along the tunnel segment alignment of SVRT Project, as shown 

on the Boring Location Map, Figure A14-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments: 

1) A line segment which will be approximately 11.5 miles of at grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (See Figure A14-1.). 

As currently planned, the tunnel segment includes at-grade and open cut track, three 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and-cover 

stations and the crossover structures have a cumulative length of approximately 4,970 feet.  

The remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) is providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included Fugro 

West, Inc., (Fugro); Parikh Consultants (Parikh); and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that will aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigations explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 rotary wash borings, and 

• 146 cone penetration tests (CPTs). 

Figure A14-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) the data requirements of the 

tunnel designer; 2) the location of existing geotechnical data; 3) the avoidance of private 

property; and 4) the avoidance of existing underground and overhead utilities.  For CPT 

correlation purposes approximately 16 sets of borings and CPTs were conducted within 15 feet 

of each other. 

The boring investigation program was conducted by the two companies, Parikh and 

Pitcher.  The investigation included soil sampling and in situ testing.  Soil sampling consisted of 

Pitcher Barrel sampling, Shelby tube sampling, SPT sampling and California sampling.  The in 

situ testing conducted in the borings consisted of field vane shear testing, pressuremeter 

testing, downhole geophysical logging, and piezometer installation.  For further details regarding 

the boring investigation program and results, please refer to the main report.   

1.3 LABORATORY TESTING PROGRAM OVERVIEW 

1.3.1 Testing Overview 

Fugro Consultants’ geotechnical laboratory conducted the advanced laboratory testing 

program for the Tunnel Segment of SVRT Project. This program was conducted on samples 

provided by Parikh from soil borings located along the tunnel segment. Table A14-1, below, 

summarizes the numbers and types of different tests conducted.  The purpose of this advanced 

laboratory testing program was to determine selected index and engineering properties of the 

sampled soils. This appendix provides a detailed description for the constant rate of strain CRS 

consolidation tests, along with a summary of the interpreted parameters. 

Table A14-1.   Summary of Advanced Laboratory Testing Program 

Test Description Number of Tests 

Constant Rate of Strain (CRS) Consolidation 37 

Static Direct Simple Shear 15 

K0-Consolidated Undrained Triaxial Compression 20 

K0-Consolidated Undrained Triaxial Extension 16 

K0-Consolidated Bishop’s Procedure 12 

Isotropically-Consolidated Drained Triaxial Compression 30 
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1.3.2 Program Description 

The physical properties of the soils tested during the advanced laboratory testing 

program are separated into two categories - index and engineering. The index properties 

include items such as water content, specific gravity, unit weight, void ratio, and degree of 

saturation. The engineering properties would include items such as compressibility 

(consolidation), strength, and hydraulic conductivity (permeability). The advanced tests 

conducted as part of this laboratory testing program are discussed in more detail below. 

• Constant Rate of Strain Consolidation (CRS) tests were conducted to determine 

the rate and magnitude of soil consolidation as well as stress history for a soil 

sample that is restrained laterally and drained axially. The one-dimensional 

consolidation tests typically involved constant rate-of-loading, one unload-reload 

cycle, and one rebound stage from the maximum applied stress. Detailed discussion 

of the CRS consolidation tests is provided in Appendix 13. 

• Static Direct Simple Shear (DSS) tests were conducted to measure constant 

volume (undrained) shear strength and stress-strain characteristics of cohesive soils 

after one-dimensional consolidation using a constant rate of simple shear 

deformation. Detailed discussion of the DSS tests is provided in Appendix 14 (this 

appendix). 

• Isotropically Consolidated Drained Triaxial (CDTX) tests were conducted to 

evaluate the drained strength characteristics, such as friction angle and stress-strain 

relationship of the soils encountered in the borings.  For detailed discussion of the 

consolidated drained triaxial tests, refer to Appendix 15. 

• K0-Consolidated Undrained Triaxial Compression and Extension (CK0UE & 

CK0UC) tests were conducted to estimate the static strength parameters and stress-

strain characteristics of fine-grained soils under a range of confining stresses and 

overconsolidation ratios (OCRs).  In K0-consolidated testing, the sample was 

consolidated under drained conditions to the assigned vertical stress while 

maintaining a constant diameter of the cylindrical specimen (the horizontal confining 

stress was automatically adjusted to maintain the constant diameter).  For detailed 

discussion of the K0 triaxial compression and extension tests, refer to Appendix 16. 

• K0 Bishop’s Procedure Triaxial tests were conducted to determine the at-rest 

lateral earth pressure coefficient (K0) as a function of the overconsolidation ratio 

(OCR). For detailed discussion of the K0 Bishop’s tests, refer to Appendix 17. 

The scope of the advanced laboratory testing program also included the x-raying of 

assigned soil samples. Discussion of the x-ray testing procedures and a summary of results are 

provided in Section 2.0 of Appendix 13, with x-ray images shown in Appendix 20. 

1.3.3 Sample Recovery and Handling 

Soil sampling was conducted by Parikh at intervals typically ranging from 5 to 10 feet in 

accordance with the project specifications.  Upon sample recovery, undisturbed portions of the 
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soil sample tubes were sealed and transported to Parikh’s lab. For further details regarding 

sample recovery and handling, please refer to the main report.  

Soil samples assigned for advanced laboratory testing were transported in wooden 

Shelby tube holders, which are designed to maintain the tubes vertical orientation during transit 

to Fugro’s laboratory in Oakland.  The samples where then packed in specially fabricated 

padded containers designed to minimize disturbance and maintain an upright (vertical) 

orientation of the samples during shipping.  The samples were finally shipped to Fugro 

Consultants’ geotechnical laboratory for testing. 

1.3.4 Overview of Static Direct Simple Shear Test Program 

Fugro Consultants’ geotechnical laboratory conducted 15 DSS tests as assigned by 

HMM/Bechtel. The DSS test measures constant volume (undrained) shear strength and stress 

strain-characteristics of cohesive soils after K0-consolidation using a constant rate of simple 

shear deformation.  The test is applicable to field conditions where the soils have fully 

consolidated under one set of stresses, and then subjected to changes in stress without time for 

further drainage to take place.  In the DSS test, the shear strength is measured under plane 

strain conditions, which is indicative of field loading conditions such as beneath long 

embankments and around axially loaded piles.   

2.0 DSS TEST PROCEDURES 

2.1 INTRODUCTION 

The DSS tests were conducted in general accordance with ASTM Test Method D 6528 

using an NGI-type simple shear device. In static DSS tests, a sample is consolidated under K0 

conditions, and subjected to horizontal displacement.  Horizontal displacement is applied at a 

constant rate and the constant volume condition simulates the undrained condition for saturated 

specimens. Constant volume is achieved by changing the normal load applied to the specimen 

to maintain constant specimen height. 

During the DSS test, horizontal and vertical loads and displacements are recorded and 

then analyzed to determine strength and stress-strain characteristics of the soil specimen. 

These soil characteristics are presented in the normalized shear stress versus strain and 

normalized shear stress versus normalized effective stress plots. 

2.2 DSS TEST STANDARDS AND PROCEDURES 

In accordance with ASTM D6528, the DSS test involves four steps: 

1. Specimen Preparation: The selected portions of the tubes were cut into segments with a 

mechanical hacksaw (18 teeth per inch).  A wire saw was used to separate the soil from 

the surrounding tube in an effort to reduce potential disturbance upon extrusion.  In 

addition, each tube is marked such that all test specimens, will have the same 
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orientation when sheared.  The sample is then extruded from the cut portion of the tube 

using a hydraulically actuated ram. 

After the cohesive soil sample is trimmed to the required diameter (47.6, 63.5 or 71 mm) 

and height (19.5 mm), the specimen is placed between two parallel rigid platens 

constrained axially and laterally, such that its cross-sectional area remains constant. 

2. Specimen Consolidation: The specimen is loaded axially and allowed to consolidate 

one-dimensionally to reach the stress level specified by the client. Each normal load 

increment is maintained until excess pore water pressures are essentially dissipated to 

reach at least 90 percent consolidation. The maximum normal load is maintained until 

the completion of one cycle of secondary compression. If a test requires the specimen to 

have an OCR greater than one, as in this program, the specimen is first consolidated to 

an induced OCR = 1, and cured (as mentioned above, but with σ'v,c = σ'vc,max); then 

rebounded in increments to σ'v,c and cured (thereby obtaining the appropriate OCR > 1); 

and, finally, sheared. 

3. Equipment Preparation: Equipment is prepared by setting a suitable rate of displacement 

on the shear motor, setting the displacement gauge to a desired starting position and 

locking the vertical loading assembly to prevent any vertical deformation of specimen 

during simple shear. 

4. Simple Shearing: The specimen is sheared by displacing one platen tangentially relative 

to the other at a constant rate of displacement and measuring the resulting shear force. 

The platens are constrained against rotation and axial movement throughout shear. The 

specimen volume is held constant during shear to simulate undrained conditions. The 

specimen must be sheared at a rate that is slow enough to allow dissipation of excess 

pore pressure generated during shearing. For this program the specimen were typically 

sheared at a strain rate of about 5 percent per hour.  

3.0 DSS TEST RESULTS  

3.1 DSS TEST RESULTS 

During shearing, the necessary data (time, vertical and horizontal forces, shear 

deformations, and transducer excitation voltage) were recorded using an automated data-

acquisition system and electronically filed.  Specialized Excel worksheets, along with a Visual 

Basic code (VBA) were used to reduce the data files into engineering units in tabular and 

graphical format.  Figures A14-2 through A14-16 present the DSS test results.  For each test 

performed, normalized shear stress (the ratio of the horizontal shear stress to the pre-shear 

effective vertical stress [τh/σ’v,c]) versus shear strain (γ %) and normalized shear stress (τh/σ’v,c) 

versus normalized effective vertical stress (σ’v/σ’v,c) were displayed.   

In addition, a plot of the Normalized Undrained Shear Strength, Su/σ'v,c versus 

Overconsolidation Ratio (OCR), for test series run at various test-induced OCRs is presented on 
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Plate A14-17.  The data presented in that plot can be expressed by the following empirical 

relationship: 

 

(Su/σ'v) = (Su/σ'v,c)NC × OCRm 
where: 

• (Su/σ'v) is the in situ,  normalized undrained shear strength for a given node of 

shearing and OCR; 

• (Su/σ'v,c)NC is the normalized undrained shear strength at an induced OCR = 1 

and for a given node of shearing; 

• OCR is the over consolidation ratio; and m is the OCR exponent. 

The above empirical relationship implies a linear relationship between the increase in 

normalized undrained shear strength and increase in OCR, when plotted on a log-log scale.  

