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Appendix B 
Figure B-1: Gas/Groundwater Monitoring Well Diagrams (ACE Phase) 
Figure B-2: Gas/Groundwater Monitoring Well Diagrams (PE Phase) 
Figure B-3: Gas/Groundwater Monitoring Well Diagrams (Adv. PE Phase) 
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A. TOTAL DEPTH OF BORING:  165' BGS

B. DIAMETER OF BORING:  12" ∅, 4 78"∅ AT BOTTOM 30''
DRILLING METHOD:  ROTARY WASH/HOLLOW STEM AUGER

C. TOP OF BOX ELEVATION:  NA

D. CASING LENGTH:  105'
MATERIAL:  PVC

E. CASING DIAMETER:  6" ∅

F. DEPTH TO TOP OF SCREEN:  65'

G. PERFORATION LENGTH:  40'
PERFORATION SIZE:  0.04" SLOTS

H. SUBSURFACE SEAL:  1.5' CONCRETE

I. SEAL: 1.5'-62' (BGS)
MATERIAL: MEDIUM HYDRATED BENTONITE (CHIPS)

J. SAND PACK: 62'-165' (BGS)
MATERIAL:  # AQUARIUM SAND PACK
w/ TRANSITION SAND AT TOP

K. WATER LEVELS WERE AS FOLLOWS:
A. ON 9/29/2015: 56 FEET
B. ON 9/30/2015: 61.5 FEET

MTA WESTSIDE PURPLE LINE EXTENSION
Parsons Brinckerhoff

FIGURE NO.

PROJECT NO.

4953-11-1423

WELL CONSTRUCTION DETAIL
PROJECT NAME:

INSTALLED:

WELL LOCATION:

SCALE:

WELL NO.: G-408/P-306
9/24/15 and 9/25/15

MTA Westside Purple Line Extension

DATE:

PREPARED BY:

CHKD:

VMN

1" = 10' vertical

FIELD PERSONNEL:

DRILL CO.:

LH
TECHNIQUE: RW / HSMartini Drilling

LT

Wilshire Blvd at Reeves Dr., Beverly Hills, CA

Vertical Scale:  1" = 10'-0"
Horizontal Scale Exaggerated

Key
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Vertical Scale:  1" = 10'-0"
Horizontal Scale Exaggerated

Key

'

BGS
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" Inches
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TOC Top Of Casing

A. TOTAL DEPTH OF BORING:  132' BGS

B. DIAMETER OF BORING:  8"Ø
DRILLING METHOD:  HOLLOW-STEM AUGER

C. TOP OF BOX ELEVATION:  NA

D. CASING LENGTH:  50' (A), 128' (B) & 90' (C)
MATERIAL:  PVC

E. CASING DIAMETER:  2"Ø (EACH)

F. DEPTH TO TOP OF SCREEN:  40' (A), 118' (B) & 80' (C)

G. PERFORATION LENGTH:  10' (A), 10' (B) & 10' (C)
PERFORATION SIZE:  0.02" SLOTS

H. SUBSURFACE SEAL:  1.5' CONCRETE

I. SEAL: 1.5'-37.5', 52'-78', 92'-116' (BGS)
MATERIAL: HYDRATED BENTONITE (CHIPS)

I1. 1.5'-37.5': BENTONITE CHIPS HYDRATED

I2. 52'-78': BENTONITE CHIPS HYDRATED

I3. 92'-116': BENTONITE CHIPS HYDRATED

J. GRAVEL PACK:  37.5'-52', 78'-92', 116'-132 ' (BGS)
MATERIAL:  # 3 SAND PACK
w/ TRANSITION SAND AT TOP AND FILTER FABRIC
SOCK PLACED OVER SCREEN

J1. 37.5'-52'
J2. 78'-92'
J3. 116'-132'

K. WATER LEVELS WERE AS FOLLOWS:
A. ON 9/22/2015: DRY IN CASING A, 64.2 FEET IN

CASING B AND 62.1 FEET IN CASING C
B. ON 9/29/2015: DRY IN CASING A, 64.1 FEET IN

CASING B AND 62.6 FEET IN CASING C
C. ON 9/30/2015: 63.8 FEET IN CASING B AND 62.8 FEET

IN CASING C
D. ON 11/1/2015: DRY IN CASING A, 63.8 FEET IN

CASING B AND 62.5 FEET IN CASING C
E. ON 11/14/2015: 63.9 FEET IN CASING B AND 62.6

FEET IN CASING C

MTA WESTSIDE PURPLE LINE EXTENSION
Parsons Brinckerhoff

FIGURE NO.

PROJECT NO.

4953-11-1423

WELL CONSTRUCTION DETAIL
PROJECT NAME:

INSTALLED:

WELL LOCATION:

SCALE:

WELL NO.: OB-307
9/13/2015

MTA Westside Purple Line Extension

DATE:

PREPARED BY:

CHKD:

VMN

1" = 10' vertical

FIELD PERSONNEL:

DRILL CO.:

LH
TECHNIQUE: RW / HSMartini Drilling

LT

Wilshire Blvd / Reeves Dr., Beverly Hills, CA

Amec Foster Wheeler
Environment & Infrastructure, Inc.
6001 Rickenbacker Road
Los Angeles, CA 90040
Phone (323) 889-5300
Fax (323) 721-6700

10/21/2015 B-3.6



0

5

GROUNDWATER MONITORING WELL OB-308
GROUND SURFACE
(ASPHALT CONCRETE)

CAST IRON
 TRAFFIC COVER

1.
5'

I 1
H B C

C

1.5'A

57
.5

'

C
A

S
IN

G
 A

61
'

F A

73'

J 1

60

65

70

75

95

80

85

90

14
'

11
8'

14
'

10
'

2'

J 3
J 2

I 2
I 4

10
'

2'
G

11
'

D
B

98
'

D
C

106'

13
1' A

B

C
A

S
IN

G
 B

C
A

S
IN

G
 C

131'

86'

2'

6'

2'
10

'

14
'

2'

100

105

110

115

120

125

130

2'

120'

I 3

100'

13
'

59'

71
'

D
A G

G

E E E

88
'

F C10
8'

F B

P
at

h:
  S

:\A
C

A
D

\2
01

5-
10

5 
W

S
E

 P
ur

pl
e 

Li
ne

\W
el

l D
ia

gr
am

\4
95

3-
11

-1
42

3_
(P

E
)W

el
ls

(2
01

5.
10

.2
1)

.d
w

g 
 [O

B
-3

08
]

D
at

e:
  D

ec
em

be
r 0

7,
 2

01
5 

- 8
:0

2p
m

   
 B

y:
 o

go
ut

hi
er

Vertical Scale:  1" = 10'-0"
Horizontal Scale Exaggerated
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A. TOTAL DEPTH OF BORING:  131' BGS

B. DIAMETER OF BORING:  8"Ø
DRILLING METHOD:  HOLLOW-STEM-AUGER

C. TOP OF BOX ELEVATION:  NA

D. CASING LENGTH:  71' (A), 118' (B) & 98' (C)
MATERIAL:  PVC

E. CASING DIAMETER:  2"Ø (EACH)

F. DEPTH TO TOP OF SCREEN:  61' (A), 108' (B) & 88' (C)

G. PERFORATION LENGTH:  10' (A), 10' (B) & 10' (C)
PERFORATION SIZE:  0.02" SLOTS

H. SUBSURFACE SEAL:  1.5' CONCRETE

I. SEAL: 1.5'-59', 73'-86', 100'-106', 120'-131' (BGS)
MATERIAL: HYDRATED BENTONITE ( CHIPS)

I1. 1.5'-59': BENTONITE CHIPS HYDRATED

I2. 73'-86': BENTONITE CHIPS HYDRATED

I3. 100'-106': BENTONITE CHIPS HYDRATED

I4. 120'-131': BENTONITE CHIPS HYDRATED

J. GRAVEL PACK: 59'-73', 86'-100', 106'-120'  (BGS)
MATERIAL:  # 3 SAND PACK
w/ TRANSITION SAND AT TOP AND FILTER FABRIC SOCK
PLACED OVER SCREEN

J1. 59'-73'
J2. 86'-100'
J3. 106'-120'

K. WATER LEVELS WERE AS FOLLOWS:
A. ON 9/22/2015: 58.8 FEET IN CASING A, 62.4 FEET IN

CASING B AND 63.3 FEET IN CASING C
B. ON 9/29/2015: 58.3 FEET IN CASING A, 61.1 FEET IN

CASING B AND 64.3 FEET IN CASING C
C. ON 11/1/2015: 58 FEET IN CASING A, 61.1 FEET IN CASING

B AND 63.1 FEET IN CASING C
D. ON 11/14/2015: 62.4 FEET IN CASING B AND 63.2 FEET IN

CASING C

MTA WESTSIDE PURPLE LINE EXTENSION
Parsons Brinckerhoff

FIGURE NO.

PROJECT NO.

4953-11-1423

WELL CONSTRUCTION DETAIL
PROJECT NAME:

INSTALLED:

WELL LOCATION:

SCALE:

WELL NO.: OB-308
9/18/2015

MTA Westside Purple Line Extension

DATE:

PREPARED BY:

CHKD:

VMN

1" = 10' vertical

FIELD PERSONNEL:

DRILL CO.:

LH
TECHNIQUE: RW / HSMartini Drilling

LT

Wilshire Blvd. / Reeves Dr., Beverly Hills, CA

Amec Foster Wheeler
Environment & Infrastructure, Inc.
6001 Rickenbacker Road
Los Angeles, CA 90040
Phone (323) 889-5300
Fax (323) 721-6700
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APPENDIX C CONE PENETRATION TEST RESULTS 
 
 
 
 
 
 

Appendix C 
Figure C-1: Cone Penetration Test Results (PE Phase) 
Figure C-2: Suspension Logging Test Results (Adv. PE Phase) 
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Maximum depth: 75.03  (ft)
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INTRODUCTION 

Suspension PS velocity measurements were collected in three borings on Wilshire Blvd in Beverly 

Hills, California. Data acquisition was performed on September 25th and October 5th, 2015 by 

Jonathan Jordan, October 9th, 2015 by Victor Gonzalez of GEOVision. Data analysis and report 

preparation were performed by Emily Feldman and Jonathan Jordan and reviewed by Victor 

Gonzalez of GEOVision. The work was performed for AMEC Foster Wheeler (AMEC) with 

Angel Recio serving as the point of contact. 

This report describes the field measurements, data analysis, and results of this work. 

SCOPE OF WORK 

This report presents the results of boring geophysical measurements collected between September 

25th and October 9th, 2015 as detailed in Table 1. The purpose of this study was to supplement 

stratigraphic information obtained during AMEC’s geotechnical sampling program and to acquire 

shear wave velocities and compressional wave velocities as a function of depth. 

The OYO Suspension PS Logging System (Suspension System) was used to obtain in-situ 

horizontal shear (SH) and compressional (P) wave velocity measurements in three uncased borings 

at 1.6 foot intervals. Measurements followed GEOVision Procedure for P-S Suspension Seismic 

Velocity Logging, revision 1.5. The acquired data was analyzed and a profile of velocity versus 

depth was produced for both compressional and horizontally polarized shear waves. 

A detailed reference for the suspension PS velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, Sections 

7 and 8.
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INSTRUMENTATION 

Suspension Velocity Instrumentation 

Suspension velocity measurements were performed using the suspension PS logging system, 

manufactured by OYO Corporation, and their subsidiary, Robertson Geologging. This system 

directly determines the average velocity of a 3.3-foot high segment of the soil column surrounding 

the boring of interest by measuring the elapsed time between arrivals of a wave propagating 

upward through the soil column. The receivers that detect the wave, and the source that generates 

the wave, are moved as a unit in the boring producing relatively constant amplitude signals at all 

depths. 

The suspension system probe consists of a combined reversible polarity solenoid horizontal shear-

wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a flexible 

isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, allowing 

average wave velocity in the region between the receivers to be determined by inversion of the 

wave travel time between the two receivers. The total length of the probe as used in these surveys 

is approximately 22 feet, with the center point of the receiver pair 12.5 feet above the bottom end 

of the probe.  

The probe receives control signals from, and sends the digitized receiver signals to, 

instrumentation on the surface via an armored conductor cable. The cable is wound onto the drum 

of a winch and is used to support the probe. Cable travel is measured to provide probe depth data 

using a sheave of known circumference fitted with a digital rotary encoder. 

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating impulsive 

pressure wave in the fluid filling the boring and surrounding the source. This pressure wave is 

converted to P and SH-waves in the surrounding soil and rock as it passes through the casing and 

grout annulus and impinges upon the wall of the boring. These waves propagate through the soil 
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and rock surrounding the boring, in turn causing a pressure wave to be generated in the fluid 

surrounding the receivers as the soil waves pass their location. Separation of the P and SH-waves 

at the receivers is performed using the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH-

wave signature distinct from the P-wave signal. 

3. The 6.3 foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp significantly before the slower SH-wave signal arrives at the receiver.  

4. In saturated soils, the received P-wave signal is typically of much higher frequency than the 

received SH-wave signal, permitting additional separation of the two signals by low pass 

filtering.

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe (feet versus inches scale), preventing 

significant energy transmission through the fluid medium. 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:  

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated source 

pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source changes 

the polarity of the SH-wave pattern but not the P-wave pattern. 
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The data from each receiver during each source activation is recorded as a different channel on the 

recording system. The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six channels with a 

common time scale. Data are stored on disk for further processing.  

Review of the displayed data on the recorder or computer screen allows the operator to set the

gains, filters, delay time, pulse length (energy), and sample rate to optimize the quality of the data 

before recording. Verification of the calibration of the Suspension PS digital recorder is performed 

every twelve months using a NIST traceable frequency source and counter, as presented in 

Appendix B. 
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MEASUREMENT PROCEDURES 

Suspension Velocity Measurement Procedures 

Borings G-406, G-408 and G-409 were logged, uncased and filled with freshwater mud. 

Measurements followed the GEOVision Procedure for P-S Suspension Seismic Velocity Logging, 

revision 1.5. Prior to each logging run, the probe was positioned with the top of the probe even 

with a stationary reference point. The electronic depth counter was set to the distance between the 

mid-point of the receiver and the top of the probe, minus the height of the stationary reference 

point, if any, verified with a tape measure, and recorded on the field logs. The probe was lowered 

to the bottom of the borings, stopping at 1.6 foot intervals to collect data, as summarized in Table 

2.

At each measurement depth the measurement sequence of two opposite horizontal records and one 

vertical record was performed, and the gains were adjusted as required. The data from each depth 

were viewed on the computer display, checked, and recorded on disk before moving to the next 

depth. 

Upon completion of the measurements, the probe zero depth indication at the depth reference point 

was verified prior to removal from the boring.  
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DATA ANALYSIS 

Suspension Velocity Analysis 

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms 

were analyzed to locate the most prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the arrival of P-wave energy. The difference in travel time between 

receiver 1 and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for that 1.0 

meter segment of the soil column. When observable, P-wave arrivals on the horizontal axis records 

were used to verify the velocities determined from the vertical axis data. The time picks were then 

transferred into a Microsoft Excel® template (version 2003 SP2) to complete the velocity 

calculations based upon the arrival time picks made in PSLOG. The Microsoft Excel® analysis 

files are included on the data disk that accompanies this report. 

The P-wave velocity over the 6.3-foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in Microsoft Excel®, for quality assurance of the velocity 

derived from the travel time between receivers.  In this analysis, the depth values as recorded were 

increased by 4.8 feet to correspond to the mid-point of the 6.3-foot S-R1 interval. Travel times 

were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 0.4 

milliseconds, the calculated and experimentally verified delay from source trigger pulse (beginning

of record) to source impact. This delay corresponds to the duration of acceleration of the solenoid 

before impact. 

As with the P-wave records, the recorded digital waveforms were analyzed to locate clear SH-wave 

pulses, as indicated by the presence of opposite polarity pulses on each pair of horizontal records. 

Ideally, the SH-wave signals from the 'normal' and 'reverse' source pulses are very nearly inverted 

images of each other. Digital Fast Fourier Transform – Inverse Fast Fourier Transform (FFT –

IFFT) lowpass filtering was used to remove the higher frequency P-wave signal from the SH-wave 

signal. Different filter cutoffs were used to separate P- and SH-waves at different depths, ranging 

from 600 Hz in the slowest zones to 4000 Hz in the regions of highest velocity. At each depth, the 
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filter frequency was selected to be at least twice the fundamental frequency of the SH-wave signal 

being filtered. 

Generally, the first maxima were picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds, due 

to differences in the actuation time of the solenoid source caused by constant mechanical bias in 

the source or by boring inclination. This variation does not affect the R1-R2 velocity 

determinations, as the differential time is measured between arrivals of waves created by the same 

source actuation. The final velocity value is the average of the values obtained from the 'normal' 

and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.3-foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity derived 

from the travel time between receivers. In this analysis, the depth values were increased by 4.8 feet 

to correspond to the mid-point of the 6.3-foot S-R1 interval. Travel times were obtained by picking 

the first break of the SH-wave signal at the near receiver and subtracting 0.4 milliseconds, the 

calculated and experimentally verified delay from the beginning of the record at the source trigger 

pulse to source impact. 

These data and analysis were reviewed by John Diehl as a component of GEOVision’s in-house 

data validation program. 

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3 foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feet/second. Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained from the first arrival of the SH-wave pulse. Figure 3 displays the same record before 

filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, illustrating 
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the presence of higher frequency P-wave energy at the beginning of the record, and distortion of 

the lower frequency SH-wave by residual P-wave signal. 

GEOVision Report 15347-01 rev 0 Page 12 of 45 October 15, 2015

Figure C-2.12 Figure C-3.12



RESULTS 

Suspension Velocity Results 

Suspension R1-R2 P- and SH-wave velocities for Borings G-406, G-408 and G-409 are plotted in 

Figures 4 through 6, respectively. The suspension velocity data presented in these figures are also 

presented in Tables 3 through 5, respectively. The Microsoft Excel® analysis files are included in 

the data directory that accompanies this report.

P- and SH-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data are 

plotted together in Figures A-1 to A-3 to aid in visual comparison. It should be noted that R1-R2 

data are an average velocity over a 3.3-foot segment of the soil column; S-R1 data are an average 

over 6.3 feet, creating a significant smoothing relative to the R1-R2 plots. The S-R1 velocity data 

displayed in these figures are also presented in Tables A-1 through A-3 and included in the 

Microsoft Excel® analysis files available in the boring-specific subdirectories that accompany this 

report. The Microsoft Excel® analysis files include Poisson’s Ratio calculations, tabulated data and 

plots. 
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SUMMARY 

Discussion of Suspension Velocity Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rotary wash) methods, as were these borings. 

Suspension PS velocity data quality is judged based upon 5 criteria.   

 Consistent data between receiver to receiver (R1 – R2) and source to receiver (S – R1) data. 

 Consistency between data from adjacent depth intervals. 

 Consistent relationship between P-wave and SH -wave (excluding transition to saturated 
soils) 

 Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

 Consistency of profile between adjacent borings, if available. 

All three borings, G-406, G-408 and G-409, met these criteria, exhibiting consistent data between 

R1-R2 and S-R1, consistent data between depth intervals, consistent relationship between P- and 

S-waves except below water table, and good clarity in P- and S-wave onsets making interpretation 

straightforward.  The profiles are consistent between borings. 
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Quality Assurance 

These borehole geophysical measurements were performed using industry-standard or better 

methods for measurements and analyses. All work was performed under GEOVision quality 

assurance procedures, which include: 

 Use of NIST-traceable calibrations, where applicable, for field and laboratory instrumentation 

 Use of standard field data logs 

 Use of independent verification of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

 Independent review of calculations and results by a registered professional engineer, geologist, 

or geophysicist. 

Suspension Velocity Data Reliability 

P- and SH-wave velocity measurement using the Suspension Method gives average velocities over 

a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the 

graphs.  Individual measurements are very reliable with estimated precision of +/- 5%. 

Standardized field procedures and quality assurance checks contribute to the reliability of these 

data. 
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Table 1.  Boring locations and logging dates 
 

BORING DATES 
LOCATION(1) 

(DEGREES) 

DESIGNATION LOGGED LATITUDE LONGITUDE 

G-406 9/16/2015 34.0670485 N 118.3843646 W 
G-408 9/21/2015 - - 
G-409 9/25/2015 - - 

(1) Coordinates recorded by GEOVision staff

Table 2.  Logging dates and depth ranges 

BORING 
NUMBER 

TOOL AND RUN 
NUMBER 

DEPTH 
RANGE 
(FEET) 

CASED OR 
UNCASED 

SAMPLE 
INTERVAL 

(FEET) 

DATE 
LOGGED 

G-406 SUSPENSION 01 6.56 – 113.19 UNCASED 1.6 9/16/2015 
G-408 SUSPENSION 01 6.56 – 46.5 UNCASED 1.6 9/21/2015 
G-409 SUSPENSION 01 1.64 – 144.36 UNCASED 1.6 9/25/2015 
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Figure 1:  Concept illustration of P-S logging system 
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Figure 2:  Example of filtered (1400 Hz lowpass) suspension record 
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Figure 3.  Example of unfiltered suspension record 
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Figure 4:  Boring G-406, Suspension R1-R2 P- and SH-wave velocities 
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Table 3.  Boring G-406, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-406 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
6.9 790 1750 0.37 2.1 240 530 0.37 
8.2 720 1260 0.26 2.5 220 380 0.26 
9.8 800 1590 0.33 3.0 240 490 0.33 
11.5 920 1860 0.34 3.5 280 570 0.34 
13.1 910 1600 0.26 4.0 280 490 0.26 
14.8 950 1810 0.31 4.5 290 550 0.31 
16.4 990 1890 0.31 5.0 300 580 0.31 
18.0 930 1840 0.33 5.5 280 560 0.33 
19.7 970 1790 0.29 6.0 300 550 0.29 
21.3 1060 1790 0.23 6.5 320 550 0.23 
23.0 1110 2100 0.30 7.0 340 640 0.30 
24.6 970 1820 0.30 7.5 300 560 0.30 
26.3 940 2030 0.36 8.0 290 620 0.36 
27.9 1030 2000 0.32 8.5 310 610 0.32 
29.5 1060 2220 0.35 9.0 320 680 0.35 
31.2 1030 2040 0.33 9.5 310 620 0.33 
32.8 1060 2160 0.34 10.0 320 660 0.34 
34.5 1080 3030 0.43 10.5 330 920 0.43 
36.1 1090 2420 0.37 11.0 330 740 0.37 
37.7 1130 3400 0.44 11.5 340 1040 0.44 
39.4 1070 4070 0.46 12.0 330 1240 0.46 
41.0 1030 4120 0.47 12.5 310 1250 0.47 
42.7 1040 5850 0.48 13.0 320 1780 0.48 
44.3 1100 6540 0.49 13.5 340 1990 0.49 
45.9 1080 5850 0.48 14.0 330 1780 0.48 
47.6 1010 5460 0.48 14.5 310 1670 0.48 
49.2 1030 5850 0.48 15.0 310 1780 0.48 
50.9 1090 5650 0.48 15.5 330 1720 0.48 
52.8 990 5560 0.48 16.1 300 1690 0.48 
54.1 1000 5850 0.49 16.5 300 1780 0.49 
55.8 1030 5850 0.48 17.0 310 1780 0.48 
57.4 1020 5850 0.48 17.5 310 1780 0.48 
59.1 1150 5950 0.48 18.0 350 1810 0.48 
60.7 1270 6060 0.48 18.5 390 1850 0.48 
62.3 1290 6170 0.48 19.0 390 1880 0.48 
64.0 1330 6170 0.48 19.5 400 1880 0.48 
65.6 1310 5950 0.47 20.0 400 1810 0.47 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-406 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

