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D LABORATORY TESTING 

The following descriptions of laboratory procedures and methods are applicable for the entire Section 2 
of the Westside Purple Line Extension project and hence are not repeated in the reports for other 
stations or tunnel reaches. 

D.1 Geotechnical Testing 

Laboratory tests were performed on selected samples obtained from the borings to aid in the 
classification of the soils and to determine pertinent engineering properties of the soils. A list of the 
laboratory tests performed on the samples is presented in Table D‐1.  

Table D-1: Laboratory Tests Performed for ACE, PE and Adv. PE Phases 

Laboratory Test Laboratory* 
ASTM Designation 

(or) other 
ACE 

Phase 

 
PE 

Phase 
Adv. PE 
Phase 

Field Moisture Content Amec Foster Wheeler/AP Engineering D 2216 X X X 

Field Dry Density Amec Foster Wheeler/AP Engineering D 2937 X X X 

Sieve Analysis Amec Foster Wheeler/AP Engineering D 422 X X X 

Passing No. 200 Sieve Amec Foster Wheeler/AP Engineering D 1140 X X X 

Atterberg Limits Amec Foster Wheeler/AP Engineering D 4318 X X X 

Direct Shear Amec Foster Wheeler/AP Engineering D 3080 X X X 

Consolidation Amec Foster Wheeler/AP Engineering D 2435 X X X 

Expansion/Collapse Amec Foster Wheeler/AP Engineering D 2435 - X X 

Triaxial Unconsolidated-Drained AP Engineering D 4767 - X X 

Soil Abrasion University of Texas, Austin NTNU-SINTEF - X X 

Specific Gravity Amec Foster Wheeler D 854 - X X 

Corrosion HDR-Schiff Associates/AP 
Engineering 

Caltrans method X X X 

 *AMEC, MACTEC, Law/Crandall, LeRoy Crandall are Amec Foster Wheeler’s predecessor companies 

Field Moisture Content and Dry Density 

Field moisture content and dry density of undisturbed ring and pitcher tube samples were determined in 
the laboratory in accordance with ASTM D 2216. For disturbed samples obtained from SPT sampling and 
sonic core borings, only moisture content was determined. The results of the tests are shown on the 
boring logs and in the lab summary tables included in the report. 

Sieve Analysis and Passing No. 200 Sieve 

Sieve analysis and tests to determine the percentage of fines (material passing through No. 200 sieve) 
were performed on selected samples collected from the rotary‐wash and sonic core borings to 
determine the size of the different particles in the samples, in accordance with ASTM D 422. The 
percentage of fines passing No. 200 sieve is shown to the left on the boring logs. The gradation curves 
obtained from sieve tests are presented in the report. The percentage of fines, sand, and gravel in each 
sample tested are presented in lab summary tables included in the report. 
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Atterberg Limits 

Atterberg Limits were performed on selected samples collected from rotary‐wash borings and sonic core 
borings to determine the plasticity of the materials in accordance with ASTM D 4318. The results of the 
tests are presented in the report. The summary of the test results (liquid limit, plastic limit and plasticity 
index) are presented in lab summary tables included in the report. 

Direct Shear 

Direct shear tests were performed on selected undisturbed samples obtained from rotary‐wash borings 
to determine the strength of the soils in accordance with ASTM D 3080. The tests were performed after 
soaking to near‐saturated moisture content and at three surcharge pressures. The yield‐point values 
determined from the tests were taken as the shear strength of the sample. The direct shear test results 
are presented in the report. For reports presented in 2015, peak shear strength values instead of yield 
strength were reported. 

The determination of the yield point on a stress‐strain curve is subjective and could vary between two 
different users. Some examples of how the yield values are picked are illustrated in the figure below. For 
stress‐strain curve 1, the yield point is picked on the initial straight‐line portion of the curve; for curve 2, 
the yield point is picked at the first yield beyond which the strength behavior becomes non‐linear; for 
curve 3, the yield point is picked at a shear strain of 5 percent.  
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The rate of shearing varied depending on the type of soil tested (fine‐grained versus granular material). 
The rate of shearing was estimated using the time‐consolidation rate reading taken from one‐
dimensional laboratory consolidation tests performed in accordance with ASTM D 2435. The rate of 
shearing for different materials is listed in Table D‐2.  

Table D-2: Direct Shear Rate of Shearing 

Test Material 
Rate of Shearing 

(inch/minute) 
Test Duration 

(minutes) 

Fine-Grained 0.01 45 

Coarse-Grained 0.02 25 

 

Consolidation  

Confined consolidation tests were performed on undisturbed (ring) samples obtained from rotary‐wash 
borings to determine the compressibility of the soils in accordance with ASTM D 2435. Water was added 
to the samples during the tests to illustrate the effect of moisture on the compressibility. The results of 
the tests are presented in the report. The estimated compression and the recompression indices are 
presented in lab summary tables included in the report. 

Expansion/Collapse 
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In addition to the confined consolidation tests, “quick” consolidation tests were performed on selected 
undisturbed samples obtained from rotary‐wash borings to determine the hydrocompaction potential of 
the soils in accordance with ASTM D 2435. The tests were performed by confining the sample under a 
surcharge pressure of 1,800 pounds per square foot, allowing the sample to consolidate at its field 
moisture content, and then saturating the sample and measuring the consolidation resulting from the 
addition of water. The estimated expansion/collapse potential as percentage of test sample height are 
presented in lab summary tables included in the report. 

Triaxial Consolidation-Undrained 

Triaxial consolidated‐undrained (CU) tests with pore pressure measurements were performed on 
selected undisturbed samples obtained from rotary‐wash borings to determine the strength of the soils 
in accordance with ASTM D 4767. A three‐stage load test method was used by testing the sample at 
three confining pressures. The results of the tests are presented in the report. The estimate cohesion 
and friction angle for each sample tested are presented in lab summary tables included in the report. 

Soil Abrasion 

Soil abrasion testing (SAT) was performed on selected samples of predominately granular material 
collected from sonic core borings. Samples obtained from rotary‐wash borings did not provide sufficient 
quantity of sample to perform abrasion testing. The soil abrasion tests were performed in accordance 
with the Norwegian University of Science and Technology (NTNU) test procedure by the rock mechanics 
laboratory at the University of Texas, Austin. 

The SAT method was developed by the NTNU and the associated SINTEF organization as a modification 
of the Abrasion Value Steel (AVS) test. The purpose of the test is to quantify the abrasivity of soils in soft 
ground tunneling. The test consists of measuring the weight loss in a steel piece caused by soil grinding. 
Transported by a wheel that rotates at 20 revolutions per minute, the soil passes underneath the test 
piece, which is subject to one kilogram (about 2.5 pounds) of soil or rock. The SAT value is the weight 
loss in milligrams (e.g., SAT = 5 means that the steel test piece lost 5 milligrams (mg) after 20 
revolutions. Therefore, a higher SAT value indicates that the soil or rock is more abrasive. 

Based on the NTNU/SINTEF test database, a classification of abrasivity of soil and rock was developed by 
the University of Texas, Austin, as presented in Table D‐4, to provide guidance on evaluating the SAT test 
values.  

Table D-4: Classification of Abrasivity of Soil and Rock 

Abrasivity Category SAT Value 

Extremely Low < 1 

Very Low 2 – 3 

Low 4 – 12 

Medium 13 – 25 

High 26 – 35 

Very High 36 – 44 

Extremely High > 45 
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The results of the abrasion tests are presented in lab summary tables included in the report.  

Corrosion 

To evaluate the potential for deleterious effects of the on‐site soils on structural concrete and steel and 
on metal piping, chemical testing was performed on selected soil samples from rotary‐wash and sonic 
core borings. The corrosion tests were performed by HDR‐Schiff Associates and AP Engineering. The 
results of the corrosion tests are presented in the report. The pH, sulfate and chloride content and 
minimum resistivity of samples tests are summarized in the lab summary tables included in the report. 

The corrosion test results were reviewed for each station, and a separate report for each station 
summarizing the test results, conclusions regarding the corrosivity, and recommendations for mitigation 
procedures were prepared by HDR‐Schiff Associates. The corrosion mitigation reports are included as an 
appendix in the reports. 

D.2 Subsurface Gas Testing 

The samples of gas collected from soil gas wells were analyzed at a state‐certified laboratory for 
hydrogen sulfide, methane, longer chain hydrocarbons (e.g. butane, propane, etc.), and fixed gases 
using standard EPA testing procedures. The results of these analyses are presented in the report; the 
associated laboratory analytical reports are provided in the appendix. 

For testing of groundwater sampled from the soil gas wells, the sampling container remained under 
pressure until the analytical laboratory extracted the water for analysis through the quick‐connect 
fittings. These groundwater samples were analyzed for dissolved methane, hydrogen sulfide, and other 
fixed gases using standard EPA analytical procedures. The results of these analyses are presented in the 
report; the associated laboratory analytical reports are provided in the appendix. 
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Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04y08y15Project No.: 4953y11y1423 Input Data by: KM Date: 04y17y15Test Pit : Ey133A Reviewed by: AP Date: 04y17y15Sample No.: 2 Sample Description: Brown Sandy Lean ClayDepth(ft) : 10.5Sample Type: Mod.Cal . Confining Pressure = 5.0 psiDiameter (in) 2.589 2.589 2.589 Avg. = 2.589Height (in) 5.586 5.586 5.586 Avg. = 5.586BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.264 5.264Moisture Content (%) 13.82 16.91Wet Weight (gms) 18.28 1192.02Dry Weight (gms) 16.37 1041.38Container Weight (gms) 2.55 150.73Density and SaturationWet Weight (gms) 1033.14Container Weight (gms) 0.00Wet Density (pcf) 133.8Dry Density (pcf) 117.6Initial Void Ratio 0.433% Saturation 86.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 98 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 35.0 Initial Burette Ht.(cm)= 0.0Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 0.0Eff . Consol . Stress (psi) = 5.0 Final Height (in)= 5.586Induced OCR = 1.0 Initial Volume (cu.in)= 29.407Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 29.407Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 2.75Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 0.42Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 3.17Axial Strain (%) = 5.01FIgure Då2.1



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04y08y15Project No.: 4953y11y1423 Input Data by: KM Date: 04y17y15Test Pit : Ey133A Reviewed by: AP Date: 04y17y15Sample No.: 2 Sample Description: Brown Sandy Lean ClayDepth(ft) : 10.5Sample Type: Mod.Cal . Confining Pressure = 10.0 psiDiameter (in) 2.589 2.589 2.589 Avg. = 2.589Height (in) 5.586 5.586 5.586 Avg. = 5.586BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.264 5.501Moisture Content (%) 13.82 16.91Wet Weight (gms) 18.28 1192.02Dry Weight (gms) 16.37 1041.38Container Weight (gms) 2.55 150.73Density and SaturationWet Weight (gms) 1033.14Container Weight (gms) 0.00Wet Density (pcf) 133.8Dry Density (pcf) 117.6Initial Void Ratio 0.433% Saturation 86.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 98 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 40.0 Initial Burette Ht.(cm)= 82.0Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 78.2Eff . Consol . Stress (psi) = 10.0 Final Height (in)= 5.584Induced OCR= 1.0 Initial Volume (cu.in)= 29.407Change in Ht. of Specimen (in) = 0.0021 Final Volume (cu.in) = 29.175Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 3.75Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 0.94Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 4.69Axial Strain (%) = 5.10FIgure Då2.2



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04y08y15Project No.: Input Data by: KM Date: 04y17y15Test Pit : Ey133A Reviewed by: AP Date: 04y17y15Sample No.: 2 Sample Description: Brown Sandy Lean ClayDepth(ft) : 10.5Sample Type: Mod.Cal . Confining Pressure = 20.0 psiDiameter (in) 2.589 2.589 2.589 Avg. = 2.589Height (in) 5.586 5.586 5.586 Avg. = 5.586BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.264 5.485Moisture Content (%) 13.82 16.91Wet Weight (gms) 18.28 1192.02Dry Weight (gms) 16.37 1041.38Container Weight (gms) 2.55 150.73Density and SaturationWet Weight (gms) 1033.14Container Weight (gms) 0.00Wet Density (pcf) 133.8Dry Density (pcf) 117.6Initial Void Ratio 0.433% Saturation 86.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 98 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 50.0 Initial Burette Ht.(cm)= 78.2Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 72.7Eff . Consol . Stress (psi) = 20.0 Final Height (in)= 5.585Induced OCR = 1.0 Initial Volume (cu.in)= 29.407Change in Ht. of Specimen (in) = 0.0010 Final Volume (cu.in) = 29.072Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 5.77Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 2.15Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 7.93Axial Strain (%) = 19.14

4953y11y1423

FIgure Då2.3



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 35.0 ps iProject No: 4953
11
1423 Back Pressure : 30.0 ps iTest Pit : E
133A Conso lidat ion Pressure : 5.0 ps iDepth(ft ): 10.5 Init ial Sample Height : 5.586 inSample No .: 2 Init ial A rea of Sample : 5.264 sq . in.Sample Type : Mod . Cal. Final Sample Ht .* (L): 5.586 inSample Descript ion: Brown Sandy Lean Clay Final Sample A rea (A)* : 5.264 sq. in.Induced OCR= 1.0Ce ll Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1
S3) (S1
S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )35.0 y1 0.000 30.0 y0.03 0.00 0.00 y0.01 0.7135.0 22 0.005 30.8 0.60 0.09 0.11 0.30 0.9135.0 37 0.012 31.3 1.01 0.21 0.18 0.50 1.0535.0 44 0.018 31.6 1.20 0.32 0.22 0.60 1.1035.0 49 0.024 31.8 1.33 0.44 0.25 0.67 1.1435.0 53 0.032 31.9 1.44 0.57 0.28 0.72 1.1735.0 56 0.040 32.1 1.52 0.71 0.29 0.76 1.1935.0 59 0.047 32.2 1.60 0.83 0.31 0.80 1.2135.0 62 0.053 32.2 1.68 0.95 0.32 0.84 1.2435.0 64 0.061 32.3 1.73 1.10 0.33 0.87 1.2635.0 66 0.068 32.4 1.78 1.22 0.34 0.89 1.2835.0 68 0.076 32.4 1.83 1.36 0.34 0.92 1.3035.0 70 0.082 32.4 1.89 1.47 0.35 0.94 1.3235.0 71 0.089 32.5 1.91 1.60 0.35 0.96 1.3335.0 73 0.097 32.5 1.96 1.73 0.35 0.98 1.3535.0 74 0.104 32.5 1.99 1.86 0.35 0.99 1.3635.0 75 0.111 32.5 2.01 1.99 0.36 1.01 1.3735.0 77 0.118 32.5 2.06 2.11 0.36 1.03 1.3935.0 78 0.125 32.5 2.09 2.23 0.36 1.04 1.4035.0 80 0.132 32.5 2.14 2.36 0.36 1.07 1.4335.0 82 0.140 32.6 2.19 2.50 0.36 1.09 1.4535.0 83 0.146 32.6 2.21 2.62 0.37 1.11 1.4635.0 85 0.154 32.6 2.26 2.75 0.37 1.13 1.4835.0 87 0.161 32.6 2.31 2.88 0.37 1.16 1.5135.0 88 0.168 32.5 2.33 3.01 0.36 1.17 1.5235.0 89 0.176 32.5 2.36 3.15 0.36 1.18 1.5435.0 87 0.182 32.5 2.30 3.26 0.35 1.15 1.5235.0 96 0.218 32.4 2.52 3.90 0.34 1.26 1.6435.0 98 0.240 32.3 2.57 4.30 0.33 1.28 1.6735.0 106 0.280 32.1 2.75 5.01 0.30 1.38 1.80
FIgure Då2.4



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 40.0 ps iProject No: 4953
11
1423 Back Pressure : 30.0 ps iTest Pit : E
133A Conso lidat ion Pressure : 10.0 ps iDepth(ft ): 10.5 Init ial Sample Height : 5.586 inSample No .: 2 Init ial A rea of Sample : 5.264 sq . in.Sample Type : Mod . Cal. Final Sample Ht .* (L): 5.584 inSample Descript ion: Brown Sandy Lean Clay Final Sample A rea (A)* : 5.501 sq. in.Induced OCR= 1.0Ce ll Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1
S3) (S1
S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )40.0 0 0.000 30.0 0.00 0.00 0.00 0.00 1.4440.0 35 0.003 31.5 0.92 0.05 0.22 0.46 1.6840.0 59 0.009 32.4 1.54 0.16 0.34 0.77 1.8740.0 72 0.015 32.8 1.88 0.27 0.40 0.94 1.9840.0 83 0.021 33.2 2.16 0.38 0.45 1.08 2.0740.0 91 0.028 33.4 2.37 0.51 0.49 1.19 2.1440.0 99 0.035 33.6 2.58 0.63 0.52 1.29 2.2140.0 106 0.042 33.8 2.75 0.75 0.54 1.38 2.2840.0 112 0.049 33.9 2.91 0.88 0.55 1.45 2.3440.0 116 0.056 33.9 3.01 1.01 0.56 1.50 2.3840.0 119 0.064 34.0 3.08 1.14 0.57 1.54 2.4140.0 122 0.072 34.0 3.15 1.28 0.58 1.58 2.4440.0 124 0.078 34.0 3.20 1.40 0.58 1.60 2.4640.0 126 0.085 34.0 3.25 1.52 0.58 1.62 2.4940.0 127 0.093 34.0 3.27 1.66 0.58 1.63 2.5040.0 129 0.100 34.0 3.32 1.79 0.58 1.66 2.5240.0 130 0.107 34.0 3.34 1.92 0.57 1.67 2.5340.0 131 0.113 34.0 3.36 2.03 0.57 1.68 2.5540.0 132 0.121 34.0 3.38 2.16 0.57 1.69 2.5640.0 133 0.128 34.0 3.40 2.29 0.57 1.70 2.5740.0 133 0.135 33.9 3.40 2.41 0.56 1.70 2.5740.0 135 0.142 33.9 3.44 2.54 0.56 1.72 2.6040.0 135 0.148 33.9 3.44 2.66 0.56 1.72 2.6040.0 137 0.156 33.9 3.49 2.79 0.55 1.74 2.6340.0 138 0.162 33.9 3.51 2.90 0.55 1.75 2.6440.0 139 0.170 33.9 3.53 3.04 0.55 1.76 2.6540.0 140 0.178 33.9 3.55 3.18 0.55 1.77 2.6640.0 141 0.185 33.8 3.57 3.31 0.55 1.78 2.6740.0 142 0.199 33.8 3.59 3.56 0.54 1.79 2.6940.0 143 0.206 33.8 3.61 3.69 0.54 1.80 2.7040.0 145 0.235 33.7 3.64 4.21 0.53 1.82 2.7340.0 146 0.242 33.6 3.66 4.34 0.52 1.83 2.7540.0 149 0.263 33.6 3.72 4.71 0.51 1.86 2.7940.0 151 0.285 33.5 3.75 5.10 0.50 1.88 2.82FIgure Då2.5



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 50.0 ps iProject No: 4953
11
1423 Back Pressure : 30.0 ps iTest Pit : E
133A Conso lidat ion Pressure : 20.0 ps iDepth(ft ): 10.5 Init ial Sample Height : 5.586 inSample No .: 2 Init ial A rea of Sample : 5.264 sq . in.Sample Type : Mod . Cal. Final Sample Ht .* (L): 5.585 inSample Descript ion: Brown Sandy Lean Clay Final Sample A rea (A)* : 5.485 sq. in.Induced OCR= 1.0Ce ll Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1
S3) (S1
S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )50.0 0 0.000 30.0 0.00 0.00 0.00 0.00 2.8850.0 71 0.006 34.5 1.86 0.11 0.65 0.93 3.1650.0 98 0.012 35.7 2.57 0.21 0.82 1.28 3.3450.0 115 0.018 36 .4 3.01 0.32 0.92 1.50 3.4650.0 129 0.024 37.0 3.37 0.43 1.01 1.69 3.5650.0 140 0.030 37.4 3.66 0.54 1.07 1.83 3.6450.0 151 0.036 37.8 3.94 0.64 1.12 1.97 3.7350.0 159 0.042 38.1 4.14 0.75 1.17 2.07 3.7950.0 167 0.048 38.4 4.35 0.86 1.21 2.17 3.8450.0 174 0.054 38.5 4.52 0.97 1.22 2.26 3.9250.0 178 0.060 38.6 4.62 1.07 1.24 2.31 3.9550.0 192 0.090 38.7 4.96 1.61 1.25 2.48 4.1150.0 197 0.120 38.6 5.06 2.15 1.24 2.53 4.1750.0 202 0.180 38.4 5.13 3.22 1.21 2.57 4.2450.0 207 0.227 38.2 5.21 4.07 1.19 2.61 4.3050.0 210 0.274 38.1 5.24 4.90 1.16 2.62 4.3450.0 215 0.320 37.9 5.32 5.74 1.14 2.66 4.4050.0 219 0.368 37.7 5.37 6 .59 1.11 2.69 4.4550.0 223 0.415 37.6 5.42 7.42 1.09 2.71 4.5050.0 228 0.461 37.4 5.49 8.26 1.07 2.75 4.5650.0 230 0.508 37.4 5.49 9.10 1.06 2.74 4.5650.0 235 0.554 37.2 5.56 9.93 1.03 2.78 4.6350.0 238 0.602 37.0 5.58 10.77 1.00 2.79 4.6750.0 241 0.649 36 .8 5.59 11.61 0.98 2.80 4.7050.0 245 0.696 36 .6 5.63 12.45 0.95 2.82 4.7550.0 249 0.742 36 .4 5.67 13.29 0.92 2.83 4.7950.0 252 0.789 36 .2 5.68 14.12 0.89 2.84 4.8350.0 256 0.836 36 .0 5.72 14.96 0.87 2.86 4.8750.0 258 0.883 35.8 5.70 15.80 0.84 2.85 4.8950.0 262 0.929 35.7 5.73 16 .63 0.82 2.87 4.9350.0 265 0.976 35.4 5.74 17.48 0.78 2.87 4.9750.0 268 1.024 35.2 5.75 18.33 0.75 2.87 5.0050.0 272 1.069 35.0 5.77 19.14 0.73 2.89 5.0450.0 274 1.120 34.9 5.75 20.05 0.71 2.88 5.05FIgure Då2.6



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953y11y1423 Sample Description: Brown Sandy Lean ClayTest Pit : Ey133A Avg. Dry Unit Weight (pcf) : 117.6Sample No.: 2 Avg. Initial Moisture Content (%) : 13.8Depth (ft) : 10.5 Confining Pressure: 5.0 , 10.0 ,20.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953y11y1423 Sample Description: Brown Sandy Lean ClayTest Pit : Ey133A Avg. Dry Unit Weight (pcf) : 117.6Sample No.: 2 Avg. Initial Moisture Content (%) : 13.8Depth (ft) : 10.5 Confining Pressures: 5.0 , 10.0 , 20.0 psiASTM D 4767

C = 0.55 ksfC' = 0.62 ksf
=24°'=27°

01
23
45
6

0 1 2 3 4 5 6 7 8 9 10 11 12NORMAL STRESS (ksf )
SHEARSTRESS(k
sf)

a= 0.45 ksf
= 26°

01
23
45
6

0 1 2 3 4 5 6 7 8 9 10 11 12p' (ksf)
q'(k sf) Conf ining Pressure = 5.0 ps iConf ining Pressure = 10.0 ps iConf ining Pressure =20.0 ps i

Failure Criteria : 5% Axial Strain
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Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04¿08¿15Project No.: 4953¿11¿1423 Input Data by: KM Date: 04¿17¿15Test Pit : E¿133A Reviewed by: AP Date: 04¿17¿15Sample No.: 6 Sample Description: Dark Brown Clayey SandDepth(ft) : 30.5Sample Type: Mod.Cal . Confining Pressure = 15.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.608 5.608 5.608 Avg. = 5.608BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.371 5.332Moisture Content (%) 11.74 14.02Wet Weight (gms) 95.08 1203.31Dry Weight (gms) 90.39 1073.52ContainerWeight (gms) 50.43 148.05Density and SaturationWet Weight (gms) 1060.25ContainerWeight (gms) 0.00Wet Density (pcf) 134.1Dry Density (pcf) 120.0Initial Void Ratio 0.404% Saturation 78.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 55.0 Initial Burette Ht .(cm)= 81.4Back Pressure(psi) = 40.0 Final Burette Ht .(cm)= 75.8Eff . Consol . Stress (psi) = 15.0 Final Height (in)= 5.585Induced OCR = 1.0 Initial Volume (cu.in)= 30.119Change in Ht . of Specimen (in) = 0.0229 Final Volume (cu.in) = 29 .777Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 4.42Time to 50% primary Consolidation (min) = 15 Eff . Minor Principal stress (ksf) = 0.88Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 5.30Axial Strain (%) = 5.22FIgure Då2.9



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04¿08¿15Project No.: 4953¿11¿1423 Input Data by: KM Date: 04¿17¿15Test Pit : E¿133A Reviewed by: AP Date: 04¿17¿15Sample No.: 6 Sample Description: Dark Brown Clayey SandDepth(ft) : 30.5Sample Type: Mod.Cal . Confining Pressure = 25.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.608 5.608 5.608 Avg. = 5.608BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.371 5.578Moisture Content (%) 11.74 14.02Wet Weight (gms) 95.08 1203.31Dry Weight (gms) 90.39 1073.52ContainerWeight (gms) 50.43 148.05Density and SaturationWet Weight (gms) 1060.25ContainerWeight (gms) 0.00Wet Density (pcf) 134.1Dry Density (pcf) 120.0Initial Void Ratio 0.404% Saturation 78.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 65.0 Initial Burette Ht .(cm)= 75.8Back Pressure(psi) = 40.0 Final Burette Ht .(cm)= 68.0Eff . Consol . Stress (psi) = 25.0 Final Height (in)= 5.608Induced OCR= 1.0 Initial Volume (cu.in)= 30.119Change in Ht . of Specimen (in) = 0.0004 Final Volume (cu.in) = 29 .643Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 6.92Time to 50% primary Consolidation = 15 Eff . Minor Principal stress (ksf) = 2.17Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 9 .09Axial Strain (%) = 5.24FIgure Då2.10



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04¿08¿15Project No.: Input Data by: KM Date: 04¿17¿15Test Pit : E¿133A Reviewed by: AP Date: 04¿17¿15Sample No.: 6 Sample Description: Dark Brown Clayey SandDepth(ft) : 30.5Sample Type: Mod.Cal . Confining Pressure = 45.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.608 5.608 5.608 Avg. = 5.608BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.371 5.537Moisture Content (%) 11.74 14.02Wet Weight (gms) 95.08 1203.31Dry Weight (gms) 90.39 1073.52ContainerWeight (gms) 50.43 148.05Density and SaturationWet Weight (gms) 1060.25ContainerWeight (gms) 0.00Wet Density (pcf) 134.1Dry Density (pcf) 120.0Initial Void Ratio 0.404% Saturation 78.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 75.0 Initial Burette Ht .(cm)= 68.0Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 56.5Eff . Consol . Stress (psi) = 45.0 Final Height (in)= 5.607Induced OCR = 1.0 Initial Volume (cu.in)= 30.119Change in Ht . of Specimen (in) = 0.0012 Final Volume (cu.in) = 29 .417Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 12.41Time to 50% primary Consolidation = 15 Eff . Minor Principal stress (ksf) = 4.81Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 17.22Axial Strain (%) = 20.48

4953¿11¿1423

FIgure Då2.11



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 55.0 ps iProject No: 4953G11G1423 Back Pressure : 40.0 ps iTest Pit : EG133A Conso lidat ion Pressure : 15.0 ps iDepth(ft ): 30.5 Init ial Sample Height : 5.608 inSample No.: 6 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.585 inSample Descript ion: Dark Brown Clayey Sand Final Sample Area (A)* : 5.332 sq. in.Induced OCR= 1.0Cell Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1GS3) (S1GS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )55.0 0 0.000 40.0 0.00 0.00 0.00 0.00 2.1655.0 61 0.006 43.2 1.64 0.10 0.45 0.82 2.5355.0 76 0.012 45.2 2.05 0.21 0.75 1.02 2.4355.0 85 0.019 46.7 2.29 0.33 0.95 1.15 2.3555.0 92 0.026 47.7 2.47 0.47 1.10 1.24 2.3055.0 97 0.033 48.4 2.59 0.59 1.20 1.30 2.2655.0 100 0.040 48.9 2.68 0.72 1.27 1.34 2.2355.0 104 0.048 49.2 2.77 0.86 1.32 1.39 2.2255.0 106 0.055 49.5 2.83 0.99 1.36 1.41 2.2155.0 108 0.062 49.7 2.89 1.12 1.39 1.44 2.2155.0 110 0.069 49.8 2.94 1.24 1.41 1.47 2.2255.0 113 0.076 49.9 3.00 1.37 1.43 1.50 2.2455.0 116 0.084 50.0 3.09 1.50 1.44 1.55 2.2755.0 117 0.090 50.0 3.12 1.62 1.44 1.56 2.2855.0 121 0.098 50.1 3.20 1.75 1.44 1.60 2.3255.0 123 0.105 50.1 3.26 1.87 1.45 1.63 2.3455.0 125 0.112 50.1 3.32 2.00 1.44 1.66 2.3755.0 128 0.119 50.0 3.37 2.13 1.44 1.69 2.4155.0 130 0.126 50.0 3.43 2.26 1.44 1.72 2.4455.0 132 0.134 50.0 3.49 2.39 1.44 1.74 2.4655.0 135 0.141 50.0 3.54 2.53 1.44 1.77 2.5055.0 136 0.148 50.0 3.57 2.65 1.43 1.78 2.5155.0 138 0.155 50.0 3.62 2.78 1.43 1.81 2.5455.0 139 0.162 49.9 3.65 2.91 1.43 1.82 2.5655.0 141 0.170 49.9 3.70 3.04 1.42 1.85 2.5955.0 144 0.177 49.9 3.76 3.17 1.42 1.88 2.6255.0 145 0.184 49.8 3.78 3.30 1.41 1.89 2.6455.0 147 0.192 49.8 3.84 3.44 1.40 1.92 2.6855.0 151 0.206 49.7 3.92 3.68 1.39 1.96 2.7355.0 164 0.255 49.2 4.24 4.57 1.32 2.12 2.9655.0 173 0.292 48.9 4.42 5.22 1.28 2.21 3.09
FIgure Då2.12



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 65.0 ps iProject No: 4953G11G1423 Back Pressure : 40.0 ps iTest Pit : EG133A Conso lidat ion Pressure : 25.0 ps iDepth(ft ): 30.5 Init ial Sample Height : 5.608 inSample No.: 6 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.608 inSample Descript ion: Dark Brown Clayey Sand Final Sample Area (A)* : 5.578 sq. in.Induced OCR= 1.0Cell Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1GS3) (S1GS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )65.0 1 0.000 40.0 0.03 0.00 0.00 0.01 3.6165.0 87 0.007 44.7 2.24 0.13 0.67 1.12 4.0565.0 127 0.014 46.6 3.27 0.24 0.95 1.64 4.2965.0 153 0.020 47.9 3.94 0.36 1.13 1.97 4.4365.0 174 0.028 48.8 4.47 0.50 1.27 2.24 4.5665.0 190 0.035 49.5 4.88 0.62 1.37 2.44 4.6765.0 201 0.042 50.0 5.15 0.75 1.44 2.58 4.7465.0 209 0.048 50.3 5.35 0.86 1.48 2.67 4.7965.0 215 0.055 50.5 5.50 0.99 1.51 2.75 4.8465.0 220 0.063 50.6 5.62 1.12 1.53 2.81 4.8865.0 224 0.070 50.7 5.71 1.24 1.55 2.86 4.9165.0 227 0.077 50.8 5.78 1.37 1.55 2.89 4.9465.0 230 0.083 50.9 5.85 1.48 1.56 2.92 4.9665.0 233 0.091 50.9 5.92 1.62 1.57 2.96 4.9965.0 235 0.097 51.0 5.96 1.73 1.58 2.98 5.0065.0 238 0.105 51.0 6.03 1.86 1.58 3.02 5.0465.0 241 0.112 51.0 6.10 2.00 1.58 3.05 5.0765.0 244 0.120 51.0 6.17 2.13 1.58 3.08 5.1065.0 246 0.127 51.0 6.21 2.26 1.58 3.10 5.1365.0 249 0.134 50.9 6.27 2.39 1.57 3.14 5.1665.0 251 0.142 50.9 6.32 2.53 1.57 3.16 5.1965.0 253 0.149 50.9 6.36 2.65 1.57 3.18 5.2165.0 255 0.157 50.9 6.40 2.79 1.56 3.20 5.2465.0 257 0.164 50.8 6.44 2.92 1.56 3.22 5.2665.0 258 0.171 50.8 6.46 3.05 1.55 3.23 5.2865.0 259 0.178 50.7 6.47 3.18 1.55 3.24 5.2965.0 261 0.185 50.7 6.52 3.30 1.54 3.26 5.3265.0 262 0.193 50.7 6.53 3.44 1.54 3.27 5.3365.0 265 0.206 50.6 6.59 3.68 1.52 3.30 5.3765.0 268 0.221 50.5 6.65 3.94 1.51 3.32 5.4165.0 271 0.235 50.4 6.70 4.20 1.49 3.35 5.4665.0 275 0.250 50.3 6.78 4.46 1.48 3.39 5.5165.0 281 0.280 50.1 6.89 4.99 1.45 3.45 5.6065.0 283 0.294 49.9 6.92 5.24 1.43 3.46 5.63FIgure Då2.13



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 75.0 ps iProject No: 4953G11G1423 Back Pressure : 30.0 ps iTest Pit : EG133A Conso lidat ion Pressure : 45.0 ps iDepth(ft ): 30.5 Init ial Sample Height : 5.608 inSample No.: 6 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.607 inSample Descript ion: Dark Brown Clayey Sand Final Sample Area (A)* : 5.537 sq. in.Induced OCR= 1.0Cell Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1GS3) (S1GS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )75.0 0 0.000 30.0 0.00 0.00 0.00 0.00 6.4875.0 129 0.006 32.1 3.35 0.11 0.31 1.68 7.8575.0 219 0.012 34.5 5.68 0.21 0.65 2.84 8.6775.0 267 0.018 36.1 6.92 0.32 0.88 3.46 9.0675.0 303 0.024 37.6 7.85 0.43 1.09 3.92 9.3175.0 337 0.030 39.1 8.72 0.54 1.32 4.36 9.5275.0 361 0.036 40.4 9.33 0.64 1.49 4.66 9.6575.0 380 0.042 41.4 9.81 0.75 1.64 4.90 9.7475.0 392 0.048 42.2 10.11 0.86 1.76 5.05 9.7875.0 405 0.054 43.1 10.43 0.96 1.88 5.22 9.8275.0 411 0.060 43.5 10.57 1.07 1.95 5.29 9.8275.0 430 0.090 45.1 11.00 1.61 2.17 5.50 9.8175.0 441 0.120 45.5 11.22 2.14 2.24 5.61 9.8575.0 452 0.176 45.7 11.39 3.13 2.25 5.69 9.9275.0 460 0.220 45.5 11.49 3.93 2.23 5.75 10.0075.0 469 0.269 45.2 11.61 4.79 2.18 5.81 10.1075.0 474 0.314 44.8 11.64 5.61 2.13 5.82 10.1775.0 481 0.361 44.4 11.70 6.44 2.08 5.85 10.2675.0 489 0.409 44.0 11.79 7.29 2.02 5.90 10.3675.0 493 0.454 43.6 11.78 8.10 1.96 5.89 10.4175.0 500 0.501 43.2 11.84 8.94 1.90 5.92 10.5075.0 507 0.548 42.8 11.90 9.78 1.84 5.95 10.5975.0 512 0.595 42.4 11.90 10.60 1.78 5.95 10.6575.0 521 0.642 42.1 12.00 11.44 1.74 6.00 10.7475.0 527 0.688 41.8 12.02 12.27 1.70 6.01 10.7975.0 534 0.734 41.6 12.07 13.09 1.68 6.03 10.8475.0 542 0.781 41.5 12.13 13.93 1.65 6.07 10.8975.0 547 0.827 41.4 12.13 14.74 1.65 6.06 10.9075.0 555 0.873 41.5 12.19 15.57 1.66 6.09 10.9175.0 563 0.919 41.6 12.24 16.39 1.67 6.12 10.9375.0 568 0.964 41.5 12.23 17.19 1.66 6.12 10.9475.0 577 1.010 41.4 12.30 18.01 1.63 6.15 11.0075.0 584 1.056 41.3 12.33 18.84 1.63 6.16 11.0175.0 590 1.102 41.4 12.33 19.65 1.64 6.16 11.0075.0 600 1.148 41.6 12.41 20.48 1.67 6.20 11.02FIgure Då2.14



