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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. 206127.BR (BR NO. 29 0189) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-CC-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 8 Sand to Silty Sand 101.565 1.564 0.308 0.308 1.7 1.45889 0.99 0.129 1.700 1.46 148.17 1.038 153.781 0.42 1.00 1
5.741 8 Sand to Silty Sand 162.324 2.051 0.347 0.347 1.55 1.42211 0.99 0.129 1.550 1.42 230.84 1.000 230.842 1.00 1
6.398 8 Sand to Silty Sand 141.504 2.036 0.387 0.387 1.65 1.38626 0.99 0.128 1.650 1.39 196.16 1.003 196.816 1.00 1
7.054 8 Sand to Silty Sand 169.399 2.367 0.427 0.427 1.62 1.35218 0.99 0.128 1.620 1.35 229.06 1.000 229.058 1.00 1
7.71 8 Sand to Silty Sand 173.13 2.698 0.466 0.466 1.68 1.32053 0.98 0.128 1.680 1.32 228.62 1.024 234.170 1.00 1
8.366 8 Sand to Silty Sand 191.16 2.957 0.506 0.506 1.67 1.28957 0.98 0.128 1.670 1.29 246.51 1.017 250.797 1.00 1
9.022 8 Sand to Silty Sand 187.98 2.865 0.546 0.546 1.69 1.26002 0.98 0.128 1.690 1.26 236.86 1.031 244.221 1.00 1
9.678 8 Sand to Silty Sand 192.567 3.182 0.585 0.585 1.73 1.23249 0.98 0.127 1.730 1.23 237.34 1.058 251.117 1.00 1
10.335 8 Sand to Silty Sand 183.829 3.059 0.625 0.625 1.76 1.20548 0.98 0.127 1.760 1.21 221.60 1.078 238.984 1.00 1
10.991 8 Sand to Silty Sand 174.581 2.783 0.665 0.665 1.77 1.17962 0.98 0.127 1.770 1.18 205.94 1.085 223.517 1.00 1
11.647 8 Sand to Silty Sand 204.422 3.415 0.704 0.704 1.76 1.15546 0.98 0.127 1.760 1.16 236.20 1.078 254.729 1.00 1
12.303 8 Sand to Silty Sand 215.297 3.437 0.744 0.744 1.75 1.13169 0.97 0.127 1.750 1.13 243.65 1.072 261.094 1.00 1
12.959 8 Sand to Silty Sand 202.937 3.124 0.784 0.784 1.76 1.10887 0.97 0.126 1.760 1.11 225.03 1.078 242.682 1.00 1
13.615 8 Sand to Silty Sand 225.973 3.716 0.823 0.823 1.77 1.08749 0.97 0.126 1.770 1.09 245.74 1.085 266.718 1.00 1
14.272 8 Sand to Silty Sand 275.511 4.93 0.863 0.863 1.76 1.06641 0.97 0.126 1.760 1.07 293.81 1.078 316.853 1.00 1
14.928 8 Sand to Silty Sand 288.155 5.744 0.903 0.903 1.8 1.04612 0.97 0.126 1.800 1.05 301.45 1.107 333.598 1.00 1
15.584 8 Sand to Silty Sand 253.43 4.487 0.942 0.942 1.8 1.02708 0.97 0.126 1.800 1.03 260.29 1.107 288.055 1.00 1
16.24 8 Sand to Silty Sand 228.208 3.95 0.982 0.982 1.83 1.00825 0.97 0.126 1.830 1.01 230.09 1.129 259.814 1.00 1
16.896 8 Sand to Silty Sand 250.819 4.833 1.022 1.022 1.85 0.9901 0.96 0.125 1.850 0.99 248.34 1.145 284.364 0.99 1
17.552 8 Sand to Silty Sand 259.545 4.614 1.062 1.062 1.83 0.97259 0.96 0.125 1.830 0.97 252.43 1.129 285.040 0.98 1
18.209 8 Sand to Silty Sand 204.479 3.966 1.101 1.101 1.93 0.95611 0.96 0.125 1.930 0.96 195.50 1.218 238.214 0.97 1
18.865 8 Sand to Silty Sand 206.747 3.607 1.141 1.141 1.9 0.93977 0.96 0.125 1.900 0.94 194.29 1.189 230.986 0.95 1