67.3 1220 5950 0.48 20.5 370 1810 0.48 
68.9 1120 5950 0.48 21.0 340 1810 0.48 
70.5 1230 6290 0.48 21.5 380 1920 0.48 
72.2 1460 6540 0.47 22.0 450 1990 0.47 
73.8 1540 6290 0.47 22.5 470 1920 0.47 
75.5 1380 6170 0.47 23.0 420 1880 0.47 
77.1 1490 6410 0.47 23.5 460 1950 0.47 
78.7 1490 6170 0.47 24.0 450 1880 0.47 
80.4 1460 6170 0.47 24.5 440 1880 0.47 
82.0 1590 6290 0.47 25.0 480 1920 0.47 
83.7 1460 5950 0.47 25.5 440 1810 0.47 
85.3 1330 5850 0.47 26.0 410 1780 0.47 
87.3 1350 6060 0.47 26.6 410 1850 0.47 
88.6 1360 5950 0.47 27.0 410 1810 0.47 
90.2 1280 5850 0.47 27.5 390 1780 0.47 
92.2 1290 5850 0.47 28.1 390 1780 0.47 
93.5 1430 5850 0.47 28.5 440 1780 0.47 
95.1 1390 5950 0.47 29.0 430 1810 0.47 
97.1 1320 5750 0.47 29.6 400 1750 0.47 
98.4 1390 5750 0.47 30.0 420 1750 0.47 
100.1 1340 5750 0.47 30.5 410 1750 0.47 
101.7 1230 5460 0.47 31.0 370 1670 0.47 
103.4 1210 5460 0.47 31.5 370 1670 0.47 
105.0 1240 5460 0.47 32.0 380 1670 0.47 
106.6 1300 5380 0.47 32.5 400 1640 0.47 
108.6 1240 5210 0.47 33.1 380 1590 0.47 
109.9 1090 5130 0.48 33.5 330 1560 0.48 
111.6 970 5130 0.48 34.0 300 1560 0.48 
113.2 1040 5460 0.48 34.5 320 1670 0.48 
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Figure 5:  Boring G-408, Suspension R1-R2 P- and SH-wave velocities 
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Table 4.  Boring G-408, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-408 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
6.6 610 1380 0.38 2.0 190 420 0.38 
8.2 610 1840 0.44 2.5 190 560 0.44 
9.8 670 1540 0.38 3.0 200 470 0.38 
11.5 720 1830 0.41 3.5 220 560 0.41 
13.1 800 1710 0.36 4.0 240 520 0.36 
14.8 930 1550 0.22 4.5 280 470 0.22 
16.4 950 2180 0.38 5.0 290 660 0.38 
18.0 1170 1980 0.23 5.5 360 600 0.23 
19.7 1250 2710 0.37 6.0 380 830 0.37 
21.3 1230 2160 0.26 6.5 380 660 0.26 
23.0 1310 2780 0.36 7.0 400 850 0.36 
24.6 1240 2220 0.27 7.5 380 680 0.27 
26.3 1120 2250 0.33 8.0 340 690 0.33 
27.9 1080 2510 0.39 8.5 330 760 0.39 
29.5 1090 2600 0.39 9.0 330 790 0.39 
31.2 1020 2820 0.42 9.5 310 860 0.42 
32.8 1010 2280 0.38 10.0 310 700 0.38 
34.5 1290 2270 0.26 10.5 390 690 0.26 
36.1 1390 2820 0.34 11.0 420 860 0.34 
37.7 1320 2670 0.34 11.5 400 810 0.34 
39.4 1190 2400 0.34 12.0 360 730 0.34 
41.0 1110 2190 0.33 12.5 340 670 0.33 
42.7 1110 2400 0.36 13.0 340 730 0.36 
44.3 1140 2240 0.33 13.5 350 680 0.33 
45.9 1120 2400 0.36 14.0 340 730 0.36 
47.6 1150 2240 0.32 14.5 350 680 0.32 
49.2 1190 2420 0.34 15.0 360 740 0.34 
50.9 1330 2530 0.31 15.5 400 770 0.31 
52.8 1280 2420 0.31 16.1 390 740 0.31 
54.1 1290 2600 0.34 16.5 390 790 0.34 
55.8 1230 2220 0.28 17.0 380 680 0.28 
57.4 1210 2420 0.33 17.5 370 740 0.33 
59.1 1370 2900 0.36 18.0 420 880 0.36 
60.7 1540 3030 0.32 18.5 470 920 0.32 
62.3 1410 4330 0.44 19.0 430 1320 0.44 
64.3 1210 5560 0.48 19.6 370 1690 0.48 
65.6 1110 5380 0.48 20.0 340 1640 0.48 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-408 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

67.3 1030 5290 0.48 20.5 310 1610 0.48 
68.9 1040 5460 0.48 21.0 320 1670 0.48 
70.9 1320 5850 0.47 21.6 400 1780 0.47 
72.2 1420 6170 0.47 22.0 430 1880 0.47 
73.8 1390 6290 0.47 22.5 420 1920 0.47 
75.5 1430 6290 0.47 23.0 440 1920 0.47 
77.1 1450 6410 0.47 23.5 440 1950 0.47 
78.7 1500 6410 0.47 24.0 460 1950 0.47 
80.4 1520 6290 0.47 24.5 460 1920 0.47 
82.0 1390 6060 0.47 25.0 420 1850 0.47 
83.7 1300 6060 0.48 25.5 400 1850 0.48 
85.3 1320 5130 0.46 26.0 400 1560 0.46 
86.9 1280 5750 0.47 26.5 390 1750 0.47 
88.6 1230 5950 0.48 27.0 370 1810 0.48 
90.2 1310 6170 0.48 27.5 400 1880 0.48 
91.9 1740 6670 0.46 28.0 530 2030 0.46 
93.5 1830 6540 0.46 28.5 560 1990 0.46 
95.1 1630 6540 0.47 29.0 500 1990 0.47 
97.1 1500 6290 0.47 29.6 460 1920 0.47 
98.8 1440 6290 0.47 30.1 440 1920 0.47 
100.4 1520 6290 0.47 30.6 460 1920 0.47 
101.7 1640 6540 0.47 31.0 500 1990 0.47 
103.3 1740 6670 0.46 31.5 530 2030 0.46 
105.0 1540 6290 0.47 32.0 470 1920 0.47 
106.6 1420 5950 0.47 32.5 430 1810 0.47 
108.3 1380 6170 0.47 33.0 420 1880 0.47 
110.2 1590 6670 0.47 33.6 490 2030 0.47 
111.6 1870 6670 0.46 34.0 570 2030 0.46 
113.2 2010 6670 0.45 34.5 610 2030 0.45 
114.8 1440 5950 0.47 35.0 440 1810 0.47 
116.8 1250 5750 0.48 35.6 380 1750 0.48 
118.1 1670 6170 0.46 36.0 510 1880 0.46 
120.1 2060 6800 0.45 36.6 630 2070 0.45 
121.4 2070 6800 0.45 37.0 630 2070 0.45 
123.4 2120 6800 0.45 37.6 650 2070 0.45 
124.7 1920 6540 0.45 38.0 580 1990 0.45 
126.6 1680 6170 0.46 38.6 510 1880 0.46 
128.0 1540 6060 0.47 39.0 470 1850 0.47 
129.9 1460 5950 0.47 39.6 440 1810 0.47 
131.2 1560 5950 0.46 40.0 470 1810 0.46 

GEOVision Report 15347-01 rev 0 Page 25 of 45 October 15, 2015

Figure C-2.25 Figure C-3.25



Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-408 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

132.9 1700 6290 0.46 40.5 520 1920 0.46 
134.5 1940 6540 0.45 41.0 590 1990 0.45 
136.2 2010 6540 0.45 41.5 610 1990 0.45 
137.8 1950 6410 0.45 42.0 590 1950 0.45 
139.4 1850 6290 0.45 42.5 560 1920 0.45 
140.4 1570 5950 0.46 42.8 480 1810 0.46 
142.7 1370 5850 0.47 43.5 420 1780 0.47 
144.4 1420 6170 0.47 44.0 430 1880 0.47 
146.0 1730 6540 0.46 44.5 530 1990 0.46 
147.6 1560 6290 0.47 45.0 480 1920 0.47 
149.6 1600 6290 0.47 45.6 490 1920 0.47 
150.9 1550 6290 0.47 46.0 470 1920 0.47 
152.6 1480 6170 0.47 46.5 450 1880 0.47 
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Figure 6:  Boring G-409, Suspension R1-R2 P- and SH-wave velocities 
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Table 5.  Boring G-409, Suspension R1-R2 depths and P- and SH-wave velocities 
Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 

Based on Receiver-to-Receiver Travel Time Data - Borehole G-409 
 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
1.6 640 980 0.14 0.5 190 300 0.14 
3.3 480 1250 0.41 1.0 150 380 0.41 
5.3 560 1360 0.40 1.6 170 410 0.40 
6.6 670 1500 0.38 2.0 200 460 0.38 
8.2 720 1530 0.36 2.5 220 470 0.36 
9.8 690 1380 0.33 3.0 210 420 0.33 
11.5 750 1480 0.33 3.5 230 450 0.33 
13.1 780 1370 0.27 4.0 240 420 0.27 
14.8 790 1680 0.36 4.5 240 510 0.36 
16.4 820 1640 0.33 5.0 250 500 0.33 
18.0 780 1610 0.35 5.5 240 490 0.35 
19.7 810 1570 0.32 6.0 250 480 0.32 
21.3 900 1790 0.33 6.5 270 550 0.33 
23.0 970 1740 0.27 7.0 300 530 0.27 
24.6 980 2160 0.37 7.5 300 660 0.37 
26.3 930 2710 0.43 8.0 280 830 0.43 
27.9 870 3030 0.46 8.5 260 920 0.46 
29.5 960 3090 0.45 9.0 290 940 0.45 
31.2 1290 2800 0.36 9.5 390 850 0.36 
32.8 1230 3400 0.43 10.0 370 1040 0.43 
34.5 870 5290 0.49 10.5 260 1610 0.49 
36.1 820 5750 0.49 11.0 250 1750 0.49 
37.7 910 5560 0.49 11.5 280 1690 0.49 
39.4 940 5850 0.49 12.0 290 1780 0.49 
40.7 890 5750 0.49 12.4 270 1750 0.49 
42.7 830 5560 0.49 13.0 250 1690 0.49 
44.3 800 5560 0.49 13.5 240 1690 0.49 
45.9 860 5750 0.49 14.0 260 1750 0.49 
47.6 910 5650 0.49 14.5 280 1720 0.49 
49.2 1010 6060 0.49 15.0 310 1850 0.49 
50.9 1020 6170 0.49 15.5 310 1880 0.49 
52.8 920 5950 0.49 16.1 280 1810 0.49 
54.5 910 5950 0.49 16.6 280 1810 0.49 
55.8 910 5850 0.49 17.0 280 1780 0.49 
57.4 890 5950 0.49 17.5 270 1810 0.49 
59.1 1030 6170 0.49 18.0 310 1880 0.49 
60.7 1170 6670 0.48 18.5 360 2030 0.48 
62.3 1190 6540 0.48 19.0 360 1990 0.48 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-409 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

64.0 1160 6170 0.48 19.5 350 1880 0.48 
65.6 1150 5750 0.48 20.0 350 1750 0.48 
67.3 1040 5950 0.48 20.5 320 1810 0.48 
68.9 1020 5750 0.48 21.0 310 1750 0.48 
70.5 1040 5460 0.48 21.5 320 1670 0.48 
72.5 1150 5650 0.48 22.1 350 1720 0.48 
74.2 1070 5560 0.48 22.6 330 1690 0.48 
75.5 960 5750 0.49 23.0 290 1750 0.49 
77.1 1000 5850 0.49 23.5 300 1780 0.49 
78.1 1140 6060 0.48 23.8 350 1850 0.48 
80.7 1470 6170 0.47 24.6 450 1880 0.47 
82.0 1460 6170 0.47 25.0 450 1880 0.47 
83.7 1380 7090 0.48 25.5 420 2160 0.48 
85.3 1410 7090 0.48 26.0 430 2160 0.48 
87.3 1340 6290 0.48 26.6 410 1920 0.48 
88.6 1210 5750 0.48 27.0 370 1750 0.48 
90.2 1180 5750 0.48 27.5 360 1750 0.48 
91.9 1110 5850 0.48 28.0 340 1780 0.48 
93.5 990 5750 0.48 28.5 300 1750 0.48 
95.1 960 5460 0.48 29.0 290 1670 0.48 
96.8 1010 5560 0.48 29.5 310 1690 0.48 
98.8 1130 5650 0.48 30.1 350 1720 0.48 
100.1 1230 5750 0.48 30.5 370 1750 0.48 
101.7 1200 5850 0.48 31.0 370 1780 0.48 
103.4 1300 6060 0.48 31.5 400 1850 0.48 
105.0 1400 6540 0.48 32.0 430 1990 0.48 
106.6 1470 6410 0.47 32.5 450 1950 0.47 
108.3 1410 6170 0.47 33.0 430 1880 0.47 
109.9 1210 5850 0.48 33.5 370 1780 0.48 
111.6 1110 5650 0.48 34.0 340 1720 0.48 
113.2 1120 5650 0.48 34.5 340 1720 0.48 
114.8 1190 5650 0.48 35.0 360 1720 0.48 
116.5 1320 6060 0.47 35.5 400 1850 0.47 
118.1 1360 6170 0.47 36.0 410 1880 0.47 
119.1 1490 6540 0.47 36.3 460 1990 0.47 
121.4 1720 6540 0.46 37.0 520 1990 0.46 
123.0 1530 6540 0.47 37.5 470 1990 0.47 
124.7 1510 6170 0.47 38.0 460 1880 0.47 
126.3 1700 6600 0.46 38.5 520 2010 0.46 
128.0 1920 6600 0.45 39.0 580 2010 0.45 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole G-409 

 

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

129.6 1670 6350 0.46 39.5 510 1940 0.46 
131.2 1560 6670 0.47 40.0 470 2030 0.47 
132.9 1800 6600 0.46 40.5 550 2010 0.46 
134.5 1650 6670 0.47 41.0 500 2030 0.47 
136.5 1410 6010 0.47 41.6 430 1830 0.47 
137.8 1460 6060 0.47 42.0 450 1850 0.47 
139.4 1590 6410 0.47 42.5 490 1950 0.47 
141.1 1430 6010 0.47 43.0 440 1830 0.47 
142.7 1250 6010 0.48 43.5 380 1830 0.48 
144.4 1390 6170 0.47 44.0 420 1880 0.47 
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Figure A-1:  Boring G-406, Suspension S-R1 P- and SH-wave velocities 
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Table A-1. Boring G-406, S - R1 quality assurance analysis P- and SH-wave data 

 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-406 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

11.7 910 1900 0.35 3.6 280 580 0.35 
13.0 910 1800 0.33 4.0 280 550 0.33 
14.7 920 1850 0.33 4.5 280 560 0.33 
16.3 950 1770 0.30 5.0 290 540 0.30 
18.0 940 1880 0.34 5.5 290 570 0.34 
19.6 960 1890 0.33 6.0 290 580 0.33 
21.2 1040 1810 0.26 6.5 320 550 0.26 
22.9 1060 1960 0.29 7.0 320 600 0.29 
24.5 940 1920 0.34 7.5 290 580 0.34 
26.2 940 1860 0.33 8.0 290 570 0.33 
27.8 1040 1760 0.23 8.5 320 540 0.23 
29.4 1070 2070 0.32 9.0 330 630 0.32 
31.1 1020 2010 0.33 9.5 310 610 0.33 
32.7 1030 2050 0.33 10.0 310 630 0.33 
34.4 1090 2300 0.36 10.5 330 700 0.36 
36.0 1090 2330 0.36 11.0 330 710 0.36 
37.6 1120 2580 0.38 11.5 340 790 0.38 
39.3 1050 3050 0.43 12.0 320 930 0.43 
40.9 1010 3940 0.46 12.5 310 1200 0.46 
42.6 1070 5040 0.48 13.0 330 1540 0.48 
44.2 1090 6000 0.48 13.5 330 1830 0.48 
45.8 1070 5780 0.48 14.0 330 1760 0.48 
47.5 1010 5250 0.48 14.5 310 1600 0.48 
49.1 990 5780 0.48 15.0 300 1760 0.48 
50.8 1050 5530 0.48 15.5 320 1690 0.48 
52.4 980 5530 0.48 16.0 300 1690 0.48 
54.0 1020 5530 0.48 16.5 310 1690 0.48 
55.7 1020 5530 0.48 17.0 310 1690 0.48 
57.7 1040 5890 0.48 17.6 320 1790 0.48 
59.0 1060 5890 0.48 18.0 320 1790 0.48 
60.6 1210 5890 0.48 18.5 370 1790 0.48 
62.2 1310 6060 0.48 19.0 400 1850 0.48 
63.9 1360 6000 0.47 19.5 410 1830 0.47 
65.5 1340 5940 0.47 20.0 410 1810 0.47 
67.2 1210 5780 0.48 20.5 370 1760 0.48 
68.8 1160 5830 0.48 21.0 350 1780 0.48 
70.5 1190 6120 0.48 21.5 360 1860 0.48 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-406 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

72.1 1370 6560 0.48 22.0 420 2000 0.48 
73.7 1500 6300 0.47 22.5 460 1920 0.47 
75.4 1380 6120 0.47 23.0 420 1860 0.47 
77.0 1470 6300 0.47 23.5 450 1920 0.47 
78.7 1430 6240 0.47 24.0 440 1900 0.47 
80.3 1430 6060 0.47 24.5 440 1850 0.47 
81.9 1520 6300 0.47 25.0 460 1920 0.47 
83.6 1460 5940 0.47 25.5 450 1810 0.47 
85.2 1400 5830 0.47 26.0 430 1780 0.47 
86.9 1340 5890 0.47 26.5 410 1790 0.47 
88.5 1330 6000 0.47 27.0 400 1830 0.47 
90.1 1350 5780 0.47 27.5 410 1760 0.47 
92.1 1340 5730 0.47 28.1 410 1750 0.47 
93.4 1390 5780 0.47 28.5 420 1760 0.47 
95.1 1400 5780 0.47 29.0 430 1760 0.47 
97.0 1300 5680 0.47 29.6 390 1730 0.47 
98.3 1380 5630 0.47 30.0 420 1720 0.47 
100.0 1320 5530 0.47 30.5 400 1690 0.47 
101.9 1220 5480 0.47 31.1 370 1670 0.47 
103.3 1220 5480 0.47 31.5 370 1670 0.47 
104.9 1230 5390 0.47 32.0 380 1640 0.47 
106.5 1320 5340 0.47 32.5 400 1630 0.47 
108.2 1170 5210 0.47 33.0 360 1590 0.47 
109.8 1050 5040 0.48 33.5 320 1540 0.48 
111.5 960 5080 0.48 34.0 290 1550 0.48 
113.4 990 5170 0.48 34.6 300 1580 0.48 
114.7 1030 5480 0.48 35.0 310 1670 0.48 
116.4 1040 5530 0.48 35.5 320 1690 0.48 
118.0 1200 5730 0.48 36.0 370 1750 0.48 

                
 

GEOVision Report 15347-01 rev 0 Page 34 of 45 October 15, 2015

Figure C-2.34 Figure C-3.34



0

20

40

60

80

100

120

140

160
0 1000 2000 3000 4000 5000 6000 7000 8000

D
EP

TH
 (f

t)

VELOCITY (ft/s)

WSE BOREHOLE G-408
Source to Receiver and Receiver to Receiver Analysis

Near-Far Receivers, Vs

Source-Near Receiver, Vs

Near-Far Receivers, Vp

Source-Near Receiver, Vp

 
Figure A-2:  Boring G-408, Suspension S-R1 P- and SH-wave velocities 
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Table A-2. Boring G-408, S - R1 quality assurance analysis P- and SH-wave data 

 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-408 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

11.4 730 1570 0.36 3.5 220 480 0.36 
13.0 810 1480 0.28 4.0 250 450 0.28 
14.7 900 1880 0.35 4.5 270 570 0.35 
16.3 990 2280 0.38 5.0 300 690 0.38 
18.0 1130 2470 0.37 5.5 340 750 0.37 
19.6 1190 2710 0.38 6.0 360 820 0.38 
21.2 1340 2240 0.22 6.5 410 680 0.22 
22.9 1230 2630 0.36 7.0 370 800 0.36 
24.5 1170 2340 0.33 7.5 360 710 0.33 
26.2 1140 2260 0.33 8.0 350 690 0.33 
27.8 1100 2380 0.36 8.5 340 730 0.36 
29.4 1020 2210 0.37 9.0 310 670 0.37 
31.1 1090 2270 0.35 9.5 330 690 0.35 
32.7 1170 2180 0.30 10.0 360 660 0.30 
34.4 1180 2400 0.34 10.5 360 730 0.34 
36.0 1190 2490 0.35 11.0 360 760 0.35 
37.6 1240 2470 0.33 11.5 380 750 0.33 
39.3 1150 2290 0.33 12.0 350 700 0.33 
40.9 1130 2280 0.33 12.5 350 690 0.33 
42.6 1130 2250 0.33 13.0 350 690 0.33 
44.2 1100 2240 0.34 13.5 340 680 0.34 
45.8 1110 2230 0.34 14.0 340 680 0.34 
47.5 1150 2170 0.30 14.5 350 660 0.30 
49.1 1210 2230 0.29 15.0 370 680 0.29 
50.8 1190 2160 0.28 15.5 360 660 0.28 
52.4 1220 2360 0.32 16.0 370 720 0.32 
54.0 1200 2460 0.34 16.5 370 750 0.34 
55.7 1210 2540 0.35 17.0 370 770 0.35 
57.7 1350 2530 0.30 17.6 410 770 0.30 
59.0 1380 2920 0.36 18.0 420 890 0.36 
60.6 1360 3120 0.38 18.5 410 950 0.38 
62.2 1290 4110 0.45 19.0 390 1250 0.45 
63.9 1190 4950 0.47 19.5 360 1510 0.47 
65.5 1100 5190 0.48 20.0 330 1580 0.48 
67.2 1100 5320 0.48 20.5 330 1620 0.48 
69.1 1170 5600 0.48 21.1 360 1710 0.48 
70.5 1350 5550 0.47 21.5 410 1690 0.47 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-408 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

72.1 1380 5920 0.47 22.0 420 1800 0.47 
73.7 1450 6270 0.47 22.5 440 1910 0.47 
75.7 1470 6530 0.47 23.1 450 1990 0.47 
77.0 1400 6390 0.47 23.5 430 1950 0.47 
78.7 1400 6390 0.47 24.0 430 1950 0.47 
80.3 1380 6390 0.48 24.5 420 1950 0.48 
81.9 1360 6150 0.47 25.0 410 1870 0.47 
83.6 1270 5550 0.47 25.5 390 1690 0.47 
85.2 1280 5500 0.47 26.0 390 1680 0.47 
86.9 1290 5700 0.47 26.5 390 1740 0.47 
88.5 1300 5810 0.47 27.0 400 1770 0.47 
90.1 1470 6030 0.47 27.5 450 1840 0.47 
91.8 1540 6150 0.47 28.0 470 1870 0.47 
93.4 1660 6150 0.46 28.5 510 1870 0.46 
95.1 1640 6660 0.47 29.0 500 2030 0.47 
96.7 1640 6330 0.46 29.5 500 1930 0.46 
98.3 1490 6460 0.47 30.0 450 1970 0.47 
100.0 1600 6210 0.46 30.5 490 1890 0.46 
101.9 1520 6390 0.47 31.1 460 1950 0.47 
103.6 1600 6530 0.47 31.6 490 1990 0.47 
105.2 1520 5920 0.46 32.1 460 1800 0.46 
106.5 1470 5750 0.47 32.5 450 1750 0.47 
108.1 1510 5920 0.46 33.0 460 1800 0.46 
109.8 1670 6660 0.47 33.5 510 2030 0.47 
111.5 1740 6960 0.47 34.0 530 2120 0.47 
113.1 1580 6590 0.47 34.5 480 2010 0.47 
115.1 1600 5970 0.46 35.1 490 1820 0.46 
116.4 1630 6150 0.46 35.5 500 1870 0.46 
118.0 1580 6210 0.47 36.0 480 1890 0.47 
119.7 2020 6210 0.44 36.5 610 1890 0.44 
121.6 2110 6810 0.45 37.1 640 2070 0.45 
122.9 2000 6880 0.45 37.5 610 2100 0.45 
124.9 1880 6530 0.45 38.1 570 1990 0.45 
126.2 1680 6090 0.46 38.5 510 1860 0.46 
128.2 1520 6210 0.47 39.1 460 1890 0.47 
129.5 1500 6030 0.47 39.5 460 1840 0.47 
131.5 1610 5810 0.46 40.1 490 1770 0.46 
132.8 1790 6030 0.45 40.5 550 1840 0.45 
134.8 1900 6330 0.45 41.1 580 1930 0.45 
136.1 1920 6530 0.45 41.5 580 1990 0.45 
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Figure C-2.37 Figure C-3.37



Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-408 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

137.7 1880 6460 0.45 42.0 570 1970 0.45 
139.3 1610 6150 0.46 42.5 490 1870 0.46 
141.0 1570 5970 0.46 43.0 480 1820 0.46 
142.6 1500 5970 0.47 43.5 460 1820 0.47 
144.3 1490 6210 0.47 44.0 450 1890 0.47 
145.3 1560 6590 0.47 44.3 480 2010 0.47 
147.6 1630 6330 0.46 45.0 500 1930 0.46 
149.2 1480 6390 0.47 45.5 450 1950 0.47 
150.8 1390 6660 0.48 46.0 420 2030 0.48 
152.5 1430 6730 0.48 46.5 430 2050 0.48 
154.4 1540 6530 0.47 47.1 470 1990 0.47 
155.8 1710 6390 0.46 47.5 520 1950 0.46 
157.4 1860 6030 0.45 48.0 570 1840 0.45 
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Figure A-3:  Boring G-409, Suspension S-R1 P- and SH-wave velocities 
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Table A-3. Boring G-409, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-409 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
6.5 640 1290 0.34 2.0 190 390 0.34 
8.1 650 1300 0.33 2.5 200 400 0.33 
10.1 690 1320 0.31 3.1 210 400 0.31 
11.4 680 1310 0.31 3.5 210 400 0.31 
13.0 720 1320 0.29 4.0 220 400 0.29 
14.7 730 1420 0.32 4.5 220 430 0.32 
16.3 740 1400 0.31 5.0 230 430 0.31 
18.0 760 1460 0.31 5.5 230 450 0.31 
19.6 800 1480 0.29 6.0 240 450 0.29 
21.2 810 1670 0.34 6.5 250 510 0.34 
22.9 910 1870 0.34 7.0 280 570 0.34 
24.5 820 2130 0.41 7.5 250 650 0.41 
26.2 860 2460 0.43 8.0 260 750 0.43 
27.8 910 2690 0.44 8.5 280 820 0.44 
29.4 970 2640 0.42 9.0 300 800 0.42 
31.1 950 2860 0.44 9.5 290 870 0.44 
32.7 1000 3440 0.45 10.0 310 1050 0.45 
34.4 920 4140 0.47 10.5 280 1260 0.47 
36.0 860 5280 0.49 11.0 260 1610 0.49 
37.6 850 5500 0.49 11.5 260 1680 0.49 
39.3 910 5280 0.48 12.0 280 1610 0.48 
40.9 920 5460 0.49 12.5 280 1660 0.49 
42.6 860 5500 0.49 13.0 260 1680 0.49 
44.2 860 5410 0.49 13.5 260 1650 0.49 
45.5 880 5460 0.49 13.9 270 1660 0.49 
47.5 960 5500 0.48 14.5 290 1680 0.48 
49.1 980 5920 0.49 15.0 300 1800 0.49 
50.8 980 5750 0.49 15.5 300 1750 0.49 
52.4 940 5920 0.49 16.0 290 1800 0.49 
54.0 890 5650 0.49 16.5 270 1720 0.49 
55.7 920 5600 0.49 17.0 280 1710 0.49 
57.7 1040 5810 0.48 17.6 320 1770 0.48 
59.3 1080 5750 0.48 18.1 330 1750 0.48 
60.6 1140 6090 0.48 18.5 350 1860 0.48 
62.2 1140 6210 0.48 19.0 350 1890 0.48 
63.9 1090 6030 0.48 19.5 330 1840 0.48 
65.5 1060 5700 0.48 20.0 320 1740 0.48 
67.2 1020 5700 0.48 20.5 310 1740 0.48 
68.8 1000 5600 0.48 21.0 300 1710 0.48 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-409 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