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953¿11¿1423 Sample Description: Dark Brown Clayey SandTest Pit : E¿133A Avg. Dry Unit Weight (pcf) : 120.0Sample No.: 6 Avg. Initial Moisture Content (%) : 11.7Depth (ft) : 30.5 Confining Pressure: 15.0 , 25.0 , 45.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953¿11¿1423 Sample Description: Dark Brown Clayey SandTest Pit : E¿133A Avg. Dry Unit Weight (pcf) : 120.0Sample No.: 6 Avg. Initial Moisture Content (%) : 11.7Depth (ft) : 30.5 Confining Pressures: 15.0 , 25.0 ,45.0 psiASTM D 4767

C = 0.10 ksfC' = 0.75 ksf
=29°'=31°
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Failure Criteria : 5% Axial Strain
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Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04ñ08ñ15Project No.: 4953ñ11ñ1423 Input Data by: KM Date: 04ñ17ñ15Test Pit : Eñ133A Reviewed by: AP Date: 04ñ17ñ15Sample No.: 14 Sample Description: Lt Olive Brown Silty SandDepth(ft) : 70.5Sample Type: Mod.Cal . Confining Pressure = 40.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.824 5.824 5.824 Avg. = 5.824BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.371 5.331Moisture Content (%) 14 .10 19.14Wet Weight (gms) 61.10 1178.38Dry Weight (gms) 59.70 1013.15ContainerWeight (gms) 49.77 149.71Density and SaturationWet Weight (gms) 1027 .09ContainerWeight (gms) 0.00Wet Density (pcf) 125.1Dry Density (pcf) 109.6Initial Void Ratio 0.537% Saturation 70.9 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 70.0 Initial Burette Ht .(cm)= 85.2Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 77 .3Eff . Consol .Stress (psi) = 40.0 Final Height (in)= 5.777Induced OCR = 1.0 Initial Volume (cu .in)= 31.279Change in Ht . of Specimen (in) = 0.0469 Final Volume (cu .in) = 30.797Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 17 .49Time to 50% primary Consolidation (min) = 15 Eff.Minor Principal stress (ksf) = 4 .40Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 21.89Axial Strain (%) = 5.07FIgure Då2.17



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04ñ08ñ15Project No.: 4953ñ11ñ1423 Input Data by: KM Date: 04ñ17ñ15Test Pit : Eñ133A Reviewed by: AP Date: 04ñ17ñ15Sample No.: 14 Sample Description: Lt Olive Brown Silty SandDepth(ft) : 70.5Sample Type: Mod.Cal . Confining Pressure = 60.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.824 5.824 5.824 Avg. = 5.824BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.371 5.578Moisture Content (%) 14 .10 19.14Wet Weight (gms) 61.10 1178.38Dry Weight (gms) 59.70 1013.15ContainerWeight (gms) 49.77 149.71Density and SaturationWet Weight (gms) 1027 .09ContainerWeight (gms) 0.00Wet Density (pcf) 125.1Dry Density (pcf) 109.6Initial Void Ratio 0.537% Saturation 70.9 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 90.0 Initial Burette Ht .(cm)= 77 .2Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 70.0Eff . Consol .Stress (psi) = 60.0 Final Height (in)= 5.824Induced OCR= 1.0 Initial Volume (cu .in)= 31.279Change in Ht . of Specimen (in) = 0.0000 Final Volume (cu .in) = 30.840Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 30.07Time to 50% primary Consolidation = 15 Eff.Minor Principal stress (ksf) = 9.21Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 39.28Axial Strain (%) = 5.14FIgure Då2.18



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04ñ08ñ15Project No.: Input Data by: KM Date: 04ñ17ñ15Test Pit : Eñ133A Reviewed by: AP Date: 04ñ17ñ15Sample No.: 14 Sample Description: Lt Olive Brown Silty SandDepth(ft) : 70.5Sample Type: Mod.Cal . Confining Pressure = 80.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.824 5.824 5.824 Avg. = 5.824BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.371 5.600Moisture Content (%) 14 .10 19.14Wet Weight (gms) 61.10 1178.38Dry Weight (gms) 59.70 1013.15ContainerWeight (gms) 49.77 149.71Density and SaturationWet Weight (gms) 1027 .09ContainerWeight (gms) 0.00Wet Density (pcf) 125.1Dry Density (pcf) 109.6Initial Void Ratio 0.537% Saturation 70.9 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 110.0 Initial Burette Ht .(cm)= 70.0Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 64 .3Eff . Consol .Stress (psi) = 80.0 Final Height (in)= 5.823Induced OCR = 1.0 Initial Volume (cu .in)= 31.279Change in Ht . of Specimen (in) = 0.0010 Final Volume (cu .in) = 30.931Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 42.41Time to 50% primary Consolidation = 15 Eff.Minor Principal stress (ksf) = 12.91Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 55.32Axial Strain (%) = 6 .34

4953ñ11ñ1423

FIgure Då2.19



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 70.0 ps iProject No: 4953y11y1423 Back Pressure : 30.0 ps iTest Pit : Ey133A Conso lidat ion Pressure : 40.0 ps iDepth(ft ): 70.5 Init ial Sample Height : 5.824 inSample No.: 14 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.777 inSample Descript ion: Lt Olive Brown Silty Sand Final Sample Area (A)* : 5.331 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Defo rmat ion Pressure Stress Strain Pressure St ress St ressChange q ' p'(S1yS3) (S1yS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )70.0 0 0.000 30.0 0.00 0.00 0.00 0.00 5.7670.0 53 0.003 31.2 1.43 0.05 0.18 0.71 6 .3070.0 109 0.010 33.2 2.95 0.17 0.46 1.47 6 .7770.0 151 0.017 35.3 4.06 0.29 0.77 2.03 7.0270.0 185 0.023 37.4 4.98 0.40 1.06 2.49 7.1970.0 213 0.031 39.2 5.72 0.53 1.33 2.86 7.2970.0 236 0.037 40.8 6 .33 0.65 1.56 3.16 7.3670.0 255 0.045 42.2 6 .84 0.77 1.75 3.42 7.4370.0 271 0.051 43.3 7.27 0.88 1.92 3.63 7.4770.0 285 0.058 44.2 7.63 1.00 2.05 3.81 7.5270.0 299 0.065 45.0 7.99 1.12 2.16 3.99 7.5970.0 311 0.071 45.6 8.28 1.24 2.24 4.14 7.6670.0 322 0.079 46 .0 8.58 1.37 2.31 4.29 7.7470.0 332 0.086 46 .4 8.84 1.48 2.36 4.42 7.8270.0 344 0.093 46 .6 9.14 1.61 2.39 4.57 7.9470.0 353 0.099 46 .7 9.37 1.72 2.41 4.69 8.0370.0 365 0.106 46 .8 9.67 1.84 2.42 4.83 8.1770.0 375 0.113 46 .8 9.93 1.96 2.42 4.96 8.3070.0 385 0.121 46 .8 10.19 2.09 2.42 5.09 8.4470.0 397 0.128 46 .7 10.48 2.22 2.41 5.24 8.5970.0 407 0.136 46 .6 10.74 2.35 2.39 5.37 8.7470.0 419 0.143 46 .4 11.03 2.48 2.37 5.51 8.9070.0 429 0.151 46 .2 11.28 2.61 2.34 5.64 9.0670.0 439 0.158 46 .0 11.54 2.73 2.31 5.77 9.2270.0 451 0.165 45.8 11.83 2.86 2.28 5.91 9.4070.0 461 0.172 45.5 12.09 2.98 2.24 6 .04 9.5670.0 473 0.179 45.3 12.37 3.09 2.20 6 .19 9.7570.0 483 0.186 45.0 12.63 3.21 2.16 6 .31 9.9170.0 505 0.199 44.4 13.17 3.45 2.07 6 .58 10.2770.0 516 0.206 44.1 13.45 3.57 2.03 6 .72 10.4670.0 527 0.214 43.7 13.70 3.70 1.98 6 .85 10.6370.0 538 0.220 43.4 13.98 3.82 1.93 6 .99 10.8370.0 610 0.250 41.9 15.76 4.32 1.71 7.88 11.9370.0 648 0.272 40.6 16 .68 4.71 1.54 8.34 12.5670.0 682 0.293 39.4 17.49 5.07 1.36 8.74 13.15FIgure Då2.20



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 90.0 ps iProject No: 4953y11y1423 Back Pressure : 30.0 ps iTest Pit : Ey133A Conso lidat ion Pressure : 60.0 ps iDepth(ft ): 70.5 Init ial Sample Height : 5.824 inSample No.: 14 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.824 inSample Descript ion: Lt Olive Brown Silty Sand Final Sample Area (A)* : 5.578 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Defo rmat ion Pressure Stress Strain Pressure St ress St ressChange q ' p'(S1yS3) (S1yS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )90.0 3 0.000 30.0 0.08 0.00 0.00 0.04 8.6890.0 120 0.005 31.9 3.10 0.08 0.26 1.55 9.9290.0 219 0.010 33.3 5.64 0.18 0.47 2.82 10.9990.0 310 0.016 34.5 7.98 0.28 0.64 3.99 11.9990.0 393 0.022 35.4 10.11 0.38 0.78 5.05 12.9290.0 470 0.029 36 .1 12.07 0.49 0.88 6 .04 13.8090.0 541 0.035 36 .7 13.88 0.60 0.95 6 .94 14.6390.0 601 0.041 37.4 15.41 0.71 1.06 7.70 15.2990.0 657 0.047 37.4 16 .82 0.81 1.05 8.41 16 .0090.0 706 0.054 37.5 18.06 0.93 1.07 9.03 16 .6090.0 747 0.062 37.5 19.08 1.06 1.07 9.54 17.1190.0 782 0.069 37.4 19.95 1.18 1.07 9.98 17.5590.0 811 0.075 37.3 20.67 1.29 1.05 10.33 17.9290.0 836 0.082 37.2 21.28 1.41 1.03 10.64 18.2590.0 858 0.089 37.0 21.81 1.54 1.00 10.90 18.5490.0 878 0.096 36 .8 22.29 1.65 0.97 11.15 18.8290.0 895 0.103 36 .5 22.69 1.78 0.93 11.35 19.0690.0 911 0.110 36 .2 23.08 1.88 0.89 11.54 19.2990.0 926 0.116 35.9 23.43 1.99 0.85 11.71 19.5190.0 941 0.123 35.6 23.78 2.11 0.80 11.89 19.7390.0 955 0.130 35.3 24.10 2.23 0.76 12.05 19.9490.0 968 0.136 35.0 24.41 2.34 0.71 12.20 20.1490.0 981 0.143 34.6 24.71 2.45 0.66 12.35 20.3390.0 993 0.149 34.2 24.98 2.56 0.60 12.49 20.5290.0 1006 0.156 33.9 25.28 2.67 0.55 12.64 20.7290.0 1043 0.176 32.7 26 .11 3.03 0.39 13.06 21.3190.0 1056 0.184 32.4 26 .40 3.15 0.33 13.20 21.5190.0 1089 0.205 31.2 27.12 3.53 0.16 13.56 22.0490.0 1131 0.233 29.6 28.03 4.00 ñ0.06 14.02 22.7190.0 1172 0.259 28.3 28.91 4.44 ñ0.25 14.46 23.3490.0 1200 0.278 27.2 29.50 4.78 ñ0.40 14.75 23.7990.0 1228 0.299 26 .1 30.07 5.14 ñ0.57 15.04 24.25
FIgure Då2.21



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 110.0 ps iProject No: 4953y11y1423 Back Pressure : 30.0 ps iTest Pit : Ey133A Conso lidat ion Pressure : 80.0 ps iDepth(ft ): 70.5 Init ial Sample Height : 5.824 inSample No.: 14 Init ial A reaof Sample : 5.371 sq. in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.823 inSample Descript ion: Lt Olive Brown Silty Sand Final Sample Area (A)* : 5.600 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1yS3) (S1yS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )110.0 0 0.000 30.0 0.00 0.00 0.00 0.00 11.52110.0 189 0.006 31.0 4.86 0.10 0.14 2.43 13.81110.0 303 0.012 31.7 7.78 0.21 0.24 3.89 15.17110.0 407 0.018 32.3 10.43 0.31 0.33 5.22 16 .41110.0 536 0.024 33.0 13.73 0.41 0.43 6 .86 17.96110.0 645 0.030 33.4 16 .50 0.52 0.49 8.25 19.28110.0 751 0.036 33.7 19.19 0.62 0.53 9.60 20.58110.0 848 0.042 33.9 21.65 0.72 0.56 10.82 21.79110.0 948 0.048 33.9 24.18 0.82 0.56 12.09 23.05110.0 1035 0.054 33.8 26 .37 0.93 0.54 13.18 24.16110.0 1111 0.060 33.6 28.28 1.03 0.52 14.14 25.14110.0 1372 0.090 32.0 34.74 1.55 0.28 17.37 28.60110.0 1482 0.120 30.3 37.33 2.06 0.04 18.66 30.14110.0 1561 0.158 28.2 39.05 2.72 ñ0.27 19.53 31.31110.0 1620 0.199 26 .1 40.24 3.41 ñ0.56 20.12 32.20110.0 1665 0.242 24.3 41.04 4.16 ñ0 .82 20.52 32.86110.0 1700 0.285 22.7 41.58 4.89 ñ1.05 20.79 33.36110.0 1739 0.325 21.5 42.23 5.58 ñ1.23 21.11 33.86110.0 1761 0.369 20.4 42.41 6 .34 ñ1.39 21.21 34.12110.0 1773 0.413 19.3 42.36 7.09 ñ1.54 21.18 34.24110.0 1779 0.454 18.4 42.18 7.79 ñ1.68 21.09 34.29110.0 1770 0.498 17.6 41.63 8.55 ñ1.79 20.81 34.12110.0 1753 0.541 17.0 40.89 9.29 ñ1.87 20.45 33.83110.0 1750 0.582 16 .7 40.50 10.00 ñ1.92 20.25 33.69110.0 1757 0.628 16 .6 40.31 10.78 ñ1.93 20.15 33.61110.0 1768 0.670 16 .5 40.24 11.50 ñ1.94 20.12 33.58110.0 1768 0.712 16 .5 39.90 12.23 ñ1.95 19.95 33.42110.0 1772 0.756 16 .5 39.65 12.98 ñ1.94 19.83 33.29110.0 1808 0.798 16 .8 40.12 13.70 ñ1.91 20.06 33.49110.0 1828 0.840 16 .8 40.23 14.42 ñ1.90 20.11 33.54110.0 1847 0.884 16 .8 40.29 15.18 ñ1.90 20.14 33.56110.0 1862 0.926 16 .9 40.27 15.90 ñ1.89 20.14 33.54110.0 1880 0.968 16 .9 40.31 16 .62 ñ1.88 20.16 33.56110.0 1941 1.095 17.1 40.53 18.80 ñ1.86 20.27 33.65110.0 1941 1.180 17.1 39.80 20.26 ñ1.86 19.90 33.28FIgure Då2.22



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953ñ11ñ1423 Sample Description: Lt Olive Brown Silty SandTest Pit : Eñ133A Avg . Dry Unit Weight (pcf) : 109.6Sample No.: 14 Avg . Initial Moisture Content (%) : 14.1Depth (ft) : 70.5 Confining Pressure: 40.0 , 60.0 , 80.0 psiASTM D4767

0510
152025
303540

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80NORMALSTRESS, P' (ksf)
SHEARSTRESS ,
q'(k sf)

Conf ining Pressure =40.0 ps i Conf ining Pressure =60.0 ps i Conf ining Pressure = 80.0 ps i0.05.010.015.020.025.030.035.040.045.050.0

0.0 5.0 10.0 15.0 20.0AXIALSTRAIN (Percent)
DEVIATORSTRE
SS(k sf)

y 3.0y2 .0y1.00.0
1.02.0
3.0

0.0 5.0 10.0 15.0 20.0AXIALSTRAIN (Percent)CHANGEINPORE
WATERPRESSURE
(k sf)

FIgure Då2.23



Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953ñ11ñ1423 Sample Description: Lt Olive Brown Silty SandTest Pit : Eñ133A Avg . Dry Unit Weight (pcf) : 109.6Sample No.: 14 Avg . Initial Moisture Content (%) : 14.1Depth (ft) : 70.5 Confining Pressures: 40.0 , 60.0 ,80.0 psiASTM D4767

C = 0.45 ksfC' = 0.25 ksf
=39°'=38°
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Failure Criteria : 5% Axial Strain
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Test Procedure : ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04&08&15Project No.: 4953&11&1423 Input Data by: KM Date: 04&17&15Test Pit : G&142 Reviewed by: AP Date: 04&17&15Sample No.: 3 Sample Description: Brown Lean Clay with sandDepth(ft) : 15.5Sample Type: Mod.Cal . Confining Pressure = 5.0 psiDiameter (in) 2.623 2.623 2.623 Avg. = 2.623Height (in) 5.721 5.721 5.721 Avg. = 5.721BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.404 5.404Moisture Content (%) 14.64 19.87Wet Weight (gms) 15.82 1238.18Dry Weight (gms) 14.13 1057.63Container Weight (gms) 2.59 149.20Density and SaturationWet Weight (gms) 1079.47Container Weight (gms) 0.00Wet Density (pcf) 133.0Dry Density (pcf) 116.0Initial Void Ratio 0.452% Saturation 87.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 35.0 Initial Burette Ht.(cm)= 0.0Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 0.0Eff . Consol . Stress (psi) = 5.0 Final Height (in)= 5.721Induced OCR = 1.0 Initial Volume (cu.in)= 30.914Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 30.914Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 4.90Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 0.55Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 5.45Axial Strain (%) = 5.19FIgure DÌ2.25



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04ì08ì15Project No.: 4953ì11ì1423 Input Data by: KM Date: 04ì17ì15Test Pit : Gì142 Reviewed by: AP Date: 04ì17ì15Sample No.: 3 Sample Description: Brown Lean Clay with sandDepth(ft) : 15.5Sample Type: Mod.Cal . Confining Pressure = 15.0 psiDiameter (in) 2.623 2.623 2.623 Avg. = 2.623Height (in) 5.721 5.721 5.721 Avg. = 5.721BEFORE CONSOL IDATION AFTER CONSOL IDATIONArea (in² ) 5.404 5.664Moisture Content (%) 14.64 19.87Wet Weight (gms) 15.82 1238 .18Dry Weight (gms) 14.13 1057.63Container Weight (gms) 2.59 149.20Density and SaturationWet Weight (gms) 1079.47Container Weight (gms) 0.00Wet Density (pcf) 133.0Dry Density (pcf) 116.0InitialVoid Ratio 0.452% Saturation 87.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 45.0 Initial Burette Ht.(cm)= 88 .3Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 84.6Eff . Consol . Stress (psi) = 15.0 Final Height (in)= 5.715Induced OCR= 1.0 Initial Volume (cu.in)= 30.914Change in Ht. of Specimen (in) = 0.0060 Final Volume (cu.in) = 30.688Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 6.56Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 1.36Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 7.92Axial Strain (%) = 4.76FIgure DÌ2.26



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04ì08ì15Project No.: Input Data by: KM Date: 04ì17ì15Test Pit : Gì142 Reviewed by: AP Date: 04ì17ì15Sample No.: 3 Sample Description: Brown Lean Clay with sandDepth(ft) : 15.5Sample Type: Mod.Cal . Confining Pressure = 30.0 psiDiameter (in) 2.623 2.623 2.623 Avg. = 2.623Height (in) 5.721 5.721 5.721 Avg. = 5.721BEFORE CONSOL IDATION AFTER CONSOL IDATIONArea (in² ) 5.404 5.621Moisture Content (%) 14.64 19.87Wet Weight (gms) 15.82 1238 .18Dry Weight (gms) 14.13 1057.63Container Weight (gms) 2.59 149.20Density and SaturationWet Weight (gms) 1079.47Container Weight (gms) 0.00Wet Density (pcf) 133.0Dry Density (pcf) 116.0InitialVoid Ratio 0.452% Saturation 87.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 60.0 Initial Burette Ht.(cm)= 85.2Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 80.4Eff . Consol . Stress (psi) = 30.0 Final Height (in)= 5.720Induced OCR = 1.0 Initial Volume (cu.in)= 30.914Change in Ht. of Specimen (in) = 0.0010 Final Volume (cu.in) = 30.621Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 9.53Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.72Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 13.25Axial Strain (%) = 14.84

4953ì11ì1423
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Project Name: Wests ide Subway Extens ion Ce ll Pressure: 35.0 ps iProject No: 4953?11?1423 Back Pressure : 30.0 ps iTest Pit : G?142 Conso lidat ion Pressure : 5.0 ps iDepth(ft ): 15.5 Init ial Sample Height : 5.721 inSample No.: 3 Init ial A reaof Sample : 5.404 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.721 inSample Descript ion: Brown Lean Clay with sand Final Sample Area (A)* : 5.404 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1?S3) (S1?S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )35.0 0 0.000 30.0 0.00 0.00 0.00 0.00 0.7235.0 27 0.005 30.8 0.72 0.08 0.11 0.36 0.9735.0 47 0.012 31.4 1.25 0.21 0.19 0.62 1.1535.0 57 0.019 31.7 1.51 0.32 0.24 0.76 1.2435.0 64 0.026 31.9 1.70 0.45 0.27 0.85 1.3035.0 70 0.033 32.1 1.85 0.57 0.29 0.93 1.3535.0 75 0.040 32.2 1.98 0.70 0.31 0.99 1.4035.0 80 0.047 32.3 2.11 0.82 0.32 1.06 1.4535.0 83 0.055 32.4 2.19 0.96 0.33 1.10 1.4835.0 88 0.062 32.4 2.32 1.08 0.34 1.16 1.5435.0 92 0.069 32.4 2.42 1.21 0.35 1.21 1.5935.0 95 0.076 32.5 2.50 1.32 0.35 1.25 1.6235.0 99 0.084 32.5 2.60 1.46 0.35 1.30 1.6735.0 102 0.090 32.5 2.68 1.57 0.35 1.34 1.7135.0 106 0.096 32.5 2.78 1.68 0.35 1.39 1.7635.0 110 0.104 32.5 2.88 1.82 0.35 1.44 1.8135.0 113 0.111 32.5 2.95 1.94 0.35 1.48 1.8535.0 117 0.118 32.4 3.05 2.07 0.35 1.53 1.9035.0 120 0.125 32.4 3.13 2.18 0.34 1.56 1.9435.0 124 0.132 32.4 3.23 2.31 0.34 1.61 1.9935.0 127 0.140 32.4 3.30 2.44 0.34 1.65 2.0435.0 131 0.147 32.3 3.40 2.57 0.33 1.70 2.0935.0 134 0.154 32.3 3.48 2.68 0.32 1.74 2.1335.0 137 0.161 32.2 3.55 2.81 0.32 1.77 2.1835.0 141 0.168 32.2 3.65 2.93 0.31 1.82 2.2335.0 144 0.175 32.2 3.72 3.06 0.31 1.86 2.2735.0 148 0.182 32.1 3.82 3.18 0.30 1.91 2.3335.0 151 0.189 32.1 3.89 3.31 0.30 1.95 2.3735.0 154 0.197 32.1 3.96 3.43 0.29 1.98 2.4135.0 158 0.203 32.0 4.06 3.55 0.29 2.03 2.4635.0 166 0.224 31.9 4.25 3.92 0.26 2.13 2.5835.0 175 0.246 31.7 4.46 4.30 0.24 2.23 2.7235.0 184 0.268 31.5 4.67 4.69 0.21 2.34 2.8535.0 192 0.290 31.3 4.86 5.06 0.18 2.43 2.9735.0 194 0.297 31.2 4.90 5.19 0.17 2.45 3.00FIgure DÌ2.28



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 45.0 ps iProject No: 4953?11?1423 Back Pressure : 30.0 ps iTest Pit : G?142 Conso lidat ion Pressure : 15.0 ps iDepth(ft ): 15.5 Init ial Sample Height : 5.721 inSample No.: 3 Init ial A reaof Sample : 5.404 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.715 inSample Descript ion: Brown Lean Clay with sand Final Sample Area (A)* : 5.664 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1?S3) (S1?S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )45.0 0 0.005 30.0 0.00 0.09 0.00 0.00 2.1645.0 18 0.002 30.9 0.46 0.03 0.14 0.23 2.2545.0 56 0.009 32.6 1.42 0.16 0.37 0.71 2.5045.0 76 0.017 33.3 1.93 0.29 0.48 0.96 2.6445.0 92 0.024 33.9 2.33 0.42 0.57 1.16 2.7645.0 106 0.032 34.4 2.68 0.55 0.64 1.34 2.8645.0 119 0.038 34.8 3.01 0.67 0.70 1.50 2.9645.0 132 0.045 35.2 3.33 0.79 0.75 1.66 3.0745.0 144 0.053 35.6 3.63 0.92 0.80 1.81 3.1745.0 155 0.060 35.9 3.90 1.05 0.85 1.95 3.2645.0 167 0.066 36 .1 4.20 1.16 0.89 2.10 3.3745.0 178 0.073 36 .4 4.47 1.28 0.92 2.23 3.4845.0 187 0.080 36 .5 4.69 1.40 0.94 2.34 3.5645.0 195 0.087 36 .7 4.88 1.52 0.96 2.44 3.6445.0 202 0.094 36 .8 5.05 1.65 0.97 2.53 3.7145.0 207 0.100 36 .8 5.17 1.75 0.98 2.59 3.7645.0 212 0.108 36 .8 5.29 1.88 0.98 2.64 3.8245.0 217 0.115 36 .8 5.41 2.02 0.98 2.70 3.8845.0 221 0.123 36 .8 5.50 2.15 0.98 2.75 3.9345.0 225 0.130 36 .8 5.59 2.27 0.98 2.80 3.9845.0 228 0.137 36 .7 5.66 2.39 0.97 2.83 4.0245.0 231 0.144 36 .7 5.72 2.53 0.97 2.86 4.0645.0 234 0.151 36 .6 5.79 2.65 0.96 2.90 4.1045.0 237 0.159 36 .6 5.86 2.78 0.95 2.93 4.1445.0 240 0.166 36 .5 5.92 2.90 0.94 2.96 4.1845.0 242 0.173 36 .5 5.97 3.03 0.94 2.98 4.2145.0 245 0.180 36 .4 6 .03 3.15 0.93 3.02 4.2545.0 247 0.188 36 .4 6 .07 3.28 0.92 3.04 4.2845.0 249 0.194 36 .4 6 .12 3.40 0.93 3.06 4.2945.0 252 0.201 36 .3 6 .18 3.51 0.90 3.09 4.3545.0 254 0.208 36 .2 6 .22 3.64 0.90 3.11 4.3845.0 260 0.229 36 .0 6 .35 4.00 0.86 3.17 4.4745.0 266 0.251 35.8 6 .47 4.38 0.83 3.23 4.5645.0 271 0.272 35.5 6 .56 4.76 0.80 3.28 4.6445.0 268 0.293 35.1 6 .46 5.12 0.74 3.23 4.65FIgure DÌ2.29



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 60.0 ps iProject No: 4953?11?1423 Back Pressure : 30.0 ps iTest Pit : G?142 Conso lidat ion Pressure : 30.0 ps iDepth(ft ): 15.5 Init ial Sample Height : 5.721 inSample No.: 3 Init ial A reaof Sample : 5.404 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.720 inSample Descript ion: Brown Lean Clay with sand Final Sample Area (A)* : 5.621 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1?S3) (S1?S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )60.0 0 0.000 30.0 0.00 0.00 0.00 0.00 4.3260.0 69 0.006 34.3 1.77 0.10 0.62 0.88 4.5860.0 103 0.012 35.9 2.63 0.21 0.85 1.32 4.7960.0 130 0.018 37.3 3.32 0.31 1.05 1.66 4.9360.0 146 0.024 38.1 3.72 0.42 1.17 1.86 5.0260.0 164 0.030 38.9 4.18 0.52 1.28 2.09 5.1360.0 183 0.036 39.7 4.66 0.63 1.40 2.33 5.2560.0 195 0.042 40.2 4.96 0.73 1.47 2.48 5.3360.0 212 0.048 40.9 5.39 0.84 1.57 2.69 5.4460.0 225 0.054 41.4 5.71 0.94 1.64 2.85 5.5360.0 238 0.060 41.8 6 .03 1.05 1.70 3.02 5.6460.0 290 0.090 42.9 7.31 1.57 1.86 3.66 6 .1260.0 312 0.120 43.0 7.83 2.10 1.88 3.91 6 .3660.0 331 0.172 42.9 8.22 3.01 1.85 4.11 6 .5860.0 344 0.217 42.4 8.48 3.79 1.79 4.24 6 .7760.0 354 0.263 41.7 8.65 4.59 1.68 4.33 6 .9760.0 363 0.308 41.0 8.80 5.38 1.58 4.40 7.1460.0 371 0.352 40.4 8.92 6 .15 1.49 4.46 7.2960.0 380 0.399 39.8 9.06 6 .97 1.41 4.53 7.4460.0 386 0.443 39.2 9.12 7.75 1.33 4.56 7.5560.0 394 0.488 38.7 9.23 8.53 1.26 4.62 7.6860.0 401 0.534 38.1 9.31 9.33 1.17 4.66 7.8160.0 406 0.578 37.6 9.35 10.11 1.09 4.67 7.9060.0 412 0.624 37.1 9.40 10.91 1.02 4.70 8.0160.0 416 0.670 36 .5 9.41 11.70 0.93 4.70 8.0960.0 423 0.713 35.9 9.48 12.47 0.85 4.74 8.2160.0 428 0.760 35.3 9.51 13.28 0.77 4.75 8.3060.0 433 0.805 34.8 9.53 14.07 0.69 4.77 8.4060.0 437 0.849 34.2 9.53 14.84 0.60 4.77 8.4960.0 441 0.895 33.6 9.53 15.65 0.52 4.76 8.5760.0 444 0.940 33.1 9.51 16 .43 0.44 4.75 8.6360.0 449 0.984 32.5 9.52 17.20 0.36 4.76 8.7260.0 453 1.029 32.2 9.52 17.99 0.31 4.76 8.7760.0 457 1.074 31.9 9.51 18.77 0.27 4.75 8.8160.0 458 1.100 31.6 9.48 19.23 0.23 4.74 8.83FIgure DÌ2.30



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953ì11ì1423 Sample Description: Brown Lean Clay with sandTest Pit : Gì142 Avg . Dry Unit Weight (pcf) : 116 .0Sample No.: 3 Avg . Initial Moisture Content (%) : 14.6Depth (ft) : 15.5 Confining Pressure: 5.0 , 15.0 ,30.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953ì11ì1423 Sample Description: Brown Lean Clay with sandTest Pit : Gì142 Avg . Dry Unit Weight (pcf) : 116 .0Sample No.: 3 Avg . Initial Moisture Content (%) : 14.6Depth (ft) : 15.5 Confining Pressures: 5.0 , 15.0 , 30.0 psiASTM D 4767

C = 1.40 ksfC' = 1.25 ksf =22°'=25°
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a= 0.70 ksf
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q'(k sf) Conf ining Pressure = 5.0 ps iConf ining Pressure = 15.0 ps iConf ining Pressure = 30.0 ps i

Failure Criteria : 5% Axial Strain

FIgure DÌ2.32



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04õ08õ15Project No.: 4953õ11õ1423 Input Data by: KM Date: 04õ17õ15Test Pit : Gõ142 Reviewed by: AP Date: 04õ17õ15Sample No.: 9 Sample Description: Olive Brown Fat ClayDepth(ft) : 43Sample Type: Mod.Cal . Confining Pressure = 25.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.710 5.710 5.710 Avg. = 5.710BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.371 5.371Moisture Content (%) 18.21 24 .20Wet Weight (gms) 83.89 1214 .25Dry Weight (gms) 78.68 1012.68Container Weight (gms) 50.07 179.79Density and SaturationWet Weight (gms) 1025.54Container Weight (gms) 0.00Wet Density (pcf) 127 .4Dry Density (pcf) 107 .8Initial Void Ratio 0.563% Saturation 87 .3 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 55.0 Initial Burette Ht .(cm)= 0.0Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 0.0Eff . Consol .Stress (psi) = 25.0 Final Height (in)= 5.710Induced OCR = 1.0 Initial Volume (cu .in)= 30.667Change in Ht . of Specimen (in) = 0.0000 Final Volume (cu .in) = 30.667Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 8.92Time to 50% primary Consolidation (min) = 15 Eff.Minor Principal stress (ksf) = 2.10Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 11.01Axial Strain (%) = 5.25FIgure Dc2.33



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04õ08õ15Project No.: 4953õ11õ1423 Input Data by: KM Date: 04õ17õ15Test Pit : Gõ142 Reviewed by: AP Date: 04õ17õ15Sample No.: 9 Sample Description: Olive Brown ClayDepth(ft) : 43Sample Type: Mod.Cal . Confining Pressure = 35.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.710 5.710 5.710 Avg. = 5.710BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.371 5.633Moisture Content (%) 18.21 24 .20Wet Weight (gms) 83.89 1214 .25Dry Weight (gms) 78.68 1012.68Container Weight (gms) 50.07 179.79Density and SaturationWet Weight (gms) 1025.54Container Weight (gms) 0.00Wet Density (pcf) 127 .4Dry Density (pcf) 107 .8Initial Void Ratio 0.563% Saturation 87 .3 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 65.0 Initial Burette Ht .(cm)= 88.3Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 84 .6Eff. Consol .Stress (psi) = 35.0 Final Height (in)= 5.704Induced OCR= 1.0 Initial Volume (cu .in)= 30.667Change in Ht . of Specimen (in) = 0.0060 Final Volume (cu .in) = 30.441Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 10.47Time to 50% primary Consolidation = 15 Eff.Minor Principal stress (ksf) = 3.51Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 13.98Axial Strain (%) = 5.19FIgure Dc2.34



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 04õ08õ15Project No.: Input Data by: KM Date: 04õ17õ15Test Pit : Gõ142 Reviewed by: AP Date: 04õ17õ15Sample No.: 9 Sample Description: Olive Brown ClayDepth(ft) : 43Sample Type: Mod.Cal . Confining Pressure = 45.0 psiDiameter (in) 2.615 2.615 2.615 Avg. = 2.615Height (in) 5.710 5.710 5.710 Avg. = 5.710BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.371 5.612Moisture Content (%) 18.21 24 .20Wet Weight (gms) 83.89 1214 .25Dry Weight (gms) 78.68 1012.68Container Weight (gms) 50.07 179.79Density and SaturationWet Weight (gms) 1025.54Container Weight (gms) 0.00Wet Density (pcf) 127 .4Dry Density (pcf) 107 .8Initial Void Ratio 0.563% Saturation 87 .3 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 75.0 Initial Burette Ht .(cm)= 85.2Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 80.4Eff. Consol .Stress (psi) = 45.0 Final Height (in)= 5.709Induced OCR = 1.0 Initial Volume (cu .in)= 30.667Change in Ht . of Specimen (in) = 0.0010 Final Volume (cu .in) = 30.374Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 13.20Time to 50% primary Consolidation = 15 Eff.Minor Principal stress (ksf) = 5.53Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 18.73Axial Strain (%) = 7 .97

