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GEOLOGIC MAP

Source: Generalized Geology of the Arroyo 
Grande-Nipomo Mesa Area, Department of 
Water Resources, Southern District, 2002

Legend:
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WILLOW ROAD UNDERCROSSING AT ROUTE 101
COUNTY OF SAN LUIS OBISPO, CALIFORNIA

FAULT MAP

Approx. Project
Location

Source: Modified from "California
             Seismic Hazard Map 
             1996" by L. Mualchin

SMF (6.5) -  Santa Maria 
                   River-Foxen Canyon
OCO (6.0) -  Oceano
LOS (6.75) - Los Osos
CMA (6.75) -Casmalia
OWH (7.25) -Oceanic - West Huasna
HOW (7.5) - Hosgri/W

0 50 km

RCD (7.50)

SAR (7.50)

WRS (7.50)



Period Spectral Accel.
(sec) (g)
0.010 0.720
0.020 0.717
0.030 0.716
0.050 0.980
0.075 1.263
0.100 1.512
0.120 1.635
0.150 1.684
0.170 1.680
0.200 1.663
0.240 1.626
0.300 1.528
0.400 1.399
0.500 1.272
0.750 1.148
1.000 1.024
1.500 0.647
2.000 0.443
3.000 0.243
4.000 0.150

Caltrans SDC (v 1.4), Figure B.7,
Governing Fault: Santa Maria River - Foxen Canyon Fault
(Mw = 6.5, Soil Profile Type D, PBA = 0.7 g)
The base curve is obtained by multiplying the 0.6g curve data by 1.2. 
The curve is then modified for directivity by 20% increase of Sa for T > 1sec., no change of Sa for T < 0.5 sec. 
   and linear interpolation between 0.5 and 1 sec. 
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Spectral Data

ARS DESIGN CURVE
WILLOW ROAD UNDERCROSSING

SAN LUIS OBISPO COUNTY, CALIFORNIA

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

STRUCTURAL PERIOD (sec)

SP
EC

TR
A

L 
A

C
C

EL
ER

A
TI

O
N

 (g
)

SMF (RE, Mw=6.50), 0.7g



 
 
 
 
 
 
 
 

 
APPENDIX A 

 
 















GREGG IN SITU, INC. 
 

GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

 

November 20, 2007 
 
Parikh Consultants 
Attn:  Perry Chan 
356 S. Milpitas Blvd. 
Milpitas, California 95035 
 
Subject: CPT Site Investigation 
  Willow Road Extension 
  Nipomo, California 
  GREGG Project Number:  07-179SH 
 
 
Dear Mr. Chan: 
 
The following report presents the results of GREGG Drilling & Testing’s Cone Penetration Test 
investigation for the above referenced site.  The following testing services were performed: 

 

1 Cone Penetration Tests (CPTU)  

2 Pore Pressure Dissipation Tests (PPD)  
3 Seismic Cone Penetration Tests (SCPTU)  
4 Resistivity Cone Penetration Tests (RCPTU)  

5 UVIF Cone Penetration Tests (UVIFCPTU)  
6 Groundwater Sampling (GWS)  
7 Soil Sampling (SS)  

8 Vapor Sampling (VS)  
9 Vane Shear Testing (VST)  
10 SPT Energy Calibration (SPTE)  

 
A list of reference papers providing additional background on the specific tests conducted is 
provided in the bibliography following the text of the report.  If you would like a copy of any of 
these publications or should you have any questions or comments regarding the contents of this 
report, please do not hesitate to contact our office at (562) 427-6899. 
 
Sincerely, 
GREGG Drilling & Testing, Inc. 
 
 
 
Peter Robertson 
Technical Operations 
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GEOTECHNICAL AND ENVIRONMENTAL INVESTIGATION SERVICES 
 

 

 

 

2726 Walnut Ave • Signal Hill, California 90755 • (562) 427-6899 • FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO • HOUSTON • SOUTH CAROLINA 

www.greggdrilling.com 
 

Cone Penetration Test Sounding Summary 
 

-Table 1- 
 
 

CPT Sounding 
Identification 

 

Date Termination Depth 
(Feet) 

Depth of Groundwater 
Samples (Feet) 

Depth of Soil Samples 
(Feet) 

Depth of Pore Pressure 
Dissipation Tests (Feet) 

CPT-01 11/19/07 70 - - 64.5 
CPT-02 11/19/07 60 - - 60.0 
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      



Cone Penetration Testing Procedure 
(CPT) 

 
Gregg In Situ, Inc. carries out all Cone Penetration Tests (CPT) using an integrated 
electronic cone system, Figure CPT.  The soundings were conducted using a 20 ton 
capacity cone with a tip area of 10 cm2 and a friction sleeve area of 150 cm2.  The cone 
is designed with an equal end area friction sleeve and a tip end area ratio of 0.80. 
 
The cone takes measurements of cone 
bearing (qc), sleeve friction (fs) and 
penetration pore water pressure (u2) at 5-
cm intervals during penetration to provide 
a nearly continuous hydrogeologic log. 
CPT data reduction and interpretation is 
performed in real time facilitating on-site 
decision making.  The above mentioned 
parameters are stored on disk for further 
analysis and reference.  All CPT 
soundings are performed in accordance 
with revised (2002) ASTM standards (D 
5778-95). 
 
The cone also contains a porous filter 
element located directly behind the cone 
tip (u2), Figure CPT.  It consists of porous 
plastic and is 5.0mm thick. The filter 
element is used to obtain penetration pore 
pressure as the cone is advanced as well 
as Pore Pressure Dissipation Tests 
(PPDT’s) during appropriate pauses in 
penetration.  It should be noted that prior 
to penetration, the element is fully 
saturated with silicon oil under vacuum 
pressure to ensure accurate and fast 
dissipation. 
 
When the soundings are complete, the test holes are grouted using a Gregg In Situ 
support rig.  The grouting procedures generally consist of pushing a hollow CPT rod 
with a “knock out” plug to the termination depth of the test hole.  Grout is then pumped 
under pressure as the tremie pipe is pulled from the hole.  Disruption or further 
contamination to the site is therefore minimized. 

Figure CPT 



   

Cone Penetration Test Data & Interpretation 
 
 
The Cone Penetration Test (CPT) data collected from your site are presented in graphical 
form in the attached report.  The plots include interpreted Soil Behavior Type (SBT) based on 
the charts described by Robertson (1990).  Typical plots display SBT based on the non-
normalized charts of Robertson et al (1986).  For CPT soundings extending greater than 50 
feet, we recommend the use of the normalized charts of Robertson (1990) which can be 
displayed as SBTn, upon request.   The report also includes spreadsheet output of computer 
calculations of basic interpretation in terms of SBT and SBTn and various geotechnical 
parameters using current published correlations based on the comprehensive review by 
Lunne, Robertson and Powell (1997), as well as recent updates by Professor Robertson. The 
interpretations are presented only as a guide for geotechnical use and should be carefully 
reviewed.  Gregg InSitu and Gregg Drilling & Testing Inc. do not warranty the correctness or 
the applicability of any of the geotechnical parameters interpreted by the software and do not 
assume any liability for any use of the results in any design or review. The user should be 
fully aware of the techniques and limitations of any method used in the software.   
 
Some interpretation methods require input of the groundwater level to calculate vertical 
effective stress.  An estimate of the in-situ groundwater level has been made based on field 
observations and/or CPT results, but should be verified by the user. 
 
A summary of locations and depths is available in Table 1.  Note that all penetration depths 
referenced in the data are with respect to the existing ground surface. 
 
Note that it is not always possible to clearly identify a soil type based solely on qt, fs, and u2.  
In these situations, experience, judgment, and an assessment of the pore pressure 
dissipation data should be used to infer the correct soil behavior type. 
 
        (After Robertson, et al., 1986) 
     
    

Figure SBT
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Sensitive, fine grained

Organic materials 
Clay

Silty clay to clay

Clayey silt to silty clay

Sandy silt to clayey silt

Silty sand to sandy silt

Sand to silty sand 
Sand

Gravely sand to sand 
Very stiff fine grained*

Sand to clayey sand* 
*over consolidated or cemented











Units: Imperial
Data averaging interval: 0.100 meters

Client: PARIKH CONSULTANTS Assumed depth of water: 50.013 feet
Site: WILLOW RD. EXT. Net area ratio of cone: 0.80
Engineer: P.CHAN Unit weight of water: 62.4 lb/ft3

Relative density constant, CDR: 350
Sounding: CPT-01 Young's modulus for sands, a: 4
Date: 11/19/2007 Small strain shear modulus number, SG (s 180
Time: 1:43 PM Small strain shear modulus number, CG (c50

Nkt for clays: 15
OCR number, kocr: 0.3

Interpretation based on Lunne, Robertson and Powell, 1997

Col 1i Col 2i Col 3i Col 4i Col 5i Col 6i Col 7i Col 8i Col 9i Col 10i Col 11i Col 12i Col 13i Col 14i Col 15i Col 16i Col 17i Col 18i Col 19i Col 20i Col 21i Col 22i Col 23i Col 24i Col 25i Col 26i Col 27i Col 28i Col 29i

Depth Depth qc fs u Other qt Rf SBT
Unit 

Weight, γ

Total 
Overburden 
Stress, σv

Insitu pore 
pressure, uo

Effective 
overburden 
stress, σ'v

Normalized 
cone 

resistance, Qtl

Normalized 
Friction raio, 

Fr

Normalized 
pore pressure 

ratio, Bq

Soil Behavior 
Type 

(normalized) 
SBTn

SBTn 
Index, Ic

Normalized 
Cone 

resistance, 
Qtn

Estimated 
permeability, 

kSBT SPT N60
SPT 

(N1)60
Relative 

Density, Dr
Friction 

Angle, φ'
Young's 

modulus, Es

Small strain 
shear 

modulus, Go

Undrained 
shear strength, 

su

Undrained 
strength ratio, 

su/σ'v

Over 
consolidation 

ratio, OCR
(m) (ft) (tsf) (tsf) (psi)  (tsf) (%)  (pcf) (tsf) (tsf) (tsf)       (ft/sec) (blows/ft) (blows/ft) (%) (degrees) (tsf) (tsf) (tsf)  

0.100 0.328 0.000 0.000 0.000 0.000
0.200 0.656 0.000 0.000 0.000 0.000
0.300 0.984 0.000 0.000 0.000 0.000
0.400 1.312 0.000 0.000 0.000 0.000
0.500 1.640 0.000 0.000 0.000 0.000
0.600 1.969 0.000 0.000 0.000 0.000
0.700 2.297 0.000 0.000 0.000 0.000
0.800 2.625 0.000 0.000 0.000 0.000
0.900 2.953 0.000 0.000 0.000 0.000
1.000 3.281 0.000 0.000 0.000 0.000
1.100 3.609 0.000 0.000 0.000 0.000
1.200 3.937 0.000 0.000 0.000 0.000
1.300 4.265 0.000 0.000 0.000 0.000
1.400 4.593 0.000 0.000 0.000 0.000
1.500 4.921 27.664 0.260 0.741 27.67 0.94 7 118 0.290 0.000 0.290 94.50 0.95 0.00 6 1.92 55.04 3.00E-4 5.3 10.1 40 40 111 367
1.600 5.249 76.043 0.778 2.222 76.07 1.02 8 121 0.310 0.000 0.310 244.70 1.03 0.00 6 1.64 132.37 3.00E-4 13.1 24.3 61 45 304 526
1.700 5.577 63.036 0.749 2.210 63.07 1.19 7 118 0.329 0.000 0.329 190.73 1.19 0.00 6 1.76 110.90 3.00E-4 11.4 20.4 56 44 252 504
1.800 5.906 53.072 0.624 2.186 53.10 1.18 7 118 0.348 0.000 0.348 151.48 1.18 0.00 6 1.83 92.47 3.00E-4 9.8 17.1 51 43 212 485
1.900 6.234 44.388 0.427 2.151 44.42 0.96 7 118 0.368 0.000 0.368 119.84 0.97 0.00 6 1.84 75.29 3.00E-4 8.2 14.0 46 42 178 465
2.000 6.562 40.027 0.341 2.121 40.06 0.85 7 118 0.387 0.000 0.387 102.53 0.86 0.00 6 1.86 66.27 3.00E-4 7.5 12.4 44 41 160 457
2.100 6.890 39.875 0.320 2.115 39.91 0.80 7 118 0.406 0.000 0.406 97.23 0.81 0.00 6 1.86 64.23 3.00E-4 7.5 12.0 43 40 160 464
2.200 7.218 42.141 0.315 2.104 42.17 0.75 7 118 0.426 0.000 0.426 98.10 0.76 0.00 6 1.84 65.74 3.00E-4 7.8 12.3 43 40 169 480
2.300 7.546 50.559 0.375 2.098 50.59 0.74 8 121 0.445 0.000 0.445 112.59 0.75 0.00 6 1.79 75.97 3.00E-4 9.2 14.2 47 41 202 518
2.400 7.874 69.843 0.537 2.098 69.87 0.77 8 121 0.465 0.000 0.465 149.19 0.77 0.00 6 1.71 100.54 3.00E-4 12.3 18.6 54 43 279 585
2.500 8.202 94.331 0.798 2.104 94.36 0.85 8 121 0.485 0.000 0.485 193.53 0.85 0.00 6 1.65 131.33 3.00E-4 16.4 24.2 61 44 377 656
2.600 8.530 117.445 1.125 2.098 117.47 0.96 8 121 0.505 0.000 0.505 231.67 0.96 0.00 6 1.63 160.03 3.00E-4 20.3 29.3 68 45 470 715
2.700 8.858 131.059 1.433 2.092 131.09 1.09 8 121 0.525 0.000 0.525 248.81 1.10 0.00 6 1.66 175.81 3.00E-4 22.8 32.3 71 45 524 752
2.800 9.186 137.477 1.558 2.080 137.51 1.13 8 121 0.545 0.000 0.545 251.50 1.14 0.00 6 1.66 181.33 3.00E-4 24.0 33.4 72 45 550 773
2.900 9.514 137.363 1.660 2.080 137.39 1.21 8 121 0.564 0.000 0.564 242.42 1.21 0.00 6 1.70 178.95 3.00E-4 24.2 33.1 72 45 550 782
3.000 9.843 132.310 1.713 2.074 132.34 1.29 8 121 0.584 0.000 0.584 225.50 1.30 0.00 6 1.74 170.58 3.00E-4 23.7 31.8 70 45 529 781
3.100 10.171 128.243 1.647 2.080 128.27 1.28 8 121 0.604 0.000 0.604 211.33 1.29 0.00 6 1.76 162.81 3.00E-4 23.1 30.5 68 44 513 782
3.200 10.499 115.710 1.505 2.074 115.74 1.30 8 121 0.624 0.000 0.624 184.49 1.31 0.00 6 1.80 145.29 3.00E-4 21.1 27.5 64 44 463 764
3.300 10.827 103.594 1.260 2.080 103.62 1.22 8 121 0.644 0.000 0.644 159.96 1.22 0.00 6 1.82 128.17 3.00E-4 19.1 24.4 61 43 414 744
3.400 11.155 108.249 1.160 2.074 108.28 1.07 8 121 0.664 0.000 0.664 162.16 1.08 0.00 6 1.78 130.91 3.00E-4 19.6 24.8 61 43 433 763
3.500 11.483 126.593 1.325 2.092 126.62 1.05 8 121 0.683 0.000 0.683 184.26 1.05 0.00 6 1.73 149.86 3.00E-4 22.6 28.1 65 44 506 811
3.600 11.811 137.657 2.335 2.139 137.69 1.70 8 121 0.703 0.000 0.703 194.77 1.70 0.00 6 1.87 163.35 3.00E-4 25.8 31.6 68 44 551 842
3.700 12.139 148.721 2.551 2.198 148.75 1.72 8 121 0.723 0.000 0.723 204.70 1.72 0.00 6 1.86 173.56 3.00E-4 27.8 33.6 70 44 595 872
3.800 12.467 151.451 2.316 2.204 151.48 1.53 8 121 0.743 0.000 0.743 202.88 1.54 0.00 6 1.82 173.38 3.00E-4 27.9 33.3 70 44 606 886
3.900 12.795 131.315 2.439 2.228 131.35 1.86 7 118 0.762 0.000 0.762 171.30 1.87 0.00 6 1.94 149.71 3.00E-4 25.2 29.7 65 43 525 852
4.000 13.123 120.990 2.019 2.240 121.02 1.67 8 121 0.782 0.000 0.782 153.73 1.68 0.00 6 1.93 135.72 3.00E-4 23.2 27.0 62 43 484 836
4.100 13.451 117.795 1.677 2.234 117.83 1.42 8 121 0.802 0.000 0.802 145.92 1.43 0.00 6 1.90 129.78 3.00E-4 22.3 25.6 61 43 471 835
4.200 13.780 110.960 1.549 2.228 110.99 1.40 8 121 0.822 0.000 0.822 134.05 1.41 0.00 6 1.92 120.65 3.00E-4 21.2 24.0 59 42 444 826
4.300 14.108 110.268 1.578 2.210 110.30 1.43 8 121 0.842 0.000 0.842 130.05 1.44 0.00 6 1.93 118.35 3.00E-4 21.2 23.7 58 42 441 831
4.400 14.436 116.411 1.529 2.216 116.44 1.31 8 121 0.862 0.000 0.862 134.16 1.32 0.00 6 1.90 123.00 3.00E-4 22.0 24.4 59 42 466 852
4.500 14.764 124.090 1.500 2.222 124.12 1.21 8 121 0.881 0.000 0.881 139.83 1.22 0.00 6 1.86 129.16 3.00E-4 23.2 25.4 61 42 496 877
4.600 15.092 123.266 1.522 2.198 123.30 1.23 8 121 0.901 0.000 0.901 135.81 1.24 0.00 6 1.88 126.77 3.00E-4 23.1 25.1 60 42 493 882
4.700 15.420 123.218 1.502 2.175 123.25 1.22 8 121 0.921 0.000 0.921 132.81 1.23 0.00 6 1.88 125.15 3.00E-4 23.2 24.8 60 42 493 888
4.800 15.748 124.981 1.487 2.169 125.01 1.19 8 121 0.941 0.000 0.941 131.87 1.20 0.00 6 1.87 125.37 3.00E-4 23.4 24.9 60 42 500 899
4.900 16.076 128.802 1.523 2.169 128.83 1.18 8 121 0.961 0.000 0.961 133.10 1.19 0.00 6 1.87 127.67 3.00E-4 24.1 25.3 60 42 515 914
5.000 16.404 136.444 1.559 2.175 136.48 1.14 8 121 0.981 0.000 0.981 138.18 1.15 0.00 6 1.85 133.65 3.00E-4 25.3 26.3 62 42 546 938
5.100 16.732 151.461 1.878 2.186 151.49 1.24 8 121 1.000 0.000 1.000 150.43 1.25 0.00 6 1.84 146.78 3.00E-4 28.1 28.9 65 43 606 978
5.200 17.060 157.367 2.646 2.198 157.40 1.68 8 121 1.020 0.000 1.020 153.27 1.69 0.00 6 1.94 151.00 3.00E-4 30.2 30.8 66 43 630 997
5.300 17.388 165.558 3.143 2.275 165.59 1.90 8 121 1.040 0.000 1.040 158.21 1.91 0.00 6 1.97 157.12 3.00E-4 32.2 32.4 67 43 662 1021
5.400 17.717 184.823 3.279 2.341 184.86 1.77 8 121 1.060 0.000 1.060 173.40 1.78 0.00 6 1.92 173.53 3.00E-4 35.3 35.2 70 43 739 1065
5.500 18.045 181.059 2.848 2.370 181.09 1.57 8 121 1.080 0.000 1.080 166.71 1.58 0.00 6 1.89 168.16 3.00E-4 34.2 33.8 69 43 724 1065
5.600 18.373 176.746 2.406 2.376 176.78 1.36 8 121 1.100 0.000 1.100 159.76 1.37 0.00 6 1.86 162.46 3.00E-4 32.9 32.3 68 43 707 1063
5.700 18.701 189.203 2.534 2.376 189.24 1.34 8 121 1.119 0.000 1.119 168.04 1.35 0.00 6 1.84 172.28 3.00E-4 35.0 34.0 70 43 757 1093
5.800 19.029 200.191 2.923 2.388 200.23 1.46 8 121 1.139 0.000 1.139 174.74 1.47 0.00 6 1.85 180.47 3.00E-4 37.3 35.9 72 43 801 1121
5.900 19.357 213.653 3.042 2.394 213.69 1.42 8 121 1.159 0.000 1.159 183.35 1.43 0.00 6 1.83 190.91 3.00E-4 39.4 37.7 74 44 855 1152
6.000 19.685 222.783 3.006 2.412 222.82 1.35 9 124 1.180 0.000 1.180 187.91 1.36 0.00 6 1.81 197.33 3.00E-4 40.8 38.6 75 44 891 1175
6.100 20.013 218.394 2.981 2.418 218.43 1.36 9 124 1.200 0.000 1.200 181.04 1.37 0.00 6 1.82 191.49 3.00E-4 40.2 37.7 74 44 874 1174
6.200 20.341 203.708 2.784 2.418 203.74 1.37 9 124 1.220 0.000 1.220 165.97 1.37 0.00 6 1.85 176.67 3.00E-4 37.8 35.2 71 43 815 1153
6.300 20.669 186.245 2.524 2.406 186.28 1.35 8 121 1.240 0.000 1.240 149.22 1.36 0.00 6 1.88 159.74 3.00E-4 35.0 32.3 68 43 745 1125
6.400 20.997 178.063 2.207 2.412 178.10 1.24 9 124 1.260 0.000 1.260 140.30 1.25 0.00 6 1.87 151.32 3.00E-4 33.3 30.5 66 42 712 1115
6.500 21.325 180.585 2.039 2.424 180.62 1.13 9 124 1.281 0.000 1.281 140.02 1.14 0.00 6 1.84 152.31 3.00E-4 33.4 30.4 66 42 722 1126
6.600 21.654 188.814 2.257 2.435 188.85 1.20 9 124 1.301 0.000 1.301 144.14 1.20 0.00 6 1.85 157.80 3.00E-4 35.1 31.6 67 42 755 1149
6.700 21.982 209.397 2.713 2.435 209.43 1.30 9 124 1.322 0.000 1.322 157.48 1.30 0.00 6 1.84 173.61 3.00E-4 38.9 34.8 70 43 838 1195
6.800 22.310 217.891 3.138 2.429 217.93 1.44 8 121 1.341 0.000 1.341 161.47 1.45 0.00 6 1.87 178.84 3.00E-4 40.8 36.3 71 43 872 1217
6.900 22.638 225.001 3.375 2.435 225.04 1.50 8 121 1.361 0.000 1.361 164.32 1.51 0.00 6 1.88 183.04 3.00E-4 42.3 37.3 72 43 900 1236
7.000 22.966 230.140 3.502 2.441 230.18 1.52 8 121 1.381 0.000 1.381 165.67 1.53 0.00 6 1.88 185.66 3.00E-4 43.3 37.9 73 43 921 1252
7.100 23.294 229.012 3.427 2.441 229.05 1.50 8 121 1.401 0.000 1.401 162.50 1.51 0.00 6 1.88 183.22 3.00E-4 43.1 37.4 72 43 916 1256
7.200 23.622 229.353 3.336 2.447 229.39 1.45 8 121 1.421 0.000 1.421 160.46 1.46 0.00 6 1.88 182.10 3.00E-4 43.1 37.2 72 43 918 1262

              GREGG DRILLING & TESTING, INC.
CONE PENETRATION TEST DATA

4/19/2009 3:13 PM 179c01 [INTERPRETATIONS] Page 1 of 3



Col 1i Col 2i Col 3i Col 4i Col 5i Col 6i Col 7i Col 8i Col 9i Col 10i Col 11i Col 12i Col 13i Col 14i Col 15i Col 16i Col 17i Col 18i Col 19i Col 20i Col 21i Col 22i Col 23i Col 24i Col 25i Col 26i Col 27i Col 28i Col 29i

Depth Depth qc fs u Other qt Rf SBT
Unit 

Weight, γ

Total 
Overburden 
Stress, σv

Insitu pore 
pressure, uo

Effective 
overburden 
stress, σ'v

Normalized 
cone 

resistance, Qtl

Normalized 
Friction raio, 

Fr

Normalized 
pore pressure 

ratio, Bq

Soil Behavior 
Type 

(normalized) 
SBTn

SBTn 
Index, Ic

Normalized 
Cone 

resistance, 
Qtn

Estimated 
permeability, 

kSBT SPT N60
SPT 

(N1)60
Relative 

Density, Dr
Friction 

Angle, φ'
Young's 

modulus, Es

Small strain 
shear 

modulus, Go

Undrained 
shear strength, 

su

Undrained 
strength ratio, 

su/σ'v

Over 
consolidation 

ratio, OCR
(m) (ft) (tsf) (tsf) (psi)  (tsf) (%)  (pcf) (tsf) (tsf) (tsf)       (ft/sec) (blows/ft) (blows/ft) (%) (degrees) (tsf) (tsf) (tsf)  