70.5 1020 5700 0.48 21.5 310 1740 0.48 
72.1 970 5650 0.48 22.0 290 1720 0.48 
73.7 940 5810 0.49 22.5 290 1770 0.49 
75.4 1000 5920 0.49 23.0 310 1800 0.49 
77.3 1050 5970 0.48 23.6 320 1820 0.48 
79.0 1160 6210 0.48 24.1 350 1890 0.48 
80.3 1300 6390 0.48 24.5 400 1950 0.48 
81.9 1370 6810 0.48 25.0 420 2070 0.48 
82.9 1470 6880 0.48 25.3 450 2100 0.48 
85.5 1400 6880 0.48 26.1 430 2100 0.48 
86.9 1340 6210 0.48 26.5 410 1890 0.48 
88.5 1210 5810 0.48 27.0 370 1770 0.48 
90.1 1100 5970 0.48 27.5 340 1820 0.48 
92.1 1030 5920 0.48 28.1 310 1800 0.48 
93.4 1000 5600 0.48 28.5 300 1710 0.48 
95.1 970 5600 0.48 29.0 300 1710 0.48 
96.7 1020 5500 0.48 29.5 310 1680 0.48 
98.3 1050 5550 0.48 30.0 320 1690 0.48 
100.0 1130 5810 0.48 30.5 340 1770 0.48 
101.6 1260 6030 0.48 31.0 390 1840 0.48 
103.6 1340 6210 0.48 31.6 410 1890 0.48 
104.9 1400 6330 0.47 32.0 430 1930 0.47 
106.5 1340 6390 0.48 32.5 410 1950 0.48 
108.2 1280 6030 0.48 33.0 390 1840 0.48 
109.8 1210 5970 0.48 33.5 370 1820 0.48 
111.5 1140 5810 0.48 34.0 350 1770 0.48 
113.1 1140 5700 0.48 34.5 350 1740 0.48 
114.7 1210 5700 0.48 35.0 370 1740 0.48 
116.4 1260 5970 0.48 35.5 390 1820 0.48 
118.0 1370 6150 0.47 36.0 420 1870 0.47 
119.7 1410 6210 0.47 36.5 430 1890 0.47 
121.3 1530 6210 0.47 37.0 460 1890 0.47 
122.9 1560 6330 0.47 37.5 480 1930 0.47 
123.9 1640 6390 0.46 37.8 500 1950 0.46 
126.2 1640 6390 0.46 38.5 500 1950 0.46 
127.9 1640 6390 0.46 39.0 500 1950 0.46 
129.5 1640 6330 0.46 39.5 500 1930 0.46 
131.1 1590 6560 0.47 40.0 490 2000 0.47 
132.8 1620 6360 0.47 40.5 490 1940 0.47 
134.4 1540 6430 0.47 41.0 470 1960 0.47 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole G-409 

American Units Metric Units 
Depth at Midpoint  Velocity   Depth at Midpoint  Velocity   
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
Between Source 

and Near Receiver Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

136.1 1540 6390 0.47 41.5 470 1950 0.47 
137.7 1420 6120 0.47 42.0 430 1860 0.47 
139.3 1420 6300 0.47 42.5 430 1920 0.47 
141.3 1430 6030 0.47 43.1 440 1840 0.47 
142.6 1450 6120 0.47 43.5 440 1860 0.47 
144.3 1390 6240 0.47 44.0 420 1900 0.47 
145.9 1390 5940 0.47 44.5 420 1810 0.47 
147.6 1300 6060 0.48 45.0 400 1850 0.48 
149.2 1440 5970 0.47 45.5 440 1820 0.47 

                
 

GEOVision Report 15347-01 rev 0 Page 42 of 45 October 15, 2015
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Figure C-2.44 Figure C-3.44
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Figure C-2.45 Figure C-3.45
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APPENDIX D GEOTECHNICAL LABORATORY TEST RESULTS 
 
 
 
 
 
Appendix D 
Figure D-1.1: Direct Shear Test Results (ACE Phase) 
Figure D-1.2: Direct Shear Test Results (PE Phase) 
Figure D-1.3: Direct Shear Test Results (Adv. PE Phase) 
Figure D-1.4: Direct Shear Test Results (Prior Projects) 
Figure D-2.1: Triaxial Test Results (PE Phase) 
Figure D-2.2: Triaxial Test Results (Adv. PE Phase) 
Figure D-3.1: Consolidation Test Results (ACE Phase) 
Figure D-3.2: Consolidation Test Results (PE Phase) 
Figure D-3.3: Consolidation Test Results (Adv. PE Phase) 
Figure D-3.4: Consolidation Test Results (Prior Projects) 
Figure D-4.1: Hydroconsolidation Test Results (ACE Phase) 
Figure D-4.2: Hydroconsolidation Test Results (PE Phase) 
Figure D-4.3: Hydroconsolidation Test Results (Adv. PE Phase) 
Figure D-5.1: Particle Size Distribution Test Results (ACE Phase) 
Figure D-5.2: Particle Size Distribution Test Results (PE Phase) 
Figure D-5.3: Particle Size Distribution Test Results (Adv. PE Phase) 
Figure D-6.1: Atterberg Limits Test Results (ACE Phase) 
Figure D-6.2: Atterberg Limits Test Results (PE Phase) 
Figure D-6.3: Atterberg Limits Test Results (Adv. PE Phase)- 
Figure D-7.1: Corrosion Test Results (ACE Phase) 
Figure D-7.2: Corrosion Test Results (PE Phase) 
Figure D-7.3: Corrosion Evaluation Report (Adv. PE Phase) 
Figure D-8.1: Abrasion Test Results (PE Phase) 
Figure D-8.2: Abrasion Test Results (Adv. PE Phase) 
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Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: 4953-11-1423 Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 11 Sample Description: Yellowish Brown Clay w/sand

Depth(ft): 55.5

Sample Type: Mod. Cal. Confining Pressure = 30.0 psi

Diameter (in) 2.623 2.623 2.623 Avg. = 2.623
Height (in) 5.875 5.875 5.875 Avg. = 5.875

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.404 5.348
Moisture Content (%) 19.87 20.74
Wet Weight (gms) 1081.54 1231.09
Dry Weight (gms) 902.28 1044.00
Container Weight (gms) 0.00 141.72
Density and Saturation
Wet Weight (gms) 1081.54
Container Weight (gms) 0.00
Wet  Density (pcf) 129.8
Dry  Density (pcf) 108.3
Initial Void Ratio 0.556
% Saturation 96.5

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 60.0 Initial Burette Ht.(cm)= 78.6
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 69.4
Eff. Consol. Stress (psi) = 30.0 Final Height (in)= 5.831
Induced OCR = 1.0 Initial Volume (cu.in)= 31.746
Change in Ht. of Specimen (in) = 0.0438 Final Volume (cu.in) = 31.185

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 10.82
Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 2.45
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 13.27

Axial Strain (%) = 5.03

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.1



Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: 4953-11-1423 Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 11 Sample Description: Yellowish Brown Clay w/sand

Depth(ft): 55.5

Sample Type: Mod. Cal. Confining Pressure = 45.0 psi

Diameter (in) 2.623 2.623 2.623 Avg. = 2.623
Height (in) 5.875 5.875 5.875 Avg. = 5.875

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.404 5.942
Moisture Content (%) 19.87 20.74
Wet Weight (gms) 1081.54 1231.09
Dry Weight (gms) 902.28 1044.00
Container Weight (gms) 0.00 141.72
Density and Saturation
Wet Weight (gms) 1081.54
Container Weight (gms) 0.00
Wet  Density (pcf) 129.8
Dry  Density (pcf) 108.3
Initial Void Ratio 0.556
% Saturation 96.5

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 75.0 Initial Burette Ht.(cm)= 69.4
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 65.2
Eff. Consol. Stress (psi) = 45.0 Final Height (in)= 5.581
Induced OCR= 1.0 Initial Volume (cu.in)= 31.746
Change in Ht. of Specimen (in) = 0.2943 Final Volume (cu.in) = 31.490

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 15.59
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 4.60
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 20.20

Axial Strain (%) = 5.37

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.2



Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 11 Sample Description: Yellowish Brown Clay w/sand

Depth(ft): 55.5

Sample Type: Mod. Cal. Confining Pressure = 60.0 psi

Diameter (in) 2.623 2.623 2.623 Avg. = 2.623
Height (in) 5.875 5.875 5.875 Avg. = 5.875

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.404 5.991
Moisture Content (%) 19.87 20.74
Wet Weight (gms) 1081.54 1231.09
Dry Weight (gms) 902.28 1044.00
Container Weight (gms) 0.00 141.72
Density and Saturation
Wet Weight (gms) 1081.54
Container Weight (gms) 0.00
Wet  Density (pcf) 129.8
Dry  Density (pcf) 108.3
Initial Void Ratio 0.556
% Saturation 96.5

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 90.0 Initial Burette Ht.(cm)= 65.2
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 61.9
Eff. Consol. Stress (psi) = 60.0 Final Height (in)= 5.564
Induced OCR = 1.0 Initial Volume (cu.in)= 31.746
Change in Ht. of Specimen (in) = 0.3112 Final Volume (cu.in) = 31.545

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 19.41
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 6.91
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 26.32

Axial Strain (%) = 8.66

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

4953-11-1423

Figure D-2.2.3



Project  Name: Westside Purple Line Extension Cell Pressure: 60.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 30.0 psi
Depth(ft): 55.5 Initial Sample Height: 5.875 in
Sample No.: 11 Initial Area of Sample: 5.404 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.831 in
Sample Description: Yellowish Brown Clay w/sand Final Sample Area (A)*: 5.348 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
60.0 0 0.000 30.0 0.00 0.00 0.00 0.00 4.32
60.0 61 0.006 33.8 1.64 0.10 0.55 0.82 4.59
60.0 100 0.013 36.4 2.69 0.22 0.93 1.34 4.74
60.0 125 0.020 38.5 3.35 0.34 1.22 1.68 4.78
60.0 144 0.027 40.1 3.86 0.45 1.45 1.93 4.80
60.0 161 0.034 41.4 4.31 0.58 1.64 2.16 4.83
60.0 175 0.041 42.4 4.68 0.69 1.79 2.34 4.87
60.0 187 0.048 43.3 4.99 0.82 1.91 2.50 4.91
60.0 198 0.056 43.9 5.28 0.96 2.01 2.64 4.95
60.0 209 0.063 44.5 5.57 1.07 2.08 2.78 5.02
60.0 219 0.070 44.9 5.83 1.19 2.14 2.91 5.09
60.0 228 0.076 45.2 6.06 1.30 2.19 3.03 5.16
60.0 237 0.083 45.5 6.29 1.42 2.23 3.15 5.24
60.0 246 0.090 45.7 6.52 1.55 2.25 3.26 5.33
60.0 253 0.098 45.8 6.70 1.67 2.28 3.35 5.39
60.0 260 0.105 45.9 6.88 1.79 2.29 3.44 5.47
60.0 267 0.112 46.0 7.05 1.91 2.30 3.53 5.55
60.0 281 0.127 46.1 7.40 2.17 2.31 3.70 5.71
60.0 288 0.134 46.1 7.58 2.30 2.32 3.79 5.79
60.0 294 0.142 46.1 7.72 2.43 2.31 3.86 5.87
60.0 307 0.156 45.9 8.05 2.67 2.29 4.02 6.05
60.0 313 0.163 45.8 8.19 2.79 2.28 4.10 6.14
60.0 320 0.170 45.7 8.36 2.92 2.27 4.18 6.24
60.0 333 0.185 45.5 8.68 3.17 2.23 4.34 6.43
60.0 340 0.192 45.4 8.85 3.29 2.21 4.43 6.53
60.0 352 0.206 45.1 9.14 3.53 2.17 4.57 6.72
60.0 359 0.213 44.9 9.31 3.66 2.15 4.66 6.83
60.0 371 0.227 44.6 9.60 3.90 2.11 4.80 7.01
60.0 376 0.235 44.5 9.72 4.03 2.08 4.86 7.10
60.0 382 0.242 44.3 9.86 4.14 2.06 4.93 7.19
60.0 393 0.257 43.9 10.12 4.41 2.01 5.06 7.37
60.0 399 0.264 43.8 10.26 4.53 1.98 5.13 7.47
60.0 405 0.272 43.6 10.40 4.66 1.95 5.20 7.57
60.0 417 0.286 43.2 10.68 4.91 1.90 5.34 7.76
60.0 423 0.294 43.0 10.82 5.03 1.87 5.41 7.86

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.4



Project  Name: Westside Purple Line Extension Cell Pressure: 75.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 45.0 psi
Depth(ft): 55.5 Initial Sample Height: 5.875 in
Sample No.: 11 Initial Area of Sample: 5.404 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.581 in
Sample Description: Yellowish Brown Clay w/sand Final Sample Area (A)*: 5.942 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
75.0 0 0.000 30.0 0.00 0.00 0.00 0.00 6.48
75.0 114 0.005 37.3 2.76 0.08 1.05 1.38 6.81
75.0 181 0.011 41.4 4.38 0.20 1.64 2.19 7.03
75.0 229 0.018 44.0 5.53 0.33 2.01 2.77 7.23
75.0 270 0.025 45.9 6.51 0.45 2.29 3.26 7.44
75.0 309 0.033 47.5 7.44 0.58 2.51 3.72 7.69
75.0 344 0.039 48.6 8.28 0.69 2.68 4.14 7.94
75.0 379 0.046 49.6 9.11 0.82 2.82 4.55 8.21
75.0 410 0.053 50.3 9.84 0.94 2.93 4.92 8.47
75.0 438 0.059 50.8 10.50 1.05 3.00 5.25 8.74
75.0 462 0.066 51.0 11.06 1.18 3.03 5.53 8.98
75.0 480 0.073 51.1 11.48 1.30 3.03 5.74 9.19
75.0 496 0.079 51.0 11.85 1.41 3.02 5.93 9.38
75.0 509 0.086 50.9 12.15 1.54 3.00 6.07 9.55
75.0 520 0.093 50.6 12.39 1.66 2.97 6.20 9.70
75.0 530 0.100 50.4 12.61 1.79 2.94 6.31 9.85
75.0 538 0.108 50.2 12.79 1.93 2.91 6.39 9.97
75.0 553 0.122 49.7 13.11 2.19 2.84 6.55 10.20
75.0 566 0.137 49.2 13.38 2.46 2.76 6.69 10.41
75.0 572 0.145 48.9 13.50 2.59 2.72 6.75 10.51
75.0 578 0.152 48.7 13.63 2.71 2.69 6.81 10.61
75.0 591 0.166 48.1 13.90 2.97 2.61 6.95 10.82
75.0 597 0.172 47.9 14.02 3.08 2.57 7.01 10.92
75.0 610 0.186 47.3 14.29 3.33 2.49 7.15 11.13
75.0 620 0.199 46.8 14.49 3.57 2.42 7.24 11.31
75.0 626 0.206 46.5 14.61 3.68 2.38 7.31 11.41
75.0 636 0.220 46.0 14.81 3.94 2.30 7.40 11.58
75.0 640 0.227 45.7 14.88 4.07 2.27 7.44 11.65
75.0 644 0.235 45.5 14.95 4.21 2.23 7.48 11.73
75.0 648 0.242 45.2 15.02 4.34 2.19 7.51 11.81
75.0 651 0.250 44.9 15.07 4.49 2.15 7.53 11.87
75.0 659 0.264 44.4 15.21 4.74 2.07 7.61 12.02
75.0 667 0.279 43.8 15.36 5.00 1.99 7.68 12.16
75.0 672 0.286 43.6 15.45 5.12 1.96 7.73 12.25
75.0 680 0.300 43.1 15.59 5.37 1.88 7.80 12.40

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.5



Project  Name: Westside Purple Line Extension Cell Pressure: 90.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 60.0 psi
Depth(ft): 55.5 Initial Sample Height: 5.875 in
Sample No.: 11 Initial Area of Sample: 5.404 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.564 in
Sample Description: Yellowish Brown Clay w/sand Final Sample Area (A)*: 5.991 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
90.0 0 0.000 30.0 0.00 0.00 0.00 0.00 8.64
90.0 187 0.006 33.9 4.49 0.11 0.57 2.24 10.32
90.0 278 0.012 36.7 6.67 0.22 0.97 3.33 11.00
90.0 342 0.018 39.2 8.19 0.32 1.32 4.10 11.41
90.0 398 0.024 41.5 9.52 0.43 1.66 4.76 11.75
90.0 442 0.030 43.4 10.57 0.54 1.93 5.28 11.99
90.0 489 0.036 45.4 11.68 0.65 2.22 5.84 12.26
90.0 533 0.042 47.3 12.71 0.75 2.49 6.36 12.51
90.0 578 0.048 49.2 13.77 0.86 2.76 6.89 12.76
90.0 613 0.054 50.5 14.59 0.97 2.96 7.29 12.98
90.0 650 0.060 51.9 15.45 1.08 3.15 7.73 13.21
90.0 725 0.090 54.0 17.14 1.62 3.46 8.57 13.75
90.0 757 0.120 53.6 17.80 2.16 3.39 8.90 14.15
90.0 785 0.170 52.1 18.29 3.06 3.19 9.14 14.60
90.0 811 0.213 50.6 18.74 3.84 2.97 9.37 15.04
90.0 831 0.258 48.9 19.05 4.64 2.72 9.52 15.44
90.0 843 0.305 47.4 19.15 5.47 2.50 9.58 15.71
90.0 860 0.348 45.9 19.38 6.25 2.29 9.69 16.03
90.0 868 0.393 44.6 19.39 7.07 2.10 9.69 16.23
90.0 875 0.439 43.3 19.37 7.89 1.92 9.69 16.41
90.0 884 0.482 42.0 19.41 8.66 1.73 9.70 16.62
90.0 886 0.528 40.6 19.27 9.49 1.53 9.64 16.75
90.0 892 0.574 39.3 19.23 10.31 1.33 9.61 16.92
90.0 897 0.617 38.2 19.17 11.09 1.18 9.58 17.04
90.0 894 0.663 37.0 18.93 11.92 1.01 9.46 17.09
90.0 891 0.707 35.7 18.69 12.71 0.82 9.35 17.17
90.0 882 0.752 34.3 18.33 13.51 0.62 9.17 17.19
90.0 865 0.798 32.8 17.81 14.34 0.41 8.90 17.13
90.0 862 0.842 31.5 17.58 15.14 0.22 8.79 17.21
90.0 855 0.888 30.4 17.27 15.95 0.05 8.64 17.22
90.0 853 0.933 29.4 17.06 16.77 -0.09 8.53 17.26
90.0 857 0.978 28.5 16.98 17.57 -0.22 8.49 17.35
90.0 856 1.023 27.5 16.79 18.39 -0.36 8.39 17.39
90.0 858 1.069 26.3 16.66 19.21 -0.54 8.33 17.51
90.0 864 1.113 25.2 16.61 20.00 -0.69 8.31 17.64

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.6



 

Project Name: Westside Purple Line Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Yellowish Brown Clay w/sand
Boring No.: E-126A Avg. Dry Unit Weight (pcf): 108.3
Sample No.: 11 Avg. Initial Moisture Content (%): 19.9
Depth (ft): 55.5 Confining Pressure: 30.0, 45.0, 60.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Figure D-2.2.7



 

Project Name: Westside Purple Line Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Yellowish Brown Clay w/sand
Boring No.: E-126A Avg. Dry Unit Weight (pcf): 108.3
Sample No.: 11 Avg. Initial Moisture Content (%): 19.9
Depth (ft): 55.5 Confining Pressures: 30.0, 45.0, 60.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: 4953-11-1423 Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 15 Sample Description: Yellowish Brown Silty Sand

Depth(ft): 75.5

Sample Type: Mod. Cal. Confining Pressure = 40.0 psi

Diameter (in) 2.616 2.616 2.616 Avg. = 2.616
Height (in) 5.728 5.728 5.728 Avg. = 5.728

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.375 5.298
Moisture Content (%) 14.38 12.33
Wet Weight (gms) 1119.87 1243.05
Dry Weight (gms) 979.10 1122.28
Container Weight (gms) 0.00 143.18
Density and Saturation
Wet Weight (gms) 1119.87
Container Weight (gms) 0.00
Wet  Density (pcf) 138.6
Dry  Density (pcf) 121.2
Initial Void Ratio 0.391
% Saturation 99.4

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 98 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 70.0 Initial Burette Ht.(cm)= 77.6
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 63.9
Eff. Consol. Stress (psi) = 40.0 Final Height (in)= 5.654
Induced OCR = 1.0 Initial Volume (cu.in)= 30.787
Change in Ht. of Specimen (in) = 0.0745 Final Volume (cu.in) = 29.951

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 10.20
Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 2.62
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 12.82

Axial Strain (%) = 5.15

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.9



Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: 4953-11-1423 Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 15 Sample Description: Yellowish Brown Silty Sand

Depth(ft): 75.5

Sample Type: Mod. Cal. Confining Pressure = 60.0 psi

Diameter (in) 2.616 2.616 2.616 Avg. = 2.616
Height (in) 5.728 5.728 5.728 Avg. = 5.728

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.375 5.965
Moisture Content (%) 14.38 12.33
Wet Weight (gms) 1119.87 1243.05
Dry Weight (gms) 979.10 1122.28
Container Weight (gms) 0.00 143.18
Density and Saturation
Wet Weight (gms) 1119.87
Container Weight (gms) 0.00
Wet  Density (pcf) 138.6
Dry  Density (pcf) 121.2
Initial Void Ratio 0.391
% Saturation 99.4

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 98 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 90.0 Initial Burette Ht.(cm)= 63.9
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 57.7
Eff. Consol. Stress (psi) = 60.0 Final Height (in)= 5.375
Induced OCR= 1.0 Initial Volume (cu.in)= 30.787
Change in Ht. of Specimen (in) = 0.3533 Final Volume (cu.in) = 30.409

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 15.26
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 5.50
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 20.76

Axial Strain (%) = 5.65

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.10



Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 15 Sample Description: Yellowish Brown Silty Sand

Depth(ft): 75.5

Sample Type: Mod. Cal. Confining Pressure = 80.0 psi

Diameter (in) 2.616 2.616 2.616 Avg. = 2.616
Height (in) 5.728 5.728 5.728 Avg. = 5.728

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.375 6.358
Moisture Content (%) 14.38 12.33
Wet Weight (gms) 1119.87 1243.05
Dry Weight (gms) 979.10 1122.28
Container Weight (gms) 0.00 143.18
Density and Saturation
Wet Weight (gms) 1119.87
Container Weight (gms) 0.00
Wet  Density (pcf) 138.6
Dry  Density (pcf) 121.2
Initial Void Ratio 0.391
% Saturation 99.4

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 98 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 110.0 Initial Burette Ht.(cm)= 57.7
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 55.2
Eff. Consol. Stress (psi) = 80.0 Final Height (in)= 5.107
Induced OCR = 1.0 Initial Volume (cu.in)= 30.787
Change in Ht. of Specimen (in) = 0.6212 Final Volume (cu.in) = 30.635

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 23.06
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 9.46
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 32.52