4953õ11õ1423

FIgure Dc2.35



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 55.0 ps iProject No: 4953�11�1423 Back Pressure : 30.0 ps iTest Pit : G�142 Conso lidat ion Pressure : 25.0 ps iDepth(ft ): 43 Init ial Sample Height : 5.710 inSample No.: 9 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.710 inSample Descript ion: Olive Brown Clay Final Sample Area (A)* : 5.371 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1�S3) (S1�S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )55.0 0 0.000 30.1 0.00 0.00 0.00 0.00 3.6055.0 44 0.004 32.2 1.18 0.07 0.30 0.59 3.8955.0 72 0.010 33.5 1.93 0.18 0.49 0.96 4.0855.0 92 0.017 34.5 2.46 0.30 0.64 1.23 4.1955.0 109 0.024 35.4 2.91 0.42 0.77 1.46 4.2855.0 124 0.031 36 .3 3.31 0.54 0.89 1.65 4.3655.0 138 0.038 37 .0 3.68 0.66 1.00 1.84 4.4455.0 150 0.045 37 .6 3.99 0.78 1.09 2.00 4.5155.0 161 0.052 38.2 4.28 0.90 1.17 2.14 4.5755.0 172 0.059 38.7 4.56 1.04 1.24 2.28 4.6455.0 181 0.066 39.1 4.80 1.16 1.31 2.40 4.6955.0 191 0.073 39.5 5.06 1.27 1.36 2.53 4.7755.0 200 0.080 39.8 5.29 1.40 1.41 2.64 4.8455.0 209 0.087 40.1 5.52 1.52 1.45 2.76 4.9155.0 217 0.093 40.4 5.72 1.64 1.48 2.86 4.9855.0 224 0.100 40.6 5.90 1.75 1.51 2.95 5.0455.0 231 0.108 40.8 6 .08 1.89 1.54 3.04 5.1055.0 238 0.115 40.9 6 .25 2.02 1.57 3.13 5.1655.0 244 0.123 41.1 6 .40 2.15 1.59 3.20 5.2255.0 251 0.129 41.2 6 .58 2.26 1.60 3.29 5.2955.0 257 0.136 41.3 6 .73 2.39 1.62 3.36 5.3555.0 264 0.144 41.4 6 .90 2.52 1.63 3.45 5.4255.0 270 0.151 41.4 7 .05 2.64 1.64 3.52 5.4955.0 276 0.158 41.5 7 .20 2.77 1.64 3.60 5.5555.0 282 0.164 41.5 7 .34 2.87 1.65 3.67 5.6255.0 289 0.171 41.5 7 .52 3.00 1.65 3.76 5.7155.0 294 0.178 41.5 7 .64 3.12 1.65 3.82 5.7755.0 299 0.185 41.5 7 .76 3.25 1.65 3.88 5.8355.0 304 0.192 41.5 7 .88 3.37 1.65 3.94 5.8955.0 310 0.199 41.5 8.02 3.49 1.64 4.01 5.9755.0 315 0.206 41.5 8.14 3.60 1.64 4.07 6 .0355.0 320 0.213 41.4 8.26 3.72 1.63 4.13 6 .1055.0 331 0.234 41.2 8.51 4.10 1.61 4.26 6 .2555.0 341 0.257 41.0 8.73 4.50 1.58 4.37 6 .3955.0 351 0.300 40.5 8.92 5.25 1.50 4.46 6 .55FIgure Dc2.36



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 65.0 ps iProject No: 4953�11�1423 Back Pressure : 30.0 ps iTest Pit : G�142 Conso lidat ion Pressure : 35.0 ps iDepth(ft ): 43 Init ial Sample Height : 5.710 inSample No.: 9 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.704 inSample Descript ion: Olive Brown Clay Final Sample Area (A)* : 5.633 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1�S3) (S1�S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )65.0 1 0.000 30.0 0.03 0.00 0.00 0.01 5.0565.0 34 0.002 31.6 0.87 0.04 0.22 0.43 5.2565.0 86 0.008 33.9 2.20 0.13 0.56 1.10 5.5765.0 120 0.014 35.5 3.06 0.25 0.78 1.53 5.7965.0 145 0.021 36 .7 3.69 0.37 0.96 1.85 5.9365.0 167 0.028 37 .7 4.25 0.49 1.10 2.12 6 .0665.0 187 0.035 38.5 4.75 0.62 1.23 2.38 6 .1965.0 205 0.041 39.3 5.20 0.73 1.33 2.60 6 .3165.0 223 0.049 39.9 5.65 0.85 1.43 2.83 6 .4465.0 241 0.055 40.5 6 .10 0.96 1.51 3.05 6 .5865.0 258 0.062 41.0 6 .52 1.09 1.59 3.26 6 .7265.0 275 0.069 41.5 6 .95 1.21 1.65 3.47 6 .8665.0 291 0.075 41.9 7 .34 1.32 1.71 3.67 7 .0065.0 306 0.082 42.3 7 .71 1.44 1.76 3.86 7 .1365.0 321 0.089 42.5 8.08 1.56 1.80 4.04 7 .2865.0 334 0.095 42.7 8.40 1.67 1.83 4.20 7 .4165.0 345 0.103 42.9 8.66 1.80 1.85 4.33 7 .5265.0 354 0.109 42.9 8.88 1.92 1.86 4.44 7 .6265.0 361 0.116 43.0 9.04 2.04 1.86 4.52 7 .7065.0 367 0.124 42.9 9.18 2.17 1.86 4.59 7 .7765.0 373 0.131 42.9 9.32 2.30 1.86 4.66 7 .8465.0 377 0.139 42.9 9.40 2.44 1.85 4.70 7 .8965.0 382 0.146 42.8 9.52 2.56 1.84 4.76 7 .9665.0 386 0.153 42.7 9.60 2.68 1.83 4.80 8.0165.0 390 0.160 42.6 9.69 2.81 1.82 4.85 8.0765.0 394 0.167 42.6 9.78 2.93 1.81 4.89 8.1265.0 397 0.174 42.5 9.84 3.05 1.79 4.92 8.1765.0 400 0.181 42.4 9.90 3.17 1.78 4.95 8.2165.0 403 0.188 42.3 9.96 3.29 1.77 4.98 8.2665.0 411 0.209 42.0 10.12 3.66 1.73 5.06 8.3765.0 418 0.229 41.7 10.26 4.02 1.68 5.13 8.4865.0 422 0.252 41.4 10.31 4.42 1.63 5.16 8.5665.0 427 0.274 41.0 10.39 4.81 1.58 5.20 8.6565.0 432 0.296 40.6 10.47 5.19 1.53 5.24 8.75FIgure Dc2.37



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 75.0 ps iProject No: 4953�11�1423 Back Pressure : 30.0 ps iTest Pit : G�142 Conso lidat ion Pressure : 45.0 ps iDepth(ft ): 43 Init ial Sample Height : 5.710 inSample No.: 9 Init ial A reaof Sample : 5.371 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.709 inSample Descript ion: Olive Brown Clay Final Sample Area (A)* : 5.612 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1�S3) (S1�S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )75.0 0 0.000 30.0 0.00 0.00 0.00 0.00 6 .4875.0 99 0.006 32.3 2.54 0.11 0.33 1.27 7 .4275.0 153 0.012 33.9 3.92 0.21 0.57 1.96 7 .8775.0 190 0.018 35.2 4.85 0.32 0.75 2.43 8.1575.0 219 0.024 36 .2 5.58 0.42 0.90 2.79 8.3775.0 245 0.030 37 .2 6 .25 0.53 1.04 3.13 8.5775.0 269 0.036 38.1 6 .86 0.63 1.16 3.43 8.7575.0 293 0.042 38.9 7 .47 0.74 1.28 3.73 8.9475.0 317 0.048 39.7 8.08 0.84 1.39 4.04 9.1275.0 337 0.054 40.3 8.56 0.95 1.48 4.28 9.2875.0 359 0.060 40.9 9.11 1.05 1.57 4.56 9.4675.0 439 0.090 42.9 11.09 1.58 1.86 5.55 10.1775.0 486 0.120 42.7 12.22 2.10 1.83 6 .11 10.7675.0 513 0.178 41.6 12.75 3.11 1.67 6 .38 11.1875.0 526 0.223 40.8 12.96 3.90 1.55 6 .48 11.4175.0 534 0.271 39.9 13.04 4.75 1.43 6 .52 11.5775.0 542 0.317 39.1 13.13 5.55 1.31 6 .56 11.7375.0 547 0.363 38.4 13.15 6 .35 1.20 6 .58 11.8575.0 553 0.410 37 .5 13.17 7 .19 1.08 6 .59 11.9975.0 559 0.455 36 .6 13.20 7 .97 0.95 6 .60 12.1375.0 562 0.503 35.7 13.16 8.80 0.82 6 .58 12.2475.0 565 0.550 34.8 13.09 9.63 0.69 6 .55 12.3475.0 568 0.595 34.0 13.06 10.42 0.58 6 .53 12.4375.0 568 0.643 33.5 12.94 11.25 0.50 6 .47 12.4575.0 566 0.689 32.8 12.77 12.07 0.40 6 .38 12.4775.0 560 0.735 31.9 12.52 12.88 0.27 6 .26 12.4775.0 554 0.783 30.9 12.27 13.72 0.14 6 .14 12.4875.0 549 0.829 30.2 12.03 14.52 0.03 6 .02 12.4775.0 545 0.876 29.4 11.84 15.34 õ0.08 5.92 12.4875.0 544 0.922 28.7 11.70 16 .16 õ0 .19 5.85 12.5275.0 543 0.968 27 .9 11.57 16 .95 õ0.31 5.78 12.5775.0 541 1.016 27 .1 11.40 17 .79 õ0.42 5.70 12.6075.0 543 1.062 26 .3 11.34 18.60 õ0.53 5.67 12.6875.0 542 1.108 25.5 11.20 19.41 õ0.65 5.60 12.73FIgure Dc2.38



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953õ11õ1423 Sample Description: Olive Brown ClayTest Pit : Gõ142 Avg . Dry Unit Weight (pcf) : 107 .8Sample No.: 9 Avg . Initial Moisture Content (%) : 18.2Depth (ft) : 43 Confining Pressure: 25.0 ,35.0 , 45.0 psiASTM D4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953õ11õ1423 Sample Description: Olive Brown ClayTest Pit : Gõ142 Avg . Dry Unit Weight (pcf) : 107 .8Sample No.: 9 Avg . Initial Moisture Content (%) : 18.2Depth (ft) : 43 Confining Pressures: 25.0 , 35.0 ,45.0 psiASTM D4767

C = 1.25 ksfC' = 2.10 ksf
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q'(k sf) Conf ining Pressure =25.0 ps iConf ining Pressure = 35.0 ps iConf ining Pressure =45.0 ps i

Failure Criteria : 5% Axial Strain

FIgure Dc2.40



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05=04=15Project No.: 4953=11=1423 Input Data by: KM Date: 05=14=15Boring No.: G=413 Reviewed by: AP Date: 05=14=15Sample No.: 4 Sample Description: Brown Lean Clay w/sandDepth(ft) : 18.5Sample Type: Mod.Cal . Confining Pressure = 5.0 psiDiameter (in) 2.618 2.618 2.618 Avg. = 2.618Height (in) 5.812 5.812 5.812 Avg. = 5.812BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.383 5.383Moisture Content (%) 20.62 22.73Wet Weight (gms) 65.60 1197.99Dry Weight (gms) 62.88 1002.46Container Weight (gms) 49.69 142.12Density and SaturationWet Weight (gms) 1049.16Container Weight (gms) 0.00Wet Density (pcf) 127.7Dry Density (pcf) 105.9Initial Void Ratio 0.591% Saturation 94.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 35.0 Initial Burette Ht.(cm)= 0.0Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 0.0Eff . Consol . Stress (psi) = 5.0 Final Height (in)= 5.812Induced OCR = 1.0 Initial Volume (cu.in)= 31.286Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 31.286Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 3.48Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 0.55Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 4.02Axial Strain (%) = 5.16FIgure Dc2.41



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05=04=15Project No.: 4953=11=1423 Input Data by: KM Date: 05=14=15Boring No.: G=413 Reviewed by: AP Date: 05=14=15Sample No.: 4 Sample Description: Brown Lean Clay w/sandDepth(ft) : 18.5Sample Type: Mod.Cal . Confining Pressure = 15.0 psiDiameter (in) 2.618 2.618 2.618 Avg. = 2.618Height (in) 5.812 5.812 5.812 Avg. = 5.812BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.383 5.598Moisture Content (%) 20.62 22.73Wet Weight (gms) 65.60 1197.99Dry Weight (gms) 62.88 1002.46Container Weight (gms) 49.69 142.12Density and SaturationWet Weight (gms) 1049.16Container Weight (gms) 0.00Wet Density (pcf) 127.7Dry Density (pcf) 105.9Initial Void Ratio 0.591% Saturation 94.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 45.0 Initial Burette Ht.(cm)= 75.3Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 68.2Eff . Consol . Stress (psi) = 15.0 Final Height (in)= 5.812Induced OCR= 1.0 Initial Volume (cu.in)= 31.286Change in Ht. of Specimen (in) = 0.0003 Final Volume (cu.in) = 30.853Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 5.34Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 1.34Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 6.69Axial Strain (%) = 5.13FIgure Dc2.42



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05=04=15Project No.: Input Data by: KM Date: 05=14=15Boring No.: G=413 Reviewed by: AP Date: 05=14=15Sample No.: 4 Sample Description: Brown Lean Clay w/sandDepth(ft) : 18.5Sample Type: Mod.Cal . Confining Pressure = 25.0 psiDiameter (in) 2.618 2.618 2.618 Avg. = 2.618Height (in) 5.812 5.812 5.812 Avg. = 5.812BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.383 5.622Moisture Content (%) 20.62 22.73Wet Weight (gms) 65.60 1197.99Dry Weight (gms) 62.88 1002.46Container Weight (gms) 49.69 142.12Density and SaturationWet Weight (gms) 1049.16Container Weight (gms) 0.00Wet Density (pcf) 127.7Dry Density (pcf) 105.9Initial Void Ratio 0.591% Saturation 94.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 55.0 Initial Burette Ht.(cm)= 85.2Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 80.4Eff . Consol . Stress (psi) = 25.0 Final Height (in)= 5.811Induced OCR = 1.0 Initial Volume (cu.in)= 31.286Change in Ht. of Specimen (in) = 0.0010 Final Volume (cu.in) = 30.993Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 7.44Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.24Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 10.68Axial Strain (%) = 18.89

4953=11=1423

FIgure Dc2.43



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 35.0 ps iProject No: 4953Ä11Ä1423 Back Pressure : 30.0 ps iBoring No.: GÄ413 Conso lidat ion Pressure : 5.0 ps iDepth(ft ): 18.5 Init ial Sample Height : 5.812 inSample No.: 4 Init ial A reaof Sample : 5.383 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.812 inSample Descript ion: Brown Lean Clay w/sand Final Sample Area (A)* : 5.383 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1ÄS3) (S1ÄS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )35.0 0 0.000 30.0 0.00 0.00 0.00 0.00 0.7235.0 28 0.006 31.0 0.75 0.11 0.14 0.37 0.9635.0 39 0.013 31.5 1.04 0.22 0.20 0.52 1.0435.0 45 0.020 31.7 1.20 0.34 0.24 0.60 1.0835.0 50 0.027 31.9 1.33 0.46 0.27 0.67 1.1135.0 54 0.034 32.1 1.44 0.58 0.30 0.72 1.1435.0 57 0.041 32.2 1.51 0.70 0.31 0.76 1.1635.0 60 0.048 32.3 1.59 0.83 0.33 0.80 1.1935.0 62 0.055 32.4 1.64 0.94 0.34 0.82 1.2135.0 65 0.061 32.4 1.72 1.06 0.34 0.86 1.2435.0 68 0.068 32.4 1.80 1.18 0.35 0.90 1.2735.0 70 0.075 32.4 1.85 1.29 0.35 0.92 1.3035.0 73 0.081 32.4 1.93 1.39 0.35 0.96 1.3435.0 75 0.088 32.4 1.98 1.51 0.35 0.99 1.3635.0 77 0.095 32.4 2.03 1.63 0.34 1.01 1.3935.0 80 0.103 32.4 2.10 1.76 0.34 1.05 1.4335.0 82 0.110 32.4 2.15 1.90 0.34 1.08 1.4635.0 84 0.118 32.3 2.20 2.03 0.33 1.10 1.4935.0 86 0.126 32.3 2.25 2.16 0.33 1.13 1.5235.0 89 0.133 32.3 2.33 2.29 0.32 1.16 1.5635.0 91 0.141 32.2 2.38 2.42 0.32 1.19 1.5935.0 93 0.148 32.2 2.42 2.55 0.31 1.21 1.6235.0 95 0.155 32.2 2.47 2.67 0.31 1.24 1.6535.0 97 0.163 32.1 2.52 2.80 0.30 1.26 1.6835.0 99 0.170 32.1 2.57 2.93 0.29 1.29 1.7135.0 101 0.177 32.0 2.62 3.05 0.29 1.31 1.7435.0 104 0.184 32.0 2.69 3.17 0.28 1.35 1.7835.0 106 0.191 31.9 2.74 3.29 0.28 1.37 1.8235.0 108 0.198 31.9 2.79 3.41 0.27 1.40 1.8535.0 110 0.205 31.9 2.84 3.53 0.26 1.42 1.8835.0 117 0.226 31.7 3.01 3.89 0.24 1.50 1.9835.0 121 0.241 31.6 3.10 4.15 0.23 1.55 2.0435.0 127 0.264 31.5 3.24 4.54 0.21 1.62 2.1335.0 133 0.286 31.3 3.38 4.91 0.19 1.69 2.2335.0 137 0.300 31.2 3.48 5.16 0.17 1.74 2.29FIgure Dc2.44



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 45.0 ps iProject No: 4953Ä11Ä1423 Back Pressure : 30.0 ps iBoring No.: GÄ413 Conso lidat ion Pressure : 15.0 ps iDepth(ft ): 18.5 Init ial Sample Height : 5.812 inSample No.: 4 Init ial A reaof Sample : 5.383 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.812 inSample Descript ion: Brown Lean Clay w/sand Final Sample Area (A)* : 5.598 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1ÄS3) (S1ÄS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )45.0 0 0.000 30.0 0.00 0.00 0.00 0.00 2.1645.0 34 0.004 32.1 0.87 0.07 0.32 0.44 2.2845.0 55 0.010 33.3 1.41 0.17 0.48 0.71 2.3945.0 70 0.016 34.0 1.80 0.28 0.58 0.90 2.4745.0 83 0.023 34.6 2.13 0.40 0.67 1.06 2.5545.0 95 0.030 35.1 2.43 0.52 0.74 1.22 2.6345.0 106 0.036 35.5 2.71 0.62 0.80 1.35 2.7145.0 116 0.043 35.9 2.96 0.73 0.86 1.48 2.7845.0 125 0.050 36.2 3.19 0.86 0.90 1.59 2.8545.0 134 0.057 36.5 3.41 0.97 0.94 1.71 2.9345.0 142 0.064 36.7 3.61 1.10 0.97 1.81 3.0045.0 149 0.070 36.9 3.79 1.21 0.99 1.89 3.0645.0 155 0.077 36.9 3.93 1.32 1.01 1.97 3.1245.0 160 0.083 37.0 4.06 1.43 1.02 2.03 3.1745.0 164 0.090 37.0 4.15 1.55 1.02 2.08 3.2245.0 168 0.097 37.1 4.25 1.67 1.03 2.12 3.2645.0 171 0.104 37.1 4.32 1.79 1.02 2.16 3.3045.0 174 0.111 37.0 4.39 1.90 1.02 2.20 3.3345.0 177 0.118 37.0 4.46 2.03 1.02 2.23 3.3745.0 180 0.125 37.0 4.53 2.15 1.02 2.27 3.4145.0 182 0.133 37.0 4.57 2.29 1.01 2.29 3.4445.0 184 0.140 36.9 4.62 2.40 1.01 2.31 3.4645.0 187 0.147 36.9 4.69 2.53 1.00 2.34 3.5145.0 188 0.154 36.9 4.71 2.65 0.99 2.35 3.5245.0 190 0.161 36.8 4.75 2.77 0.99 2.38 3.5545.0 192 0.168 36.8 4.80 2.89 0.98 2.40 3.5845.0 194 0.176 36.7 4.84 3.02 0.97 2.42 3.6145.0 196 0.182 36.7 4.88 3.13 0.97 2.44 3.6445.0 198 0.189 36.6 4.93 3.26 0.96 2.46 3.6745.0 199 0.196 36.5 4.95 3.38 0.95 2.47 3.6845.0 207 0.225 36.3 5.12 3.87 0.91 2.56 3.8145.0 210 0.240 36.2 5.18 4.13 0.90 2.59 3.8545.0 214 0.262 36.0 5.26 4.52 0.87 2.63 3.9245.0 217 0.284 35.8 5.31 4.88 0.84 2.65 3.9845.0 219 0.298 35.6 5.34 5.13 0.82 2.67 4.01FIgure Dc2.45



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 55.0 ps iProject No: 4953Ä11Ä1423 Back Pressure : 30.0 ps iBoring No.: GÄ413 Conso lidat ion Pressure : 25.0 ps iDepth(ft ): 18.5 Init ial Sample Height : 5.812 inSample No.: 4 Init ial A reaof Sample : 5.383 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.811 inSample Descript ion: Brown Lean Clay w/sand Final Sample Area (A)* : 5.622 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1ÄS3) (S1ÄS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )55.0 0 0.000 30.0 0.00 0.00 0.00 0.00 3.6055.0 69 0.006 34.8 1.77 0.10 0.69 0.88 3.8055.0 97 0.012 36.4 2.48 0.21 0.92 1.24 3.9255.0 116 0.018 37.4 2.96 0.31 1.07 1.48 4.0155.0 133 0.024 38.2 3.39 0.41 1.19 1.70 4.1155.0 147 0.030 38.9 3.75 0.52 1.28 1.87 4.1955.0 161 0.036 39.5 4.10 0.62 1.37 2.05 4.2855.0 176 0.042 40.0 4.48 0.72 1.45 2.24 4.3955.0 188 0.048 40.5 4.78 0.83 1.51 2.39 4.4855.0 200 0.054 40.9 5.08 0.93 1.57 2.54 4.5755.0 211 0.060 41.2 5.35 1.03 1.61 2.67 4.6755.0 243 0.090 41.4 6.13 1.55 1.64 3.06 5.0255.0 255 0.120 41.0 6.40 2.07 1.59 3.20 5.2155.0 266 0.173 40.4 6.61 2.98 1.49 3.31 5.4155.0 275 0.219 39.8 6.78 3.76 1.41 3.39 5.5855.0 279 0.266 39.3 6.82 4.57 1.34 3.41 5.6755.0 286 0.311 38.8 6.93 5.35 1.26 3.47 5.8155.0 291 0.357 38.3 7.00 6.15 1.19 3.50 5.9155.0 294 0.405 37.8 7.01 6.97 1.12 3.50 5.9855.0 300 0.451 37.3 7.09 7.76 1.05 3.54 6.0955.0 303 0.497 36.8 7.10 8.56 0.98 3.55 6.1655.0 307 0.543 36.4 7.13 9.35 0.92 3.56 6.2455.0 312 0.589 36.2 7.18 10.14 0.89 3.59 6.3055.0 314 0.637 35.7 7.16 10.96 0.82 3.58 6.3655.0 319 0.683 35.2 7.21 11.75 0.75 3.61 6.4555.0 323 0.729 34.8 7.24 12.54 0.69 3.62 6.5355.0 327 0.775 34.5 7.26 13.34 0.64 3.63 6.5955.0 332 0.821 34.2 7.30 14.13 0.61 3.65 6.6455.0 336 0.867 33.9 7.32 14.93 0.57 3.66 6.6955.0 341 0.914 33.6 7.36 15.73 0.52 3.68 6.7655.0 346 0.959 33.4 7.40 16.50 0.49 3.70 6.8155.0 349 1.006 33.1 7.39 17.31 0.44 3.70 6.8555.0 353 1.052 32.8 7.40 18.11 0.40 3.70 6.9055.0 358 1.098 32.5 7.44 18.89 0.36 3.72 6.9655.0 361 1.145 32.2 7.43 19.70 0.32 3.71 6.99FIgure Dc2.46



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953=11=1423 Sample Description: Brown Lean Clay w/sandBoring No.: G=413 Avg. Dry Unit Weight (pcf) : 105.9Sample No.: 4 Avg. Initial Moisture Content (%): 20.6Depth (ft) : 18.5 Confining Pressure: 5.0, 15.0, 25.0 psiASTM D4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953=11=1423 Sample Description: Brown Lean Clay w/sandBoring No.: G=413 Avg. Dry Unit Weight (pcf) : 105.9Sample No.: 4 Avg. Initial Moisture Content (%): 20.6Depth (ft) : 18.5 Confining Pressures: 5.0, 15.0, 25.0 psiASTM D4767

C = 0.75 ksfC' = 0.70 ksf
=25°'=30°
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= 26°
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Failure Criteria : 5% Axial Strain

FIgure Dc2.48



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05�04�15Project No.: 4953�11�1423 Input Data by: KM Date: 05�14�15Boring No.: G�413 Reviewed by: AP Date: 05�14�15Sample No.: 6 Sample Description: Olive Brown Sandy Lean ClayDepth(ft) : 24.5Sample Type: Mod.Cal . Confining Pressure = 10.0 psiDiameter (in) 2.618 2.618 2.618 Avg. = 2.618Height (in) 5.856 5.856 5.856 Avg. = 5.856BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.383 5.398Moisture Content (%) 18.12 17.43Wet Weight (gms) 1087.48 1229.50Dry Weight (gms) 920.62 1069.04Container Weight (gms) 0.00 148.42Density and SaturationWet Weight (gms) 1087.48Container Weight (gms) 0.00Wet Density (pcf) 131.4Dry Density (pcf) 111.3Initial Void Ratio 0.514% Saturation 95.1 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 95 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 40.0 Initial Burette Ht.(cm)= 74.8Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 72 .5Eff .Consol .Stress (psi) = 10.0 Final Height (in)= 5 .814Induced OCR = 1.0 Initial Volume (cu.in)= 31.523Change in Ht. of Specimen (in) = 0.0417 Final Volume (cu.in) = 31.383Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 4 .60Time to 50% primary Consolidation (min) = 15 Eff .Minor Principal stress (ksf) = 0.90Failure Mode : Bulging Failure Eff .Major Principal stress (ksf) = 5 .50Axial Strain (%) = 5 .19FIgure D-2.49



Test Procedure : ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05M04M15Project No.: 4953M11M1423 Input Data by: KM Date: 05M14M15Boring No.: GM413 Reviewed by: AP Date: 05M14M15Sample No.: 6 Sample Description: Olive Brown Sandy Lean ClayDepth(ft) : 24.5Sample Type: Mod.Cal . Confining Pressure = 20.0 psiDiameter (in) 2 .618 2 .618 2 .618 Avg . = 2 .618Height (in) 5 .856 5 .856 5 .856 Avg . = 5 .856BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5 .383 5 .610Moisture Content (%) 18 .12 17 .43Wet Weight (gms) 1087 .48 1229 .50Dry Weight (gms) 920.62 1069 .04Container Weight (gms) 0.00 148 .42Density and SaturationWet Weight (gms) 1087 .48Container Weight (gms) 0.00Wet Density (pcf) 131.4Dry Density (pcf) 111.3Initial Void Ratio 0.514% Saturation 95 .1 Assumed Specific Gravity = 2 .70Back Pressure SaturationB Value (%) = 95 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 50.0 Initial Burette Ht.(cm)= 72 .4Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 66 .0Eff .Consol .Stress (psi) = 20.0 Final Height (in)= 5 .853Induced OCR= 1.0 Initial Volume (cu.in)= 31.523Change in Ht. of Specimen (in) = 0.0029 Final Volume (cu.in) = 31.133Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 8 .21Time to 50% primary Consolidation = 15 Eff .Minor Principal stress (ksf) = 2 .11Failure Mode : Bulging Failure Eff .Major Principal stress (ksf) = 10.32Axial Strain (%) = 5 .13FIgure D-2.50



Test Procedure : ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05M04M15Project No.: Input Data by: KM Date: 05M14M15Boring No.: GM413 Reviewed by: AP Date: 05M14M15Sample No.: 6 Sample Description: Olive Brown Sandy Lean ClayDepth(ft) : 24.5Sample Type: Mod.Cal . Confining Pressure = 25.0 psiDiameter (in) 2 .618 2 .618 2 .618 Avg . = 2 .618Height (in) 5 .856 5 .856 5 .856 Avg . = 5 .856BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5 .383 5 .621Moisture Content (%) 18 .12 17 .43Wet Weight (gms) 1087 .48 1229 .50Dry Weight (gms) 920.62 1069 .04Container Weight (gms) 0.00 148 .42Density and SaturationWet Weight (gms) 1087 .48Container Weight (gms) 0.00Wet Density (pcf) 131.4Dry Density (pcf) 111.3Initial Void Ratio 0.514% Saturation 95 .1 Assumed Specific Gravity = 2 .70Back Pressure SaturationB Value (%) = 95 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 60.0 Initial Burette Ht.(cm)= 65 .9Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 61.1Eff .Consol .Stress (psi) = 30.0 Final Height (in)= 5 .856Induced OCR = 1.0 Initial Volume (cu.in)= 31.523Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 31.230Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 13.60Time to 50% primary Consolidation = 15 Eff .Minor Principal stress (ksf) = 5 .09Failure Mode : Bulging Failure Eff .Major Principal stress (ksf) = 18 .69Axial Strain (%) = 19 .35

4953M11M1423

FIgure D-2.51



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 40.0 ps iProject No: 4953111423 Back Pressure : 30.0 ps iBoring No.: G413 Conso lidat ion Pressure : 10.0 ps iDepth(ft ): 24.5 Init ial Sample Height : 5.856 inSample No.: 6 Init ial A reaof Sample : 5.383 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.814 inSample Descript ion: Olive Brown Sandy Lean Clay Final Sample Area (A)* : 5.398 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1S3) (S1S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )40.0 0 0.000 30.2 0.00 0.00 0.00 0.00 1.4440.0 30 0.006 31.8 0.80 0.10 0.23 0.40 1.6140.0 41 0.013 32.7 1.09 0.23 0.36 0.55 1.6240.0 50 0.020 33.3 1.33 0.34 0.46 0.66 1.6540.0 56 0.027 33.8 1.49 0.46 0.52 0.74 1.6640.0 62 0.034 34.2 1.64 0.59 0.57 0.82 1.6940.0 66 0.041 34.4 1.75 0.71 0.61 0.87 1.7040.0 71 0.049 34.7 1.88 0.84 0.65 0.94 1.7340.0 75 0.056 34.8 1.98 0.96 0.67 0.99 1.7640.0 79 0.063 35.0 2.08 1.08 0.69 1.04 1.7940.0 83 0.071 35.1 2.19 1.22 0.70 1.09 1.8340.0 86 0.078 35.1 2.26 1.34 0.71 1.13 1.8640.0 90 0.085 35.2 2.37 1.46 0.72 1.18 1.9040.0 93 0.092 35.2 2.44 1.58 0.73 1.22 1.9340.0 97 0.099 35.3 2.54 1.70 0.73 1.27 1.9840.0 100 0.107 35.3 2.62 1.83 0.74 1.31 2.0140.0 103 0.114 35.3 2.69 1.96 0.74 1.35 2.0540.0 107 0.121 35.3 2.80 2.08 0.74 1.40 2.1040.0 110 0.128 35.3 2.87 2.21 0.74 1.43 2.1440.0 114 0.136 35.3 2.97 2.33 0.74 1.49 2.1940.0 117 0.143 35.3 3.04 2.46 0.73 1.52 2.2340.0 120 0.150 35.2 3.12 2.58 0.73 1.56 2.2740.0 123 0.157 35.2 3.19 2.70 0.72 1.60 2.3140.0 126 0.165 35.2 3.27 2.83 0.72 1.63 2.3540.0 129 0.172 35.1 3.34 2.95 0.71 1.67 2.4040.0 132 0.179 35.1 3.41 3.08 0.71 1.71 2.4440.0 135 0.186 35.0 3.49 3.21 0.70 1.74 2.4840.0 138 0.193 35.0 3.56 3.32 0.69 1.78 2.5340.0 141 0.200 34.9 3.63 3.44 0.69 1.82 2.5740.0 150 0.222 34.8 3.85 3.82 0.66 1.92 2.7140.0 159 0.244 34.6 4.06 4.19 0.63 2.03 2.8440.0 168 0.266 34.3 4.28 4.57 0.60 2.14 2.9840.0 177 0.287 34.1 4.49 4.94 0.56 2.24 3.1240.0 182 0.302 33.9 4.60 5.19 0.54 2.30 3.20FIgure D-2.52



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 50.0 ps iProject No: 4953111423 Back Pressure : 30.0 ps iBoring No.: G413 Conso lidat ion Pressure : 20.0 ps iDepth(ft ): 24.5 Init ial Sample Height : 5.856 inSample No.: 6 Init ial A reaof Sample : 5.383 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.853 inSample Descript ion: Olive Brown Sandy Lean Clay Final Sample Area (A)* : 5.610 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1S3) (S1S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )50.0 0 0.000 30.1 0.00 0.00 0.00 0.00 2.8850.0 58 0.007 33.1 1.49 0.11 0.44 0.74 3.1850.0 89 0.014 34.8 2.28 0.23 0.68 1.14 3.3450.0 114 0.021 36.0 2.92 0.36 0.85 1.46 3.4950.0 136 0.028 36.9 3.47 0.47 0.98 1.74 3.6450.0 157 0.035 37.6 4.01 0.60 1.08 2.00 3.8050.0 175 0.042 38.2 4.46 0.72 1.16 2.23 3.9550.0 193 0.049 38.6 4.91 0.84 1.23 2.46 4.1150.0 207 0.057 38.9 5.26 0.97 1.27 2.63 4.2450.0 219 0.063 39.1 5.56 1.07 1.30 2.78 4.3650.0 229 0.070 39.2 5.81 1.20 1.31 2.90 4.4850.0 237 0.077 39.2 6.00 1.31 1.31 3.00 4.5750.0 244 0.084 39.2 6.17 1.43 1.30 3.09 4.6650.0 250 0.091 39.1 6.32 1.56 1.29 3.16 4.7450.0 255 0.098 39.0 6.44 1.67 1.28 3.22 4.8250.0 260 0.105 38.9 6.55 1.79 1.27 3.28 4.8950.0 264 0.112 38.8 6.65 1.92 1.25 3.32 4.9550.0 268 0.120 38.7 6.74 2.04 1.23 3.37 5.0250.0 272 0.127 38.5 6.83 2.18 1.22 3.41 5.0850.0 276 0.134 38.4 6.92 2.30 1.20 3.46 5.1450.0 280 0.142 38.3 7.01 2.43 1.18 3.51 5.2150.0 283 0.149 38.2 7.08 2.55 1.16 3.54 5.2650.0 286 0.157 38.0 7.14 2.67 1.14 3.57 5.3150.0 289 0.164 37.9 7.21 2.80 1.12 3.61 5.3650.0 292 0.171 37.8 7.28 2.92 1.11 3.64 5.4150.0 295 0.178 37.6 7.34 3.05 1.09 3.67 5.4650.0 298 0.186 37.5 7.41 3.17 1.07 3.70 5.5250.0 300 0.192 37.4 7.45 3.29 1.05 3.72 5.5650.0 303 0.199 37.2 7.51 3.40 1.03 3.76 5.6150.0 306 0.206 37.1 7.58 3.52 1.01 3.79 5.6650.0 314 0.227 36.7 7.75 3.88 0.95 3.87 5.8050.0 319 0.242 36.5 7.85 4.13 0.92 3.92 5.8950.0 326 0.264 36.1 7.99 4.51 0.86 3.99 6.0250.0 333 0.286 35.7 8.13 4.89 0.80 4.06 6.1450.0 337 0.300 35.4 8.21 5.13 0.77 4.10 6.21FIgure D-2.53