7.300 23.950 233.278 3.344 2.465 233.31 1.43 9 124 1.441 0.000 1.441 160.90 1.44 0.00 6 1.87 183.81 3.00E-4 43.7 37.5 72 43 933 1275
7.400 24.278 241.175 3.383 2.489 241.21 1.40 9 124 1.461 0.000 1.461 164.05 1.41 0.00 6 1.86 188.77 3.00E-4 45.0 38.3 73 43 965 1296
7.500 24.606 246.228 2.951 2.559 246.27 1.20 9 124 1.482 0.000 1.482 165.19 1.21 0.00 6 1.81 192.24 3.00E-4 45.1 38.1 74 43 985 1311
7.600 24.934 254.874 3.227 2.672 254.91 1.27 9 124 1.502 0.000 1.502 168.69 1.27 0.00 6 1.82 197.30 3.00E-4 46.8 39.3 75 43 1020 1332
7.700 25.262 263.397 3.833 2.702 263.44 1.46 9 124 1.523 0.000 1.523 172.02 1.46 0.00 6 1.86 201.55 3.00E-4 49.1 40.9 76 43 1054 1353
7.800 25.591 282.851 4.008 2.738 282.89 1.42 9 124 1.543 0.000 1.543 182.35 1.42 0.00 6 1.83 215.51 3.00E-4 52.2 43.2 78 44 1132 1391
7.900 25.919 307.947 4.322 2.773 307.99 1.40 9 124 1.563 0.000 1.563 196.01 1.41 0.00 6 1.81 233.66 3.00E-4 56.4 46.4 82 44 1232 1438
8.000 26.247 324.215 4.661 2.821 324.26 1.44 9 124 1.584 0.000 1.584 203.75 1.44 0.00 6 1.80 244.40 3.00E-4 59.3 48.5 84 44 1297 1469
8.100 26.575 322.243 4.697 2.874 322.28 1.46 9 124 1.604 0.000 1.604 199.92 1.46 0.00 6 1.81 240.89 3.00E-4 59.1 48.0 83 44 1289 1472
8.200 26.903 307.245 4.386 2.927 307.29 1.43 9 124 1.624 0.000 1.624 188.17 1.43 0.00 6 1.82 227.72 3.00E-4 56.6 45.7 81 44 1229 1455
8.300 27.231 295.176 4.192 2.975 295.22 1.42 9 124 1.645 0.000 1.645 178.49 1.43 0.00 6 1.84 216.81 3.00E-4 54.6 43.8 79 44 1181 1442
8.400 27.559 295.508 4.055 3.022 295.55 1.37 9 124 1.665 0.000 1.665 176.50 1.38 0.00 6 1.83 215.79 3.00E-4 54.5 43.5 79 43 1182 1448
8.500 27.887 300.059 3.995 3.129 300.10 1.33 9 124 1.685 0.000 1.685 177.05 1.34 0.00 6 1.82 217.96 3.00E-4 55.2 43.7 79 43 1200 1461
8.600 28.215 312.459 4.362 3.307 312.51 1.40 9 124 1.706 0.000 1.706 182.20 1.40 0.00 6 1.83 225.28 3.00E-4 57.6 45.4 80 44 1250 1487
8.700 28.543 326.254 4.794 3.330 326.30 1.47 9 124 1.726 0.000 1.726 188.03 1.48 0.00 6 1.83 233.45 3.00E-4 60.3 47.2 82 44 1305 1515
8.800 28.871 334.653 5.090 3.360 334.70 1.52 9 124 1.747 0.000 1.747 190.64 1.53 0.00 6 1.84 237.65 3.00E-4 62.0 48.3 82 44 1339 1534
8.900 29.199 337.033 4.951 3.384 337.08 1.47 9 124 1.767 0.000 1.767 189.77 1.48 0.00 6 1.83 238.16 3.00E-4 62.2 48.2 82 44 1348 1543
9.000 29.528 288.502 3.970 3.389 288.55 1.38 9 124 1.787 0.000 1.787 160.45 1.38 0.00 6 1.86 201.50 3.00E-4 53.8 41.4 76 43 1154 1471
9.100 29.856 230.566 3.193 3.395 230.62 1.38 9 124 1.808 0.000 1.808 126.58 1.40 0.00 6 1.93 157.86 3.00E-4 44.2 33.8 67 42 922 1370
9.200 30.184 211.036 2.540 3.395 211.09 1.20 9 124 1.828 0.000 1.828 114.47 1.21 0.00 6 1.92 143.67 3.00E-4 40.3 30.7 64 41 844 1335
9.300 30.512 191.327 3.039 3.437 191.38 1.59 8 121 1.848 0.000 1.848 102.57 1.60 0.00 6 2.04 126.78 3.00E-4 38.2 28.9 60 41 766 1297
9.400 30.840 274.186 4.340 3.561 274.24 1.58 8 121 1.868 0.000 1.868 145.83 1.59 0.00 6 1.93 184.37 3.00E-4 52.5 39.5 73 43 1097 1468
9.500 31.168 327.543 5.102 3.633 327.59 1.56 9 124 1.888 0.000 1.888 172.51 1.57 0.00 6 1.88 221.15 3.00E-4 61.5 46.1 79 43 1310 1563
9.600 31.496 347.101 5.902 3.662 347.15 1.70 8 121 1.908 0.000 1.908 180.96 1.71 0.00 6 1.89 232.39 3.00E-4 65.6 48.8 81 44 1389 1599
9.700 31.824 359.625 5.694 3.644 359.68 1.58 9 124 1.928 0.000 1.928 185.53 1.59 0.00 6 1.86 240.66 3.00E-4 67.2 49.8 83 44 1439 1624
9.800 32.152 341.745 4.686 3.644 341.80 1.37 9 124 1.949 0.000 1.949 174.40 1.38 0.00 6 1.83 228.48 3.00E-4 63.2 46.5 81 43 1367 1602
9.900 32.480 330.577 3.779 3.638 330.63 1.14 9 124 1.969 0.000 1.969 166.92 1.15 0.00 6 1.79 221.52 3.00E-4 60.1 44.1 80 43 1323 1590

10.000 32.808 316.166 3.695 3.626 316.22 1.17 9 124 1.989 0.000 1.989 157.96 1.18 0.00 6 1.81 209.66 3.00E-4 58.0 42.3 77 43 1265 1572
10.100 33.136 282.434 3.761 3.626 282.49 1.33 9 124 2.010 0.000 2.010 139.56 1.34 0.00 6 1.89 183.31 3.00E-4 53.3 38.7 72 42 1130 1519
10.200 33.465 270.100 3.240 3.626 270.15 1.20 9 124 2.030 0.000 2.030 132.08 1.21 0.00 6 1.88 174.72 3.00E-4 50.7 36.6 71 42 1081 1501
10.300 33.793 289.668 3.639 3.626 289.72 1.26 9 124 2.050 0.000 2.050 140.30 1.26 0.00 6 1.87 186.58 3.00E-4 54.3 39.0 73 42 1159 1542
10.400 34.121 381.572 5.124 3.644 381.62 1.34 9 124 2.071 0.000 2.071 183.29 1.35 0.00 6 1.81 247.73 3.00E-4 70.0 50.0 84 44 1526 1696
10.500 34.449 432.388 6.317 3.692 432.44 1.46 9 124 2.091 0.000 2.091 205.79 1.47 0.00 6 1.81 279.68 3.00E-4 79.1 56.3 89 44 1730 1774
10.600 34.777 396.514 6.867 3.757 396.57 1.73 8 121 2.111 0.000 2.111 186.86 1.74 0.00 6 1.89 250.63 3.00E-4 74.8 53.0 85 44 1586 1729
10.700 35.105 370.025 6.275 3.798 370.08 1.70 8 121 2.131 0.000 2.131 172.68 1.71 0.00 6 1.90 231.80 3.00E-4 70.2 49.5 81 43 1480 1695
10.800 35.433 327.780 5.419 3.798 327.83 1.65 8 121 2.151 0.000 2.151 151.43 1.66 0.00 6 1.93 202.80 3.00E-4 62.9 44.1 76 43 1311 1633
10.900 35.761 224.394 3.688 3.798 224.45 1.64 8 121 2.171 0.000 2.171 102.41 1.66 0.00 5 2.05 134.26 3.00E-6 45.0 31.4 62 41 898 1443
11.000 36.089 182.064 2.274 3.881 182.12 1.25 9 124 2.191 0.000 2.191 82.13 1.26 0.00 6 2.04 108.26 3.00E-4 36.4 25.3 56 40 728 1350
11.100 36.417 142.872 2.207 3.935 142.93 1.54 8 121 2.211 0.000 2.211 63.65 1.57 0.00 5 2.19 81.54 3.00E-6 30.3 20.9 48 38 572 1249
11.200 36.745 127.504 1.424 4.065 127.56 1.12 8 121 2.231 0.000 2.231 56.19 1.14 0.00 5 2.14 72.92 3.00E-6 26.5 18.3 46 37 510 1206
11.300 37.073 76.916 0.285 4.124 76.98 0.37 8 121 2.250 0.000 2.250 33.20 0.38 0.00 5 2.11 43.57 3.00E-6 15.8 10.8 35 34 308 1022
11.400 37.402 53.527 0.247 4.183 53.59 0.46 8 121 2.270 0.000 2.270 22.60 0.48 0.01 5 2.30 28.47 3.00E-6 11.9 8.1 29 32 214 909
11.500 37.730 47.593 0.267 4.189 47.65 0.56 8 121 2.290 0.000 2.290 19.81 0.59 0.01 5 2.39 24.51 3.00E-6 11.0 7.5 26 31 191 877
11.600 38.058 73.939 0.584 4.219 74.00 0.79 8 121 2.310 0.000 2.310 31.04 0.82 0.00 5 2.28 39.48 3.00E-6 16.3 11.0 34 34 296 1018
11.700 38.386 82.168 0.743 4.290 82.23 0.90 8 121 2.330 0.000 2.330 34.29 0.93 0.00 5 2.27 43.83 3.00E-6 18.0 12.2 35 34 329 1057
11.800 38.714 77.740 0.330 4.308 77.80 0.42 8 121 2.350 0.000 2.350 32.11 0.44 0.00 5 2.14 42.42 3.00E-6 16.2 10.9 35 34 311 1041
11.900 39.042 51.716 0.119 4.302 51.78 0.23 8 121 2.369 0.000 2.369 20.85 0.24 0.01 5 2.23 27.03 3.00E-6 11.2 7.5 28 31 207 911
12.000 39.370 35.343 0.230 4.349 35.41 0.65 7 118 2.389 0.000 2.389 13.82 0.70 0.01 5 2.56 16.59 3.00E-6 8.9 5.9 22 29 142 805
12.100 39.698 32.405 0.304 4.432 32.47 0.94 7 118 2.408 0.000 2.408 12.48 1.01 0.01 4 2.67 14.60 3.00E-8 8.6 5.7 1623 2.00 0.83 3.7
12.200 40.026 34.557 0.302 4.491 34.62 0.87 7 118 2.427 0.000 2.427 13.26 0.94 0.01 4 2.63 15.69 3.00E-8 9.0 5.9 1731 2.15 0.88 4.0
12.300 40.354 40.216 0.438 4.503 40.28 1.09 7 118 2.447 0.000 2.447 15.46 1.16 0.01 4 2.62 18.39 3.00E-8 10.4 6.8 2014 2.52 1.03 4.6
12.400 40.682 43.420 0.784 4.521 43.49 1.80 7 118 2.466 0.000 2.466 16.63 1.91 0.01 4 2.70 19.38 3.00E-8 11.7 7.7 2174 2.73 1.11 5.0
12.500 41.011 41.155 0.962 4.462 41.22 2.33 6 115 2.485 0.000 2.485 15.59 2.48 0.01 4 2.79 17.79 3.00E-8 11.6 7.6 2061 2.58 1.04 4.7
12.600 41.339 39.913 0.948 4.338 39.98 2.37 6 115 2.504 0.000 2.504 14.97 2.53 0.01 4 2.81 17.01 3.00E-8 11.4 7.4 1999 2.50 1.00 4.5
12.700 41.667 39.287 0.924 4.278 39.35 2.35 6 115 2.522 0.000 2.522 14.60 2.51 0.01 4 2.82 16.58 3.00E-8 11.3 7.3 1967 2.46 0.97 4.4
12.800 41.995 38.633 0.911 4.213 38.69 2.36 6 115 2.541 0.000 2.541 14.23 2.52 0.01 4 2.83 16.13 3.00E-8 11.2 7.2 1935 2.41 0.95 4.3
12.900 42.323 38.178 0.896 4.142 38.24 2.34 6 115 2.560 0.000 2.560 13.94 2.51 0.01 4 2.83 15.79 3.00E-8 11.1 7.1 1912 2.38 0.93 4.2
13.000 42.651 37.780 0.878 4.077 37.84 2.32 6 115 2.579 0.000 2.579 13.67 2.49 0.01 4 2.84 15.49 3.00E-8 11.0 7.0 1892 2.35 0.91 4.1
13.100 42.979 38.282 0.859 4.023 38.34 2.24 6 115 2.598 0.000 2.598 13.76 2.40 0.01 4 2.83 15.65 3.00E-8 11.0 7.1 1917 2.38 0.92 4.1
13.200 43.307 40.017 0.938 3.976 40.07 2.34 6 115 2.616 0.000 2.616 14.32 2.51 0.01 4 2.82 16.32 3.00E-8 11.5 7.3 2004 2.50 0.95 4.3
13.300 43.635 42.171 1.035 3.917 42.23 2.45 6 115 2.635 0.000 2.635 15.02 2.61 0.01 4 2.82 17.18 3.00E-8 12.1 7.7 2111 2.64 1.00 4.5
13.400 43.963 41.982 1.055 3.881 42.04 2.51 6 115 2.654 0.000 2.654 14.84 2.68 0.01 4 2.83 16.93 3.00E-8 12.1 7.7 2102 2.63 0.99 4.5
13.500 44.291 43.373 1.173 3.822 43.43 2.70 6 115 2.673 0.000 2.673 15.25 2.88 0.01 4 2.84 17.37 3.00E-8 12.6 7.9 2171 2.72 1.02 4.6
13.600 44.619 44.852 1.342 3.822 44.91 2.99 6 115 2.692 0.000 2.692 15.68 3.18 0.01 3 2.85 17.81 1.00E-9 13.1 8.2 2245 2.81 1.05 4.7
13.700 44.948 43.231 1.723 3.834 43.29 3.98 5 115 2.710 0.000 2.710 14.97 4.25 0.01 3 2.95 16.57 1.00E-9 13.4 8.4 2164 2.71 1.00 4.5
13.800 45.276 58.618 3.087 3.881 58.67 5.26 11 131 2.732 0.000 2.732 20.48 5.52 0.00 3 2.92 22.88 1.00E-9 17.8 11.1 2934 3.73 1.37 6.1
13.900 45.604 87.979 4.826 3.899 88.04 5.48 11 131 2.753 0.000 2.753 30.98 5.66 0.00 3 2.79 35.88 1.00E-9 24.9 15.4 4402 5.69 2.07 9.3
14.000 45.932 58.362 3.757 3.840 58.42 6.43 11 131 2.775 0.000 2.775 20.05 6.75 0.00 3 2.98 22.02 1.00E-9 18.5 11.4 2921 3.71 1.34 6.0
14.100 46.260 40.083 1.732 3.870 40.14 4.32 4 115 2.793 0.000 2.793 13.37 4.64 0.01 3 3.01 14.58 1.00E-9 12.9 7.9 2007 2.49 0.89 4.0
14.200 46.588 35.116 1.171 3.946 35.17 3.33 5 115 2.812 0.000 2.812 11.51 3.62 0.01 3 2.99 12.61 1.00E-9 11.2 6.9 1759 2.16 0.77 3.5
14.300 46.916 35.713 1.133 3.982 35.77 3.17 5 115 2.831 0.000 2.831 11.64 3.44 0.01 3 2.98 12.82 1.00E-9 11.3 6.9 1789 2.20 0.78 3.5
14.400 47.244 38.709 1.346 4.006 38.77 3.47 5 115 2.850 0.000 2.850 12.60 3.75 0.01 3 2.97 13.92 1.00E-9 12.2 7.4 1938 2.39 0.84 3.8
14.500 47.572 44.208 1.391 4.041 44.27 3.14 6 115 2.869 0.000 2.869 14.43 3.36 0.01 3 2.90 16.32 1.00E-9 13.3 8.1 2213 2.76 0.96 4.3
14.600 47.900 47.184 2.088 4.136 47.24 4.42 4 115 2.887 0.000 2.887 15.36 4.71 0.01 3 2.97 17.02 1.00E-9 14.8 8.9 2362 2.96 1.02 4.6
14.700 48.228 87.581 4.089 4.243 87.64 4.67 11 131 2.909 0.000 2.909 29.13 4.83 0.00 3 2.77 34.33 1.00E-9 24.4 14.7 4382 5.65 1.94 8.7
14.800 48.556 71.189 4.177 4.284 71.25 5.86 11 131 2.930 0.000 2.930 23.32 6.11 0.00 3 2.91 26.35 1.00E-9 21.5 12.9 3563 4.55 1.55 7.0
14.900 48.885 57.945 2.545 4.415 58.01 4.39 5 115 2.949 0.000 2.949 18.67 4.62 0.01 3 2.90 21.18 1.00E-9 17.4 10.4 2900 3.67 1.24 5.6
15.000 49.213 56.210 2.108 4.551 56.28 3.75 5 115 2.968 0.000 2.968 17.96 3.95 0.01 3 2.87 20.59 1.00E-9 16.6 9.9 2814 3.55 1.20 5.4
15.100 49.541 54.882 2.210 4.639 54.95 4.02 5 115 2.987 0.000 2.987 17.40 4.25 0.01 3 2.90 19.77 1.00E-9 16.5 9.8 2747 3.46 1.16 5.2
15.200 49.869 53.963 2.267 4.681 54.03 4.20 5 115 3.005 0.000 3.005 16.98 4.44 0.01 3 2.92 19.18 1.00E-9 16.4 9.7 2702 3.40 1.13 5.1
15.300 50.197 40.501 1.760 4.669 40.57 4.34 4 115 3.024 0.006 3.018 12.44 4.69 0.01 3 3.04 13.54 1.00E-9 13.2 7.8 2028 2.50 0.83 3.7
15.400 50.525 36.130 1.475 4.663 36.20 4.07 5 115 3.043 0.016 3.027 10.95 4.45 0.01 3 3.07 11.82 1.00E-9 12.0 7.1 1810 2.21 0.73 3.3
15.500 50.853 34.935 1.483 4.663 35.00 4.24 4 115 3.062 0.026 3.036 10.52 4.64 0.01 3 3.09 11.27 1.00E-9 11.8 7.0 1750 2.13 0.70 3.2
15.600 51.181 35.504 1.463 4.646 35.57 4.11 5 115 3.081 0.036 3.044 10.67 4.50 0.01 3 3.08 11.48 1.00E-9 11.9 7.0 1779 2.17 0.71 3.2
15.700 51.509 36.017 1.288 4.640 36.08 3.57 5 115 3.099 0.047 3.053 10.80 3.91 0.01 3 3.04 11.77 1.00E-9 11.8 6.9 1804 2.20 0.72 3.2
15.800 51.837 33.826 1.249 4.640 33.89 3.68 5 115 3.118 0.057 3.061 10.05 4.06 0.01 3 3.07 10.84 1.00E-9 11.3 6.7 1695 2.05 0.67 3.0
15.900 52.165 33.713 1.204 4.640 33.78 3.56 5 115 3.137 0.067 3.070 9.98 3.93 0.01 3 3.07 10.78 1.00E-9 11.2 6.6 1689 2.04 0.67 3.0
16.000 52.493 34.595 1.201 4.634 34.66 3.46 5 115 3.156 0.077 3.078 10.23 3.81 0.01 3 3.05 11.12 1.00E-9 11.4 6.7 1733 2.10 0.68 3.1
16.100 52.822 36.083 1.246 4.640 36.15 3.45 5 115 3.175 0.088 3.087 10.68 3.78 0.01 3 3.03 11.67 1.00E-9 11.8 6.9 1807 2.20 0.71 3.2

4/19/2009 3:13 PM 179c01 [INTERPRETATIONS] Page 2 of 3



Col 1i Col 2i Col 3i Col 4i Col 5i Col 6i Col 7i Col 8i Col 9i Col 10i Col 11i Col 12i Col 13i Col 14i Col 15i Col 16i Col 17i Col 18i Col 19i Col 20i Col 21i Col 22i Col 23i Col 24i Col 25i Col 26i Col 27i Col 28i Col 29i

Depth Depth qc fs u Other qt Rf SBT
Unit 

Weight, γ

Total 
Overburden 
Stress, σv

Insitu pore 
pressure, uo

Effective 
overburden 
stress, σ'v

Normalized 
cone 

resistance, Qtl

Normalized 
Friction raio, 

Fr

Normalized 
pore pressure 

ratio, Bq

Soil Behavior 
Type 

(normalized) 
SBTn

SBTn 
Index, Ic

Normalized 
Cone 

resistance, 
Qtn

Estimated 
permeability, 

kSBT SPT N60
SPT 

(N1)60
Relative 

Density, Dr
Friction 

Angle, φ'
Young's 

modulus, Es

Small strain 
shear 

modulus, Go

Undrained 
shear strength, 

su

Undrained 
strength ratio, 

su/σ'v

Over 
consolidation 

ratio, OCR
(m) (ft) (tsf) (tsf) (psi)  (tsf) (%)  (pcf) (tsf) (tsf) (tsf)       (ft/sec) (blows/ft) (blows/ft) (%) (degrees) (tsf) (tsf) (tsf)  