Axial Strain (%) = 21.55

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

4953-11-1423

Figure D-2.2.11



Project  Name: Westside Purple Line Extension Cell Pressure: 70.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 40.0 psi
Depth(ft): 75.5 Initial Sample Height: 5.728 in
Sample No.: 15 Initial Area of Sample: 5.375 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.654 in
Sample Description: Yellowish Brown Silty Sand Final Sample Area (A)*: 5.298 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
70.0 0 0.000 30.0 0.00 0.00 0.00 0.00 5.76
70.0 105 0.005 37.2 2.84 0.09 1.04 1.42 6.15
70.0 146 0.012 41.5 3.96 0.22 1.65 1.98 6.09
70.0 171 0.019 44.5 4.64 0.34 2.08 2.32 6.00
70.0 189 0.027 46.6 5.10 0.47 2.39 2.55 5.93
70.0 201 0.034 48.2 5.44 0.60 2.62 2.72 5.86
70.0 213 0.042 49.4 5.74 0.74 2.80 2.87 5.83
70.0 222 0.049 50.4 5.98 0.86 2.94 2.99 5.81
70.0 231 0.056 51.3 6.22 0.99 3.07 3.11 5.80
70.0 238 0.063 52.0 6.40 1.11 3.17 3.20 5.79
70.0 246 0.070 52.6 6.61 1.24 3.25 3.30 5.81
70.0 253 0.076 53.0 6.78 1.35 3.31 3.39 5.84
70.0 259 0.084 53.4 6.93 1.48 3.37 3.46 5.86
70.0 266 0.090 53.7 7.11 1.59 3.41 3.55 5.90
70.0 271 0.097 53.9 7.25 1.72 3.44 3.62 5.94
70.0 277 0.104 54.1 7.39 1.84 3.47 3.70 5.99
70.0 290 0.117 54.3 7.71 2.06 3.50 3.86 6.12
70.0 296 0.123 54.3 7.86 2.18 3.50 3.93 6.18
70.0 301 0.131 54.4 8.00 2.32 3.51 4.00 6.25
70.0 312 0.146 54.3 8.25 2.58 3.50 4.13 6.39
70.0 316 0.153 54.3 8.36 2.71 3.49 4.18 6.45
70.0 320 0.160 54.2 8.44 2.84 3.48 4.22 6.50
70.0 329 0.176 54.0 8.66 3.11 3.46 4.33 6.63
70.0 334 0.183 53.9 8.77 3.23 3.45 4.39 6.70
70.0 343 0.196 53.7 8.99 3.46 3.42 4.50 6.84
70.0 347 0.203 53.6 9.10 3.59 3.40 4.55 6.91
70.0 352 0.210 53.5 9.21 3.72 3.38 4.60 6.98
70.0 361 0.225 53.2 9.43 3.97 3.34 4.71 7.13
70.0 366 0.232 53.1 9.53 4.09 3.32 4.77 7.21
70.0 374 0.247 52.8 9.72 4.36 3.28 4.86 7.34
70.0 378 0.254 52.6 9.82 4.49 3.25 4.91 7.42
70.0 382 0.262 52.5 9.90 4.63 3.23 4.95 7.48
70.0 389 0.277 52.1 10.05 4.90 3.19 5.02 7.60
70.0 393 0.284 52.0 10.15 5.02 3.17 5.08 7.67
70.0 396 0.291 51.8 10.20 5.15 3.14 5.10 7.72

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.12



Project  Name: Westside Purple Line Extension Cell Pressure: 90.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 60.0 psi
Depth(ft): 75.5 Initial Sample Height: 5.728 in
Sample No.: 15 Initial Area of Sample: 5.375 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.375 in
Sample Description: Yellowish Brown Silty Sand Final Sample Area (A)*: 5.965 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
90.0 0 0.000 30.0 0.00 0.00 0.00 0.00 8.64
90.0 168 0.006 42.3 4.05 0.11 1.77 2.03 8.90
90.0 261 0.013 48.7 6.29 0.24 2.70 3.14 9.09
90.0 330 0.019 52.7 7.94 0.35 3.27 3.97 9.34
90.0 384 0.026 55.3 9.23 0.48 3.64 4.61 9.61
90.0 427 0.033 57.1 10.25 0.61 3.90 5.12 9.86
90.0 459 0.040 58.2 11.00 0.74 4.06 5.50 10.08
90.0 482 0.046 58.8 11.54 0.85 4.15 5.77 10.26
90.0 500 0.052 59.1 11.95 0.97 4.19 5.98 10.42
90.0 513 0.058 59.1 12.25 1.08 4.19 6.13 10.57
90.0 523 0.065 59.0 12.47 1.20 4.18 6.24 10.70
90.0 532 0.071 58.8 12.67 1.32 4.15 6.34 10.83
90.0 539 0.077 58.5 12.82 1.44 4.11 6.41 10.94
90.0 547 0.084 58.3 13.00 1.56 4.07 6.50 11.07
90.0 554 0.091 57.9 13.15 1.69 4.02 6.57 11.19
90.0 560 0.098 57.7 13.27 1.83 3.98 6.64 11.29
90.0 566 0.106 57.5 13.40 1.96 3.95 6.70 11.38
90.0 571 0.113 57.2 13.49 2.10 3.91 6.75 11.48
90.0 581 0.128 56.7 13.69 2.38 3.84 6.85 11.64
90.0 585 0.135 56.5 13.77 2.51 3.81 6.88 11.72
90.0 589 0.143 56.2 13.84 2.66 3.78 6.92 11.78
90.0 597 0.157 55.8 13.99 2.91 3.71 7.00 11.93
90.0 601 0.164 55.5 14.07 3.05 3.68 7.03 12.00
90.0 604 0.170 55.3 14.12 3.17 3.65 7.06 12.05
90.0 611 0.184 54.9 14.25 3.42 3.59 7.12 12.17
90.0 614 0.190 54.8 14.30 3.54 3.56 7.15 12.22
90.0 622 0.204 54.4 14.45 3.79 3.51 7.22 12.35
90.0 632 0.218 54.0 14.64 4.05 3.46 7.32 12.50
90.0 635 0.225 53.8 14.69 4.18 3.43 7.34 12.56
90.0 639 0.232 53.6 14.76 4.32 3.40 7.38 12.62
90.0 645 0.247 53.2 14.85 4.60 3.35 7.43 12.72
90.0 649 0.255 53.1 14.92 4.74 3.32 7.46 12.78
90.0 661 0.283 52.3 15.12 5.27 3.21 7.56 12.99
90.0 664 0.290 52.2 15.17 5.39 3.19 7.58 13.03
90.0 670 0.304 51.8 15.26 5.65 3.14 7.63 13.13

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.13



Project  Name: Westside Purple Line Extension Cell Pressure: 110.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 80.0 psi
Depth(ft): 75.5 Initial Sample Height: 5.728 in
Sample No.: 15 Initial Area of Sample: 5.375 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.107 in
Sample Description: Yellowish Brown Silty Sand Final Sample Area (A)*: 6.358 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
110.0 0 0.000 30.0 0.00 0.00 0.00 0.00 11.52
110.0 253 0.006 42.5 5.72 0.12 1.81 2.86 12.58
110.0 371 0.012 50.1 8.38 0.23 2.90 4.19 12.82
110.0 474 0.018 56.1 10.70 0.35 3.75 5.35 13.12
110.0 563 0.024 60.3 12.69 0.47 4.36 6.35 13.50
110.0 641 0.030 63.4 14.43 0.59 4.81 7.22 13.93
110.0 709 0.036 65.5 15.94 0.70 5.12 7.97 14.38
110.0 762 0.042 66.9 17.12 0.82 5.32 8.56 14.76
110.0 797 0.048 67.5 17.88 0.94 5.40 8.94 15.06
110.0 810 0.054 67.2 18.15 1.06 5.35 9.08 15.24
110.0 832 0.060 67.3 18.62 1.17 5.37 9.31 15.47
110.0 881 0.090 64.9 19.60 1.76 5.02 9.80 16.30
110.0 904 0.120 62.5 19.99 2.35 4.68 10.00 16.84
110.0 928 0.167 59.4 20.33 3.28 4.24 10.16 17.44
110.0 949 0.211 57.9 20.61 4.13 4.02 10.30 17.80
110.0 974 0.257 56.9 20.95 5.02 3.87 10.48 18.12
110.0 994 0.301 56.0 21.19 5.89 3.74 10.59 18.37
110.0 1015 0.345 54.8 21.44 6.75 3.57 10.72 18.67
110.0 1033 0.392 53.7 21.60 7.67 3.41 10.80 18.91
110.0 1052 0.435 52.6 21.80 8.51 3.26 10.90 19.16
110.0 1070 0.479 51.1 21.96 9.38 3.03 10.98 19.47
110.0 1085 0.525 50.1 22.05 10.28 2.89 11.02 19.65
110.0 1107 0.567 50.1 22.29 11.11 2.89 11.14 19.77
110.0 1125 0.613 49.7 22.42 12.00 2.83 11.21 19.90
110.0 1139 0.658 49.8 22.47 12.89 2.85 11.24 19.90
110.0 1156 0.701 49.2 22.59 13.73 2.76 11.29 20.06
110.0 1173 0.746 49.0 22.68 14.62 2.74 11.34 20.12
110.0 1187 0.791 48.3 22.72 15.49 2.64 11.36 20.24
110.0 1201 0.834 47.9 22.76 16.34 2.58 11.38 20.32
110.0 1213 0.879 46.8 22.74 17.22 2.42 11.37 20.47
110.0 1236 0.924 46.5 22.93 18.09 2.38 11.46 20.61
110.0 1252 0.967 46.3 22.99 18.94 2.34 11.49 20.67
110.0 1267 1.012 45.7 23.01 19.82 2.26 11.50 20.76
110.0 1281 1.056 45.0 23.01 20.67 2.17 11.51 20.86
110.0 1298 1.101 44.3 23.06 21.55 2.06 11.53 20.99

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.14



 

Project Name: Westside Purple Line Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Yellowish Brown Silty Sand
Boring No.: E-126A Avg. Dry Unit Weight (pcf): 121.2
Sample No.: 15 Avg. Initial Moisture Content (%): 14.4
Depth (ft): 75.5 Confining Pressure: 40.0, 60.0, 80.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Project Name: Westside Purple Line Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Yellowish Brown Silty Sand
Boring No.: E-126A Avg. Dry Unit Weight (pcf): 121.2
Sample No.: 15 Avg. Initial Moisture Content (%): 14.4
Depth (ft): 75.5 Confining Pressures: 40.0, 60.0, 80.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: 4953-11-1423 Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 19 Sample Description: Brown Sandy Clay

Depth(ft): 95.5

Sample Type: Mod. Cal. Confining Pressure = 35.0 psi

Diameter (in) 2.621 2.621 2.621 Avg. = 2.621
Height (in) 5.843 5.843 5.843 Avg. = 5.843

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.395 5.336
Moisture Content (%) 17.72 16.05
Wet Weight (gms) 1107.88 1241.86
Dry Weight (gms) 941.51 1090.74
Container Weight (gms) 2.63 149.23
Density and Saturation
Wet Weight (gms) 1107.88
Container Weight (gms) 0.00
Wet  Density (pcf) 133.9
Dry  Density (pcf) 113.7
Initial Void Ratio 0.481
% Saturation 99.4

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 65.0 Initial Burette Ht.(cm)= 73.6
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 63.3
Eff. Consol. Stress (psi) = 35.0 Final Height (in)= 5.791
Induced OCR = 1.0 Initial Volume (cu.in)= 31.525
Change in Ht. of Specimen (in) = 0.0523 Final Volume (cu.in) = 30.897

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 8.17
Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 2.20
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 10.37

Axial Strain (%) = 5.17

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.17



Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: 4953-11-1423 Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 19 Sample Description: Brown Sandy Clay

Depth(ft): 95.5

Sample Type: Mod. Cal. Confining Pressure = 55.0 psi

Diameter (in) 2.621 2.621 2.621 Avg. = 2.621
Height (in) 5.843 5.843 5.843 Avg. = 5.843

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.395 5.928
Moisture Content (%) 17.72 16.05
Wet Weight (gms) 1107.88 1241.86
Dry Weight (gms) 941.51 1090.74
Container Weight (gms) 2.63 149.23
Density and Saturation
Wet Weight (gms) 1107.88
Container Weight (gms) 0.00
Wet  Density (pcf) 133.9
Dry  Density (pcf) 113.7
Initial Void Ratio 0.481
% Saturation 99.4

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 85.0 Initial Burette Ht.(cm)= 63.3
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 55.4
Eff. Consol. Stress (psi) = 55.0 Final Height (in)= 5.522
Induced OCR= 1.0 Initial Volume (cu.in)= 31.525
Change in Ht. of Specimen (in) = 0.3209 Final Volume (cu.in) = 31.043

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 12.71
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.91
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 16.61

Axial Strain (%) = 5.41

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.18



Test Procedure: ASTM D 4767
 

Project Name: Westside Purple Line Extension Tested by: ST Date: 10-31-15

Project No.: Input Data by: AP Date: 11-02-15

Boring No.: E-126A Reviewed by: AP Date: 11-06-15

Sample No.: 19 Sample Description: Brown Sandy Clay

Depth(ft): 95.5

Sample Type: Mod. Cal. Confining Pressure = 75.0 psi

Diameter (in) 2.621 2.621 2.621 Avg. = 2.621
Height (in) 5.843 5.843 5.843 Avg. = 5.843

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.395 6.252
Moisture Content (%) 17.72 16.05
Wet Weight (gms) 1107.88 1241.86
Dry Weight (gms) 941.51 1090.74
Container Weight (gms) 2.63 149.23
Density and Saturation
Wet Weight (gms) 1107.88
Container Weight (gms) 0.00
Wet  Density (pcf) 133.9
Dry  Density (pcf) 113.7
Initial Void Ratio 0.481
% Saturation 99.4

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 105.0 Initial Burette Ht.(cm)= 55.4
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 48.8
Eff. Consol. Stress (psi) = 75.0 Final Height (in)= 5.262
Induced OCR = 1.0 Initial Volume (cu.in)= 31.525
Change in Ht. of Specimen (in) = 0.5807 Final Volume (cu.in) = 31.123

Shear At Failure
Rate of Deformation (in/min)= 0.004 Deviator Stress (ksf) = 19.34
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 8.65
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 28.00

Axial Strain (%) = 20.03

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

4953-11-1423

Figure D-2.2.19



Project  Name: Westside Purple Line Extension Cell Pressure: 65.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 35.0 psi
Depth(ft): 95.5 Initial Sample Height: 5.843 in
Sample No.: 19 Initial Area of Sample: 5.395 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.791 in
Sample Description: Brown Sandy Clay Final Sample Area (A)*: 5.336 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
65.0 0 0.000 30.0 0.00 0.00 0.00 0.00 5.04
65.0 88 0.006 35.0 2.36 0.10 0.72 1.18 5.50
65.0 119 0.013 38.0 3.20 0.23 1.15 1.60 5.49
65.0 137 0.021 40.2 3.68 0.36 1.46 1.84 5.42
65.0 150 0.029 41.7 4.03 0.50 1.69 2.01 5.37
65.0 161 0.036 42.9 4.31 0.61 1.86 2.16 5.34
65.0 169 0.044 43.8 4.53 0.75 1.99 2.27 5.32
65.0 178 0.051 44.7 4.75 0.89 2.11 2.38 5.30
65.0 184 0.059 45.4 4.90 1.02 2.21 2.45 5.28
65.0 190 0.066 46.0 5.06 1.14 2.30 2.53 5.27
65.0 194 0.073 46.5 5.18 1.25 2.37 2.59 5.26
65.0 199 0.080 46.9 5.30 1.38 2.43 2.65 5.26
65.0 204 0.087 47.3 5.42 1.50 2.49 2.71 5.27
65.0 209 0.094 47.6 5.54 1.63 2.53 2.77 5.28
65.0 212 0.102 47.9 5.63 1.75 2.57 2.82 5.28
65.0 221 0.116 48.3 5.84 2.00 2.64 2.92 5.32
65.0 226 0.124 48.5 5.96 2.14 2.67 2.98 5.35
65.0 229 0.131 48.7 6.05 2.26 2.69 3.02 5.37
65.0 238 0.146 49.0 6.25 2.52 2.73 3.13 5.43
65.0 242 0.153 49.1 6.37 2.64 2.75 3.18 5.48
65.0 246 0.161 49.2 6.45 2.78 2.76 3.23 5.51
65.0 254 0.175 49.3 6.66 3.02 2.78 3.33 5.59
65.0 258 0.182 49.3 6.74 3.15 2.78 3.37 5.63
65.0 265 0.197 49.4 6.91 3.40 2.80 3.46 5.70
65.0 269 0.204 49.5 7.00 3.52 2.81 3.50 5.73
65.0 272 0.211 49.6 7.08 3.64 2.82 3.54 5.76
65.0 278 0.226 50.2 7.22 3.90 2.90 3.61 5.75
65.0 282 0.232 50.1 7.31 4.00 2.90 3.65 5.79
65.0 290 0.248 50.1 7.50 4.28 2.89 3.75 5.90
65.0 294 0.255 50.1 7.59 4.40 2.89 3.79 5.95
65.0 298 0.262 50.0 7.67 4.53 2.88 3.83 5.99
65.0 302 0.270 50.0 7.78 4.67 2.88 3.89 6.05
65.0 311 0.285 49.9 7.98 4.92 2.86 3.99 6.16
65.0 316 0.292 49.8 8.09 5.04 2.85 4.04 6.23
65.0 319 0.299 49.7 8.17 5.17 2.84 4.08 6.28

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.20



Project  Name: Westside Purple Line Extension Cell Pressure: 85.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 55.0 psi
Depth(ft): 95.5 Initial Sample Height: 5.843 in
Sample No.: 19 Initial Area of Sample: 5.395 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.522 in
Sample Description: Brown Sandy Clay Final Sample Area (A)*: 5.928 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
85.0 0 0.000 30.0 0.00 0.00 0.00 0.00 7.92
85.0 118 0.004 38.2 2.86 0.08 1.18 1.43 8.18
85.0 189 0.011 44.4 4.58 0.20 2.08 2.29 8.13
85.0 236 0.018 48.6 5.71 0.33 2.68 2.86 8.09
85.0 273 0.025 51.7 6.60 0.46 3.13 3.30 8.09
85.0 303 0.033 54.0 7.32 0.59 3.46 3.66 8.12
85.0 327 0.039 55.8 7.89 0.71 3.71 3.94 8.15
85.0 347 0.046 57.1 8.36 0.83 3.91 4.18 8.19
85.0 363 0.054 58.2 8.73 0.97 4.05 4.37 8.23
85.0 377 0.060 58.9 9.06 1.09 4.16 4.53 8.29
85.0 387 0.067 59.4 9.29 1.21 4.24 4.64 8.32
85.0 396 0.074 59.8 9.49 1.33 4.29 4.75 8.37
85.0 403 0.080 60.1 9.65 1.45 4.33 4.82 8.41
85.0 410 0.087 60.2 9.80 1.58 4.35 4.90 8.47
85.0 416 0.094 60.4 9.93 1.71 4.37 4.97 8.51
85.0 421 0.101 60.4 10.04 1.83 4.37 5.02 8.57
85.0 431 0.116 60.4 10.25 2.09 4.38 5.13 8.67
85.0 436 0.123 60.4 10.35 2.23 4.37 5.18 8.72
85.0 441 0.130 60.4 10.46 2.36 4.38 5.23 8.77
85.0 451 0.146 60.3 10.67 2.64 4.36 5.33 8.89
85.0 456 0.152 60.2 10.77 2.76 4.35 5.39 8.95
85.0 461 0.160 60.2 10.87 2.90 4.35 5.44 9.01
85.0 471 0.173 60.0 11.08 3.14 4.31 5.54 9.15
85.0 476 0.180 59.8 11.19 3.26 4.30 5.59 9.22
85.0 486 0.194 59.6 11.39 3.51 4.26 5.70 9.35
85.0 489 0.201 59.5 11.45 3.63 4.24 5.72 9.40
85.0 498 0.213 59.3 11.63 3.86 4.21 5.81 9.52
85.0 503 0.221 59.1 11.73 4.00 4.20 5.86 9.59
85.0 511 0.234 59.0 11.89 4.23 4.17 5.94 9.69
85.0 515 0.241 58.9 11.96 4.37 4.16 5.98 9.74
85.0 524 0.257 58.6 12.14 4.64 4.12 6.07 9.87
85.0 529 0.264 58.5 12.24 4.77 4.11 6.12 9.93
85.0 543 0.286 58.2 12.51 5.17 4.06 6.25 10.12
85.0 548 0.292 58.0 12.61 5.29 4.04 6.30 10.19
85.0 553 0.299 57.9 12.71 5.41 4.01 6.35 10.26

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.21



Project  Name: Westside Purple Line Extension Cell Pressure: 105.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Boring No.: E-126A Consolidation Pressure : 75.0 psi
Depth(ft): 95.5 Initial Sample Height: 5.843 in
Sample No.: 19 Initial Area of Sample: 5.395 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.262 in
Sample Description: Brown Sandy Clay Final Sample Area (A)*: 6.252 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
105.0 0 0.000 30.0 0.00 0.00 0.00 0.00 10.80
105.0 236 0.006 37.0 5.42 0.11 1.00 2.71 12.51
105.0 314 0.012 41.6 7.22 0.23 1.67 3.61 12.74
105.0 372 0.018 45.7 8.53 0.34 2.26 4.27 12.81
105.0 421 0.024 49.4 9.66 0.46 2.79 4.83 12.84
105.0 465 0.030 52.7 10.66 0.57 3.27 5.33 12.85
105.0 509 0.036 56.3 11.65 0.68 3.78 5.83 12.84
105.0 542 0.042 58.9 12.38 0.80 4.16 6.19 12.83
105.0 572 0.048 61.3 13.04 0.91 4.50 6.52 12.82
105.0 593 0.054 62.9 13.52 1.03 4.74 6.76 12.82
105.0 612 0.060 64.3 13.93 1.14 4.94 6.97 12.83
105.0 667 0.090 67.5 15.10 1.71 5.40 7.55 12.95
105.0 693 0.120 68.2 15.60 2.28 5.49 7.80 13.10
105.0 726 0.164 66.7 16.21 3.11 5.28 8.10 13.62
105.0 757 0.206 65.2 16.75 3.92 5.07 8.37 14.10
105.0 779 0.253 63.9 17.09 4.81 4.88 8.54 14.47
105.0 806 0.298 62.5 17.50 5.66 4.68 8.75 14.87
105.0 828 0.341 61.1 17.84 6.47 4.48 8.92 15.24
105.0 846 0.387 59.6 18.05 7.34 4.26 9.03 15.56
105.0 868 0.431 59.2 18.35 8.19 4.21 9.17 15.76
105.0 884 0.475 57.6 18.52 9.02 3.97 9.26 16.09
105.0 898 0.521 56.3 18.64 9.89 3.79 9.32 16.33
105.0 916 0.565 55.1 18.84 10.73 3.61 9.42 16.60
105.0 929 0.610 53.9 18.91 11.58 3.44 9.46 16.81
105.0 944 0.654 52.7 19.04 12.43 3.27 9.52 17.05
105.0 959 0.698 51.5 19.15 13.25 3.09 9.57 17.28
105.0 968 0.744 50.2 19.15 14.13 2.90 9.58 17.47
105.0 982 0.788 50.2 19.23 14.97 2.90 9.61 17.51
105.0 995 0.831 49.0 19.29 15.79 2.73 9.64 17.71
105.0 1004 0.876 48.0 19.26 16.65 2.59 9.63 17.84
105.0 1015 0.920 47.1 19.29 17.49 2.46 9.65 17.98
105.0 1026 0.964 46.3 19.30 18.33 2.34 9.65 18.11
105.0 1035 1.010 45.4 19.26 19.20 2.22 9.63 18.21
105.0 1050 1.054 44.9 19.34 20.03 2.15 9.67 18.32
105.0 1060 1.099 44.2 19.32 20.87 2.05 9.66 18.41

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.22



 

Project Name: Westside Purple Line Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Brown Sandy Clay
Boring No.: E-126A Avg. Dry Unit Weight (pcf): 113.7
Sample No.: 19 Avg. Initial Moisture Content (%): 17.7
Depth (ft): 95.5 Confining Pressure: 35.0, 55.0, 75.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Project Name: Westside Purple Line Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Brown Sandy Clay
Boring No.: E-126A Avg. Dry Unit Weight (pcf): 113.7
Sample No.: 19 Avg. Initial Moisture Content (%): 17.7
Depth (ft): 95.5 Confining Pressures: 35.0, 55.0, 75.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Test Procedure: ASTM D 4767
 

Project Name: Westside Subway Extension Tested by: ST Date: 04-08-15

Project No.: 4953-11-1423 Input Data by: KM Date: 04-17-15

Test Pit: G-142 Reviewed by: AP Date: 04-17-15

Sample No.: 3 Sample Description: Brown Lean Clay with sand

Depth(ft): 15.5

Sample Type: Mod. Cal. Confining Pressure = 5.0 psi

Diameter (in) 2.623 2.623 2.623 Avg. = 2.623
Height (in) 5.721 5.721 5.721 Avg. = 5.721

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.404 5.404
Moisture Content (%) 14.64 19.87
Wet Weight (gms) 15.82 1238.18
Dry Weight (gms) 14.13 1057.63
Container Weight (gms) 2.59 149.20
Density and Saturation
Wet Weight (gms) 1079.47
Container Weight (gms) 0.00
Wet  Density (pcf) 133.0
Dry  Density (pcf) 116.0
Initial Void Ratio 0.452
% Saturation 87.5

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 35.0 Initial Burette Ht.(cm)= 0.0
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 0.0
Eff. Consol. Stress (psi) = 5.0 Final Height (in)= 5.721
Induced OCR = 1.0 Initial Volume (cu.in)= 30.914
Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 30.914

Shear At Failure
Rate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 4.90
Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 0.55
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 5.45