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 60.0 ps iProject No: 4953111423 Back Pressure : 30.0 ps iBoring No.: G413 Conso lidat ion Pressure : 30.0 ps iDepth(ft ): 24.5 Init ial Sample Height : 5.856 inSample No.: 6 Init ial A reaof Sample : 5.383 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.856 inSample Descript ion: Olive Brown Sandy Lean Clay Final Sample Area (A)* : 5.621 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1S3) (S1S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )60.0 0 0.000 30.0 0.00 0.00 0.00 0.00 4.3260.0 75 0.006 34.8 1.92 0.10 0.70 0.96 4.5860.0 123 0.012 37.5 3.14 0.20 1.08 1.57 4.8160.0 158 0.018 39.2 4.04 0.31 1.32 2.02 5.0160.0 193 0.024 40.6 4.92 0.41 1.53 2.46 5.2660.0 220 0.030 41.5 5.61 0.51 1.65 2.80 5.4760.0 253 0.036 42.3 6.44 0.61 1.78 3.22 5.7760.0 281 0.042 42.8 7.15 0.72 1.85 3.57 6.0460.0 306 0.048 43.2 7.77 0.82 1.91 3.89 6.3060.0 332 0.054 43.5 8.43 0.92 1.95 4.21 6.5960.0 352 0.060 43.6 8.92 1.02 1.96 4.46 6.8260.0 409 0.090 42.7 10.32 1.54 1.83 5.16 7.6460.0 432 0.120 41.6 10.84 2.05 1.66 5.42 8.0860.0 456 0.176 39.7 11.33 3.00 1.39 5.67 8.5960.0 473 0.221 38.7 11.66 3.77 1.25 5.83 8.9060.0 487 0.267 37.6 11.91 4.56 1.09 5.95 9.1860.0 501 0.313 36.6 12.15 5.34 0.95 6.07 9.4460.0 514 0.358 35.7 12.36 6.11 0.82 6.18 9.6860.0 524 0.405 34.9 12.49 6.92 0.70 6.25 9.8760.0 536 0.450 34.1 12.68 7.68 0.59 6.34 10.0760.0 547 0.495 33.3 12.83 8.46 0.47 6.41 10.2660.0 556 0.542 32.5 12.92 9.26 0.36 6.46 10.4260.0 566 0.587 31.8 13.05 10.02 0.26 6.52 10.5960.0 574 0.633 31.2 13.11 10.81 0.18 6.56 10.7060.0 583 0.679 30.7 13.20 11.59 0.09 6.60 10.8360.0 591 0.723 30.0 13.27 12.34 0.00 6.64 10.9660.0 598 0.770 29.3 13.31 13.14 M0.10 6.65 11.0760.0 605 0.815 28.7 13.34 13.92 M0.19 6.67 11.1860.0 615 0.860 28.1 13.44 14.69 M0.28 6.72 11.3260.0 621 0.906 27.5 13.45 15.47 M0.37 6.72 11.4160.0 629 0.951 26.9 13.50 16.24 M0.45 6.75 11.5260.0 636 0.996 26.2 13.52 17.01 M0.54 6.76 11.6260.0 644 1.043 25.5 13.56 17.81 M0.64 6.78 11.7460.0 650 1.087 25.3 13.56 18.57 M0.68 6.78 11.7860.0 658 1.133 24.7 13.60 19.35 M0.77 6.80 11.89FIgure D-2.54



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953M11M1423 Sample Description: Olive Brown Sandy Lean ClayBoring No.: GM413 Avg. Dry Unit Weight (pcf) : 111.3Sample No.: 6 Avg. Initial Moisture Content (%): 18.1Depth (ft) : 24.5 Confining Pressure: 10.0, 20.0, 25.0 psiASTM D4767
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F Igure D-2.55



Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953M11M1423 Sample Description: Olive Brown Sandy Lean ClayBoring No.: GM413 Avg. Dry Unit Weight (pcf) : 111.3Sample No.: 6 Avg. Initial Moisture Content (%): 18.1Depth (ft) : 24.5 Confining Pressures: 10.0, 20.0, 25.0 psiASTM D4767

C = 0.20 ksfC' = 0.55 ksf
=35°'=36°
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a= 0.25 ksf
= 33°
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q'(k sf) Conf ining Pressure = 10.0 psiConf ining Pressure = 20.0 psiConf ining Pressure = 25.0 psi

Failure Criteria : 5% Axial Strain

FIgure D-2.56



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05q04q15Project No.: 4953q11q1423 Input Data by: KM Date: 05q14q15Boring No.: Gq414 Reviewed by: AP Date: 05q14q15Sample No.: 5 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 25.5Sample Type: Mod.Cal . Confining Pressure = 10.0 psiDiameter (in) 2.621 2.621 2.621 Avg. = 2.621Height (in) 5.713 5.713 5.713 Avg. = 5.713BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.395 5.381Moisture Content (%) 16.71 16.44Wet Weight (gms) 1049.75 1188.70Dry Weight (gms) 899.46 1040.85Container Weight (gms) 0.00 141.39Density and SaturationWet Weight (gms) 1049.75Container Weight (gms) 0.00Wet Density (pcf) 129.7Dry Density (pcf) 111.2Initial Void Ratio 0.516% Saturation 87.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 40.0 Initial Burette Ht.(cm)= 83.8Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 81.4Eff . Consol . Stress (psi) = 10.0 Final Height (in)= 5.701Induced OCR = 1.0 Initial Volume (cu.in)= 30.824Change in Ht. of Specimen (in) = 0.0120 Final Volume (cu.in) = 30.678Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 2.82Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 0.63Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 3.44Axial Strain (%) = 5.20FIgure D-2.57



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05q04q15Project No.: 4953q11q1423 Input Data by: KM Date: 05q14q15Boring No.: Gq414 Reviewed by: AP Date: 05q14q15Sample No.: 5 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 25.5Sample Type: Mod.Cal . Confining Pressure = 20.0 psiDiameter (in) 2.621 2.621 2.621 Avg. = 2.621Height (in) 5.713 5.713 5.713 Avg. = 5.713BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.395 5.594Moisture Content (%) 16.71 16.44Wet Weight (gms) 1049.75 1188.70Dry Weight (gms) 899.46 1040.85Container Weight (gms) 0.00 141.39Density and SaturationWet Weight (gms) 1049.75Container Weight (gms) 0.00Wet Density (pcf) 129.7Dry Density (pcf) 111.2Initial Void Ratio 0.516% Saturation 87.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 50.0 Initial Burette Ht.(cm)= 81.5Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 72.8Eff . Consol . Stress (psi) = 20.0 Final Height (in)= 5.713Induced OCR= 1.0 Initial Volume (cu.in)= 30.824Change in Ht. of Specimen (in) = 0.0003 Final Volume (cu.in) = 30.293Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 4.65Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 1.58Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 6.23Axial Strain (%) = 5.02FIgure D-2.58



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05q04q15Project No.: Input Data by: KM Date: 05q14q15Boring No.: Gq414 Reviewed by: AP Date: 05q14q15Sample No.: 5 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 25.5Sample Type: Mod.Cal . Confining Pressure = 30.0 psiDiameter (in) 2.621 2.621 2.621 Avg. = 2.621Height (in) 5.713 5.713 5.713 Avg. = 5.713BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.395 5.611Moisture Content (%) 16.71 16.44Wet Weight (gms) 1049.75 1188.70Dry Weight (gms) 899.46 1040.85Container Weight (gms) 0.00 141.39Density and SaturationWet Weight (gms) 1049.75Container Weight (gms) 0.00Wet Density (pcf) 129.7Dry Density (pcf) 111.2Initial Void Ratio 0.516% Saturation 87.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 60.0 Initial Burette Ht.(cm)= 72.8Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 66.6Eff . Consol . Stress (psi) = 30.0 Final Height (in)= 5.713Induced OCR = 1.0 Initial Volume (cu.in)= 30.824Change in Ht. of Specimen (in) = 0.0000 Final Volume (cu.in) = 30.446Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 7.89Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.35Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 11.24Axial Strain (%) = 21.57

4953q11q1423

FIgure D-2.59



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 40.0 ps iProject No: 4953ø11ø1423 Back Pressure : 30.0 ps iBoring No.: Gø414 Conso lidat ion Pressure : 10.0 ps iDepth(ft ): 25.5 Init ial Sample Height : 5.713 inSample No.: 5 Init ialA rea of Sample : 5.395 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.701 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample A rea (A)* : 5.381 sq . in.Induced OCR= 1.0Ce ll Load Ax ial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1øS3) (S1øS3)/2 (S1'+S3')/2(psi) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )40.0 0 0.000 30.0 0.00 0.00 0.00 0.00 1.4440.0 31 0.007 32.3 0.83 0.13 0.33 0.41 1.5340.0 42 0.014 33.0 1.12 0.25 0.44 0.56 1.5640.0 50 0.021 33.6 1.33 0.37 0.52 0.67 1.5940.0 55 0.028 34.1 1.46 0.50 0.59 0.73 1.5840.0 59 0.036 34.5 1.57 0.63 0.64 0.78 1.5840.0 62 0.044 34.8 1.65 0.76 0.69 0.82 1.5740.0 65 0.050 35.0 1.72 0.88 0.73 0.86 1.5840.0 68 0.057 35.3 1.80 1.00 0.76 0.90 1.5840.0 70 0.065 35.4 1.85 1.14 0.78 0.93 1.5840.0 72 0.072 35.6 1.90 1.26 0.80 0.95 1.5940.0 75 0.079 35.7 1.98 1.39 0.82 0.99 1.6140.0 77 0.086 35.8 2.03 1.51 0.84 1.01 1.6240.0 78 0.093 35.9 2.05 1.64 0.85 1.03 1.6240.0 80 0.100 36 .0 2.10 1.75 0.86 1.05 1.6340.0 83 0.107 36 .0 2.18 1.88 0.87 1.09 1.6640.0 84 0.114 36 .1 2.20 2.00 0.87 1.10 1.6740.0 86 0.122 36 .1 2.25 2.14 0.88 1.13 1.6940.0 87 0.129 36 .1 2.28 2.26 0.88 1.14 1.7040.0 89 0.136 36 .1 2.32 2.39 0.88 1.16 1.7240.0 90 0.144 36 .1 2.35 2.52 0.88 1.17 1.7340.0 92 0.151 36 .1 2.40 2.65 0.88 1.20 1.7640.0 93 0.159 36 .1 2.42 2.78 0.88 1.21 1.7740.0 94 0.166 36 .1 2.44 2.91 0.88 1.22 1.7840.0 95 0.174 36 .1 2.46 3.04 0.88 1.23 1.7940.0 95 0.181 36 .1 2.46 3.17 0.88 1.23 1.8040.0 96 0.188 36 .1 2.48 3.30 0.87 1.24 1.8140.0 97 0.195 36 .1 2.51 3.42 0.87 1.25 1.8240.0 98 0.202 36 .0 2.53 3.55 0.87 1.26 1.8440.0 102 0.224 36 .0 2.62 3.93 0.86 1.31 1.8940.0 106 0.245 35.9 2.71 4.30 0.85 1.36 1.9540.0 108 0.260 35.8 2.76 4.56 0.84 1.38 1.9840.0 110 0.282 35.7 2.80 4.94 0.82 1.40 2.0240.0 111 0.296 35.7 2.82 5.20 0.81 1.41 2.03FIgure D-2.60



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 50.0 ps iProject No: 4953ø11ø1423 Back Pressure : 30.0 ps iBoring No.: Gø414 Conso lidat ion Pressure : 20.0 ps iDepth(ft ): 25.5 Init ial Sample Height : 5.713 inSample No.: 5 Init ialA rea of Sample : 5.395 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.713 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample A rea (A)* : 5.594 sq . in.Induced OCR= 1.0Ce ll Load Ax ial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1øS3) (S1øS3)/2 (S1'+S3')/2(psi) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )50.0 1 0.000 30.0 0.03 0.00 0.00 0.01 2.8950.0 59 0.007 34.1 1.52 0.12 0.59 0.76 3.0550.0 86 0.014 35.7 2.21 0.24 0.82 1.10 3.1750.0 103 0.020 36 .7 2.64 0.35 0.96 1.32 3.2450.0 116 0.027 37 .4 2.97 0.48 1.06 1.49 3.3050.0 127 0.034 38 .0 3.25 0.60 1.15 1.62 3.3550.0 136 0.042 38 .5 3.48 0.73 1.22 1.74 3.4050.0 142 0.049 38 .8 3.62 0.86 1.27 1.81 3.4350.0 147 0.057 39.0 3.75 0.99 1.30 1.87 3.4650.0 151 0.064 39.2 3.84 1.11 1.32 1.92 3.4850.0 154 0.071 39.2 3.92 1.24 1.33 1.96 3.5150.0 156 0.077 39.3 3.96 1.35 1.34 1.98 3.5250.0 159 0.084 39.3 4.03 1.48 1.34 2.02 3.5650.0 160 0.091 39.3 4.05 1.60 1.34 2.03 3.5650.0 163 0.098 39.3 4.12 1.72 1.34 2.06 3.6050.0 164 0.106 39.4 4.14 1.85 1.35 2.07 3.6150.0 166 0.113 39.4 4.19 1.97 1.35 2.09 3.6350.0 167 0.120 39.4 4.21 2.10 1.35 2.10 3.6450.0 169 0.128 39.4 4.25 2.23 1.35 2.13 3.6650.0 170 0.135 39.4 4.27 2.37 1.35 2.14 3.6750.0 171 0.142 39.4 4.29 2.48 1.35 2.15 3.6850.0 172 0.149 39.3 4.31 2.61 1.34 2.16 3.6950.0 174 0.157 39.3 4.36 2.74 1.34 2.18 3.7150.0 174 0.164 39.3 4.35 2.87 1.34 2.18 3.7150.0 175 0.171 39.3 4.37 3.00 1.34 2.18 3.7250.0 175 0.179 39.3 4.36 3.14 1.34 2.18 3.7250.0 176 0.186 39.3 4.38 3.25 1.34 2.19 3.7450.0 177 0.193 39.3 4.40 3.38 1.33 2.20 3.7550.0 178 0.200 39.2 4.42 3.50 1.33 2.21 3.7650.0 182 0.221 39.2 4.50 3.87 1.32 2.25 3.8150.0 186 0.243 39.1 4.58 4.25 1.31 2.29 3.8650.0 188 0.265 39.1 4.62 4.63 1.30 2.31 3.8850.0 190 0.287 39.0 4.65 5.02 1.30 2.32 3.91FIgure D-2.61



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 60.0 ps iProject No: 4953ø11ø1423 Back Pressure : 30.0 ps iBoring No.: Gø414 Conso lidat ion Pressure : 30.0 ps iDepth(ft ): 25.5 Init ial Sample Height : 5.713 inSample No.: 5 Init ialA rea of Sample : 5.395 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.713 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample A rea (A)* : 5.611 sq . in.Induced OCR= 1.0Ce ll Load Ax ial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1øS3) (S1øS3)/2 (S1'+S3')/2(psi) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )60.0 0 0.000 30.0 0.00 0.00 0.00 0.00 4.3260.0 95 0.006 37 .0 2.44 0.11 1.01 1.22 4.5360.0 142 0.012 39.9 3.64 0.21 1.42 1.82 4.7260.0 169 0.018 41.3 4.32 0.32 1.63 2.16 4.8560.0 188 0.024 42.2 4.80 0.42 1.76 2.40 4.9660.0 204 0.030 42.9 5.21 0.53 1.86 2.60 5.0760.0 217 0.036 43.4 5.53 0.63 1.93 2.77 5.1560.0 229 0.042 43.8 5.83 0.74 1.99 2.92 5.2560.0 238 0.048 44.1 6 .06 0.84 2.03 3.03 5.3260.0 245 0.054 44.2 6 .23 0.95 2.04 3.11 5.4060.0 249 0.060 44.1 6 .32 1.05 2.03 3.16 5.4560.0 260 0.090 43.4 6 .57 1.58 1.93 3.28 5.6760.0 265 0.120 42.8 6 .66 2.10 1.85 3.33 5.8060.0 270 0.173 42.2 6 .72 3.02 1.76 3.36 5.9260.0 277 0.218 41.9 6 .84 3.82 1.71 3.42 6 .0360.0 282 0.265 41.6 6 .90 4.64 1.67 3.45 6 .1060.0 286 0.310 41.3 6 .94 5.43 1.63 3.47 6 .1660.0 293 0.356 41.3 7 .05 6 .23 1.63 3.53 6 .2260.0 297 0.404 41.1 7 .08 7 .07 1.59 3.54 6 .2760.0 302 0.449 40.8 7 .14 7 .86 1.55 3.57 6 .3460.0 307 0.496 40.5 7 .20 8 .68 1.51 3.60 6 .4060.0 312 0.542 40.3 7 .25 9.48 1.48 3.62 6 .4660.0 317 0.587 40.0 7 .30 10.28 1.44 3.65 6 .5360.0 322 0.634 39.9 7 .35 11.09 1.42 3.67 6 .5760.0 332 0.724 39.4 7 .44 12.67 1.36 3.72 6 .6860.0 342 0.816 38 .4 7 .52 14.29 1.22 3.76 6 .8760.0 348 0.863 37 .9 7 .58 15.10 1.13 3.79 6 .9860.0 353 0.909 37 .3 7 .62 15.91 1.05 3.81 7 .0760.0 360 0.954 37 .1 7 .70 16 .70 1.03 3.85 7 .1460.0 364 1.001 36 .9 7 .70 17 .52 1.00 3.85 7 .1860.0 370 1.047 36 .8 7 .76 18 .33 0.97 3.88 7 .2360.0 376 1.093 36 .7 7 .80 19.13 0.96 3.90 7 .2660.0 380 1.140 36 .6 7 .81 19.95 0.95 3.90 7 .2760.0 386 1.185 36 .7 7 .85 20.75 0.96 3.93 7 .2860.0 392 1.232 36 .7 7 .89 21.57 0.97 3.95 7 .29FIgure D-2.62



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953q11q1423 Sample Description: Dark Brown Sandy Lean ClayBoring No.: Gq414 Avg. Dry Unit Weight (pcf) : 111.2Sample No.: 5 Avg. Initial Moisture Content (%) : 16 .7Depth (ft) : 25.5 Confining Pressure: 10.0 ,20.0 , 30.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953q11q1423 Sample Description: Dark Brown Sandy Lean ClayBoring No.: Gq414 Avg. Dry Unit Weight (pcf) : 111.2Sample No.: 5 Avg. Initial Moisture Content (%) : 16 .7Depth (ft) : 25.5 Confining Pressures: 10.0 , 20.0 ,30.0 psiASTM D 4767

C = 0.22 ksfC' = 0.40 ksf
=25°'=31°
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Failure Criteria : 5% Axial Strain

FIgure D�2.64



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Ê08Ê15Project No.: 4953Ê11Ê1423 Input Data by: KM Date: 05Ê14Ê15Boring No.: GÊ414 Reviewed by: AP Date: 05Ê14Ê15Sample No.: 7 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 35.5Sample Type: Mod.Cal . Confining Pressure = 15.0 psiDiameter (in) 2.617 2.617 2.617 Avg. = 2.617Height (in) 5.580 5.580 5.580 Avg. = 5.580BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in² ) 5.379 5.341Moisture Content (%) 13 .30 14.90Wet Weight (gms) 1047.74 1205.36Dry Weight (gms) 924.73 1067.57Container Weight (gms) 0.00 142.84Dens ity and SaturationWet Weight (gms) 1047.74Container Weight (gms) 0.00Wet Dens ity (pcf) 133 .0Dry Dens ity (pcf) 117.4Initial Void Ratio 0.435% Saturation 82.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 55.0 Initial Burette Ht .(cm)= 79 .3Back Pressure(psi) = 40.0 Final Burette Ht .(cm)= 75.4Eff .Consol . Stress (psi) = 15.0 Final Height (in)= 5.576Induced OCR = 1.0 Initial Volume (cu.in)= 30.015Change in Ht . of Specimen (in) = 0.0044 Final Volume (cu.in) = 29 .777Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 8.19Time to 50% primary Consolidation (min) = 15 Eff . Minor Principal stress (ksf) = 2.00Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 10.19Axial Strain (%) = 5.38FIgure D�2.65



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Ê08Ê15Project No.: 4953Ê11Ê1423 Input Data by: KM Date: 05Ê14Ê15Boring No.: GÊ414 Reviewed by: AP Date: 05Ê14Ê15Sample No.: 7 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 35.5Sample Type: Mod.Cal . Confining Pressure = 30.0 psiDiameter (in) 2.617 2.617 2.617 Avg. = 2.617Height (in) 5.580 5.580 5.580 Avg. = 5.580BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in² ) 5.379 5.690Moisture Content (%) 13 .30 14.90Wet Weight (gms) 1047.74 1205.36Dry Weight (gms) 924.73 1067.57Container Weight (gms) 0.00 142.84Dens ity and SaturationWet Weight (gms) 1047.74Container Weight (gms) 0.00Wet Dens ity (pcf) 133 .0Dry Dens ity (pcf) 117.4Initial Void Ratio 0.435% Saturation 82.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 70.0 Initial Burette Ht .(cm)= 0.0Back Pressure(psi) = 40.0 Final Burette Ht .(cm)= 0.0Eff .Consol . Stress (psi) = 30.0 Final Height (in)= 5.576Induced OCR= 1.0 Initial Volume (cu.in)= 30.015Change in Ht . of Specimen (in) = 0.0044 Final Volume (cu.in) = 30.015Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 12.09Time to 50% primary Consolidation = 15 Eff . Minor Principal stress (ksf) = 3 .88Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 15.97Axial Strain (%) = 5.05FIgure D�2.66



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Ê08Ê15Project No.: Input Data by: KM Date: 05Ê14Ê15Boring No.: GÊ414 Reviewed by: AP Date: 05Ê14Ê15Sample No.: 7 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 35.5Sample Type: Mod.Cal . Confining Pressure = 45.0 psiDiameter (in) 2.617 2.617 2.617 Avg. = 2.617Height (in) 5.580 5.580 5.580 Avg. = 5.580BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in² ) 5.379 5.634Moisture Content (%) 13 .30 14.90Wet Weight (gms) 1047.74 1205.36Dry Weight (gms) 924.73 1067.57Container Weight (gms) 0.00 142.84Dens ity and SaturationWet Weight (gms) 1047.74Container Weight (gms) 0.00Wet Dens ity (pcf) 133 .0Dry Dens ity (pcf) 117.4Initial Void Ratio 0.435% Saturation 82.5 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 94 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 85.0 Initial Burette Ht .(cm)= 71.8Back Pressure(psi) = 40.0 Final Burette Ht .(cm)= 69 .1Eff .Consol . Stress (psi) = 45.0 Final Height (in)= 5.580Induced OCR = 1.0 Initial Volume (cu.in)= 30.015Change in Ht . of Specimen (in) = 0.0000 Final Volume (cu.in) = 29 .850Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 20.01Time to 50% primary Consolidation = 15 Eff . Minor Principal stress (ksf) = 7.34Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 27.36Axial Strain (%) = 20.03

4953Ê11Ê1423

FIgure D�2.67



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 55.0 ps iProject No: 4953S11S1423 Back Pressure : 40.0 ps iBoring No.: GS414 Conso lidat ion Pressure : 15.0 ps iDepth(ft ): 35.5 Init ial Sample Height : 5.580 inSample No.: 7 Init ial A reaof Sample : 5.379 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.576 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample Area (A)* : 5.341 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1SS3) (S1SS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )55.0 0 0.000 40.0 0.00 0.00 0.00 0.00 2.1655.0 44 0.008 42.9 1.18 0.14 0.42 0.59 2.3355.0 67 0.015 44.5 1.80 0.26 0.65 0.90 2.4155.0 81 0.022 45.6 2.18 0.39 0.80 1.09 2.4555.0 93 0.029 46 .4 2.49 0.53 0.91 1.25 2.4955.0 105 0.037 46 .9 2.81 0.65 1.00 1.41 2.5755.0 115 0.044 47.3 3.08 0.79 1.06 1.54 2.6455.0 125 0.051 47.6 3.34 0.92 1.10 1.67 2.7355.0 135 0.059 47.8 3.60 1.05 1.12 1.80 2.8455.0 144 0.065 47.9 3.84 1.17 1.14 1.92 2.9455.0 154 0.072 48.0 4.10 1.29 1.15 2.05 3.0655.0 162 0.079 47.9 4.31 1.42 1.14 2.15 3.1755.0 170 0.086 47.9 4.51 1.55 1.13 2.26 3.2855.0 178 0.094 47.8 4.72 1.68 1.12 2.36 3.4055.0 186 0.101 47.7 4.92 1.82 1.10 2.46 3.5255.0 194 0.108 47.5 5.13 1.94 1.08 2.56 3.6455.0 201 0.115 47.3 5.31 2.07 1.06 2.65 3.7655.0 208 0.123 47.2 5.48 2.20 1.03 2.74 3.8755.0 214 0.130 47.0 5.64 2.34 1.00 2.82 3.9855.0 221 0.137 46 .7 5.81 2.46 0.97 2.91 4.1055.0 228 0.145 46 .5 5.99 2.60 0.94 2.99 4.2255.0 233 0.152 46 .3 6 .11 2.73 0.91 3.06 4.3155.0 239 0.159 46 .1 6 .26 2.86 0.87 3.13 4.4255.0 245 0.166 45.8 6 .41 2.98 0.84 3.20 4.5355.0 250 0.173 45.6 6 .53 3.11 0.80 3.27 4.6255.0 255 0.180 45.3 6 .65 3.24 0.77 3.33 4.7255.0 260 0.188 45.1 6 .77 3.36 0.73 3.39 4.8155.0 265 0.194 44.8 6 .90 3.49 0.70 3.45 4.9155.0 269 0.201 44.6 6 .99 3.61 0.66 3.50 5.0055.0 278 0.215 44.1 7.21 3.85 0.59 3.60 5.1855.0 282 0.222 43.8 7.30 3.97 0.55 3.65 5.2655.0 294 0.243 43.1 7.58 4.36 0.44 3.79 5.5155.0 305 0.266 42.4 7.83 4.76 0.34 3.92 5.7455.0 315 0.286 41.6 8.06 5.13 0.23 4.03 5.9655.0 321 0.300 41.1 8.19 5.38 0.16 4.09 6 .09FIgure D�2.68



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 70.0 ps iProject No: 4953S11S1423 Back Pressure : 40.0 ps iBoring No.: GS414 Conso lidat ion Pressure : 30.0 ps iDepth(ft ): 35.5 Init ial Sample Height : 5.580 inSample No.: 7 Init ial A reaof Sample : 5.379 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.576 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample Area (A)* : 5.690 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1SS3) (S1SS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )70.0 0 0.000 40.0 0.00 0.00 0.00 0.00 4.3270.0 106 0.005 45.1 2.68 0.09 0.73 1.34 4.9370.0 169 0.012 46 .7 4.27 0.21 0.97 2.13 5.4970.0 218 0.017 47.8 5.50 0.31 1.13 2.75 5.9470.0 260 0.024 48.7 6 .55 0.43 1.25 3.28 6 .3570.0 299 0.031 49.3 7.53 0.55 1.33 3.76 6 .7570.0 332 0.037 49.7 8.35 0.66 1.40 4.17 7.1070.0 356 0.044 50.0 8.94 0.78 1.44 4.47 7.3570.0 373 0.050 50.2 9.36 0.90 1.47 4.68 7.5370.0 384 0.056 50.3 9.62 1.00 1.49 4.81 7.6570.0 393 0.063 50.4 9.84 1.12 1.49 4.92 7.7570.0 399 0.069 50.3 9.97 1.24 1.49 4.99 7.8270.0 406 0.077 50.3 10.13 1.37 1.48 5.07 7.9170.0 411 0.083 50.2 10.25 1.49 1.46 5.12 7.9870.0 416 0.089 50.0 10.36 1.60 1.45 5.18 8.0570.0 421 0.097 49.9 10.47 1.73 1.42 5.24 8.1370.0 425 0.103 49.7 10.56 1.85 1.40 5.28 8.2070.0 429 0.110 49.5 10.64 1.98 1.37 5.32 8.2770.0 434 0.118 49.3 10.75 2.11 1.34 5.38 8.3670.0 437 0.125 49.1 10.81 2.23 1.31 5.41 8.4270.0 441 0.131 48.8 10.90 2.36 1.27 5.45 8.5070.0 445 0.139 48.6 10.98 2.49 1.24 5.49 8.5770.0 448 0.146 48.4 11.04 2.62 1.20 5.52 8.6470.0 451 0.153 48.1 11.10 2.74 1.17 5.55 8.7070.0 455 0.160 47.9 11.19 2.87 1.13 5.59 8.7870.0 458 0.167 47.6 11.24 3.00 1.09 5.62 8.8570.0 462 0.175 47.3 11.33 3.13 1.06 5.66 8.9370.0 465 0.181 47.1 11.39 3.25 1.02 5.69 8.9970.0 468 0.188 46 .8 11.44 3.38 0.98 5.72 9.0670.0 471 0.196 46 .3 11.50 3.51 0.90 5.75 9.1770.0 483 0.224 45.3 11.73 4.02 0.76 5.87 9.4370.0 491 0.245 44.5 11.88 4.39 0.65 5.94 9.6170.0 498 0.267 43.7 12.00 4.79 0.53 6 .00 9.7970.0 503 0.281 43.1 12.09 5.05 0.44 6 .04 9.92FIgure D�2.69



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 85.0 ps iProject No: 4953S11S1423 Back Pressure : 40.0 ps iBoring No.: GS414 Conso lidat ion Pressure : 45.0 ps iDepth(ft ): 35.5 Init ial Sample Height : 5.580 inSample No.: 7 Init ial A reaof Sample : 5.379 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.580 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample Area (A)* : 5.634 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1SS3) (S1SS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )85.0 0 0.000 40.0 0.00 0.00 0.00 0.00 6 .4885.0 194 0.006 47.6 4.95 0.11 1.10 2.48 7.8685.0 282 0.012 50.1 7.19 0.22 1.45 3.60 8.6385.0 357 0.018 51.5 9.10 0.32 1.65 4.55 9.3885.0 421 0.024 52.2 10.71 0.43 1.76 5.36 10.0885.0 462 0.030 52.6 11.74 0.54 1.82 5.87 10.5385.0 499 0.036 53.0 12.68 0.65 1.87 6 .34 10.9585.0 523 0.042 53.4 13.28 0.75 1.93 6 .64 11.1985.0 541 0.048 53.3 13.72 0.86 1.92 6 .86 11.4285.0 562 0.054 53.3 14.22 0.97 1.91 7.11 11.6885.0 583 0.060 53.1 14.74 1.08 1.88 7.37 11.9785.0 617 0.090 51.9 15.52 1.61 1.72 7.76 12.5285.0 634 0.125 50.5 15.85 2.24 1.51 7.93 12.9085.0 653 0.170 48.8 16 .17 3.05 1.26 8.09 13.3185.0 674 0.214 47.0 16 .56 3.84 1.02 8.28 13.7585.0 695 0.261 45.3 16 .94 4.68 0.77 8.47 14.1885.0 708 0.307 44.2 17.10 5.50 0.61 8.55 14.4285.0 724 0.352 43.5 17.34 6 .30 0.51 8.67 14.6485.0 744 0.398 42.8 17.66 7.13 0.41 8.83 14.9085.0 759 0.442 42.3 17.86 7.92 0.33 8.93 15.0885.0 772 0.487 41.8 18.00 8.73 0.27 9.00 15.2185.0 786 0.533 41.1 18.16 9.56 0.17 9.08 15.4085.0 799 0.578 41.0 18.32 10.35 0.14 9.16 15.5085.0 812 0.624 40.4 18.44 11.18 0.06 9.22 15.6485.0 827 0.669 39.8 18.60 11.99 Ê0.03 9.30 15.8185.0 840 0.713 39.0 18.72 12.78 Ê0.14 9.36 15.9885.0 851 0.760 38.5 18.80 13.61 Ê0.22 9.40 16 .1085.0 863 0.804 38.1 18.88 14.41 Ê0.27 9.44 16 .1985.0 877 0.848 37.7 19.00 15.20 Ê0.33 9.50 16 .3185.0 889 0.894 37.0 19.08 16 .02 Ê0.43 9.54 16 .4585.0 905 0.938 36 .5 19.24 16 .82 Ê0.50 9.62 16 .6185.0 921 0.983 36 .0 19.39 17.62 Ê0.58 9.70 16 .7585.0 933 1.028 35.3 19.46 18.43 Ê0.68 9.73 16 .8985.0 961 1.072 34.4 19.84 19.22 Ê0.81 9.92 17.2185.0 979 1.117 34.0 20.01 20.03 Ê0.86 10.01 17.35FIgure D�2.70



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953Ê11Ê1423 Sample Description: Dark Brown Sandy Lean ClayBoring No.: GÊ414 Avg. Dry Unit Weight (pcf) : 117.4Sample No.: 7 Avg. Initial Moisture Content (%) : 13.3Depth (ft) : 35.5 Confining Pressure: 15.0 ,30.0 , 45.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953Ê11Ê1423 Sample Description: Dark Brown Sandy Lean ClayBoring No.: GÊ414 Avg. Dry Unit Weight (pcf) : 117.4Sample No.: 7 Avg. Initial Moisture Content (%) : 13.3Depth (ft) : 35.5 Confining Pressures: 15.0 , 30.0 ,45.0 psiASTM D 4767

C = 1.00 ksfC' = 1.05 ksf
=31°'=32°
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Failure Criteria : 5% Axial Strain
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Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05�08�15Project No.: 4953�11�1423 Input Data by: KM Date: 05�14�15Boring No.: G�414 Reviewed by: AP Date: 05�14�15Sample No.: 11 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 51.5Sample Type: Mod.Cal . Confining Pressure = 20.0 psiDiameter (in) 2.616 2.616 2.616 Avg. = 2.616Height (in) 5.504 5.504 5.504 Avg. = 5.504BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.375 5.326Moisture Content (%) 13.71 16.49Wet Weight (gms) 92.78 1194.69Dry Weight (gms) 87.63 1046.60Container Weight (gms) 50.07 148.57Density and SaturationWet Weight (gms) 1052.09Container Weight (gms) 0.00Wet Density (pcf) 135.5Dry Density (pcf) 119.1Initial Void Ratio 0.414% Saturation 89.4 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 98 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 50.0 Initial Burette Ht.(cm)= 77.8Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 71.3Eff . Consol . Stress (psi) = 20.0 Final Height (in)= 5.480Induced OCR = 1.0 Initial Volume (cu.in)= 29.583Change in Ht. of Specimen (in) = 0.0241 Final Volume (cu.in) = 29.187Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 5.64Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 1.44Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 7.09Axial Strain (%) = 5.12FIgure D³2.73



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Ó08Ó15Project No.: 4953Ó11Ó1423 Input Data by: KM Date: 05Ó14Ó15Boring No.: GÓ414 Reviewed by: AP Date: 05Ó14Ó15Sample No.: 11 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 51.5Sample Type: Mod.Cal . Confining Pressure = 40.0 psiDiameter (in) 2.616 2.616 2.616 Avg. = 2.616Height (in) 5.504 5.504 5.504 Avg. = 5.504BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.375 5.578Moisture Content (%) 13.71 16.49Wet Weight (gms) 92.78 1194.69Dry Weight (gms) 87.63 1046.60Container Weight (gms) 50.07 148.57Density and SaturationWet Weight (gms) 1052.09Container Weight (gms) 0.00Wet Density (pcf) 135.5Dry Density (pcf) 119.1Initial Void Ratio 0.414% Saturation 89.4 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 98 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 70.0 Initial Burette Ht.(cm)= 71.4Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 63.6Eff . Consol . Stress (psi) = 40.0 Final Height (in)= 5.500Induced OCR= 1.0 Initial Volume (cu.in)= 29.583Change in Ht. of Specimen (in) = 0.0042 Final Volume (cu.in) = 29.107Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 8.96Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.36Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 12.32Axial Strain (%) = 5.43FIgure D³2.74