16.200 53.150 39.240 1.384 4.646 39.31 3.52 5 115 3.193 0.098 3.096 11.67 3.83 0.01 3 3.00 12.86 1.00E-9 12.6 7.4 1965 2.41 0.78 3.5
16.300 53.478 41.620 1.437 4.675 41.69 3.45 5 115 3.212 0.108 3.104 12.39 3.73 0.01 3 2.98 13.79 1.00E-9 13.1 7.7 2084 2.56 0.83 3.7
16.400 53.806 43.544 1.521 4.711 43.61 3.49 5 115 3.231 0.118 3.113 12.97 3.77 0.01 3 2.96 14.50 1.00E-9 13.6 7.9 2181 2.69 0.86 3.9
16.500 54.134 51.631 2.080 4.788 51.70 4.02 5 115 3.250 0.129 3.121 15.52 4.29 0.00 3 2.94 17.50 1.00E-9 15.9 9.2 2585 3.23 1.03 4.7
16.600 54.462 69.236 2.530 4.972 69.31 3.65 5 115 3.269 0.139 3.130 21.10 3.83 0.00 4 2.80 24.86 3.00E-8 19.7 11.5 3465 4.40 1.41 6.3
16.700 54.790 86.349 2.730 5.220 86.42 3.16 6 115 3.287 0.149 3.138 26.49 3.28 0.00 4 2.68 32.45 3.00E-8 23.1 13.4 4321 5.54 1.77 7.9
16.800 55.118 89.762 2.383 5.339 89.84 2.65 7 118 3.307 0.159 3.147 27.49 2.75 0.00 4 2.62 34.38 3.00E-8 23.2 13.5 4492 5.77 1.83 8.2
16.900 55.446 56.732 1.447 5.339 56.81 2.55 6 115 3.325 0.170 3.156 16.95 2.71 0.00 4 2.78 20.11 3.00E-8 16.0 9.3 2840 3.57 1.13 5.1
17.000 55.774 47.317 0.990 5.369 47.39 2.09 6 115 3.344 0.180 3.165 13.92 2.25 0.00 4 2.81 16.40 3.00E-8 13.5 7.8 2370 2.94 0.93 4.2
17.100 56.102 48.427 1.066 5.404 48.50 2.20 6 115 3.363 0.190 3.173 14.23 2.36 0.00 4 2.81 16.75 3.00E-8 13.9 8.0 2425 3.01 0.95 4.3
17.200 56.430 48.057 1.315 5.422 48.13 2.73 6 115 3.382 0.200 3.182 14.07 2.94 0.00 3 2.87 16.24 1.00E-9 14.2 8.2 2407 2.98 0.94 4.2
17.300 56.759 48.436 1.653 5.440 48.51 3.41 5 115 3.401 0.210 3.190 14.14 3.66 0.00 3 2.93 16.04 1.00E-9 14.8 8.5 2426 3.01 0.94 4.2
17.400 57.087 48.711 1.978 5.469 48.79 4.05 5 115 3.419 0.221 3.199 14.18 4.36 0.00 3 2.97 15.85 1.00E-9 15.3 8.8 2439 3.02 0.95 4.3
17.500 57.415 49.621 2.057 5.499 49.70 4.14 5 115 3.438 0.231 3.207 14.42 4.45 0.00 3 2.97 16.12 1.00E-9 15.6 9.0 2485 3.08 0.96 4.3
17.600 57.743 45.743 1.845 5.499 45.82 4.03 5 115 3.457 0.241 3.216 13.17 4.36 0.00 3 3.00 14.61 1.00E-9 14.6 8.4 2291 2.82 0.88 4.0
17.700 58.071 44.805 1.802 5.528 44.88 4.01 5 115 3.476 0.251 3.224 12.84 4.35 0.00 3 3.01 14.20 1.00E-9 14.4 8.2 2244 2.76 0.86 3.9
17.800 58.399 47.422 2.189 5.546 47.50 4.61 4 115 3.495 0.262 3.233 13.61 4.97 0.00 3 3.02 14.98 1.00E-9 15.4 8.8 2375 2.93 0.91 4.1
17.900 58.727 89.070 3.535 5.617 89.15 3.96 5 115 3.513 0.272 3.242 26.42 4.13 0.00 4 2.75 31.85 3.00E-8 24.6 14.1 4458 5.71 1.76 7.9
18.000 59.055 110.998 5.173 5.629 111.08 4.66 11 131 3.535 0.282 3.253 33.06 4.81 0.00 4 2.72 40.23 3.00E-8 30.3 17.3 5554 7.17 2.20 9.9
18.100 59.383 92.795 4.473 5.623 92.88 4.82 11 131 3.556 0.292 3.264 27.37 5.01 0.00 3 2.80 32.52 1.00E-9 26.3 15.0 4644 5.95 1.82 8.2
18.200 59.711 59.547 2.916 5.457 59.63 4.89 11 131 3.578 0.303 3.275 17.11 5.20 0.00 3 2.96 19.26 1.00E-9 18.6 10.5 2981 3.74 1.14 5.1
18.300 60.039 54.902 2.616 5.410 54.98 4.76 4 115 3.596 0.313 3.284 15.65 5.09 0.00 3 2.98 17.47 1.00E-9 17.4 9.9 2749 3.43 1.04 4.7
18.400 60.367 64.553 3.043 5.570 64.63 4.71 11 131 3.618 0.323 3.295 18.52 4.99 0.00 3 2.92 21.12 1.00E-9 19.7 11.1 3232 4.07 1.23 5.6
18.500 60.696 95.630 3.350 5.920 95.71 3.50 6 115 3.637 0.333 3.303 27.87 3.64 0.00 4 2.70 34.33 3.00E-8 25.7 14.5 4786 6.14 1.86 8.4
18.600 61.024 126.527 3.831 6.121 126.62 3.03 6 115 3.655 0.344 3.312 37.13 3.12 0.00 4 2.56 47.96 3.00E-8 31.7 17.9 6331 8.20 2.48 11.1
18.700 61.352 78.205 3.262 6.145 78.29 4.17 5 115 3.674 0.354 3.321 22.47 4.37 0.00 3 2.82 26.56 1.00E-9 22.5 12.7 3915 4.97 1.50 6.7
18.800 61.680 50.209 2.354 6.186 50.30 4.68 4 115 3.693 0.364 3.329 14.00 5.05 0.00 3 3.02 15.47 1.00E-9 16.2 9.1 2515 3.11 0.93 4.2
18.900 62.008 35.419 1.809 6.198 35.51 5.09 3 111 3.711 0.374 3.337 9.53 5.69 0.00 3 3.18 9.96 1.00E-9 12.7 7.2 1775 2.12 0.64 2.9
19.000 62.336 34.082 1.315 6.234 34.17 3.85 5 115 3.730 0.384 3.346 9.10 4.32 0.00 3 3.12 9.70 1.00E-9 11.8 6.6 1709 2.03 0.61 2.7
19.100 62.664 35.059 1.206 6.263 35.15 3.43 5 115 3.749 0.395 3.354 9.36 3.84 0.00 3 3.08 10.12 1.00E-9 11.8 6.6 1757 2.09 0.62 2.8
19.200 62.992 43.155 1.410 6.317 43.25 3.26 5 115 3.768 0.405 3.363 11.74 3.57 0.00 3 2.98 13.13 1.00E-9 13.7 7.7 2162 2.63 0.78 3.5
19.300 63.320 53.735 2.010 6.411 53.83 3.73 5 115 3.787 0.415 3.371 14.84 4.02 0.00 3 2.93 16.90 1.00E-9 16.5 9.2 2691 3.34 0.99 4.5
19.400 63.648 72.649 2.190 6.601 72.74 3.01 6 115 3.805 0.425 3.380 20.40 3.18 0.00 4 2.76 24.65 3.00E-8 20.2 11.3 3637 4.60 1.36 6.1
19.500 63.976 74.915 1.775 6.702 75.01 2.37 7 118 3.825 0.436 3.389 21.01 2.49 0.00 4 2.69 26.07 3.00E-8 20.0 11.2 3751 4.75 1.40 6.3
19.600 64.304 76.062 2.067 6.838 76.16 2.71 6 115 3.843 0.446 3.398 21.29 2.86 0.00 4 2.72 26.14 3.00E-8 20.7 11.5 3808 4.82 1.42 6.4
19.700 64.633 228.538 1.672 7.010 228.64 0.73 9 124 3.864 0.456 3.408 65.96 0.74 0.00 6 1.98 105.10 3.00E-4 44.6 24.9 55 38 915 1688
19.800 64.961 284.909 2.054 20.046 285.20 0.72 9 124 3.884 0.466 3.418 82.31 0.73 0.00 6 1.89 135.24 3.00E-4 53.9 30.0 62 40 1141 1819
19.900 65.289 333.364 2.175 28.045 333.77 0.65 10 127 3.905 0.477 3.428 96.21 0.66 0.00 6 1.81 162.89 3.00E-4 61.2 34.0 68 40 1335 1919
20.000 65.617 366.081 2.145 30.469 366.52 0.59 10 127 3.926 0.487 3.439 105.43 0.59 0.00 6 1.75 182.54 3.00E-4 65.8 36.5 72 41 1466 1981
20.100 65.945 422.746 2.433 21.207 423.05 0.58 10 127 3.947 0.497 3.450 121.49 0.58 0.00 6 1.70 214.81 3.00E-4 74.5 41.3 78 42 1692 2081
20.200 66.273 456.070 2.893 14.873 456.28 0.63 10 127 3.968 0.507 3.460 130.71 0.64 0.00 6 1.70 231.52 3.00E-4 80.4 44.5 81 42 1825 2136
20.300 66.601 439.451 2.454 15.021 439.67 0.56 10 127 3.989 0.518 3.471 125.52 0.56 0.00 6 1.68 224.11 3.00E-4 77.0 42.5 80 42 1759 2112
20.400 66.929 413.683 1.948 10.310 413.83 0.47 10 127 4.009 0.528 3.482 117.71 0.48 0.00 6 1.66 211.84 3.00E-4 72.0 39.7 78 41 1655 2072
20.500 67.257 391.698 3.121 1.612 391.72 0.80 10 127 4.030 0.538 3.492 111.01 0.81 0.00 6 1.82 189.37 3.00E-4 72.0 39.6 74 41 1567 2036
20.600 67.585 380.492 2.590 3.958 380.55 0.68 10 127 4.051 0.548 3.503 107.48 0.69 0.00 6 1.79 185.60 3.00E-4 69.1 38.0 73 41 1522 2019
20.700 67.913 370.651 2.265 8.278 370.77 0.61 10 127 4.072 0.558 3.514 104.36 0.62 0.00 6 1.77 181.57 3.00E-4 67.0 36.7 72 41 1483 2003
20.800 68.241 395.518 2.044 10.387 395.67 0.52 10 127 4.093 0.569 3.524 111.11 0.52 0.00 6 1.71 198.06 3.00E-4 69.9 38.3 75 41 1583 2049
20.900 68.570 360.962 1.981 9.730 361.10 0.55 10 127 4.114 0.579 3.535 100.99 0.56 0.00 6 1.75 177.09 3.00E-4 64.9 35.5 71 41 1444 1990
21.000 68.898 410.156 2.110 10.026 410.30 0.51 10 127 4.135 0.589 3.546 114.55 0.52 0.00 6 1.69 205.70 3.00E-4 72.2 39.4 77 41 1641 2078
21.100 69.226 464.034 2.075 9.978 464.18 0.45 10 127 4.156 0.599 3.556 129.36 0.45 0.00 6 1.62 237.15 3.00E-4 79.5 43.4 82 42 1857 2168
21.200 69.554 473.041 2.382 9.973 473.18 0.50 10 127 4.177 0.610 3.567 131.49 0.51 0.00 6 1.64 241.42 3.00E-4 81.7 44.5 83 42 1893 2184
21.300 69.882 480.179 0.826 10.061 480.32 0.17 10 127 4.197 0.620 3.578 133.09 0.17 0.00 6 1.42 244.72 3.00E-4 77.3 42.0 84 42 1921 2197
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Units: Imperial
Data averaging interval: 0.100 meters

Client: PARIKH CONSULTANTS Assumed depth of water: 50.013 feet
Site: WILLOW RD. EXT. Net area ratio of cone: 0.80
Engineer: P.CHAN Unit weight of water: 62.4 lb/ft3

Relative density constant, CDR: 350
Sounding: CPT-02 Young's modulus for sands, a: 4
Date: 11/19/2007 Small strain shear modulus number, SG (san180
Time: 12:59 PM Small strain shear modulus number, CG (cla50

Nkt for clays: 15
OCR number, kocr: 0.3

Interpretation based on Lunne, Robertson and Powell, 1997

Col 1i Col 2i Col 3i Col 4i Col 5i Col 6i Col 7i Col 8i Col 9i Col 10i Col 11i Col 12i Col 13i Col 14i Col 15i Col 16i Col 17i Col 18i Col 19i Col 20i Col 21i Col 22i Col 23i Col 24i Col 25i Col 26i Col 27i Col 28i Col 29i

Depth Depth qc fs u Other qt Rf SBT
Unit Weight, 

γ

Total 
Overburden 
Stress, σv

Insitu pore 
pressure, uo

Effective 
overburden 
stress, σ'v

Normalized 
cone 

resistance, 
Qtl

Normalized 
Friction raio, Fr

Normalized pore 
pressure ratio, Bq

Soil Behavior 
Type 

(normalized) 
SBTn

SBTn 
Index, Ic

Normalized 
Cone 

resistance, 
Qtn

Estimated 
permeability, 

kSBT SPT N60
SPT 

(N1)60
Relative 

Density, Dr
Friction 

Angle, φ'
Young's 

modulus, Es

Small strain 
shear 

modulus, Go

Undrained 
shear strength, 

su

Undrained 
strength ratio, 

su/σ'v

Over 
consolidatio
n ratio, OCR

(m) (ft) (tsf) (tsf) (psi)  (tsf) (%)  (pcf) (tsf) (tsf) (tsf)       (ft/sec) (blows/ft) (blows/ft) (%) (degrees) (tsf) (tsf) (tsf)  
0.100 0.328 0.000 0.000 0.000 0.000
0.200 0.656 0.000 0.000 0.000 0.000
0.300 0.984 0.000 0.000 0.000 0.000
0.400 1.312 0.000 0.000 0.000 0.000
0.500 1.640 0.000 0.000 0.000 0.000
0.600 1.969 0.000 0.000 0.000 0.000
0.700 2.297 0.000 0.000 0.000 0.000
0.800 2.625 0.000 0.000 0.000 0.000
0.900 2.953 0.000 0.000 0.000 0.000
1.000 3.281 0.000 0.000 0.000 0.000
1.100 3.609 0.000 0.000 0.000 0.000
1.200 3.937 0.000 0.000 0.000 0.000
1.300 4.265 0.000 0.000 0.000 0.000
1.400 4.593 0.000 0.000 0.000 0.000
1.500 4.921 18.497 0.159 1.179 18.51 0.86 6 115 0.282 0.000 0.282 64.66 0.87 0.00 6 2.02 38.88 3.00E-4 3.7 7.1 33 38 74 318
1.600 5.249 53.328 0.490 3.519 53.38 0.92 7 118 0.301 0.000 0.301 176.18 0.92 0.00 6 1.70 96.29 3.00E-4 9.4 17.6 52 43 214 463
1.700 5.577 51.015 0.480 3.484 51.07 0.94 7 118 0.321 0.000 0.321 158.28 0.95 0.00 6 1.74 90.45 3.00E-4 9.1 16.6 51 43 204 466
1.800 5.906 50.541 0.512 3.490 50.59 1.01 7 118 0.340 0.000 0.340 147.84 1.02 0.01 6 1.79 88.13 3.00E-4 9.2 16.2 50 43 202 473
1.900 6.234 51.300 0.553 3.502 51.35 1.08 7 118 0.359 0.000 0.359 141.94 1.08 0.00 6 1.82 87.67 3.00E-4 9.4 16.2 50 42 205 485
2.000 6.562 50.219 0.578 3.502 50.27 1.15 7 118 0.379 0.000 0.379 131.79 1.16 0.01 6 1.86 84.44 3.00E-4 9.4 15.7 49 42 201 490
2.100 6.890 49.024 0.560 3.514 49.07 1.14 7 118 0.398 0.000 0.398 122.34 1.15 0.01 6 1.88 80.60 3.00E-4 9.2 15.1 48 42 196 494
2.200 7.218 52.096 0.581 3.526 52.15 1.11 7 118 0.417 0.000 0.417 124.00 1.12 0.00 6 1.87 83.10 3.00E-4 9.8 15.6 49 42 209 512
2.300 7.546 57.016 0.604 3.543 57.07 1.06 7 118 0.437 0.000 0.437 129.74 1.07 0.00 6 1.84 87.96 3.00E-4 10.6 16.5 50 42 228 536
2.400 7.874 62.771 0.625 3.555 62.82 0.99 8 121 0.456 0.000 0.456 136.66 1.00 0.00 6 1.81 93.65 3.00E-4 11.5 17.5 52 42 251 561
2.500 8.202 67.539 0.572 3.561 67.59 0.85 8 121 0.476 0.000 0.476 140.94 0.85 0.00 6 1.75 97.12 3.00E-4 12.1 18.1 53 42 270 583
2.600 8.530 67.075 0.586 3.591 67.13 0.87 8 121 0.496 0.000 0.496 134.33 0.88 0.00 6 1.78 94.87 3.00E-4 12.2 17.7 52 42 269 590
2.700 8.858 70.753 0.639 3.614 70.81 0.90 8 121 0.516 0.000 0.516 136.25 0.91 0.00 6 1.78 98.08 3.00E-4 12.8 18.4 53 42 283 609
2.800 9.186 73.019 0.714 3.626 73.07 0.98 8 121 0.536 0.000 0.536 135.40 0.98 0.00 6 1.81 99.67 3.00E-4 13.4 18.8 53 42 292 623
2.900 9.514 75.105 0.813 3.638 75.16 1.08 8 121 0.556 0.000 0.556 134.28 1.09 0.00 6 1.84 101.12 3.00E-4 13.9 19.2 54 42 301 636
3.000 9.843 76.622 0.893 3.656 76.67 1.16 8 121 0.575 0.000 0.575 132.25 1.17 0.00 6 1.87 101.64 3.00E-4 14.3 19.4 54 42 307 648
3.100 10.171 80.357 0.933 3.668 80.41 1.16 8 121 0.595 0.000 0.595 134.09 1.17 0.00 6 1.86 104.47 3.00E-4 15.0 20.0 55 42 322 666
3.200 10.499 93.345 0.964 3.697 93.40 1.03 8 121 0.615 0.000 0.615 150.85 1.04 0.00 6 1.79 117.81 3.00E-4 17.0 22.3 58 43 374 708
3.300 10.827 112.942 1.142 3.727 113.00 1.01 8 121 0.635 0.000 0.635 176.97 1.02 0.00 6 1.73 139.03 3.00E-4 20.1 26.0 63 43 452 762
3.400 11.155 120.043 1.174 3.745 120.10 0.98 8 121 0.655 0.000 0.655 182.42 0.98 0.00 6 1.71 145.00 3.00E-4 21.3 27.0 64 44 480 786
3.500 11.483 134.662 1.297 3.769 134.72 0.96 9 124 0.675 0.000 0.675 198.54 0.97 0.00 6 1.68 159.48 3.00E-4 23.6 29.5 68 44 539 825
3.600 11.811 149.309 1.559 3.857 149.36 1.04 9 124 0.695 0.000 0.695 213.76 1.05 0.00 6 1.68 174.29 3.00E-4 26.2 32.3 71 44 597 862
3.700 12.139 158.183 1.917 3.911 158.24 1.21 8 121 0.715 0.000 0.715 220.21 1.22 0.00 6 1.72 182.87 3.00E-4 28.1 34.2 72 45 633 887
3.800 12.467 154.059 1.964 3.917 154.12 1.27 8 121 0.735 0.000 0.735 208.63 1.28 0.00 6 1.76 176.14 3.00E-4 27.7 33.2 71 44 616 888
3.900 12.795 130.784 1.595 3.899 130.84 1.22 8 121 0.755 0.000 0.755 172.30 1.23 0.00 6 1.80 147.90 3.00E-4 23.9 28.3 65 43 523 848
4.000 13.123 108.922 1.302 3.905 108.98 1.19 8 121 0.775 0.000 0.775 139.64 1.20 0.00 6 1.86 121.94 3.00E-4 20.3 23.7 59 42 436 805
4.100 13.451 98.418 1.104 3.911 98.47 1.12 8 121 0.795 0.000 0.795 122.91 1.13 0.00 6 1.88 108.72 3.00E-4 18.5 21.3 56 42 394 785
4.200 13.780 95.820 0.971 3.923 95.88 1.01 8 121 0.815 0.000 0.815 116.71 1.02 0.00 6 1.87 104.22 3.00E-4 17.9 20.4 55 41 384 784
4.300 14.108 99.877 0.972 3.946 99.93 0.97 8 121 0.834 0.000 0.834 118.77 0.98 0.00 6 1.85 107.04 3.00E-4 18.6 20.9 55 41 400 801
4.400 14.436 95.839 1.080 3.964 95.90 1.13 8 121 0.854 0.000 0.854 111.26 1.14 0.00 6 1.91 101.73 3.00E-4 18.2 20.3 54 41 384 797
4.500 14.764 86.282 0.938 3.964 86.34 1.09 8 121 0.874 0.000 0.874 97.78 1.10 0.00 6 1.94 90.43 3.00E-4 16.6 18.3 51 40 345 775
4.600 15.092 80.376 0.800 3.994 80.43 0.99 8 121 0.894 0.000 0.894 88.98 1.01 0.00 6 1.95 83.08 3.00E-4 15.5 16.9 49 40 322 763
4.700 15.420 82.689 0.893 4.065 82.75 1.08 8 121 0.914 0.000 0.914 89.56 1.09 0.00 6 1.97 84.45 3.00E-4 16.1 17.3 49 40 331 776
4.800 15.748 105.765 1.369 4.106 105.82 1.29 8 121 0.934 0.000 0.934 112.35 1.31 0.00 6 1.95 106.77 3.00E-4 20.4 21.7 55 41 423 848
4.900 16.076 133.107 2.333 4.148 133.17 1.75 8 121 0.953 0.000 0.953 138.67 1.76 0.00 6 1.98 133.03 3.00E-4 26.0 27.4 62 42 533 922
5.000 16.404 140.701 3.589 4.171 140.76 2.55 7 118 0.973 0.000 0.973 143.71 2.57 0.00 5 2.09 139.37 3.00E-6 28.7 29.9 63 42 563 945
5.100 16.732 130.225 3.220 4.195 130.29 2.47 7 118 0.992 0.000 0.992 130.33 2.49 0.00 5 2.11 127.34 3.00E-6 26.7 27.6 60 42 521 927
5.200 17.060 133.363 2.141 4.225 133.42 1.60 8 121 1.012 0.000 1.012 130.85 1.62 0.00 6 1.97 128.53 3.00E-4 25.9 26.5 61 42 534 941
5.300 17.388 138.368 2.492 4.243 138.43 1.80 8 121 1.032 0.000 1.032 133.17 1.81 0.00 6 2.00 131.86 3.00E-4 27.2 27.6 61 42 554 959
5.400 17.717 149.679 3.694 4.261 149.74 2.47 7 118 1.051 0.000 1.051 141.47 2.48 0.00 5 2.09 141.12 3.00E-6 30.4 30.5 63 42 599 990
5.500 18.045 174.309 4.380 4.302 174.37 2.51 7 118 1.070 0.000 1.070 161.91 2.53 0.00 5 2.05 162.61 3.00E-6 35.0 34.8 68 43 697 1048
5.600 18.373 188.265 4.064 4.361 188.33 2.16 7 118 1.090 0.000 1.090 171.82 2.17 0.00 6 1.99 173.84 3.00E-4 36.8 36.3 70 43 753 1082
5.700 18.701 196.522 3.946 4.450 196.59 2.01 8 121 1.110 0.000 1.110 176.18 2.02 0.00 6 1.96 179.60 3.00E-4 38.0 37.1 72 43 786 1104
5.800 19.029 214.355 3.877 4.480 214.42 1.81 8 121 1.129 0.000 1.129 188.86 1.82 0.00 6 1.90 194.12 3.00E-4 40.6 39.3 74 44 858 1143
5.900 19.357 234.312 3.897 4.509 234.38 1.66 8 121 1.149 0.000 1.149 202.94 1.67 0.00 6 1.85 210.39 3.00E-4 43.6 41.9 78 44 938 1185
6.000 19.685 240.104 3.802 4.527 240.17 1.58 8 121 1.169 0.000 1.169 204.44 1.59 0.00 6 1.83 213.64 3.00E-4 44.4 42.2 78 44 961 1201
6.100 20.013 236.909 3.740 4.539 236.97 1.58 8 121 1.189 0.000 1.189 198.32 1.59 0.00 6 1.84 208.74 3.00E-4 43.9 41.4 77 44 948 1202
6.200 20.341 225.826 3.439 4.562 225.89 1.52 8 121 1.209 0.000 1.209 185.88 1.53 0.00 6 1.85 197.03 3.00E-4 42.0 39.3 75 44 904 1190
6.300 20.669 224.139 3.434 4.586 224.20 1.53 8 121 1.229 0.000 1.229 181.49 1.54 0.00 6 1.86 193.67 3.00E-4 41.8 38.8 74 44 897 1193
6.400 20.997 230.567 3.762 4.622 230.63 1.63 8 121 1.248 0.000 1.248 183.74 1.64 0.00 6 1.87 197.27 3.00E-4 43.3 39.8 75 44 923 1211
6.500 21.325 240.692 4.039 4.657 240.76 1.68 8 121 1.268 0.000 1.268 188.83 1.69 0.00 6 1.88 204.10 3.00E-4 45.2 41.3 76 44 963 1235
6.600 21.654 231.985 3.482 4.592 232.05 1.50 8 121 1.288 0.000 1.288 179.15 1.51 0.00 6 1.85 195.18 3.00E-4 43.2 39.2 75 44 928 1226
6.700 21.982 235.710 3.393 4.729 235.78 1.44 9 124 1.308 0.000 1.308 179.19 1.45 0.00 6 1.84 196.75 3.00E-4 43.7 39.3 75 44 943 1239
6.800 22.310 230.519 3.449 4.882 230.59 1.50 8 121 1.328 0.000 1.328 172.60 1.50 0.00 6 1.86 190.46 3.00E-4 43.1 38.5 74 43 922 1236
6.900 22.638 222.812 3.395 4.906 222.88 1.52 8 121 1.348 0.000 1.348 164.32 1.53 0.00 6 1.88 182.23 3.00E-4 42.0 37.2 72 43 892 1229
7.000 22.966 228.073 3.458 4.942 228.14 1.52 8 121 1.368 0.000 1.368 165.77 1.52 0.00 6 1.88 185.04 3.00E-4 42.9 37.7 73 43 913 1244
7.100 23.294 222.157 3.547 4.966 222.23 1.60 8 121 1.388 0.000 1.388 159.13 1.61 0.00 6 1.91 178.31 3.00E-4 42.2 36.9 71 43 889 1239
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Col 1i Col 2i Col 3i Col 4i Col 5i Col 6i Col 7i Col 8i Col 9i Col 10i Col 11i Col 12i Col 13i Col 14i Col 15i Col 16i Col 17i Col 18i Col 19i Col 20i Col 21i Col 22i Col 23i Col 24i Col 25i Col 26i Col 27i Col 28i Col 29i