The data presented on the on Figure A14-17 include data from: 1) tests with induced OCRs of 

greater than 1, and 2) tests which had a test induced OCR of 1, and where it could be confirmed 

that the in situ preconsolidation stress (from CRS consolidation tests) was significantly less than 

the preshear vertical effective consolidation stress.  This second condition helps to ensure that 

there is minimal effect of sample disturbance for the OCR =1 data points. Based on the data 

plotted on Figure A14-17, the (Su/σ'v,c)NC = 0.27 and m = 0.68.  The value of m typically ranges 

between about 0.70 and 0.85 (Ladd et al. 1977). 

Results such as moisture content, Atterberg limits, initial unit weight, soil type, 

interpreted preconsolidation pressure, estimated in situ vertical stress, overconsolidation ratio, 

undrained shear strength and maximum shear strain are summarized in Table A14-2 – 

Summary of DSS Test Results for all the DSS tests performed.  The estimated in situ vertical 

effective stress was estimated by developing a unit weight profile from the boring data with 

either measured or estimated ground water levels. The interpretation of the parameters from the 

DSS test data (e.g., undrained shear strength and stress-strain curves) is discussed in more 

detail below.  

3.2 DISCUSSION AND INTERPRETATION OF DSS TEST DATA 

Interpretation of the DSS test results is subject to the following assumptions and 

limitations: 

• The interpreted shear strength of a specimen is a function of the soil type, normal 

consolidation stress, time of consolidation, rate of strain applied and prior stress 

history of the soil. 

• The interpreted undrained strength of a specimen is a function of stress conditions. 

In this test method, undrained shear strength is measured under plane strain 

conditions and the principle stresses continuously rotate due to the application of 

shear stress. 

• The constant volume conditions applied during the DSS tests are equivalent to the 

undrained conditions for a saturated specimen; hence, the DSS test results are 

applicable to field conditions wherein soils have fully consolidated under one set of 
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field conditions, and then are subjected to changes in stress without enough time for 

further drainage to take place. 

• The state of stress within the soil specimen under the DSS test is usually neither 

sufficiently defined nor uniform enough to allow rigorous interpretation of the results. 

Therefore, interpreted results herein should not be confused with the effective stress 

parameters derived from other shear tests having better defined states of stress. 

• Values of the secant shear modulus can be used to estimate the initial settlements of 

saturated cohesive soils due to undrained shear deformations. 

4.0 LIMITATIONS 

Our services consist of laboratory testing and data evaluations that are made in 

accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The test data provided in this appendix is from the laboratory testing of samples 

obtained from subsurface explorations conducted by others. These explorations indicate 

subsurface conditions only at specific locations and times, and only to the depths penetrated.  

Variations may exist and conditions not observed or described in this report could be 

encountered during construction.  Our laboratory tests results presented in this appendix are 

based on the standards and procedures indicated herein. The laboratory assignments were 

provided by HMM/Bechtel.    

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing.  Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others nor accept consequences for unconsulted use of segregated 

portions of this report. 
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INFLUENCE OF OCR ON UNDRAINED SHEAR STRENGTH
Tunnel Segment of SVRT Project

San Jose, California FIGURE A14-17
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1.0 INTRODUCTION 

This appendix presents the results of the Consolidated Drained Triaxial Compression 

(CDTX) tests conducted by the geotechnical laboratory of Fugro Consultants LP in Houston, 

Texas, (Fugro Consultants) as a part of the advanced laboratory testing program for the Tunnel 

Segment of the SVRT Project.  The CDTX compression tests were performed on soil samples 

from boring locations situated along the tunnel segment alignment of the Silicon Valley Rapid 

Transit (SVRT) Project, as shown on the Test Sample Location Map, Figure A15-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments;  

1. A line segment which will be approximately 11.5 miles of at-grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2. A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A15-1). 

As currently planned, the tunnel segment includes at-grade and open cut track, three 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and-cover 

stations and the crossover structures have a cumulative length of approximately 4,970 feet.  

The remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) is providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh), and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that would aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigations explored subsurface conditions along the 

proposed tunnel alignment within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 rotary wash borings, and 

• 146 cone penetration tests (CPTs). 

Figure A15-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) the data requirements of the 

tunnel designer; 2) the location of existing geotechnical data; 3) the avoidance of private 

property; and 4) the  avoidance of existing underground and overhead utilities.  For CPT 

correlation purposes approximately 16 sets of borings and CPTs were conducted within 15 feet 

of each other. 

The boring investigation program was conducted by the two companies, Parikh and 

Pitcher.  The investigation included soil sampling and in situ testing.  Soil sampling consisted of 

Pitcher Barrel sampling, Shelby tube sampling, SPT sampling and California sampling.  The in 

situ testing conducted in the borings consisted of field vane shear testing, pressuremeter 

testing, downhole geophysical logging, and piezometer installation.  For further details regarding 

the boring investigation program and results, please refer to the main report.   

1.3 LABORATORY TESTING PROGRAM OVERVIEW 

1.3.1 Testing Overview 

Fugro Consultants’ geotechnical laboratory conducted the advanced laboratory testing 

program for the Tunnel Segment of the SVRT Project. This program was conducted on samples 

provided by Parikh from soil borings located along the tunnel segment. Table A15-1, below, 

summarizes the numbers and types of different tests conducted.  The purpose of this advanced 

laboratory testing program was to determine selected index and engineering properties of the 

sampled soils. This appendix provides a detailed description for the consolidated drained triaxial 

compression tests along with a summary of the interpreted parameters. 

Table A15-1. Summary of Advanced Laboratory Testing Program 

Test Description Number of Tests 

Constant Rate of Strain (CRS) Consolidation 37 

Static Direct Simple Shear 15 

K0-Consolidated Undrained Triaxial Compression 20 

K0-Consolidated Undrained Triaxial Extension 16 

K0-Consolidated Bishop’s Procedure 12 

Consolidated Drained Triaxial Compression 30 
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1.3.2 Program Description 

The physical properties of the soils tested during the advanced laboratory testing 

program are separated into two categories, i.e., index and engineering. The index properties 

include items such as water content, specific gravity, unit weight, void ratio, and degree of 

saturation. The engineering properties include items such as compressibility (consolidation), 

strength, and hydraulic conductivity (permeability). The advanced tests conducted as part of this 

laboratory testing program are discussed in more detail below. 

• Constant Rate of Strain Consolidation (CRS) tests were conducted to determine 

the rate and magnitude of soil consolidation as well as stress history for a soil 

sample that is restrained laterally and drained axially. The one-dimensional 

consolidation tests typically involved constant rate-of-loading, one unload-reload 

cycle, and one rebound stage from the maximum applied stress. Detailed discussion 

of the CRS consolidation tests is provided in Appendix 13. 

• Static Direct Simple Shear (DSS) tests were conducted to measure constant 

volume (undrained) shear strength and stress strain-characteristics of cohesive soils 

after one-dimensional consolidation using a constant rate of simple shear 

deformation. Detailed discussion of the DSS tests is provided in Appendix 14. 

• Isotropically Consolidated Drained Triaxial Drained tests were conducted to 

evaluate the drained strength characteristics, such as friction angle and stress-strain 

relationship of the soils encountered in the borings.  A detailed discussion of the 

consolidated drained triaxial tests is provided in this appendix. 

• K0-Consolidated Undrained Triaxial Compression and Extension (CK0UC & 

CK0UE) tests were conducted to estimate the static strength parameters and stress-

strain characteristics of fine-grained soils under a range of confining stresses and 

overconsolidation ratios (OCRs).  In the K0-consolidated test, the sample was 

consolidated under drained conditions to the assigned vertical stress while 

maintaining a constant diameter of the cylindrical specimen (the horizontal confining 

stress was automatically adjusted to maintain the constant diameter).  For detailed 

discussion of the K0 triaxial compression and extension tests, refer to Appendix 16. 

• K0 Bishop’s Procedure Triaxial tests were conducted to determine the at-rest 

lateral earth pressure coefficient (K0) as a function of the overconsolidation ratio 

(OCR). For detailed discussion of the K0 Bishop’s tests, refer to Appendix 17. 

The scope of the advanced laboratory testing program also included the x-raying of 

assigned soil samples. Discussion of the x-ray testing procedures and a summary of results are 

provided in Section 2.0 of Appendix 13, with x-ray images shown in Appendix 20. 

1.3.3 Sample Recovery and Handling 

Soil sampling was conducted by Parikh at intervals typically ranging from 5 to 10 feet in 

accordance with the project specifications.  Upon sample recovery, undisturbed portions of the 
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soil sample tubes were sealed and transported to Parikh’s lab. For further details regarding 

sample recovery and handling, refer to the main report.  

Soil samples assigned for advanced laboratory testing were transported in wooden 

Shelby tube holders designed to maintain the tubes vertical orientation during transit to Fugro’s 

laboratory in Oakland, California.  The samples where then packed in specially fabricated, 

padded containers designed to minimize disturbance, and maintain an upright (vertical) 

orientation of the samples during shipping.  The samples were finally shipped to Fugro 

Consultants’ geotechnical laboratory for testing. 

1.3.4 Overview of Consolidated Drained Triaxial Compression Test Program 

Fugro Consultants’ geotechnical laboratory conducted CDTX compression tests on 32 

samples, as assigned by HMM/Bechtel. CDTX compression tests are performed to evaluate the 

drained strength characteristics (e.g., friction angle and stress-strain relationship) of the soils 

encountered in the borings.  The samples were consolidated to the assigned test stresses under 

isotropic stress conditions (i.e., the same vertical and horizontal effective confining stresses). 

In the CDTX compression test method, the shear characteristics are measured under 

drained conditions. This test method is applicable to field conditions where soils have been 

consolidated under the existing normal stresses, and are then sheared under drained 

conditions. The CDTX compression test may be used to determine strength and stress-strain 

relationships of a cylindrical specimen of either an undisturbed or remolded non-cohesive soils 

or sands.  This test provides data useful in determining strength and deformation properties 

such as Mohr strength envelopes. Often, two to three specimens from each sample tube are 

tested at different effective consolidation stresses to define a strength envelope.  

2.0 CONSOLIDATED DRAINED TRIAXIAL TEST COMPRESSION PROCEDURES 

2.1 INTRODUCTION 

The CDTX compression tests were conducted in general accordance with the U.S. Army 

Corps of Engineers’ tests standard EM 1110 (1986), as well as the proposed ASTM test method 

that is currently in development.  In the CDTX compression test, the sample is consolidated 

under drained conditions to the assigned vertical stress.  The sample is then sheared to failure 

under drained conditions.   This test method provides for the calculation of effective stresses, 

and axial compression by measurement of axial load, axial deformation, and pore water 

pressure.  