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Ó08Ó15Project No.: Input Data by: KM Date: 05Ó14Ó15Boring No.: GÓ414 Reviewed by: AP Date: 05Ó14Ó15Sample No.: 11 Sample Description: Dark Brown Sandy Lean ClayDepth(ft) : 51.5Sample Type: Mod.Cal . Confining Pressure = 60.0 psiDiameter (in) 2.616 2.616 2.616 Avg. = 2.616Height (in) 5.504 5.504 5.504 Avg. = 5.504BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.375 5.623Moisture Content (%) 13.71 16.49Wet Weight (gms) 92.78 1194.69Dry Weight (gms) 87.63 1046.60Container Weight (gms) 50.07 148.57Density and SaturationWet Weight (gms) 1052.09Container Weight (gms) 0.00Wet Density (pcf) 135.5Dry Density (pcf) 119.1Initial Void Ratio 0.414% Saturation 89.4 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 98 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 90.0 Initial Burette Ht.(cm)= 63.7Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 57.1Eff . Consol . Stress (psi) = 60.0 Final Height (in)= 5.487Induced OCR = 1.0 Initial Volume (cu.in)= 29.583Change in Ht. of Specimen (in) = 0.0166 Final Volume (cu.in) = 29.180Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 13.41Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 6.29Failure Mode: Bulging Failure Eff . Major Principal stress (ksf) = 19.70Axial Strain (%) = 18.68

4953Ó11Ó1423
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Project Name : Wests ide Subway Extens ion Ce ll Pressure : 50.0 ps iProject No : 4953�11�1423 Back Pressure : 30.0 ps iBoring No .: G�414 Conso lidat ion Pressure : 20.0 ps iDepth(ft ): 51.5 Init ial Sample He ight : 5.504 inSample No .: 11 Init ial A rea of Sample : 5.375 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.480 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample A rea (A)* : 5.326 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1�S3) (S1�S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )50.0 0 0.000 30.1 0.00 0.00 0.00 0.00 2.8850.0 55 0.005 33.4 1.49 0.09 0.48 0.74 3.1450.0 77 0.012 35.2 2.08 0.22 0.74 1.04 3.1850.0 91 0.019 36.5 2.45 0.35 0.92 1.23 3.1850.0 103 0.026 37 .5 2.77 0.47 1.06 1.39 3.2050.0 111 0.033 38.3 2.98 0.60 1.18 1.49 3.1950.0 119 0.039 38.9 3.19 0.72 1.26 1.60 3.2150.0 126 0.046 39.3 3.38 0.84 1.33 1.69 3.2450.0 133 0.053 39.7 3.56 0.96 1.39 1.78 3.2750.0 140 0.060 40.0 3.74 1.10 1.43 1.87 3.3250.0 145 0.066 40.3 3.87 1.21 1.47 1.94 3.3550.0 149 0.073 40.5 3.98 1.33 1.50 1.99 3.3750.0 153 0.080 40.7 4.08 1.45 1.52 2.04 3.3950.0 157 0.087 40.8 4.18 1.59 1.55 2.09 3.4250.0 161 0.094 40.9 4.28 1.72 1.56 2.14 3.4650.0 165 0.101 41.0 4.38 1.84 1.57 2.19 3.5050.0 168 0.108 41.1 4.45 1.97 1.58 2.23 3.5250.0 171 0.115 41.1 4.53 2.10 1.59 2.26 3.5550.0 173 0.123 41.1 4.57 2.25 1.59 2.29 3.5750.0 176 0.131 41.2 4.64 2.39 1.60 2.32 3.6150.0 179 0.138 41.2 4.72 2.53 1.60 2.36 3.6450.0 182 0.145 41.2 4.79 2.65 1.60 2.40 3.6850.0 184 0.153 41.2 4.84 2.79 1.59 2.42 3.7050.0 187 0.160 41.1 4.91 2.92 1.59 2.45 3.7450.0 189 0.167 41.1 4.95 3.04 1.59 2.48 3.7750.0 191 0.174 41.1 5.00 3.17 1.58 2.50 3.8050.0 194 0.181 41.0 5.07 3.31 1.58 2.54 3.8450.0 197 0.189 41.0 5.14 3.44 1.57 2.57 3.8850.0 199 0.195 40.9 5.19 3.56 1.56 2.59 3.9150.0 202 0.202 40.9 5.26 3.69 1.56 2.63 3.9550.0 206 0.222 40.7 5.34 4.06 1.53 2.67 4.0350.0 210 0.245 40.5 5.42 4.47 1.49 2.71 4.1050.0 216 0.267 40.2 5.56 4.86 1.46 2.78 4.2050.0 220 0.280 40.1 5.64 5.12 1.44 2.82 4.26FIgure D³2.76



Project Name : Wests ide Subway Extens ion Ce ll Pressure : 70.0 ps iProject No : 4953�11�1423 Back Pressure : 30.0 ps iBoring No .: G�414 Conso lidat ion Pressure : 40.0 ps iDepth(ft ): 51.5 Init ial Sample He ight : 5.504 inSample No .: 11 Init ial A rea of Sample : 5.375 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.500 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample A rea (A)* : 5.578 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1�S3) (S1�S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )70.0 1 0.000 30.1 0.03 0.00 0.00 0.01 5.7770.0 97 0.004 36.7 2.50 0.08 0.96 1.25 6.0570.0 148 0.011 40.2 3.81 0.20 1.46 1.91 6.2070.0 183 0.018 42.5 4.71 0.32 1.80 2.35 6.3270.0 211 0.025 44.3 5.42 0.45 2.04 2.71 6.4370.0 235 0.031 45.6 6.03 0.57 2.23 3.02 6.5470.0 255 0.038 46.5 6.54 0.70 2.37 3.27 6.6670.0 271 0.045 47 .2 6.94 0.82 2.47 3.47 6.7670.0 283 0.053 47 .7 7 .24 0.95 2.54 3.62 6.8470.0 293 0.060 48.0 7 .48 1.09 2.58 3.74 6.9270.0 300 0.066 48.2 7 .65 1.20 2.61 3.83 6.9870.0 306 0.073 48.3 7 .80 1.32 2.63 3.90 7 .0370.0 311 0.079 48.3 7 .91 1.44 2.63 3.96 7 .0870.0 315 0.087 48.4 8.00 1.58 2.64 4.00 7 .1370.0 318 0.094 48.4 8.07 1.70 2.64 4.04 7 .1670.0 322 0.102 48.4 8.16 1.85 2.64 4.08 7 .2070.0 324 0.109 48.4 8.20 1.97 2.64 4.10 7 .2270.0 327 0.116 48.3 8.26 2.11 2.63 4.13 7 .2670.0 329 0.124 48.3 8.30 2.26 2.63 4.15 7 .2870.0 331 0.132 48.2 8.34 2.39 2.62 4.17 7 .3170.0 333 0.139 48.2 8.38 2.53 2.61 4.19 7 .3470.0 335 0.147 48.1 8.42 2.67 2.60 4.21 7 .3770.0 337 0.154 48.1 8.46 2.80 2.59 4.23 7 .4070.0 339 0.161 48.0 8.50 2.93 2.58 4.25 7 .4270.0 340 0.168 47 .9 8.51 3.05 2.57 4.25 7 .4470.0 342 0.175 47 .9 8.55 3.19 2.57 4.27 7 .4770.0 344 0.182 47 .8 8.59 3.31 2.56 4.29 7 .4970.0 345 0.190 47 .7 8.60 3.45 2.55 4.30 7 .5170.0 347 0.196 47 .7 8.64 3.57 2.54 4.32 7 .5470.0 348 0.203 47 .6 8.65 3.69 2.53 4.33 7 .5670.0 353 0.225 47 .4 8.74 4.08 2.50 4.37 7 .6370.0 356 0.240 47 .3 8.79 4.37 2.48 4.39 7 .6770.0 360 0.262 47 .1 8.85 4.77 2.45 4.43 7 .7470.0 365 0.284 46.8 8.94 5.17 2.42 4.47 7 .8170.0 367 0.299 46.7 8.96 5.43 2.40 4.48 7 .84FIgure D³2.77



Project Name : Wests ide Subway Extens ion Ce ll Pressure : 90.0 ps iProject No : 4953�11�1423 Back Pressure : 30.0 ps iBoring No .: G�414 Conso lidat ion Pressure : 60.0 ps iDepth(ft ): 51.5 Init ial Sample He ight : 5.504 inSample No .: 11 Init ial A rea of Sample : 5.375 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.487 inSample Descript ion: Dark Brown Sandy Lean Clay Final Sample A rea (A)* : 5.623 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1�S3) (S1�S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )90.0 0 0.000 30.0 0.00 0.00 0.00 0.00 8.6490.0 187 0.006 43.4 4.78 0.11 1.93 2.39 9.1190.0 252 0.012 48.0 6.44 0.22 2.59 3.22 9.2790.0 292 0.018 50.5 7 .45 0.33 2.95 3.73 9.4290.0 333 0.024 52.6 8.49 0.44 3.25 4.25 9.6390.0 367 0.030 54.1 9.35 0.55 3.47 4.67 9.8490.0 392 0.036 55.1 9.97 0.66 3.61 4.99 10.0190.0 415 0.042 55.9 10.55 0.77 3.72 5.27 10.1990.0 434 0.048 56.3 11.02 0.87 3.79 5.51 10.3690.0 448 0.054 56.5 11.36 0.98 3.82 5.68 10.5090.0 459 0.060 56.6 11.63 1.09 3.83 5.81 10.6290.0 487 0.090 56.0 12.27 1.64 3.74 6.13 11.0390.0 498 0.120 55.3 12.47 2.19 3.64 6.24 11.2490.0 509 0.164 54.2 12.64 2.99 3.48 6.32 11.4890.0 515 0.199 53.7 12.71 3.62 3.41 6.36 11.5990.0 522 0.233 53.1 12.80 4.24 3.33 6.40 11.7190.0 529 0.268 52.7 12.89 4.89 3.27 6.44 11.8290.0 535 0.303 52.3 12.94 5.52 3.21 6.47 11.9190.0 541 0.337 52.0 13.00 6.13 3.16 6.50 11.9890.0 547 0.372 51.6 13.06 6.77 3.11 6.53 12.0690.0 552 0.406 51.2 13.09 7 .40 3.06 6.54 12.1390.0 558 0.441 50.9 13.14 8.03 3.01 6.57 12.2090.0 569 0.509 50.4 13.22 9.28 2.94 6.61 12.3190.0 574 0.544 50.1 13.24 9.92 2.89 6.62 12.3790.0 584 0.612 49.5 13.29 11.16 2.81 6.64 12.4790.0 591 0.647 49.2 13.35 11.79 2.77 6.67 12.5590.0 600 0.716 48.7 13.36 13.04 2.69 6.68 12.6490.0 606 0.750 48.4 13.40 13.66 2.65 6.70 12.6990.0 615 0.818 47 .8 13.40 14.91 2.57 6.70 12.7790.0 620 0.853 47 .6 13.41 15.54 2.53 6.71 12.8190.0 629 0.922 47 .1 13.40 16.80 2.47 6.70 12.8790.0 634 0.956 46.9 13.41 17 .42 2.43 6.70 12.9290.0 644 1.025 46.4 13.41 18.68 2.35 6.71 12.9990.0 658 1.128 45.6 13.39 20.56 2.24 6.69 13.0990.0 666 1.197 44.9 13.34 21.81 2.15 6.67 13.16FIgure D³2.78



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953Ó11Ó1423 Sample Description: Dark Brown Sandy Lean ClayBoring No.: GÓ414 Avg. Dry Unit Weight (pcf) : 119.1Sample No.: 11 Avg. Initial Moisture Content (%) : 13.7Depth (ft) : 51.5 Confining Pressure: 20.0 ,40.0 , 60.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953Ó11Ó1423 Sample Description: Dark Brown Sandy Lean ClayBoring No.: GÓ414 Avg. Dry Unit Weight (pcf) : 119.1Sample No.: 11 Avg. Initial Moisture Content (%) : 13.7Depth (ft) : 51.5 Confining Pressures: 20.0 , 40.0 ,60.0 psiASTM D 4767

C = 0.60 ksfC' = 0.80 ksf
=23°'=29°
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Failure Criteria : 5% Axial Strain
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Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Þ04Þ15Project No.: 4953Þ11Þ1423 Input Data by: KM Date: 05Þ14Þ15Boring No.: GÞ415 Reviewed by: AP Date: 05Þ14Þ15Sample No.: 6 Sample Description: Brown Sandy Lean ClayDepth(ft) : 25.5Sample Type: Mod. Cal . Confining Pressure = 10.0 psiDiameter (in) 2.621 2.621 2.621 Avg. = 2.621Height (in) 5.467 5.467 5.467 Avg. = 5.467BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.395 5.402Moisture Content (%) 13.47 18.17Wet Weight (gms) 103.31 1167 .55Dry Weight (gms) 97 .04 1011.22Container Weight (gms) 50.48 150.82Dens ity and SaturationWet Weight (gms) 1016 .39Container Weight (gms) 0.00Wet Dens ity (pcf) 131.3Dry Dens ity (pcf) 115.7Init ial Void Ratio 0.456% Saturation 79.7 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 95 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 40.0 Initial Burette Ht .(cm)= 84 .4Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 82.7Eff. Consol .Stress (psi) = 10.0 Final Height (in)= 5.441Induced OCR = 1.0 Initial Volume (cu .in)= 29.497Change in Ht . of Specimen (in) = 0.0258 Final Volume (cu .in) = 29.393Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 4 .99Time to 50% primary Consolidation (min) = 15 Eff.Minor Principal stress (ksf) = 1.01Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 6 .00Axial Strain (%) = 5.55FIgure D³2.81



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Þ04Þ15Project No.: 4953Þ11Þ1423 Input Data by: KM Date: 05Þ14Þ15Boring No.: GÞ415 Reviewed by: AP Date: 05Þ14Þ15Sample No.: 6 Sample Description: Brown Sandy Lean ClayDepth(ft) : 25.5Sample Type: Mod. Cal . Confining Pressure = 20.0 psiDiameter (in) 2.621 2.621 2.621 Avg. = 2.621Height (in) 5.467 5.467 5.467 Avg. = 5.467BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.395 5.665Moisture Content (%) 13.47 18.17Wet Weight (gms) 103.31 1167 .55Dry Weight (gms) 97 .04 1011.22Container Weight (gms) 50.48 150.82Dens ity and SaturationWet Weight (gms) 1016 .39Container Weight (gms) 0.00Wet Dens ity (pcf) 131.3Dry Dens ity (pcf) 115.7Init ial Void Ratio 0.456% Saturation 79.7 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 95 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 50.0 Initial Burette Ht .(cm)= 82.7Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 78.7Eff. Consol .Stress (psi) = 20.0 Final Height (in)= 5.467Induced OCR= 1.0 Initial Volume (cu .in)= 29.497Change in Ht . of Specimen (in) = 0.0002 Final Volume (cu .in) = 29.253Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 6 .41Time to 50% primary Consolidation = 15 Eff.Minor Principal stress (ksf) = 2.30Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 8.71Axial Strain (%) = 5.53FIgure D³2.82



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05Þ04Þ15Project No.: Input Data by: KM Date: 05Þ14Þ15Boring No.: GÞ415 Reviewed by: AP Date: 05Þ14Þ15Sample No.: 6 Sample Description: Brown Sandy Lean ClayDepth(ft) : 25.5Sample Type: Mod. Cal . Confining Pressure = 30.0 psiDiameter (in) 2.621 2.621 2.621 Avg. = 2.621Height (in) 5.467 5.467 5.467 Avg. = 5.467BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.395 5.668Moisture Content (%) 13.47 18.17Wet Weight (gms) 103.31 1167 .55Dry Weight (gms) 97 .04 1011.22Container Weight (gms) 50.48 150.82Dens ity and SaturationWet Weight (gms) 1016 .39Container Weight (gms) 0.00Wet Dens ity (pcf) 131.3Dry Dens ity (pcf) 115.7Init ial Void Ratio 0.456% Saturation 79.7 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 95 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 60.0 Initial Burette Ht .(cm)= 78.7Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 75.0Eff . Consol .Stress (psi) = 30.0 Final Height (in)= 5.467Induced OCR = 1.0 Initial Volume (cu .in)= 29.497Change in Ht . of Specimen (in) = 0.0004 Final Volume (cu .in) = 29.271Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 8.42Time to 50% primary Consolidation = 15 Eff.Minor Principal stress (ksf) = 4 .35Failure Mode: Bulging Failure Eff.Major Principal stress (ksf) = 12.77Axial Strain (%) = 20.15

4953Þ11Þ1423
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Project Name: Wests ide Subway Extens ion Ce ll Pressure: 40.0 ps iProject No: 4953d11d1423 Back Pressure : 30.0 ps iBoring No.: Gd415 Conso lidat ion Pressure : 10.0 ps iDepth(ft ): 25.5 Init ial Sample Height : 5.467 inSample No.: 6 Init ial A reaof Sample : 5.395 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.441 inSample Descript ion: Brown Sandy Lean Clay Final Sample Area (A)* : 5.402 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1dS3) (S1dS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )40.0 0 0.000 30.1 0.00 0.00 0.00 0.00 1.4440.0 39 0.006 31.5 1.04 0.11 0.20 0.52 1.7540.0 57 0.013 32.8 1.52 0.24 0.39 0.76 1.8140.0 68 0.019 33.6 1.81 0.35 0.51 0.90 1.8340.0 77 0.025 34.2 2.04 0.47 0.60 1.02 1.8640.0 85 0.032 34.7 2.25 0.59 0.67 1.13 1.9040.0 92 0.040 35.1 2.43 0.73 0.72 1.22 1.9440.0 98 0.046 35.3 2.59 0.84 0.76 1.30 1.9840.0 104 0.052 35.5 2.75 0.96 0.78 1.37 2.0340.0 109 0.059 35.7 2.87 1.09 0.81 1.44 2.0740.0 114 0.066 35.8 3.00 1.21 0.82 1.50 2.1240.0 119 0.072 35.9 3.13 1.33 0.84 1.57 2.1740.0 123 0.079 35.9 3.23 1.44 0.84 1.62 2.2140.0 127 0.085 36.0 3.33 1.56 0.85 1.67 2.2640.0 131 0.091 36.0 3.43 1.67 0.85 1.72 2.3140.0 135 0.097 36.0 3.53 1.79 0.85 1.77 2.3640.0 138 0.104 35.9 3.61 1.91 0.84 1.80 2.4040.0 142 0.110 35.9 3.71 2.03 0.84 1.85 2.4640.0 145 0.117 35.8 3.78 2.14 0.83 1.89 2.5040.0 147 0.124 35.8 3.83 2.28 0.82 1.91 2.5440.0 150 0.131 35.7 3.90 2.40 0.81 1.95 2.5840.0 153 0.138 35.6 3.98 2.54 0.80 1.99 2.6340.0 156 0.145 35.5 4.05 2.67 0.79 2.02 2.6840.0 158 0.152 35.5 4.09 2.80 0.77 2.05 2.7140.0 161 0.159 35.4 4.17 2.93 0.76 2.08 2.7640.0 163 0.167 35.3 4.21 3.07 0.75 2.11 2.8040.0 165 0.174 35.2 4.26 3.19 0.73 2.13 2.8440.0 167 0.180 35.1 4.30 3.31 0.72 2.15 2.8740.0 170 0.187 34.9 4.38 3.44 0.70 2.19 2.9340.0 172 0.194 34.8 4.42 3.56 0.69 2.21 2.9740.0 180 0.222 34.4 4.60 4.08 0.62 2.30 3.1240.0 186 0.243 34.0 4.74 4.47 0.57 2.37 3.2440.0 190 0.265 33.7 4.82 4.87 0.52 2.41 3.3340.0 195 0.287 33.3 4.92 5.28 0.46 2.46 3.4440.0 198 0.302 33.1 4.99 5.55 0.43 2.49 3.50FIgure D³2.84



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 50.0 ps iProject No: 4953d11d1423 Back Pressure : 30.0 ps iBoring No.: Gd415 Conso lidat ion Pressure : 20.0 ps iDepth(ft ): 25.5 Init ial Sample Height : 5.467 inSample No.: 6 Init ial A reaof Sample : 5.395 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.467 inSample Descript ion: Brown Sandy Lean Clay Final Sample Area (A)* : 5.665 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1dS3) (S1dS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )50.0 2 0.000 30.0 0.05 0.00 0.00 0.03 2.9150.0 79 0.004 32.4 2.01 0.08 0.35 1.00 3.5350.0 118 0.011 34.2 2.99 0.21 0.60 1.50 3.7750.0 143 0.017 35.3 3.62 0.32 0.76 1.81 3.9350.0 164 0.025 36.1 4.15 0.45 0.87 2.07 4.0850.0 182 0.031 36.6 4.60 0.57 0.96 2.30 4.2250.0 197 0.038 37 .0 4.97 0.70 1.02 2.49 4.3550.0 209 0.045 37 .3 5.27 0.82 1.05 2.63 4.4650.0 216 0.052 37 .4 5.44 0.95 1.07 2.72 4.5350.0 222 0.058 37 .5 5.58 1.07 1.08 2.79 4.5950.0 226 0.065 37 .5 5.68 1.19 1.08 2.84 4.6450.0 229 0.071 37 .4 5.75 1.30 1.07 2.87 4.6850.0 232 0.077 37 .3 5.81 1.41 1.06 2.91 4.7350.0 234 0.084 37 .2 5.86 1.53 1.04 2.93 4.7750.0 236 0.091 37 .1 5.90 1.66 1.03 2.95 4.8050.0 237 0.098 37 .0 5.92 1.79 1.01 2.96 4.8350.0 239 0.106 36.9 5.96 1.93 0.99 2.98 4.8750.0 240 0.113 36.8 5.97 2.06 0.98 2.99 4.8950.0 241 0.120 36.7 5.99 2.20 0.96 3.00 4.9150.0 242 0.127 36.6 6.01 2.33 0.94 3.00 4.9450.0 243 0.135 36.4 6.02 2.47 0.93 3.01 4.9650.0 245 0.143 36.3 6.06 2.62 0.91 3.03 5.0050.0 245 0.150 36.2 6.06 2.75 0.89 3.03 5.0150.0 246 0.157 36.1 6.07 2.88 0.88 3.04 5.0450.0 248 0.164 36.0 6.11 3.01 0.86 3.06 5.0850.0 250 0.172 35.9 6.15 3.14 0.84 3.08 5.1150.0 251 0.180 35.7 6.17 3.28 0.83 3.09 5.1450.0 252 0.186 35.6 6.19 3.40 0.81 3.09 5.1650.0 254 0.193 35.5 6.23 3.53 0.80 3.11 5.2050.0 255 0.201 35.4 6.24 3.67 0.78 3.12 5.2250.0 258 0.221 35.1 6.29 4.05 0.73 3.15 5.2950.0 259 0.244 34.8 6.29 4.47 0.69 3.14 5.3350.0 261 0.266 34.5 6.31 4.87 0.65 3.16 5.3950.0 263 0.280 34.3 6.34 5.13 0.62 3.17 5.4350.0 267 0.303 34.0 6.41 5.53 0.58 3.21 5.51FIgure D³2.85



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 60.0 ps iProject No: 4953d11d1423 Back Pressure : 30.0 ps iBoring No.: Gd415 Conso lidat ion Pressure : 30.0 ps iDepth(ft ): 25.5 Init ial Sample Height : 5.467 inSample No.: 6 Init ial A reaof Sample : 5.395 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.467 inSample Descript ion: Brown Sandy Lean Clay Final Sample Area (A)* : 5.668 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1dS3) (S1dS3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )60.0 0 0.000 30.0 0.00 0.00 0.00 0.00 4.3260.0 126 0.006 34.1 3.20 0.11 0.59 1.60 5.3360.0 175 0.012 36.1 4.44 0.22 0.88 2.22 5.6660.0 209 0.018 37 .4 5.29 0.33 1.06 2.65 5.9160.0 236 0.024 38 .2 5.97 0.44 1.18 2.98 6.1260.0 257 0.030 38 .8 6.49 0.55 1.26 3.25 6.3060.0 275 0.036 39.2 6.94 0.66 1.32 3.47 6.4760.0 291 0.042 39.5 7 .34 0.77 1.36 3.67 6.6360.0 300 0.048 39.5 7 .55 0.88 1.37 3.78 6.7260.0 307 0.054 39.5 7 .72 0.99 1.37 3.86 6.8160.0 311 0.060 39.5 7 .81 1.10 1.36 3.91 6.8660.0 320 0.090 38 .8 8 .00 1.65 1.26 4.00 7 .0560.0 321 0.120 38 .1 7 .98 2.20 1.17 3.99 7 .1460.0 325 0.175 37 .2 7 .99 3.21 1.03 4.00 7 .2860.0 330 0.220 36.6 8 .05 4.03 0.95 4.02 7 .4060.0 332 0.267 36.0 8 .02 4.89 0.86 4.01 7 .4760.0 337 0.313 35.5 8 .07 5.72 0.78 4.04 7 .5760.0 341 0.359 34.9 8 .09 6.56 0.71 4.05 7 .6660.0 344 0.406 34.4 8 .09 7 .43 0.63 4.04 7 .7360.0 350 0.451 33.9 8 .16 8 .25 0.56 4.08 7 .8460.0 353 0.499 33.5 8 .15 9.12 0.50 4.08 7 .8960.0 358 0.544 33.1 8 .19 9.96 0.45 4.09 7 .9660.0 363 0.590 32.9 8 .23 10.79 0.41 4.11 8 .0260.0 367 0.638 32.6 8 .24 11.67 0.37 4.12 8 .0760.0 372 0.684 32.3 8 .27 12.51 0.33 4.13 8 .1360.0 377 0.730 32.0 8 .30 13.34 0.28 4.15 8 .1960.0 381 0.777 31.7 8 .30 14.21 0.24 4.15 8 .2360.0 387 0.823 31.4 8 .35 15.05 0.20 4.18 8 .3060.0 390 0.869 31.1 8 .33 15.90 0.16 4.17 8 .3360.0 396 0.916 30.8 8 .38 16.75 0.11 4.19 8 .3960.0 401 0.962 30.6 8 .40 17 .59 0.08 4.20 8 .4360.0 404 1.008 30.3 8 .37 18 .45 0.04 4.19 8 .4660.0 410 1.055 30.0 8 .41 19.30 0.00 4.20 8 .5260.0 415 1.101 29.8 8 .42 20.15 Þ0.03 4.21 8 .56FIgure D³2.86



Project Name: Westside Subway Extension Confining Pressures: Mod. Cal .Project No.: 4953Þ11Þ1423 Sample Description: Brown Sandy Lean ClayBoring No.: GÞ415 Avg. Dry Unit Weight (pcf) : 115.7Sample No.: 6 Avg. Initial Moisture Content (%) : 13.5Depth (ft) : 25.5 Confining Pressure: 10.0 ,20.0 , 30.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod. Cal .Project No.: 4953Þ11Þ1423 Sample Description: Brown Sandy Lean ClayBoring No.: GÞ415 Avg. Dry Unit Weight (pcf) : 115.7Sample No.: 6 Avg. Initial Moisture Content (%) : 13.5Depth (ft) : 25.5 Confining Pressures: 10.0 , 20.0 ,30.0 psiASTM D 4767

C = 1.10 ksfC' = 1.18 ksf
=21°'=23°
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Failure Criteria : 5% Axial Strain

FIgure D³2.88



Test Procedure : ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05'08'15Project No.: 4953'11'1423 Input Data by: KM Date: 05'14'15Boring No.: G'415 Reviewed by: AP Date: 05'14'15Sample No.: 15 Sample Description: Brown Sandy Lean ClayDepth(ft) : 60.5Sample Type: Mod.Cal . Confining Pressure = 25.0 psiDiameter (in) 2.614 2.614 2.614 Avg. = 2.614Height (in) 5.600 5.600 5.600 Avg. = 5.600BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.367 5.297Moisture Content (%) 17.73 15.34Wet Weight (gms) 1048.13 1175.75Dry Weight (gms) 890.28 1039.18ContainerWeight (gms) 0.00 148.90Density and SaturationWet Weight (gms) 1048.13ContainerWeight (gms) 0.00Wet Density (pcf) 132.9Dry Density (pcf) 112.9Initial Void Ratio 0.493% Saturation 97.1 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 55.0 Initial Burette Ht .(cm)= 83.5Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 73.3Eff . Consol . Stress (psi) = 25.0 Final Height (in)= 5.556Induced OCR = 1.0 Initial Volume (cu.in)= 30.053Change in Ht . of Specimen (in) = 0.0443 Final Volume (cu.in) = 29.431Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 6.51Time to 50% primary Consolidation (min) = 15 Eff. Minor Principal stress (ksf) = 1.47Failure Mode : Bulging Failure Eff. Major Principal stress (ksf) = 7.98Axial Strain (%) = 5.37FIgure D³2.89



Test Procedure : ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05'08'15Project No.: 4953'11'1423 Input Data by: KM Date: 05'14'15Boring No.: G'415 Reviewed by: AP Date: 05'14'15Sample No.: 15 Sample Description: Brown Sandy Lean ClayDepth(ft) : 60.5Sample Type: Mod.Cal . Confining Pressure = 50.0 psiDiameter (in) 2.614 2.614 2.614 Avg. = 2.614Height (in) 5.600 5.600 5.600 Avg. = 5.600BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.367 5.569Moisture Content (%) 17.73 15.34Wet Weight (gms) 1048.13 1175.75Dry Weight (gms) 890.28 1039.18ContainerWeight (gms) 0.00 148.90Density and SaturationWet Weight (gms) 1048.13ContainerWeight (gms) 0.00Wet Density (pcf) 132.9Dry Density (pcf) 112.9Initial Void Ratio 0.493% Saturation 97.1 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 80.0 Initial Burette Ht .(cm)= 73.2Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 63.6Eff . Consol . Stress (psi) = 50.0 Final Height (in)= 5.591Induced OCR= 1.0 Initial Volume (cu.in)= 30.053Change in Ht . of Specimen (in) = 0.0087 Final Volume (cu.in) = 29.467Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 11.43Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 3.66Failure Mode : Bulging Failure Eff. Major Principal stress (ksf) = 15.09Axial Strain (%) = 5.36FIgure D³2.90



Test Procedure : ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05'08'15Project No.: Input Data by: KM Date: 05'14'15Boring No.: G'415 Reviewed by: AP Date: 05'14'15Sample No.: 15 Sample Description: Brown Sandy Lean ClayDepth(ft) : 60.5Sample Type: Mod.Cal . Confining Pressure = 75.0 psiDiameter (in) 2.614 2.614 2.614 Avg. = 2.614Height (in) 5.600 5.600 5.600 Avg. = 5.600BEFORE CONSOLIDAT ION AFTER CONSOLIDAT IONArea (in²) 5.367 5.562Moisture Content (%) 17.73 15.34Wet Weight (gms) 1048.13 1175.75Dry Weight (gms) 890.28 1039.18ContainerWeight (gms) 0.00 148.90Density and SaturationWet Weight (gms) 1048.13ContainerWeight (gms) 0.00Wet Density (pcf) 132.9Dry Density (pcf) 112.9Initial Void Ratio 0.493% Saturation 97.1 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht . of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 105.0 Initial Burette Ht .(cm)= 63.6Back Pressure(psi) = 30.0 Final Burette Ht .(cm)= 53.8Eff . Consol . Stress (psi) = 75.0 Final Height (in)= 5.595Induced OCR = 1.0 Initial Volume (cu.in)= 30.053Change in Ht . of Specimen (in) = 0.0047 Final Volume (cu.in) = 29.455Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 17.66Time to 50% primary Consolidation = 15 Eff. Minor Principal stress (ksf) = 7.29Failure Mode : Bulging Failure Eff. Major Principal stress (ksf) = 24.96Axial Strain (%) = 8.78

4953'11'1423

FIgure D³2.91



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 55.0 ps iProject No: 4953®11®1423 Back Pressure : 30.0 ps iBoring No.: G®415 Conso lidat ion Pressure : 25.0 ps iDepth(ft ): 60.5 Init ial Sample Height : 5.600 inSample No.: 15 Init ial A reaof Sample : 5.367 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.556 inSample Descript ion: Brown Sandy Lean Clay Final Sample Area (A)* : 5.297 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Defo rmat ion Pressure Stress Strain Pressure St ress St ressChange q ' p'(S1®S3) (S1®S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )55.0 0 0.000 30.0 0.00 0.00 0.00 0.00 3.6055.0 54 0.005 32.6 1.46 0.09 0.38 0.73 3.9655.0 78 0.012 35.0 2.12 0.21 0.71 1.06 3.9555.0 92 0.019 36.6 2.50 0.34 0.95 1.25 3.9055.0 102 0.027 37.9 2.77 0.48 1.13 1.38 3.8555.0 111 0.033 38.9 3.00 0.59 1.28 1.50 3.8255.0 118 0.041 39.8 3.18 0.74 1.41 1.59 3.7855.0 125 0.048 40.6 3.38 0.87 1.52 1.69 3.7755.0 131 0.056 41.2 3.52 1.01 1.62 1.76 3.7455.0 135 0.063 41.8 3.64 1.14 1.70 1.82 3.7155.0 141 0.070 42.4 3.78 1.27 1.78 1.89 3.7155.0 145 0.077 42.8 3.89 1.39 1.85 1.95 3.7055.0 151 0.084 43.3 4.03 1.52 1.91 2.02 3.7155.0 156 0.091 43.6 4.18 1.64 1.96 2.09 3.7355.0 161 0.098 43.9 4.29 1.77 2.01 2.14 3.7455.0 165 0.106 44.2 4.40 1.90 2.05 2.20 3.7555.0 169 0.113 44.5 4.51 2.04 2.08 2.26 3.7755.0 174 0.120 44.7 4.62 2.16 2.11 2.31 3.8055.0 178 0.128 44.8 4.73 2.31 2.13 2.37 3.8355.0 184 0.135 45.0 4.87 2.44 2.16 2.44 3.8855.0 187 0.143 45.1 4.95 2.57 2.17 2.48 3.9055.0 190 0.150 45.2 5.03 2.70 2.19 2.52 3.9355.0 195 0.158 45.3 5.14 2.84 2.20 2.57 3.9755.0 199 0.165 45.3 5.25 2.97 2.21 2.63 4.0255.0 201 0.173 45.4 5.30 3.11 2.22 2.65 4.0355.0 205 0.181 45.4 5.38 3.25 2.22 2.69 4.0755.0 209 0.188 45.5 5.49 3.39 2.22 2.74 4.1255.0 212 0.195 45.5 5.57 3.51 2.23 2.78 4.1655.0 215 0.202 45.5 5.62 3.64 2.23 2.81 4.1855.0 218 0.209 45.5 5.70 3.77 2.22 2.85 4.2255.0 224 0.224 45.4 5.85 4.02 2.22 2.93 4.3155.0 233 0.246 45.3 6.06 4.43 2.20 3.03 4.4355.0 239 0.261 45.1 6.18 4.69 2.18 3.09 4.5255.0 249 0.284 44.9 6.41 5.10 2.15 3.21 4.6655.0 253 0.299 44.8 6.51 5.37 2.13 3.25 4.73FIgure D³2.92