Depth Depth qc fs u Other qt Rf SBT
Unit Weight, 

γ

Total 
Overburden 
Stress, σv

Insitu pore 
pressure, uo

Effective 
overburden 
stress, σ'v

Normalized 
cone 

resistance, 
Qtl

Normalized 
Friction raio, Fr

Normalized pore 
pressure ratio, Bq

Soil Behavior 
Type 

(normalized) 
SBTn

SBTn 
Index, Ic

Normalized 
Cone 

resistance, 
Qtn

Estimated 
permeability, 

kSBT SPT N60
SPT 

(N1)60
Relative 

Density, Dr
Friction 

Angle, φ'
Young's 

modulus, Es

Small strain 
shear 

modulus, Go

Undrained 
shear strength, 

su

Undrained 
strength ratio, 

su/σ'v

Over 
consolidatio
n ratio, OCR

(m) (ft) (tsf) (tsf) (psi)  (tsf) (%)  (pcf) (tsf) (tsf) (tsf)       (ft/sec) (blows/ft) (blows/ft) (%) (degrees) (tsf) (tsf) (tsf)  
7.200 23.622 212.212 3.464 4.983 212.28 1.63 8 121 1.408 0.000 1.408 149.80 1.64 0.00 6 1.93 168.51 3.00E-4 40.7 35.3 69 43 849 1226
7.300 23.950 205.889 3.290 5.013 205.96 1.60 8 121 1.428 0.000 1.428 143.28 1.61 0.00 6 1.94 162.01 3.00E-4 39.6 34.1 68 42 824 1220
7.400 24.278 204.343 3.188 5.043 204.42 1.56 8 121 1.447 0.000 1.447 140.23 1.57 0.00 6 1.94 159.48 3.00E-4 39.3 33.6 68 42 818 1222
7.500 24.606 225.874 3.566 5.102 225.95 1.58 8 121 1.467 0.000 1.467 153.00 1.59 0.00 6 1.92 175.35 3.00E-4 43.0 36.6 71 43 904 1269
7.600 24.934 261.833 4.192 5.161 261.91 1.60 8 121 1.487 0.000 1.487 175.13 1.61 0.00 6 1.88 202.55 3.00E-4 49.3 41.6 76 43 1048 1339
7.700 25.262 288.730 4.167 5.256 288.81 1.44 9 124 1.507 0.000 1.507 190.59 1.45 0.00 6 1.82 223.10 3.00E-4 53.2 44.6 80 44 1155 1390
7.800 25.591 312.716 4.979 5.398 312.79 1.59 10 127 1.528 0.000 1.528 203.67 1.60 0.00 6 1.84 239.50 3.00E-4 57.9 48.2 83 44 1251 1434
7.900 25.919 281.003 4.995 5.398 281.08 1.78 8 121 1.548 0.000 1.548 180.56 1.79 0.00 6 1.91 211.83 3.00E-4 53.4 44.1 78 44 1124 1390
8.000 26.247 233.117 3.966 5.392 233.19 1.70 8 121 1.568 0.000 1.568 147.72 1.71 0.00 6 1.95 173.36 3.00E-4 45.0 37.0 70 43 933 1312
8.100 26.575 241.801 4.030 5.428 241.88 1.67 8 121 1.588 0.000 1.588 151.33 1.68 0.00 6 1.94 178.80 3.00E-4 46.4 37.9 71 43 968 1333
8.200 26.903 268.991 4.642 5.475 269.07 1.73 8 121 1.608 0.000 1.608 166.37 1.74 0.00 6 1.92 197.97 3.00E-4 51.4 41.7 75 43 1076 1387
8.300 27.231 258.420 5.145 5.493 258.50 1.99 8 121 1.628 0.000 1.628 157.83 2.00 0.00 6 1.98 187.26 3.00E-4 50.5 40.7 73 43 1034 1374
8.400 27.559 229.126 4.517 5.499 229.20 1.97 8 121 1.647 0.000 1.647 138.14 1.98 0.00 6 2.02 163.92 3.00E-4 45.4 36.4 68 42 917 1326
8.500 27.887 218.157 3.443 5.528 218.24 1.58 8 121 1.667 0.000 1.667 129.90 1.59 0.00 6 1.96 155.99 3.00E-4 42.3 33.7 67 42 873 1309
8.600 28.215 225.229 2.949 5.564 225.31 1.31 9 124 1.688 0.000 1.688 132.51 1.32 0.00 6 1.90 161.35 3.00E-4 42.7 33.8 68 42 901 1329
8.700 28.543 240.379 3.145 5.712 240.46 1.31 9 124 1.708 0.000 1.708 139.79 1.32 0.00 6 1.88 171.49 3.00E-4 45.3 35.6 70 42 962 1363
8.800 28.871 254.353 3.505 5.801 254.44 1.38 9 124 1.728 0.000 1.728 146.22 1.39 0.00 6 1.89 180.22 3.00E-4 47.9 37.5 72 43 1018 1395
8.900 29.199 274.471 3.714 5.831 274.55 1.35 9 124 1.749 0.000 1.749 156.01 1.36 0.00 6 1.86 193.99 3.00E-4 51.3 39.9 74 43 1098 1436
9.000 29.528 303.756 3.778 5.878 303.84 1.24 9 124 1.769 0.000 1.769 170.76 1.25 0.00 6 1.81 215.17 3.00E-4 55.6 43.0 78 43 1215 1491
9.100 29.856 313.028 3.631 5.914 313.11 1.16 9 124 1.789 0.000 1.789 173.99 1.17 0.00 6 1.78 221.33 3.00E-4 56.8 43.7 80 43 1252 1512
9.200 30.184 317.020 4.182 5.937 317.11 1.32 9 124 1.810 0.000 1.810 174.22 1.33 0.00 6 1.82 221.34 3.00E-4 58.3 44.6 80 43 1268 1524
9.300 30.512 320.926 4.546 5.967 321.01 1.42 9 124 1.830 0.000 1.830 174.41 1.42 0.00 6 1.84 221.85 3.00E-4 59.5 45.3 80 43 1284 1536
9.400 30.840 333.288 4.177 5.979 333.37 1.25 9 124 1.850 0.000 1.850 179.16 1.26 0.00 6 1.80 230.83 3.00E-4 60.8 46.0 81 44 1333 1561
9.500 31.168 345.205 4.242 6.032 345.29 1.23 9 124 1.871 0.000 1.871 183.57 1.24 0.00 6 1.78 238.23 3.00E-4 62.7 47.1 83 44 1381 1586
9.600 31.496 321.456 3.869 6.038 321.54 1.20 9 124 1.891 0.000 1.891 169.02 1.21 0.00 6 1.80 219.75 3.00E-4 58.7 43.9 79 43 1286 1554
9.700 31.824 250.751 3.290 6.097 250.84 1.31 9 124 1.912 0.000 1.912 130.22 1.32 0.00 6 1.91 166.94 3.00E-4 47.6 35.4 69 42 1003 1436
9.800 32.152 217.237 2.648 6.145 217.33 1.22 9 124 1.932 0.000 1.932 111.49 1.23 0.00 6 1.93 142.87 3.00E-4 41.7 30.8 64 41 869 1373
9.900 32.480 205.917 2.210 6.151 206.01 1.07 9 124 1.952 0.000 1.952 104.52 1.08 0.00 6 1.92 134.90 3.00E-4 39.3 28.9 62 41 824 1354

10.000 32.808 180.680 1.753 6.145 180.77 0.97 9 124 1.973 0.000 1.973 90.64 0.98 0.00 6 1.94 117.06 3.00E-4 34.7 25.4 58 40 723 1301
10.100 33.136 168.431 1.270 6.133 168.52 0.75 9 124 1.993 0.000 1.993 83.56 0.76 0.00 6 1.90 109.14 3.00E-4 31.9 23.3 56 40 674 1275
10.200 33.465 179.912 2.051 6.145 180.00 1.14 9 124 2.013 0.000 2.013 88.40 1.15 0.00 6 1.99 113.96 3.00E-4 35.3 25.6 57 40 720 1308
10.300 33.793 244.702 3.427 6.228 244.79 1.40 9 124 2.034 0.000 2.034 119.37 1.41 0.00 6 1.95 155.62 3.00E-4 47.3 34.1 67 41 979 1454
10.400 34.121 358.269 6.100 6.364 358.36 1.70 8 121 2.054 0.000 2.054 173.51 1.71 0.00 6 1.90 229.33 3.00E-4 68.0 48.8 81 43 1433 1656
10.500 34.449 431.260 7.070 6.435 431.35 1.64 9 124 2.074 0.000 2.074 206.99 1.65 0.00 6 1.84 278.16 3.00E-4 80.0 57.1 89 44 1725 1767
10.600 34.777 401.605 5.133 6.488 401.70 1.28 9 124 2.094 0.000 2.094 190.81 1.28 0.00 6 1.78 260.67 3.00E-4 72.9 51.8 86 44 1607 1732
10.700 35.105 335.535 3.762 6.542 335.63 1.12 9 124 2.115 0.000 2.115 157.72 1.13 0.00 6 1.80 215.71 3.00E-4 61.3 43.3 79 43 1343 1636
10.800 35.433 300.220 3.343 6.524 300.31 1.11 9 124 2.135 0.000 2.135 139.66 1.12 0.00 6 1.84 190.40 3.00E-4 55.5 39.1 74 42 1201 1582
10.900 35.761 314.185 3.451 6.559 314.28 1.10 9 124 2.155 0.000 2.155 144.81 1.11 0.00 6 1.82 198.91 3.00E-4 57.8 40.5 75 42 1257 1611
11.000 36.089 321.333 4.368 6.577 321.43 1.36 9 124 2.176 0.000 2.176 146.73 1.37 0.00 6 1.88 199.72 3.00E-4 60.4 42.2 76 43 1286 1628
11.100 36.417 270.404 4.880 6.542 270.50 1.80 8 121 2.196 0.000 2.196 122.20 1.82 0.00 6 2.03 161.78 3.00E-4 53.7 37.3 68 42 1082 1542
11.200 36.745 211.615 2.933 6.518 211.71 1.39 10 127 2.216 0.000 2.216 94.52 1.40 0.00 6 2.02 125.60 3.00E-4 42.0 29.0 60 40 847 1425
11.300 37.073 198.305 1.046 6.536 198.40 0.53 9 124 2.237 0.000 2.237 87.70 0.53 0.00 6 1.80 123.09 3.00E-4 36.2 24.9 59 40 794 1399
11.400 37.402 182.557 1.282 6.542 182.65 0.70 9 124 2.257 0.000 2.257 79.92 0.71 0.00 6 1.90 110.06 3.00E-4 34.6 23.7 56 39 731 1365
11.500 37.730 172.262 1.224 6.553 172.36 0.71 9 124 2.278 0.000 2.278 74.68 0.72 0.00 6 1.93 102.58 3.00E-4 33.0 22.5 54 39 689 1343
11.600 38.058 77.655 0.705 6.482 77.75 0.91 8 121 2.297 0.000 2.297 32.84 0.93 0.01 5 2.29 41.63 3.00E-6 17.2 11.7 34 34 311 1033
11.700 38.386 31.248 0.321 6.506 31.34 1.03 7 118 2.317 0.000 2.317 12.53 1.11 0.02 4 2.69 14.49 3.00E-8 8.4 5.6 1567 1.93 0.84 3.8
11.800 38.714 26.963 0.227 6.524 27.06 0.84 7 118 2.336 0.000 2.336 10.58 0.92 0.02 4 2.72 12.18 3.00E-8 7.3 4.9 1353 1.65 0.71 3.2
11.900 39.042 26.527 0.228 6.524 26.62 0.86 7 118 2.355 0.000 2.355 10.30 0.94 0.02 4 2.73 11.83 3.00E-8 7.3 4.9 1331 1.62 0.69 3.1
12.000 39.370 25.617 0.334 6.518 25.71 1.30 6 115 2.374 0.000 2.374 9.83 1.43 0.02 4 2.83 11.02 3.00E-8 7.4 5.0 1286 1.56 0.66 2.9
12.100 39.698 28.214 0.595 6.518 28.31 2.10 6 115 2.393 0.000 2.393 10.83 2.30 0.02 4 2.90 11.95 3.00E-8 8.5 5.7 1415 1.73 0.72 3.2
12.200 40.026 32.281 0.878 6.500 32.37 2.71 6 115 2.412 0.000 2.412 12.42 2.93 0.02 3 2.91 13.69 1.00E-9 9.8 6.5 1619 2.00 0.83 3.7
12.300 40.354 32.860 0.979 6.482 32.95 2.97 5 115 2.431 0.000 2.431 12.56 3.21 0.02 3 2.93 13.79 1.00E-9 10.1 6.7 1648 2.03 0.84 3.8
12.400 40.682 33.315 0.997 6.459 33.41 2.98 5 115 2.449 0.000 2.449 12.64 3.22 0.02 3 2.93 13.89 1.00E-9 10.2 6.7 1670 2.06 0.84 3.8
12.500 41.011 31.343 1.012 6.423 31.44 3.22 5 115 2.468 0.000 2.468 11.74 3.49 0.02 3 2.98 12.76 1.00E-9 9.9 6.5 1572 1.93 0.78 3.5
12.600 41.339 30.623 0.941 6.305 30.71 3.06 5 115 2.487 0.000 2.487 11.35 3.33 0.02 3 2.98 12.35 1.00E-9 9.7 6.3 1536 1.88 0.76 3.4
12.700 41.667 31.011 0.937 6.121 31.10 3.01 5 115 2.506 0.000 2.506 11.41 3.28 0.02 3 2.97 12.44 1.00E-9 9.7 6.3 1555 1.91 0.76 3.4
12.800 41.995 31.580 0.963 6.073 31.67 3.04 5 115 2.525 0.000 2.525 11.54 3.30 0.02 3 2.97 12.60 1.00E-9 9.9 6.4 1583 1.94 0.77 3.5
12.900 42.323 31.855 0.951 6.014 31.94 2.98 5 115 2.543 0.000 2.543 11.56 3.24 0.01 3 2.96 12.65 1.00E-9 10.0 6.4 1597 1.96 0.77 3.5
13.000 42.651 32.443 0.988 5.961 32.53 3.04 5 115 2.562 0.000 2.562 11.70 3.30 0.01 3 2.96 12.81 1.00E-9 10.1 6.5 1626 2.00 0.78 3.5
13.100 42.979 33.485 1.022 5.914 33.57 3.04 5 115 2.581 0.000 2.581 12.01 3.30 0.01 3 2.96 13.19 1.00E-9 10.4 6.7 1679 2.07 0.80 3.6
13.200 43.307 35.031 1.006 5.860 35.12 2.87 6 115 2.600 0.000 2.600 12.51 3.09 0.01 3 2.93 13.86 1.00E-9 10.7 6.8 1756 2.17 0.83 3.8
13.300 43.635 37.951 1.057 5.813 38.03 2.78 6 115 2.619 0.000 2.619 13.53 2.98 0.01 3 2.89 15.15 1.00E-9 11.3 7.2 1902 2.36 0.90 4.1
13.400 43.963 42.236 1.140 5.777 42.32 2.69 6 115 2.637 0.000 2.637 15.05 2.87 0.01 4 2.84 17.09 3.00E-8 12.3 7.8 2116 2.65 1.00 4.5
13.500 44.291 45.886 1.341 5.754 45.97 2.92 6 115 2.656 0.000 2.656 16.31 3.10 0.01 4 2.83 18.59 3.00E-8 13.3 8.4 2298 2.89 1.09 4.9
13.600 44.619 50.768 1.494 5.724 50.85 2.94 6 115 2.675 0.000 2.675 18.01 3.10 0.01 4 2.80 20.74 3.00E-8 14.4 9.1 2543 3.21 1.20 5.4
13.700 44.948 53.072 1.563 5.706 53.15 2.94 6 115 2.694 0.000 2.694 18.73 3.10 0.01 4 2.79 21.68 3.00E-8 15.0 9.4 2658 3.36 1.25 5.6
13.800 45.276 50.882 1.506 5.718 50.96 2.95 6 115 2.713 0.000 2.713 17.79 3.12 0.01 4 2.80 20.50 3.00E-8 14.5 9.1 2548 3.22 1.19 5.3
13.900 45.604 48.427 1.420 5.718 48.51 2.93 6 115 2.731 0.000 2.731 16.76 3.10 0.01 4 2.82 19.23 3.00E-8 13.9 8.7 2425 3.05 1.12 5.0
14.000 45.932 44.312 1.350 5.694 44.39 3.04 6 115 2.750 0.000 2.750 15.14 3.24 0.01 3 2.87 17.16 1.00E-9 13.1 8.1 2220 2.78 1.01 4.5
14.100 46.260 42.511 1.222 5.665 42.59 2.87 6 115 2.769 0.000 2.769 14.38 3.07 0.01 3 2.87 16.30 1.00E-9 12.6 7.8 2130 2.65 0.96 4.3
14.200 46.588 42.103 1.222 5.629 42.18 2.90 6 115 2.788 0.000 2.788 14.13 3.10 0.01 3 2.88 15.98 1.00E-9 12.5 7.7 2109 2.63 0.94 4.2
14.300 46.916 42.303 1.145 5.582 42.38 2.70 6 115 2.806 0.000 2.806 14.10 2.89 0.01 3 2.87 16.04 1.00E-9 12.5 7.7 2119 2.64 0.94 4.2
14.400 47.244 43.051 1.120 5.558 43.13 2.60 6 115 2.825 0.000 2.825 14.27 2.78 0.01 4 2.85 16.31 3.00E-8 12.6 7.7 2157 2.69 0.95 4.3
14.500 47.572 41.487 1.274 5.499 41.57 3.06 6 115 2.844 0.000 2.844 13.62 3.29 0.01 3 2.91 15.31 1.00E-9 12.6 7.7 2078 2.58 0.91 4.1
14.600 47.900 40.757 1.237 5.404 40.84 3.03 6 115 2.863 0.000 2.863 13.26 3.26 0.01 3 2.92 14.90 1.00E-9 12.4 7.5 2042 2.53 0.88 4.0
14.700 48.228 43.886 1.253 5.386 43.96 2.85 6 115 2.882 0.000 2.882 14.26 3.05 0.01 3 2.88 16.23 1.00E-9 13.0 7.9 2198 2.74 0.95 4.3
14.800 48.556 46.408 1.343 5.386 46.49 2.89 6 115 2.900 0.000 2.900 15.03 3.08 0.01 3 2.86 17.20 1.00E-9 13.6 8.2 2324 2.91 1.00 4.5
14.900 48.885 48.038 1.319 5.398 48.12 2.74 6 115 2.919 0.000 2.919 15.48 2.92 0.01 4 2.84 17.87 3.00E-8 13.9 8.4 2406 3.01 1.03 4.6
15.000 49.213 48.720 1.346 5.404 48.80 2.76 6 115 2.938 0.000 2.938 15.61 2.94 0.01 4 2.83 18.04 3.00E-8 14.1 8.5 2440 3.06 1.04 4.7
15.100 49.541 50.873 1.475 5.428 50.95 2.90 6 115 2.957 0.000 2.957 16.23 3.07 0.01 4 2.83 18.79 3.00E-8 14.7 8.8 2548 3.20 1.08 4.9
15.200 49.869 57.926 1.724 5.505 58.01 2.97 6 115 2.976 0.000 2.976 18.49 3.13 0.01 4 2.79 21.69 3.00E-8 16.4 9.8 2900 3.67 1.23 5.5
15.300 50.197 58.116 1.835 5.599 58.20 3.15 6 115 2.994 0.006 2.989 18.47 3.32 0.01 4 2.81 21.57 3.00E-8 16.6 9.9 2910 3.68 1.23 5.5
15.400 50.525 53.414 1.679 5.682 53.50 3.14 6 115 3.013 0.016 2.997 16.84 3.33 0.01 3 2.84 19.48 1.00E-9 15.5 9.2 2675 3.37 1.12 5.1
15.500 50.853 50.276 1.494 5.795 50.36 2.97 6 115 3.032 0.026 3.006 15.75 3.16 0.01 4 2.85 18.17 3.00E-8 14.7 8.7 2518 3.16 1.05 4.7
15.600 51.181 48.067 1.449 5.926 48.15 3.01 6 115 3.051 0.036 3.014 14.96 3.21 0.01 3 2.87 17.15 1.00E-9 14.2 8.4 2408 3.01 1.00 4.5
15.700 51.509 47.043 1.403 5.979 47.13 2.98 6 115 3.070 0.047 3.023 14.57 3.18 0.01 3 2.88 16.68 1.00E-9 14.0 8.3 2356 2.94 0.97 4.4
15.800 51.837 46.881 1.371 6.091 46.97 2.92 6 115 3.088 0.057 3.032 14.47 3.12 0.01 3 2.88 16.58 1.00E-9 13.9 8.2 2348 2.93 0.96 4.3
15.900 52.165 47.536 1.300 6.305 47.63 2.73 6 115 3.107 0.067 3.040 14.64 2.92 0.01 4 2.85 16.90 3.00E-8 13.9 8.2 2381 2.97 0.98 4.4
16.000 52.493 49.119 1.333 6.441 49.21 2.71 6 115 3.126 0.077 3.049 15.12 2.89 0.01 4 2.84 17.52 3.00E-8 14.3 8.4 2461 3.07 1.01 4.5
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Depth Depth qc fs u Other qt Rf SBT
Unit Weight, 

γ

Total 
Overburden 
Stress, σv

Insitu pore 
pressure, uo

Effective 
overburden 
stress, σ'v

Normalized 
cone 

resistance, 
Qtl

Normalized 
Friction raio, Fr

Normalized pore 
pressure ratio, Bq

Soil Behavior 
Type 

(normalized) 
SBTn

SBTn 
Index, Ic

Normalized 
Cone 

resistance, 
Qtn

Estimated 
permeability, 

kSBT SPT N60
SPT 

(N1)60
Relative 

Density, Dr
Friction 

Angle, φ'
Young's 

modulus, Es

Small strain 
shear 

modulus, Go

Undrained 
shear strength, 

su

Undrained 
strength ratio, 

su/σ'v

Over 
consolidatio
n ratio, OCR

(m) (ft) (tsf) (tsf) (psi)  (tsf) (%)  (pcf) (tsf) (tsf) (tsf)       (ft/sec) (blows/ft) (blows/ft) (%) (degrees) (tsf) (tsf) (tsf)  
16.100 52.822 51.271 1.431 6.542 51.37 2.79 6 115 3.145 0.088 3.057 15.77 2.97 0.01 4 2.83 18.34 3.00E-8 14.8 8.7 2568 3.21 1.05 4.7
16.200 53.150 52.513 1.544 6.630 52.61 2.94 6 115 3.164 0.098 3.066 16.13 3.12 0.01 4 2.84 18.73 3.00E-8 15.2 9.0 2630 3.30 1.08 4.8
16.300 53.478 51.138 1.540 6.713 51.23 3.01 6 115 3.182 0.108 3.074 15.63 3.21 0.01 3 2.86 18.05 1.00E-9 15.0 8.8 2562 3.20 1.04 4.7
16.400 53.806 51.660 1.516 6.897 51.76 2.93 6 115 3.201 0.118 3.083 15.75 3.12 0.01 4 2.85 18.25 3.00E-8 15.1 8.8 2588 3.24 1.05 4.7
16.500 54.134 57.585 1.950 7.164 57.69 3.38 6 115 3.220 0.129 3.091 17.62 3.58 0.01 3 2.84 20.44 1.00E-9 16.8 9.8 2884 3.63 1.17 5.3
16.600 54.462 59.007 2.043 7.448 59.11 3.46 6 115 3.239 0.139 3.100 18.02 3.66 0.01 3 2.84 20.93 1.00E-9 17.2 10.0 2956 3.73 1.20 5.4
16.700 54.790 53.793 1.776 7.632 53.90 3.29 6 115 3.258 0.149 3.109 16.29 3.51 0.01 3 2.87 18.79 1.00E-9 15.9 9.3 2695 3.38 1.09 4.9
16.800 55.118 54.030 1.783 7.745 54.14 3.29 6 115 3.276 0.159 3.117 16.32 3.51 0.01 3 2.87 18.83 1.00E-9 15.9 9.3 2707 3.39 1.09 4.9
16.900 55.446 54.068 1.834 7.845 54.18 3.38 6 115 3.295 0.170 3.126 16.28 3.60 0.01 3 2.87 18.74 1.00E-9 16.0 9.3 2709 3.39 1.09 4.9
17.000 55.774 53.565 1.844 7.993 53.68 3.44 5 115 3.314 0.180 3.134 16.07 3.66 0.01 3 2.88 18.45 1.00E-9 15.9 9.3 2684 3.36 1.07 4.8
17.100 56.102 52.835 1.815 8.088 52.95 3.43 5 115 3.333 0.190 3.143 15.79 3.66 0.01 3 2.89 18.10 1.00E-9 15.8 9.2 2648 3.31 1.05 4.7
17.200 56.430 69.834 2.916 8.231 69.95 4.17 5 115 3.352 0.200 3.151 21.13 4.38 0.01 3 2.84 24.62 1.00E-9 20.3 11.8 3498 4.44 1.41 6.3
17.300 56.759 163.463 6.972 8.420 163.58 4.26 11 131 3.373 0.210 3.163 50.66 4.35 0.00 4 2.56 64.67 3.00E-8 41.1 23.7 8179 10.68 3.38 15.2
17.400 57.087 174.480 9.312 8.396 174.60 5.33 11 131 3.394 0.221 3.174 53.95 5.44 0.00 4 2.62 67.73 3.00E-8 45.0 26.0 8730 11.41 3.60 16.2
17.500 57.415 149.290 8.519 8.438 149.41 5.70 11 131 3.416 0.231 3.185 45.84 5.84 0.00 3 2.69 56.28 1.00E-9 39.9 23.0 7471 9.73 3.06 13.8
17.600 57.743 177.334 8.709 9.131 177.47 4.91 11 131 3.437 0.241 3.196 54.45 5.00 0.00 4 2.59 69.14 3.00E-8 45.0 25.9 8873 11.60 3.63 16.3
17.700 58.071 200.532 10.737 9.575 200.67 5.35 11 131 3.459 0.251 3.207 61.49 5.44 0.00 4 2.58 78.33 3.00E-8 50.8 29.2 10034 13.15 4.10 18.4
17.800 58.399 141.943 10.059 9.949 142.09 7.08 11 131 3.480 0.262 3.218 43.07 7.26 0.00 3 2.77 51.43 1.00E-9 39.8 22.8 7104 9.24 2.87 12.9
17.900 58.727 99.053 6.658 10.796 99.21 6.71 11 131 3.501 0.272 3.230 29.63 6.96 0.01 3 2.87 34.28 1.00E-9 29.3 16.8 4960 6.38 1.98 8.9
18.000 59.055 83.381 4.737 11.815 83.55 5.67 11 131 3.523 0.282 3.241 24.69 5.92 0.01 3 2.88 28.51 1.00E-9 24.8 14.2 4178 5.34 1.65 7.4
18.100 59.383 65.700 3.396 12.663 65.88 5.16 11 131 3.544 0.292 3.252 19.17 5.45 0.01 3 2.93 21.73 1.00E-9 20.2 11.5 3294 4.16 1.28 5.8
18.200 59.711 80.537 1.990 13.445 80.73 2.46 7 118 3.564 0.303 3.261 23.66 2.58 0.01 4 2.66 29.48 3.00E-8 21.2 12.1 4037 5.14 1.58 7.1

4/19/2009 3:16 PM 179c02 [INTERPRETATIONS] Page 3 of 3
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Cone Penetration Test (CPT) Interpretation 
 
Gregg have recently updated their CPT interpretation and plotting software (2007).  The 
software takes the CPT data and performs basic interpretation in terms of soil behavior 
type (SBT) and various geotechnical parameters using current published empirical 
correlations based on the comprehensive review by Lunne, Robertson and Powell (1997).  
The interpretation is presented in tabular format using MS Excel. The interpretations are 
presented only as a guide for geotechnical use and should be carefully reviewed.  Gregg 
does not warranty the correctness or the applicability of any of the geotechnical 
parameters interpreted by the software and does not assume any liability for any use of 
the results in any design or review.  The user should be fully aware of the techniques and 
limitations of any method used in the software. 
 