2.2 CONSOLIDATED DRAINED TRIAXIAL COMPRESSION TEST STANDARDS AND 

PROCEDURES 

CDTX compression tests were performed using the same system used to conduct the 

K0-Consolidated Undrained Triaxial test, which is an automated system developed by Fugro 

Consultants and Trautwein and Germaine (at the Massachusetts Institute of Technology). The 

test procedure followed the technical requirements of the ASTM Test Method for Consolidated 
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Drained Triaxial Compression Tests for Soils that is currently under development. The 

procedure for the Consolidated Drained Triaxial tests typically consists of five steps: 

1. Cell Preparation: Using the assigned confining pressure, strength estimates and 

specimen area, the proper load cell and pressure transducers are selected. 

2. Specimen Preparation: The selected portions of the tubes were cut into segments 

with a mechanical hacksaw (18 teeth per inch).  A wire saw was used to separate the 

soil from the surrounding tube in an effort to reduce potential disturbance upon 

extrusion.  In addition, each tube is marked such that all test specimens, will have 

the same orientation when sheared.  The sample is then extruded from the cut 

portion of the tube using a hydraulically actuated ram. 

3. Test specimens are typically trimmed to a 2.0-inch diameter by 4-inch height. After 

specimens are trimmed, they are mounted in the triaxial testing apparatus and 

aligned with the cell base with porous stones at each end. Each specimen had top, 

bottom and radial drainage boundaries during consolidation. The radial drainage was 

provided by spirally oriented ¼ inch wide, Whatman No. 1 filter strips placed at about 

¼-inch spacing.  

4. Back Pressure Saturation: Specimen saturation is usually achieved through back 

pressuring at either, an effective isotropic-confining stress of 3 to 7 psi (21 to 48 

Kpa), a stress that prevents swelling or the assigned stress, whichever was smaller. 

5. Consolidation: The soil specimen is isotropically-consolidated, to the assigned 

vertical stress. The samples are typically consolidated at a controlled rate of strain of 

about 0.1 to 0.5 percent/hr, depending upon its liquid limit. The duration of all 

consolidation increments is such that at least 95 percent consolidation is achieved. 

The assigned confining stresses ranged from below the present overburden to above 

the past maximum pressure as determined in the consolidation tests. 

6. Drained Axial Shearing: During shearing, the chamber pressure is kept constant and 

specimen drainage is permitted. An axial loading piston is advanced into (shearing 

compression) the cell at a specific rate of strain. The applied rate of strain is slow 

enough to produce approximate equalization of excess pore water pressures 

throughout the specimen at failure.  For this program the specimens were sheared at 

strain rates between 0.007 and 1 percent/hour depending on the drainage rate 

determined from the consolidation portion of the test.  

3.0 CONSOLIDATED DRAINED TRIAXIAL COMPRESSION TEST RESULTS  

During consolidation and shearing the necessary data (time, vertical and horizontal 

forces, shear deformations, pore pressures and transducer excitation voltage) were recorded 

using an automated data-acquisition system and electronically filed.  Specialized Excel 

worksheets, along with a Visual Basic code (VBA) were used to reduce the data files into 

engineering units in tabular and graphical format.  Figures A15-2a through A15-12c present the 

CDTX compression test results. 
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For each test performed, the shear stress (q) and the volume change are plotted versus 

axial strain on one page while obliquity (σ1’/σ3’) is plotted versus axial strain on a second page 

of plots.  In addition, where two or more CDTX compression tests were conducted at various 

confining pressures from a single sample tube, a Mohr’s circle is plotted for each specimen.  

The Mohr’s circle is a plot of the shear stress at failure versus the effective normal (vertical) 

stress.  

Results such as moisture content, Atterberg limits, initial unit weight, soil type, void ratio, 

initial total unit weight, estimated in situ vertical stress, vertical effective consolidation stress, the 

confinement pressure, axial strain at the maximum shear stress, the maximum shear stress, 

maximum obliquity, and the coefficient of cohesion and effective friction angle determined from 

the Mohr’s circles plots are summarized in “Table A15-2 – Summary of CDTX Test Results.” 

The estimated in situ vertical effective stress was estimated by developing a unit weight profile 

from the boring data with either measured or estimated ground water levels.  

4.0 LIMITATIONS 

Our services consist of laboratory testing, and data evaluations that are made in 

accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The laboratory data provided in this appendix is from the laboratory testing of subsurface 

explorations conducted by others. These explorations indicate subsurface conditions only at 

specific locations and times, and only to the depths penetrated.  Variations may exist and 

conditions not observed or described in this report could be encountered during construction.  

Our laboratory tests results presented in this appendix are based on the standards and 

procedures indicated herein. The laboratory assignments were provided by HMM/Bechtel.    

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing.  Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 
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1.0 INTRODUCTION 

This appendix presents the results of the K0-Consolidated Undrained Triaxial 

Compression and Extension (CK0UC & CK0UE) Tests conducted by the Houston geotechnical 

laboratory of Fugro Consultants LP (Fugro Consultants) as a part of the advanced laboratory 

testing program for the Tunnel Segment of Silicon Valley Rapid Transit (SVRT) Project.  The K0-

consolidated tests were performed on soil samples from boring locations situated along the 

tunnel segment alignment of SVRT Project, as shown on the Test Sample Location Map, Figure 

A16-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments;  

1) A line segment which will be approximately 11.5 miles of at-grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2) A 5.1-mile-long Tunnel Segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A16-1). 

As currently planned, the tunnel segment includes an at-grade and open cut track, three 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and cover 

stations and the crossover structures have a cumulative length of approximately 4,970 feet.  

The remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) is providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that will aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigations explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 rotary wash borings, and 

• 146 cone penetration tests (CPTs). 

Figure A16-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) the data requirements of the 

tunnel designer, 2) the location of existing geotechnical data, 3) the avoidance of private 

property, and 4) the avoidance of existing underground and overhead utilities.  For CPT 

correlation purposes, approximately 16 sets of borings and CPTs were conducted within 15 feet 

of each other. 

The boring investigation program was conducted by the two companies, Parikh and 

Pitcher.  The investigation included soil sampling and in situ testing.  Soil sampling consisted of 

Pitcher Barrel sampling, Shelby tube sampling, SPT sampling and California sampling.  The in 

situ testing conducted in the borings consisted of field vane shear testing, pressuremeter 

testing, downhole geophysical logging, and piezometer installation.  For further details regarding 

the boring investigation program and results refer to the main report.   

1.3 LABORATORY TESTING PROGRAM OVERVIEW 

1.3.1 Testing Overview 

Fugro Consultants’ geotechnical laboratory conducted the advanced laboratory testing 

program for the Tunnel Segment of SVRT Project. This program was conducted on samples 

provided by Parikh from soil borings located along the tunnel segment. Table A16-1, below, 

summarizes the numbers and types of different tests conducted.  The purpose of this advanced 

laboratory testing program was to determine selected index and engineering properties of the 

sampled soils. This appendix provides a detailed description for the K0-Consolidated Undrained 

Triaxial tests along with a summary of the interpreted parameters. 

Table A16-1.  Summary of Advanced Laboratory Testing Program 

Test Description Number of Tests 

Constant Rate of Strain (CRS) Consolidation 37 

Static Direct Simple Shear 15 

K0-Consolidated Undrained Triaxial Compression 20 

K0-Consolidated Undrained Triaxial Extension 16 

K0-Consolidated Bishop’s Procedure 12 

Isotropically-Consolidated Drained Triaxial Compression 30 
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1.3.2 Program Description 

The physical properties of the soils tested during the advanced laboratory testing 

program are separated into two categories, index and engineering. The index properties include 

items such as water content, specific gravity, unit weight, void ratio, and degree of saturation. 

The engineering properties would include items such as compressibility (consolidation), 

strength, and hydraulic conductivity (permeability). The advanced tests conducted as part of this 

laboratory testing program are discussed in more detail below. 

• Constant Rate of Strain Consolidation (CRS) tests were conducted to determine 

the rate and magnitude of soil consolidation as well as stress history for a soil 

sample that is restrained laterally and drained axially. The one-dimensional 

consolidation tests typically involved constant rate-of-loading, one unload-reload 

cycle, and one rebound stage from the maximum applied stress. Detailed discussion 

of the CRS consolidation tests is provided in Appendix 13. 

• Static Direct Simple Shear (DSS) tests were conducted to measure constant 

volume (undrained) shear strength and stress strain-characteristics of cohesive soils 

after one-dimensional consolidation using a constant rate of simple shear 

deformation. Detailed discussion of the DSS tests is provided in Appendix 14. 

• Isotropically Consolidated Triaxial Drained (CDTX) tests were conducted to 

evaluate the drained strength characteristics, such as friction angle and stress-strain 

relationship of the soils encountered in the borings.  For detailed discussion of the 

consolidated drained triaxial tests, refer to Appendix 15. 

• K0-Consolidated Undrained Triaxial Compression and Extension (CK0UC & 

CK0UE) tests were conducted to estimate the static strength parameters and stress-

strain characteristics of fine-grained soils under a range of confining stresses and 

overconsolidation ratios (OCRs).  In a K0-consolidated test, the sample is 

consolidated under drained conditions to the assigned vertical stress while 

maintaining a constant diameter of the cylindrical specimen (the horizontal confining 

stress was automatically adjusted to maintain the constant diameter).  A detailed 

discussion of the K0 triaxial compression and extension tests is provided in Appendix 

16 (this appendix). 

• K0 Bishop’s Procedure Triaxial tests were conducted to determine the at-rest 

lateral earth pressure coefficient (K0) as a function of the overconsolidation ratio 

(OCR). For detailed discussion of the K0 Bishop’s tests, refer to Appendix 17. 

The scope of the advanced laboratory testing program also included x-raying of 

assigned soil samples. Discussion of the x-ray testing procedures and a summary of results are 

provided in Section 2.0 of Appendix 13, with x-ray images shown in Appendix 20. 

1.3.3 Sample Recovery and Handling 

Soil sampling was conducted by Parikh at intervals typically ranging from 5 to 10 feet in 

accordance with the project specifications.  Upon sample recovery, undisturbed portions of the 
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soil sample tubes were sealed and transported to Parikh’s laboratory. For further details 

regarding sample recovery and handling, refer to the main report.  