Axial Strain (%) = 5.19

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.25



Test Procedure: ASTM D 4767
 

Project Name: Westside Subway Extension Tested by: ST Date: 04-08-15

Project No.: 4953-11-1423 Input Data by: KM Date: 04-17-15

Test Pit: G-142 Reviewed by: AP Date: 04-17-15

Sample No.: 3 Sample Description: Brown Lean Clay with sand

Depth(ft): 15.5

Sample Type: Mod. Cal. Confining Pressure = 15.0 psi

Diameter (in) 2.623 2.623 2.623 Avg. = 2.623
Height (in) 5.721 5.721 5.721 Avg. = 5.721

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.404 5.664
Moisture Content (%) 14.64 19.87
Wet Weight (gms) 15.82 1238.18
Dry Weight (gms) 14.13 1057.63
Container Weight (gms) 2.59 149.20
Density and Saturation
Wet Weight (gms) 1079.47
Container Weight (gms) 0.00
Wet  Density (pcf) 133.0
Dry  Density (pcf) 116.0
Initial Void Ratio 0.452
% Saturation 87.5

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 45.0 Initial Burette Ht.(cm)= 88.3
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 84.6
Eff. Consol. Stress (psi) = 15.0 Final Height (in)= 5.715
Induced OCR= 1.0 Initial Volume (cu.in)= 30.914
Change in Ht. of Specimen (in) = 0.0060 Final Volume (cu.in) = 30.688

Shear At Failure
Rate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 6.56
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 1.36
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 7.92

Axial Strain (%) = 4.76

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.26



Test Procedure: ASTM D 4767
 

Project Name: Westside Subway Extension Tested by: ST Date: 04-08-15

Project No.: Input Data by: KM Date: 04-17-15

Test Pit: G-142 Reviewed by: AP Date: 04-17-15

Sample No.: 3 Sample Description: Brown Lean Clay with sand

Depth(ft): 15.5

Sample Type: Mod. Cal. Confining Pressure = 30.0 psi

Diameter (in) 2.623 2.623 2.623 Avg. = 2.623
Height (in) 5.721 5.721 5.721 Avg. = 5.721

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.404 5.621
Moisture Content (%) 14.64 19.87
Wet Weight (gms) 15.82 1238.18
Dry Weight (gms) 14.13 1057.63
Container Weight (gms) 2.59 149.20
Density and Saturation
Wet Weight (gms) 1079.47
Container Weight (gms) 0.00
Wet  Density (pcf) 133.0
Dry  Density (pcf) 116.0
Initial Void Ratio 0.452
% Saturation 87.5

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 60.0 Initial Burette Ht.(cm)= 85.2
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 80.4
Eff. Consol. Stress (psi) = 30.0 Final Height (in)= 5.720
Induced OCR = 1.0 Initial Volume (cu.in)= 30.914
Change in Ht. of Specimen (in) = 0.0010 Final Volume (cu.in) = 30.621

Shear At Failure
Rate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 9.53
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.72
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 13.25

Axial Strain (%) = 14.84

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

4953-11-1423

Figure D-2.2.27



Project  Name: Westside Subway Extension Cell Pressure: 35.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Test Pit: G-142 Consolidation Pressure : 5.0 psi
Depth(ft): 15.5 Initial Sample Height: 5.721 in
Sample No.: 3 Initial Area of Sample: 5.404 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.721 in
Sample Description: Brown Lean Clay with sand Final Sample Area (A)*: 5.404 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
35.0 0 0.000 30.0 0.00 0.00 0.00 0.00 0.72
35.0 27 0.005 30.8 0.72 0.08 0.11 0.36 0.97
35.0 47 0.012 31.4 1.25 0.21 0.19 0.62 1.15
35.0 57 0.019 31.7 1.51 0.32 0.24 0.76 1.24
35.0 64 0.026 31.9 1.70 0.45 0.27 0.85 1.30
35.0 70 0.033 32.1 1.85 0.57 0.29 0.93 1.35
35.0 75 0.040 32.2 1.98 0.70 0.31 0.99 1.40
35.0 80 0.047 32.3 2.11 0.82 0.32 1.06 1.45
35.0 83 0.055 32.4 2.19 0.96 0.33 1.10 1.48
35.0 88 0.062 32.4 2.32 1.08 0.34 1.16 1.54
35.0 92 0.069 32.4 2.42 1.21 0.35 1.21 1.59
35.0 95 0.076 32.5 2.50 1.32 0.35 1.25 1.62
35.0 99 0.084 32.5 2.60 1.46 0.35 1.30 1.67
35.0 102 0.090 32.5 2.68 1.57 0.35 1.34 1.71
35.0 106 0.096 32.5 2.78 1.68 0.35 1.39 1.76
35.0 110 0.104 32.5 2.88 1.82 0.35 1.44 1.81
35.0 113 0.111 32.5 2.95 1.94 0.35 1.48 1.85
35.0 117 0.118 32.4 3.05 2.07 0.35 1.53 1.90
35.0 120 0.125 32.4 3.13 2.18 0.34 1.56 1.94
35.0 124 0.132 32.4 3.23 2.31 0.34 1.61 1.99
35.0 127 0.140 32.4 3.30 2.44 0.34 1.65 2.04
35.0 131 0.147 32.3 3.40 2.57 0.33 1.70 2.09
35.0 134 0.154 32.3 3.48 2.68 0.32 1.74 2.13
35.0 137 0.161 32.2 3.55 2.81 0.32 1.77 2.18
35.0 141 0.168 32.2 3.65 2.93 0.31 1.82 2.23
35.0 144 0.175 32.2 3.72 3.06 0.31 1.86 2.27
35.0 148 0.182 32.1 3.82 3.18 0.30 1.91 2.33
35.0 151 0.189 32.1 3.89 3.31 0.30 1.95 2.37
35.0 154 0.197 32.1 3.96 3.43 0.29 1.98 2.41
35.0 158 0.203 32.0 4.06 3.55 0.29 2.03 2.46
35.0 166 0.224 31.9 4.25 3.92 0.26 2.13 2.58
35.0 175 0.246 31.7 4.46 4.30 0.24 2.23 2.72
35.0 184 0.268 31.5 4.67 4.69 0.21 2.34 2.85
35.0 192 0.290 31.3 4.86 5.06 0.18 2.43 2.97
35.0 194 0.297 31.2 4.90 5.19 0.17 2.45 3.00

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.28



Project  Name: Westside Subway Extension Cell Pressure: 45.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Test Pit: G-142 Consolidation Pressure : 15.0 psi
Depth(ft): 15.5 Initial Sample Height: 5.721 in
Sample No.: 3 Initial Area of Sample: 5.404 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.715 in
Sample Description: Brown Lean Clay with sand Final Sample Area (A)*: 5.664 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
45.0 0 0.005 30.0 0.00 0.09 0.00 0.00 2.16
45.0 18 0.002 30.9 0.46 0.03 0.14 0.23 2.25
45.0 56 0.009 32.6 1.42 0.16 0.37 0.71 2.50
45.0 76 0.017 33.3 1.93 0.29 0.48 0.96 2.64
45.0 92 0.024 33.9 2.33 0.42 0.57 1.16 2.76
45.0 106 0.032 34.4 2.68 0.55 0.64 1.34 2.86
45.0 119 0.038 34.8 3.01 0.67 0.70 1.50 2.96
45.0 132 0.045 35.2 3.33 0.79 0.75 1.66 3.07
45.0 144 0.053 35.6 3.63 0.92 0.80 1.81 3.17
45.0 155 0.060 35.9 3.90 1.05 0.85 1.95 3.26
45.0 167 0.066 36.1 4.20 1.16 0.89 2.10 3.37
45.0 178 0.073 36.4 4.47 1.28 0.92 2.23 3.48
45.0 187 0.080 36.5 4.69 1.40 0.94 2.34 3.56
45.0 195 0.087 36.7 4.88 1.52 0.96 2.44 3.64
45.0 202 0.094 36.8 5.05 1.65 0.97 2.53 3.71
45.0 207 0.100 36.8 5.17 1.75 0.98 2.59 3.76
45.0 212 0.108 36.8 5.29 1.88 0.98 2.64 3.82
45.0 217 0.115 36.8 5.41 2.02 0.98 2.70 3.88
45.0 221 0.123 36.8 5.50 2.15 0.98 2.75 3.93
45.0 225 0.130 36.8 5.59 2.27 0.98 2.80 3.98
45.0 228 0.137 36.7 5.66 2.39 0.97 2.83 4.02
45.0 231 0.144 36.7 5.72 2.53 0.97 2.86 4.06
45.0 234 0.151 36.6 5.79 2.65 0.96 2.90 4.10
45.0 237 0.159 36.6 5.86 2.78 0.95 2.93 4.14
45.0 240 0.166 36.5 5.92 2.90 0.94 2.96 4.18
45.0 242 0.173 36.5 5.97 3.03 0.94 2.98 4.21
45.0 245 0.180 36.4 6.03 3.15 0.93 3.02 4.25
45.0 247 0.188 36.4 6.07 3.28 0.92 3.04 4.28
45.0 249 0.194 36.4 6.12 3.40 0.93 3.06 4.29
45.0 252 0.201 36.3 6.18 3.51 0.90 3.09 4.35
45.0 254 0.208 36.2 6.22 3.64 0.90 3.11 4.38
45.0 260 0.229 36.0 6.35 4.00 0.86 3.17 4.47
45.0 266 0.251 35.8 6.47 4.38 0.83 3.23 4.56
45.0 271 0.272 35.5 6.56 4.76 0.80 3.28 4.64
45.0 268 0.293 35.1 6.46 5.12 0.74 3.23 4.65

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.29



Project  Name: Westside Subway Extension Cell Pressure: 60.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Test Pit: G-142 Consolidation Pressure : 30.0 psi
Depth(ft): 15.5 Initial Sample Height: 5.721 in
Sample No.: 3 Initial Area of Sample: 5.404 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.720 in
Sample Description: Brown Lean Clay with sand Final Sample Area (A)*: 5.621 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
60.0 0 0.000 30.0 0.00 0.00 0.00 0.00 4.32
60.0 69 0.006 34.3 1.77 0.10 0.62 0.88 4.58
60.0 103 0.012 35.9 2.63 0.21 0.85 1.32 4.79
60.0 130 0.018 37.3 3.32 0.31 1.05 1.66 4.93
60.0 146 0.024 38.1 3.72 0.42 1.17 1.86 5.02
60.0 164 0.030 38.9 4.18 0.52 1.28 2.09 5.13
60.0 183 0.036 39.7 4.66 0.63 1.40 2.33 5.25
60.0 195 0.042 40.2 4.96 0.73 1.47 2.48 5.33
60.0 212 0.048 40.9 5.39 0.84 1.57 2.69 5.44
60.0 225 0.054 41.4 5.71 0.94 1.64 2.85 5.53
60.0 238 0.060 41.8 6.03 1.05 1.70 3.02 5.64
60.0 290 0.090 42.9 7.31 1.57 1.86 3.66 6.12
60.0 312 0.120 43.0 7.83 2.10 1.88 3.91 6.36
60.0 331 0.172 42.9 8.22 3.01 1.85 4.11 6.58
60.0 344 0.217 42.4 8.48 3.79 1.79 4.24 6.77
60.0 354 0.263 41.7 8.65 4.59 1.68 4.33 6.97
60.0 363 0.308 41.0 8.80 5.38 1.58 4.40 7.14
60.0 371 0.352 40.4 8.92 6.15 1.49 4.46 7.29
60.0 380 0.399 39.8 9.06 6.97 1.41 4.53 7.44
60.0 386 0.443 39.2 9.12 7.75 1.33 4.56 7.55
60.0 394 0.488 38.7 9.23 8.53 1.26 4.62 7.68
60.0 401 0.534 38.1 9.31 9.33 1.17 4.66 7.81
60.0 406 0.578 37.6 9.35 10.11 1.09 4.67 7.90
60.0 412 0.624 37.1 9.40 10.91 1.02 4.70 8.01
60.0 416 0.670 36.5 9.41 11.70 0.93 4.70 8.09
60.0 423 0.713 35.9 9.48 12.47 0.85 4.74 8.21
60.0 428 0.760 35.3 9.51 13.28 0.77 4.75 8.30
60.0 433 0.805 34.8 9.53 14.07 0.69 4.77 8.40
60.0 437 0.849 34.2 9.53 14.84 0.60 4.77 8.49
60.0 441 0.895 33.6 9.53 15.65 0.52 4.76 8.57
60.0 444 0.940 33.1 9.51 16.43 0.44 4.75 8.63
60.0 449 0.984 32.5 9.52 17.20 0.36 4.76 8.72
60.0 453 1.029 32.2 9.52 17.99 0.31 4.76 8.77
60.0 457 1.074 31.9 9.51 18.77 0.27 4.75 8.81
60.0 458 1.100 31.6 9.48 19.23 0.23 4.74 8.83

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.30



 

Project Name: Westside Subway Extension Confining Pressures: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Brown Lean Clay with sand
Test Pit: G-142 Avg. Dry Unit Weight (pcf): 116.0
Sample No.: 3 Avg. Initial Moisture Content (%): 14.6
Depth (ft): 15.5 Confining Pressure: 5.0, 15.0, 30.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Brown Lean Clay with sand
Test Pit: G-142 Avg. Dry Unit Weight (pcf): 116.0
Sample No.: 3 Avg. Initial Moisture Content (%): 14.6
Depth (ft): 15.5 Confining Pressures: 5.0, 15.0, 30.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Test Procedure: ASTM D 4767
 

Project Name: Westside Subway Extension Tested by: ST Date: 04-08-15

Project No.: 4953-11-1423 Input Data by: KM Date: 04-17-15

Test Pit: G-142 Reviewed by: AP Date: 04-17-15

Sample No.: 9 Sample Description: Olive Brown Fat Clay

Depth(ft): 43

Sample Type: Mod. Cal. Confining Pressure = 25.0 psi

Diameter (in) 2.615 2.615 2.615 Avg. = 2.615
Height (in) 5.710 5.710 5.710 Avg. = 5.710

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.371 5.371
Moisture Content (%) 18.21 24.20
Wet Weight (gms) 83.89 1214.25
Dry Weight (gms) 78.68 1012.68
Container Weight (gms) 50.07 179.79
Density and Saturation
Wet Weight (gms) 1025.54
Container Weight (gms) 0.00
Wet  Density (pcf) 127.4
Dry  Density (pcf) 107.8
Initial Void Ratio 0.563
% Saturation 87.3

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 55.0 Initial Burette Ht.(cm)= 0.0
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 0.0
Eff. Consol. Stress (psi) = 25.0 Final Height (in)= 5.710
Induced OCR = 1.0 Initial Volume (cu.in)= 30.667
Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 30.667

Shear At Failure
Rate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 8.92
Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 2.10
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 11.01

Axial Strain (%) = 5.25

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.33



Test Procedure: ASTM D 4767
 

Project Name: Westside Subway Extension Tested by: ST Date: 04-08-15

Project No.: 4953-11-1423 Input Data by: KM Date: 04-17-15

Test Pit: G-142 Reviewed by: AP Date: 04-17-15

Sample No.: 9 Sample Description: Olive Brown Clay

Depth(ft): 43

Sample Type: Mod. Cal. Confining Pressure = 35.0 psi

Diameter (in) 2.615 2.615 2.615 Avg. = 2.615
Height (in) 5.710 5.710 5.710 Avg. = 5.710

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.371 5.633
Moisture Content (%) 18.21 24.20
Wet Weight (gms) 83.89 1214.25
Dry Weight (gms) 78.68 1012.68
Container Weight (gms) 50.07 179.79
Density and Saturation
Wet Weight (gms) 1025.54
Container Weight (gms) 0.00
Wet  Density (pcf) 127.4
Dry  Density (pcf) 107.8
Initial Void Ratio 0.563
% Saturation 87.3

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 65.0 Initial Burette Ht.(cm)= 88.3
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 84.6
Eff. Consol. Stress (psi) = 35.0 Final Height (in)= 5.704
Induced OCR= 1.0 Initial Volume (cu.in)= 30.667
Change in Ht. of Specimen (in) = 0.0060 Final Volume (cu.in) = 30.441

Shear At Failure
Rate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 10.47
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.51
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 13.98

Axial Strain (%) = 5.19

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.34



Test Procedure: ASTM D 4767
 

Project Name: Westside Subway Extension Tested by: ST Date: 04-08-15

Project No.: Input Data by: KM Date: 04-17-15

Test Pit: G-142 Reviewed by: AP Date: 04-17-15

Sample No.: 9 Sample Description: Olive Brown Clay

Depth(ft): 43

Sample Type: Mod. Cal. Confining Pressure = 45.0 psi

Diameter (in) 2.615 2.615 2.615 Avg. = 2.615
Height (in) 5.710 5.710 5.710 Avg. = 5.710

 
BEFORE CONSOLIDATION AFTER  CONSOLIDATION

Area (in²) 5.371 5.612
Moisture Content (%) 18.21 24.20
Wet Weight (gms) 83.89 1214.25
Dry Weight (gms) 78.68 1012.68
Container Weight (gms) 50.07 179.79
Density and Saturation
Wet Weight (gms) 1025.54
Container Weight (gms) 0.00
Wet  Density (pcf) 127.4
Dry  Density (pcf) 107.8
Initial Void Ratio 0.563
% Saturation 87.3

Assumed Specific Gravity = 2.70
Back Pressure Saturation
B Value (%) = 94 Change in Ht. of the Specimen (in)= 0

Consolidation
Cell Pressure (psi) = 75.0 Initial Burette Ht.(cm)= 85.2
Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 80.4
Eff. Consol. Stress (psi) = 45.0 Final Height (in)= 5.709
Induced OCR = 1.0 Initial Volume (cu.in)= 30.667
Change in Ht. of Specimen (in) = 0.0010 Final Volume (cu.in) = 30.374

Shear At Failure
Rate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 13.20
Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 5.53
Failure Mode: Bulging Failure Eff. Major Principal stress (ksf) = 18.73

Axial Strain (%) = 7.97

CONSOLIDATED  UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

4953-11-1423

Figure D-2.2.35



Project  Name: Westside Subway Extension Cell Pressure: 55.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Test Pit: G-142 Consolidation Pressure : 25.0 psi
Depth(ft): 43 Initial Sample Height: 5.710 in
Sample No.: 9 Initial Area of Sample: 5.371 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.710 in
Sample Description: Olive Brown Clay Final Sample Area (A)*: 5.371 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
55.0 0 0.000 30.1 0.00 0.00 0.00 0.00 3.60
55.0 44 0.004 32.2 1.18 0.07 0.30 0.59 3.89
55.0 72 0.010 33.5 1.93 0.18 0.49 0.96 4.08
55.0 92 0.017 34.5 2.46 0.30 0.64 1.23 4.19
55.0 109 0.024 35.4 2.91 0.42 0.77 1.46 4.28
55.0 124 0.031 36.3 3.31 0.54 0.89 1.65 4.36
55.0 138 0.038 37.0 3.68 0.66 1.00 1.84 4.44
55.0 150 0.045 37.6 3.99 0.78 1.09 2.00 4.51
55.0 161 0.052 38.2 4.28 0.90 1.17 2.14 4.57
55.0 172 0.059 38.7 4.56 1.04 1.24 2.28 4.64
55.0 181 0.066 39.1 4.80 1.16 1.31 2.40 4.69
55.0 191 0.073 39.5 5.06 1.27 1.36 2.53 4.77
55.0 200 0.080 39.8 5.29 1.40 1.41 2.64 4.84
55.0 209 0.087 40.1 5.52 1.52 1.45 2.76 4.91
55.0 217 0.093 40.4 5.72 1.64 1.48 2.86 4.98
55.0 224 0.100 40.6 5.90 1.75 1.51 2.95 5.04
55.0 231 0.108 40.8 6.08 1.89 1.54 3.04 5.10
55.0 238 0.115 40.9 6.25 2.02 1.57 3.13 5.16
55.0 244 0.123 41.1 6.40 2.15 1.59 3.20 5.22
55.0 251 0.129 41.2 6.58 2.26 1.60 3.29 5.29
55.0 257 0.136 41.3 6.73 2.39 1.62 3.36 5.35
55.0 264 0.144 41.4 6.90 2.52 1.63 3.45 5.42
55.0 270 0.151 41.4 7.05 2.64 1.64 3.52 5.49
55.0 276 0.158 41.5 7.20 2.77 1.64 3.60 5.55
55.0 282 0.164 41.5 7.34 2.87 1.65 3.67 5.62
55.0 289 0.171 41.5 7.52 3.00 1.65 3.76 5.71
55.0 294 0.178 41.5 7.64 3.12 1.65 3.82 5.77
55.0 299 0.185 41.5 7.76 3.25 1.65 3.88 5.83
55.0 304 0.192 41.5 7.88 3.37 1.65 3.94 5.89
55.0 310 0.199 41.5 8.02 3.49 1.64 4.01 5.97
55.0 315 0.206 41.5 8.14 3.60 1.64 4.07 6.03
55.0 320 0.213 41.4 8.26 3.72 1.63 4.13 6.10
55.0 331 0.234 41.2 8.51 4.10 1.61 4.26 6.25
55.0 341 0.257 41.0 8.73 4.50 1.58 4.37 6.39
55.0 351 0.300 40.5 8.92 5.25 1.50 4.46 6.55

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.36



Project  Name: Westside Subway Extension Cell Pressure: 65.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Test Pit: G-142 Consolidation Pressure : 35.0 psi
Depth(ft): 43 Initial Sample Height: 5.710 in
Sample No.: 9 Initial Area of Sample: 5.371 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.704 in
Sample Description: Olive Brown Clay Final Sample Area (A)*: 5.633 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
65.0 1 0.000 30.0 0.03 0.00 0.00 0.01 5.05
65.0 34 0.002 31.6 0.87 0.04 0.22 0.43 5.25
65.0 86 0.008 33.9 2.20 0.13 0.56 1.10 5.57
65.0 120 0.014 35.5 3.06 0.25 0.78 1.53 5.79
65.0 145 0.021 36.7 3.69 0.37 0.96 1.85 5.93
65.0 167 0.028 37.7 4.25 0.49 1.10 2.12 6.06
65.0 187 0.035 38.5 4.75 0.62 1.23 2.38 6.19
65.0 205 0.041 39.3 5.20 0.73 1.33 2.60 6.31
65.0 223 0.049 39.9 5.65 0.85 1.43 2.83 6.44
65.0 241 0.055 40.5 6.10 0.96 1.51 3.05 6.58
65.0 258 0.062 41.0 6.52 1.09 1.59 3.26 6.72
65.0 275 0.069 41.5 6.95 1.21 1.65 3.47 6.86
65.0 291 0.075 41.9 7.34 1.32 1.71 3.67 7.00
65.0 306 0.082 42.3 7.71 1.44 1.76 3.86 7.13
65.0 321 0.089 42.5 8.08 1.56 1.80 4.04 7.28
65.0 334 0.095 42.7 8.40 1.67 1.83 4.20 7.41
65.0 345 0.103 42.9 8.66 1.80 1.85 4.33 7.52
65.0 354 0.109 42.9 8.88 1.92 1.86 4.44 7.62
65.0 361 0.116 43.0 9.04 2.04 1.86 4.52 7.70
65.0 367 0.124 42.9 9.18 2.17 1.86 4.59 7.77
65.0 373 0.131 42.9 9.32 2.30 1.86 4.66 7.84
65.0 377 0.139 42.9 9.40 2.44 1.85 4.70 7.89
65.0 382 0.146 42.8 9.52 2.56 1.84 4.76 7.96
65.0 386 0.153 42.7 9.60 2.68 1.83 4.80 8.01
65.0 390 0.160 42.6 9.69 2.81 1.82 4.85 8.07
65.0 394 0.167 42.6 9.78 2.93 1.81 4.89 8.12
65.0 397 0.174 42.5 9.84 3.05 1.79 4.92 8.17
65.0 400 0.181 42.4 9.90 3.17 1.78 4.95 8.21
65.0 403 0.188 42.3 9.96 3.29 1.77 4.98 8.26
65.0 411 0.209 42.0 10.12 3.66 1.73 5.06 8.37
65.0 418 0.229 41.7 10.26 4.02 1.68 5.13 8.48
65.0 422 0.252 41.4 10.31 4.42 1.63 5.16 8.56
65.0 427 0.274 41.0 10.39 4.81 1.58 5.20 8.65
65.0 432 0.296 40.6 10.47 5.19 1.53 5.24 8.75

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.37



Project  Name: Westside Subway Extension Cell Pressure: 75.0 psi
Project  No: 4953-11-1423 Back  Pressure : 30.0 psi
Test Pit: G-142 Consolidation Pressure : 45.0 psi
Depth(ft): 43 Initial Sample Height: 5.710 in
Sample No.: 9 Initial Area of Sample: 5.371 sq. in.
Sample Type: Mod. Cal. Final Sample Ht.* (L): 5.709 in
Sample Description: Olive Brown Clay Final Sample Area (A)*: 5.612 sq. in.