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 80.0 ps iProject No: 4953®11®1423 Back Pressure : 30.0 ps iBoring No.: G®415 Conso lidat ion Pressure : 50.0 ps iDepth(ft ): 60.5 Init ial Sample Height : 5.600 inSample No.: 15 Init ial A reaof Sample : 5.367 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.591 inSample Descript ion: Brown Sandy Lean Clay Final Sample Area (A)* : 5.569 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Defo rmat ion Pressure Stress Strain Pressure St ress St ressChange q ' p'(S1®S3) (S1®S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )80.0 0 0.000 30.0 0.00 0.00 0.00 0.00 7.2080.0 85 0.005 32.9 2.20 0.09 0.42 1.10 7.8880.0 158 0.011 37.5 4.08 0.20 1.07 2.04 8.1780.0 206 0.018 41.3 5.31 0.32 1.63 2.65 8.2280.0 242 0.025 44.5 6.23 0.45 2.09 3.11 8.2280.0 271 0.032 47.2 6.97 0.57 2.47 3.48 8.2180.0 296 0.039 49.4 7.60 0.70 2.79 3.80 8.2180.0 316 0.046 51.2 8.10 0.83 3.05 4.05 8.2180.0 332 0.053 52.6 8.50 0.95 3.25 4.25 8.2080.0 345 0.061 53.7 8.82 1.09 3.41 4.41 8.2180.0 356 0.067 54.5 9.09 1.20 3.52 4.55 8.2280.0 365 0.075 55.1 9.31 1.33 3.61 4.66 8.2580.0 371 0.082 55.5 9.45 1.46 3.67 4.73 8.2580.0 378 0.088 55.9 9.62 1.58 3.73 4.81 8.2880.0 385 0.096 56.2 9.78 1.71 3.77 4.89 8.3280.0 389 0.103 56.4 9.87 1.84 3.80 4.94 8.3480.0 395 0.110 56.5 10.01 1.97 3.82 5.01 8.3980.0 398 0.118 56.6 10.07 2.11 3.83 5.04 8.4180.0 402 0.125 56.7 10.16 2.23 3.84 5.08 8.4480.0 406 0.132 56.7 10.25 2.36 3.85 5.12 8.4880.0 410 0.140 56.7 10.34 2.50 3.85 5.17 8.5280.0 413 0.147 56.7 10.40 2.64 3.84 5.20 8.5580.0 416 0.154 56.7 10.46 2.76 3.84 5.23 8.5980.0 419 0.162 56.6 10.52 2.89 3.83 5.26 8.6380.0 423 0.169 56.6 10.61 3.03 3.82 5.30 8.6880.0 426 0.176 56.5 10.67 3.15 3.82 5.33 8.7280.0 428 0.184 56.4 10.70 3.28 3.81 5.35 8.7480.0 431 0.191 56.4 10.76 3.41 3.79 5.38 8.7980.0 434 0.198 56.3 10.82 3.54 3.78 5.41 8.8380.0 436 0.205 56.2 10.86 3.67 3.77 5.43 8.8680.0 444 0.226 55.9 11.02 4.05 3.72 5.51 8.9980.0 449 0.241 55.6 11.11 4.31 3.69 5.55 9.0680.0 456 0.264 55.2 11.23 4.72 3.63 5.62 9.1980.0 461 0.285 54.9 11.31 5.10 3.58 5.66 9.2880.0 467 0.300 54.6 11.43 5.36 3.54 5.71 9.37FIgure D³2.93



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 105.0 ps iProject No: 4953®11®1423 Back Pressure : 30.0 ps iBoring No.: G®415 Conso lidat ion Pressure : 75.0 ps iDepth(ft ): 60.5 Init ial Sample Height : 5.600 inSample No.: 15 Init ial A reaof Sample : 5.367 sq. in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.595 inSample Descript ion: Brown Sandy Lean Clay Final Sample Area (A)* : 5.562 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1®S3) (S1®S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )105.0 0 0.000 30.0 0.00 0.00 0.00 0.00 10.80105.0 200 0.006 32.1 5.17 0.11 0.30 2.58 13.08105.0 288 0.012 33.9 7.44 0.21 0.56 3.72 13.96105.0 353 0.018 35.7 9.10 0.32 0.82 4.55 14.54105.0 401 0.024 37.3 10.35 0.43 1.06 5.17 14.92105.0 446 0.030 39.1 11.47 0.54 1.31 5.74 15.23105.0 482 0.036 40.8 12.39 0.64 1.55 6.19 15.44105.0 512 0.042 42.3 13.16 0.75 1.77 6.58 15.61105.0 541 0.048 44.0 13.88 0.86 2.02 6.94 15.73105.0 560 0.054 45.4 14.35 0.97 2.21 7.18 15.76105.0 577 0.060 46.7 14.78 1.07 2.41 7.39 15.78105.0 627 0.090 51.1 15.98 1.61 3.04 7.99 15.75105.0 649 0.120 52.9 16.44 2.14 3.30 8.22 15.72105.0 671 0.171 54.4 16.85 3.06 3.52 8.43 15.71105.0 687 0.215 55.1 17.09 3.85 3.61 8.55 15.74105.0 699 0.262 55.3 17.26 4.69 3.65 8.63 15.78105.0 711 0.308 55.4 17.39 5.50 3.65 8.70 15.84105.0 720 0.353 55.2 17.47 6.30 3.63 8.73 15.90105.0 730 0.400 55.0 17.54 7.15 3.60 8.77 15.97105.0 739 0.445 54.7 17.61 7.95 3.55 8.80 16.05105.0 748 0.492 54.4 17.66 8.78 3.51 8.83 16.12105.0 753 0.537 54.0 17.63 9.60 3.45 8.81 16.16105.0 761 0.583 53.5 17.64 10.43 3.38 8.82 16.24105.0 767 0.630 53.0 17.62 11.26 3.31 8.81 16.30105.0 771 0.676 52.5 17.55 12.09 3.24 8.78 16.34105.0 778 0.721 52.0 17.54 12.89 3.17 8.77 16.40105.0 783 0.768 51.5 17.49 13.72 3.10 8.74 16.45105.0 791 0.813 51.0 17.51 14.53 3.03 8.75 16.53105.0 795 0.858 50.5 17.42 15.34 2.95 8.71 16.56105.0 800 0.904 50.0 17.37 16.16 2.88 8.68 16.60105.0 807 0.950 49.6 17.35 16.97 2.82 8.68 16.66105.0 812 0.995 49.1 17.28 17.78 2.76 8.64 16.68105.0 821 1.041 48.8 17.30 18.60 2.71 8.65 16.74105.0 825 1.085 48.4 17.22 19.39 2.66 8.61 16.76105.0 834 1.131 48.1 17.23 20.22 2.61 8.62 16.81FIgure D³2.94



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 4953'11'1423 Sample Description: Brown Sandy Lean ClayBoring No.: G'415 Avg. Dry Unit Weight (pcf) : 112.9Sample No.: 15 Avg. Initial Moisture Content (%): 17.7Depth (ft) : 60.5 Confining Pressure: 25.0, 50.0, 75.0 psiASTM D4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 4953'11'1423 Sample Description: Brown Sandy Lean ClayBoring No.: G'415 Avg. Dry Unit Weight (pcf) : 112.9Sample No.: 15 Avg. Initial Moisture Content (%): 17.7Depth (ft) : 60.5 Confining Pressures: 25.0, 50.0, 75.0 psiASTM D4767

C = 0.30 ksfC' = 1.00 ksf
=25°'=30°
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Failure Criteria : 5% Axial Strain

FIgure D�2.96



Test Procedure: ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05{08{15Project No.: 4953{11{1423 Input Data by: KM Date: 05{14{15Boring No.: G{415 Reviewed by: AP Date: 05{14{15Sample No.: 21 Sample Description: Dark Gray Fat ClayDepth(ft) : 90.5Sample Type: Mod. Cal . Confining Pressure = 40.0 psiDiameter (in) 2.627 2.627 2.627 Avg. = 2.627Height (in) 5.645 5.645 5.645 Avg. = 5.645BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in²) 5.420 5.293Moisture Content (%) 38.18 38.87Wet Weight (gms) 39.65 1042.40Dry Weight (gms) 29.41 789.95Container Weight (gms) 2.59 140.54Density and SaturationWet Weight (gms) 907.31Container Weight (gms) 0.00Wet Density (pcf) 113.0Dry Density (pcf) 81.8Initial Void Ratio 1.061% Saturation 97.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 70.0 Initial Burette Ht.(cm)= 85.6Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 67.4Eff . Consol . Stress (psi) = 40.0 Final Height (in)= 5.570Induced OCR = 1.0 Initial Volume (cu.in)= 30.597Change in Ht. of Specimen (in) = 0.0747 Final Volume (cu.in) = 29.486Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 6.94Time to 50% primary Consolidation (min) = 15 Eff .Minor Principal stress (ksf) = 3.26Failure Mode : Bulging Failure Eff .Major Principal stress (ksf) = 10.20Axial Strain (%) = 5.47FIgure D�2.97



Test Procedure :ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05608615Project No.: 495361161423 Input Data by: KM Date: 05614615Boring No.: G6415 Reviewed by: AP Date: 05614615Sample No.: 21 Sample Description: Dark Gray Fat ClayDepth(ft) : 90.5Sample Type: Mod.Cal . Confining Pressure = 60.0 psiDiameter (in) 2.627 2.627 2.627 Avg. = 2.627Height (in) 5.645 5.645 5.645 Avg. = 5.645BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in² ) 5.420 5.651Moisture Content (%) 38.18 38.87Wet Weight (gms) 39.65 1042.40Dry Weight (gms) 29.41 789.95Container Weight (gms) 2.59 140.54Density and SaturationWet Weight (gms) 907.31Container Weight (gms) 0.00Wet Density (pcf) 113.0Dry Density (pcf) 81.8Initial Void Ratio 1.061% Saturation 97.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 90.0 Initial Burette Ht.(cm)= 67.3Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 59.2Eff . Consol . Stress (psi) = 60.0 Final Height (in)= 5.635Induced OCR= 1.0 Initial Volume (cu.in)= 30.597Change in Ht. of Specimen (in) = 0.0100 Final Volume (cu.in) = 30.102Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 10.03Time to 50% primary Consolidation = 15 Eff .Minor Principal stress (ksf) = 4.59Failure Mode : Bulging Failure Eff .Major Principal stress (ksf) = 14.62Axial Strain (%) = 4.73FIgure D�2.98



Test Procedure :ASTM D 4767Project Name: Westside Subway Extension Tested by: ST Date: 05608615Project No.: Input Data by: KM Date: 05614615Boring No.: G6415 Reviewed by: AP Date: 05614615Sample No.: 21 Sample Description: Dark Gray Fat ClayDepth(ft) : 90.5Sample Type: Mod.Cal . Confining Pressure = 80.0 psiDiameter (in) 2.627 2.627 2.627 Avg. = 2.627Height (in) 5.645 5.645 5.645 Avg. = 5.645BEFORE CONSOLIDATION AFTER CONSOLIDATIONArea (in² ) 5.420 5.583Moisture Content (%) 38.18 38.87Wet Weight (gms) 39.65 1042.40Dry Weight (gms) 29.41 789.95Container Weight (gms) 2.59 140.54Density and SaturationWet Weight (gms) 907.31Container Weight (gms) 0.00Wet Density (pcf) 113.0Dry Density (pcf) 81.8Initial Void Ratio 1.061% Saturation 97.2 Assumed Specific Gravity = 2.70Back Pressure SaturationB Value (%) = 96 Change in Ht. of the Specimen (in)= 0ConsolidationCell Pressure (psi) = 110.0 Initial Burette Ht.(cm)= 59.2Back Pressure(psi) = 30.0 Final Burette Ht.(cm)= 49.6Eff . Consol . Stress (psi) = 80.0 Final Height (in)= 5.642Induced OCR = 1.0 Initial Volume (cu.in)= 30.597Change in Ht. of Specimen (in) = 0.0027 Final Volume (cu.in) = 30.011Shear At FailureRate of Deformation (in/min)= 0.005 Deviator Stress (ksf) = 13.54Time to 50% primary Consolidation = 15 Eff .Minor Principal stress (ksf) = 6.75Failure Mode : Bulging Failure Eff .Major Principal stress (ksf) = 20.29Axial Strain (%) = 6.44

495361161423

FIgure D�2.99



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 70.0 ps iProject No: 4953|11|1423 Back Pressure : 30.0 ps iBoring No.: G|415 Conso lidat ion Pressure : 40.0 ps iDepth(ft ): 90.5 Init ial Sample Height : 5.645 inSample No.: 21 Init ial A reaof Sample : 5.420 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.570 inSample Descript ion: Dark Gray Fat Clay Final Sample Area (A)* : 5.293 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1|S3) (S1|S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )70.0 0 0.000 30.0 0.00 0.00 0.00 0.00 5.7670.0 66 0.005 31.3 1.79 0.08 0.18 0.90 6.4770.0 93 0.011 32.4 2.52 0.20 0.35 1.26 6.6770.0 109 0.018 33.5 2.96 0.33 0.50 1.48 6.7470.0 122 0.026 34.5 3.30 0.46 0.65 1.65 6.7770.0 131 0.032 35.5 3.54 0.58 0.78 1.77 6.7570.0 140 0.040 36.3 3.78 0.71 0.91 1.89 6.7470.0 147 0.047 37.2 3.96 0.85 1.03 1.98 6.7170.0 153 0.055 37.9 4.12 0.98 1.14 2.06 6.6870.0 158 0.062 38.7 4.25 1.11 1.25 2.13 6.6470.0 163 0.069 39.3 4.38 1.23 1.34 2.19 6.6170.0 168 0.076 40.0 4.51 1.36 1.43 2.25 6.5870.0 172 0.083 40.5 4.61 1.49 1.52 2.30 6.5570.0 177 0.091 41.1 4.74 1.62 1.59 2.37 6.5470.0 181 0.098 41.5 4.84 1.75 1.66 2.42 6.5270.0 185 0.105 42.0 4.94 1.88 1.73 2.47 6.5070.0 189 0.112 42.4 5.04 2.01 1.79 2.52 6.4970.0 193 0.119 42.8 5.14 2.14 1.85 2.57 6.4870.0 197 0.127 43.2 5.24 2.28 1.90 2.62 6.4870.0 200 0.134 43.5 5.31 2.40 1.95 2.66 6.4770.0 204 0.141 43.9 5.41 2.54 1.99 2.70 6.4770.0 207 0.149 44.1 5.48 2.67 2.04 2.74 6.4670.0 210 0.156 44.4 5.55 2.81 2.07 2.78 6.4670.0 213 0.164 44.6 5.62 2.94 2.11 2.81 6.4770.0 216 0.171 44.8 5.70 3.08 2.14 2.85 6.4770.0 219 0.179 45.1 5.77 3.22 2.17 2.88 6.4870.0 222 0.187 45.3 5.84 3.35 2.20 2.92 6.4870.0 224 0.193 45.4 5.88 3.47 2.22 2.94 6.4870.0 227 0.201 45.6 5.95 3.61 2.25 2.98 6.4970.0 231 0.208 45.8 6.05 3.74 2.27 3.02 6.5170.0 237 0.223 46.1 6.19 4.00 2.32 3.09 6.5370.0 246 0.245 46.5 6.40 4.40 2.38 3.20 6.5870.0 256 0.268 46.9 6.63 4.80 2.43 3.31 6.6470.0 262 0.282 47.1 6.77 5.06 2.47 3.38 6.6870.0 270 0.305 47.4 6.94 5.47 2.50 3.47 6.73FIgure D�2.100



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 90.0 ps iProject No: 4953|11|1423 Back Pressure : 30.0 ps iBoring No.: G|415 Conso lidat ion Pressure : 60.0 ps iDepth(ft ): 90.5 Init ial Sample Height : 5.645 inSample No.: 21 Init ial A reaof Sample : 5.420 sq . in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.635 inSample Descript ion: Dark Gray Fat Clay Final Sample Area (A)* : 5.651 sq. in.Induced OCR= 1.0Ce ll Load Axial Back Dev iator Ax ial Po re Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1|S3) (S1|S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )90.0 1 0.000 30.0 0.03 0.00 0.00 0.01 8.6590.0 89 0.005 34.0 2.27 0.09 0.58 1.13 9.1990.0 137 0.012 37.5 3.48 0.21 1.08 1.74 9.3090.0 170 0.019 40.4 4.32 0.34 1.49 2.16 9.3190.0 196 0.026 42.8 4.97 0.46 1.85 2.49 9.2890.0 218 0.033 45.1 5.52 0.59 2.18 2.76 9.2290.0 238 0.040 47.3 6.02 0.71 2.49 3.01 9.1790.0 257 0.047 49.2 6.49 0.84 2.77 3.25 9.1290.0 273 0.054 50.9 6.89 0.96 3.01 3.44 9.0790.0 287 0.061 52.4 7.23 1.08 3.23 3.62 9.0390.0 301 0.068 53.7 7.58 1.21 3.41 3.79 9.0190.0 312 0.075 54.7 7.84 1.34 3.56 3.92 9.0090.0 321 0.082 55.6 8.06 1.46 3.69 4.03 8.9890.0 331 0.089 56.4 8.30 1.58 3.80 4.15 8.9990.0 338 0.096 57.0 8.47 1.71 3.88 4.23 8.9990.0 346 0.104 57.5 8.65 1.84 3.96 4.33 9.0190.0 353 0.111 57.9 8.82 1.97 4.01 4.41 9.0390.0 359 0.118 58.2 8.96 2.10 4.07 4.48 9.0590.0 365 0.126 58.5 9.09 2.23 4.11 4.55 9.0890.0 370 0.134 58.7 9.20 2.37 4.14 4.60 9.1190.0 374 0.141 58.9 9.29 2.50 4.17 4.65 9.1290.0 378 0.148 59.1 9.38 2.63 4.18 4.69 9.1590.0 382 0.156 59.2 9.46 2.76 4.20 4.73 9.1790.0 385 0.163 59.2 9.53 2.89 4.21 4.76 9.1990.0 388 0.171 59.2 9.59 3.03 4.21 4.79 9.2290.0 392 0.178 59.2 9.67 3.16 4.21 4.84 9.2790.0 394 0.186 59.2 9.71 3.29 4.20 4.85 9.2990.0 397 0.193 59.2 9.77 3.42 4.20 4.89 9.3390.0 399 0.200 59.1 9.81 3.54 4.19 4.90 9.3590.0 401 0.207 59.1 9.84 3.67 4.19 4.92 9.3790.0 406 0.222 59.0 9.94 3.94 4.17 4.97 9.4490.0 411 0.244 58.7 10.02 4.34 4.13 5.01 9.5290.0 413 0.267 58.1 10.03 4.73 4.05 5.01 9.6090.0 407 0.282 57.3 9.85 5.00 3.92 4.93 9.6490.0 402 0.304 55.1 9.70 5.39 3.62 4.85 9.87FIgure D�2.101



Project Name: Wests ide Subway Extens ion Ce ll Pressure: 110.0 ps iProject No: 4953|11|1423 Back Pressure : 30.0 ps iBoring No.: G|415 Conso lidat ion Pressure : 80.0 ps iDepth(ft ): 90.5 Init ial Sample Height : 5.645 inSample No.: 21 Init ial A reaof Sample : 5.420 sq. in.Sample Type : Mod. Cal. Final Sample Ht .* (L): 5.642 inSample Descript ion: Dark Gray Fat Clay Final Sample Area (A)* : 5.583 sq. in.Induced OCR= 1.0Cell Load Ax ial Back Dev iator Ax ial Pore Shear NormalPressure Deformat ion Pressure St ress St rain Pressure St ress St ressChange q ' p'(S1|S3) (S1|S3)/2 (S1'+S3')/2(ps i) (lbs ) (in) (ps i) (ksf ) (%) (ksf ) (ksf ) (ksf )110.0 0 0.000 30.0 0.00 0.00 0.00 0.00 11.52110.0 117 0.006 32.1 3.01 0.11 0.30 1.51 12.73110.0 176 0.012 34.0 4.53 0.21 0.57 2.26 13.21110.0 218 0.018 35.8 5.60 0.32 0.83 2.80 13.49110.0 249 0.024 37.4 6.39 0.43 1.06 3.20 13.65110.0 274 0.030 38.8 7.03 0.53 1.27 3.51 13.77110.0 298 0.036 40.3 7.64 0.64 1.48 3.82 13.86110.0 319 0.042 41.5 8.17 0.74 1.66 4.08 13.95110.0 341 0.048 43.1 8.72 0.85 1.88 4.36 14.00110.0 360 0.054 44.5 9.20 0.96 2.09 4.60 14.03110.0 374 0.060 45.5 9.54 1.06 2.23 4.77 14.06110.0 425 0.090 51.3 10.79 1.60 3.07 5.40 13.85110.0 447 0.120 55.8 11.28 2.13 3.71 5.64 13.45110.0 467 0.132 57.6 11.77 2.34 3.98 5.89 13.43110.0 495 0.179 59.4 12.37 3.17 4.24 6.19 13.47110.0 520 0.225 61.0 12.88 3.98 4.47 6.44 13.49110.0 539 0.271 62.2 13.24 4.81 4.63 6.62 13.51110.0 551 0.318 62.8 13.40 5.63 4.73 6.70 13.49110.0 561 0.363 63.1 13.54 6.44 4.77 6.77 13.52110.0 565 0.409 62.9 13.51 7.25 4.74 6.76 13.54110.0 566 0.456 62.8 13.43 8.07 4.72 6.72 13.52110.0 564 0.501 61.5 13.26 8.89 4.54 6.63 13.61110.0 559 0.549 60.7 13.02 9.72 4.42 6.51 13.61110.0 551 0.595 58.9 12.72 10.54 4.16 6.36 13.72110.0 546 0.642 57.6 12.47 11.38 3.98 6.24 13.78110.0 534 0.689 56.7 12.09 12.22 3.84 6.05 13.73110.0 530 0.736 55.6 11.88 13.04 3.69 5.94 13.77110.0 522 0.782 54.5 11.60 13.86 3.53 5.80 13.79110.0 516 0.829 53.3 11.36 14.69 3.35 5.68 13.85110.0 509 0.876 52.2 11.09 15.52 3.20 5.55 13.86110.0 510 0.922 51.3 11.00 16.33 3.07 5.50 13.95110.0 505 0.968 50.1 10.80 17.16 2.90 5.40 14.02110.0 502 1.015 49.0 10.62 17.98 2.73 5.31 14.10110.0 503 1.061 48.5 10.54 18.80 2.66 5.27 14.13110.0 503 1.106 47.2 10.43 19.61 2.48 5.22 14.26FIgure D�2.102



Project Name: Westside Subway Extension Confining Pressures: Mod.Cal .Project No.: 495361161423 Sample Description: Dark Gray Fat ClayBoring No.: G6415 Avg. Dry Unit Weight (pcf) : 81.8Sample No.: 21 Avg. Initial Moisture Content (%): 38.2Depth (ft) : 90.5 Confining Pressure: 40.0, 60.0, 80.0 psiASTM D 4767
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Project Name: Westside Subway Extension Sample Type: Mod.Cal .Project No.: 495361161423 Sample Description: Dark Gray Fat ClayBoring No.: G6415 Avg. Dry Unit Weight (pcf) : 81.8Sample No.: 21 Avg. Initial Moisture Content (%): 38.2Depth (ft) : 90.5 Confining Pressures: 40.0, 60.0, 80.0 psiASTM D 4767
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Boring No. : E�132B Initial Dry UnitWeight (pcf): 116.0Sample No.: 2 Initial Moisture Content (%): 13.8Depth (feet): 10.5 Final Moisture Content (%): 18.1Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Lean Clay Initial Void Ratio: 0.45Remarks: Swell = 6.17% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953�11�1423Date:AP No: 15�03614/25/2015
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Figure D-3.2.1



Boring No. : E�132B Initial Dry UnitWeight (pcf): 96.8Sample No.: 4 Initial Moisture Content (%): 26.3Depth (feet): 20.5 Final Moisture Content (%): 27.6Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Fat Clay w/sand Initial Void Ratio: 0.74Remarks: Swell = 2.65% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953�11�1423Date:AP No: 15�03614/25/2015
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Figure D-3.2.2



Boring No. : E�132B Initial Dry UnitWeight (pcf): 112.8Sample No.: 6 Initial Moisture Content (%): 16.4Depth (feet): 30.5 Final Moisture Content (%): 18.6Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Lean Clay Initial Void Ratio: 0.49Remarks: Swell = 7.04% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953�11�1423Date:AP No: 15�03614/25/2015
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Figure D-3.2.3



Boring No. : E 132B Initial Dry UnitWeight (pcf): 104.3Sample No.: 12 Initial Moisture Content (%): 8.8Depth (feet): 60.5 Final Moisture Content (%): 16.8Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Poorly Graded Sand w/silt & gravel Initial Void Ratio: 0.62Remarks: Collapse= 0.25% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953 11 1423Date:AP No: 15 03614/25/2015
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Figure D-3.2.4



Boring No. : E"132B Initial Dry Unit Weight (pcf): 101.5Sample No.: 14 Initial Moisture Content (%): 15.9Depth (feet): 70.5 Final Moisture Content (%): 20.1Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.66Remarks: Collapse= 0.04% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953"11"1423Date:AP No: 15"03614/25/2015
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Figure D-3.2.5



Boring No. : E¢132C Initial Dry Unit Weight (pcf): 109.9Sample No.: 2 Initial Moisture Content (%): 18.2Depth (feet): 10.5 Final Moisture Content (%): 16.3Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Clayey Sand Initial Void Ratio: 0.53Remarks: Swell = 0.40% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953í11í1423Date:AP No: 15í03614/ 18/2015

í2í101234567891011121314151617181920

0.1 1 10 100VERTICAL STRESS (ksf)

CONSOLIDATION
(P ercent ofS a
mpl eThi ck ness)

At Field Moisture After Saturation

Figure D-3.2.6



Boring No. : E5 132C Initial Dry Unit Weight (pcf): 105.3Sample No.: 8 Initial Moisture Content (%): 11.8Depth (feet): 40.5 Final Moisture Content (%): 21.2Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Clayey Sandstone Initial Void Ratio: 0.60Remarks: Sw ell = 0.65% upon inundationProject Name: Westside Subway ExtensionProject No.: 495351151423Dat e:AP No: 15503614/ 18/ 2015
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Figure D-3.2.7



Boring No. : Eµ 132C Initial Dry Unit Weight (pcf): 105.9Sample No.: 16 Initial Moisture Content (%): 13.8Depth (feet): 63 Final Moisture Content (%): 19.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.59Remarks: Sw ell = 0.06% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953µ11µ1423Dat e:AP No: 15µ03614/ 18/ 2015
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Figure D-3.2.8



Boring No. : E5 132C Initial Dry Unit Weight (pcf): 91.8Sample No.: 24 Initial Moisture Content (%): 6.0Depth (feet): 83 Final Moisture Content (%): 24.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Poorly5Graded Sand w/ silt Initial Void Ratio: 0.83Remarks: Collapse= 0.44% upon inundationProject Name: Westside Subway ExtensionProject No.: 495351151423Dat e:AP No: 15503614/ 18/ 2015
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Figure D-3.2.9



Boring No. : E¶ 132C Initial Dry Unit Weight (pcf): 121.8Sample No.: 28 Initial Moisture Content (%): 13. 1Depth (feet): 93 Final Moisture Content (%): 13.0Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.38Remarks: Sw ell = 0.00% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¶11¶1423Dat e:AP No: 15¶03614/ 18/ 2015
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Figure D-3.2.10



Boring No. : E6133A Initial Dry UnitWeight (pcf): 115.5Sample No.: 4 Initial Moisture Content (%): 14.8Depth (feet): 20.5 Final Moisture Content (%): 14.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Clay Initial Void Ratio: 0.46Remarks: Swell = 0.76% upon inundationProject Name: Westside Subway ExtensionProject No.: 495361161423Date:AP No: 15603614/ 18/2015
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Figure D-3.2.11



Boring No. : E¶133A Initial Dry UnitWeight (pcf): 109.7Sample No.: 8 Initial Moisture Content (%): 8.7Depth (feet): 40.5 Final Moisture Content (%): 15.3Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.54Remarks: Swell = 0.00% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¶11¶1423Date:AP No: 15¶03614/ 18/2015
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Figure D-3.2.12



Boring No. : E6133A Initial Dry UnitWeight (pcf): 91.6Sample No.: 12 Initial Moisture Content (%): 12.0Depth (feet): 60.5 Final Moisture Content (%): 25.6Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.84Remarks: Swell = 0.01% upon inundationProject Name: Westside Subway ExtensionProject No.: 495361161423Date:AP No: 15603614/ 18/2015
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Figure D-3.2.13



Boring No. : E¶133A Initial Dry UnitWeight (pcf): 94.1Sample No.: 20 Initial Moisture Content (%): 27.3Depth (feet): 100 Final Moisture Content (%): 27.4Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Claystone Initial Void Ratio: 0.79Remarks: Swell = 2.51% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¶11¶1423Date:AP No: 15¶03614/ 18/2015
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Figure D-3.2.14



Boring No. : E6133A Initial Dry UnitWeight (pcf): 107.4Sample No.: 22 Initial Moisture Content (%): 15.8Depth (feet): 110 Final Moisture Content (%): 22.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Clay Initial Void Ratio: 0.57Remarks: Swell = 0.77% upon inundationProject Name: Westside Subway ExtensionProject No.: 495361161423Date:AP No: 15603614/ 18/2015
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Figure D-3.2.15



Boring No. : G¶4 12 Initial Dry UnitWeight (pcf): 84.3Sample No.: 19 Initial Moisture Content (%): 7.9Depth (feet): 68 Final Moisture Content (%): 29.0Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 1.00Remarks: Collapse= 1.38% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¶11¶1423Date:AP No: 15¶03614/ 18/2015
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Figure D-3.2.16



Boring No. : G64 12 Initial Dry UnitWeight (pcf): 98.8Sample No.: 25 Initial Moisture Content (%): 4.1Depth (feet): 83 Final Moisture Content (%): 19.9Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Poorly6Graded Sand w/silt Initial Void Ratio: 0.71Remarks: Collapse= 0.21% upon inundationProject Name: Westside Subway ExtensionProject No.: 495361161423Date:AP No: 15603614/ 18/2015
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Figure D-3.2.17



Boring No. : G·4 13 Initial Dry UnitWeight (pcf): 104.0Sample No.: 2 Initial Moisture Content (%): 20.3Depth (feet): 9.5 Final Moisture Content (%): 21.7Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Lean Clay Initial Void Ratio: 0.62Remarks: Swell = 1.76% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953·11·1423Date:AP No: 15·03615/ 1/2015
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Figure D-3.2.18



Boring No. : G84 13 Initial Dry UnitWeight (pcf): 108.0Sample No.: 10 Initial Moisture Content (%): 9.2Depth (feet): 45.5 Final Moisture Content (%): 17.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.56Remarks: Swell = 0.00% upon inundationProject Name: Westside Subway ExtensionProject No.: 495381181423Date:AP No: 15803615/ 1/2015
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Figure D-3.2.19



Boring No. : G 4̧ 13 Initial Dry UnitWeight (pcf): 117.3Sample No.: 20 Initial Moisture Content (%): 16.0Depth (feet): 95.5 Final Moisture Content (%): 17.1Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Clayey Sand Initial Void Ratio: 0.44Remarks: Swell = 0.99% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¸11¸1423Date:AP No: 15¸03615/ 1/2015
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Figure D-3.2.20



Boring No. : G84 13 Initial Dry UnitWeight (pcf): 95.2Sample No.: 24 Initial Moisture Content (%): 13.7Depth (feet): 115.5 Final Moisture Content (%): 27.8Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.77Remarks: Swell = 0.01% upon inundationProject Name: Westside Subway ExtensionProject No.: 495381181423Date:AP No: 15803615/ 1/2015
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Figure D-3.2.21



Boring No. : G 4̧ 14 Initial Dry UnitWeight (pcf): 119.0Sample No.: 3 Initial Moisture Content (%): 10.7Depth (feet): 15.5 Final Moisture Content (%): 14.2Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Lean Clay Initial Void Ratio: 0.42Remarks: Swell = 2.40% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¸11¸1423Date:AP No: 15¸03615/7/2015
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Figure D-3.2.22



Boring No. : G94 14 Initial Dry Unit Weight (pcf): 104.4Sample No.: 16 Initial Moisture Content (%): 18.9Depth (feet): 66.5 Final Moisture Content (%): 22.0Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.61Remarks: Swell = 0.20% upon inundationProject Name: Westside Subway ExtensionProject No.: 495391191423Date:AP No: 15903615/ 1/2015
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Figure D-3.2.23



Boring No. : G¹4 14 Initial Dry Unit Weight (pcf): 95.2Sample No.: 20 Initial Moisture Content (%): 26.2Depth (feet): 78.5 Final Moisture Content (%): 27.8Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.77Remarks: Swell = 0.11% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¹11¹1423Date:AP No: 15¹03615/ 1/2015
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Figure D-3.2.24



Boring No. : G94 14 Initial Dry Unit Weight (pcf): 106.4Sample No.: 26 Initial Moisture Content (%): 20.3Depth (feet): 96.5 Final Moisture Content (%): 20.0Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.58Remarks: Swell = 0.28% upon inundationProject Name: Westside Subway ExtensionProject No.: 495391191423Date:AP No: 15903615/ 1/2015
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Figure D-3.2.25



Boring No. : G¹4 14 Initial Dry Unit Weight (pcf): 108.7Sample No.: 30 Initial Moisture Content (%): 14.7Depth (feet): 115.5 Final Moisture Content (%): 23.7Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Silty Sand Initial Void Ratio: 0.55Remarks: Swell = 0.19% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953¹11¹1423Date:AP No: 15¹03615/ 1/2015
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Figure D-3.2.26



Boring No. : G94 15 Initial Dry Unit Weight (pcf): 105.7Sample No.: 2 Initial Moisture Content (%): 19.2Depth (feet): 9.5 Final Moisture Content (%): 18.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Lean Clay Initial Void Ratio: 0.59Remarks: Swell = 0.54% upon inundationProject Name: Westside Subway ExtensionProject No.: 495391191423Date:AP No: 15903615/ 1/2015
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Figure D-3.2.27



Boring No. : Gº4 15 Initial Dry Unit Weight (pcf): 109.4Sample No.: 10 Initial Moisture Content (%): 17.3Depth (feet): 37.5 Final Moisture Content (%): 17.9Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Sandy Lean Clay Initial Void Ratio: 0.54Remarks: Swell = 0.96% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953º11º1423Date:AP No: 15º03615/ 1/2015
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Figure D-3.2.28



Boring No. : G;4 15 Initial Dry UnitWeight (pcf): 114.9Sample No.: 14 Initial Moisture Content (%): 16.6Depth (feet): 55.5 Final Moisture Content (%): 15.5Sample Type: Mod Cal Assumed Specif ic Gravity: 2.7Soil Description: Clay Initial Void Ratio: 0.47Remarks: Swell = 0.10% upon inundationProject Name: Westside Subway ExtensionProject No.: 4953;11;1423Date:AP No: 15;03615/ 1/2015
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Figure D-3.2.29



Boring No. : G»4 15 Initial Dry UnitWeight (pcf):Sample No.: 21 Initial Moisture Content (%):Depth (feet): 90.5 Final Moisture Content (%):Sample Type: Mod Cal Assumed Specif ic Gravity:Soil Description: Claystone Initial Void Ratio:Remarks: Project Name: Westside Subway ExtensionProject No.: 4953»11»1423Date:AP No: 15»03615/ 1/2015
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XECUTIVE UMMARYThe Westside Subway Extension is a proposed extension of the Metro Purple Line subwaywestward from the Wilshire/Western Station to the Veterans Administration West Los AngelesHospital. Century City Constellation station is one of the eight stations planned for the project.The station will be approximately 980 feet long and about 85 to 95 feet below ground surface.Laboratory tests on the soil samples provided by AMEC E&I have been completed. Six of thesamples were selected for analysis. This soil is classified as severely corrosive to ferrous metalsand aggressive to copper.A dielectric coated steel pipeline for this route should also have bonded joints and test stations.In addition, cathodic protection should be installed and applied concurrently with the pipeline.Cathodically protect and provide corrosion monitoring for hydraulic elevators and associatedcomponents as required for compliance with Title 23.A dielectric coated ductile iron pipe would also be a suitable choice. In addition, cathodicprotection should be installed and applied concurrently with the pipeline. A polyethylene wrapmay be used on nonápressurized iron pipe due to corrosive soils along portions of the route.A polyvinyl chloride (PVC) pipe would also be a suitable choice. Coat any iron parts, such asfittings and valves, with a high quality dielectric coating.Type II cement may be used for concrete structures. Standard concrete cover over reinforcing steelmay be used. Any contact between concrete structures and ground water should be prevented.Contact can be prevented with an impermeable waterproofing system.Due to the soils at this site, postátensioned slabs should be protected in accordance with soilconsidered aggressive (corrosive).