Soil samples assigned for advanced laboratory testing were transported in wooden 

Shelby tube holders designed to maintain the tubes vertical orientation during transit to Fugro’s 

Laboratory in Oakland.  The samples were then packed in specially fabricated, padded 

containers designed to minimize disturbance and maintain an upright (vertical) orientation of the 

samples during shipping.  The samples were finally shipped to Fugro Consultants’ geotechnical 

laboratory for testing. 

1.3.4 Overview of K0-Consolidated Undrained Triaxial Compression and Extension Test 

Program 

Fugro Consultants’ geotechnical laboratory conducted K0-Consolidated Undrained 

Triaxial Compression tests on 19 samples and Extension tests on 16 samples, as assigned by 

HMM/Bechtel. K0-consolidated tests are conducted to estimate the static strength parameters 

and stress-strain characteristics of fine-grained soils under a range of confining stresses and 

overconsolidation ratios (OCR).  The K0 method of consolidation is used to better model the in 

situ stress conditions of the soil.  The test is applicable to field conditions where soils that have 

been fully consolidated under a set of stresses, are subjected to a change in stress without time 

for further consolidation to take place (undrained conditions).  

The shear strength determined from the K0-consolidated tests, expressed in terms of 

total stresses (undrained conditions) or effective stresses (drained conditions), are commonly 

used in stability analyses, earth pressure calculations and foundation design. 

CK0UE (extension) tests are conducted by consolidating the test specimen under K0 

conditions as per the CK0UC tests and then sheared to failure by maintaining a constant 

horizontal stress and decreasing the total vertical stress.  Extension loading simulates loading 

under passive failure conditions as may be encountered at the bottom of a supported 

excavation. 

The normalized undrained shear strength (Su/σ'vc) can be estimated as the ratio of the 

maximum observed shear stress (q) to the effective vertical consolidation stress (σ'vc) prior to 

undrained loading.  The in situ undrained shear strength may then be estimated by multiplying 

the normalized undrained shear strength with the estimated in situ effective overburden 

pressure (for normally consolidated samples). 

2.0 K0-CONSOLIDATED UNDRAINED TRIAXIAL TEST PROCEDURES 

2.1 INTRODUCTION 

The K0-Consolidated Undrained Triaxial tests were conducted in general accordance 

with ASTM Test Method D 4767.  In a K0-consolidated test the sample is consolidated under 

drained conditions to the assigned vertical stress while maintaining a constant diameter of the 
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cylindrical specimen (the horizontal confining stress is automatically adjusted to maintain the 

constant diameter).  The sample is then sheared to failure under undrained conditions with pore 

water pressure measurements.  By measuring the pore-water pressures generated during the 

test, the shear strength determined from the test can be expressed in terms of effective stress.  

This test method provides for the calculation of total and effective stresses, and axial 

compression or extension by measurement of axial load, axial deformation, and pore water 

pressure.  

2.2 K0-CONSOLIDATED UNDRAINED TRIAXIAL TEST STANDARDS AND 

PROCEDURES 

K0-Consolidated Undrained Triaxial tests were performed using an automated system 

(TruePath) developed by Fugro Consultants, Trautwein and Germaine (of the Massachusetts 

Institute of Technology). The test procedure followed the technical requirements of ASTM Test 

Method D4767-95 except for the following: a) TruePath K0 consolidation; b) some minor 

calculation methodologies (volume of specimen before shearing, membrane correction, and 

area correction during shearing); and c) shearing in extension, when performed. The procedure 

for K0-Consolidated Undrained Triaxial tests typically consists of five steps: 

1. Cell Preparation: Using the assigned confining pressure, strength estimates and 

specimen area, the proper load cell and pressure transducers are selected. 

2. Specimen Preparation: The selected portions of the tubes were cut into segments 

with a mechanical hacksaw (18 teeth per inch).  A wire saw was used to separate the 

soil from the surrounding tube in an effort to reduce potential disturbance upon 

extrusion.  In addition, each tube is marked such that all test specimens, will have 

the same orientation when sheared.  The sample is then extruded from the cut 

portion of the tube using a hydraulically actuated ram. 

Test specimens are typically trimmed to a 2.0-inch diameter by 4-inch height. After 

specimens are trimmed, they are mounted in the triaxial testing apparatus and 

aligned with the cell base with porous stones at each end.  Each specimen had top, 

bottom and radial drainage boundaries during consolidation. The radial drainage was 

provided by spirally oriented ¼-inch-wide Whatman No. 1 filter strips placed at about 

¼-inch spacing. 

3. Back Pressure Saturation: Specimen saturation is usually achieved through back 

pressuring at either, an effective isotropic-confining stress of 3 to 7 psi (21 to 48 

Kpa), a stress which prevents swelling or the assigned stress, whichever was 

smaller. 

4. Consolidation: Using the SHANSEP methodology, the soil specimen is K0-

consolidated, in which the sample is consolidated, under drained conditions, to the 

assigned vertical stress while maintaining a constant diameter of the cylindrical 

specimen (the horizontal confining stress is automatically adjusted to maintain the 

constant diameter). The samples are typically consolidated at a controlled rate of 

strain of about 0.1 to 0.5 percent/hr, depending upon its liquid limit. The duration of 

all consolidation increments shall be such that at least 95 percent consolidation is 
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achieved. If a test required the specimen to have an OCR greater than one, as in this 

program, the specimen was first consolidated to an induced OCR = 1 and cured (as 

mentioned above, but with σ'v,c = σ'vc,max); then rebounded in increments to σ'v,c and 

cured (thereby obtaining the appropriate OCR > 1); and, finally, sheared. 

5. Undrained Axial Shearing: During shearing, the chamber pressure is kept constant 

and specimen drainage is not permitted. An axial loading piston is advanced into 

(shearing compression), or retracted from (shearing in extension) the cell at a 

specific rate of strain. The applied rate-of-strain was slow enough (about 0.1 to 0.5 

percent/h, depending upon the specimen's liquid limit) to produce approximate 

equalization of excess pore-water pressures (PWP) throughout the specimen at 

failure.  The static stresses and excess PWPs (ΔU) were used to express the 

measured stress parameters in terms of effective stresses. 

3.0 K0-CONSOLIDATED UNDRAINED TRIAXIAL TEST RESULTS  

During consolidation and shearing the necessary data (time, vertical and horizontal 

forces, shear deformations, pore pressures and transducer excitation voltage) were recorded 

using an automated data-acquisition system and electronically filed.  Specialized Excel 

worksheets, along with a Visual Basic code (VBA) were used to reduce the data files into 

engineering units in tabular and graphical format.  Figures A16-2 through A16-17 present the 

CK0UE test results, and Figures A16-18 through A16-37 present the CK0UC test results.  For 

each test performed, normalized shear stress (ratio of the horizontal shear stress to the pre 

shear effective vertical stress [τh/σ’v,c]), the normalized excess pore water pressure and obliquity 

versus shear strain (γ %) are plotted on three separate plots on one page while the K0 and axial 

strain are plotted versus effective vertical stress, and normalized shear stress (τh/σ’v,c) versus 

normalized average effective vertical stress (p/σ’v,c) are shown on a second page of plots.   

Results such as moisture content, Atterberg limits, initial unit weight, soil type, 

interpreted preconsolidation pressure, estimated in situ vertical stress, overconsolidation ratio, 

undrained shear strength and maximum shear strain are summarized in “Table A16-2 – 

Summary of CK0U Test Results.”  The estimated in situ vertical effective stress was estimated 

by developing a unit weight profile from the boring data with either measured or estimated 

ground water levels.  

4.0 LIMITATIONS 

Our services consist of laboratory testing, and data evaluations that are made in 

accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The test data provided in this appendix is from the laboratory testing of samples 

obtained from subsurface explorations conducted by others. These explorations indicate 

subsurface conditions only at specific locations and times, and only to the depths penetrated.  
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Variations may exist and conditions not observed or described in this report could be 

encountered during construction.  Our laboratory tests results presented in this appendix are 

based on the standards and procedures indicated herein. The laboratory assignments were 

provided by HMM/Bechtel.    

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing.  Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 

of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 

5.0 REFERENCES 

ASTM D4767, “Standard Test Method for Consolidated Undrained Triaxial Compression Test 

for Cohesive Soils, “ASTM International. 

G:\JOBDOCS\1637\1637.001\REPORTS\APPENDIX_16_KOTX\FINAL\TEXT\APP.JUL05.DOC 7 

 



 

TABLE 

 



 



 



 



 



 



 

FIGURES 

 