Induced OCR= 1.0

Cell Load Axial Back Deviator Axial Pore Shear Normal
Pressure Deformation Pressure Stress Strain Pressure Stress Stress

Change q' p' 
(S1-S3) (S1-S3)/2 (S1'+S3')/2

(psi) (lbs) (in) (psi) (ksf) (%) (ksf) (ksf) (ksf)
75.0 0 0.000 30.0 0.00 0.00 0.00 0.00 6.48
75.0 99 0.006 32.3 2.54 0.11 0.33 1.27 7.42
75.0 153 0.012 33.9 3.92 0.21 0.57 1.96 7.87
75.0 190 0.018 35.2 4.85 0.32 0.75 2.43 8.15
75.0 219 0.024 36.2 5.58 0.42 0.90 2.79 8.37
75.0 245 0.030 37.2 6.25 0.53 1.04 3.13 8.57
75.0 269 0.036 38.1 6.86 0.63 1.16 3.43 8.75
75.0 293 0.042 38.9 7.47 0.74 1.28 3.73 8.94
75.0 317 0.048 39.7 8.08 0.84 1.39 4.04 9.12
75.0 337 0.054 40.3 8.56 0.95 1.48 4.28 9.28
75.0 359 0.060 40.9 9.11 1.05 1.57 4.56 9.46
75.0 439 0.090 42.9 11.09 1.58 1.86 5.55 10.17
75.0 486 0.120 42.7 12.22 2.10 1.83 6.11 10.76
75.0 513 0.178 41.6 12.75 3.11 1.67 6.38 11.18
75.0 526 0.223 40.8 12.96 3.90 1.55 6.48 11.41
75.0 534 0.271 39.9 13.04 4.75 1.43 6.52 11.57
75.0 542 0.317 39.1 13.13 5.55 1.31 6.56 11.73
75.0 547 0.363 38.4 13.15 6.35 1.20 6.58 11.85
75.0 553 0.410 37.5 13.17 7.19 1.08 6.59 11.99
75.0 559 0.455 36.6 13.20 7.97 0.95 6.60 12.13
75.0 562 0.503 35.7 13.16 8.80 0.82 6.58 12.24
75.0 565 0.550 34.8 13.09 9.63 0.69 6.55 12.34
75.0 568 0.595 34.0 13.06 10.42 0.58 6.53 12.43
75.0 568 0.643 33.5 12.94 11.25 0.50 6.47 12.45
75.0 566 0.689 32.8 12.77 12.07 0.40 6.38 12.47
75.0 560 0.735 31.9 12.52 12.88 0.27 6.26 12.47
75.0 554 0.783 30.9 12.27 13.72 0.14 6.14 12.48
75.0 549 0.829 30.2 12.03 14.52 0.03 6.02 12.47
75.0 545 0.876 29.4 11.84 15.34 -0.08 5.92 12.48
75.0 544 0.922 28.7 11.70 16.16 -0.19 5.85 12.52
75.0 543 0.968 27.9 11.57 16.95 -0.31 5.78 12.57
75.0 541 1.016 27.1 11.40 17.79 -0.42 5.70 12.60
75.0 543 1.062 26.3 11.34 18.60 -0.53 5.67 12.68
75.0 542 1.108 25.5 11.20 19.41 -0.65 5.60 12.73

CONSOLIDATED UNDRAINED TRIAXIAL TEST WITH PORE PRESSURE MEASUREMENT

Figure D-2.2.38



 

Project Name: Westside Subway Extension Confining Pressures: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Olive Brown Clay
Test Pit: G-142 Avg. Dry Unit Weight (pcf): 107.8
Sample No.: 9 Avg. Initial Moisture Content (%): 18.2
Depth (ft): 43 Confining Pressure: 25.0, 35.0, 45.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod. Cal.
Project No.: 4953-11-1423 Sample Description: Olive Brown Clay
Test Pit: G-142 Avg. Dry Unit Weight (pcf): 107.8
Sample No.: 9 Avg. Initial Moisture Content (%): 18.2
Depth (ft): 43 Confining Pressures: 25.0, 35.0, 45.0  psi

CU TRIAXIAL MULTI-STAGE TEST WITH PORE PRESSURE MEASUREMENT
ASTM D 4767
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Figure D-2.2.40
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Boring No. : E-126A Initial Dry Unit Weight (pcf): 99.3

Sample No.: 7 Initial Moisture Content (%): 22.6

Depth (feet): 35.5 Final Moisture Content (%): 22.8

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay w/sand Initial Void Ratio: 0.70

Remarks: Swell = 0.62% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1041

CONSOLIDATION CURVE
ASTM D 2435 10/22/2015
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Figure D-3.3.1



Boring No. : E-126A Initial Dry Unit Weight (pcf): 101.1

Sample No.: 13 Initial Moisture Content (%): 23.9

Depth (feet): 65.5 Final Moisture Content (%): 23.9

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay Initial Void Ratio: 0.67

Remarks: Swell = 0.03% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.2



Boring No. : E-126A Initial Dry Unit Weight (pcf): 112.4

Sample No.: 25 Initial Moisture Content (%): 15.9

Depth (feet): 125.5 Final Moisture Content (%): 17.0

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Sandy Clay Initial Void Ratio: 0.50

Remarks: Swell = 0.32% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.3



Boring No. : G-405 Initial Dry Unit Weight (pcf): 108.8

Sample No.: 20 Initial Moisture Content (%): 20.9

Depth (feet): 92.5 Final Moisture Content (%): 20.2

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Sandy Lean Clay Initial Void Ratio: 0.55

Remarks: Swell = 0.70% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1068
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Figure D-3.3.4



Boring No. : G-405 Initial Dry Unit Weight (pcf): 95.4

Sample No.: 26 Initial Moisture Content (%): 28.8

Depth (feet): 110.5 Final Moisture Content (%): 27.7

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay Initial Void Ratio: 0.77

Remarks: Swell = 0.99% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1068

CONSOLIDATION CURVE
ASTM D 2435 11/3/2015

-2
-1
0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

0.1 1 10 100

VERTICAL STRESS (ksf)

C
O

N
SO

LI
D

A
TI

O
N

 (P
er

ce
nt

 o
f S

am
pl

e 
Th

ic
kn

es
s)

At Field Moisture After Saturation

Figure D-3.3.5



Boring No. : G-406 Initial Dry Unit Weight (pcf): 111.6

Sample No.: 13 Initial Moisture Content (%): 18.3

Depth (feet): 65.5 Final Moisture Content (%): 18.6

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay w/sand Initial Void Ratio: 0.51

Remarks: Swell = 1.32% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1004
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Figure D-3.3.6



Boring No. : G-406 Initial Dry Unit Weight (pcf): 93.7

Sample No.: 26 Initial Moisture Content (%): 29.6

Depth (feet): 110.5 Final Moisture Content (%): 28.5

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Sandy Clay Initial Void Ratio: 0.80

Remarks: Swell= 0.48% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1004
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Figure D-3.3.7



Boring No. : G-407 Initial Dry Unit Weight (pcf): 101.8

Sample No.: 11 Initial Moisture Content (%): 23.2

Depth (feet): 47.5 Final Moisture Content (%): 23.9

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay w/sand Initial Void Ratio: 0.65

Remarks: Swell = 0.33% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.8



Boring No. : G-407 Initial Dry Unit Weight (pcf): 100.1

Sample No.: 13 Initial Moisture Content (%): 23.9

Depth (feet): 53.5 Final Moisture Content (%): 24.0

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay w/sand Initial Void Ratio: 0.68

Remarks: Swell = 0.16% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.9



Boring No. : G-407 Initial Dry Unit Weight (pcf): 108.6

Sample No.: 20 Initial Moisture Content (%): 14.5

Depth (feet): 74.5 Final Moisture Content (%): 16.0

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Silty Sand Initial Void Ratio: 0.55

Remarks: Collapse= 0.03% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.10



Boring No. : G-409 Initial Dry Unit Weight (pcf): 106.3

Sample No.: 21 Initial Moisture Content (%): 19.9

Depth (feet): 105 Final Moisture Content (%): 20.9

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Silty Sand Initial Void Ratio: 0.58

Remarks: Swell = 0.02% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.11



Boring No. : G-409 Initial Dry Unit Weight (pcf): 108.3

Sample No.: 31 Initial Moisture Content (%): 18.1

Depth (feet): 140.5 Final Moisture Content (%): 20.2

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Sandy Clay Initial Void Ratio: 0.56

Remarks: Swell = 0.62% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.12



Boring No. : G-410 Initial Dry Unit Weight (pcf): 118.1

Sample No.: 32 Initial Moisture Content (%): 13.3

Depth (feet): 139.5 Final Moisture Content (%): 13.9

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Sandy Lean Clay Initial Void Ratio: 0.43

Remarks: Swell = 0.27% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1163
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Figure D-3.3.13



Boring No. : G-410 Initial Dry Unit Weight (pcf): 107.4

Sample No.: 34 Initial Moisture Content (%): 21.3

Depth (feet): 149.5 Final Moisture Content (%): 20.2

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Sandy Lean Clay Initial Void Ratio: 0.57

Remarks: Swell = 0.74% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1163
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Figure D-3.3.14



Boring No. : G-411 Initial Dry Unit Weight (pcf): 113.7

Sample No.: 5 Initial Moisture Content (%): 13.0

Depth (feet): 68.5 Final Moisture Content (%): 17.6

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Silty Sand Initial Void Ratio: 0.48

Remarks: Swell = 0.23% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.15



Boring No. : G-411 Initial Dry Unit Weight (pcf): 109.6

Sample No.: 9 Initial Moisture Content (%): 15.4

Depth (feet): 84.5 Final Moisture Content (%): 17.6

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Silty Sand Initial Void Ratio: 0.54

Remarks: Collapse= 0.05% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041

CONSOLIDATION CURVE
ASTM D 2435 10/22/2015

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

0.1 1 10 100

VERTICAL STRESS (ksf)

C
O

N
SO

LI
D

A
TI

O
N

 (P
er

ce
nt

 o
f S

am
pl

e 
Th

ic
kn

es
s)

At Field Moisture After Saturation

Figure D-3.3.16



Boring No. : G-411 Initial Dry Unit Weight (pcf): 103.5

Sample No.: 14 Initial Moisture Content (%): 21.5

Depth (feet): 99.5 Final Moisture Content (%): 24.3

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Clayey Sand Initial Void Ratio: 0.63

Remarks: Swell = 0.01% upon inundation

Project Name: Westside Purple Line Extension
Project No.: 4953-11-1423
Date:

AP No: 15-1041
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Figure D-3.3.17



Boring No. : G-412 Initial Dry Unit Weight (pcf): 84.3

Sample No.: 19 Initial Moisture Content (%): 7.9

Depth (feet): 68 Final Moisture Content (%): 29.0

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Silty Sand Initial Void Ratio: 1.00

Remarks: Collapse= 1.38% upon inundation

Project Name: Westside Subway Extension
Project No.: 4953-11-1423
Date:

AP No: 15-0361
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Figure D-3.3.18



Boring No. : G-412 Initial Dry Unit Weight (pcf): 98.8

Sample No.: 25 Initial Moisture Content (%): 4.1

Depth (feet): 83 Final Moisture Content (%): 19.9

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Poorly-Graded Sand w/silt Initial Void Ratio: 0.71

Remarks: Collapse= 0.21% upon inundation

Project Name: Westside Subway Extension
Project No.: 4953-11-1423
Date:

AP No: 15-0361
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Figure D-3.3.19



Boring No. : M-402 Initial Dry Unit Weight (pcf): 109.8

Sample No.: 17 Initial Moisture Content (%): 17.6

Depth (feet): 79.5 Final Moisture Content (%): 18.5

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Lean Clay w/sand Initial Void Ratio: 0.53

Remarks: Swell = 0.47% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1068
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Figure D-3.3.20



Boring No. : M-402 Initial Dry Unit Weight (pcf): 112.8

Sample No.: 29 Initial Moisture Content (%): 18.1

Depth (feet): 119.5 Final Moisture Content (%): 18.5

Sample Type: Mod Cal Assumed Specific Gravity: 2.7

Soil Description: Clayey Sand Initial Void Ratio: 0.49

Remarks: Swell = 0.06% upon inundation

Project Name: Westside Purple Line Extension

Project No.: 4953-11-1423
Date:

AP No: 15-1068
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Figure D-3.3.21



Figure D-3.4.1



Figure D-3.4.2



Figure D-3.4.3



Figure D-3.4.4



Figure D-3.4.5



Figure D-3.4.6



Figure D-3.4.7



Figure D-3.4.8



Figure D-3.4.9



Figure D-3.4.10



Figure D-3.4.11



Figure D-3.4.12



Figure D-3.4.13



Figure D-3.4.14



Figure D-3.4.15



Figure D-3.4.16



Figure D-3.4.17



Figure D-3.4.18



Figure D-3.4.19



Figure D-3.4.20



Figure D-3.4.21



Figure D-3.4.22



Figure D-3.4.23



Figure D-3.4.24



Figure D-3.4.25



Figure D-3.4.26



Figure D-3.4.27



Figure D-3.4.28



Figure D-3.4.29



Figure D-3.4.30



Figure D-3.4.31



Figure D-3.4.32



Figure D-3.4.33



Figure D-3.4.34



Figure D-3.4.35



Figure D-3.4.36



Figure D-3.4.37



Figure D-3.4.38



Figure D-3.4.39



�� �
���

� �
	 
�



�� �
���

� �
	 

�



�� �
���

� �
	 

�



�� �
���

� �
	 

	



�� �
���

� �
	 

�



�� �
���

� �
	 

�



�� �
���

� �
	 

�



�� �
���

� �
	 

�



�� �
���

� �
	 

�



�

� �����r������1







































































































































































































������ ��	

�


�



������ ��	

�


�



������ �� 	
���

 ���

��

	
���

 ���

��

	
���

 ���

����� �� �
��

	
���

 ���

�� � ��
��

	
���

���

�� � ��
��

�� ! "!#!"$ %&!" 
�'
()*)+,)� -./
*/ �01�� �0�1� �0�1� �0��� �0���
'�23(�2)� -./
*/ 4�� �0��� �0�1� 1�� �01��

�5 �6� 16� 16� 16� 16�
7��8"9!8��
:;&<=8"!#!"$ /��*/ �6�� �6�4 �6�� �6�� �6��

:>��!8�� ?&��$ � 
:�"!;& 
*�@*+3/ ��AB /C�DC �� �� ��� 4� ��
/�C�)'+3/ �CAB /C�DC �� �� �� �� ��
'-�+3/ E�FB /C�DC ��� 4� 44 ��� ��
G-2�''+3/ HFB /C�DC �� �4 �� �� �6�
?&!;& 
*�(I-��2) �JKAL /C�DC EM EM EM EM ��
I+*�(I-��2) ��JKFL /C�DC ��1 ��� ��� ��� �1�
N@3-(+�) OFL /C�DC �6� �64 �61 161 �6�
*.@-(+�) �@FL /C�DC �� �� �� �� ��
'3@N�2) �JPAL /C�DC �1 �� �1� �� ��
G.-'G.�2) QJPKL /C�DC EM �6� EM EM EM

R">�9 S� " 
�//-�+3/ E�PFB /C�DC �64 �6� �6� �6� EM
�+2(�2) EJKFL /C�DC �6� �6� �6� EM EM
'3@N+�) �AL T3�@ �� �� �� �� ��
U)�-V /W �� �� �� �� ��

X@)*2(+*�@ *-��3*2+,+2� +� /+@@+'+)/)�'�*/ ��� *.)/+*�@ ���@�'+' Y)() /��) -� � �Z� '-+@
2-
Y�2)( )V2(�*26
/C�DC [ /+@@+C(�/' G)( D+@-C(�/ \G�(2' G)( /+@@+-�] -N �(� '-+@6
U)�-V [ -V+��2+-�
()�3*2+-� G-2)�2+�@ +� /+@@+,-@2'
EM [ �-2 �)2)*2)�
�� [ �-2 ���@�^)�

_`abc d e f`agh`ighj _ckik gl mgnb m`opbcqkr

stuvuwxtyzvt{uw|{
}|~� �������������� �������w�� �����������

���������

����y�y{�w{tt�w{� � �|{u~�vw{�� �{� 



����� � � ���	
��	
� ��
�
 	� �	�� ������


�����������������
����  !"#$%&'%&#(&) *+,-./0�11  &&%'(""234

5'%6�7%&&

839:�9��;�������;) <�/=

>?@ABC DE FGHIJ
K LMN

OP

FGHIJ
K QRN
ST

FGHUU
K HVWJN
OPGXP

FGHUU
K IVWJN
OPGXP

FGHUU
K JVWJN

SYZ[\ OP

]C^_^`_�_`� ��_`^
Y�G����	
�[ ��
G�
 M�VVV HH�MVV QMV H�JMV H�ULV
�Y���Y��[ ��
G�
 R�LVV U�UVV QMV H�JMV H�IMV

A� LWH �WL �WM �WM �WJ

�BC�`�_�?B
������`_�_`� 
S��
 VWVQ VWVL VWHI VWVU VWVM

��C@_�?B ��?B�^C^
�?`_��^
�Y��	�
 OY�� 
 �! UI UR �Q RJ RL

Y Z��	�
 X �� 
 �! HJ HR H� �WJ LWI
��[	�
 "Y#� 
 �! UQ UI J� UR UL
$��Y��	�
 %#� 
 �! MWI �WV �W� RWU UWQ
��_��^
�Y�&�ZY�� O'(�) 
 �! "* "* "* "* "*
&	�Y�&�ZY�� +O'(#) 
 �! HQJ HJM IUJ �Q M�
,����	[� -#) 
 �! IWQ RWH JWM JWH UWV
�����	[� O�#) 
 �! HI RI RWV MWL HI
���,Y�� S'.�) 
 �! IJ MR II HR JM
$���$�Y�� /'.

(
) 
 �! IWH HW� IWL MWI RWJ

0`�C� 1C^`^
Y

�Z	�
 "+.#� 
 �! "* HWH "* "* "*
Z	��Y�� "'(#) 
 �! "* HWV RJ HI VWQ
���,	[� S�) 2�Y� "� Y�	
� "� Y�	
� "� Y�	
� "� Y�	
� "� Y�	
�
3�[�4 
5 RR I� HL MI IL

6�����	�Y� ��Z[���	
	�\ 	Z 
	��	�	�
�Z���
 YZ[ ���
	�Y� YZY�\�	� 7��� 
Y[� �Z Y H8J ��	�G��G7Y��� �4��Y��W

 �! 9 
	��	 �Y
� $�� !	�� �Y
 :$Y��� $�� 
	��	�Z; �, [�\ ��	�W
3�[�4 9 �4	[Y�	�ZG��[���	�Z $���Z�	Y� 	Z 
	��	
����
"* 9 Z�� [������[
ZY 9 Z�� YZY�\<�[



����� � � ���	
��	
� ��
�
 	� �	�� ������


�����������������
����  !"#$%&'%&#(&) *+,-./0�11  &&%'(!2345

6%7�8%&&

94:;�:��<�������<) =�/>

?@ABCD EF GHIJK
L KMN

OPQRSR TU

GHIJK
L MVWKN

XT

GHIJK
L VMN

XY

GHIZM
L MKN

OU[OUHO\

GHIZM
L I]KN

XT

^D_`_a`b`ac de`a_
QfHgShSijSk lmnHhn IoMp] IoJV] Io]V] IoMp] ZoqJ]fQrsgQrSk lmnHhn tJ] IoIJ] ZqJ qM] Zopp]

Bu tWM tWV JWI tWp tWV

vCDwax`w@C
yze{|wa`b`ac nX[hn ]WZV ]WJM JWp] ]WJK ]WI]

y}DA`w@C ~e@Cc_D_
y@a`ze_
hQPhisn OQJ� n�[�� IJK KJ IoKVq VZ pZ
nQ��Sfisn T�J� n�[�� Z] IZ ZpZ Jq IJ
flkisn �QI� n�[�� JIZ IVZ Jp IJI KJ
�lrQffisn �I� n�[�� Zq IK KWJ JV tWZ
~e`ze_
hQg�l�QrS O�ZJH n�[�� �� �� �� �� ��
�ihQg�l�QrS \O�ZIn�[�� JJZ ZIt �� Zq] IIZ
�PslgikS �IH n�[�� JWt JWK JJ MWV IWt
hmPlgikS OPIH n�[�� VWV IK IJ Jt JZ
fsP�QrS X�pJH n�[�� MMt Jpq Vo]tp IKt VJ
�mlf�mQrS Y�pZH n�[�� �� ]WK �� �� ��

�a}Dx �D_a_
Qnnl�isn �\pI� n�[�� tWJ MWK pWp IWM ��
�irgQrS ��ZIH n�[�� ]WM pWJ �� ]WM JWZ
fsP�ikS XJH �sQP �Q �Q �Q �Q �Q
�Skl� n� �Q �Q �Q �Q �Q

�PShrgihQP hl�kshrijirR i� niPPifiSnS�f[hn Q�k hmSnihQP Q�QPRfif �SgS nQkS l� Q I�K fliPHrlH�QrSg S�rgQhrW
n�[�� � niPPi�gQnf �Sg �iPl�gQn ��Qgrf �Sg niPPil�� l� kgR fliPW
�Skl� � l�ikQril�HgSkshril� �lrS�riQP i� niPPijlPrf
�� � �lr kSrShrSk
�Q � �lr Q�QPR�Sk



������ �� 	
���

 ���

��
��

	
���

 ���

��

	
���

 ���

��

	
���

 ���

��

	
���

 ����

��

����������� �����
 !
"#$#%&#' ()*
$* +�� �,�

�� �,�-� -,
��� �,

���
! ��" �#' ()*
$* ��� �,�

�� �,�-� �,
��� �,���

�� ��- ��� ��� ��� ��-

����������
	
���������� *
�$* ��-� ���� ���� ���� ����

	������� ��������
	���
��
$ �$%�* � �� ����� �� �� �� �� ��
�����	
�� ���� ����� �� �� �� �
 ��

	��
�� 	�
� ����� ��� �� �� �� ��

����		
�� 

� ����� �� �� ��� ��� ��
������
��������� ����� ����� 
�� ��� �� �� ���
�
��������� ����
� ����� ��� ��� ��� ��� ���
�����
�� �
� ����� ��� ��� ��� ��� ���
�����
�� ��
� ����� �� �� �
 ��� ���
	������ ����� ����� ��� �� �� �� ��

���	����� ���
�
� ����� 	� ��� 	� 	� 	�

����� �����
�����
�� 	��
� ����� ��� 	� 	� 	� 	�
�
����� 	��
� ����� ��� 	� ��� 	� 	�
	���
�� ���  ��� !���� !���� !���� 	����
�� 	����
��
"���# �$ ��� �� ��� �
 ��

%�����
��� �������
�
�& 
� �
��
	
����	��� ��� ����
��� ����&	
	 '��� ���� �� � �(� 	�
�����'���� �#������
����� ) �
��
����	 ��� �
������ *����	 ��� �
��
��+ �� ��& 	�
��
"���# ) �#
���
���������
�� ������
�� 
� �
��
����	
	� ) ��� ��������
�� ) ��� ����&,��

-./01 2 3 4./56.7568 -1979 5: ;5<0 ;.=>019

?@ABACD@EFB@GACHG
IHJK LMNOPQRSQROTRU VWXYZ[\C]] LRRQS ÔS_`a

bNQcJdQRR

e`fgEfEGhCG@@KCGhU iG[j



����� � � ���	
��	
� ��
�
 	� �	�� ������


�����������������
����  !"#$%&'%&#(&) *+,-./0�11  &&%'2#'345

6"%7�8%&&

94:;�:��<�������<) =�/>

������ �� 	
��

� ��?��

��

	
��

� 
�?��

��

����������� �����
��
 !"!#$!% &'(
"( ��)*�� *)�@�
��AB �A!% &'(
"( �)

�+� �)

��

�C 
?� 
?*

D��E�F�E��
GH�IJE������ (KL"( �?�� �?��

GM���E�� N�������
G���H��
"�O"#B( ��PQ (RLSR �� �+

(�RT!�#B( ,RPQ (RLSR *� *�
�&%#B( U�VQ (RLSR 
� �-
W&A���#B( XVQ (RLSR *@ +?�
N��H��
"� Y&T�A! �Z[P\ (RLSR *� ��

Y#"� Y&T�A! ��Z[V\ (RLSR *�* *�@
]OB& #%! ^V\ (RLSR +?@ @?