Figure D-7.1.2
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NTRODUCTIONThe existing subway system is owned and operated by Los Angeles County MetropolitanTransportation Authority (MTA) and provides public transportation throughout the City of LosAngeles, and surrounding areas.The Westside Subway Extension is a proposed extension of the Metro Purple Line subwaywestward from the Wilshire/Western Station to the Veterans Administration West Los AngelesHospital. In the Century City area, two alternative alignments are considered; one with a stationalong Santa Monica Boulevard, and one with a station along Constellation Boulevard. Theproposed subway alignment is about 9 miles long. The depth to tunnel invert varies along thealignment from 40 to 160 feet below grade. The subway will consist of heavy rail transitoperated in a twin tunnel configuration with eight new passenger stations, with two options inCentury City.Century City Constellation station is one of the eight stations planned for the project. The stationwill be approximately 980 feet long and about 85 to 95 feet below ground surface. Ground waterwas encountered at depths of about 35 to 50 feet below ground surface. The station will includewalls below grade, utility piping, hydraulic elevator systems, concrete structures, and postátensioning systems.An analysis of soil corrosivity along the route of the Metro rail alignment was requested. Laboratorytests on the soil samples provided by AMEC E&I have been completed. Six of the samples wereselected for analysis. HDR Engineering, Inc. (HDR|Schiff) assumes that the samples selected arerepresentative of the most corrosive soils at the site.The scope of this study is limited to a determination of soil corrosivity and general corrosion controlrecommendations for materials planned for construction. HDR|Schiff understands shoring piles willbe used only temporarily during construction and will not be considered in this study. If steel pilesare considered for use as permanent structures in the future, HDR|Schiff will be glad to performRomanoff similitude analysis for metal loss and determine estimated corrosion rates.ABORATORY ESTS ON OIL AMPLESThe electrical resistivity of each of the six samples was measured in a soil box per ASTM G187 inits asáreceived condition and again after saturation with distilled water. Resistivities are at abouttheir lowest value when the soil is saturated. The pH of the saturated samples was measured perASTM G51. A 5:1 water:soil extract from each sample was chemically analyzed for the majorsoluble salts commonly found in soil per ASTM D4327, D6919, and D513. Test results are shownin Table 1 in the Appendix to this report.
Figure D-7.1.4
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OIL ORROSIVITYA major factor in determining soil corrosivity is electrical resistivity. The electrical resistivity ofa soil is a measure of its resistance to the flow of electrical current. Corrosion of buried metal isan electrochemical process in which the amount of metal loss due to corrosion is directlyproportional to the flow of electrical current (DC) from the metal into the soil. Corrosioncurrents, following Ohm's Law, are inversely proportional to soil resistivity. Lower electricalresistivities result from higher moisture and soluble salt contents and indicate corrosive soil.A correlation between electrical resistivity and corrosivity toward ferrous metals is (Romanoff,1989): Soil Resistivityin ohmácentimeters Corrosivity CategoryGreater than 10,000 Mildly Corrosive2,001 to 10,000 Moderately Corrosive1,001 to 2,000 Corrosive0 to 1,000 Severely CorrosiveOther soil characteristics that may influence corrosivity towards metals are pH, soluble saltcontent, soil types, aeration, anaerobic conditions, and site drainage.Electrical resistivities were in the moderately corrosive and corrosive categories with asáreceivedmoisture. When saturated, the resistivities were in the moderately to severely corrosivecategories. The resistivities dropped considerably with added moisture because the samples weredry asáreceived.Soil pH values varied from 7.3 to 8.2. This range is neutral to moderately alkaline (Romanoff,1989). These values do not particularly increase soil corrosivity.The soluble salt content of the samples ranged from low to high.Nitrate was detected in low concentrations. The ammonium concentration was high enough to bedeleterious to copper.Tests were not made for sulfide and negative oxidationáreduction (redox) potential because thesesamples did not exhibit characteristics typically associated with anaerobic conditions.The variation in soil types can create differentialáaeration corrosion cells that would affect allmetals.This soil is classified as severely corrosive to ferrous metals and aggressive to copper.Heavy rail transit systems can present a multitude of DC stray current issues. These issues canaffect not only the system of concern, but also other metallic utilities or structures proximal torails, and DC substations if the proper mitigation practices are not followed. Stray current canincrease corrosion
Figure D-7.1.5



 

AMEC E&I  October 18,  2011 

HDR|Schif f  #172549 Page 3  

ONCLUSIONSThis soil is classified as severely corrosive to ferrous metals and aggressive to copper.A dielectrically coated steel pipeline for this route should also have bonded joints and teststations. In addition, cathodic protection should be installed and applied concurrently with thepipeline.Cathodically protect and provide corrosion monitoring for hydraulic elevators and associatedcomponents as required for compliance with Title 23.A dielectrically coated ductile iron pipe would also be a suitable choice. In addition, cathodicprotection should be installed and applied concurrently with the pipeline. A polyethylene wrapmay be used on nonápressurized iron pipe due to corrosive soils along portions of the route.A polyvinyl chloride (PVC) pipe would also be a suitable choice. Coat any iron parts, such asfittings and valves, with a high quality dielectric coating.Type II cement may be used for concrete structures. Standard concrete cover over reinforcing steelmay be used. Any contact between concrete structures and ground water should be prevented.Contact can be prevented with an impermeable waterproofing system.Due to the soils at this site, postátensioned slabs should be protected in accordance with soilconsidered aggressive (corrosive).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 reliabilityand the corrosivity considerations discussed above, it is clear that corrosion protection must beprovided for the components exposed to the environment discussed with consideration given tothe level of risk and practicality.ECOMMENDATIONS
A study of the impact of the DC powered heavy rail system was not detailed as part of the scopework in this project. It is recommended that the client pursue such a study in order to take thenecessary precautions to avoid the deleterious effects known to result from DC stray current.

Figure D-7.1.6
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Implement all the following measures.1. Underground steel pipe with rubber gasketed, mechanical, grooved end, or othernonconductive type joints should be bonded for electrical continuity. For pipe diametersless 18 inches use two joint bonds. For pipe diameters greater than or equal to 18 inchesuse three joint bonds. Electrical continuity is necessary for corrosion monitoring andcathodic protection.2. Install corrosion monitoring test stations to facilitate corrosion monitoring and theapplication of cathodic protection:a. Two or fouráwire test stations at each end of the pipeline depending on how thepipe terminates.b. Fouráwire test stations at all buried insulating joints.c. Fouráwire test stations at each end of all casings.d. Twoáwire test stations at other locations as necessary so the interval between teststations does not exceed 1,200 feet.Where 4áwire test stations are required, use wires of difference size or insulation color foridentification. Each wire should be independently welded or pinábrazed to the pipe.3. To prevent dissimilar metal corrosion cells and to facilitate the application of cathodicprotection, electrically isolate each buried steel pipeline per NACE Standard SP0286from:a. Pumping plants.b. Reservoirs.c. Flow meters.d. Motorized operated valves.e. Dissimilar metals.f. Dissimilarly coated piping (cementámortar 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 buriedinsulators with wax tape per AWWA C217.4. Prevent contact between the steel pipe and concrete and/or reinforcing steel, such as atwall penetrations and thrust blocks, with such items as plastic sleeves, rubber seals, or20 mil plastic tape.5. Apply a suitable dielectric coating intended for underground use such as:a. Polyurethane per AWWA C222 orb. Extruded polyethylene per AWWA C215 orc. A tape coating system per AWWA C214 or
Figure D-7.1.7
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d. Hot applied coal tar enamel per AWWA C203 ore. Fusion bonded epoxy per AWWA C213.6. Buried steel and iron pipe, fittings, and valves in appurtenances, such as air valves andblowoffs, should be coated with a material listed above or with coalátar epoxy, wax tape,moldable sealant, or equivalent. If copper is used, electrically insulate it from the steelwith an insulating joint or with a dielectric union.7. Apply cathodic protection to steel piping as per NACE Standard SP0169.8. To insure that corrosion control is properly designed, preliminary construction drawingsshould be reviewed by a qualified corrosion engineer.9. After the pipeline is backfilled, but before the construction contract is completed, thepipeline should be tested to insure that the joint bonds are intact and test stations properlyinstalled. Also, native pipeátoásoil potentials should be measured and recorded. Thesedata will be useful in determining if pipeline conditions change in the future.10. Pipeátoásoil potentials should be measured biennially to determine if conditions on thepipeline are changing.Implement all the following measures:1. Coat hydraulic elevator cylinders as described above for steel pipe, item #5 that isresistant to petroleum products (hydraulic fluid).2. Electrically insulate each cylinder from building metals by installing dielectric materialbetween the piston platen and car, insulating the bolts, and installing an insulated joint inthe oil line.3. Place each cylinder in a nonámetallic casing with a plastic watertight seal at the bottom.Fill the annulus with a dry sand with a minimum resistivity of 25,000 ohmácentimeters, apH of between 6.5 and 7.5 and a maximum chloride content of 200 ppm.4. A removable moistureáproof sealing lid installed on the top of the casing prior toinstallation of the cylinder. The top of the casing shall be permanently sealed againstmoisture intrusion after installation of the cylinder.5. Provide permanent test facilities and apply cathodic protection to hydraulic cylinders asper NACE Standard SP0169.6. The elevator oil line should be placed above ground if possible but, if underground,should be protected by one of the following corrosion control options:OPTION 1a. Provide a bonded dielectric coating.b. Electrically isolate the pipeline.c. Apply cathodic protection to steel piping as per NACE Standard SP0169.
Figure D-7.1.8



 

AMEC E&I  October 18,  2011 

HDR|Schif f  #172549 Page 6  

OPTION 2a. Place the oil line in a PVC casing pipe with solventáwelded joints to preventcontact with soil and soil moisture.7. If Steel underground storage tanks are used, cathodic protection and corrosion controlrequirements shall comply with Title 23.Implement all the following measures.1. To prevent dissimilar metal corrosion cells electrically isolate the storm drain per NACEStandard SP0286 from all structures and facilities.Insulated joints should be placed above grade or in vaults where possible.Wrap all buriedinsulators with wax tape per AWWA C217.2. Prevent contact between the steel pipe and concrete and/or reinforcing steel, such as atwall penetrations and thrust blocks, with such items as plastic sleeves, rubber seals, or20 mil plastic tape.3. Buried steel and iron pipe and fittings in appurtenances should be cementámortar coatedor concrete or cement slurry encased where possible. Otherwise, they should be wrappedwith wax tape per AWWA Standard Cá2174. To insure that corrosion control is properly designed, preliminary construction drawingsshould be reviewed by a qualified corrosion engineer.5. Apply a suitable dielectric waterproofing coating intended for underground use. Thiscoating is to be compatible with and applied over the concrete/cementámortar.Implement all the following measures:1. To prevent dissimilar metal corrosion cells and to facilitate the application of cathodicprotection, electrically isolate each buried iron pipeline per NACE Standard SP0286from:a. Pumping plants.b. Reservoirs.c. Flow meters.d. Motorized operated valves.e. Dissimilar metals.f. Dissimilarly coated piping (cementámortar vs. dielectric).g. Above ground steel pipe.h. All existing piping.
Figure D-7.1.9
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Insulated joints should be placed above grade or in vaults where possible.Wrap all buriedinsulators with wax tape per AWWA C217.2. Bond all nonconductive type joints for electrical continuity. Electrical continuity isnecessary for corrosion monitoring and cathodic protection. For pipe diameters less 18inches use two joint bonds. For pipe diameters greater than or equal to 18 inches usethree joint bonds. Electrical continuity is necessary for corrosion monitoring and cathodicprotection.3. Install corrosion monitoring test stations to facilitate corrosion monitoring and theapplication of cathodic protection:a. Two or fouráwire test stations at each end of the pipeline depending on how thepipe terminates.b. Fouráwire test stations at all buried insulating joints.c. Fouráwire test stations at each end of all casings.d. Twoáwire test stations at other locations as necessary so the interval between teststations does not exceed 1,200 feet.Where 4áwire test stations are required, use wires of difference size or insulation color foridentification. Each wire should be independently welded or pinábrazed to the pipe.4. Use iron pipe, fittings, and valves in appurtenances to the extent possible to avoidcreating dissimilar metal corrosion cells. Steel appurtenances such as bolts should becoated with wax tape. If copper is used, electrically isolate it from the iron.5. Prevent contact between iron and concrete including reinforcing steel, using such itemsas plastic sleeves, rubber seals, two layers of 8 mil thick polyethylene plastic, or 20 milplastic tape.6. Apply a suitable coating intended for underground use such as:a. Polyethylene encasement per AWWA C105; orb. Epoxy coating; orc. Polyurethane; ord. Wax tape.NOTE: The thin factoryáapplied asphaltic coating applied to ductile iron pipe fortransportation and aesthetic purposes does not constitute a corrosion control coating.7. Apply cathodic protection to cast and ductile iron piping as per NACE Standard SP0169.1. Encase iron pipe, fittings, and valves in an 8 mil polyethylene wrap per AWWA StandardC105/ANSI 21.5.
Figure D-7.1.10



 

AMEC E&I  October 18,  2011 

HDR|Schif f  #172549 Page 8  

Protect buried copper pipe by one of the following measures:1. Installation of a factoryácoated copper pipe with a minimum 25ámil thickness such as Kamco’s Aqua Shield™, Mueller’sStreamline Protec™, or equal. The coating must be continuouswith no cuts or defects.2. Installation of 12ámil polyethylene pipe wrapping tape with butylrubber mastic over a suitable primer. Protect wrapped copper tubing by applying cathodicprotection per NACE Standard SP0169.1. No special measures are required to protect PVC.2. Coat any iron parts, such as fittings and valves, with a high quality dielectric coating such aswax tape per AWWA C217, plastic pipe wrapping tape, coal tar epoxy, polyurethane, orequivalent.3. Install electrically insulated joints in iron riser connections to above grade metallic piping.4. Use iron pipe, fittings, and valves in appurtenances, such as air valves and blowoffs, to theextent possible to avoid creating dissimilar metal corrosion cells. Steel appurtenances such asbolts should be coated as described above. If copper is used, electrically isolate it from theiron.1. On all pipes, appurtenances, and fittings not protected by cathodic protection or encased inconcrete, coat pipe specials such as valves, bolts, flange joints, joint harnesses, and flexiblecouplings 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 pipecontact with the concrete and reinforcing steel.The concrete mix design should provide the least permeable and mostly crackáfree matrix toreduce penetration of aggressive ions and oxygen into the concrete. The concrete mixture shouldbe designed to help protect the steel adequately from corrosion. Factors in concrete mix designthat can reduce the permeability of the concrete include lowering the waterátoácement ratio byeither increasing the cement content or decreasing water content. Finely divided materials suchas fly ash, granulated blast furnace slag, silica fume, and other pozzolons can further reducepermeability of the concrete.
Figure D-7.1.11
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In addition, aggregates having waterásoluble chloride ions on their surfaces, or even within theirparticles, can cause corrosion problems. If enough surfaceáborne chlorides are present, a portionwill not be bound within the solid “paste” phase during hydration of the cement. Most of thechlorides released from the interior of an aggregate particle after the first few hours of hydrationwill not be bound at all . Unbound chloride ions can cause passivity breakdown of the steelcreated by the alkaline cement.The following standards contain important guidelines for the maximum concentration ofchloride, sulfate and carbonate ions on the mixing water and admixture:
· 

Portland Cement Association PCA Publication E B.001, Design and Control of Concretemixtures
· 

American Concrete Institute ACI 318, Building Code Requirements for ReinforcedConcrete Structures
· 

American Concrete Institute ACI 222, Corrosion of Metals in ConcreteNevertheless, there are certain steps that can be taken to enhance the protective properties of theconcrete. The most important factor is keeping the cement content high enough to maintain a pHof 12.5 or greater.1. From a corrosion standpoint, Type II cement may be used for concrete structures and pipebecause the sulfate concentration is negligible, 0 to 0.1 percent.2. Standard concrete cover over reinforcing steel may be used for concrete structures and pipe incontact with these soils due to the low chloride concentration found onsite.3. Due to the high ground water table encountered at this site, cyclical or continual wetting may bean issue. Any contact between concrete structures and ground water should be prevented.Contact can be prevented with an impermeable waterproofing system.1. Soil is considered an aggressive environment for postátensioning strands and anchors.Therefore, due to the soils found onásite, protect postátensioning strands and anchors againstcorrosion in this aggressive (corrosive) environment. Implement all the following measures:(ACI 2001)(PTI 2006)(PTI 2000)a. Completely encapsulate the tendon and anchor with polyethylene to create awatertight seal.b. All components exposed to the job site should be protected within one workingday after their exposure during installation.c. Ensure the minimum concrete cover over the tendon tail is 1áinch, or greater ifrequired by the applicable building code.d. Caps and sleeves should be installed within one working day after the cutting ofthe tendon tails and acceptance of the elongation records by the engineer.e. Inspect the following to ensure the encapsulated system is completely watertight:
Figure D-7.1.12
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i . Sheathing: Verify that all damaged areas, including pináholes, arerepaired.ii . Stressing tails: After removal, ensure they are cut to a length for properinstallation of P/T coating filled end caps.iii . End caps: Ensure proper installation before patching the pocket formerrecesses.iv. Patching: Ensure the patch is of an approved material and mix design, andinstalled voidáfree.f. Limit the access of direct runoff onto the anchorage area by designing properdrainage.g. Provide at least 2 inches of space between finish grade and the anchorage area, ormore if required by applicable building codes.LOSUREOur services have been performed with the usual thoroughness and competence of theengineering profession. No other warranty or representation, either expressed or implied, isincluded or intended.Please call if you have any questions.Respectfully Submitted,HDR ENGINEERING, INC.Ian Budner Steven R.Fox, P.E.EIT Corrosion Technician Vice President11I1050SCSIRPT_Centu ry_CityIConstellation_ IB_rev01_ IB

Figure D-7.1.13
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ORKS ITEDACI 423.6á01: Specification for Unbonded Single Strand Tendons. American Concrete Institute(ACI), 2001AWWA. (C105á05). "American National Standard for Polyethylene Encasement for DuctileáIronPipe Systems". Denver, CO: www.awwa.org/.PostáTensioning Manual, sixth edition. PostáTensioning Institute (PTI), Phoenix, AZ, 2006.Romanoff, M. (1989). Underground Corrosion, National Bureau of Standards (NBS) Circular579. Houston, TX, United States of America: Reprinted by NACE.Specification for Unbonded Single Strand Tendons. PostáTensioning Institute (PTI), Phoenix,AZ, 2000.
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Sample ID 168@ 1p5'CL p Fill 168@ 38.5'CL with Sand 168@ 72.5'SP 169@ 26'CL 169@ 72'SPpSM / SMResistivity Unitsaspreceived ohmpcm 8,000 2,640 4,000 6,400 1,480saturated ohmpcm 1,680 840 3,040 920 960pH 8.2 7.3 8.2 7.9 7.8ElectricalConductivity mS/cm 0.09 0.07 0.13 0.46 0.29Chemical AnalysesCationscalcium Ca2+ mg/kg 21 27 34 73 135magnesium Mg2+ mg/kg 10 10 6.6 32 17sodium Na1+ mg/kg 115 88 132 377 129potassium K1+ mg/kg 3.3 5.6 6.4 11 26Anionscarbonate CO32¯ mg/kg ND ND 45 ND NDbicarbonate HCO31¯ mg/kg 143 98 142 183 259fluoride F1¯ mg/kg 24 14 1.9 9.0 1.2chloride Cl1¯ mg/kg 3.9 21 13 99 58sulfate SO42¯ mg/kg 27 25 51 672 358phosphate PO43¯ mg/kg 16 13 ND 1.5 NDOther Testsammonium NH41+ mg/kg ND ND ND ND 3.7nitrate NO31¯ mg/kg 2.8 2.3 4.2 ND 9.0sulfide S2¯ qual na na na na naRedox mV na na na na naElectrical conductivity in millisiemens/cm and chemical analysis were made on a 1:5 soilptopwater extract.mg/kg = milligrams per kilogram (parts per million) of dry soil.Redox = oxidationpreduction potential in millivoltsND = not detectedna = not analyzed

Table 1 Ç Laboratory Tests on Soil Sample(s)AMECE&IWestside Subway ExtensionYour #4953ñ10ñ1561, SA #11ñ0184LAB21ñFebñ11

431 West Baseline Road ∙ Claremont, CA 91711

Phone: 909.626.0967 ∙ Fax: 909.626.3316 Page 1 of 2

Figure D-7.1.15
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Sample ID 169@ 100.5'MLResistivity Unitsaspreceived ohmpcm 3,920saturated ohmpcm 640pH 7.7ElectricalConductivity mS/cm 0.50Chemical AnalysesCationscalcium Ca2+ mg/kg 289magnesium Mg2+ mg/kg 55sodium Na1+ mg/kg 84potassium K1+ mg/kg 76Anionscarbonate CO32¯ mg/kg NDbicarbonate HCO31¯ mg/kg 101fluoride F1¯ mg/kg 0.5chloride Cl1¯ mg/kg 45sulfate SO42¯ mg/kg 968phosphate PO43¯ mg/kg NDOther Testsammonium NH41+ mg/kg 14nitrate NO31¯ mg/kg NDsulfide S2¯ qual naRedox mV naElectrical conductivity in millisiemens/cm and chemical analysis were made on a 1:5 soilptopwater extract.mg/kg = milligrams per kilogram (parts per million) of dry soil.Redox = oxidationpreduction potential in millivoltsND = not detectedna = not analyzed

AMECE&IWestside Subway ExtensionYour #4953ñ10ñ1561, SA #11ñ0184LAB21ñFebñ11
Table 1 Ç Laboratory Tests on Soil Sample(s)

431 West Baseline Road ∙ Claremont, CA 91711

Phone: 909.626.0967 ∙ Fax: 909.626.3316 Page 2 of 2
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Client Name: AMEC Foster Wheeler AP Job No.: 15�0361Project Name: Westside Subway Extension Date 04/29/ 15Project No.: 4953�11�1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)E�132B 3 15 CL 7.3 78 357E�132B 5 25 CL 7.2 188 140E�132B 13 65 SM 7.9 39 85E�132B 15 75 SM 7.6 1037 65

NOTES: Resistiv ity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

1524
MinimumResistiv ity (ohm�cm)118612215020

Figure D-7.2.1



Client Name: AMEC FosterWheeler AP Job No.: 15N0361Project Name: Westside Subway Extension Date 04/20/ 15Project No.: 4953N11N1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)EN132C 1 6 CL 7.5 107 32EN132C 9 45 SM 7.1 20 15EN132C 16 63 SM 7.4 42 18EN132C 22 78 SM 7.0 1622 28

NOTES: Resistivity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

MinimumResistivity (ohmNcm)1328984037291316

Figure D-7.2.2



Client Name: AMEC FosterWheeler AP Job No.: 15�0361Project Name: Westside Subway Extension Date 04/20/ 15Project No.: 4953�11�1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)E�133A 1 6 CL 7.1 214 23E�133A 7 35 CL 7.5 400 305E�133A 10 50.5 SM 7.8 37 17E�133A 15 75 SM 7.6 133 101

NOTES: Resistivity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

MinimumResistivity (ohm�cm)157697488804313

Figure D-7.2.3



Client Name: AMEC FosterWheeler AP Job No.: 15Â0361Project Name: Westside Subway Extension Date 04/20/ 15Project No.: 4953Â11Â1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)GÂ4 12 14 55 SM 7.7 33 25GÂ4 12 19 68 SM 7.8 143 81GÂ4 12 22 & 23 75Â78 ML 7.8 45 42GÂ4 12 24 & 25 80Â83 SM 8.0 53 52

NOTES: Resistivity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

MinimumResistivity (ohmÂcm)9638427027547208

Figure D-7.2.4



Client Name: AMEC FosterWheeler AP Job No.: 15�0361Project Name: Westside Subway Ex tension Date 05/07/ 15Project No.: 4953�11�1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)G�4 13 2 9.5 CL 8.0 16 35G�4 13 5 21.5 CL 7.9 34 29G�4 13 15 70.5 SM 7.8 195 99G�4 13 19 90.5 SM 5.8 3823 108

NOTES: Resistiv ity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

MinimumResistiv ity (ohm�cm)13529111550774

Figure D-7.2.5



Client Name: AMEC FosterWheeler AP Job No.: 15<0361Project Name: Westside Subway Extension Date 05/07/ 15Project No.: 4953<11<1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)G<4 14 2 10 CL 7.7 223 23G<4 14 4 20 CL 7.4 398 66G<4 14 10 48 CL 7.6 180 206G<4 14 15 63 SM 7.6 128 251

NOTES: Resistivity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

MinimumResistivity (ohm<cm)121580612231936

Figure D-7.2.6



Client Name: AMEC FosterWheeler AP Job No.: 15w0361Project Name: Westside Subway Extension Date 05/07/ 15Project No.: 4953w11w1423Boring Sample Depth Soil Type pH Sulfate Content Chloride ContentNo. No. (feet) (ppm) (ppm)Gw4 15 7 28 CL 7.9 494 289Gw4 15 12 45.5 CL 7.5 136 71Gw4 15 17 70 SM 7.9 92 50Gw4 15 19 80.5 SM 7.5 51 44

NOTES: Resistivity Test and pH: California Test Method 643Sulfate Content : California Test Method 4 17Chloride Content : California Test Method 422ND = Not DetectableNA = Not Suff icient SampleNR = Not Requested

21591628
MinimumResistivity (ohmwcm)10021838

Figure D-7.2.7



AP Number: 15¤0361Client: Name: Amec FosterWheeler E&I Tested By: KM Date: 04/26/ 15Project Name:Westside Subway Extension Data Input By: NN Date: 04/27/ 15Project No. : 4953¤11¤1423 Checked By: AP Date: 04/28/ 15G¤4 12 G¤4 12 G¤4 1219 22 2468 75 80
B B B2 1 3380.64 405.10 374.8023.0 23.0 23.00.9993 0.9993 0.999366.65 55.20 60.25249.74 249.69 249.570.92 0.68 0.0099.08 99.32 100.00RetainedNo. 4 RetainedNo. 4 None2.65 2.77 2.662607 Pomona Boulevard. Pomona, California 91768Tel. (909) 869í6316, Fax (909) 869í6318

DEPTH (FT)

SPECIFIC GRAVITY (GS,20°C )

SO IL CLASSIFICATION

% RETAINED #4% PASSING #4
TEMPERATURE, °CCORRECTION FACTORWT. DRY SO IL, gWT. FLASK + WATER, g
FLASK NUMBER

MATERIAL EXCLUDED

METHOD (A OR B)
Silty Sand

ASTM D854
BORING NUMBERSAMPLE NUMBER Silt w/sand Silty Sand
WT. FLASK+WATER+SO IL, g

Figure D-8.1



AP Number: 15"0361Client: Name: AMEC E&I Tested By: KM Date: 05/08/ 15Project Name:Westside Subway Extension Data Input By: KM Date: 05/ 10/ 15Project No. : 4953H11H1423 Checked By: AP Date: 05/ 11/ 15GH4 15 GH4 15 GH4 15 GH4 1514 16 19 2155.5 65.5 80.5 90.5
B B B B4 3 2 4387.57 357.92 360.95 389.6322.9 24.9 24.8 19.70.9994 0.9989 0.9989 1.000133.12 32.98 34.75 35.43249.81 249.77 249.80 249.818.32 0.00 0.00 0.0091.68 100.00 100.00 100.00RetainedNo. 4 None None None2.63 2.69 2.66 2.722607 Pomona Boulevard. Pomona, California 91768Tel. (909) 869"6316, Fax (909) 869"6318

DEPTH (FT) ClayMETHOD (A OR B)

ASTM D854
BORING NUMBERSAMPLE NUMBER

CORRECTION FACTORWT.DRY SOIL, g

Silty Sand Silty Sand Fat Clay
WT. FLASK+WATER+SOIL, gFLASK NUMBER

SPECIFIC GRAVITY (GS,20°C )

SOIL CLASSIFICATION

% RETAINED #4% PASSING #4
TEMPERATURE, °C
MATERIAL EXCLUDED
WT. FLASK + WATER, g

Figure D-8.2
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Figure E-1: Analytical Laboratory Test Results of Vapor Samples 
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April 21, 2015

6001 Rickenbacker Road

Los Angeles, CA 90040

Ron Lopez

Tel: (323) 889-5300  

Fax:(323) 721-6700

Amec Foster Wheeler
ELAP No.:  1838        

CSDLAC No.: 10196

ORELAP No.: CA300003

TCEQ No. : T104704502

Re: ATL Work Order Number :

Client Reference :

1501260

Enclosed are the results for sample(s) received on April 08, 2015 by Advanced Technology 

Laboratories. The sample(s) are tested for the parameters as indicated on the enclosed chain of 

custody in accordance with applicable laboratory certifications. The laboratory results contained 

in this report specifically pertains to the sample(s) submitted.

Thank you for the opportunity to serve the needs of your company. If you have any questions, 

please feel free to contact me or your Project Manager.

Sincerely,

Laboratory Director

MTA Westside, 4953-11-1423

Eddie Rodriguez

The cover letter and the case narrative are an integral part of  this analytical report and its absence renders the report invalid. 

Test results contained within this data package meet the requirements of applicable state-specific certification programs. The 

report cannot be reproduced without written permission from the client and Advanced Technology Laboratories.

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040

www.atlglobal.com
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 04/21/2015

Amec Foster Wheeler

Sample ID Laboratory ID Matrix Date Sampled Date Received

SUMMARY OF SAMPLES

M-407 @ 65' (probe) 1501260-01 Air 4/08/15  10:46 4/08/15  15:35

M-407 @ 70' (probe) 1501260-02 Air 4/08/15  11:02 4/08/15  15:35

M-407 @ 75' (probe) 1501260-03 Air 4/08/15  11:33 4/08/15  15:35

M-407 @ 60' 1501260-04 Air 4/08/15   9:53 4/08/15  15:35

M-407 @ 90' 1501260-05 Air 4/08/15  10:22 4/08/15  15:35

M-408 @ 40' (probe) 1501260-06 Air 4/08/15  13:08 4/08/15  15:35

M-408 @ 70' (probe) 1501260-07 Air 4/08/15  13:24 4/08/15  15:35

M-408 @ 95' (probe) 1501260-08 Air 4/08/15  13:41 4/08/15  15:35

M-408 @ 60' 1501260-09 Air 4/08/15  12:19 4/08/15  15:35

M-408 @ 90' 1501260-10 Air 4/08/15  12:40 4/08/15  15:35

The samples for Methane, H2S (15/16) and Fixed Gases (ASTM D1946) were subcontracted to Air Technology Laboratories.

CASE NARRATIVE

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040 � www.atlglobal.com Page 2 of 15
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April 21, 2015

6001 Rickenbacker Road

Los Angeles, CA 90040

Ron Lopez

Tel: (323) 889-5300  

Fax:(323) 721-6700

Amec Foster Wheeler
ELAP No.:  1838        

CSDLAC No.: 10196

ORELAP No.: CA300003

TCEQ No. : T104704502

Re: ATL Work Order Number :

Client Reference :

1501279

Enclosed are the results for sample(s) received on April 09, 2015 by Advanced Technology 

Laboratories. The sample(s) are tested for the parameters as indicated on the enclosed chain of 

custody in accordance with applicable laboratory certifications. The laboratory results contained 

in this report specifically pertains to the sample(s) submitted.

Thank you for the opportunity to serve the needs of your company. If you have any questions, 

please feel free to contact me or your Project Manager.

Sincerely,

Laboratory Director

MTA Westside, 4953-11-1423

Eddie Rodriguez

The cover letter and the case narrative are an integral part of  this analytical report and its absence renders the report invalid. 

Test results contained within this data package meet the requirements of applicable state-specific certification programs. The 

report cannot be reproduced without written permission from the client and Advanced Technology Laboratories.

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040

www.atlglobal.com
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 04/21/2015

Amec Foster Wheeler

Sample ID Laboratory ID Matrix Date Sampled Date Received

SUMMARY OF SAMPLES

M-410 @ 75' 1501279-01 Air 4/09/15   9:53 4/09/15  14:55

M-410 @ 90' 1501279-02 Air 4/09/15  10:26 4/09/15  14:55

M-410 @ 40' (probe) 1501279-03 Air 4/09/15  10:48 4/09/15  14:55

M-410 @ 60' (probe) 1501279-04 Air 4/09/15  11:13 4/09/15  14:55

M-410 @ 95' (probe) 1501279-05 Air 4/09/15  11:58 4/09/15  14:55

M-409 @ 40' (probe) 1501279-06 Air 4/09/15  12:48 4/09/15  14:55

M-409 @ 85' 1501279-07 Air 4/09/15  12:54 4/09/15  14:55

M-409 @ 70' (probe) 1501279-08 Air 4/09/15  13:11 4/09/15  14:55

M-409 @ 100' 1501279-09 Air 4/09/15  13:29 4/09/15  14:55

The samples for Methane, H2S (15/16) and Fixed Gases (ASTM D1946) were subcontracted to Air Technology Laboratories.

CASE NARRATIVE
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May 29, 2015

6001 Rickenbacker Road

Los Angeles, CA 90040

Ron Lopez

Tel: (323) 889-5300  

Fax:(323) 721-6700

Amec Foster Wheeler
ELAP No.:  1838        

CSDLAC No.: 10196

ORELAP No.: CA300003

TCEQ No. : T104704502

Re: ATL Work Order Number :

Client Reference :

1501682

Enclosed are the results for sample(s) received on May 12, 2015 by Advanced Technology 

Laboratories. The sample(s) are tested for the parameters as indicated on the enclosed chain of 

custody in accordance with applicable laboratory certifications. The laboratory results contained 

in this report specifically pertains to the sample(s) submitted.

Thank you for the opportunity to serve the needs of your company. If you have any questions, 

please feel free to contact me or your Project Manager.

Sincerely,

Laboratory Director

MTA Westside, 4953-11-1423

Eddie Rodriguez

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040

www.atlglobal.com

The cover letter and the case narrative are an integral part of  this analytical report and its absence renders the report invalid. 

Test results contained within this data package meet the requirements of applicable state-specific certification programs. The 

report cannot be reproduced without written permission from the client and Advanced Technology Laboratories .
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 05/29/2015

Amec Foster Wheeler

Certificate of Analysis

Sample ID Laboratory ID Matrix Date Sampled Date Received

SUMMARY OF SAMPLES

M409-90' 1501682-01 Water 5/12/15  14:55 5/12/15  17:20

M410 -80' 1501682-02 Water 5/12/15  12:20 5/12/15  17:20

M409 probe @70' 1501682-03 Air 5/12/15  13:55 5/12/15  17:20

M409 stand pipe@ 85' 1501682-04 Air 5/12/15  14:08 5/12/15  17:20

M410 probe @ 60' 1501682-05 Air 5/12/15  11:00 5/12/15  17:20

The air samples for Methane, H2S (15/16) and Fixed Gases (ASTM D1946) were subcontracted to Air Technology 

Laboratories. 