!A!A
!A!A!A!A

!A

!A!A!A!A!A!A!A!A!A!A!A!A !A

#

#

#
#
##

#

###########
#

#
#

####

##
###

#####

#

#

#
##

#

##
#

!A#
#
#

!A
#

##!A

!A
#!A#

!A#

!A
#
#!A

#!A
#
#!A#

#!A#
#
!A#

#

#!A

#
!A

!A
!A !A#

#

!A

!A

#

!A

#

!A

#

#

!A

#
#

#

!A
#
!A

!A

#

##!A

#
#!A#

#
#!A# !A#

#
!A#!A#!A

!A#
#!A## !A

#
#

!A#!A!A
#

!A#

#

#

!A

#

#

!A

#

#

!A#

#

# !A

!A#

#

#

!A
#

#
!A

#

#

!A

#

#

#
!A

#

!A
#

#

!A

#
#

!A
#

#

!A#

#

!A

!A

!A ##
#

# ##
#

#

!A

!A

!A!A

!A

!A

!A

#

#

!A!A

#

!A

!A

!A

!A

##

#

!A!A
!A!A!A!A

!A

!A!A!A!A!A!A!A!A!A!A!A!A !A

#

#

#
#
####

#

#############
#

#
#

####

##
###

#####

#

#

#
##

#

##
#

!A#
#
#

!A
#

##!A

!A
#!A#

!A#

!A
#
#!A

#!A
#
#!A#

#!A#
#
!A#

#

#!A

#
!A

!A
!A !A#

#

#
!A

!A

#

!A

#

!A

#

#

!A

#
#

#

!A
#
!A

!A

#

##!A

#
#A!#

#
#!A# !A#

#
!A#!A#!A

!A#
#!A## !A

#
#

!A#!A!A
#

!A#

#

#

!A

#

#

!A

#

#

!A#

#

# !A

!A#

#

#

!A
#

#
!A

#

#

!A

#

#

#
!A

#

!A
#

#

!A

#
#

!A
#

#

!A#

#

!A

!A

!A ##
#

# ##
#

#

!A

!A

!A!A

!A

!A

!A

#

#

!A!A

#

!A

!A

!A

!A

##

#

#

#

A
L
U

M
 R

O
C

K
 S

T
A

T
IO

N

DOWNTOWN SAN JOSE STATION

T
U

N
N

E
L

 S
E

G
M

E
N

T
A

L
U

M
 R

O
C

K
 S

T
A

T
IO

N

C
O

Y
O

T
E

 C
R

E
E

K

L
O

S
 G

A
T
O

S
 C

R
E

E
K

G
U

A
D

A
L

U
P

E
 R

IV
E

R

LOWER SILVER CREEK

WEST PORTAL

DIRIDON/ARENA STATION

DOWNTOWN SAN JOSE STATION

ALUM ROCK STATION

EAST PORTAL
C

P
T
-5

5
A

C
P

T
-9

5

H
P

-1

BH-49

CPT-157

BH-80

BH-79

B
H

-3
0

ST-13

ST-12

S
T
-1

1

S
T
-1

0

B
H

-3
1

S
T
-5

S
T
-4

ST-3

ST-2

ST-1

BH-78

BH-48

BH-47

BH-46

BH-45

BH-43

BH-42

BH-41

BH-40

BH-39

BH-38

BH-37

B
H

-3
6

B
H

-2
0

B
H

-1
9

B
H

-1
8

B
H

-1
7

B
H

-1
6

B
H

-1
5

B
H

-1
4

B
H

-1
3

B
H

-1
2

B
H

-1
1

B
H

-1
0

B
H

-0
9

BH-08

BH-07

BH-06

BH-05

BH-04

BH-03

BH-02

BH-01

B
H

-2
9

S
T
-9

B
H

-3
2

B
H

-3
3

B
H

-3
4

B
H

-3
5

B
H

-7
6

B
H

-7
5

B
H

-7
4

B
H

-7
3

BH-63

BH-62 BH-61

BH-60

BH-59

BH-58

BH-57

BH-56

BH-44

B
H

-2
8 B

H
-2

1

CPT-85

C
P

T
-3

7
C

P
T
-3

6

C
P

T
-2

9

C
P

T
-3

4

C
P

T
-1

9

C
P

T
-3

9

CPT-93

CPT-92

CPT-91
CPT-90

CPT-89 CPT-88

CPT-87
CPT-86

CPT-84

CPT-83CPT-82

CPT-80

CPT-79
CPT-78

CPT-77CPT-76

CPT-75
CPT-74

CPT-73

CPT-70
CPT-69CPT-68

CPT-67

CPT-66

CPT-65

C
P

T
-6

4
C

P
T
-6

3
C

P
T
-6

2

C
P

T
-5

3

C
P

T
-3

8

C
P

T
-3

5

C
P

T
-3

3

C
P

T
-3

0

C
P

T
-3

2

C
P

T
-2

8
C

P
T
-2

7

C
P

T
-2

6

C
P

T
-2

3

C
P

T
-2

2

C
P

T
-2

1
C

P
T
-2

0

C
P

T
-1

8
C

P
T
-1

7
C

P
T
-1

6

CPT-14

CPT-13

CPT-12
CPT-11

CPT-10

CPT-09

CPT-08

CPT-07

CPT-06

CPT-05

CPT-04

CPT-03

C
P

T
-5

5

C
P

T
-5

6

C
P

T
-6

0C
P

T
-6

1

CPT-81

C
P

T
-5

2

C
P

T
-2

5

C
P

T
-2

4

CPT-02

CPT-01

CPT-156

C
P

T
-1

5
4

C
P

T
-1

5
3

C
P

T
-1

5
2

C
P

T
-1

4
6

CPT-124

CPT-122
CPT-123

CPT-120

CPT-118

CPT-114

CPT-112

CPT-110

CPT-109 CPT-108

CPT-107

CPT-111

C
P

T
-3

1

C
P

T
-5

7

C
P

T
-1

5

C
P

T
-1

5
0

C
P

T
-1

4
8

CPT-117

CPT-113

C
P

T
-1

4
7

C
P

T
-1

4
9

C
P

T
-1

5
1

1
s
t

4
th

5
t h

7
th

6
t h

101

9
th

8
th

2
n

d

Taylor

1
0

th

3
rd

8
7

1
7

t h

1
3

t h

1
2

t h

1
1

th

1
5

th

1
6

t h

Hedding

1
8

th

1
9

t h

880

Mission

2
0

th

Santa Clara

Empire

1
4

th

Jackson

E
lm

S
to

c
k
to

n

C
olem

an

2
6
th

M
abury

2
8
th

Saint John

M
a
rke

t

S
p
rin

g

2
4
th

Julian

W
a
ln

u
t

Washington

G
u
a
d
a
lu

p
e

2
1

s
t

2
7
th

Emory

A
u
tu

m
n

2
5

th

Villa

Lenzen

M
o
rr

is
o
n

Vestal

Bassett

Younger

C
h
e
s
tn

u
t

Post

Berryessa

Airport

S
u
n
o
l

Asbury

R
e

g
e

n
t

University

B
u
sh

A
n

ita

The Alameda

M
ille

r

M
o
n
tg

o
m

e
ry

K
e
e
b
le

Schiele

C
le

a
ve

s

R
i v

e
r

Bayshore

W
h
ite

E
a

s
t

M
y
rtle

San Fernando

Pershing

Fox

W
e

s
t

Seymour

A
tla

s

E
g
g
o

O
a
k
la

n
d

Shortridge

Newhall

2
3

rd

3
0
th

Ire
n
e

V
e
n

d
o
m

e

George

Tim
othy

Horning

C
a
h
ill

2
2

n
d

Hamline
M

a
rb

u
rg

S
a
n

 P
e

d
ro

Ayer

A
lm

a
d
e
n

W
ils

o
n

L
a

u
re

l

Madera

W
o
o

s
te

r

Hobson

R
a
ce

R
u
ff

Saint James

Clayton

R
a
in

ie
r

Ryland

Hensley

Harding

Park

Devine

Cinnabar

Bulldog

Hawthorne

Rankin

Tripp

P
le

a
s
a

n
t

Kinney

M
o
n

fe
rin

o

Acacia

T
e

rra
in

e

Vermont

Luther

W
a

c
o

Bruce

H
o
o

v
e

r

D
e

l m
a

s

Santa Ana

R
h
o
d
e
s

Mc Kendrie

T
e

rra
c
e

Garland

Las Plumas

N
ip

p
e

r

Carlysle

Mc Kee

Nicora

N
o

t r
e

 D
a

m
e

Martin

Village

Howard

Marianelli

Melina

De Mattei

Yard

C
o
m

m
e
rcia

l

Five Wounds

Filomena

L
ig

h
ts

o
n

Fountain

Warren

Stover

Elizabeth

L
it
tl
e
 M

a
rk

e
t

L
o

s
s
e

C
h

ic
o

Sierra

Cottage

Calhoun

C
o
y
o

te
 C

re
e
k

Clinton

Hanchett

P
e

ru
k
a

L
in

co
ln

Saint Paul

Arroyo

S
a

n
ta

 T
e
re

s
a

Q
u

a
ilb

ro
o

k

P
e
rm

a
ta

Martel

Glithero

Houghton

C
o
le

m
a

n
 A

v
e

n
u

e

Asbury

San Fernando

Saint John

2
0

th

Empire

1
4
th

1
3

th

Berryessa

San Fernando

Saint James

A
lm

a
d
e

n

Cinnabar

Mc Kendrie

Saint John

Hamline

1
5

th

Emory

C
h
e
stn

u
t

E
lm

San Fernando

2
1

s
t

1
6

th

2
3

rd

Saint John

Asbury

3
0

th

2
2
n

d

Empire

1
9
th

S
to

c
k
to

n

1
2

th

S
a

n
 P

e
d

ro

1
1

th

Vermont

S
a

n
 P

e
d

ro

University

S
p
rin

g

Hobson

Saint James

H
ed

di
ng

Devine

3
rd

Lenzen

T
e

r r
a

in
eA

lm
a

d
e

n

§̈¦880

tu101

Ko TRIAXIAL COMPRESSION AND
EXTENSION TEST LOCATION MAP

Tunnel Segment of SVRT Project 
San Jose, California

!A
!A

!A!A
!A

!A!A!A!A!A!A
!A!A

!A
!A

!A!A
!A

#
#
##### ########

#
#

#
####

##
#

#####

#

#

#
#

##
#

!A

##
!A

!A!A!A

DOWNTOWN
SAN JOSE STATION

CROSSOVER

S
T-7

S
T-6B

H
-2

7

B
H
-6

8

B
H
-7

7

B
H
-7

2

B
H
-7

1

B
H
-7

0

B
H
-6

6

B
H
-6

5

B
H
-6

4

B
H
-5

5
B
H
-5

4
B
H
-5

3

B
H
-5

2

B
H
-5

0

B
H
-2

6

B
H
-2

5

B
H
-2

4

B
H
-2

3

B
H
-2

1
C
P
T

C
P
T-9

7
C
P
T-9

4

C
P
T-5

1

C
P
T-4

9
C
P
T-4

8

C
P
T-4

1
C
P
T-4

0

C
P
T-1

55

C
P
T-1

43

C
P
T-1

41
C
P
T-1

40

C
P
T-1

36

C
P
T-1

26

C
P
T-1

01
C
P
T-9

8

C
P
T-9

6

C
P
T-5

0

C
P
T-4

7

C
P
T-4

6

C
P
T-4

5

C
P
T-4

4

C
P
T-4

3

C
P
T-4

2
B
H
-5

5A

C
P
T-1

45
C
P
T-1

44

C
P
T-1

42

C
P
T-1

39
C
P
T-1

38
C
P
T-1

37

C
P
T-1

35
C
P
T-1

34
C
P
T-1

33
C
P
T-1

32

C
P
T-1

30

C
P
T-1

29
C
P
T-1

28

C
P
T-1

06

C
P
T-1

05
C
P
T-1

03

C
P
T-1

02

C
P
T-1

00

C
P
T-1

45
A

Santa Clara

1
s
t

Post

6
th

4
th

7
th 8

th5
th

3
r d

2
n

d

M
a

rk
e

t

S
a

n
 P

e
d

ro

Carlysle

A
lm

a
d
e
n

N
o

tr
e

 D
a

m
e

A
lm

a
d

e
n

FIGURE A16-1

G
:\

jo
b

d
o

c
s
\1

6
3

7
\1

6
3

7
.0

0
1

\g
is

\m
x
d

\l
a

b
_

te
s
t_

o
v
e

rv
ie

w
\B

A
R

T
_

K
O

_
T

R
IA

X
_

E
X

T
_

O
V

E
R

V
IE

W
.m

x
d

, 
0

6
/0

2
/0

5
, 

m
fi
lli

n
g

im

0 500 1,000250

Feet

!A

´

!A Ko TRIAXIAL COMPRESSION 
AND EXTENSION TEST

Ko TRIAXIAL COMPRESSION TEST

BORING

CPT

LEGEND

#

!A



HMM/Bechtel

Project No.1637.001

-0.4

-0.2

0.0

0.2

0.4

0.6

-20-15-10-50

N
o

rm
a
li
z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,
 q

 /
 σ

' v
,c

Specimen developed a shear plane and experienced 

significant localized necking at 7% axial strain. 