"'O& #%! �OV\ (RLSR �?� �?�
�BO]�A! KZ_P\ (RLSR 
?� �


W'&�W'�A! `Z_
[
\ (RLSR �?� *?@

a�M�F b����
�((&T#B( U�_VQ (RLSR *?� Uc
T#A �A! UZ[V\ (RLSR �?� Uc
�BO]#%! KP\ dB�O U!R�A#$! e �"!
f!%&g (h �?+ �@

iO!"A #"�O "&T%B"A#$#Aj #T (#OO#�#!(!T�L"( �T% "'!(#"�O �T�Oj�#� k! ! (�%! &T � �l� �&#O
A&
k�A! !gA �"A?
(RLSR m (#OO#R �(� W! S#O&R �( nW� A� W! (#OO#&To &] % j �&#O?
f!%&g m &g#%�A#&T
 !%B"A#&T W&A!TA#�O #T (#OO#$&OA�
Uc m T&A %!A!"A!%
T� m T&A �T�Ojp!%



����� � � ���	
��	
� ��
�
 	� �	�� ������


�����������������
����  !"#$%&'%&#(&) *+,-./0�11  &&%'(2!345

&!%6�7%&&

849:�9��;�������;) <�/=

>?@ABC DE FGHHI
J KKLMN
OPGOQ

FGHHI
J RSN
QT

FGHHI
J HUULMN
VTGQT

FGHWS
J XUN

VT

FGHWS
J KUN

VT

YCZ[Z\[][\^ _`[\Z
abGcdedfgdh ijkGek WlmUU HlmIU RRU HlRUU mlXUU
banocandh ijkGek HlKXU WWm mIR HlRUU HlRRU

Ap KLS MLm MLS KLX KLK

qBCr\s[r?B
tu`vwr\[][\^ kOxek ULHR mLWM mLIU ULHH ULHW

tyC@[r?B z`?B^ZCZ
t?\[u`Z
ea{efok Va|} k~x�~ MS KWU XmS XU XH
ka~�dbfok Q~|} k~x�~ HI MKH ISW HW HX
bihfok �a�} k~x�~ RH SWM HlImK XM KU
�inabbfok ��} k~x�~ mH HSX mHK XLM HH
z`[u`Z
eac�i�and V��|� k~x�~ �� �� �� Hm SLU
�feac�i�and �V���� k~x�~ HUI IU MR mmS mKS
�{oicfhd ��� k~x�~ HLU WLS ULK WLU mLM
ej{icfhd V{�� k~x�~ HW mRM XmM MLU WLI
bo{�and O��|� k~x�~ mMX MlKMH MlXRR HK HI
�jib�jand P���� k~x�~ �� �� �� HLM HLK

�\yCs �CZ\Z
akki�fok ����} k~x�~ HLH KIm KI �� ��
�fncand ����� k~x�~ mH �� WLM �� ��
bo{�fhd O|� �oa{ �a �a �a �a �a
����� �� �� �� �� �� ��

����	
���� ������	�
�	� �� ��������������� ��� �������� �������� ��
� ���� �� � ��� �����	����	�
 ��	
��	�

����� � ������
��� ��
 �����
�� ���
	� ��
 �������	 �� �
� �����


���� � �����	����
����	��� ��	��	��� �� �����
��	�

�� � ��	 ��	��	��

�� � ��	 ��������



����� � � ���	
��	
� ��
�
 	� �	�� ������


�����������������
����  !"#$%&'%&#(&) *+,-./0�11  &&%'(2!345

&!%6�7%&&

849:�9��;�������;) <�/=

>?@ABC DE FGHIJ
K LMN

OP

FGHLJ
K HMN
QP

FGHLJ
K RMN
S�

FGHLJ
K TMN
QP

FGHLJ
K HMMN

OP

UCVWVXWYWXZ [\WXV
]^G_`a`bc`d efgGag HhJiM HhTjM iLhRMM ihiLM HhTiM
^]kl_]k`d efgGag HhJiM HhTjM RhLMM ihiLM HhRMM

Am TnJ Tnj Tnj TnI Tni

oBCpXqWp?B
rs\tupXWYWXZ gSvag MnHR MnMj MnMR MnMR MnMw

rxC@Wp?B y\?BZVCV
r?XWs\V
a]zablg O]{| g}v~} jT RJ iM ii IM
g]}�`^blg Q}{| g}v~} Hw TnL jni wnw jnL
^edblg �]�| g}v~} TM iJ II Ii Iw
�ek]^^blg ��| g}v~} HM Inw Ini Rj HM
y\Ws\V
a]_�e�]k` O��{� g}v~} Hi �� �� �� ��
�ba]_�e�]k` �O���� g}v~} ijI HRI TM Rj jT
�zle_bd` ��� g}v~} MnJ inw inL inw InR
afze_bd` Oz�� g}v~} HM HnT jnI HH wnj
^lz�]k` S��{� g}v~} Ij HR HJ II wR
�fe^�f]k` ����� g}v~} �� Inj RnT inM inH

�XxCq �CVXV
]gge�blg ����| g}v~} �� �� �� �� ��
�bk_]k` ����� g}v~} �� HM ii inw inT
^lz�bd` S{� �l]z �] �] �] �] �]
�`de� g� �] �] �] �] �]

�z`ak_ba]z ae�dlakbcbk� b� gbzzb^b`g`�^vag ]�d af`gba]z ]�]z�^b^ �`_` g]d` e� ] H�w ^ebzGkeG�]k`_ `�k_]akn
g}v~} 	 gbzzb}_]g^ �`_ ~bze}_]g 
�]_k^ �`_ gbzzbe�� e� d_� ^ebzn
�`de� 	 e�bd]kbe�G_`dlakbe� �ek`�kb]z b� gbzzbcezk^
�� 	 �ek d`k`ak`d
�] 	 �ek ]�]z��`d



������ ��

	
���

 ���
�����

����� ����
���

	
���

 ���

� 
�����

	
���

 ��!��

����� "���"

	
�#$

 �%!��

"�

	
�#$

 ���

����� "���"

&�'(')(*()+ ,-()'
�.
�/0/�1/� 2�3
03 #4#$$4$$$ �4��$ �4$�$ �4��$ 54#$$
.��6���/� 2�3
03 �4$$$ �4$�$ �$$ �4��$ �45�$

�7 �!# �!� �!� �!% �!$

8��9):(9��
;<-=>9)(*()+ 3��03 $!$� $!5# $!#� $!�% $!��

;?��(9�� @-��+'�'
;�)(<-'
0�A0�63 "�BC 3D�ED �$ ��5 ��� %� %�
3�D�/.�63 �DBC 3D�ED #!� �5 �� �� �$
.2��63 F�GC 3D�ED 5� ��5 ��� %5 ��
H2��..�63 IGC 3D�ED 5!5 �% �% �� ��
@-(<-'
0��J2���/ "KLBM 3D�ED FN FN FN FN FN
J�0��J2���/ O"KLGM 3D�ED FN ��5 �%% #�# 5�5
PA62���/ QGM 3D�ED FN �!5 �!� 5!� $!�
0�A2���/ "AGM 3D�ED �� �5 �$ �� ��
.6AP��/ �KRBM 3D�ED ��� �%# ��% �� �5$
H�2.H���/  KRLM 3D�ED FN FN FN FN FN

S)?�: T�')'
�332��63 FORGC 3D�ED �!� �!� �$ �!� �!%
������/ FKLGM 3D�ED FN �� �!� FN FN
.6AP��/ �BM U6�A �� �� �� ��  2.���1/
V/�2W 3X �� �� �� �� 
�$�

YA/0���0�A 02��60��1��� �� 3�AA�.�/3/�.�03 ��� 0�/3�0�A ���A�.�. �/�/ 3��/ 2� � �Z� .2�A
�2
���/� /W���0�!
3D�ED [ 3�AA�D��3. H/� E�A2D��3 \H���. H/� 3�AA�2�] 2P ��� .2�A!
V/�2W [ 2W�����2�
�/�60��2� H2�/����A �� 3�AA�12A�.
FN [ �2� �/�/0�/�
�� [ �2� ���A�^/�
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Introduction
The existing subway system is owned and operated by Los Angeles County Metropolitan 
Transportation Authority (MTA) and provides public transportation throughout the City of 
Los Angeles, and surrounding areas. 

The proposed tunnel configuration for the subway consists of dual 18-foot-10-inch 
diameter tunnels of the same length and at the same depth, separated horizontally by 
approximately 20 feet. Tunnels will be constructed in a side-by-side configuration using 
either a slurry-shield tunnel boring machine (Slurry TBM) or an earth pressure balance 
tunnel boring machine (EPB TBM).  

Tunnel Reach 4 is the portion of the tunnel alignment between the proposed Tail Tracks in 
Section 1 (just west of the Wilshire/La Cienega Station) and the proposed Wilshire/Rodeo 
Station. Tunnel Reach 5 is the portion of the tunnel alignment between the proposed 
Wilshire/Rodeo and Century City Constellation Stations. Based on the current plans dated 
June 2015, the tunnels in Reaches 4 and 5 are about 1.03 and 1.10 miles long, 
respectively. The depth to tunnel invert varies from 65 to 110 feet below ground surface 
(bgs) in Tunnel Reach 4 and from 80 to 135 feet bgs in Tunnel Reach 5. In addition, cross-
passages between the tunnels are typically spaced at about 800 feet along the alignment. 
Excavations of cross-passages are performed using conventional methods. 

Ground water was encountered at depths of about 24 to 64.5 feet below ground surface. 
The tunnel will include pre-cast concrete segments, utility piping (if any), concrete lining for 
cross passages, and steel lining in contact with soil. 

An analysis of soil corrosivity along Reaches 4 and 5 alignments was requested. 
Laboratory tests on the soil samples provided by AMEC Foster Wheeler (AMEC) have 
been completed. A total of 40 samples were selected by AMEC for analysis: 32 samples 
from Reach 4 and Reach 5 were tested by HDR Engineering, Inc. (HDR), 4 samples were 
originally tested by AP Engineering, Inc. (AP), and an additional 4 samples were tested by 
AP on October 22, 2015. HDR assumes that the samples selected are representative of 
the most corrosive soils at the site. 

The scope of this study is limited to a determination of soil corrosivity, estimated corrosion 
rates and Romanoff similitude analysis for metal loss of steel exposed to on-site soils, and 
general corrosion control recommendations for materials planned for construction. A study 
of the impact of the DC powered heavy rail system was not detailed as part of the scope 
work in this project. This report has been revised to include a Romanoff similitude analysis 

Figure D-7.3.2
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and provide additional recommendations for materials planned for construction.  This 
report was revised a second time to address additional soil sample test results that 
became available.  

Laboratory Soil Corrosivity Tests 
The electrical resistivity of each sample was measured in a soil box per ASTM G187 in its 
as-received condition and again after saturation with distilled water. Resistivities are at 
about their lowest value when the soil is saturated. The pH of the saturated samples was 
measured per CTM 643. A 5:1 water:soil extract from each sample was chemically 
analyzed for the major soluble salts commonly found in soil per ASTM D4327, ASTM 
D6919, and Standard Method 2320-B1. Sulfide and oxidation-reduction (redox) potential 
were determined on samples from borings G-135, G-137, G-140 and G-141 from Reach 4; 
G-145 and G-148 from Reach 5 per ASTM G200 and AWWA C105 Appendix A. 
Laboratory analysis was performed under various HDR laboratory numbers in 2011: 
11-0457LAB, 11-0482LAB, 11-0647LAB, 11-0699LAB, 11-0750LAB, and 11-0948LAB for 
Reach 4 and 11-0229LAB, 11-0482LAB, 11-0498LAB, 11-0633LAB, 11-0647LAB, and 
11-0699LAB for Reach 5. The test results are summarized in the attached Table 1 and 
Table 2. 

Laboratory testing conducted by AP on April 20, 2015, under job #15-0361 was reportedly 
performed per CTM 643 for resistivity and pH, CTM 417 for sulfate concentration, and 
CTM 422 for chloride concentration. Additional testing conducted by AP on October 22, 
2015, was completed under job #15-1004. The provided test results are shown in the 
attached Table 3 and 4. 

Soil Corrosivity 
A major factor in determining soil corrosivity is electrical resistivity. The electrical resistivity 
of a soil is a measure of its resistance to the flow of electrical current. Corrosion of buried 
metal is an electrochemical process in which the amount of metal loss due to corrosion is 
directly proportional to the flow of electrical current (DC) from the metal into the soil. 
Corrosion currents, following Ohm's Law, are inversely proportional to soil resistivity. 

                                                 

1 American Public Health Association (APHA). 2012. Standard Methods of Water and Wastewater. 22nd ed. American Public 
Health Association, American Water Works Association, Water Environment Federation publication. APHA, Washington D.C. 
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Lower electrical resistivities result from higher moisture and soluble salt contents and 
indicate corrosive soil. 

A correlation between electrical resistivity and corrosivity toward ferrous metals is:2

Soil Resistivity 
in ohm-centimeters 

 Corrosivity Category  

 Greater than 10,000  Mildly Corrosive  
2,001 to 10,000  Moderately Corrosive  
1,001 to 2,000 Corrosive

0 to 1,000  Severely Corrosive  

Other soil characteristics that may influence corrosivity towards metals are pH, soluble salt 
content, soil types, aeration, anaerobic conditions, and site drainage. 

Electrical resistivities were in the mildly corrosive to corrosive categories with as-received 
moisture. When saturated, the resistivities were in the moderately to severely corrosive 
categories. Some as-received resistivities were near their saturated values.  

Soil pH values varied from 6.5 to 8.4. This range is slightly acidic to moderately alkaline.3

These values do not particularly increase soil corrosivity. Soil with a pH range of 6.5 to 7.5 
can support sulfate-reducing bacteria.4

The soluble salt content of the samples ranged from low to moderate. 

Additional testing results reported boring G-406@110.5 feet as having sulfate salts as the 
predominant constituent. High concentrations of sulfate, as was measured in this soil 
sample, can react with components in concrete to cause degradation and reduced 
strength in a mechanism known as sulfate attack.  

Ammonium and nitrate were detected in low concentrations. 

Sulfide, which is aggressive to copper and ferrous metals, was found to be present in a 
qualitative test performed on the samples from borings G-140 and G141 from Reach 4. 
                                                 
2 Romanoff, Melvin. Underground Corrosion, NBS Circular 579. Reprinted by NACE. Houston, TX, 1989, pp. 166–167. 

3 Romanoff, Melvin. Underground Corrosion, NBS Circular 579. Reprinted by NACE. Houston, TX, 1989, p. 8. 

4 ANSI/AWWA C105 Appendix A 

Figure D-7.3.4



AMEC FOSTER WHEELER December 18, 2015 
HDR #264097 Rev02 Page 5

The negative redox potential measured on the samples indicates reducing conditions in 
which anaerobic, sulfide-producing bacteria are active. 

The variation in soil types and soil resistivities of an order of magnitude or more can create 
differential-aeration corrosion cells that would affect all metals. 

Corrosion Loss for Steel Exposed to Soils 
Corrosion rates of metals in soils depend on construction details, soil moisture, etc., in 
addition to soil corrosivity, and are, therefore, difficult to predict. Data for corrosion of 
ferrous metals in a variety of soils was compiled by Melvin Romanoff of the National 
Bureau of Standards in a Circular 579 entitled Underground Corrosion. The basic 
methodology was to identify the representative soil characteristics most likely to be 
encountered at the project site and then use the data presented in Circular 579 to 
calculate the corrosion rates based upon the similitude between the soils documented 
and the soils anticipated at the site.  

It is assumed for this evaluation that the steel tunnel lining will not come into contact 
with concrete. The pH differential created by the steel in partial contact with both soil 
and concrete would significantly increase the corrosion rate of the steel near the 
concrete/soil boundary that is not accounted for in this analysis. 

Based on the laboratory results on 32 soil samples, Soil 2 listed in Table 6 of 
Romanoff’s Circular 579 was selected as the soil of similar composition for bare steel. 
Based on Soil 2, a factor of safety of 2.0 and single-sided corrosion, a uniform 
corrosion rate of approximately 1.36 mils per year (mpy) was estimated for bare steel 
lining exposed to site soils.  

Uniform corrosion is not the only type of corrosion that can occur on buried metals. 
Localized corrosion in the form of pitting can also occur. This localized attack is an 
exacerbated form of corrosion. In the case of steel lining, pitting corrosion would be such 
that perforation of the steel lining could occur. Pitting rates were investigated using 
similitude analysis of the tested soil samples. Based on soil 2, a factor of safety of 2.0, 
a single-sided pitting corrosion rate of approximately 6.60 mpy was estimated for bare 
steel lining exposed to site soils.  

Figure D-7.3.5
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Conclusions
This soil is classified as severely corrosive to ferrous metals, severe for sulfate attack on 
concrete, and could subject metal to microbial induced corrosion.  

It is estimated that the uniform and pitting corrosion rates for bare steel exposed to on-site 
soils is approximately 1.36 mpy and 6.60 mpy, respectively.  

A study of the impact of the DC powered heavy rail system was not detailed as part of the 
scope work in this project. Such a study should be pursued. 

Due to the nature and magnitude of the project and the long design service life 
requirements, tolerance for corrosion on all project components is low. Based on the need 
for high reliability and the corrosivity considerations discussed above, it is clear that 
corrosion protection must be provided for the components exposed to the environment 
discussed with consideration given to the level of risk and practicality. 

Corrosion Control Recommendations 
The life of buried materials depends on thickness, strength, loads, construction details, soil 
moisture, etc., in addition to soil corrosivity, and is, therefore, difficult to predict. Of more 
practical value are corrosion control methods that will increase the life of materials that 
would be subject to significant corrosion.  

The following recommendations are based on the soil conditions discussed in the Soil 
Corrosivity section above. Unless otherwise indicated, these recommendations apply to 
the entire site or alignment. 

DC Stray Current 
A study of the impact of the DC powered heavy rail system was not detailed as part of the 
scope work in this project.  It is recommended that the client pursue such a study in order 
to take the necessary precautions to avoid the deleterious effects known to result from DC 
stray current. 

Tunnel 

Prestressed Concrete Segments 
1. Protect concrete structures and pipe from sulfate attack in soil with a severe sulfate 

concentration, 0.20 to 2.0 percent. Use ASTM C150 Type V cement, a maximum 

Figure D-7.3.6
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water/cement ratio of 0.45, and minimum strength of 4,500 psi per applicable code.
5,6,7

2. Standard concrete cover over the reinforcing steel may be used for prestressed 
concrete segments in contact with these soils due to the low chloride 
concentration11 found onsite.

3. Due to the high ground water table encountered along the alignment, cyclical or 
continual wetting may be an issue. Any contact between prestressed concrete 
segments and ground water should be prevented. Contact can be prevented with an 
impermeable waterproofing system. 

Pre-Cast Concrete Segments 

1. It is assumed that pre-cast concrete segments will contain about 8 sacks of 
ASTM C150 Type V cement per cubic yard of concrete, a water/cement ratio not 
exceeding 0.45, and a minimum of 2 inches of concrete cover. No further corrosion 
control measures are required for such segments.  

2. Any contact between pre-cast concrete segments and ground water should be 
prevented. Contact can be prevented with an impermeable waterproofing system. 

Cast-in-Place Concrete (Lining for Cross Passages) 

1. Protect concrete structures and pipe from sulfate attack in soil with a severe sulfate 
concentration, 0.20 to 2.0 percent. Use ASTM C150 Type V cement, a maximum 
water/cement ratio of 0.45, and minimum strength of 4,500 psi per applicable code.
12,13,14

                                                 
5 2012 International Building Code (IBC) Section 1904.3 

6 2012 International Residential Code (IRC) which refers to American Concrete Institute (ACI) 318 Table 19.3.2.1 

7 2013 California Building Code (CBC) which refers to American Concrete Institute (ACI) 318 Table 19.3.2.1 

11 AWWA Manual M9, Concrete Pressure Pipe 

12 2012 International Building Code (IBC) Section 1904.3 

13 2012 International Residential Code (IRC) which refers to American Concrete Institute (ACI) 318 Table 19.3.2.1 

14 2013 California Building Code (CBC) which refers to American Concrete Institute (ACI) 318 Table 19.3.2.1 
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2. Standard concrete cover over reinforcing steel may be used for cast-in-place concrete 
lining in contact with these soils due to the low chloride concentration18 found onsite. 

3. Due to the high ground water table encountered at this site, cyclical or continual 
wetting may be an issue. Any contact between cast-in-place concrete lining and 
ground water should be prevented. Contact can be prevented with an impermeable 
waterproofing system. 

Steel Lining (Seismic Zones) 

1. Steel is most susceptible to corrosion in disturbed soil where oxygen is available. 
Choose one of the following corrosion control alternatives.  

ALTERNATIVE 1: DIELECTRICALLY COAT STEEL LINING 

Coat the steel lining with epoxy or polyurethane intended for underground use. 
Abrasive blast and apply to 25-mil thickness per the coating manufacturer's 
recommendations. Provide shop and field NACE CIP Level 3 coating 
inspection. 

ALTERNATIVE 2: CONCRETE-ENCASE STEEL LINING

Provide full concrete encasement of the steel lining such that there is no soil 
contact of the steel. Avoid partial concrete encasement to eliminate the 
formation of unfavorable pH concentration cells. If partial concrete encasement 
is unavoidable, then provide a dielectric coating per alternative 1 prior to 
concrete encasement. 

ALTERNATIVE 3: CORROSION ALLOWANCE FOR BARE STEEL LINING

Provide a corrosion allowance of 6.6 mils (0.0066 inches) per year for the 
duration of the projected tunnel service life. 

High-Density Polyethylene (HDPE) Liners and Rubber Gaskets 

1. Avoid gouges, scratches, rock impingements and other stress concentrations. 

2. Ensure that welded joints are fully-fused. 

                                                 
18 Design Manual 303: Concrete Cylinder Pipe. Ameron. p.65 
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3. Protect the materials from long-term exposure to sunlight, elevated temperatures, 
and strong oxidants. 

4. Perform additional exposure tests if the materials will be exposed to any soil that 
contains transition metals, such as those potentially from mining operation spoils. 

Utilities (if any) 

Steel Pipe 

Implement all the following measures. 

1. Underground steel pipe with rubber gasketed, mechanical, grooved end, or other 
nonconductive type joints should be bonded for electrical continuity. For pipe 
diameters less than 18 inches use two joint bonds. For pipe diameters greater than 
or equal to 18 inches use three joint bonds. Electrical continuity is necessary for 
corrosion monitoring and cathodic protection. 

2. Install corrosion monitoring test stations to facilitate corrosion monitoring and the 
application of cathodic protection: 

a. Two- or four-wire test stations at each end of the pipeline depending on 
how the pipe terminates. 

b. Four-wire test stations at all buried insulating joints. 

c. Four-wire test stations at each end of all casings. 

d. Two-wire test stations at other locations as necessary so the interval 
between test stations does not exceed 1,200 feet.  

Where 4-wire test stations are required, use wires of difference size or insulation 
color for identification. Each wire should be independently welded or pin-brazed to 
the pipe. 

3. To prevent dissimilar metal corrosion cells and to facilitate the application of 
cathodic protection, electrically isolate each buried steel pipeline per 
NACE SP0286 from: 

a. Pumping plants. 

Figure D-7.3.9
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b. Reservoirs. 

c. Flow meters. 

d. Motorized operated valves. 

e. Dissimilar metals. 

f. Dissimilarly coated piping (cement-mortar vs. dielectric). 

g. Above ground steel pipe. 

h. All existing piping. 

Insulated joints should be placed above grade or in vaults where possible. Wrap all 
buried insulators with wax tape per AWWA C217. 

4. Prevent contact between the steel pipe and concrete and/or reinforcing steel, such 
as at wall penetrations and thrust blocks, with such items as plastic sleeves, rubber 
seals, or 20 mil plastic tape. 

5. Apply a suitable dielectric coating intended for underground use such as: 

a. Polyurethane per AWWA C222 or

b. Extruded polyethylene per AWWA C215 or

c. A tape coating system per AWWA C214 or

d. Hot applied coal tar enamel per AWWA C203 or

e. Fusion bonded epoxy per AWWA C213. 

6. Buried steel and iron pipe, fittings, and valves in appurtenances, such as air valves 
and blowoffs, should be coated with a material listed above or with coal-tar epoxy, 
wax tape, moldable sealant, or equivalent. If copper is used, electrically insulate it 
from the steel with an insulating joint or with a dielectric union and protect as 
described below. 

7. Apply cathodic protection to steel piping as per NACE SP0169. 

8. To ensure that corrosion control is properly designed, preliminary construction 
drawings should be reviewed by a qualified corrosion engineer. 

Figure D-7.3.10
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9. After the pipeline is backfilled, but before the construction contract is completed, 
the pipeline should be tested to ensure that the joint bonds are intact and test 
stations properly installed. Also, native pipe-to-soil potentials should be measured 
and recorded. These data will be useful in determining if pipeline conditions 
change in the future. 

Iron Pipe 
Implement all the following measures: 

1. To prevent dissimilar metal corrosion cells and to facilitate the application of 
cathodic protection, electrically isolate each buried iron pipeline per NACE SP0286 
from: 

a. Pumping systems. 

b. Flow meters. 

c. Motorized operated valves. 

d. Dissimilar metals. 

e. Dissimilarly coated piping (cement-mortar vs. dielectric). 

f. Above ground iron pipe. 

g. All existing piping. 

Insulated joints should be placed above grade or in vaults where possible. Wrap all 
buried insulators with wax tape per AWWA C217. 

2. Bond all nonconductive type joints for electrical continuity. Electrical continuity is 
necessary for corrosion monitoring and cathodic protection. For pipe diameters 
less than 18 inches use two joint bonds. For pipe diameters greater than or equal 
to 18 inches use three joint bonds. Electrical continuity is necessary for corrosion 
monitoring and cathodic protection. 

3. Install corrosion monitoring test stations to facilitate corrosion monitoring and the 
application of cathodic protection: 

a. Two- or four-wire test stations at each end of the pipeline depending on 
how the pipe terminates. 

Figure D-7.3.11
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b. Four-wire test stations at all buried insulating joints. 

c. Four-wire test stations at each end of all casings. 

d. Two-wire test stations at other locations as necessary so the interval 
between test stations does not exceed 1,200 feet.  

Where 4-wire test stations are required, use wires of difference size or insulation 
color for identification. Each wire should be independently welded or pin-brazed to 
the pipe. 

4. Use iron pipe, fittings, and valves in appurtenances to the extent possible to avoid 
creating dissimilar metal corrosion cells. Steel appurtenances such as bolts should 
be coated with wax tape per AWWA C217. If copper is used, electrically isolate it 
from the iron and protect as described below. 

5. Prevent contact between iron and concrete including reinforcing steel, using such 
items as plastic sleeves, rubber seals, two layers of 8 mil thick polyethylene plastic, 
or 20 mil plastic tape. 