The following provides a summary of the methods used for the interpretation.  Many of 
the empirical correlations to estimate geotechnical parameters have constants that have a 
range of values depending on soil type, geologic origin and other factors.  The software 
uses ‘default’ values that have been selected to provide, in general, conservatively low 
estimates of the various geotechnical parameters. 
 
Input: 

1 Units for display (Imperial or metric) (atm. pressure, pa = 0.96 tsf or 0.1 MPa) 
2 Depth interval to average results,( ft or m).  Data are collected at either 0.02 or 

0.05m and can be averaged every 1, 3 or 5 intervals. 
3 Elevation of ground surface (ft or m) 
4 Depth to water table, zw (ft or m) – input required 
5 Net area ratio for cone, a (default to 0.80) 
6 Relative Density constant, CDr  (default to 350) 
7 Young’s modulus number for sands, α (default to 5) 
8 Small strain shear modulus number 

a. for sands, SG (default to 180 for  SBTn  5, 6, 7) 
b. for clays, CG (default to  50  for  SBTn 1, 2, 3 & 4)   

9 Undrained shear strength cone factor for clays, Nkt (default to 15) 
10 Over Consolidation ratio number, kocr (default to 0.3) 
11 Unit weight of water, (default to γw = 62.4 lb/ft3 or 9.81 kN/m3) 

 
Column 

1 Depth, z, (m) – CPT data is collected in meters 
2 Depth (ft) 
3 Cone resistance, qc (tsf or MPa) 
4 Sleeve friction, fs (tsf or MPa) 
5 Penetration pore pressure, u (psi or MPa), measured behind the cone (i.e. u2) 
6 Other – any additional data, if collected, e.g. electrical resistivity or UVIF 
7 Total cone resistance, qt (tsf or MPa)  qt = qc + u (1-a) 
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8 Friction Ratio, Rf (%)    Rf = (fs/qt) x 100% 
9 Soil Behavior Type (non-normalized), SBT see note 
10 Unit weight, γ (pcf or kN/m3)   based on SBT, see note 
11 Total overburden stress, σv (tsf)   σvo = γ z 
12 Insitu pore pressure, uo (tsf)   uo = γw (z - zw) 
13 Effective overburden stress, σ'vo (tsf )  σ'vo = σvo - uo 
14 Normalized cone resistance, Qt1    Qt1= (qt - σvo) / σ'vo  
15 Normalized friction ratio, Fr (%)   Fr = fs / (qt - σvo) x 100% 
16 Normalized Pore Pressure ratio, Bq  Bq = u – uo / (qt - σvo) 
17 Soil Behavior Type (normalized), SBTn  see note 
18 SBTn Index, Ic     see note   
19 Normalized Cone resistance, Qtn (n varies with Ic) see note 
20 Estimated permeability, kSBT (cm/sec or ft/sec) see note 
21 Equivalent SPT N60, blows/ft   see note 
22 Equivalent SPT (N1)60 blows/ft   see note 
23 Estimated Relative Density, Dr, (%)  see note 
24 Estimated Friction Angle, φ', (degrees)  see note 
25 Estimated Young’s modulus, Es (tsf)  see note 
26 Estimated small strain Shear modulus, Go (tsf) see note 
27 Estimated Undrained shear strength, su (tsf) see note 
28 Estimated Undrained strength ratio   su/σv’    
29 Estimated Over Consolidation ratio, OCR see note 

 
Notes: 

1 Soil Behavior Type (non-normalized), SBT        Lunne et al. (1997)            
listed below 

 
2 Unit weight, γ either constant at 119 pcf or based on Non-normalized SBT  

(Lunne et al., 1997 and table below) 
 
3 Soil Behavior Type (Normalized), SBTn  Lunne et al. (1997) 
 
4 SBTn Index, Ic  Ic = ((3.47 – log Qt1)2 + (log Fr + 1.22)2)0.5 
 
5 Normalized Cone resistance, Qtn (n varies with Ic) 

 
Qtn = ((qt - σvo)/pa) (pa/(σ′vo)n  and recalculate Ic, then iterate: 
 
When Ic < 1.64,    n = 0.5 (clean sand) 
When Ic > 3.30,    n = 1.0 (clays) 
When 1.64 < Ic < 3.30,  n = (Ic – 1.64)0.3 + 0.5  
Iterate until the change in n, Δn < 0.01  

 
6 Estimated permeability, kSBT (based on Normalized SBTn)                             

(Lunne et al., 1997 and table below) 
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7 Equivalent SPT N60, blows/ft  Lunne et al. (1997) 

60

a

N
)/p(qt  = 8.5 ⎟

⎠
⎞

⎜
⎝
⎛ −

4.6
I

1 c  

8 Equivalent SPT (N1)60 blows/ft            (N1)60 = N60 CN,                        

where CN = (pa/σ′vo)0.5 

 
9 Relative Density, Dr, (%)   Dr

2 = Qtn / CDr 
 Only SBTn 5, 6, 7 & 8   Show ‘N/A’ in zones 1, 2, 3, 4 & 9 
 

10 Friction Angle, φ', (degrees) tan φ' = ⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
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⎜
⎝
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 Only SBTn 5, 6, 7 & 8  Show’N/A’ in zones 1, 2, 3, 4 & 9 
 
11 Young’s modulus, Es    Es = α qt    
 Only SBTn 5, 6, 7 & 8  Show ‘N/A’ in zones 1, 2, 3, 4 & 9 
 
12 Small strain shear modulus, Go   

a. Go = SG (qt  σ'vo pa)1/3   For  SBTn 5, 6, 7 
b. Go = CG qt   For  SBTn 1, 2, 3& 4 

Show ‘N/A’ in zones 8 & 9 
 

13 Undrained shear strength, su     su = (qt - σvo) / Nkt 
 Only SBTn 1, 2, 3, 4 & 9  Show ‘N/A’ in zones 5, 6, 7 & 8 
 
14 Over Consolidation ratio, OCR   OCR = kocr Qt1 
 Only SBTn 1, 2, 3, 4 & 9  Show ‘N/A’ in zones 5, 6, 7 & 8 
 
SBT Zones     SBTn Zones 
The following updated and simplified SBT descriptions have been used in the 
software: 
1 sensitive fine grained   1  sensitive fine grained 
2 organic soil    2  organic soil 
3 clay     3 clay 
4 clay & silty clay    4 clay & silty clay 
5 clay & silty clay 
6 sandy silt & clayey silt     
7 silty sand & sandy silt   5 silty sand & sandy silt 
8 sand & silty sand    6 sand & silty sand 
9 sand  
10 sand     7 sand 
11 very dense/stiff soil*   8 very dense/stiff soil* 
12 very dense/stiff soil*   9 very dense/stiff soil* 
* heavily overconsolidated and/or cemented 
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Track when soils fall with zones of same description and print that description (i.e. if 
soils fall only within SBT zones 4 & 5, print ‘clays & silty clays’) 
 
 
Estimated Permeability (see Lunne et al., 1997) 
SBTn  Permeability (ft/sec)  (m/sec)  
1  3x 10-8    1x 10-8   
2  3x 10-7    1x 10-7   
3  1x 10-9    3x 10-10  
4  3x 10-8    1x 10-8  
5  3x 10-6    1x 10-6   
6  3x 10-4    1x 10-4   
7  3x 10-2    1x 10-2   
8   3x 10-6    1x 10-6   
9  1x 10-8    3x 10-9   
 
 
Estimated Unit Weight (see Lunne et al., 1997) 
SBT  Approximate Unit Weight (lb/ft3)  (kN/m3) 
1  111.4     17.5 
2    79.6     12.5 
3  111.4     17.5 
4  114.6     18.0 
5  114.6     18.0 
6  114.6     18.0 
7  117.8     18.5 
8  120.9     19.0 
9  124.1     19.5 
10  127.3     20.0 
11  130.5     20.5 
12  120.9     19.0 



 
Pore Pressure Dissipation Tests (PPDT) 

 
 
Pore Pressure Dissipation Tests (PPDT’s) conducted at various intervals measured 
hydrostatic water pressures and determined the approximate depth of the ground water 
table.  A PPDT is conducted when the cone is halted at specific intervals determined by 
the field representative.  The variation of the penetration pore pressure (u) with time is 
measured behind the tip of the cone and recorded by a computer system.   
Pore pressure dissipation data can be interpreted to provide estimates of: 

• Equilibrium piezometric pressure 
• Phreatic Surface 
• In situ horizontal coefficient of consolidation (ch) 
• In situ horizontal coefficient of permeability (kh) 

 
In order to correctly interpret 
the equilibrium piezometric 
pressure and/or the phreatic 
surface, the pore pressure 
must be monitored until such 
time as there is no variation in 
pore pressure with time, 
Figure PPDT.  This time is 
commonly referred to as t100, 
the point at which 100% of the 
excess pore pressure has 
dissipated. 
 
A complete reference on pore 
pressure dissipation tests is 
presented by Robertson et al. 
1992. 
 
A summary of the pore 
pressure dissipation tests is 
summarized in Table 1.  Pore 
pressure dissipation data is 
presented in graphical form in 
Appendix PPDT. 
 
 
 
 

Figure PPDT 
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APPENDIX B 

LABORATORY TESTS 
 
 
Classification Tests 
The field classification of the samples was visually verified in the laboratory according to the Unified Soil 
Classification System.  The results are presented in “Log of Test Borings”, Appendix A. 
 
Moisture-Density 
The natural moisture contents and dry unit weights were determined for selected undisturbed samples of the 
soils in general accordance with ASTM Test Method D 2216-92.  This information was used to classify and 
correlate the soils.  The results are presented at the appropriate depths on the "Log of Test Borings", 
Appendix A. 
 
Atterberg Limits 
The Atterberg Limits were determined for selected samples of the fine-grained materials. These results were 
used to classify the soils, as well as to obtain an indication of the effective strength characteristics and 
expansion potential with variations in moisture content. The Atterberg Limits were determined in general 
accordance with ASTM Test Method D 4318-93. The results of these tests are presented on Plate B-2, 
“Plasticity Chart”. 
 
Grain Size Classification 
Grain size classification tests (ASTM Test Method D422-63) were performed on selected samples of granular 
soil to aid in the classification. The results are presented on Plates B-3A & B-3B, “Grain Size Distribution 
Curves”. 
 
Unconfined Compression Tests 
Strength tests were performed on selected undisturbed samples using unconfined compression machine. 
Unconfined compression tests were performed in general accordance with ASTM Test Method D 2166-91. 
The results are presented on “Log of Test Borings”, Appendix A. 
 
Corrosion Tests 
Corrosion tests were performed on selected samples to determine the corrosion potential of the soils. The pH 
and minimum resistively tests were performed according to California Test Method 643. The tests were 
performed by Sunland Analytical. The test results are presented on Plates B-4A and B-4B. 
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CPT DATA CORRELATION & LIQUEFACTION 

ANALYSES 

 
 



Reference: CPT data and correlation provided by Gregg Drilling and Testing, Inc.

JOB NO.: 203125.EXT PLATE NO.: 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME WILLOW ROAD EXTENSION AT ROUTE 101 FAULT INFO FAULT M w  = 6.5
PROJECT NO. 203125.EXT SANTA MARIA RIVER - FOXEN CANYON FAULT MSF = 1.44
CPT NO. CPT-1 a max  (g)= 0.7

DESIGN GW DEPTH= 30

Depth qc fs σv u σv'
(ft) (tsf) (tsf) (tsf) (tsf) (tsf)

0.328
0.656
0.984
1.312
1.64
1.969
2.297
2.625 1.7 1.00 1
2.953 1.7 1.00 1
3.281 1.7 0.99 1
3.609 1.7 0.99 1
3.937 1.7 0.99 1
4.265 1.7 0.99 1
4.593 1.7 0.99 1
4.921 7 Silty Sand to Sandy Silt 27.664 0.26 0.29 0.29 1.92 1.47651 0.99 0.451 1.920 1.48 40.85 1.208 49.353 0.09 1.00 1
5.249 8 Sand to Silty Sand 76.043 0.778 0.31 0.31 1.64 1.45695 0.99 0.450 1.640 1.46 110.79 1.000 110.791 0.21 1.00 1
5.577 7 Silty Sand to Sandy Silt 63.036 0.749 0.329 0.329 1.76 1.43885 0.99 0.450 1.760 1.44 90.70 1.078 97.814 0.17 1.00 1
5.906 7 Silty Sand to Sandy Silt 53.072 0.624 0.348 0.348 1.83 1.42119 0.99 0.450 1.830 1.42 75.43 1.129 85.169 0.14 1.00 1
6.234 7 Silty Sand to Sandy Silt 44.388 0.427 0.368 0.368 1.84 1.40306 0.99 0.449 1.840 1.40 62.28 1.137 70.813 0.11 1.00 1
6.562 7 Silty Sand to Sandy Silt 40.027 0.341 0.387 0.387 1.86 1.38626 0.99 0.449 1.860 1.39 55.49 1.153 63.997 0.10 1.00 1
6.89 7 Silty Sand to Sandy Silt 39.875 0.32 0.406 0.406 1.86 1.36986 0.99 0.449 1.860 1.37 54.62 1.153 62.999 0.10 1.00 1
7.218 7 Silty Sand to Sandy Silt 42.141 0.315 0.426 0.426 1.84 1.35301 0.99 0.448 1.840 1.35 57.02 1.137 64.831 0.11 1.00 1
7.546 8 Sand to Silty Sand 50.559 0.375 0.445 0.445 1.79 1.33739 0.98 0.448 1.790 1.34 67.62 1.099 74.341 0.12 1.00 1
7.874 8 Sand to Silty Sand 69.843 0.537 0.465 0.465 1.71 1.32132 0.98 0.448 1.710 1.32 92.29 1.045 96.401 0.16 1.00 1
8.202 8 Sand to Silty Sand 94.331 0.798 0.485 0.485 1.65 1.30564 0.98 0.447 1.650 1.31 123.16 1.003 123.573 0.26 1.00 1
8.53 8 Sand to Silty Sand 117.445 1.125 0.505 0.505 1.63 1.29032 0.98 0.447 1.630 1.29 151.54 1.000 151.542 0.40 1.00 1
8.858 8 Sand to Silty Sand 131.059 1.433 0.525 0.525 1.66 1.27536 0.98 0.447 1.660 1.28 167.15 1.010 168.887 1.00 1
9.186 8 Sand to Silty Sand 137.477 1.558 0.545 0.545 1.66 1.26074 0.98 0.446 1.660 1.26 173.32 1.010 175.127 1.00 1
9.514 8 Sand to Silty Sand 137.363 1.66 0.564 0.564 1.7 1.24717 0.98 0.446 1.700 1.25 171.31 1.038 177.800 1.00 1
9.843 8 Sand to Silty Sand 132.31 1.713 0.584 0.584 1.74 1.23318 0.98 0.446 1.740 1.23 163.16 1.065 173.737 1.00 1
10.171 8 Sand to Silty Sand 128.243 1.647 0.604 0.604 1.76 1.21951 0.98 0.445 1.760 1.22 156.39 1.078 168.661 1.00 1
10.499 8 Sand to Silty Sand 115.71 1.505 0.624 0.624 1.8 1.20614 0.98 0.445 1.800 1.21 139.56 1.107 154.448 0.42 1.00 1
10.827 8 Sand to Silty Sand 103.594 1.26 0.644 0.644 1.82 1.19306 0.98 0.445 1.820 1.19 123.59 1.122 138.612 0.33 1.00 1
11.155 8 Sand to Silty Sand 108.249 1.16 0.664 0.664 1.78 1.18026 0.98 0.444 1.780 1.18 127.76 1.092 139.560 0.33 1.00 1
11.483 8 Sand to Silty Sand 126.593 1.325 0.683 0.683 1.73 1.16835 0.98 0.444 1.730 1.17 147.90 1.058 156.492 0.44 1.00 1
11.811 8 Sand to Silty Sand 137.657 2.335 0.703 0.703 1.87 1.15607 0.98 0.444 1.870 1.16 159.14 1.162 184.896 1.00 1
12.139 8 Sand to Silty Sand 148.721 2.551 0.723 0.723 1.86 1.14405 0.97 0.443 1.860 1.14 170.14 1.153 196.234 1.00 1
12.467 8 Sand to Silty Sand 151.451 2.316 0.743 0.743 1.82 1.13227 0.97 0.443 1.820 1.13 171.48 1.122 192.321 1.00 1
12.795 7 Silty Sand to Sandy Silt 131.315 2.439 0.762 0.762 1.94 1.1213 0.97 0.443 1.940 1.12 147.24 1.229 180.961 1.00 1
13.123 8 Sand to Silty Sand 120.99 2.019 0.782 0.782 1.93 1.10999 0.97 0.443 1.930 1.11 134.30 1.218 163.637 1.00 1
13.451 8 Sand to Silty Sand 117.795 1.677 0.802 0.802 1.9 1.0989 0.97 0.442 1.900 1.10 129.45 1.189 153.890 0.42 1.00 1
13.78 8 Sand to Silty Sand 110.96 1.549 0.822 0.822 1.92 1.08803 0.97 0.442 1.920 1.09 120.73 1.208 145.873 0.37 1.00 1
14.108 8 Sand to Silty Sand 110.268 1.578 0.842 0.842 1.93 1.07738 0.97 0.442 1.930 1.08 118.80 1.218 144.753 0.36 1.00 1
14.436 8 Sand to Silty Sand 116.411 1.529 0.862 0.862 1.9 1.06693 0.97 0.441 1.900 1.07 124.20 1.189 147.656 0.38 1.00 1
14.764 8 Sand to Silty Sand 124.09 1.5 0.881 0.881 1.86 1.05718 0.97 0.441 1.860 1.06 131.19 1.153 151.303 0.40 1.00 1
15.092 8 Sand to Silty Sand 123.266 1.522 0.901 0.901 1.88 1.04712 0.97 0.441 1.880 1.05 129.07 1.171 151.091 0.40 1.00 1
15.42 8 Sand to Silty Sand 123.218 1.502 0.921 0.921 1.88 1.03725 0.97 0.440 1.880 1.04 127.81 1.171 149.608 0.39 1.00 1
15.748 8 Sand to Silty Sand 124.981 1.487 0.941 0.941 1.87 1.02756 0.97 0.440 1.870 1.03 128.43 1.162 149.209 0.39 1.00 1
16.076 8 Sand to Silty Sand 128.802 1.523 0.961 0.961 1.87 1.01805 0.97 0.440 1.870 1.02 131.13 1.162 152.348 0.41 1.00 1
16.404 8 Sand to Silty Sand 136.444 1.559 0.981 0.981 1.85 1.00871 0.97 0.439 1.850 1.01 137.63 1.145 157.601 0.44 1.00 1
16.732 8 Sand to Silty Sand 151.461 1.878 1 1 1.84 1 0.96 0.439 1.840 1.00 151.46 1.137 172.216 1.00 1
17.06 8 Sand to Silty Sand 157.367 2.646 1.02 1.02 1.94 0.99099 0.96 0.439 1.940 0.99 155.95 1.229 191.660 0.99 1
17.388 8 Sand to Silty Sand 165.558 3.143 1.04 1.04 1.97 0.98214 0.96 0.438 1.970 0.98 162.60 1.263 205.321 0.99 1
17.717 8 Sand to Silty Sand 184.823 3.279 1.06 1.06 1.92 0.97345 0.96 0.438 1.920 0.97 179.92 1.208 217.388 0.98 1
18.045 8 Sand to Silty Sand 181.059 2.848 1.08 1.08 1.89 0.96491 0.96 0.438 1.890 0.96 174.71 1.180 206.078 0.97 1
18.373 8 Sand to Silty Sand 176.746 2.406 1.1 1.1 1.86 0.95652 0.96 0.437 1.860 0.96 169.06 1.153 194.986 0.97 1
18.701 8 Sand to Silty Sand 189.203 2.534 1.119 1.119 1.84 0.94868 0.96 0.437 1.840 0.95 179.49 1.137 204.090 0.96 1
19.029 8 Sand to Silty Sand 200.191 2.923 1.139 1.139 1.85 0.94057 0.96 0.437 1.850 0.94 188.29 1.145 215.612 0.95 1
19.357 8 Sand to Silty Sand 213.653 3.042 1.159 1.159 1.83 0.9326 0.96 0.436 1.830 0.93 199.25 1.129 224.992 0.95 1
19.685 9 Sand 222.783 3.006 1.18 1.18 1.81 0.92437 0.96 0.436 1.810 0.92 205.93 1.114 229.412 0.94 1
20.013 9 Sand 218.394 2.981 1.2 1.2 1.82 0.91667 0.96 0.435 1.820 0.92 200.19 1.122 224.521 0.93 1
20.341 9 Sand 203.708 2.784 1.22 1.22 1.85 0.90909 0.96 0.435 1.850 0.91 185.19 1.145 212.057 0.93 1
20.669 8 Sand to Silty Sand 186.245 2.524 1.24 1.24 1.88 0.90164 0.96 0.435 1.880 0.90 167.93 1.171 196.569 0.93 1
20.997 9 Sand 178.063 2.207 1.26 1.26 1.87 0.89431 0.95 0.434 1.870 0.89 159.24 1.162 185.015 0.93 1
21.325 9 Sand 180.585 2.039 1.281 1.281 1.84 0.88674 0.95 0.434 1.840 0.89 160.13 1.137 182.075 0.92 1
21.654 9 Sand 188.814 2.257 1.301 1.301 1.85 0.87965 0.95 0.433 1.850 0.88 166.09 1.145 190.186 0.92 1
21.982 9 Sand 209.397 2.713 1.322 1.322 1.84 0.87232 0.95 0.433 1.840 0.87 182.66 1.137 207.692 0.91 1
22.31 8 Sand to Silty Sand 217.891 3.138 1.341 1.341 1.87 0.8658 0.95 0.432 1.870 0.87 188.65 1.162 219.181 0.90 1
22.638 8 Sand to Silty Sand 225.001 3.375 1.361 1.361 1.88 0.85904 0.95 0.432 1.880 0.86 193.28 1.171 226.254 0.89 1
22.966 8 Sand to Silty Sand 230.14 3.502 1.381 1.381 1.88 0.85238 0.95 0.432 1.880 0.85 196.17 1.171 229.628 0.89 1
23.294 8 Sand to Silty Sand 229.012 3.427 1.401 1.401 1.88 0.84583 0.95 0.431 1.880 0.85 193.70 1.171 226.746 0.89 1
23.622 8 Sand to Silty Sand 229.353 3.336 1.421 1.421 1.88 0.83937 0.95 0.431 1.880 0.84 192.51 1.171 225.351 0.88 1
23.95 9 Sand 233.278 3.344 1.441 1.441 1.87 0.83302 0.95 0.430 1.870 0.83 194.32 1.162 225.773 0.88 1
24.278 9 Sand 241.175 3.383 1.461 1.461 1.86 0.82676 0.94 0.430 1.860 0.83 199.39 1.153 229.969 0.87 1
24.606 9 Sand 246.228 2.951 1.482 1.482 1.81 0.82028 0.94 0.429 1.810 0.82 201.98 1.114 225.004 0.86 1
24.934 9 Sand 254.874 3.227 1.502 1.502 1.82 0.81421 0.94 0.429 1.820 0.81 207.52 1.122 232.738 0.86 1
25.262 9 Sand 263.397 3.833 1.523 1.523 1.86 0.80793 0.94 0.428 1.860 0.81 212.81 1.153 245.440 0.85 1
25.591 9 Sand 282.851 4.008 1.543 1.543 1.83 0.80204 0.94 0.428 1.830 0.80 226.86 1.129 256.164 0.84 1
25.919 9 Sand 307.947 4.322 1.563 1.563 1.81 0.79624 0.94 0.427 1.810 0.80 245.20 1.114 273.154 0.84 1
26.247 9 Sand 324.215 4.661 1.584 1.584 1.8 0.79023 0.94 0.426 1.800 0.79 256.20 1.107 283.531 0.83 1
26.575 9 Sand 322.243 4.697 1.604 1.604 1.81 0.78459 0.94 0.426 1.810 0.78 252.83 1.114 281.655 0.83 1
26.903 9 Sand 307.245 4.386 1.624 1.624 1.82 0.77904 0.93 0.425 1.820 0.78 239.36 1.122 268.440 0.82 1
27.231 9 Sand 295.176 4.192 1.645 1.645 1.84 0.77329 0.93 0.425 1.840 0.77 228.26 1.137 259.534 0.82 1
27.559 9 Sand 295.508 4.055 1.665 1.665 1.83 0.76789 0.93 0.424 1.830 0.77 226.92 1.129 256.231 0.82 1
27.887 9 Sand 300.059 3.995 1.685 1.685 1.82 0.76256 0.93 0.423 1.820 0.76 228.81 1.122 256.618 0.81 1
28.215 9 Sand 312.459 4.362 1.706 1.706 1.83 0.75705 0.93 0.423 1.830 0.76 236.55 1.129 267.106 0.81 1
28.543 9 Sand 326.254 4.794 1.726 1.726 1.83 0.75188 0.93 0.422 1.830 0.75 245.30 1.129 276.992 0.80 1
28.871 9 Sand 334.653 5.09 1.747 1.747 1.84 0.74652 0.93 0.421 1.840 0.75 249.83 1.137 284.060 0.80 1
29.199 9 Sand 337.033 4.951 1.767 1.767 1.83 0.74149 0.92 0.421 1.830 0.74 249.91 1.129 282.190 0.80 1
29.528 9 Sand 288.502 3.97 1.787 1.787 1.86 0.73652 0.92 0.420 1.860 0.74 212.49 1.153 245.073 0.80 1
29.856 9 Sand 230.566 3.193 1.808 1.808 1.93 0.73138 0.92 0.419 1.930 0.73 168.63 1.218 205.472 0.82 1
30.184 9 Sand 211.036 2.54 1.828 1.828 1.92 0.72655 0.92 0.418 1.920 0.73 153.33 1.208 185.263 0.82 1
30.512 8 Sand to Silty Sand 191.327 3.039 1.848 1.848 2.04 0.72178 0.92 0.418 2.040 0.72 138.10 1.356 187.243 0.83 1
30.84 8 Sand to Silty Sand 274.186 4.34 1.868 1.868 1.93 0.71708 0.92 0.417 1.930 0.72 196.61 1.218 239.566 0.80 1
31.168 9 Sand 327.543 5.102 1.888 1.888 1.88 0.71244 0.91 0.416 1.880 0.71 233.35 1.171 273.157 0.78 1
31.496 8 Sand to Silty Sand 347.101 5.902 1.908 1.908 1.89 0.70785 0.91 0.415 1.890 0.71 245.70 1.180 289.815 0.77 1

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC (qc1N)cs CRR7.5 Kα

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

γd CSR qc1NSoil Behavior Type CQIc* F.S.
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME WILLOW ROAD EXTENSION AT ROUTE 101 FAULT INFO FAULT M w  = 6.5
PROJECT NO. 203125.EXT SANTA MARIA RIVER - FOXEN CANYON FAULT MSF = 1.44
CPT NO. CPT-1 a max  (g)= 0.7

DESIGN GW DEPTH= 30

Depth qc fs σv u σv'
(ft) (tsf) (tsf) (tsf) (tsf) (tsf)

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC (qc1N)cs CRR7.5 Kα

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

γd CSR qc1NSoil Behavior Type CQIc* F.S.