CASE NARRATIVE
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 05/29/2015

Amec Foster Wheeler

Certificate of Analysis

Lab ID: 1501682-01

Client Sample ID M409-90'

Notes

Date/Time

AnalyzedPreparedBatchDilution(ug/L)

MDLPQL

(ug/L)

Result

(ug/L)Analyte

Dissolved Gases in Water Analyst: MFR

600 5 B5E0426 05/18/2015 05/18/15 12:263.75.0Methane

Notes

Date/Time

AnalyzedPreparedBatchDilution(mg/L)

MDLPQL

(mg/L)

Result

(mg/L)Analyte

Sulfide, Total by SM 4500-S=D Analyst: LA

0.027 1 B5E0520 05/19/2015 05/19/15 18:510.0040.010Sulfide, Total

0.029 1 B5E0520 05/19/2015 05/19/15 18:510.0050.011Hydrogen sulfide

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040 � www.atlglobal.com Page 3 of 15
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 05/29/2015

Amec Foster Wheeler

Certificate of Analysis

Lab ID: 1501682-02

Client Sample ID M410 -80'

Notes

Date/Time

AnalyzedPreparedBatchDilution(ug/L)

MDLPQL

(ug/L)

Result

(ug/L)Analyte

Dissolved Gases in Water Analyst: MFR

400 5 B5E0426 05/18/2015 05/18/15 13:433.75.0Methane

Notes

Date/Time

AnalyzedPreparedBatchDilution(mg/L)

MDLPQL

(mg/L)

Result

(mg/L)Analyte

Sulfide, Total by SM 4500-S=D Analyst: LA

82 400 B5E0520 05/19/2015 05/19/15 18:511.84.0Sulfide, Total

87 400 B5E0520 05/19/2015 05/19/15 18:511.94.4Hydrogen sulfide

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040 � www.atlglobal.com Page 4 of 15
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 05/29/2015

Amec Foster Wheeler

Certificate of Analysis

QUALITY CONTROL SECTION

Dissolved Gases in Water - Quality Control

Analyte

Result PQL Spike

Level

Source

Result % Rec

% Rec

Limits RPD

RPD

Limit(ug/L) (ug/L) Notes

Batch B5E0426 - No_Prep_RSK_W

Blank (B5E0426-BLK1) Prepared: 5/18/2015 Analyzed: 5/18/2015

Methane ND 1.0 NR

LCS (B5E0426-BS1) Prepared: 5/18/2015 Analyzed: 5/18/2015

Methane 33.9200 1.0 48.1000 70.5 70 - 130

LCS Dup (B5E0426-BSD1) Prepared: 5/18/2015 Analyzed: 5/18/2015

Methane 33.9200 1.0 48.1000 70.5 70 - 130 0.00 20

Duplicate (B5E0426-DUP1) Source: 1501682-02 Prepared: 5/18/2015 Analyzed: 5/18/2015

Methane 479.750 5.0 400.100 NR 18.1 20

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040 � www.atlglobal.com Page 5 of 15
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 05/29/2015

Amec Foster Wheeler

Certificate of Analysis

Sulfide, Total by SM 4500-S=D - Quality Control

Analyte

Result PQL Spike

Level

Source

Result % Rec

% Rec

Limits RPD

RPD

Limit(mg/L) (mg/L) Notes

Batch B5E0520 - Prep_WC3_W

Blank (B5E0520-BLK1) Prepared: 5/19/2015 Analyzed: 5/19/2015

Sulfide, Total ND 0.010 NR

Hydrogen sulfide ND 0.011 NR

LCS (B5E0520-BS1) Prepared: 5/19/2015 Analyzed: 5/19/2015

Sulfide, Total 0.107700 0.010 0.100000 108 80 - 120

Hydrogen sulfide 0.114468 0.011 0.106284 108 80 - 120

Matrix Spike (B5E0520-MS1) Source: 1501682-01 Prepared: 5/19/2015 Analyzed: 5/19/2015

Sulfide, Total 0.142100 0.010 0.100000 0.0272 115 70 - 120

Hydrogen sulfide 0.151030 0.011 0.106284 0.028909 115 70 - 120

Matrix Spike Dup (B5E0520-MSD1) Source: 1501682-01 Prepared: 5/19/2015 Analyzed: 5/19/2015

Sulfide, Total 0.142000 0.010 0.100000 0.0272 115 70 - 120 0.0704 20

Hydrogen sulfide 0.150923 0.011 0.106284 0.028909 115 70 - 120 0.0709 20
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA Westside, 4953-11-1423

Ron Lopez

Reported : 05/29/2015

Amec Foster Wheeler

Certificate of Analysis

Notes and Definitions

ND Analyte is not detected at or above the Practical Quantitation Limit (PQL).   When client requests quantitation against MDL, 

analyte is not detected at or above the Method Detection Limit (MDL)

PQL Practical Quantitation Limit

MDL Method Detection Limit

RPD Relative Percent Difference

Not ReportedNR

CA2 CA-ELAP (CDPH)

OR-NELAP (OSPHL)OR1

TX1 TX-NELAP (TCEQ)

Notes:

(1) The reported MDL and PQL are based on prep ratio variation and analytical dilution.

(2) The suffix [2C] of specific analytes signifies that the reported result is taken from the instrument's second column.

(3) Results are wet unless otherwise specified.
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June 01, 2015

6001 Rickenbacker Road

Los Angeles, CA 90040

Ron Lopez

Tel: (323) 889-5300  

Fax:(323) 721-6700

Amec Foster Wheeler
ELAP No.:  1838        

CSDLAC No.: 10196

ORELAP No.: CA300003

TCEQ No. : T104704502

Re: ATL Work Order Number :

Client Reference :

1501690

Enclosed are the results for sample(s) received on May 13, 2015 by Advanced Technology 

Laboratories. The sample(s) are tested for the parameters as indicated on the enclosed chain of 

custody in accordance with applicable laboratory certifications. The laboratory results contained 

in this report specifically pertains to the sample(s) submitted.

Thank you for the opportunity to serve the needs of your company. If you have any questions, 

please feel free to contact me or your Project Manager.

Sincerely,

Laboratory Director

MTA WESTSIDE, 4953-11-1423

Eddie Rodriguez

The cover letter and the case narrative are an integral part of  this analytical report and its absence renders the report invalid. 

Test results contained within this data package meet the requirements of applicable state-specific certification programs. The 

report cannot be reproduced without written permission from the client and Advanced Technology Laboratories .

3275 Walnut Avenue, Signal Hill, CA 90755 � Tel: 562-989-4045 � Fax: 562-989-4040

www.atlglobal.com
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6001 Rickenbacker Road

Los Angeles , CA 90040

Project Number :

Report To :

MTA WESTSIDE, 4953-11-1423

Ron Lopez

Reported : 06/01/2015

Amec Foster Wheeler

Sample ID Laboratory ID Matrix Date Sampled Date Received

SUMMARY OF SAMPLES

M-407 Standpipe @ 60' 1501690-01 Air 5/13/15   9:57 5/13/15  14:56

M-407 Probe @75' 1501690-02 Air 5/13/15  10:18 5/13/15  14:56

M-408 Standpipe @90' 1501690-03 Air 5/13/15  11:00 5/13/15  14:56

M-408 Probe @ 95' 1501690-04 Air 5/13/15  11:25 5/13/15  14:56

M-119 Standpipe @ 50' 1501690-05 Air 5/13/15  12:10 5/13/15  14:56

M-119 Standpipe @ 75' 1501690-06 Air 5/13/15  12:55 5/13/15  14:56

M-119 Probe @ 25' 1501690-07 Air 5/13/15  12:45 5/13/15  14:56

The samples for Methane, H2S (15/16) and Fixed Gases (ASTM D1946) were subcontracted to Air Technology Laboratories.

CASE NARRATIVE
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Appendix F 
Figure F-1: Pressuremeter Test Reports (Adv. PE Phase) 





No

27.50 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 13 0.0 0.00 2,652 psi

1 2.4 12 2.4 1.13

1 4.9 12 4.9 2.24 147 psi

2 7.3 12 7.3 3.34

2 9.8 12 9.8 4.42 18.08

3 12.2 12 12.2 5.49

4 14.6 13 14.6 6.56 54 psi

5 17.3 14 17.3 7.70

7 19.5 15 19.5 8.66 2.70

10 22.0 18 21.9 9.68

13 24.4 21 24.3 10.70

19 26.9 27 26.8 11.70

30 29.3 37 29.1 12.69 ◄

47 31.7 54 31.5 13.65 ◄

15 29.3 22 29.2 12.72

44 31.7 51 31.5 13.65

72 34.2 78 33.8 14.59

86 36.6 93 36.2 15.54

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

2

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/02/2015

Use of a slotted casing:

Test date:

0

20

40

60

80

100

120

140

160

180

0 20 40 60 80 100 120 140 160

V
o

lu
m

e
 (

in
³)

Pressure (psi)

Pressuremeter Test - Corrected Curve

larry.hong
Text Box
Figure F-1a



No

27.50 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 13 0.0 0.00

1 2.4 12 2.4 1.13

1 4.9 12 4.9 2.24

2 7.3 12 7.3 3.34

2 9.8 12 9.8 4.42

3 12.2 12 12.2 5.49

4 14.6 13 14.6 6.56

5 17.3 14 17.3 7.70

7 19.5 15 19.5 8.66

10 22.0 18 21.9 9.68

13 24.4 21 24.3 10.70

19 26.9 27 26.8 11.70

30 29.3 37 29.1 12.69 ◄

47 31.7 54 31.5 13.65 ◄

15 29.3 22 29.2 12.72

44 31.7 51 31.5 13.65

72 34.2 78 33.8 14.59

86 36.6 93 36.2 15.54

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

2,652 psi

147 psi

18.08

54 psi

2.70

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/02/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

2 Poisson's coefficient:

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

N Fluid density:

Corrected Readings
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No

47.50 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 21 0.0 0.00 5,701 psi

1 2.6 21 2.6 1.21

1 4.9 21 4.9 2.23 707 psi

2 7.4 21 7.4 3.37

3 9.8 22 9.7 4.42 8.06

4 12.2 21 12.2 5.49

6 14.7 22 14.7 6.57 223 psi

7 17.1 24 17.1 7.61

10 19.5 26 19.5 8.64 3.17

13 22.0 30 21.9 9.67

17 24.5 33 24.5 10.75

22 26.9 39 26.7 11.70

28 29.3 45 29.2 12.70

37 31.8 53 31.6 13.69

17 29.3 33 29.2 12.72

35 31.7 51 31.6 13.68

48 34.2 65 33.9 14.64

65 36.6 81 36.3 15.59

110 41.5 126 41.0 17.44 ◄

138 43.9 155 43.3 18.35

172 46.4 188 45.5 19.23

206 48.8 223 47.8 20.11 ◄

246 51.3 262 50.1 20.98

281 53.7 297 52.3 21.85

312 56.2 328 54.6 22.72

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

1

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/02/2015

Use of a slotted casing:

Test date:
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No

47.50 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 21 0.0 0.00

1 2.6 21 2.6 1.21

1 4.9 21 4.9 2.23

2 7.4 21 7.4 3.37

3 9.8 22 9.7 4.42

4 12.2 21 12.2 5.49

6 14.7 22 14.7 6.57

7 17.1 24 17.1 7.61

10 19.5 26 19.5 8.64

13 22.0 30 21.9 9.67

17 24.5 33 24.5 10.75

22 26.9 39 26.7 11.70

28 29.3 45 29.2 12.70

37 31.8 53 31.6 13.69

17 29.3 33 29.2 12.72

35 31.7 51 31.6 13.68

48 34.2 65 33.9 14.64

65 36.6 81 36.3 15.59

110 41.5 126 41.0 17.44 ◄

138 43.9 155 43.3 18.35

172 46.4 188 45.5 19.23

206 48.8 223 47.8 20.11 ◄

246 51.3 262 50.1 20.98

281 53.7 297 52.3 21.85

312 56.2 328 54.6 22.72

5,701 psi

707 psi

8.06

223 psi

3.17

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/02/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

1 Poisson's coefficient:

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

N Fluid density:

Corrected Readings
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No

67.50 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 30 0.0 0.00 7,252 psi

1 2.5 30 2.5 1.16

2 4.9 30 4.9 2.23 674 psi

3 7.3 30 7.3 3.33

4 9.8 31 9.7 4.41 10.76

5 12.2 32 12.2 5.49

8 14.6 35 14.6 6.55 211 psi

12 17.1 39 17.1 7.62

20 19.7 47 19.6 8.69 3.19

64 22.1 91 21.8 9.62

8 19.5 34 19.5 8.65

50 22.0 76 21.8 9.63 ◄

102 24.4 128 23.9 10.52

144 26.9 170 26.2 11.45

185 29.3 211 28.4 12.38 ◄

222 31.7 247 30.7 13.31

254 34.3 280 33.0 14.27

280 36.6 305 35.3 15.17

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

1

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/02/2015

Use of a slotted casing:

Test date:
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No

67.50 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 30 0.0 0.00

1 2.5 30 2.5 1.16

2 4.9 30 4.9 2.23

3 7.3 30 7.3 3.33

4 9.8 31 9.7 4.41

5 12.2 32 12.2 5.49

8 14.6 35 14.6 6.55

12 17.1 39 17.1 7.62

20 19.7 47 19.6 8.69

64 22.1 91 21.8 9.62

8 19.5 34 19.5 8.65

50 22.0 76 21.8 9.63 ◄

102 24.4 128 23.9 10.52

144 26.9 170 26.2 11.45

185 29.3 211 28.4 12.38 ◄

222 31.7 247 30.7 13.31

254 34.3 280 33.0 14.27

280 36.6 305 35.3 15.17

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

7,252 psi

674 psi

10.76

211 psi

3.19

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/02/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

1 Poisson's coefficient:

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

N Fluid density:

Corrected Readings
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No

83.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 37 0.0 0.00 11,182 psi

1 2.5 37 2.4 1.13

2 4.9 37 4.9 2.25 1,279 psi

3 7.3 38 7.3 3.33

6 9.8 40 9.8 4.43 8.74

9 12.2 41 12.2 5.49

14 14.7 46 14.6 6.54 199 psi

21 17.1 53 17.0 7.57

7 14.6 39 14.6 6.55 6.43

20 17.1 52 17.0 7.58

35 19.5 67 19.4 8.59

60 22.0 92 21.7 9.58

99 24.4 131 23.9 10.53 ◄

167 26.9 199 26.1 11.42 ◄

234 29.3 266 28.2 12.28

299 31.7 331 30.3 13.15

356 34.2 388 32.5 14.04

410 36.6 442 34.6 14.92

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

1

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/03/2015

Use of a slotted casing:

Test date:
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No

83.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 37 0.0 0.00

1 2.5 37 2.4 1.13

2 4.9 37 4.9 2.25

3 7.3 38 7.3 3.33

6 9.8 40 9.8 4.43

9 12.2 41 12.2 5.49

14 14.7 46 14.6 6.54

21 17.1 53 17.0 7.57

7 14.6 39 14.6 6.55

20 17.1 52 17.0 7.58

35 19.5 67 19.4 8.59

60 22.0 92 21.7 9.58

99 24.4 131 23.9 10.53 ◄

167 26.9 199 26.1 11.42 ◄

234 29.3 266 28.2 12.28

299 31.7 331 30.3 13.15

356 34.2 388 32.5 14.04

410 36.6 442 34.6 14.92

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

11,182 psi

1,279 psi

8.74

199 psi

6.43

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-413

04/03/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

1 Poisson's coefficient:

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

N Fluid density:

Corrected Readings
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No

23.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 11 0.0 0.00 1,433 psi

1 2.4 10 2.4 1.12

1 4.9 10 4.9 2.23 99 psi

2 7.3 10 7.3 3.33

3 9.8 11 9.8 4.45 14.50

4 12.2 11 12.2 5.49

5 14.7 13 14.6 6.56 51 psi

8 17.1 15 17.1 7.61

11 19.5 18 19.5 8.64 1.92

16 22.0 23 21.9 9.67 ◄

23 24.4 29 24.3 10.68

34 26.9 40 26.7 11.67

46 29.3 51 29.1 12.65 ◄

54 31.7 59 31.5 13.64

59 34.2 65 33.9 14.62

64 36.6 69 36.3 15.59

67 39.1 72 38.8 16.59

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/30/2015

Use of a slotted casing:

Test date:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

2

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results
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No

23.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 11 0.0 0.00

1 2.4 10 2.4 1.12

1 4.9 10 4.9 2.23

2 7.3 10 7.3 3.33

3 9.8 11 9.8 4.45

4 12.2 11 12.2 5.49

5 14.7 13 14.6 6.56

8 17.1 15 17.1 7.61

11 19.5 18 19.5 8.64

16 22.0 23 21.9 9.67 ◄

23 24.4 29 24.3 10.68

34 26.9 40 26.7 11.67

46 29.3 51 29.1 12.65 ◄

54 31.7 59 31.5 13.64

59 34.2 65 33.9 14.62

64 36.6 69 36.3 15.59

67 39.1 72 38.8 16.59

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

1,433 psi

99 psi

14.50

51 psi

1.92

N Fluid density:

Corrected Readings

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/30/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

2 Poisson's coefficient:
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No

43.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 19 0.0 0.00 862 psi

2 1.9 21 1.9 0.86

3 4.1 20 4.1 1.90 124 psi

3 6.6 21 6.6 3.01

4 9.1 21 9.1 4.11 6.96

5 11.5 22 11.4 5.17

6 13.9 22 13.9 6.23 43 psi

8 16.6 23 16.6 7.39

10 18.8 25 18.8 8.35 2.86

12 21.2 27 21.2 9.36

16 23.7 31 23.6 10.39 ◄

21 26.1 36 26.0 11.39

10 23.7 25 23.6 10.40

20 26.1 35 26.0 11.40

29 28.9 43 28.7 12.51 ◄

36 31.0 50 30.8 13.37

42 33.4 57 33.2 14.36

48 35.9 62 35.6 15.33

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

0 #N/A #N/A #N/A #N/A #N/A

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

3

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/30/2015

Use of a slotted casing:

Test date:
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No

43.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 19 0.0 0.00

2 1.9 21 1.9 0.86

3 4.1 20 4.1 1.90

3 6.6 21 6.6 3.01

4 9.1 21 9.1 4.11

5 11.5 22 11.4 5.17

6 13.9 22 13.9 6.23

8 16.6 23 16.6 7.39

10 18.8 25 18.8 8.35

12 21.2 27 21.2 9.36

16 23.7 31 23.6 10.39 ◄

21 26.1 36 26.0 11.39

10 23.7 25 23.6 10.40

20 26.1 35 26.0 11.40

29 28.9 43 28.7 12.51 ◄

36 31.0 50 30.8 13.37

42 33.4 57 33.2 14.36

48 35.9 62 35.6 15.33

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

0 #N/A #N/A #N/A #N/A #N/A

862 psi

124 psi

6.96

43 psi

2.86

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/30/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

3 Poisson's coefficient:

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

N Fluid density:

Corrected Readings
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No

63.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 28 0.0 0.00 3,134 psi

1 2.6 28 2.5 1.17

2 4.9 28 4.9 2.23 292 psi

2 7.4 28 7.3 3.34

3 9.8 29 9.7 4.42 10.73

5 12.3 30 12.3 5.53

6 14.6 31 14.6 6.55 91 psi

8 17.1 33 17.0 7.60

11 19.5 35 19.5 8.64 3.22

16 22.0 39 21.9 9.67

22 24.4 45 24.3 10.68

33 26.9 56 26.7 11.67

48 29.3 71 29.1 12.67 ◄

68 31.7 91 31.4 13.61 ◄

89 34.2 112 33.7 14.56

30 31.7 53 31.6 13.68

85 34.2 108 33.8 14.57

109 36.6 132 36.1 15.50

163 46.4 185 45.6 19.25

172 48.8 194 48.0 20.17

181 51.4 203 50.5 21.14

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

4

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:

Test Results

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/30/2015

Use of a slotted casing:

Test date:
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No

63.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 28 0.0 0.00

1 2.6 28 2.5 1.17

2 4.9 28 4.9 2.23

2 7.4 28 7.3 3.34

3 9.8 29 9.7 4.42

5 12.3 30 12.3 5.53

6 14.6 31 14.6 6.55

8 17.1 33 17.0 7.60

11 19.5 35 19.5 8.64

16 22.0 39 21.9 9.67

22 24.4 45 24.3 10.68

33 26.9 56 26.7 11.67

48 29.3 71 29.1 12.67 ◄

68 31.7 91 31.4 13.61 ◄

89 34.2 112 33.7 14.56

30 31.7 53 31.6 13.68

85 34.2 108 33.8 14.57

109 36.6 132 36.1 15.50

163 46.4 185 45.6 19.25

172 48.8 194 48.0 20.17

181 51.4 203 50.5 21.14

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

3,134 psi

292 psi

10.73

91 psi

3.22

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/30/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)

4 Poisson's coefficient:

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

N Fluid density:

Corrected Readings
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No

78.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 35 0.0 0.00 14,132 psi

1 2.4 34 2.4 1.12

6 4.9 38 4.9 2.22 544 psi

6 7.3 38 7.3 3.32

7 9.8 38 9.7 4.41 25.98

8 12.2 39 12.2 5.48

8 14.6 39 14.6 6.55 48 psi

12 17.2 42 17.2 7.65

15 19.6 45 19.5 8.66 11.30

22 22.0 52 21.9 9.65

51 24.5 81 24.3 10.67

100 26.9 129 26.4 11.53 ◄

19 24.4 48 24.3 10.69 ◄

92 26.9 121 26.4 11.55

155 29.3 184 28.5 12.43

199 31.7 227 30.7 13.34

232 34.2 260 33.0 14.27

258 36.6 286 35.3 15.20

327 46.4 356 44.7 18.92

339 48.8 368 47.1 19.84

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

#N/A #N/A #N/A #N/A #N/A #N/A

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/31/2015

Use of a slotted casing:

Test date:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Calibration Sheet Reference

Raw Readings

Project name:

Borehole name:

Test number:

Remarks

Ultimate pressure PL:

5

N Fluid density:

Corrected Readings

Poisson's coefficient:

Pressiometric modulus E:
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No

78.00 ft

1.64 ft

0.33

Probe size: 1.000

Pressure Volume Pressure Volume ∆∆∆∆R/R0

psi in³ psi in³ %

0 0.0 35 0.0 0.00

1 2.4 34 2.4 1.12

6 4.9 38 4.9 2.22

6 7.3 38 7.3 3.32

7 9.8 38 9.7 4.41

8 12.2 39 12.2 5.48

8 14.6 39 14.6 6.55

12 17.2 42 17.2 7.65

15 19.6 45 19.5 8.66

22 22.0 52 21.9 9.65

51 24.5 81 24.3 10.67

100 26.9 129 26.4 11.53 ◄

19 24.4 48 24.3 10.69 ◄

92 26.9 121 26.4 11.55

155 29.3 184 28.5 12.43

199 31.7 227 30.7 13.34

232 34.2 260 33.0 14.27

258 36.6 286 35.3 15.20

327 46.4 356 44.7 18.92

339 48.8 368 47.1 19.84

#N/A #N/A #N/A #N/A #N/A #N/A
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#N/A #N/A #N/A #N/A #N/A #N/A
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14,132 psi

544 psi

25.98

48 psi

11.30

N Fluid density:

Corrected Readings

Remarks

Raw Readings

Ultimate pressure PL:

Ratio E / PL:

Yield pressure PF:

Ratio PL / PF:

Pressiometric modulus E:

Test Results

Calibration Sheet Reference

Project name:

Borehole name:

Test number:

TEXAM Pressuremeter Test

Test depth:

Manometer height above ground:

MTA WESTSIDE EXTENSION

G-415

03/31/2015

Use of a slotted casing:

Test date: (mm/dd/yyyy)
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Plate 1: Exploration Plan  
Plates 2-1 and 2-2: Geologic Cross-sections 
Plate 3: Plot of Maximum Recorded Subsurface Gas Data 
 

 





G-412

C-121/T8-C7

CB-101

E-132

4

Reference: Proposed Tunnel Alignment and Station Plan and Profile dated June, 2015

M-19

Site view of station. Alignment based on plans dated June, 2015

Investigations for Adv. PE Phase:

Investigations for PE Phase:

Geotechnical Rotary-Wash Boring

Geotechnical CPT

COPT [Geotechnical + Gas - BAT]

Subsurface Gas Exploration

Environmental Exploration

Symbol Labels:

Groundwater monitoring (observation) well

Boring with noise and vibration testing

Boring with pressuremeter testing

Number of basement levels for the subject building

Cross-Section (See Plates 2-1 and 2-2)

E-132B(MW)
Enviromental Exploration

No. 10 Double Crossover Tracks

G-168/M119
Dual Geotechnical Boring / Gas Monitoring Well

Boring / CPT with shear wave velocity measurements

(MW)

(NV)

(P)

(S-Wave)

EXPLANATION

A 4953-05-1361

6

AMEC Geotechnical Exploration and Exploration Number Indicated

M L90354.ADEO

3

AMEC Geotechnical Exploration and Exploration Number Indicated

M ADS-84277

5

AMEC Geotechnical Exploration and Exploration Number Indicated

M ADE-79167

7

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-74056

3

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-73135

3

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-71174

8

AMEC Geotechnical Exploration and Exploration Number Indicated

M 70131-8-0375

3

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-69046

18

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-69036

10

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-68111

16

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-67065B

22

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-67065

19

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-66362

6

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-65409

5

AMEC Geotechnical Exploration and Exploration Number Indicated

G-413(S)(P)
Noise and Vibration Point of Interest

E-133A/M-409
Enviromental Exploration / Gas Monitoring Well

G-412/E-132A/M-407

Geotechnical Boring / Enviromental Exploration / Gas Monitoring Well

G-415(S)(P) 

Geotechnical Rotary-Wash Boring

Prior Investigations:       = Geotechnical       = Gas Well     Geotechnical / Gas Reading
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WESTSIDE PURPLE LINE EXTENSION

ADVANCED PRELIMINARY ENGINEERING
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CENTURY CITY CONSTELLATION STATION
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For Oil well locations per DOGGR see Figures 5-4 and 5-5.

M A-65238
1

AMEC Geotechnical Exploration and Exploration Number Indicated

M A-62353
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AMEC Geotechnical Exploration and Exploration Number Indicated
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AMEC Geotechnical Exploration and Exploration Number Indicated

M A-59446
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AMEC Geotechnical Exploration and Exploration Number Indicated

P-17
Engineering Science (1992)

B-11
GeoKinetics (2006)
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NOTES:

A. "N" Value Standard Penetration Test:

Number of blows required to drive the

SPT sampler 12 inches using a 140

pound automatic hammer falling 30

inches.  Inches of penetration (if less

than 12 inches) indicated after N-Values.

B. Number of blows required to drive the

Crandall Sampler 12 inches. Inches of

penetration (if less than 12 inches)

indicated after blow count. Hammer

weight and drop shown on the log.

60/10"

59

SP

Total Depth in Feet

Maximum depth: in feet

Sleeve Stress Tip Stress COR

CONE PENETRATION TEST (CPT) SOUNDING
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N
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m

b
e
r

Sleeve Friction (tsf)          -            Tip Bearing (tsf)

ROTARY & HOLLOW STEM BORING

NOTE: For Sonic Boring data A and B do not apply.

C. Unified Soil Classification System

(USCS) symbol.

Fs Qt

SP

CL

SM

SILT

Group Names

GROUP SYMBOLS AND NAMES

SILT with SAND

CH

CL

ML

Graphic/Symbol

Lean CLAY with GRAVEL

Lean CLAY

Fat CLAY

Fat CLAY with SAND

SANDY SILT

FILL

SANDY Artificial FILL

CLAYEY Artificial FILL

Lean to fat CLAY

Lean to fat CLAY with GRAVEL

CL-CH

SILTY SAND Artificial FILL

MH

Elastic SILT with GRAVEL

Elastic SILT

SANDY lean CLAY

SILTY CLAY

SILTY CLAY with GRAVEL

CL-ML

Fat CLAY with GRAVEL

SM

SILTY SAND

SILTY SAND with GRAVEL

CLAYEY SAND

CLAYEY SAND with GRAVEL

SC

SILTY, CLAYEY SAND

SILTY, CLAYEY SAND with GRAVEL

SC-SM

SP-SM

Poorly graded SAND with SILT

Poorly graded SAND with SILT and GRAVEL

SP

Poorly graded SAND

Poorly graded SAND with GRAVEL

SW

Well-graded SAND

Well-graded SAND with GRAVEL

Group Names

GROUP SYMBOLS AND NAMES

Graphic/Symbol

BEDROCK

SW-SM

GW

GP

Well-graded SAND to SILT SAND

Well-graded GRAVEL

POORLY graded GRAVEL
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STONE

TAR Tar Impacted Soil
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DLP

AS NOTED

PLATE 2-1

WESTSIDE PURPLE LINE EXTENSION

ADVANCED PRELIMINARY ENGINEERING

GEOLOGIC CROSS SECTION (LONGITUDINAL)

CONSTELLATION STATION  AND

NO. 10 DOUBLE CROSSOVER

Notes:

1. Cross-sections are based on current and

prior boring data.

2. Depth to fill may not reflect current

conditions. Geologic and soil units are

interpreted along section from

explorations of different types, vintages,

projected distances, and material

descriptions.

3. Geologic contacts are based on current

interpretation of subsurface data.

4. Some of the prior geotechnical

explorations are not projected on profile

for clarity. Geologic units and contacts

shown in profile are based on all the

explorations shown on Plate 1.

Legend & Explanation

Profile view of station (red) with tunnel outline (black) and track (blue)

Based on plans dated May, 2015

Cross passage (profile view)

Groundwater depth measured in an observation well, and date of measurement

Groundwater depth measured during drilling of a boring

 Groundwater seepage

Historically highest Groundwater Depth based on  CDMG (1998) groundwater

contour map

5/6/13

Symbols Legend:

(P)  :  Pressuremeter

Geologic Units:

ARTIFICIAL FILL, projection of fill along profile is poorly

confined due to lack of local boring data.

Coarse - grained Soils - Sands, fine to coarse grained,

variable clay, silt, and gravel; horizontal correlation inferred

Fine - grained Soils - Clays and Silts, variable sand and

gravel; horizontal correlation inferred

OLDER ALLUVIUM

SAN PEDRO FORMATION

Fine / Coarse grained contact line, dashed where

approximate, queried where poorly constrained

Qalo

Qsp

af

Geologic contact line, dashed where approximate,

queried where poorly constrained

LAKEWOOD FORMATIONQlw

25'50'

HORIZONTAL SCALE:   1" = 50'
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(S)  :  Shear Wave Velocity Survey

  depth of boring in feet below ground

surface elevation at time of drilling

  ft bgs  :

  Borings projected perpendicular to

center line of north/west bound track

STATIONING IS ALONG NORTH (WEST BOUND) CENTER LINE OF RACK

s
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NOTES:

A. "N" Value Standard Penetration Test:

Number of blows required to drive the

SPT sampler 12 inches using a 140

pound automatic hammer falling 30

inches.  Inches of penetration (if less

than 12 inches) indicated after N-Values.

B. Number of blows required to drive the

Crandall Sampler 12 inches. Inches of

penetration (if less than 12 inches)

indicated after blow count. Hammer

weight and drop shown on the log.

60/10"

59

SP

Total Depth in Feet

Maximum depth: in feet

Sleeve Stress Tip Stress COR

CONE PENETRATION TEST (CPT) SOUNDING

E
x
p
l
o
r
a
t
i
o
n

N
u
m

b
e
r

Sleeve Friction (tsf)          -            Tip Bearing (tsf)

ROTARY & HOLLOW STEM BORING

NOTE: For Sonic Boring data A and B do not apply.

C. Unified Soil Classification System

(USCS) symbol.

Fs Qt

SP

CL

SM

(P) : Pressuremeter

(S) : Shear Wave Velocity Survey

ft bgs : depth of boring in feet below ground

            surface elevation at time of drilling

SILT

Group Names

GROUP SYMBOLS AND NAMES

SILT with SAND

CH

CL

ML

Graphic/Symbol

Lean CLAY with GRAVEL

Lean CLAY

Fat CLAY

Fat CLAY with SAND

SANDY SILT

FILL

SANDY Artificial FILL

CLAYEY Artificial FILL

Lean to fat CLAY

Lean to fat CLAY with GRAVEL

CL-CH

SILTY SAND Artificial FILL

MH

Elastic SILT with GRAVEL

Elastic SILT

SANDY lean CLAY

SILTY CLAY

SILTY CLAY with GRAVEL

CL-ML

Fat CLAY with GRAVEL

SM

SILTY SAND

SILTY SAND with GRAVEL

CLAYEY SAND

CLAYEY SAND with GRAVEL

SC

SILTY, CLAYEY SAND

SILTY, CLAYEY SAND with GRAVEL

SC-SM

SP-SM

Poorly graded SAND with SILT

Poorly graded SAND with SILT and GRAVEL

SP

Poorly graded SAND

Poorly graded SAND with GRAVEL

SW

Well-graded SAND

Well-graded SAND with GRAVEL

Group Names

GROUP SYMBOLS AND NAMES

Graphic/Symbol

BEDROCK

SW-SM

GW

GP

Well-graded SAND to SILT SAND

Well-graded GRAVEL

POORLY graded GRAVEL

SILT-

STONE

TAR Tar Impacted Soil
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PLATE 2-2

WESTSIDE PURPLE LINE EXTENSION

ADVANCED PRELIMINARY ENGINEERING

GEOLOGIC CROSS SECTIONS (TRANSVERSE)

CONSTELLATION STATION  AND

NO. 10 DOUBLE CROSSOVER

Notes:

1. Cross-sections are based on current and prior boring data.

2. Depth to fill may not reflect current conditions. Geologic and

soil units are interpreted along section from explorations of

different types, vintages, projected distances, and material

descriptions.

3. Geologic contacts are based on current interpretation of

subsurface data.

4. Some of the prior geotechnical explorations are not shown on

profile. Geologic units and contacts shown in profile are

based on projection of the explorations within 50 ft shown on

Plate 1, except for boring MA - 69036-B1.

5. Intersection of longitudinal cross section A-A' coincides with

the centerline of the westbound track alignment.

Legend & Explanation

Profile view of station (red) with tunnel outline (black) and track (blue)

Based on plans dated May 2015

Cross passage (profile view)

Groundwater depth measured in an observation well, and date of measurement

Groundwater depth measured during drilling of a boring

Groundwater Seepage

5/6/13

Symbols Legend:Geologic Units:

ARTIFICIAL FILL, projection of fill along profile is poorly

confined due to lack of local boring data.

Coarse - grained Soils - Sands: ranges from fine-grcined

sand fine to coarse grained, variable clay, silt, and gravel;

horizontal correlation inferred

Fine - grained Soils - Clays and Silts, variable sand and

gravel; horizontal correlation inferred

OLDER ALLUVIUM

SAN PEDRO FORMATION

Fine / Coarse grained contact line, dashed where

approximate, queried where poorly constrained

Qalo

Qsp

af

Geologic contact line, dashed where approximate,

queried where poorly constained
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PLATE 3

WESTSIDE SUBWAY EXTENSION

ADVANCED PRELIMINARY ENGINEERING

PLOT OF SUBSURFACE GAS DATA

CONSTELLATION STATION

Methane (CH

4

)

2011 DATA2012 DATA

2011 DATA2012 DATA

2011 DATA2012 DATA

Hydrogen Sulfide (H₂S)

 Gas Pressure (inches of H₂O)

HISTORIC HIGHEST

RECORDED

 (2003 TO 2004)

HISTORIC HIGHEST

RECORDED

 (2003 TO 2004)

HISTORIC HIGHEST

RECORDED

 (2003 TO 2004)

8/18/2015

Reference: Proposed Tunnel Alignment and Station Plan and Profile dated June, 2015

2015 DATA

2015 DATA

2015 DATA

2009 DATA

2009 DATA

2009 DATA

NOTES:

1. Frequency of monitoring events in the ACE, PE, Adv. PE, and prior wells:

1.a. For prior wells, 1 event (2003 or 2004)

1.b. For ACE phase wells, 4 events (2012 / 2011 / 2009)

1.c. For PE phase wells, 5 events (2015 / 2012 / 2011)

1.d. For Adv. PE phase wells, 2 to 3 events (2015)

2. NA = Not analyzed or measured

3.           Groundwater Level and Date Measured (AMEC 2009 - 2015)

4. The borings and wells indicated on this figure are part of the Soil-Gas

Investigation Program.  Additional borings (i.e. for geotechnical purposes) have

been completed but are not shown on this figure for clarity purposes.  The

subsurface geology is compiled from geotechnical, soil-gas and environmental

borings previously completed.

5/2/15

ACE phase investigations

PE phase

Adv. PE phase

EXPLANATION
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