6. Conditions on-site have the potential to create a uniquely severe environment, as 
defined by AWWA C105 Appendix A. In these rare circumstances, a coating 
system, including polyethylene encasement, is NOT advisable. 

7. Apply cathodic protection to cast and ductile iron piping as per NACE SP0169. 

Copper Pipe 

Implement all the following measures:

1. Electrically insulate underground copper pipe from dissimilar metals and from 
above ground copper pipe with insulating devices per NACE SP0286. 

2. Electrically insulate cold water piping from hot water piping systems. 

3. Protect buried copper tubing by one of the following measures:  

a. Prevention of soil contact. Soil contact may be prevented by placing the 
tubing above ground or encasing the tubing using PVC pipe with solvent-
welded joints. 

Figure D-7.3.12



AMEC FOSTER WHEELER December 18, 2015 
HDR #264097 Rev02 Page 13

b. Installation of a factory-coated copper pipe with a 
minimum 25-mil thickness such as Kamco’s Aqua 
Shield™, Mueller’s Streamline Protec™, or equal. The 
coating must be continuous with no cuts or defects. 

c. Installation of 12-mil polyethylene pipe wrapping tape with 
butyl rubber mastic over a suitable primer. Protect 
wrapped copper tubing by applying cathodic protection per NACE SP0169. 

Plastic and Vitrified Clay Pipe 

1. No special precautions are required for plastic and vitrified clay piping placed 
underground from a corrosion viewpoint.  

2. Protect all metallic fittings and valves with wax tape per AWWA C217 or epoxy. 

All Pipe 

1. On all pipes, appurtenances, and fittings not protected by cathodic protection or 
encased in concrete, coat pipe specials such as valves, bolts, flange joints, joint 
harnesses, and flexible couplings with wax tape per AWWA C217 after assembly. 

2. Where metallic pipelines penetrate concrete structures such as building floors, 
vault walls, and thrust blocks use plastic sleeves, rubber seals, or other dielectric 
material to prevent pipe contact with the concrete and reinforcing steel. 

Figure D-7.3.13
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Closure
The analysis and recommendations presented in this report are based upon data obtained 
from the laboratory samples. This report does not reflect variations that may occur across 
the site or due to the modifying effects of construction. If variations appear, HDR should be 
notified immediately so that further evaluation and supplemental recommendations can be 
provided.

HDR’s services have been performed with the usual thoroughness and competence of the 
engineering profession. No other warranty or representation, either expressed or implied, 
is included or intended. 

Please call if you have any questions. 

Respectfully Submitted, 
HDR Engineering, Inc. 

Jose Peña       Brien L. Clark, PE 

Enc: Table 1 – Summary of Laboratory Tests on Soil Samples (Reach 4) 
Table 2 – Summary of Laboratory Tests on Soil Samples (Reach 5) 
Table 3 – AP Engineering & Testing, Inc. Corrosion Test Results (4/20/15) 
Table 4 – AP Engineering & Testing, Inc. Corrosion Test Results (10/22/15) 

264097-SCS_Rpt_Reach4&5_JP_LQ_Rev02_JP_BC.docx 
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431 West Baseline Road · Claremont, CA 91711
Phone: 909.962.5485 · Fax: 909.626.3316

As-received Saturated Qual.
(ohm-cm) (ohm-cm) (mS-cm) Ca Mg Na K CO3 HCO3 F Cl SO4 PO4 NH4 NO3 Sulfidec

G-140 @ 71' 3,400 2,360 8.0 0.18 96 20 68 25 NDe 323 0.6 22 130 ND 1.9 ND Positive -206
G-133 @ 74' 1,280 1,080 8.0 0.24 103 24 99 35 ND 360 3.8 37 186 ND 2.2 1.3 naf na
G-134 @ 76' 4,000 1,840 8.1 0.13 72 16 61 5.7 12 183 5.3 31 31 ND ND ND na na
S-108 @ 82-83' 2,320 1,560 8.0 0.15 71 19 76 6.2 9.0 245 4.3 38 14 ND ND ND na na
S-108 @ 97-98' 2,680 1,800 8.0 0.14 57 18 79 7.2 ND 311 2.7 39 11 ND ND ND na na
G-136 @ 105' 3,920 3,440 7.8 0.10 43 12 52 7.3 ND 113 1.7 23 82 ND ND 2.3 na na
G-142 @ 50.5' 1,320 880 7.6 0.24 95 30 91 39 ND 125 1.8 15 405 ND 1.8 2.1 na na
G-142 @ 70.5' 5,200 1,520 7.8 0.21 102 25 74 26 ND 195 1.5 23 297 ND ND 11 na na
G-143 @ 40.5' 144,000 4,040 7.8 0.08 29 9.2 53 5.4 ND 37 2.3 9.2 104 1.8 ND 18 na na
G-139 @ 80' 1,920 1,920 7.9 0.14 67 15 70 10 12 263 0.9 9.6 36 ND ND ND na na
G-135 @ 86' 6,000 2,800 8.1 0.09 43 15 49 6.3 ND 195 3.9 13 35 3.1 ND ND Negative 22
G-135 @ 92' 11,600 4,400 7.8 0.08 42 12 43 7.0 ND 156 2.1 23 62 1.7 1.1 1.0 Negative 37
G-137 @ 85' 2,560 1,800 8.4 0.13 49 26 81 7.4 18 249 5.3 3.4 22 ND ND ND Negative 46
G-137 @ 103' 1,800 1,440 8.2 0.11 41 23 72 11 9.0 224 3.8 2.9 18 ND ND ND Negative 58
G-141 @ 65' 1,480 1,320 7.8 0.16 83 20 83 23 6.0 323 1.1 6.0 48 ND 2.9 1.8 Positive -115
G-141 @ 80.5' 1,760 1,120 8.0 0.15 56 15 78 29 ND 183 2.4 38 132 ND 3.9 ND Positive -65

a Electrical conductivity in millisiemens/cm and chemical analysis were made on a 1:5 soil-to-water extract.
b milligrams per kilogram (parts per million) of dry soil.
c qualitative sulfide
d oxidation-reduction potential in millivolts
e not detected
f not analyzed

Table 1 - Summary of Laboratory Tests on Soil Samples

AMEC Foster Wheeler
Westside Purple Line Extension - Reach 4

AMEC #4953-11-1423; HDR #264097

Redoxd

(mV)

Resistivity
Sample ID pH

ECa
Chemical Analysis (mg/kg)b

Figure D-7.3.15



431 West Baseline Road · Claremont, CA 91711
Phone: 909.962.5485 · Fax: 909.626.3316

As-received Saturated Qual.
(ohm-cm) (ohm-cm) (mS-cm) Ca Mg Na K CO3 HCO3 F Cl SO4 PO4 NH4 NO3 Sulfidec

G-161 @ 110' 1,200 1,120 7.7 0.05 25 8.4 50 3.1 NDe 64 6.2 6.3 36 5.2 ND 1.8 naf na
G-162 @ 93' 1,400 1,120 7.6 0.06 34 9.3 47 5.8 ND 82 5.3 23 30 2.4 ND 4.7 na na
G-164 @ 54.5' 1,080 600 7.4 0.17 72 20 87 16 ND 387 4.7 37 26 ND ND 4.2 na na
G-164 @ 75' 4,800 3,200 7.8 0.07 21 5.1 58 4.6 ND 64 2.6 20 61 4.7 ND 2.8 na na
G-165 @ 67' 1,000 600 7.7 0.24 106 13 123 16 ND 329 3.6 172 8.8 ND ND 7.4 na na
G-146 @ 66' 1,280 1,120 7.3 0.11 45 13 69 7.8 ND 79 3.7 19 134 2.5 ND 2.8 na na
G-146 @ 78.5' 4,800 1,840 7.0 0.09 39 11 51 13 ND 79 3.1 11 94 2.1 ND 1.1 na na
G-166 @ 57' 1,360 1,040 6.5 0.09 32 9.6 73 10 ND 67 7.4 23 79 5.6 ND 6.0 na na
G-145 @ 61.5' 3,040 1,840 7.8 0.09 36 0.5 67 6.8 ND 140 3.1 13 57 2.8 ND 3.2 Negative 57
G-148 @ 110.5' 1,160 1,160 7.8 0.07 32 9.2 51 7.0 ND 125 4.9 4.5 43 5.1 ND 0.9 Negative 47
G-148 @ 120.5' 4,800 1,440 7.7 0.11 63 12 69 13 ND 259 3.6 3.4 66 2.0 ND ND Negative 20
S-111 @ 52-53' 1,920 760 7.6 0.12 40 11 60 6.3 ND 92 4.6 45 39 1.3 ND 3.4 na na
S-111 @ 81-82' 5,200 3,280 7.9 0.06 19 5.3 52 5.1 ND 43 2.1 32 50 3.1 ND 1.0 na na
S-109 @ 53-54' 1,440 1,200 7.1 0.06 24 7.8 46 6.7 ND 73 4.3 8.8 49 2.7 ND 1.6 na na
S-109 @ 65-66' 1,640 1,160 7.0 0.10 37 11 58 6.6 ND 82 4.1 17 84 2.0 ND ND na na
S-109 @ 77-78' 4,200 2,520 7.2 0.06 27 7.6 41 5.6 ND 61 4.7 12 56 2.0 ND 0.8 na na

a Electrical conductivity in millisiemens/cm and chemical analysis were made on a 1:5 soil-to-water extract.
b milligrams per kilogram (parts per million) of dry soil.
c qualitative sulfide
d oxidation-reduction potential in millivolts
e not detected
f not analyzed

Redoxd

(mV)

Table 2 - Summary of Laboratory Tests on Soil Samples

AMEC #4953-11-1423; HDR #264097

AMEC Foster Wheeler
Westside Purple Line Extension - Reach 5

pHSample ID
Resistivity

ECa

Chemical Analysis (mg/kg)b

Figure D-7.3.16



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-0361
  Project Name: Westside Subway Extension Date 04/20/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-412 14 55 SM 7.7 33 25

G-412 19 68 SM 7.8 143 81

G-412 22 & 23 75-78 ML 7.8 45 42

G-412 24 & 25 80-83 SM 8.0 53 52

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

9638

4270

2754

7208

Table 3 

Figure D-7.3.17



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1004
  Project Name: Westside Purple Line Extension Date: 10/22/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-406 13 65.5 CL 8.0 56 34

G-406 16 78 SM 7.9 181 40

G-406 22 93 CL 7.8 415 56

G-406 26 110.5 CL 6.4 3228 56

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1193

2886

1051

476

Figure D-7.3.18

Table 4



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1041
  Project Name: Westside Purple Line Extension Date: 10/27/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

E-126A 5 25.5 CL 7.6 36 54

E-126A 7 35.5 CL 8.2 45 180

E-126A 11 55.5 CL 7.5 56 66

E-126A 13 65.5 CL 7.7 44 90

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1554

1286

1467

811

Figure D-7.3.19



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1068
  Project Name: Westside Purple Line Extension Date: 11/10/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-405 15 75.5 CH 8.0 28 59

G-405 18 86 CL 7.7 46 65

G-405 25-26 107-110.5 CL 7.9 32 68

       

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

1238

Minimum
Resistivity (ohm-cm)

932

1314

Figure D-7.3.20



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1004
  Project Name: Westside Purple Line Extension Date: 10/22/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-406 13 65.5 CL 8.0 56 34

G-406 16 78 SM 7.9 181 40

G-406 22 93 CL 7.8 415 56

G-406 26 110.5 CL 6.4 3228 56

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1193

2886

1051

476

Figure D-7.3.21



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1041
  Project Name: Westside Purple Line Extension Date: 10/27/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-407 10 44 CL 7.5 40 35

G-407 14 56 CL 7.7 47 35

G-407 17 65 SC 7.3 145 41

       

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

1130

Minimum
Resistivity (ohm-cm)

2730

1001

Figure D-7.3.22



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1041
  Project Name: Westside Purple Line Extension Date: 10/27/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-409 24 114 CL 7.6 87 36

G-409 26 120 CL 8.0 86 23

G-409 28 130 SC 7.6 80 29

G-409 30 139.5 SC 7.8 86 56

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1461

1924

1176

4051

Figure D-7.3.23



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1163
  Project Name: Westside Purple Line Extension Date: 12/07/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-410 22 106 CL 7.3 58 210

G-410 25 116 SC 8.2 50 180

G-410 27 123.5 SM 7.5 57 240

G-410 33 144 CL 7.8 49 243

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1774

2447

5508

1107

Figure D-7.3.24



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1041
  Project Name: Westside Purple Line Extension Date: 10/27/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-411 7 76.5 CL 7.8 47 42

G-411 8 79 ML 7.6 39 39

G-411 12 93.5 SM 7.5 40 34

G-411 16 109.5 SM 7.6 44 29

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1262

2778

2214

2558

Figure D-7.3.25



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-0361
  Project Name: Westside Subway Extension Date 04/20/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

G-412 14 55 SM 7.7 33 25

G-412 19 68 SM 7.8 143 81

G-412 22 & 23 75-78 ML 7.8 45 42

G-412 24 & 25 80-83 SM 8.0 53 52

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

9638

4270

2754

7208

Figure D-7.3.26



CORROSION TEST RESULTS

  Client Name: AMEC Foster Wheeler AP Job No.: 15-1068
  Project Name: Westside Purple Line Extension Date: 11/12/15
  Project No.: 4953-11-1423

Boring Sample Depth Soil Type pH Sulfate Content Chloride Content 
No. No. (feet) (ppm) (ppm)

M-402 14 70 CL 7.6 29 58

M-402 16 76 CL 7.8 39 62

M-402 24 100 SC 7.8 70 111

M-402 28 114 CL 7.6 110 119

       

       

       

       

       

       

  NOTES: Resistivity Test and pH: California Test Method 643
Sulfate Content   :          California Test Method 417
Chloride Content :          California Test Method 422
ND = Not Detectable
NA = Not Sufficient Sample
NR = Not Requested

Minimum
Resistivity (ohm-cm)

1949

1540

2062

1635

Figure D-7.3.27



���� ����	��
 ��	


����� �����	 
�� 	��� ����	��


�	
� ��

��	 � ��

����
�
�

��
�
��
��� ��� ����� �� �!"

�#� �
�$��	�
� �% ��&�	 �
 ��	
�


'��
�(#
�(�� )
��
����
� *�

��
+�,��
-�

 �% *�$��� ��(#�
�(
����
�
. )
$���
-�

�� )
��
����
�

/012 3420 56768895687688
:;<=0>2 ?4@0 A0121BC0 DEFG4H IJ20K1B<K

/0120C FH �<< �0<K �B@
��B0K2 �;<=0>2 ?�� 	
��98
98��8 ��0>�0C FH �4�CB �0BC4;B
�<>42B<K �<1 �K�0�01� �4�B�<;KB4 D4@��0 @<B12E;0 ><KCB2B<K 3;B0C BK �0K2B�420C <�0K 42 �
�� �<; �

C4H1
�/ ;0�0;0K>0 �
88� ���/I��

8�

8 D200� 2012 �B0>0 ><KCB2B<K �;<EKC 4KC �<�B1�0C FH F0K>� �;BKC0;

��--���

�<;BK� ?<� /012 30�2� ��2� � D
D98
8 �
9�8 �8
D98
� �59�7 ����
D98
	 �
��9�
�� 8	��
D98
	 7897� ��
D98
5 �59�5�
 ����
D98
7 
89
� 8���
D98

 7
978 88��
D988
 	
��9	8�� 8

D988
 		9	� �
D9888 ��9�� �5��
D988	 �59�7 �7
D988� 7
9

 ���� ���
D988� 7
9

 7

!"# $%&' ()%* +))',* -./01/*2 $34 566"# 7*/8)9&/': ;'%'/,* 3#<=6> ?.&' /* @A <B<#6 7;?
CDE FGHIJK LKMKMNOKMPQ RSTUSVTWXSTWYVY

FZ[Q RSTUSVTWXST\UW]



���� ����	��
 ��	


����� �����	 
�� 	��� ����	��


�	
� ��

��	 � ��

����
�
�

��
�
��
��� ��� ����� �� �!"

�#� �
�$��	�
� �% ��&�	 �
 ��	
�


'��
�(#
�(�� )
��
����
� *�

��
+�,��
-�

 �% *�$��� ��(#�
�(
����
�
. )
$���
-�

�� )
��
����
�

/012345 6783 93:5:;<3 =>?@7A BC53D:;1D E3:53< ?A �11 �31D �;8
��;3D5 �012345 6�� 	
��FG
FG��G ��34�3< ?A �7�<; �3;<70;
�1475;1D �1: �D�3�3:� �7�;�10D;7 =533� 53:5 �;343 41D<;5;1D �01>D< 7D< �1�;:�3< ?A ?3D4� �0;D<30
�E 03�303D43 �
GG� ���EB��

G�

G
=78��3 �H�

=78��3 81;:5>03 41D<;5;1D
H0;3< ;D �3D5;�753< 1�3D 75 �
�� �10 �
<7A:

�10;D� 61� =FG
I �31�1�;4 >D;5 6J�
H3�5� �D530�7� 
GF
� �5
=78��3 0343;�3< KJIJ�
GG
E3:5 <753 KJGIJ�
GG

=1;� 5A�3 <3:40;�5;1D =�J=�

E3:5 D1� E3:5 G E3:5 � ��=
93;��5 �1:: ;D 8� G� G� G���

 #�
����,# �% 
#� 
�	
 	�-,��

!"# $%&' ()%* +))',* -./01/*2 $34 566"# 7*/8)9&/': ;'%'/,* 3#<=6> ?.&' /* @A <B<#6 7;?
CDE FGHIJK LKMKMNOKMPQ RSTUSVTWXSTWYVY

FZ[Q RSTUSVTWXST\UW]



���� ����	��
 ��	


����� �����	 
�� 	��� ����	��


�	
� ��

��	 � ��

����
�
�

��
�
��
��� ��� ����� �� �!"

�#� �
�$��	�
� �% ��&�	 �
 ��	
�


'��
�(#
�(�� )
��
����
� *�

��
+�,��
-�

 �% *�$��� ��(#�
�(
����
�
. )
$���
-�

�� )
��
����
�

/012345 6783 93:5:;<3 =>?@7A BC53D:;1D E3:53< ?A �11 �31D �;8
��;3D5 �012345 6�� 	
��FG
FG��G ��34�3< ?A �7�<; �3;<70;
�1475;1D �1: �D�3�3:� �7�;�10D;7 =533� 53:5 �;343 41D<;5;1D �01>D< 7D< �1�;:�3< ?A ?3D4� �0;D<30
�E 03�303D43 �
GG� ���EB��

G�

G
=78��3 �H�

=78��3 81;:5>03 41D<;5;1D
H0;3< ;D �3D5;�753< 1�3D 75 �
�� �10 �
<7A:

�10;D� 61� =FG

 �31�1�;4 >D;5 6I�
H3�5� �D530�7� J
FJG �5
=78��3 0343;�3< KIJI�
GG
E3:5 <753 KIGKI�
GG

=1;� 5A�3 <3:40;�5;1D =�I��

E3:5 D1� E3:5 G E3:5 � ��=
93;��5 �1:: ;D 8� G� G
 GG��

 #�
����,# �% 
#� 
�	
 	�-,��

!"# $%&' ()%* +))',* -./01/*2 $34 566"# 7*/8)9&/': ;'%'/,* 3#<=6> ?.&' /* @A <B<#6 7;?
CDE FGHIJK LKMKMNOKMPQ RSTUSVTWXSTWYVY

FZ[Q RSTUSVTWXST\UW]



���� ����	��
 ��	


����� �����	 
�� 	��� ����	��


�	
� ��

��	 � ��

����
�
�

��
�
��
��� ��� ����� �� �!"

�#� �
�$��	�
� �% ��&�	 �
 ��	
�


'��
�(#
�(�� )
��
����
� *�

��
+�,��
-�

 �% *�$��� ��(#�
�(
����
�
. )
$���
-�

�� )
��
����
�

/012345 6783 93:5:;<3 =>?@7A BC53D:;1D E3:53< ?A �11 �31D �;8
��;3D5 �012345 6�� 	
��FG
FG��G ��34�3< ?A �7�<; �3;<70;
�1475;1D �1: �D�3�3:� �7�;�10D;7 =533� 53:5 �;343 41D<;5;1D �01>D< 7D< �1�;:�3< ?A ?3D4� �0;D<30
�E 03�303D43 �
GG� ���EB��

G�

G
=78��3 �H�

=78��3 81;:5>03 41D<;5;1D
H0;3< ;D �3D5;�753< 1�3D 75 �
�� �10 �
<7A:

�10;D� 61� =FGGG �31�1�;4 >D;5 6I�
H3�5� �D530�7� ��F�� �5
=78��3 0343;�3< JIKI�
GG
E3:5 <753 JIGJI�
GG

=1;� 5A�3 <3:40;�5;1D =/

E3:5 D1� E3:5 G E3:5 � ��=
93;��5 �1:: ;D 8� �K �J �J��

 #�
����,# �% 
#� 
�	
 	�-,��

!"# $%&' ()%* +))',* -./01/*2 $34 566"# 7*/8)9&/': ;'%'/,* 3#<=6> ?.&' /* @A <B<#6 7;?
CDE FGHIJK LKMKMNOKMPQ RSTUSVTWXSTWYVY

FZ[Q RSTUSVTWXST\UW]



���� ����	��
 ��	


����� �����	 
�� 	��� ����	��


�	
� ��

��	 � ��

����
�
�

��
�
��
��� ��� ����� �� �!"

�#� �
�$��	�
� �% ��&�	 �
 ��	
�


'��
�(#
�(�� )
��
����
� *�

��
+�,��
-�

 �% *�$��� ��(#�
�(
����
�
. )
$���
-�

�� )
��
����
�

/012 3420 5678677956:;677
<=>?0@2 A4B0 C0121DE0 FGHI4J KL20M1D>M

/0120E HJ N>> O0>M PDB

������ ��	
��� �
� ������������ ������� �� ����� �������
�	����	� �	 !�"��� # ����$	���� %�&��� &	� �'�� �	�����	� (���� �� )��������� 	)�� �� ��*� $	� ���� 
+, ��$������ -���. �!�,/�.���.��� %���� �� � ����� �	�����	� 0�	'�� ��� �	�� ��� �� ����� "������

1233456
7	���" �	� ,� � (���� 8$�9 !:%

%���� �-������� -�
%���� ����� �;
%���- ����� -���
%���- <��<- ����
%����! ����< -��
%����! ������- ���
%���� ����< ���
%���� �-��� --
%���; ���<� -��
%���; ;-�;� �
%���; ;��;< ;
%���� <��<��; <
%���� ;��;- ���
%���� ����� -���
%���� <;���<��� ��
%���� <��<< -
%���� ����- ���
%���< ����� -<
%���; ;���� �

=>? @ABC DEAF GEECHF IJKLMKFN @OP QRR>
? SFKTEUBKCV WCACKHF O?XYRZ [JBC KF \] X^X?R SW[
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Figure D-8.2.1
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Soil Abrasion Test (SAT)
(A. Bruland, Drillability test methods Project report 13A-98)
www.drillability.com

Tonon USA
Engineering, Measurements

and Testing, LLC

Web: tononeng.com

Project Name 
Sample moisture 

condition

Location
Steel test piece 

condition

Client

Client’s Project No.

Registry No.

Report No.

Report Date

Boring and Depth (ft)

Soil Type

Date Received: 12/2/2015 Date Opened: 12/2/2015 Date Tested: 12/5/2015

Test no. Test 1 Test 2 AVS
Weight Loss (mg) 28 30 29

Photograph of the Tested Sample

Tested by: Dr. Fulvio Tonon, P.E., Ph.D.

This report shall not be partially reproduced without the written consent of Tonon USA, LLC.

WSE SECTION 2

LOS ANGELES, CA

METRO

4953-11-1423

Checked by: Gloria Tonon-Kozma, P.E.

Dried in ventilated oven at 
30°C for 3 days

Ground and polished by bench 
grinder

2015-53

2015-53-1

12/5/2015

G-410; -120' / 126' ft

SC/SW-SM

 538 W 21st St #27244
Houston, TX 77008-3642

2015-53, R17, Soil Abrasion Test, AMEC WSE Purple Line Page 1 of 2

Laboratory Director: Dr. Fulvio Tonon, P.E., Ph.D.
Phone: +1-512-200-3051

E-mail: fulvio@tononeng.com

Figure D-8.2.7



Soil Abrasion Test (SAT)
(A. Bruland, Drillability test methods Project report 13A-98)
www.drillability.com

Tonon USA
Engineering, Measurements

and Testing, LLC

Web: tononeng.com

Project Name 
Sample moisture 

condition

Location
Steel test piece 

condition

Client

Client’s Project No.

Registry No.

Report No.

Report Date

Boring and Depth (ft)

Soil Type

Date Received: 12/2/2015 Date Opened: 12/2/2015 Date Tested: 12/5/2015

Test no. Test 1 Test 2 AVS
Weight Loss (mg) 31 35 33

Photograph of the Tested Sample

Tested by: Dr. Fulvio Tonon, P.E., Ph.D.

This report shall not be partially reproduced without the written consent of Tonon USA, LLC.

2015-53

2015-53-1

12/5/2015

G-410; -135' ft

SM/CL

Checked by: Gloria Tonon-Kozma, P.E.

WSE SECTION 2 Dried in ventilated oven at 
30°C for 3 days

LOS ANGELES, CA Ground and polished by bench 
grinder

METRO

4953-11-1423
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