-0.2

0.0

0.2

0.4

0.6

0.8

-20-15-10-50

N
o

rm
a
li
z
e
d

 E
x
c
e
s
s
 P

W
P

, 
  
 Δ

U
/ σ

' v
,c

Specimen developed a shear plane and experienced 

significant localized necking at 7% axial strain. 

0.0

2.0

4.0

6.0

8.0

10.0

-20-15-10-50

Axial Strain, εa (%)

O
b

li
q

u
it

y
, 
  
 σ

' 1
 /
 σ

' 3

Specimen developed a shear plane and experienced 

significant localized necking at 7% axial strain. 

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 9c - Depth: 41.75 ft

Boring B-23

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-2a

 



HMM/Bechtel

Project No. 1637.001

-0.80

-0.40

0.00

0.40

0.80

0.00 0.40 0.80 1.20 1.60 2.00

Normalized Effective Average Stress, p' / σ'v,c

N
o

rm
a
li

z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,

 q
 /

 σ
' v

,c

Specimen developed a shear plane and experienced 

significant localized necking at 7% axial strain. 

0

5

10

15

20

0.1 1 10 100 1000

Effective Vertical Stress, σ'v,c (ksf)

A
x
ia

l 
S

tr
a
in

, 
ε a

 (
%

)

0.00

0.25

0.50

0.75

1.00

K

   Strain

   Ko

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 9c - Depth: 41.75 ft

Boring B-23

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-2b

 



HMM/Bechtel

Project No. 1637.001

-0.4

-0.2

0.0

0.2

0.4

-20-15-10-50

N
o

rm
a
li
z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,
 q

 /
 σ

' v
,c

-0.8

-0.4

0.0

0.4

0.8

-20-15-10-50

N
o

rm
a
li
z
e
d

 E
x
c
e
s
s
 P

W
P

, 
  
 Δ

U
/ σ

' v
,c

Specimen developed a shear plane and experienced 

significant localized necking at 2% axial strain.

0.0

1.0

2.0

3.0

4.0

5.0

-20-15-10-50

Axial Strain, εa (%)

O
b

li
q

u
it

y
, 
  
 σ

' 1
 /
 σ

' 3

Specimen developed a shear plane and experienced 

significant localized necking at 2% axial strain.

Specimen developed a shear plane and experienced 

significant localized necking at 2% axial strain.

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 4.94

Sample: 18c - Depth: 114.7ft

Boring B-23

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-3a

 



HMM/Bechtel

Project No.1637.001

-0.80

-0.40

0.00

0.40

0.80

0.00 0.40 0.80 1.20 1.60 2.00

Normalized Effective Average Stress, p' / σ'v,c

N
o

rm
a
li

z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,

 q
 /

 σ
' v

,c

Specimen developed a shear plane and experienced 

significant localized necking at 2% axial strain.

0

5

10

15

20

0.1 1 10 100

Effective Vertical Stress, σ'v,c (ksf)

A
x
ia

l 
S

tr
a
in

, 
ε a

 (
%

)

0.00

0.25

0.50

0.75

1.00

K

   Strain

   Ko

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 4.94

Sample: 18c - Depth: 114.7ft

Boring B-23

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-3b

 



HMM/Bechtel

Project No. 1637.001

-0.4

-0.2

0.0

0.2

0.4

-20-15-10-50

N
o

rm
a
li
z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,
 q

 /
 σ

' v
,c

-0.2

-0.1

0.0

0.1

0.2

0.3

-20-15-10-50

N
o

rm
a
li
z
e
d

 E
x
c
e
s
s
 P

W
P

, 
  
 Δ

U
/ σ

' v
,c

0.0

1.0

2.0

3.0

4.0

5.0

-20-15-10-50

Axial Strain, εa (%)

O
b

li
q

u
it

y
, 
  
 σ

' 1
 /
 σ

' 3

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 7c - Depth: 24.85 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-4a

 



HMM/bechtel

Project No. 1637.001

-0.80

-0.40

0.00

0.40

0.80

0.00 0.40 0.80 1.20 1.60 2.00

Normalized Effective Average Stress, p' / σ'v,c

N
o

rm
a
li

z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,

 q
 /

 σ
' v

,c

0

5

10

15

20

0.1 1 10 100

Effective Vertical Stress, σ'v,c (ksf)

A
x
ia

l 
S

tr
a
in

, 
ε a

 (
%

)

0.00

0.25

0.50

0.75

1.00

K

   Strain

   Ko

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 7c - Depth: 24.85 ft

Boring B-24

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-4b

 



HMM/Bechtel

Project No. 1637.001

-0.8

-0.6

-0.4

-0.2

0.0

0.2

-20-15-10-50

N
o

rm
a
li
z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,
 q

 /
 σ

' v
,c

-0.8

-0.6

-0.4

-0.2

0.0

0.2

-20-15-10-50

N
o

rm
a
li
z
e
d

 E
x
c
e
s
s
 P

W
P

, 
  
 Δ

U
/ σ

' v
,c

0.0

2.0

4.0

6.0

8.0

10.0

-20-15-10-50

Axial Strain, εa (%)

O
b

li
q

u
it

y
, 
  
 σ

' 1
 /
 σ

' 3

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 3.13

Sample: 4a - Depth: 32.50 ft

Boring B-25

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-5a

 



HMM/Bechtel

Project No. 1637.001

-1.00

-0.50

0.00

0.50

1.00

0.00 0.50 1.00 1.50 2.00 2.50

Normalized Effective Average Stress, p' / σ'v,c

N
o

rm
a
li

z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,

 q
 /

 σ
' v

,c

0

5

10

15

20

0.1 1 10 100

Effective Vertical Stress, σ'v,c (ksf)

A
x
ia

l 
S

tr
a
in

, 
ε a

 (
%

)

0.00

0.25

0.50

0.75

1.00

K

   Strain

   Ko

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 3.13

Sample: 4a - Depth: 32.50 ft

Boring B-25

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-5b

 



HMM/Bechtel

Project No. 1637.001

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

-20-15-10-50

N
o

rm
a
li
z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,
 q

 /
 σ

' v
,c

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

-20-15-10-50

N
o

rm
a
li
z
e
d

 E
x
c
e
s
s
 P

W
P

, 
  
 Δ

U
/ σ

' v
,c

0.0

2.0

4.0

6.0

8.0

10.0

-20-15-10-50

Axial Strain, εa (%)

O
b

li
q

u
it

y
, 
  
 σ

' 1
 /
 σ

' 3

Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 4.37

Sample: 6a - Depth: 54.40 ft

Boring B-33

Tunnel Segment of SVRT Project
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Sample: 11b - Depth: 73.95 ft
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Tunnel Segment of SVRT Project
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Test Induced OCR = 1

Sample: 18b - Depth: 131.85 ft

Boring B-60

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-9a
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Test Induced OCR = 1

Sample: 5c - Depth: 31.90 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-10a
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Test Induced OCR = 1

Sample: 19c - Depth: 117.25 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-11a
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 19c - Depth 117.25 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-11b
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 3b - Depth: 12.65 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-12a
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 3b - Depth: 12.65 ft

Boring B-68

Tunnel Segment of SVRT Project 

San Jose, California FIGURE A16-12b
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Ko-CONSOLDIATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 6.95

Sample: 4a - Depth: 20.70 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-13a
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Specimen began to experience localized necking after 4% 

axial strain.  No data after 4% axial strain is presented.
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 6.95

Sample: 4a - Depth: 20.70 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-13b
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 18c - Depth: 149.80 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-14a
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 18c - Depth: 149.80 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-14b
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axial strain.  No data after 6.9% axial strain is presented.
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 4.04

Sample: 35a - Depth: 135.0ft

Boring B-70

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-15a
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Specimen began to experience localized necking after 6.9% 

axial strain.  No data after 6.9% axial strain is presented.
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULT

Test Induced OCR = 4.04

Sample: 35a - Depth: 135.0ft

Boring B-70

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-15b
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 2.66

Sample: 15c - Depth: 150.45 ft

Boring B-75

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-16a
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 2.66

Sample: 15c - Depth: 150.45 ft

Boring B-75

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-16b
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 16c - Depth: 101.85 ft

Boring B-77

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-17a
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Ko-CONSOLIDATED TRIAXIAL EXTENSION TEST RESULTS

Test Induced OCR = 1

Sample: 16c - Depth: 101.85 ft

Boring B-77

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-17b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 6.14

Sample: 3c - Depth: 51.80 ft

Boring B-9

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-18a
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Ko-CONSOLDIATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 6.14

Sample: 3c - Depth: 51.80 ft

Boring B-9

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-18b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test  Induced OCR = 2.03
Sample: 9c - Depth: 80.95 ft

Boring B-18
Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-19a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 2.03

Sample: 9c - Depth: 80.95 ft
Boring B-18

Tunnel Segment of SVRT Project
San Jose, California

FIGURE A16-19b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 9b - Depth: 41.20 ft
Boring B-23

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-20a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 9b - Depth: 41.20 ft
Boring B-23

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-20b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 3.84

Sample: 17c - Depth: 106.50 ft
Boring B-23

Tunnel Segment of SVRT Project
San Jose, California FIGURE  A16-21a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 3.84

Sample: 17c - Depth: 106.50 ft
Boring B-23

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-21b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 3b - Depth: 14.85 ft
Boring B-24

Tunnel Segment of SVRT Project
San Jose, California FIGUREA16-22a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 3b - Depth: 14.85 ft
Boring B-24

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-22b

 



HMM/Bechtel
Project No. 1637.001

0.0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

N
or

m
al

iz
ed

 S
he

ar
 S

tr
es

s 
, q

 / 
σσ σσ

' v
,c

0.0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

N
or

m
al

iz
ed

 E
xc

es
s 

P
W

P
,  

  ∆∆ ∆∆
U

/ σσ σσ
' v

,c

0.0

1.0

2.0

3.0

4.0

5.0

0 5 10 15 20

Axial Strain, εεεεa (%)

O
bl

iq
ui

ty
,  

  σσ σσ
' 1

 / 
σσ σσ

' 3

Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 7b - Depth: 24.45 ft
Boring B-24