31.824 9 Sand 359.625 5.694 1.928 1.928 1.86 0.70332 0.91 0.414 1.860 0.70 252.93 1.153 291.719 0.77 1
32.152 9 Sand 341.745 4.686 1.949 1.949 1.83 0.69863 0.91 0.414 1.830 0.70 238.75 1.129 269.597 0.77 1
32.48 9 Sand 330.577 3.779 1.969 1.969 1.79 0.69423 0.91 0.413 1.790 0.69 229.49 1.099 252.316 0.76 1
32.808 9 Sand 316.166 3.695 1.989 1.989 1.81 0.68987 0.90 0.412 1.810 0.69 218.11 1.114 242.981 0.77 1
33.136 9 Sand 282.434 3.761 2.01 2.01 1.89 0.68536 0.90 0.411 1.890 0.69 193.57 1.180 228.328 0.78 1
33.465 9 Sand 270.1 3.24 2.03 2.03 1.88 0.68111 0.90 0.410 1.880 0.68 183.97 1.171 215.349 0.78 1
33.793 9 Sand 289.668 3.639 2.05 2.05 1.87 0.67692 0.90 0.409 1.870 0.68 196.08 1.162 227.816 0.77 1
34.121 9 Sand 381.572 5.124 2.071 2.071 1.81 0.67258 0.90 0.408 1.810 0.67 256.64 1.114 285.896 0.75 1
34.449 9 Sand 432.388 6.317 2.091 2.091 1.81 0.66849 0.89 0.407 1.810 0.67 289.05 1.114 322.001 0.74 1
34.777 8 Sand to Silty Sand 396.514 6.867 2.111 2.111 1.89 0.66445 0.89 0.406 1.890 0.66 263.46 1.180 310.775 0.74 1
35.105 8 Sand to Silty Sand 370.025 6.275 2.131 2.131 1.9 0.66046 0.89 0.405 1.900 0.66 244.39 1.189 290.538 0.74 1
35.433 8 Sand to Silty Sand 327.78 5.419 2.151 2.151 1.93 0.65652 0.89 0.404 1.930 0.66 215.19 1.218 262.206 0.75 1
35.761 8 Sand to Silty Sand 224.394 3.688 2.171 2.171 2.05 0.65263 0.89 0.403 2.050 0.65 146.45 1.371 200.784 0.79 1
36.089 9 Sand 182.064 2.274 2.191 2.191 2.04 0.64878 0.88 0.402 2.040 0.65 118.12 1.356 160.155 0.80 1
36.417 8 Sand to Silty Sand 142.872 2.207 2.211 2.211 2.19 0.64497 0.88 0.401 2.190 0.64 92.15 1.643 151.365 0.40 0.83 1 1.00
36.745 8 Sand to Silty Sand 127.504 1.424 2.231 2.231 2.14 0.64121 0.88 0.399 2.140 0.64 81.76 1.532 125.249 0.26 0.83 1 0.66
37.073 8 Sand to Silty Sand 76.916 0.285 2.25 2.25 2.11 0.63768 0.88 0.398 2.110 0.64 49.05 1.473 72.256 0.12 0.85 1 0.29
37.402 8 Sand to Silty Sand 53.527 0.247 2.27 2.27 2.3 0.63401 0.87 0.397 2.300 0.63 33.94 1.949 66.133 0.11 0.85 1 0.27
37.73 8 Sand to Silty Sand 47.593 0.267 2.29 2.29 2.39 0.63037 0.87 0.396 2.390 0.63 30.00 2.272 68.164 0.11 0.85 1 0.28
38.058 8 Sand to Silty Sand 73.939 0.584 2.31 2.31 2.28 0.62678 0.87 0.395 2.280 0.63 46.34 1.886 87.412 0.14 0.85 1 0.36
38.386 8 Sand to Silty Sand 82.168 0.743 2.33 2.33 2.27 0.62323 0.86 0.393 2.270 0.62 51.21 1.856 95.049 0.16 0.84 1 0.41
38.714 8 Sand to Silty Sand 77.74 0.33 2.35 2.35 2.14 0.61972 0.86 0.392 2.140 0.62 48.18 1.532 73.805 0.12 0.84 1 0.30
39.042 8 Sand to Silty Sand 51.716 0.119 2.369 2.369 2.23 0.61642 0.86 0.391 2.230 0.62 31.88 1.743 55.579 0.10 0.84 1 0.25
39.37 7 Silty Sand to Sandy Silt 35.343 0.23 2.389 2.389 2.56 0.61298 0.86 0.390 2.560 0.61 21.66 3.091 66.956 0.11 0.84 1 0.28
39.698 7 Silty Sand to Sandy Silt 32.405 0.304 2.408 2.408 2.67 0.60976 0.85 0.388 0.84 1
40.026 7 Silty Sand to Sandy Silt 34.557 0.302 2.427 2.427 2.63 0.60656 0.85 0.387 0.84 1
40.354 7 Silty Sand to Sandy Silt 40.216 0.438 2.447 2.447 2.62 0.60324 0.85 0.386 0.84 1
40.682 7 Silty Sand to Sandy Silt 43.42 0.784 2.466 2.466 2.7 0.60011 0.84 0.384 0.83 1
41.011 6 Sandy Silt to Clayey Silt 41.155 0.962 2.485 2.485 2.79 0.59701 0.84 0.383 0.83 1
41.339 6 Sandy Silt to Clayey Silt 39.913 0.948 2.504 2.504 2.81 0.59395 0.84 0.382 0.83 1
41.667 6 Sandy Silt to Clayey Silt 39.287 0.924 2.522 2.522 2.82 0.59108 0.84 0.380 0.83 1
41.995 6 Sandy Silt to Clayey Silt 38.633 0.911 2.541 2.541 2.83 0.58808 0.83 0.379 0.83 1
42.323 6 Sandy Silt to Clayey Silt 38.178 0.896 2.56 2.56 2.83 0.58511 0.83 0.378 0.83 1
42.651 6 Sandy Silt to Clayey Silt 37.78 0.878 2.579 2.579 2.84 0.58216 0.83 0.376 0.83 1
42.979 6 Sandy Silt to Clayey Silt 38.282 0.859 2.598 2.598 2.83 0.57925 0.82 0.375 0.83 1
43.307 6 Sandy Silt to Clayey Silt 40.017 0.938 2.616 2.616 2.82 0.57652 0.82 0.373 0.83 1
43.635 6 Sandy Silt to Clayey Silt 42.171 1.035 2.635 2.635 2.82 0.57366 0.82 0.372 0.82 1
43.963 6 Sandy Silt to Clayey Silt 41.982 1.055 2.654 2.654 2.83 0.57084 0.81 0.370 0.82 1
44.291 6 Sandy Silt to Clayey Silt 43.373 1.173 2.673 2.673 2.84 0.56804 0.81 0.369 0.82 1
44.619 6 Sandy Silt to Clayey Silt 44.852 1.342 2.692 2.692 2.85 0.56526 0.81 0.367 0.82 1
44.948 5 Clayey Silt to Silty Clay 43.231 1.723 2.71 2.71 2.95 0.56266 0.80 0.366 0.82 1
45.276 11 Sitff Fine-Grained 58.618 3.087 2.732 2.732 2.92 0.55951 0.80 0.364 0.82 1
45.604 11 Sitff Fine-Grained 87.979 4.826 2.753 2.753 2.79 0.55654 0.80 0.363 0.82 1
45.932 11 Sitff Fine-Grained 58.362 3.757 2.775 2.775 2.98 0.55346 0.79 0.361 0.82 1
46.26 4 Silty Clay to Clay 40.083 1.732 2.793 2.793 3.01 0.55096 0.79 0.360 0.81 1
46.588 5 Clayey Silt to Silty Clay 35.116 1.171 2.812 2.812 2.99 0.54835 0.79 0.358 0.81 1
46.916 5 Clayey Silt to Silty Clay 35.713 1.133 2.831 2.831 2.98 0.54577 0.78 0.357 0.81 1
47.244 5 Clayey Silt to Silty Clay 38.709 1.346 2.85 2.85 2.97 0.54321 0.78 0.355 0.81 1
47.572 6 Sandy Silt to Clayey Silt 44.208 1.391 2.869 2.869 2.9 0.54067 0.78 0.354 0.81 1
47.9 4 Silty Clay to Clay 47.184 2.088 2.887 2.887 2.97 0.53829 0.77 0.352 0.81 1

48.228 11 Sitff Fine-Grained 87.581 4.089 2.909 2.909 2.77 0.53541 0.77 0.351 0.81 1
48.556 11 Sitff Fine-Grained 71.189 4.177 2.93 2.93 2.91 0.53269 0.77 0.349 0.81 1
48.885 5 Clayey Silt to Silty Clay 57.945 2.545 2.949 2.949 2.9 0.53025 0.76 0.348 0.81 1
49.213 5 Clayey Silt to Silty Clay 56.21 2.108 2.968 2.968 2.87 0.52783 0.76 0.346 0.80 1
49.541 5 Clayey Silt to Silty Clay 54.882 2.21 2.987 2.987 2.9 0.52544 0.76 0.345 0.80 1
49.869 5 Clayey Silt to Silty Clay 53.963 2.267 3.005 3.005 2.92 0.52319 0.75 0.343 0.80 1
50.197 4 Silty Clay to Clay 40.501 1.76 3.024 0.006 3.018 3.04 0.52157 0.75 0.342 0.80 1
50.525 5 Clayey Silt to Silty Clay 36.13 1.475 3.043 0.016 3.027 3.07 0.52046 0.75 0.342 0.80 1
50.853 4 Silty Clay to Clay 34.935 1.483 3.062 0.026 3.036 3.09 0.51936 0.74 0.341 0.80 1
51.181 5 Clayey Silt to Silty Clay 35.504 1.463 3.081 0.036 3.044 3.08 0.51838 0.74 0.341 0.80 1
51.509 5 Clayey Silt to Silty Clay 36.017 1.288 3.099 0.047 3.053 3.04 0.51728 0.74 0.341 0.80 1
51.837 5 Clayey Silt to Silty Clay 33.826 1.249 3.118 0.057 3.061 3.07 0.51631 0.73 0.340 0.80 1
52.165 5 Clayey Silt to Silty Clay 33.713 1.204 3.137 0.067 3.07 3.07 0.51522 0.73 0.340 0.80 1
52.493 5 Clayey Silt to Silty Clay 34.595 1.201 3.156 0.077 3.078 3.05 0.51426 0.73 0.339 0.80 1
52.822 5 Clayey Silt to Silty Clay 36.083 1.246 3.175 0.088 3.087 3.03 0.51318 0.72 0.339 0.80 1
53.15 5 Clayey Silt to Silty Clay 39.24 1.384 3.193 0.098 3.096 3 0.5121 0.72 0.338 0.80 1
53.478 5 Clayey Silt to Silty Clay 41.62 1.437 3.212 0.108 3.104 2.98 0.51115 0.72 0.338 0.80 1
53.806 5 Clayey Silt to Silty Clay 43.544 1.521 3.231 0.118 3.113 2.96 0.51009 0.71 0.338 0.80 1
54.134 5 Clayey Silt to Silty Clay 51.631 2.08 3.25 0.129 3.121 2.94 0.50914 0.71 0.337 0.80 1
54.462 5 Clayey Silt to Silty Clay 69.236 2.53 3.269 0.139 3.13 2.8 0.50808 0.71 0.337 0.80 1
54.79 6 Sandy Silt to Clayey Silt 86.349 2.73 3.287 0.149 3.138 2.68 0.50715 0.71 0.336 0.80 1
55.118 7 Silty Sand to Sandy Silt 89.762 2.383 3.307 0.159 3.147 2.62 0.5061 0.70 0.336 0.80 1
55.446 6 Sandy Silt to Clayey Silt 56.732 1.447 3.325 0.17 3.156 2.78 0.50505 0.70 0.335 0.79 1
55.774 6 Sandy Silt to Clayey Silt 47.317 0.99 3.344 0.18 3.165 2.81 0.50401 0.70 0.335 0.79 1
56.102 6 Sandy Silt to Clayey Silt 48.427 1.066 3.363 0.19 3.173 2.81 0.50309 0.69 0.334 0.79 1
56.43 6 Sandy Silt to Clayey Silt 48.057 1.315 3.382 0.2 3.182 2.87 0.50205 0.69 0.334 0.79 1
56.759 5 Clayey Silt to Silty Clay 48.436 1.653 3.401 0.21 3.19 2.93 0.50114 0.69 0.333 0.79 1
57.087 5 Clayey Silt to Silty Clay 48.711 1.978 3.419 0.221 3.199 2.97 0.50011 0.68 0.333 0.79 1
57.415 5 Clayey Silt to Silty Clay 49.621 2.057 3.438 0.231 3.207 2.97 0.49921 0.68 0.332 0.79 1
57.743 5 Clayey Silt to Silty Clay 45.743 1.845 3.457 0.241 3.216 3 0.49819 0.68 0.332 0.79 1
58.071 5 Clayey Silt to Silty Clay 44.805 1.802 3.476 0.251 3.224 3.01 0.49729 0.68 0.331 0.79 1
58.399 4 Silty Clay to Clay 47.422 2.189 3.495 0.262 3.233 3.02 0.49628 0.67 0.331 0.79 1
58.727 5 Clayey Silt to Silty Clay 89.07 3.535 3.513 0.272 3.242 2.75 0.49527 0.67 0.330 0.79 1
59.055 11 Sitff Fine-Grained 110.998 5.173 3.535 0.282 3.253 2.72 0.49405 0.67 0.330 0.79 1
59.383 11 Sitff Fine-Grained 92.795 4.473 3.556 0.292 3.264 2.8 0.49283 0.66 0.329 0.79 1
59.711 11 Sitff Fine-Grained 59.547 2.916 3.578 0.303 3.275 2.96 0.49162 0.66 0.329 0.79 1
60.039 4 Silty Clay to Clay 54.902 2.616 3.596 0.313 3.284 2.98 0.49063 0.66 0.328 0.79 1
60.367 11 Sitff Fine-Grained 64.553 3.043 3.618 0.323 3.295 2.92 0.48943 0.66 0.328 0.79 1
60.696 6 Sandy Silt to Clayey Silt 95.63 3.35 3.637 0.333 3.303 2.7 0.48856 0.65 0.327 0.79 1
61.024 6 Sandy Silt to Clayey Silt 126.527 3.831 3.655 0.344 3.312 2.56 0.48759 0.65 0.327 2.560 0.49 61.69 3.091 190.666 0.79 1
61.352 5 Clayey Silt to Silty Clay 78.205 3.262 3.674 0.354 3.321 2.82 0.48662 0.65 0.326 0.79 1
61.68 4 Silty Clay to Clay 50.209 2.354 3.693 0.364 3.329 3.02 0.48576 0.65 0.326 0.79 1
62.008 3 Clay 35.419 1.809 3.711 0.374 3.337 3.18 0.4849 0.64 0.326 0.79 1
62.336 5 Clayey Silt to Silty Clay 34.082 1.315 3.73 0.384 3.346 3.12 0.48394 0.64 0.325 0.79 1
62.664 5 Clayey Silt to Silty Clay 35.059 1.206 3.749 0.395 3.354 3.08 0.48309 0.64 0.325 0.79 1
62.992 5 Clayey Silt to Silty Clay 43.155 1.41 3.768 0.405 3.363 2.98 0.48214 0.64 0.324 0.78 1
63.32 5 Clayey Silt to Silty Clay 53.735 2.01 3.787 0.415 3.371 2.93 0.4813 0.63 0.324 0.78 1
63.648 6 Sandy Silt to Clayey Silt 72.649 2.19 3.805 0.425 3.38 2.76 0.48035 0.63 0.323 0.78 1
63.976 7 Silty Sand to Sandy Silt 74.915 1.775 3.825 0.436 3.389 2.69 0.47941 0.63 0.323 0.78 1
64.304 6 Sandy Silt to Clayey Silt 76.062 2.067 3.843 0.446 3.398 2.72 0.47847 0.63 0.323 0.78 1
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME WILLOW ROAD EXTENSION AT ROUTE 101 FAULT INFO FAULT M w  = 6.5
PROJECT NO. 203125.EXT SANTA MARIA RIVER - FOXEN CANYON FAULT MSF = 1.44
CPT NO. CPT-1 a max  (g)= 0.7
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Depth qc fs σv u σv'
(ft) (tsf) (tsf) (tsf) (tsf) (tsf)

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC (qc1N)cs CRR7.5 Kα

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

γd CSR qc1NSoil Behavior Type CQIc* F.S.

64.633 9 Sand 228.538 1.672 3.864 0.456 3.408 1.98 0.47743 0.62 0.322 1.980 0.48 109.11 1.275 139.088 0.33 0.71 1 1.02
64.961 9 Sand 284.909 2.054 3.884 0.466 3.418 1.89 0.4764 0.62 0.322 1.890 0.48 135.73 1.180 160.103 0.68 1
65.289 10 Gravelly Sand to Sand 333.364 2.175 3.905 0.477 3.428 1.81 0.47537 0.62 0.321 1.810 0.48 158.47 1.114 176.538 0.66 1
65.617 10 Gravelly Sand to Sand 366.081 2.145 3.926 0.487 3.439 1.75 0.47424 0.62 0.321 1.750 0.47 173.61 1.072 186.040 0.64 1
65.945 10 Gravelly Sand to Sand 422.746 2.433 3.947 0.497 3.45 1.7 0.47312 0.62 0.321 1.700 0.47 200.01 1.038 207.581 0.62 1
66.273 10 Gravelly Sand to Sand 456.07 2.893 3.968 0.507 3.46 1.7 0.4721 0.61 0.320 1.700 0.47 215.31 1.038 223.463 0.61 1
66.601 10 Gravelly Sand to Sand 439.451 2.454 3.989 0.518 3.471 1.68 0.47099 0.61 0.320 1.680 0.47 206.98 1.024 211.999 0.61 1
66.929 10 Gravelly Sand to Sand 413.683 1.948 4.009 0.528 3.482 1.66 0.46988 0.61 0.319 1.660 0.47 194.38 1.010 196.406 0.61 1
67.257 10 Gravelly Sand to Sand 391.698 3.121 4.03 0.538 3.492 1.82 0.46888 0.61 0.319 1.820 0.47 183.66 1.122 205.978 0.63 1
67.585 10 Gravelly Sand to Sand 380.492 2.59 4.051 0.548 3.503 1.79 0.46779 0.61 0.319 1.790 0.47 177.99 1.099 195.689 0.63 1
67.913 10 Gravelly Sand to Sand 370.651 2.265 4.072 0.558 3.514 1.77 0.46669 0.60 0.318 1.770 0.47 172.98 1.085 187.745 0.64 1
68.241 10 Gravelly Sand to Sand 395.518 2.044 4.093 0.569 3.524 1.71 0.46571 0.60 0.318 1.710 0.47 184.20 1.045 192.410 0.62 1
68.57 10 Gravelly Sand to Sand 360.962 1.981 4.114 0.579 3.535 1.75 0.46463 0.60 0.318 1.750 0.46 167.71 1.072 179.720 0.64 1
68.898 10 Gravelly Sand to Sand 410.156 2.11 4.135 0.589 3.546 1.69 0.46355 0.60 0.317 1.690 0.46 190.13 1.031 196.037 0.61 1
69.226 10 Gravelly Sand to Sand 464.034 2.075 4.156 0.599 3.556 1.62 0.46257 0.60 0.317 1.620 0.46 214.65 1.000 214.650 0.60 1
69.554 10 Gravelly Sand to Sand 473.041 2.382 4.177 0.61 3.567 1.64 0.46151 0.59 0.317 1.640 0.46 218.31 1.000 218.311 0.60 1
69.882 10 Gravelly Sand to Sand 480.179 0.826 4.197 0.62 3.578 1.42 0.46044 0.59 0.316 1.420 0.46 221.10 1.000 221.095 0.60 1
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Reference: CPT data and correlation provided by Gregg Drilling and Testing, Inc.