19.521 7 Silty Sand to Sandy Silt 157.198 4.035 1.18 1.18 2.12 0.92437 0.96 0.125 2.120 0.92 145.31 1.492 216.824 0.95 1
20.177 7 Silty Sand to Sandy Silt 93.298 1.729 1.218 1.218 2.18 0.90984 0.96 0.124 2.180 0.91 84.89 1.619 137.445 0.32 0.95 1
20.833 7 Silty Sand to Sandy Silt 90.287 1.742 1.257 1.257 2.21 0.8954 0.95 0.124 2.210 0.90 80.84 1.692 136.756 0.32 0.95 1
21.49 7 Silty Sand to Sandy Silt 144.815 2.998 1.295 1.295 2.1 0.88176 0.95 0.124 2.100 0.88 127.69 1.455 185.762 0.93 1
22.146 6 Sandy Silt to Clayey Silt 54.343 1.586 1.333 1.333 2.52 0.86854 0.95 0.124 2.520 0.87 47.20 2.872 135.537 0.31 0.94 1
22.802 5 Clayey Silt to Silty Clay 29.138 1.071 1.371 1.371 2.82 0.8557 0.95 0.123 0.94 1
23.458 3 Clay 19.703 0.883 1.407 1.407 3.03 0.84388 0.95 0.123 0.93 1
24.114 4 Silty Clay to Clay 14.884 0.55 1.445 1.445 3.1 0.83176 0.94 0.123 0.93 1
24.77 3 Clay 14.039 0.57 1.481 1.481 3.15 0.82059 0.94 0.123 0.92 1
25.427 4 Silty Clay to Clay 13.069 0.455 1.519 0.013 1.506 3.15 0.81301 0.94 0.123 0.92 1
26.083 4 Silty Clay to Clay 12.837 0.442 1.556 0.034 1.523 3.17 0.80793 0.94 0.125 0.92 1
26.739 5 Clayey Silt to Silty Clay 17.078 0.522 1.594 0.054 1.54 3.02 0.80292 0.94 0.126 0.92 1
27.395 5 Clayey Silt to Silty Clay 33.723 1.134 1.632 0.075 1.557 2.78 0.79797 0.93 0.127 0.92 1
28.051 6 Sandy Silt to Clayey Silt 50.876 1.557 1.669 0.095 1.574 2.61 0.79308 0.93 0.128 0.91 1
28.707 6 Sandy Silt to Clayey Silt 56.353 1.956 1.707 0.115 1.591 2.61 0.78825 0.93 0.129 0.91 1
29.364 5 Clayey Silt to Silty Clay 42.309 1.589 1.744 0.136 1.609 2.74 0.7832 0.92 0.130 0.91 1
30.02 5 Clayey Silt to Silty Clay 43.845 1.866 1.782 0.156 1.626 2.76 0.77849 0.92 0.131 0.91 1
30.676 6 Sandy Silt to Clayey Silt 52.949 1.342 1.82 0.177 1.643 2.56 0.77383 0.92 0.132 2.560 0.77 40.97 3.091 126.631 0.27 0.91 1 2.43
31.332 7 Silty Sand to Sandy Silt 64.788 1.143 1.858 0.197 1.661 2.4 0.76896 0.91 0.133 2.400 0.77 49.82 2.312 115.201 0.22 0.90 1 1.99
31.988 6 Sandy Silt to Clayey Silt 49.374 1.412 1.896 0.218 1.678 2.63 0.76442 0.91 0.134 0.90 1
32.644 6 Sandy Silt to Clayey Silt 50.802 1.525 1.933 0.238 1.695 2.64 0.75993 0.91 0.134 0.90 1
33.301 4 Silty Clay to Clay 56.206 2.689 1.971 0.259 1.712 2.74 0.75549 0.90 0.135 0.90 1
33.957 3 Clay 52.565 3.179 2.008 0.279 1.728 2.84 0.75137 0.90 0.136 0.90 1
34.613 5 Clayey Silt to Silty Clay 35.805 1.478 2.045 0.3 1.745 2.86 0.74703 0.89 0.136 0.89 1
35.269 4 Silty Clay to Clay 36.616 1.718 2.083 0.32 1.763 2.89 0.74249 0.89 0.137 0.89 1
35.925 4 Silty Clay to Clay 41.951 2.116 2.12 0.341 1.78 2.87 0.73826 0.88 0.137 0.89 1
36.581 3 Clay 27.89 1.608 2.157 0.361 1.796 3.06 0.73431 0.88 0.137 0.89 1
37.238 3 Clay 28.015 1.381 2.193 0.382 1.812 3.02 0.73041 0.87 0.138 0.89 1