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-23a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 7b - Depth: 24.45 ft
Boring B-24

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-23b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 3.14

Sample: 4b - Depth: 32.05 ft
Boring B-25

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-24a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 3.14

Sample: 4b - Depth: 32.05 ft
Boring B-25

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-24b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 4.29

Sample: 6b - Depth: 54.00 ft
Boring B-33

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-25a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 4.29

Sample: 6b - Depth: 54.00 ft
Boring B-33

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-25b

 



HMM/Bechtel
Project No. 1637.001

0.0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

N
or

m
al

iz
ed

 S
he

ar
 S

tr
es

s 
, q

 / 
σσ σσ

' v
,c

0.0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

N
or

m
al

iz
ed

 E
xc

es
s 

P
W

P
,  

  ∆∆ ∆∆
U

/ σσ σσ
' v

,c

0.0

1.0

2.0

3.0

4.0

5.0

0 5 10 15 20

Axial Strain, εεεεa (%)

O
bl

iq
ui

ty
,  

  σσ σσ
' 1

 / 
σσ σσ

' 3

Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 5a - Depth: 42.30 ft
Boring B-37

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-26a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS
Test Induced OCR = 1

Sample: 5a - Depth: 42.30 ft
Boring B-37

Tunnel Segment of SVRT Project
San Jose, California FIGURE A16-26b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 5.06

Sample: 7d - Depth: 36.95 ft

Boring B-42

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-27a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 5.06

Sample: 7d - Depth: 36.95 ft

Boring B-42

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-27b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 11a - Depth: 74.35 ft

Boring B-60

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-28a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 11a - Depth: 74.35 ft

Boring B-60

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-28b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 18a - Depth: 132.40 ft

Boring B-60

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-29a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 18a - Depth: 132.40 ft

Boring B-60

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-29b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 5d - Depth: 31.50 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-30a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 5d - Depth: 31.50 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-30b

 



HMM/Bechtel

Project No. 1637.001

0.0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

N
o

rm
a
li
z
e
d

 S
h

e
a
r 

S
tr

e
s
s
 ,
 q

 /
 σ

' v
,c

0.0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

N
o

rm
a
li
z
e
d

 E
x
c
e
s
s
 P

W
P

, 
  
 Δ

U
/ σ

' v
,c

.

0.0

1.0

2.0

3.0

4.0

5.0

0 5 10 15 20

Axial Strain, εa (%)

O
b

li
q

u
it

y
, 
  
 σ

' 1
 /
 σ

' 3

Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 19b - Depth: 116.90 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-31a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 19b - Depth: 116.90 ft

Boring B-64

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-31b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 3a - Depth: 13.10 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-32a
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Specimen was sheared at 0.5%/hour to 2% axial strain.  The 

strain rate was then increased to 1.0%/hr to 20% axial strain.
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 3a - Depth: 13.10 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-32b
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 18b - Depth: 149.40 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-33a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Test Induced OCR = 1

Sample: 18b - Depth: 149.40 ft

Boring B-68

Tunnel Segment of SVRT Project

San Jose, California FIGURE A16-33b
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1.0 INTRODUCTION 

This appendix presents the results of the K0-Consolidated Undrained Triaxial 

Compression (K0-Bishop) tests conducted using Bishop’s procedure, by the Houston 

geotechnical laboratory of Fugro Consultants LP (Fugro Consultants) as a part of the advanced 

laboratory testing program for the Tunnel Segment of the Silicon Valley Rapid Transit (SVRT) 

Project. The K0-Bishop’s tests were conducted on soil samples from boring locations situated 

along the tunnel segment alignment of SVRT Project, as shown on the Test Sample Location 

Map, Figure A17-1.  

1.1 PROJECT DESCRIPTION 

The Santa Clara Valley Transportation Authority (VTA) intends to construct the SVRT 

Project in San Jose, California.  This will be a 26.2-km (16.3-mile) extension of the Bay Area 

Rapid Transit (BART) heavy rail rapid transit system from its planned terminus at the end of the 

Warms Springs Extension in Fremont, to San Jose.  The proposed alignment currently includes 

six stations (three above-grade and three below-grade), a proposed future station, and vehicle 

storage and maintenance facilities.  The alignment is composed of two major segments;  

1. A line segment, which will be approximately 11.5 miles of at-grade, elevated and cut-

and-cover track from Warm Springs to San Jose; and 

2. A 5.1-mile-long tunnel segment, consisting of twin bored tunnels and cut-and-cover 

structures through downtown San Jose (see Figure A17-1). 

As currently planned, the tunnel segment includes at-grade and open cut track, three 

cut-and-cover stations, and a cut-and-cover track crossover structure. The cut-and-cover 

stations and the crossover structures have a cumulative length of approximately 4,970 feet.  

The remaining 4.14 miles of the alignment will be twin 19.5-foot-diameter tunnels. 

This investigation and report cover the 5.1-mile-long tunnel segment section only.    

1.2 GEOTECHNICAL EXPLORATION PROGRAM OVERVIEW 

The joint venture of Hatch Mott MacDonald T & T, Inc., and Bechtel Infrastructure 

Corporation (HMM/Bechtel) is providing engineering design services for the tunnel segments 

(Segments 3 and 4) of the SVRT Project to the VTA.  HMM/Bechtel has subcontracted with a 

number of companies to conduct the geotechnical field exploration program for the project.  

HMM/Bechtel’s primary subcontractors for the geotechnical exploration program included Fugro 

West, Inc., (Fugro), Parikh Consultants (Parikh) and Pitcher Drilling Company (Pitcher). 

The three companies, Fugro, Parikh, and Pitcher, conducted the majority of the 

geotechnical field exploration program for the tunnel segments of the SVRT Project from 

October 15, 2004, to March 5, 2005.  The intent of the geotechnical field investigation program 

was to obtain geotechnical data that would aid in the design and construction of the proposed 

tunnel and cut-and-cover structures.  
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In general, the geotechnical field investigations explored subsurface conditions along the 

proposed tunnel alignment, within the vicinity of the proposed Eastern and Western Portals, at 

the two proposed ventilation structures, and at the proposed stations including: Alum Rock 

Station, Downtown San Jose Station, and Diridon/Arena Station.  The geotechnical exploration 

program included: 

• 76 rotary wash borings, and 

• 146 cone penetration tests (CPTs). 

Figure A17-1 provides a map of the exploration locations.  These locations were 

selected by HMM/Bechtel based on the following considerations: 1) the data requirements of the 

tunnel designer; 2) the location of existing geotechnical data; 3) the avoidance of private 

property; and 4) the avoidance of existing underground and overhead utilities.  For CPT 

correlation purposes approximately 16 sets of borings and CPTs were conducted within 15 feet 

of each other. 

The boring investigation program was conducted by the two companies, Parikh and 

Pitcher.  The investigation included soil sampling and in situ testing.  Soil sampling consisted of 

Pitcher Barrel sampling, Shelby tube sampling, SPT sampling and California sampling.  The in 

situ testing conducted in the borings consisted of field vane shear testing, pressuremeter 

testing, downhole geophysical logging, and piezometer installation.  For further details regarding 

the boring investigation program and results refer to the main report.    

1.3 LABORATORY TESTING PROGRAM OVERVIEW 

1.3.1 Testing Overview 

Fugro Consultants’ geotechnical laboratory conducted the advanced laboratory testing 

program for the Tunnel Segment of SVRT Project. This program was conducted on samples 

provided by Parikh from soil borings located along the tunnel segment. Table A17-1, below, 

summarizes the numbers and types of different tests conducted.  The purpose of this advanced 

laboratory testing program was to determine selected index and engineering properties of the 

sampled soils. This appendix provides a detailed description for K0-Bishop Consolidated 

Undrained Triaxial Compression tests along with a summary of the interpreted parameters. 

Table A17-1.  Summary of Advanced Laboratory Testing Program 

Test Description Number of Tests 

Constant Rate of Strain (CRS) Consolidation 37 

Static Direct Simple Shear 15 

K0-Consolidated Undrained Triaxial Compression 20 

K0-Consolidated Undrained Triaxial Extension 16 

K0-Consolidated Bishop’s Procedure 12 

Isotropically-Consolidated Drained Triaxial Compression 30 
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1.3.2 Program Description 

The physical properties of the soils tested during the advanced laboratory testing 

program are separated into two categories, index and engineering. The index properties include 

items such as water content, specific gravity, unit weight, void ratio, and degree of saturation. 

The engineering properties include items such as compressibility (consolidation), strength, and 

hydraulic conductivity (permeability). The advanced tests conducted as part of this laboratory 

testing program are discussed in more detail below. 

• Constant Rate of Strain (CRS) Consolidation tests were conducted to determine 

the rate and magnitude of soil consolidation as well as stress history for a soil 

sample that is restrained laterally and drained axially. The one-dimensional 

consolidation tests typically involved constant rate-of-loading, one unload-reload 

cycle, and one rebound stage from the maximum applied stress. Detailed discussion 

of the CRS consolidation tests is provided in Appendix 13. 

• Static Direct Simple Shear (DSS) tests were conducted to measure constant 

volume (undrained) shear strength and stress-strain characteristics of cohesive soils 

after one-dimensional consolidation using a constant rate of simple shear 

deformation. Detailed discussion of the DSS tests is provided in Appendix 14. 

• Isotropically Consolidated Drained Triaxial (CDTX) tests were conducted to 

evaluate the drained strength characteristics, such as friction angle and stress-strain 

relationship of the soils encountered in the borings.  For a detailed discussion of the 

CDTX tests, refer to Appendix 15. 

• K0-Consolidated Undrained Triaxial Compression and Extension (CK0UC & 

CK0UE) tests were conducted to estimate the static strength parameters and stress-

strain characteristics of fine-grained soils under a range of confining stresses and 

overconsolidation ratios (OCRs).  In a K0-consolidated test, the sample is 

consolidated under drained conditions to the assigned vertical stress while 

maintaining a constant diameter of the cylindrical specimen (the horizontal confining 

stress was automatically adjusted to maintain the constant diameter).  For detailed 

discussion of the K0 triaxial compression and extension tests, refer to Appendix 16. 

• K0-Bishop’s Procedure Triaxial tests were conducted to determine the at-rest 

lateral earth pressure coefficient (K0) as a function of the overconsolidation ratio 

(OCR). A detailed discussion of the K0-Bishop tests is provided in this appendix. 

The scope of the advanced laboratory testing program also included x-raying of 

assigned soil samples. Discussion of the x-ray testing procedures and a summary of results are 

provided in Section 2.0 of Appendix 13, with x-ray images shown in Appendix 20. 