JOB NO.: 203125.EXT PLATE NO.: 

WILLOW ROAD EXTENSION AT ROUTE 101
COUNTY OF SAN LUIS OBISPO, CALIFORNIA

CPT DATA CORRELATION
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME WILLOW ROAD EXTENSION AT ROUTE 101 FAULT INFO FAULT M w  = 6.5
PROJECT NO. 203125.EXT SANTA MARIA RIVER - FOXEN CANYON FAULT MSF = 1.44
CPT NO. CPT-2 a max  (g)= 0.7

DESIGN GW DEPTH= 18

Depth qc fs σv u σv'
(ft) (tsf) (tsf) (tsf) (tsf) (tsf)

0.328
0.656
0.984
1.312
1.64
1.969
2.297
2.625
2.953
3.281
3.609
3.937
4.265
4.593
4.921 6 Sandy Silt to Clayey Silt 18.497 0.159 0.282 0.282 2.02 1.48448 0.99 0.451 2.020 1.48 27.46 1.327 36.438 0.08 1.00 1
5.249 7 Silty Sand to Sandy Silt 53.328 0.49 0.301 0.301 1.7 1.46569 0.99 0.450 1.700 1.47 78.16 1.038 81.121 0.13 1.00 1
5.577 7 Silty Sand to Sandy Silt 51.015 0.48 0.321 0.321 1.74 1.44642 0.99 0.450 1.740 1.45 73.79 1.065 78.571 0.13 1.00 1
5.906 7 Silty Sand to Sandy Silt 50.541 0.512 0.34 0.34 1.79 1.42857 0.99 0.450 1.790 1.43 72.20 1.099 79.381 0.13 1.00 1
6.234 7 Silty Sand to Sandy Silt 51.3 0.553 0.359 0.359 1.82 1.41116 0.99 0.449 1.820 1.41 72.39 1.122 81.189 0.13 1.00 1
6.562 7 Silty Sand to Sandy Silt 50.219 0.578 0.379 0.379 1.86 1.39329 0.99 0.449 1.860 1.39 69.97 1.153 80.699 0.13 1.00 1
6.89 7 Silty Sand to Sandy Silt 49.024 0.56 0.398 0.398 1.88 1.37672 0.99 0.449 1.880 1.38 67.49 1.171 79.005 0.13 1.00 1
7.218 7 Silty Sand to Sandy Silt 52.096 0.581 0.417 0.417 1.87 1.36054 0.99 0.448 1.870 1.36 70.88 1.162 82.350 0.13 1.00 1
7.546 7 Silty Sand to Sandy Silt 57.016 0.604 0.437 0.437 1.84 1.34392 0.98 0.448 1.840 1.34 76.63 1.137 87.125 0.14 1.00 1
7.874 8 Sand to Silty Sand 62.771 0.625 0.456 0.456 1.81 1.3285 0.98 0.448 1.810 1.33 83.39 1.114 92.899 0.15 1.00 1
8.202 8 Sand to Silty Sand 67.539 0.572 0.476 0.476 1.75 1.31265 0.98 0.447 1.750 1.31 88.66 1.072 95.003 0.16 1.00 1
8.53 8 Sand to Silty Sand 67.075 0.586 0.496 0.496 1.78 1.29717 0.98 0.447 1.780 1.30 87.01 1.092 95.042 0.16 1.00 1
8.858 8 Sand to Silty Sand 70.753 0.639 0.516 0.516 1.78 1.28205 0.98 0.447 1.780 1.28 90.71 1.092 99.085 0.17 1.00 1
9.186 8 Sand to Silty Sand 73.019 0.714 0.536 0.536 1.81 1.26728 0.98 0.446 1.810 1.27 92.54 1.114 103.086 0.18 1.00 1
9.514 8 Sand to Silty Sand 75.105 0.813 0.556 0.556 1.84 1.25285 0.98 0.446 1.840 1.25 94.10 1.137 106.989 0.19 1.00 1
9.843 8 Sand to Silty Sand 76.622 0.893 0.575 0.575 1.87 1.23944 0.98 0.446 1.870 1.24 94.97 1.162 110.337 0.20 1.00 1
10.171 8 Sand to Silty Sand 80.357 0.933 0.595 0.595 1.86 1.22563 0.98 0.445 1.860 1.23 98.49 1.153 113.590 0.22 1.00 1
10.499 8 Sand to Silty Sand 93.345 0.964 0.615 0.615 1.79 1.21212 0.98 0.445 1.790 1.21 113.15 1.099 124.397 0.26 1.00 1
10.827 8 Sand to Silty Sand 112.942 1.142 0.635 0.635 1.73 1.19891 0.98 0.445 1.730 1.20 135.41 1.058 143.269 0.35 1.00 1
11.155 8 Sand to Silty Sand 120.043 1.174 0.655 0.655 1.71 1.18598 0.98 0.444 1.710 1.19 142.37 1.045 148.719 0.39 1.00 1
11.483 9 Sand 134.662 1.297 0.675 0.675 1.68 1.17333 0.98 0.444 1.680 1.17 158.00 1.024 161.837 1.00 1
11.811 9 Sand 149.309 1.559 0.695 0.695 1.68 1.16095 0.98 0.444 1.680 1.16 173.34 1.024 177.546 1.00 1
12.139 8 Sand to Silty Sand 158.183 1.917 0.715 0.715 1.72 1.14883 0.97 0.443 1.720 1.15 181.72 1.051 191.052 1.00 1
12.467 8 Sand to Silty Sand 154.059 1.964 0.735 0.735 1.76 1.13695 0.97 0.443 1.760 1.14 175.16 1.078 188.897 1.00 1
12.795 8 Sand to Silty Sand 130.784 1.595 0.755 0.755 1.8 1.12532 0.97 0.443 1.800 1.13 147.17 1.107 162.871 1.00 1
13.123 8 Sand to Silty Sand 108.922 1.302 0.775 0.775 1.86 1.11392 0.97 0.443 1.860 1.11 121.33 1.153 139.936 0.33 1.00 1
13.451 8 Sand to Silty Sand 98.418 1.104 0.795 0.795 1.88 1.10276 0.97 0.442 1.880 1.10 108.53 1.171 127.044 0.27 1.00 1
13.78 8 Sand to Silty Sand 95.82 0.971 0.815 0.815 1.87 1.09181 0.97 0.442 1.870 1.09 104.62 1.162 121.548 0.25 1.00 1
14.108 8 Sand to Silty Sand 99.877 0.972 0.834 0.834 1.85 1.08161 0.97 0.442 1.850 1.08 108.03 1.145 123.701 0.26 1.00 1
14.436 8 Sand to Silty Sand 95.839 1.08 0.854 0.854 1.91 1.07108 0.97 0.441 1.910 1.07 102.65 1.198 123.018 0.25 1.00 1
14.764 8 Sand to Silty Sand 86.282 0.938 0.874 0.874 1.94 1.06075 0.97 0.441 1.940 1.06 91.52 1.229 112.482 0.21 1.00 1
15.092 8 Sand to Silty Sand 80.376 0.8 0.894 0.894 1.95 1.05062 0.97 0.441 1.950 1.05 84.44 1.240 104.700 0.19 1.00 1
15.42 8 Sand to Silty Sand 82.689 0.893 0.914 0.914 1.97 1.04068 0.97 0.440 1.970 1.04 86.05 1.263 108.661 0.20 1.00 1
15.748 8 Sand to Silty Sand 105.765 1.369 0.934 0.934 1.95 1.03093 0.97 0.440 1.950 1.03 109.04 1.240 135.190 0.31 1.00 1
16.076 8 Sand to Silty Sand 133.107 2.333 0.953 0.953 1.98 1.02183 0.97 0.440 1.980 1.02 136.01 1.275 173.380 1.00 1
16.404 7 Silty Sand to Sandy Silt 140.701 3.589 0.973 0.973 2.09 1.01243 0.97 0.439 2.090 1.01 142.45 1.437 204.688 1.00 1
16.732 7 Silty Sand to Sandy Silt 130.225 3.22 0.992 0.992 2.11 1.00365 0.96 0.439 2.110 1.00 130.70 1.473 192.543 1.00 1
17.06 8 Sand to Silty Sand 133.363 2.141 1.012 1.012 1.97 0.99458 0.96 0.439 1.970 0.99 132.64 1.263 167.487 1.00 1
17.388 8 Sand to Silty Sand 138.368 2.492 1.032 1.032 2 0.98566 0.96 0.438 2.000 0.99 136.38 1.300 177.299 0.99 1
17.717 7 Silty Sand to Sandy Silt 149.679 3.694 1.051 1.051 2.09 0.97734 0.96 0.438 2.090 0.98 146.29 1.437 210.204 0.98 1
18.045 7 Silty Sand to Sandy Silt 174.309 4.38 1.07 1.07 2.05 0.96916 0.96 0.438 2.050 0.97 168.93 1.371 231.617 0.98 1
18.373 7 Silty Sand to Sandy Silt 188.265 4.064 1.09 1.09 1.99 0.9607 0.96 0.437 1.990 0.96 180.87 1.287 232.803 0.97 1
18.701 8 Sand to Silty Sand 196.522 3.946 1.11 1.11 1.96 0.95238 0.96 0.437 1.960 0.95 187.16 1.251 234.161 0.96 1
19.029 8 Sand to Silty Sand 214.355 3.877 1.129 1.129 1.9 0.94461 0.96 0.437 1.900 0.94 202.48 1.189 240.719 0.96 1
19.357 8 Sand to Silty Sand 234.312 3.897 1.149 1.149 1.85 0.93657 0.96 0.436 1.850 0.94 219.45 1.145 251.287 0.95 1
19.685 8 Sand to Silty Sand 240.104 3.802 1.169 1.169 1.83 0.92866 0.96 0.436 1.830 0.93 222.98 1.129 251.780 0.94 1
20.013 8 Sand to Silty Sand 236.909 3.74 1.189 1.189 1.84 0.92089 0.96 0.435 1.840 0.92 218.17 1.137 248.062 0.94 1
20.341 8 Sand to Silty Sand 225.826 3.439 1.209 1.209 1.85 0.91324 0.96 0.435 1.850 0.91 206.23 1.145 236.154 0.93 1
20.669 8 Sand to Silty Sand 224.139 3.434 1.229 1.229 1.86 0.90572 0.96 0.435 1.860 0.91 203.01 1.153 234.138 0.93 1
20.997 8 Sand to Silty Sand 230.567 3.762 1.248 1.248 1.87 0.89869 0.95 0.434 1.870 0.90 207.21 1.162 240.743 0.92 1
21.325 8 Sand to Silty Sand 240.692 4.039 1.268 1.268 1.88 0.89141 0.95 0.434 1.880 0.89 214.56 1.171 251.153 0.91 1
21.654 8 Sand to Silty Sand 231.985 3.482 1.288 1.288 1.85 0.88424 0.95 0.433 1.850 0.88 205.13 1.145 234.892 0.91 1
21.982 9 Sand 235.71 3.393 1.308 1.308 1.84 0.87719 0.95 0.433 1.840 0.88 206.76 1.137 235.096 0.90 1
22.31 8 Sand to Silty Sand 230.519 3.449 1.328 1.328 1.86 0.87025 0.95 0.432 1.860 0.87 200.61 1.153 231.372 0.90 1
22.638 8 Sand to Silty Sand 222.812 3.395 1.348 1.348 1.88 0.86342 0.95 0.432 1.880 0.86 192.38 1.171 225.196 0.90 1
22.966 8 Sand to Silty Sand 228.073 3.458 1.368 1.368 1.88 0.8567 0.95 0.432 1.880 0.86 195.39 1.171 228.718 0.89 1
23.294 8 Sand to Silty Sand 222.157 3.547 1.388 1.388 1.91 0.85008 0.95 0.431 1.910 0.85 188.85 1.198 226.320 0.89 1
23.622 8 Sand to Silty Sand 212.212 3.464 1.408 1.408 1.93 0.84356 0.95 0.431 1.930 0.84 179.01 1.218 218.121 0.89 1
23.95 8 Sand to Silty Sand 205.889 3.29 1.428 1.428 1.94 0.83714 0.95 0.430 1.940 0.84 172.36 1.229 211.825 0.89 1
24.278 8 Sand to Silty Sand 204.343 3.188 1.447 1.447 1.94 0.83113 0.94 0.430 1.940 0.83 169.84 1.229 208.726 0.88 1
24.606 8 Sand to Silty Sand 225.874 3.566 1.467 1.467 1.92 0.8249 0.94 0.429 1.920 0.82 186.32 1.208 225.129 0.87 1
24.934 8 Sand to Silty Sand 261.833 4.192 1.487 1.487 1.88 0.81876 0.94 0.429 1.880 0.82 214.38 1.171 250.945 0.86 1
25.262 9 Sand 288.73 4.167 1.507 1.507 1.82 0.81271 0.94 0.428 1.820 0.81 234.65 1.122 263.166 0.85 1
25.591 10 Gravelly Sand to Sand 312.716 4.979 1.528 1.528 1.84 0.80645 0.94 0.428 1.840 0.81 252.19 1.137 286.748 0.84 1
25.919 8 Sand to Silty Sand 281.003 4.995 1.548 1.548 1.91 0.80058 0.94 0.427 1.910 0.80 224.97 1.198 269.601 0.84 1
26.247 8 Sand to Silty Sand 233.117 3.966 1.568 1.568 1.95 0.7948 0.94 0.426 1.950 0.79 185.28 1.240 229.723 0.85 1
26.575 8 Sand to Silty Sand 241.801 4.03 1.588 1.588 1.94 0.7891 0.94 0.426 1.940 0.79 190.80 1.229 234.496 0.85 1
26.903 8 Sand to Silty Sand 268.991 4.642 1.608 1.608 1.92 0.78348 0.93 0.425 1.920 0.78 210.75 1.208 254.641 0.84 1
27.231 8 Sand to Silty Sand 258.42 5.145 1.628 1.628 1.98 0.77793 0.93 0.425 1.980 0.78 201.03 1.275 256.265 0.84 1
27.559 8 Sand to Silty Sand 229.126 4.517 1.647 1.647 2.02 0.77274 0.93 0.424 2.020 0.77 177.06 1.327 234.955 0.84 1
27.887 8 Sand to Silty Sand 218.157 3.443 1.667 1.667 1.96 0.76735 0.93 0.423 1.960 0.77 167.40 1.251 209.439 0.84 1
28.215 9 Sand 225.229 2.949 1.688 1.688 1.9 0.76177 0.93 0.423 1.900 0.76 171.57 1.189 203.974 0.84 1
28.543 9 Sand 240.379 3.145 1.708 1.708 1.88 0.75653 0.93 0.422 1.880 0.76 181.85 1.171 212.874 0.83 1
28.871 9 Sand 254.353 3.505 1.728 1.728 1.89 0.75137 0.93 0.421 1.890 0.75 191.11 1.180 225.430 0.82 1
29.199 9 Sand 274.471 3.714 1.749 1.749 1.86 0.74602 0.92 0.421 1.860 0.75 204.76 1.153 236.158 0.81 1
29.528 9 Sand 303.756 3.778 1.769 1.769 1.81 0.74099 0.92 0.420 1.810 0.74 225.08 1.114 250.742 0.80 1
29.856 9 Sand 313.028 3.631 1.789 1.789 1.78 0.73603 0.92 0.419 1.780 0.74 230.40 1.092 251.675 0.79 1
30.184 9 Sand 317.02 4.182 1.81 1.81 1.82 0.7309 0.92 0.418 1.820 0.73 231.71 1.122 259.865 0.79 1
30.512 9 Sand 320.926 4.546 1.83 1.83 1.84 0.72607 0.92 0.418 1.840 0.73 233.02 1.137 264.946 0.79 1
30.84 9 Sand 333.288 4.177 1.85 1.85 1.8 0.72131 0.92 0.417 1.800 0.72 240.40 1.107 266.046 0.78 1
31.168 9 Sand 345.205 4.242 1.871 1.871 1.78 0.71638 0.91 0.416 1.780 0.72 247.30 1.092 270.134 0.78 1
31.496 9 Sand 321.456 3.869 1.891 1.891 1.8 0.71174 0.91 0.415 1.800 0.71 228.79 1.107 253.197 0.78 1

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC (qc1N)cs CRR7.5 Kα

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

γd CSR qc1NSoil Behavior Type CQIc* F.S.
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME WILLOW ROAD EXTENSION AT ROUTE 101 FAULT INFO FAULT M w  = 6.5
PROJECT NO. 203125.EXT SANTA MARIA RIVER - FOXEN CANYON FAULT MSF = 1.44
CPT NO. CPT-2 a max  (g)= 0.7

DESIGN GW DEPTH= 18

Depth qc fs σv u σv'
(ft) (tsf) (tsf) (tsf) (tsf) (tsf)

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC (qc1N)cs CRR7.5 Kα

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

γd CSR qc1NSoil Behavior Type CQIc* F.S.

31.824 9 Sand 250.751 3.29 1.912 1.912 1.91 0.70694 0.91 0.414 1.910 0.71 177.27 1.198 212.437 0.80 1
32.152 9 Sand 217.237 2.648 1.932 1.932 1.93 0.70243 0.91 0.414 1.930 0.70 152.59 1.218 185.929 0.81 1
32.48 9 Sand 205.917 2.21 1.952 1.952 1.92 0.69797 0.91 0.413 1.920 0.70 143.72 1.208 173.658 0.81 1
32.808 9 Sand 180.68 1.753 1.973 1.973 1.94 0.69335 0.90 0.412 1.940 0.69 125.27 1.229 153.961 0.42 0.82 1 1.02
33.136 9 Sand 168.431 1.27 1.993 1.993 1.9 0.68901 0.90 0.411 1.900 0.69 116.05 1.189 137.965 0.32 0.82 1 0.79
33.465 9 Sand 179.912 2.051 2.013 2.013 1.99 0.68472 0.90 0.410 1.990 0.68 123.19 1.287 158.564 0.45 0.82 1 1.10
33.793 9 Sand 244.702 3.427 2.034 2.034 1.95 0.68027 0.90 0.409 1.950 0.68 166.46 1.240 206.392 0.79 1
34.121 8 Sand to Silty Sand 358.269 6.1 2.054 2.054 1.9 0.67609 0.90 0.408 1.900 0.68 242.22 1.189 287.964 0.75 1
34.449 9 Sand 431.26 7.07 2.074 2.074 1.84 0.67196 0.89 0.407 1.840 0.67 289.79 1.137 329.500 0.75 1
34.777 9 Sand 401.605 5.133 2.094 2.094 1.78 0.66788 0.89 0.406 1.780 0.67 268.22 1.092 292.993 0.74 1
35.105 9 Sand 335.535 3.762 2.115 2.115 1.8 0.66365 0.89 0.405 1.800 0.66 222.68 1.107 246.428 0.74 1
35.433 9 Sand 300.22 3.343 2.135 2.135 1.84 0.65967 0.89 0.404 1.840 0.66 198.05 1.137 225.185 0.76 1
35.761 9 Sand 314.185 3.451 2.155 2.155 1.82 0.65574 0.89 0.403 1.820 0.66 206.02 1.122 231.057 0.75 1
36.089 9 Sand 321.333 4.368 2.176 2.176 1.88 0.65166 0.88 0.402 1.880 0.65 209.40 1.171 245.117 0.74 1
36.417 8 Sand to Silty Sand 270.404 4.88 2.196 2.196 2.03 0.64782 0.88 0.401 2.030 0.65 175.17 1.341 234.944 0.77 1
36.745 10 Gravelly Sand to Sand 211.615 2.933 2.216 2.216 2.02 0.64403 0.88 0.399 2.020 0.64 136.29 1.327 180.853 0.79 1
37.073 9 Sand 198.305 1.046 2.237 2.237 1.8 0.64009 0.88 0.398 1.800 0.64 126.93 1.107 140.472 0.34 0.79 1 0.85
37.402 9 Sand 182.557 1.282 2.257 2.257 1.9 0.63639 0.87 0.397 1.900 0.64 116.18 1.189 138.117 0.33 0.80 1 0.82
37.73 9 Sand 172.262 1.224 2.278 2.278 1.93 0.63255 0.87 0.396 1.930 0.63 108.96 1.218 132.769 0.30 0.80 1 0.75
38.058 8 Sand to Silty Sand 77.655 0.705 2.297 2.297 2.29 0.62911 0.87 0.395 2.290 0.63 48.85 1.917 93.655 0.16 0.85 1 0.40
38.386 7 Silty Sand to Sandy Silt 31.248 0.321 2.317 2.317 2.69 0.62553 0.86 0.393 0.85 1
38.714 7 Silty Sand to Sandy Silt 26.963 0.227 2.336 2.336 2.72 0.62217 0.86 0.392 0.84 1
39.042 7 Silty Sand to Sandy Silt 26.527 0.228 2.355 2.355 2.73 0.61885 0.86 0.391 0.84 1
39.37 6 Sandy Silt to Clayey Silt 25.617 0.334 2.374 2.374 2.83 0.61556 0.86 0.390 0.84 1
39.698 6 Sandy Silt to Clayey Silt 28.214 0.595 2.393 2.393 2.9 0.6123 0.85 0.388 0.84 1
40.026 6 Sandy Silt to Clayey Silt 32.281 0.878 2.412 2.412 2.91 0.60908 0.85 0.387 0.84 1
40.354 5 Clayey Silt to Silty Clay 32.86 0.979 2.431 2.431 2.93 0.60589 0.85 0.386 0.84 1
40.682 5 Clayey Silt to Silty Clay 33.315 0.997 2.449 2.449 2.93 0.6029 0.84 0.384 0.84 1
41.011 5 Clayey Silt to Silty Clay 31.343 1.012 2.468 2.468 2.98 0.59978 0.84 0.383 0.83 1
41.339 5 Clayey Silt to Silty Clay 30.623 0.941 2.487 2.487 2.98 0.59669 0.84 0.382 0.83 1
41.667 5 Clayey Silt to Silty Clay 31.011 0.937 2.506 2.506 2.97 0.59363 0.84 0.380 0.83 1
41.995 5 Clayey Silt to Silty Clay 31.58 0.963 2.525 2.525 2.97 0.5906 0.83 0.379 0.83 1
42.323 5 Clayey Silt to Silty Clay 31.855 0.951 2.543 2.543 2.96 0.58776 0.83 0.378 0.83 1
42.651 5 Clayey Silt to Silty Clay 32.443 0.988 2.562 2.562 2.96 0.5848 0.83 0.376 0.83 1
42.979 5 Clayey Silt to Silty Clay 33.485 1.022 2.581 2.581 2.96 0.58186 0.82 0.375 0.83 1
43.307 6 Sandy Silt to Clayey Silt 35.031 1.006 2.6 2.6 2.93 0.57895 0.82 0.373 0.83 1
43.635 6 Sandy Silt to Clayey Silt 37.951 1.057 2.619 2.619 2.89 0.57607 0.82 0.372 0.82 1
43.963 6 Sandy Silt to Clayey Silt 42.236 1.14 2.637 2.637 2.84 0.57336 0.81 0.370 0.82 1
44.291 6 Sandy Silt to Clayey Silt 45.886 1.341 2.656 2.656 2.83 0.57054 0.81 0.369 0.82 1
44.619 6 Sandy Silt to Clayey Silt 50.768 1.494 2.675 2.675 2.8 0.56774 0.81 0.367 0.82 1
44.948 6 Sandy Silt to Clayey Silt 53.072 1.563 2.694 2.694 2.79 0.56497 0.80 0.366 0.82 1
45.276 6 Sandy Silt to Clayey Silt 50.882 1.506 2.713 2.713 2.8 0.56223 0.80 0.364 0.82 1
45.604 6 Sandy Silt to Clayey Silt 48.427 1.42 2.731 2.731 2.82 0.55965 0.80 0.363 0.82 1
45.932 6 Sandy Silt to Clayey Silt 44.312 1.35 2.75 2.75 2.87 0.55696 0.79 0.361 0.82 1
46.26 6 Sandy Silt to Clayey Silt 42.511 1.222 2.769 2.769 2.87 0.5543 0.79 0.360 0.82 1
46.588 6 Sandy Silt to Clayey Silt 42.103 1.222 2.788 2.788 2.88 0.55165 0.79 0.358 0.81 1
46.916 6 Sandy Silt to Clayey Silt 42.303 1.145 2.806 2.806 2.87 0.54918 0.78 0.357 0.81 1
47.244 6 Sandy Silt to Clayey Silt 43.051 1.12 2.825 2.825 2.85 0.54658 0.78 0.355 0.81 1
47.572 6 Sandy Silt to Clayey Silt 41.487 1.274 2.844 2.844 2.91 0.54402 0.78 0.354 0.81 1
47.9 6 Sandy Silt to Clayey Silt 40.757 1.237 2.863 2.863 2.92 0.54147 0.77 0.352 0.81 1

48.228 6 Sandy Silt to Clayey Silt 43.886 1.253 2.882 2.882 2.88 0.53895 0.77 0.351 0.81 1
48.556 6 Sandy Silt to Clayey Silt 46.408 1.343 2.9 2.9 2.86 0.53659 0.77 0.349 0.81 1
48.885 6 Sandy Silt to Clayey Silt 48.038 1.319 2.919 2.919 2.84 0.53411 0.76 0.348 0.81 1
49.213 6 Sandy Silt to Clayey Silt 48.72 1.346 2.938 2.938 2.83 0.53166 0.76 0.346 0.81 1
49.541 6 Sandy Silt to Clayey Silt 50.873 1.475 2.957 2.957 2.83 0.52923 0.76 0.345 0.81 1
49.869 6 Sandy Silt to Clayey Silt 57.926 1.724 2.976 2.976 2.79 0.52682 0.75 0.343 0.80 1
50.197 6 Sandy Silt to Clayey Silt 58.116 1.835 2.994 0.006 2.989 2.81 0.52519 0.75 0.342 0.80 1
50.525 6 Sandy Silt to Clayey Silt 53.414 1.679 3.013 0.016 2.997 2.84 0.52418 0.75 0.342 0.80 1
50.853 6 Sandy Silt to Clayey Silt 50.276 1.494 3.032 0.026 3.006 2.85 0.52306 0.74 0.341 0.80 1
51.181 6 Sandy Silt to Clayey Silt 48.067 1.449 3.051 0.036 3.014 2.87 0.52207 0.74 0.341 0.80 1
51.509 6 Sandy Silt to Clayey Silt 47.043 1.403 3.07 0.047 3.023 2.88 0.52096 0.74 0.341 0.80 1
51.837 6 Sandy Silt to Clayey Silt 46.881 1.371 3.088 0.057 3.032 2.88 0.51985 0.73 0.340 0.80 1
52.165 6 Sandy Silt to Clayey Silt 47.536 1.3 3.107 0.067 3.04 2.85 0.51887 0.73 0.340 0.80 1
52.493 6 Sandy Silt to Clayey Silt 49.119 1.333 3.126 0.077 3.049 2.84 0.51777 0.73 0.339 0.80 1
52.822 6 Sandy Silt to Clayey Silt 51.271 1.431 3.145 0.088 3.057 2.83 0.5168 0.72 0.339 0.80 1
53.15 6 Sandy Silt to Clayey Silt 52.513 1.544 3.164 0.098 3.066 2.84 0.51571 0.72 0.339 0.80 1
53.478 6 Sandy Silt to Clayey Silt 51.138 1.54 3.182 0.108 3.074 2.86 0.51474 0.72 0.338 0.80 1
53.806 6 Sandy Silt to Clayey Silt 51.66 1.516 3.201 0.118 3.083 2.85 0.51366 0.71 0.338 0.80 1
54.134 6 Sandy Silt to Clayey Silt 57.585 1.95 3.22 0.129 3.091 2.84 0.5127 0.71 0.337 0.80 1
54.462 6 Sandy Silt to Clayey Silt 59.007 2.043 3.239 0.139 3.1 2.84 0.51163 0.71 0.337 0.80 1
54.79 6 Sandy Silt to Clayey Silt 53.793 1.776 3.258 0.149 3.109 2.87 0.51056 0.71 0.336 0.80 1
55.118 6 Sandy Silt to Clayey Silt 54.03 1.783 3.276 0.159 3.117 2.87 0.50961 0.70 0.336 0.80 1
55.446 6 Sandy Silt to Clayey Silt 54.068 1.834 3.295 0.17 3.126 2.87 0.50855 0.70 0.335 0.80 1
55.774 5 Clayey Silt to Silty Clay 53.565 1.844 3.314 0.18 3.134 2.88 0.50761 0.70 0.335 0.80 1
56.102 5 Clayey Silt to Silty Clay 52.835 1.815 3.333 0.19 3.143 2.89 0.50656 0.69 0.334 0.80 1
56.43 5 Clayey Silt to Silty Clay 69.834 2.916 3.352 0.2 3.151 2.84 0.50563 0.69 0.334 0.79 1
56.759 11 Sitff Fine-Grained 163.463 6.972 3.373 0.21 3.163 2.56 0.50424 0.69 0.333 2.560 0.50 82.42 3.091 254.738 0.79 1
57.087 11 Sitff Fine-Grained 174.48 9.312 3.394 0.221 3.174 2.62 0.50297 0.68 0.333 0.79 1
57.415 11 Sitff Fine-Grained 149.29 8.519 3.416 0.231 3.185 2.69 0.50171 0.68 0.332 0.79 1
57.743 11 Sitff Fine-Grained 177.334 8.709 3.437 0.241 3.196 2.59 0.50045 0.68 0.332 2.590 0.50 88.75 3.266 289.853 0.79 1
58.071 11 Sitff Fine-Grained 200.532 10.737 3.459 0.251 3.207 2.58 0.49921 0.68 0.331 2.580 0.50 100.11 3.206 320.987 0.79 1
58.399 11 Sitff Fine-Grained 141.943 10.059 3.48 0.262 3.218 2.77 0.49796 0.67 0.331 0.79 1
58.727 11 Sitff Fine-Grained 99.053 6.658 3.501 0.272 3.23 2.87 0.49661 0.67 0.330 0.79 1
59.055 11 Sitff Fine-Grained 83.381 4.737 3.523 0.282 3.241 2.88 0.49538 0.67 0.330 0.79 1
59.383 11 Sitff Fine-Grained 65.7 3.396 3.544 0.292 3.252 2.93 0.49416 0.66 0.329 0.79 1
59.711 7 Silty Sand to Sandy Silt 80.537 1.99 3.564 0.303 3.261 2.66 0.49316 0.66 0.329 0.79 1
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Office of Special Funded Projects 
Comment & Response Form 

.General Project Information Review Phase Reviewer Information 
Dist: 05      EA: 454701. 
 
Project  Name: Willow Rd UC + 1 
 
OSFP Liaison:  B. Massey 
   Phone: 916-227-8868 
   e-mail:       

 PSR/PDS (Review No.  ) 
 APS/PSR (Review No.  ) 
 APS/PR (Review No.  ) 
Type Selection

 65% PS&E Unchecked Details  
 PS&E (Review No.  )  
 Construction Support 
Other:     

Reviewer Name:Mike Finegan   
Functional Unit:Geotechncial Design. 
Cost Center:59-323 
     Phone Number: 805-549-3194     
     e-mail:           
 
Date of Review: 5-21-09     

Structure Information 
(Use when necessary to document comments by individual structure) 

Structure Name:       
Br No:       

Consultant Information (to be filled in by Consultant)
Consultant Structure Lead (First and Last Name)

           . 
Structure Consultant Firm 

            . 
Phone Number 

           . 
e-mail 
           . 

Response Date 
          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 
Section, 
or SSP Review Comments  Consultant Responses 

1 P  Need Quality Control / Quality Assurance Documentation 
for the LOTB sheets for both the Willow Rd UC and the 
Retaining Wall.  A Memorandum with the subject Quality 
Control / Quality Assurance Documentation on LOTB 
Sheets was prepared by James Davis, Deputy Division 
Chief, Geotechnical Services, dated July 1, 2007.  The 
memo states that effective August 1, 2007, all Geotechnical 
Services staff and consultants shall use the procedures in 
this memorandum when preparing LOTB sheets.  

Quality Control/Quality Assurance documentation for the 
LOTB sheets are attached in Appendix A for both the 
Willow Road UC and retaining wall foundation reports.  

 

2 P  The soil description and identification on the LOTBs does 
not follow the identification and description sequence in the 
June 2007 Soil and Rock Logging, Classification, and 
Presentation Manual. 

The soil description and identification has been revised in 
accordance with the June 2007 Soil and Rock Logging, 
Classification, and Presentation Manual. 

 

3 P 20, 30 Bench Mark information is not on the LOTB sheets. Benchmark information has been added.  
4 P  The borehole naming convention does not follow the June 

2007 Soil and Rock Logging, Classification, and 
Presentation Manual 

The borehole naming convention has been revised.  



Dist-EA: 05-454701              Str Name (if app.):         Str No.       
Reviewer: Mike Finegan    Functional Unit: Geotechncial Design     5-21-09 
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5 P, FR 2, 8 For the Willow Rd UC the Pile Data Table in the FR shows 
0 tension on the piles and the Pile Data Table on the Plans 
shows 140k of tension on the piles.  A tension pile tip 
elevation is required on the Pile Data Table if there is 
tension on the piles. 

We have double-checked with the structural designer.  The 
nominal tension demand is 0 for the piles.  The Pile Data 
Table on the plans will be revised accordingly. 

 

6 P, FR 23, 5 At the soldier pile wall pile tip elevations are shown to be as 
much as16 feet below the ground water table.  Temporary 
casing is recommended in the FR to be used to control 
caving and dewatering / pumping (?) is recommended to 
control ground water.  In our experience it is not possible to 
withdraw the casing while placing concrete in the drilled 
hole and be able to hold the steel soldier pile in place.  
Pumping and dewatering are likely not feasible at this site as 
water cannot adequately be pumped out of a cased hole prior 
to concrete placement and a dewatering scheme would need 
to be elaborate for a wall 288 feet long.  A retaining wall 
founded on driven piles or a soil nail wall would be better 
retaining wall alternatives from a constructability 
standpoint. 

The wall layout line is next to the right-of-way, and there is 
an existing building (nursery) in close proximity. Therefore 
a soldier pile lagging wall was selected at the location, and 
these items were discussed in the Type Selection Meeting on 
9/17/2007. 
 
To facilitate construction, the contractor has the option to 
use slurry construction to stabilize the hole with partial 
casing for the upper portion.  It does not have to be full 
depth casing for construction.  We have revised the language 
in the report.  

 

7 FR 8 The undercrossing requires an excavation of approximately 
25 feet from existing grade.  This excavation will be 
approximately 4 feet above the ground water elevation.  
Ground water fluctuation or additional excavation for the 
roadway structural section may result in ground water being 
encountered or pumping sub-grade below the structural 
section.  Provisions should be made in the roadway plans for 
this possibility. 

To facilitate construction and compaction operation, it is 
recommended that, at deeper part of the cut, a layer of 
geotextile fabric (Caltrans Standard Specification Section 
88-1.04 Type B) with a foot of Aggregate Base be used 
below the pavement subgrade.  This applies to location 
where the subgrade is below Elev. 343 feet. (The design 
groundwater level is at Elev. 341 ft). The intention is to 
mitigate potential pumping subgrade by creating a “working 
platform”. The provision has been provided to the roadway 
designer. 

 

8      
9      

10      
11      
12      
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Rajappan & Meyer Consulting Engineers, Inc.            October 8, 2008 (Rev.) 
1038 Leigh Avenue, Suite 100      Job No.: 203125.WIL 
San Jose, CA 95126 
 
Attn.: Mr. Keith Meyer 
 
Sub: Memorandum for Updated Foundation Design Information (Type Selection) 
 Willow Road Undercrossing (Br. No. 49-0252 L/R) & Retaining Wall (49-E0016)  
 San Luis Obispo County, CA   05-SLO-101   EA 47450 
 
Dear Mr. Meyer: 
 
As requested, we are providing this memorandum for updated foundation design information 
(type selection) for the proposed Willow Road Undercrossing and retaining wall at Route 101 in 
the San Luis Obispo County, California. 
 
Introduction 
 
It is proposed to construct a new interchange at Willow Road and Route 101 near the City of 
Nipomo in San Luis Obispo County, CA.  The new Route 101 undercrossing structure will 
require cut on the order of 25 feet below existing grade for the Willow Road extension.  The 
planned undercrossing (UC) consists of left and right structures; each one is a single span CIP/PS 
concrete box girder structure of 142 feet in length and 42 feet in width.  In addition, a soldier pile 
lagging wall is planned at the southeast quadrant of the interchange.  The wall is in cut and along 
the Route 101 NB off-ramp. The previous design of the undercrossing is one structure. 
 
Previously, two reports, namely a draft Foundation Report for Willow Road Undercrossing at 
Route 101 (May 2007, Parikh Job No. 203125.WIL) and a Geotechnical Design and Materials 
Report for Willow Road at Route 101 Interchange (July 2007, Parikh Job No. 203125.GD1) 
were submitted for this project.  These two reports had been reviewed by Caltrans, and a type 
selection meeting was held on 19 October 2007 with Caltrans to review the project’s overall 
design.  Caltrans geotechnical comments were mainly on the liquefaction potential of subsoils 
because bridge foundations and retaining wall costs will be significantly affected.  Caltrans 
encouraged the consultant to verify/perform study to see if liquefaction is in fact the case. 
 
Supplemental Field Investigation Using CPT 
 
In response to the comments and phone conversation with Caltrans (Mr. John Bowman), a 
supplemental site investigation consisting of two cone penetration tests (CPT) were carried out in 
November 2007 to verify the soil information from the hollow stem auger borings carried out 
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earlier in 2007.  This memo presents the results from the CPT tests and evaluation of liquefaction 
potential based on the existing borings and supplemental CPT data.  
 
Gregg Drilling & In Situ, Inc. performed the CPTs.  Two CPTs, CPT-1 and CPT-2, were carried 
out at locations near previous borings, 07-BR-1 (bridge location) and 07-RW-9 (wall location), 
respectively.  The CPT locations are shown in relation to the boring locations on the attached 
Site Plan.  Logs and results from these two borings and the CPT test are also attached.  The 
design groundwater is recommended to be at Elev. +340 ft based on hollow stem auger borings. 
 
Liquefaction Potential Evaluation per CPT Data 
 
Methodology.   The liquefaction potential evaluation was performed in accordance with the 
methods proposed by Youd, et al. (2001) using the CPT procedures.  The hollow-stem auger 
boring data were used for reference.  The CPT-based liquefaction analysis results are attached 
with this memo.  In the attachments, the CPT Data Correlations showing soil strength, correlated 
SPT-N60, soil behavior index (Ic) and generalized soil profile are presented along with 
liquefaction analysis results.  Based on Youd, et al (2001), soils with (N1)60-cs less than 30 (SPT 
procedures), or corrected Cone Tip Resistance (qc1N)cs less than 160 (CPT procedures) are found 
to be potentially liquefiable.  Soils with CPT data showing Soil Index (Ic) < 2.6 (most likely 
granular) and (qc1N)cs less than 160 are considered liquefiable, unless sampling and laboratory 
data from neighboring borings suggested otherwise. 
 
Liquefaction Potential Zone.   Based on the high PGA and Mw for the design earthquake, the 
analysis results indicated that the submerged medium dense sandy soil at approximate depth of 
36 to 39 feet (Elev. 331 to 334 ft) below existing ground level may be prone to liquefaction.  The 
CPT provides continuous data through the profile, and the sporadic small/thin sand lenses (less 
than 2 feet thick) embedded in generally stiff clay strata are considered insignificant in terms of 
liquefaction potential and impact.  Although the results from CPT-2 show thin layers (1 ft or so) 
with liquefaction potential (thus insignificant impact), the data together with CPT-1 and auger 
borings indicate a general trend of the medium dense layer up to about 3 ft thick at approx. 40-ft 
depth below grade, just above the clay.  Post liquefaction settlement on the order of half an inch 
may be anticipated.   

Potential Liquefaction Zone 
Locations  Reference Boring Potential Liquefaction Zone 
CPT - 1 07-BR-1 Silty Sand Layer at Elev. 331’ to 334’ 

 
Therefore, we have assumed liquefaction condition (Elev. 331 to 334 ft) for design of the bridge 
foundations and lagging wall.  For the bridge foundations, the impact is small since the thin layer 
does not cause concern of down drag load.  For the lagging wall, we have considered the effect 
of liquefaction on lateral earth (active and passive) pressures for design of soldier piles.  
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Foundations for Willow Road Undercrossing 
The proposed undercrossing consists of left and right single span structures using CIP/PS 
Concrete Box Girder supported on piles at the abutments.  Pile caps are located within the two 
abutment slopes.  Based on the general plan, the undercrossing requires an excavation of 
approximately 25 feet from existing grade. 
 
Based on results from the existing borings and supplemental investigation (CPT), we have 
revised the pile design.  It is recommended that Class 140, 14-inch diameter pipe piles (Alt. “V”) 
with tip elevation of +305 feet be used.  The estimated specified tip elevations for the anticipated 
design loading of the piles are shown below.  The planned footing bottom elevations are also 
shown in the tables.  

Pile Data Table (Class 140 Alt. “V”) 

Nominal Resistance 
 Location Pile Type 

Design 
Loading 
(Service) Compression Tension 

Footing 
Elev. (ft)

Design Tip 
Elev.  (ft) 

Specified Tip 
Elev.  (ft) 

Abutments PP 14 x 0.25 140 kips 280 kips 0 ~356 305(1);  
326(2) 305 

*Design tip elevations are controlled by the following demands: (1) Compression, (2) Lateral Load 
 

The CPT results indicate that the subsoils between Elev. 331 ft and 334 ft may be subject to 
liquefaction.  We have therefore neglected the capacity contribution from this layer in pile 
capacity calculation.  The amount of settlement induced from liquefaction potential is relatively 
small (estimated to be approx. ½”).  Therefore, down drag load is not a concern for pile design.  
 
Soldier Pile and Lagging Wall (Approx. Sta. 345+96 to 348+84) 
A soldier pile and lagging wall is proposed to retain the cut for the northbound off-ramp.  Based 
on the data from Borings 07-RW-9 and 07-BR-1 and 07-CPT-1 and 07-CPT-2, we anticipate that 
some of the soldier piles will be in the medium dense silty sand (SM).  Groundwater was 
encountered at approximately 30 feet below ground level during drilling and was assumed in our 
analysis.  Portions of the soldier piles are expected to extend below this ground water level.  We 
understand the wall will have a concrete facing.  Drainage behind the wall should also be 
provided using geocomposite system.   
 
Based on the plans provided to us by Rajappan & Meyer, we understand that the soldier pile wall 
will retain a cut with maximum height of 14 feet.  The ground behind the wall is anticipated to be 
relatively level.   
 
The design of the soldier pile and lagging wall should be performed in accordance with Caltrans 
Bridge Design Specifications (Section 5).  If the soldier pile tips extend within 3 feet above the 
top of the liquefiable layer, they should extend below this potentially liquefiable layer. In 
addition, passive earth pressures should be ignored at the potentially liquefiable sand layer (Elev. 
331 to 334 feet) in the design calculation.  For the proposed soldier pile and lagging wall, it is 



Rajappan & Meyer Consulting Engineers, Inc. 
Job No: 203125.WIL (Willow Road UC & Lagging Wall) 
October 8, 2008 
Page 4 
 

 

anticipated that the soldier piles will consist of 30- inch diameter Cast-In-Drilled-Hole (CIDH) 
concrete piles.  The pile spacing may be on the order of 6 to 8 feet on centers.  Relevant 
geotechnical parameters for developing the lateral earth pressure diagram are summarized as 
follows: 
 
• Design Groundwater at Elevation 340 ft.   
• Maximum Design Wall Height = 14 feet (level ground surface behind the wall) 
• Effective Soil Unit Weight = (120 pcf above Elev. 340ft; 58 pcf below Elev. 340ft) 
• Active Earth Pressure: Ka = 0.31 (above Elev. 334ft, φ = 32°, for silty sand/loose) 
• Active Earth Pressure: Ka = 0.36 (below Elev. 331ft, φ = 28° & c’ = 500 psf for clay) 
• Passive Earth Pressure: Kp = 6.7 (above Elev. 334ft, per Log-Spiral φ = 34°, δ = 17°, 

for native silty sand/medium dense) 
• Passive Earth Pressure: Kp = 2.77 (below Elev.331ft, φ = 28°, c’ = 500 psf, for clay) 
• Passive Earth Pressure at liquefiable layer (Elev. 331 to 334 ft) should be disregarded 
• Maximum Pile Isolation factor (passive arching capability) = 2.0 for permanent wall 

with facing that is continuous across the vertical elements.  Therefore, the effective 
width for passive resistance is two times the diameter of the planned CIDH piles.  

• Arching factor: f = 0.83 (per Caltrans Trenching and Shoring Manual); assuming 30-
inch diameter soldier piles with pile spacing of 6 feet on centers 

 
Simplified Pressure Diagram for Design.   A lateral earth pressure diagram for 14 ft wall height 
is attached.  The pressure diagram is drawn based on the soil parameters above.  Within the 
liquefiable layer (Elev. 331 to 334 ft), Ka = 1.0 and Kp = 0 (passive is neglected).  Per discussion 
with the designer, the pressure diagram appears to be too complicated to use for conventional 
design of piles penetrating through the liquefied layer.  In order not to involve sophisticated/ 
elaborated computer programs for Soil-Structure Interaction type of analysis, we have simplified 
the pressure diagram so that a conventional/hand design can be performed. The simplified 
pressure diagram is also attached with this memo.  We considered “equivalent total force” in 
simplifying the diagram through about Elev. 326 ft.  For the underlying clay, the simplified Ka = 
0.5 & Kp = 3.77 appear to be on the conservative side (for clay with φ = 28°, Ka = 0.36 & Kp = 
4.2 per Log–Spiral).  The simplification may be refined after some initial design work and 
interaction with the designer.    
 
Seismic Design Data 
 
Based on the seismic hazard map prepared by Mualchin (Caltrans 1996), the governing fault for 
the proposed structure is the Santa Maria River-Foxen Canyon Fault (SMF, Mw=6.5, style of 
faulting: Reverse) located within 1 km from the site.  The recommended Peak Bedrock 
Acceleration for design is 0.7 g. 
   
The recommended curve is based on Caltrans Seismic Design Criteria (Version 1.4).  A fault 
map and the ARS Design Curve are attached with this memo.  The seismic design criteria were 
submitted before in previous reports. The criteria are as follows: 
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   Br. No. 49E0016 
From: BRENT I. MASSEY   

Senior Liaison Engineer 
Office of Special Funded Projects 

 Structure Design Services & Earthquake Engineering 
 Division of Engineering Services 

 
Subject: Subject:  Summary of Type Selection Meeting 

 
A Type Selection Meeting was held on September 17, 2007, to discuss design aspects of 
the above noted structures.  The following representatives attended the meeting: 
 

Fritz Hoffman Structures Design 
Richard Dills Structures Maintenance 
Ricard Fuentes Structures Maintenance 
Nizar Melehani Structures Specifications 
John Lammers Structures Construction 
John Bowman Geotech (North) 
Kantima Green Structures Aesthetics 
Brent Massey Special Funded Projects 
Earl Seaberg  Special Funded Projects 
Allen Wang Rajappan & Meyer Consulting 
John Nguyen Rajappan & Meyer Consulting 
Kianoush Harirsaz Rajappan & Meyer Consulting 
Dale Ramey County of San Luis Obispo 

 
The meeting concluded with Type Selection Approval being withheld until the consultant 
examines issues that were raised and are discussed below.  (Note that the delay in sending 
this memo is due to the need after the meeting for DES representatives to review and 
comment on potential fault rupture, liquefaction, and aesthetic issues.)  
 

1. Because of the undercrossing’s relatively long span, deflection differences between 
the stages is of concern because of the potential for water ponding and uneven 
riding surfaces.  To minimize the potential, the consultant should consider 
modifying the design in the following ways:   
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a. Construct the bridge in two stages instead of three where the freeway traffic in 
Stage 1 will be shifted to the median instead of building the median portion of 
the structure first.  Besides eliminating a source for water ponding etc, the bridge 
will be cheaper to construct.  

  
b. Add girders to the superstructure.  Besides helping with deflections, this will 

also help lower the Pjack per girder. 
 

c. Shorten the bridge.  If the toes of the abutment slopes (which are at 1.5:1) are 
moved out to match the adjacent 2:1 slopes the bridge can be made about 20’ 
shorter.  If the roadway underneath needs widened for a ramp in the future, a 
retaining wall can be built to retain the abutment slope.  

 
A subsequent discussion with the District (John Fouche) regarding the 
possibility of using a shorter bridge shows that we (CT) are not clear what 
exactly the configuration of Willow Road will be.  So we can be certain of the 
configuration, the consultant needs to submit Typical Sections showing Willow 
Road in near term and in the future.  The sections should show the sidewalks, 
equestrian trails, traveled lanes, future ramp, etc.  

 
2) Liquefaction.  The Preliminary Foundation Report (PFR) indicates there is liquefiable 

soil at the bridge.  However, there is no discussion of liquefaction relative to the 
soldier pile wall and there needs to be.  If there liquefiable soil at the soldier pile wall, 
the consultant needs to document/submit how the wall will be designed for it.  

 
However, our geotechnical review shows the soils are probably not liquefiable, and 
that the borings for the project were made with augers below the water table with 2.5" 
samplers which is not appropriate for determining the liquefaction potential of a site.  
Drilling with augers below the water table in granular soils usually results in 
disturbance of the soils and an unreliable SPT value.  Sampling with other than a 
standard 2" OD, 1.4"ID SPT sampler causes additional uncertainity in the SPT "N" 
value. 
 
Because bridge foundations and the retaining wall costs will be significantly more 
expensive if there is liquefaction, we encourage the consultant to verify/perform study 
to see if liquefaction is in fact the case. 

 
3) Fault Rupture.  Our geotechnical review of data relative to the fault shows that the 

structures do not need to be designed for fault rupture.  However, ARS curves need to 
be modified for the fault’s presence. 
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4) Aesthetics.  Aesthetic recommendations/requirements from our DES Aesthetics Unit 
for the undercrossing and the soldier pile retaining wall are shown in Attachment 1.  
Shortly, I will be contacting the district landscape architect unit and the county to get 
concurrence/comments and hopefully the outcome will be aesthetics that all can agree 
on.   

  
The consultant in conjunction with the district landscape architects should determine 
the aesthetics for retaining walls that DES will not oversight. 

 
5) Other Issues: 

 
a. Make the superstructure in each stage a unit unto itself where lateral forces are 

resisted by abutment shear keys.  Eliminate the soffit closure pours and connect 
the each stage superstructure with a deck closure pour.   

b. In calculating the movement for a joint seal, use the entire superstructure length.  
c. Provide for deck drainage and coordinate with the roadway designers where the 

deck drain will outlet to, and note that drop inlets located immediately off the 
bridge are often maintenance problems because of erosion.    

d. Going forward, the following bridge names and numbers are to be used: 
Willow Road UC, Br. No. 49-0252 
Retaining Wall at PM 6.45, Br No 49E0016.  

e. So the guard railing at the top of the soldier pile wall has room to deflect if 
struck, move it further back from the wall face.  

f. On the Soldier Pile Wall GP, show the Mirrored Develop Elevation View using 
the same vertical and horizontal scale.  Reduce the scale size to make it fit.  
Show larger views on other plan detail sheets along with other construction 
details.   

g. Regarding the Type Type 60C Barrier from offramp stations 345+/- to 345+75—
suggest to lower the top of barrier so that it is just tall enough to retain dirt and 
get rid of the step at station 345+75.  A step would not be aesthetically pleasing.  
Use MBGR and chain link fence to keep local traffic from the off ramp as was 
done for the soldier pile wall.   

h. Do not show shoring on the final plans or as an item in the estimate unless the 
plans provide a shoring design.  The Standard Specifications and Cal OSHA 
require the contractor to use shoring to preserve property and for worker safety.  
Account for the shoring costs in the Engineer’s Estimate by adjusting the 
contract item prices. 
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Status of Type Selection 
 
In consideration of the above, there are primary issues the consultant must examine and 
inform me of the resolution before the type selection can be approved.  The primary issues 
are as follows: 
 

1. The geometry of the bridge in terms of length, and girder spacing. 
2. Stage construction. 
3. Geometry of the roadway beneath the bridge. 
4. Potential for liquefaction. 
5. Design approach for the soldier pile wall if there is liquefaction.  

 
As the consultant examines issues they should apprised as they will need to submit the 
following documents for approval:    
 

 Updated/Revised General Plans for the undercrossing and retaining wall. 
 A memo that discusses the changes made to the structures and design 

approach. 
 Typical Sections of Willow Road (under the bridge) showing the 

configuration to be built in this contract and of that in the future. 
 
Should you have any questions or want to discuss, please call at (916) 227-8868. 

 
 
 
 
 

Attachment (to all) 
 
 
c: Meeting Attendees 
 John Fouche –Dist 05 Proj. Dev. 
 file  
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Attachment 1—Aesthetic Recommendations and Requirements 

 
Aesthetic recommendations and requirements for Willow Road Undercrossing and the off-ramp 
soldier pile wall should are as shown on the attached sketch and as described below.   
 
Willow Avenue Undercrossing 
 

1. No surface treatment/texture on abutments and wingwalls. 
  
2. Use radiused abutment corners and soffit corners on exterior girders as shown in the 

consultant’s Type Selection Report. 
  
3. Use a 6" overhang on the wingwalls, to match the edge of deck.  Continue the overhang to 

the to end of wingwalls. 
 

4. Stiff bloom finish (standard) treatment for slope paving-full slope. 
 

5. Use baluster type aesthetic treatment on the back faces of concrete barriers as shown in 
the attached sketch. 

 
 
Soldier Pile Wall 
 

1. Surface treatment as shown on the attached sketch.   
  

2. Surface treatments to begin at Sta.11+00 and end at Sta. 12+82.50 
 

3. Transition the Type 60C barrier so the top of the barrier does not step down at the start of 
the soldier pile wall.  

 
4. Use MBGR and chain link fence instead of barrier to keep local traffic off the off ramp. 

 
 
 
 
Please note that dimensions on the sketches will change slightly as the details are further refined. 
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