1.3.3 Sample Recovery and Handling 

Soil sampling was conducted by Parikh at intervals typically ranging from 5 to 10 feet in 

accordance with the project specifications.  Upon sample recovery, undisturbed portions of the 

soil sample tubes were sealed and transported to Parikh’s lab. For further details regarding 

sample recovery and handling, refer to the main report.  
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Soil samples assigned for advanced laboratory testing were transported in wooden 

Shelby tube holders, designed to maintain the tubes’ vertical orientation during transit, to 

Fugro’s laboratory in Oakland.  The samples were then packed in specially fabricated, padded 

containers designed to minimize disturbance, and maintain an upright (vertical) orientation of 

the samples during shipping.  The samples were finally shipped to Fugro Consultants’ 

geotechnical laboratory for testing. 

1.3.4 Overview of K0-Bishop Consolidated Undrained Triaxial Test Program 

Fugro Consultants’ geotechnical laboratory conducted K0 consolidated triaxial tests using 

Bishop’s procedure on 12 soil samples, as assigned by HMM/Bechtel. These tests were 

conducted to estimate the static strength parameters, stress-strain characteristics and K0 as a 

function of overconsolidation ratio (OCR) for fine-grained soils.  The K0 method of consolidation 

is used to better model the in situ stress condition of the soil.  This test is applicable to field 

conditions where soils that have been fully consolidated under a set of stresses, are subjected 

to a change in stress without time for further consolidation to take place (undrained conditions).  

The shear strength determined from the Ko Bishop’s tests, expressed in terms of total 

stresses (undrained conditions) or effective stresses (drained conditions) are commonly used in 

stability analyses, earth pressure calculations and foundation design. 

The normalized undrained shear strength (Su/σ'vc) can be estimated as the ratio of the 

maximum observed shear stress (q) to the effective vertical consolidation stress (σ'vc) prior to 

undrained loading.  The in situ undrained shear strength may then be estimated by multiplying 

the normalized undrained shear strength with the estimated in situ effective overburden 

pressure (for normally consolidated samples). 

2.0 K0- CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST (BISHOP 

METHOD) PROCEDURES 

2.1 INTRODUCTION 

The K0-Consolidated Undrained Triaxial Compression (Bishop Method) tests were 

conducted in general accordance with ASTM Test Method D 4767.  The K0-Bishop’s procedure 

is generally the same as the one used for the standard K0-Consolidated Undrained Triaxial 

Compression tests, discussed in Appendix 16, with one significant variation.  In the K0-Bishop 

procedure, the sample is K0-consolidated under drained conditions until the sample is well into 

the normally consolidated range. An unload-reload cycle is then performed in order to obtain K0 

for various values of OCR. The K0-Bishop tests are conducted to estimate the static strength 

parameters and stress-strain characteristics of fine-grained soils under a range of confining 

stresses and overconsolidation ratios (OCR).  The sample is then sheared to failure under 

undrained conditions with pore-water pressure measurements.  By measuring the pore-water 

pressures generated during the test, the shear strength determined from the test can be 

expressed in terms of effective stress.  This test method provides for the calculation of total and 

effective stresses, and axial compression by measurement of axial load, axial deformation, and 

pore water pressure. 
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2.2 K0-CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST (BISHOP 

METHOD) STANDARDS AND PROCEDURES 

K0-Consolidated Undrained Triaxial Compression (Bishop Method) tests were conducted 

using an automated system (TruePath) developed by Fugro Consultants, and Trautwein and 

Germaine (of the Massachusetts Institute of Technology). The test procedure followed the 

technical requirements of ASTM Test Method D4767-95 using Bishop’s procedure in a triaxial 

cell. The procedure for K0-Bishop’s tests typically consists of the following steps: 

• Cell Preparation: Using the assigned confining pressure, strength estimates and 

specimen area, the proper load cell and pressure transducers are selected. 

• Specimen Preparation: The selected portions of the tubes were cut into segments 

with a mechanical hacksaw (18 teeth per inch).  A wire saw was used to separate the 

soil from the surrounding tube in an effort to reduce potential disturbance upon 

extrusion.  In addition, each tube is marked such that all test specimens, will have 

the same orientation when sheared.  The sample is then extruded from the cut 

portion of the tube using a hydraulically actuated ram. 

Test specimens are typically trimmed to a 2.0-inch diameter by 4-inch height. After 

specimens are trimmed, they are mounted in the triaxial testing apparatus and 

aligned with the cell base with porous stones at each end.  Each specimen had top, 

bottom and radial drainage boundaries during consolidation. The radial drainage was 

provided by spirally oriented ¼ -inch-wide Whatman No. 1 filter strips placed at about 

¼-inch spacing. 

• Back Pressure Saturation: Specimen saturation is usually achieved through back 

pressuring at either, an effective isotropic-confining stress of 3 to 7 psi (21 to 48 

Kpa), a stress which prevents swelling or the assigned stress, whichever was 

smaller. 

• Consolidation: Using the SHANSEP methodology, the soil specimen is K0-

consolidated, in which the sample is consolidated, under drained conditions, to the 

assigned vertical stress while maintaining a constant diameter of the cylindrical 

specimen (the horizontal confining stress is automatically adjusted to maintain the 

constant diameter). The samples are typically consolidated at a controlled rate of 

strain of about 0.1 to 0.5 percent/hr, depending upon its liquid limit. The duration of 

all consolidation increments was such that at least 95 percent consolidation is 

achieved.  For the K0-Bishop tests, an unload-reload cycle is then performed in order 

to obtain K0 for various values of OCR.  Following the unload/reload cycle the 

sample is consolidated back to the normally consolidated range and then sheared to 

failure.  

• Undrained Axial Shearing: During shearing, the chamber pressure is kept constant 

and specimen drainage is not permitted. An axial loading piston is advanced into 

(shearing compression), or retracted from (shearing in extension) the cell at a 

specific rate of strain. The applied rate-of-strain was slow enough (about 0.1 to 0.5  

percent/hr), depending upon the specimen's liquid limit) to produce approximate 
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equalization of excess pore-water pressures (PWP) throughout the specimen at 

failure.  The static stresses and excess PWPs (ΔU) were used to express the 

measured stress parameters in terms of effective stresses. 

3.0 K0-CONSOLIDATED UNDRAINED TRIAXIAL TEST RESULTS  

Raw data recorded during the K0-Bishop tests were interpreted to determine the strength 

parameters and the stress-strain characteristics of the tested soil. Figures 2a through 13c 

present the K0-Bishop’s  test results.  For each test performed, normalized shear stress (τh/σ’v,c), 

the normalized excess pore-water pressure and obliquity versus shear strain (γ %) are plotted 

on three separate plots on one page while the K0 and axial strain are plotted versus effective 

vertical stress, and normalized shear stress (τh/σ’v,c) versus normalized average effective 

vertical stress (p/σ’v,c) are shown on a second page of plots.  The K0 versus overconsolidation 

ratio (OCR) graph is shown on a third page of plots. 

Results such as moisture content, Atterberg limits, initial unit weight, soil type, 

interpreted preconsolidation pressure, estimated in situ vertical stress, overconsolidation ratio, 

undrained shear strength, maximum shear strain and K0-overconsoldiation ratio relationships 

are summarized in “Tables A17-2a through A17-2c – Summary of C K0U Test Results.” The 

estimated in situ vertical effective stress was estimated by developing a unit weight profile from 

the boring data with either measured or estimated ground water levels.  

4.0 LIMITATIONS 

Our services consist of laboratory testing, and data evaluations that are made in 

accordance with generally accepted geotechnical engineering principles and practices.  This 

warranty is in lieu of all other warranties, either expressed or implied. 

The test data provided in this appendix is from the laboratory testing of samples 

obtained from subsurface explorations conducted by others. These explorations indicate 

subsurface conditions only at specific locations and times, and only to the depths penetrated.  

Variations may exist and conditions not observed or described in this report could be 

encountered during construction.  Our laboratory tests results presented in this appendix are 

based on the standards and procedures indicated herein. The laboratory assignments were 

provided by HMM/Bechtel.    

This appendix has been prepared for the exclusive use of HMM/Bechtel and their 

consultants for specific application to the SVRT project as described herein.  In the event that 

there are any changes in the ownership, nature, design, or location of the proposed project, or if 

any future additions are planned, the results contained in this appendix should not be 

considered valid unless 1) the project changes are reviewed by Fugro, and 2) results presented 

in this appendix are modified or verified in writing.  Reliance on this report by others must be at 

their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 

impacts of any changes in geotechnical standards, practices, or regulations subsequent to 

performance of services without our further consultation.  We can neither vouch for the accuracy 
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of information supplied by others, nor accept consequences for unconsulted use of segregated 

portions of this report. 
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 Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Consolidation Phase

Sample: 3b - Depth: 52.20 ft

Boring B-9

Tunnel Segment of SVRT Project

San Jose, California FIGURE A17-2a
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Ko-BISHOP CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Consolidation Phase

Sample: 9b - Depth: 80.55 ft

Boring B-18

Tunnel Segment of SVRT Project

San Jose, California FIGURE A17-3a
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Ko-CONSOLIDATED TRIAXIAL COMPRESSION TEST RESULTS

Consolidation Phase

Sample: 3a - Depth: 18.00 ft

Boring B-25

Tunnel Segment of SVRT Project (BART to San Jose) 

San Jose, California FIGURE A17-4a
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Tunnel Segment of SVRT Project
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Consolidation Phase
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Consolidation Phase

Sample: 1b - Depth: 9.60 ft

Boring B-33

Tunnel Segment of SVRT Project
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Consolidation Phase

Sample: 9b - Depth: 82.10 ft

Boring B-33

Tunnel Segment of SVRT Project

San Jose, California FIGURE A17-7a
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Consolidation Phase

Sample: 7b - Depth: 36.55 ft

Boring B-42

Tunnel Segment of SVRT Project
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Consolidation Phase

Sample: 4b- Depth: 41.25 ft

Boring B-45

Tunnel Segment of SVRT Project

San Jose, California FIGURE A17-9a
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Consolidation Phase

Sample: 5b - Depth: 50.55 ft

Boring B-59

Tunnel Segment of SVRT Project

San Jose, California FIGURE A17-10a
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Consolidation Phase

Sample: 17b - Depth: 135.85 ft

Boring B-61

Tunnel Segment of SVRT Project

San Jose, California FIGURE A17-11a
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Consolidation Phase

Sample: 5b - Depth: 32.35 ft

Boring B-64

Tunnel Segment of SVRT Project
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Sample: 19a - Depth: 117.40 ft
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