37.894 3 Clay 32.358 1.806 2.23 0.402 1.828 3.01 0.72655 0.87 0.138 0.89 1
38.55 4 Silty Clay to Clay 47.61 2.207 2.268 0.423 1.845 2.82 0.7225 0.86 0.138 0.88 1
39.206 4 Silty Clay to Clay 49.186 2.2 2.305 0.443 1.862 2.79 0.71848 0.86 0.138 0.88 1
39.862 3 Clay 31.428 1.548 2.342 0.464 1.878 2.99 0.71475 0.85 0.138 0.88 1
40.518 5 Clayey Silt to Silty Clay 25.095 0.871 2.379 0.484 1.895 2.98 0.71082 0.85 0.138 0.88 1
41.175 6 Sandy Silt to Clayey Silt 28.599 0.804 2.417 0.504 1.913 2.87 0.70671 0.84 0.138 0.88 1
41.831 5 Clayey Silt to Silty Clay 24.783 0.732 2.455 0.525 1.93 2.94 0.70288 0.83 0.138 0.88 1
42.487 6 Sandy Silt to Clayey Silt 29.551 0.772 2.492 0.545 1.947 2.84 0.69908 0.83 0.138 0.88 1
43.143 6 Sandy Silt to Clayey Silt 35.153 1.033 2.53 0.566 1.964 2.81 0.69532 0.82 0.138 0.87 1
43.799 5 Clayey Silt to Silty Clay 40.409 1.405 2.567 0.586 1.981 2.8 0.69161 0.82 0.137 0.87 1
44.455 5 Clayey Silt to Silty Clay 57.277 2.417 2.605 0.607 1.998 2.74 0.68793 0.81 0.137 0.87 1
45.112 5 Clayey Silt to Silty Clay 49 1.813 2.643 0.627 2.015 2.76 0.68429 0.80 0.137 0.87 1
45.768 6 Sandy Silt to Clayey Silt 36.225 1.114 2.68 0.648 2.032 2.82 0.68069 0.80 0.136 0.87 1
46.424 5 Clayey Silt to Silty Clay 30.045 0.928 2.718 0.668 2.05 2.9 0.67692 0.79 0.136 0.87 1
47.08 5 Clayey Silt to Silty Clay 43.006 1.484 2.755 0.689 2.067 2.81 0.6734 0.78 0.136 0.86 1
47.736 7 Silty Sand to Sandy Silt 91.104 1.629 2.794 0.709 2.085 2.37 0.66971 0.78 0.135 2.370 0.67 61.01 2.194 133.866 0.30 0.86 1 2.67
48.392 6 Sandy Silt to Clayey Silt 61.989 1.753 2.832 0.73 2.102 2.63 0.66626 0.77 0.135 0.86 1
49.049 6 Sandy Silt to Clayey Silt 33.929 0.886 2.869 0.75 2.119 2.84 0.66285 0.76 0.134 0.86 1
49.705 6 Sandy Silt to Clayey Silt 46.306 1.134 2.907 0.771 2.136 2.7 0.65947 0.76 0.134 0.86 1
50.361 7 Silty Sand to Sandy Silt 58.808 1.049 2.945 0.791 2.154 2.54 0.65593 0.75 0.133 2.540 0.66 38.57 2.979 114.911 0.22 0.86 1 1.98
51.017 7 Silty Sand to Sandy Silt 71.418 1.202 2.984 0.812 2.172 2.46 0.65243 0.74 0.133 2.460 0.65 46.60 2.574 119.949 0.24 0.86 1 2.16
51.673 7 Silty Sand to Sandy Silt 44.974 0.4 3.023 0.832 2.191 2.49 0.64878 0.74 0.132 2.490 0.65 29.18 2.718 79.317 0.13 0.85 1 1.14
52.329 8 Sand to Silty Sand 53.257 0.436 3.062 0.852 2.21 2.4 0.64516 0.73 0.131 2.400 0.65 34.36 2.312 79.452 0.13 0.85 1 1.15
52.986 9 Sand 95.793 0.387 3.103 0.873 2.23 2.03 0.6414 0.72 0.131 2.030 0.64 61.44 1.341 82.406 0.13 0.85 1 1.20
53.642 8 Sand to Silty Sand 91.682 1.015 3.143 0.893 2.249 2.27 0.63787 0.72 0.130 2.270 0.64 58.48 1.856 108.545 0.20 0.85 1 1.82
54.298 6 Sandy Silt to Clayey Silt 26.376 0.717 3.18 0.914 2.266 2.96 0.63474 0.71 0.130 0.85 1
54.954 6 Sandy Silt to Clayey Silt 20.797 0.526 3.218 0.934 2.284 3.03 0.63146 0.70 0.129 0.85 1
55.61 6 Sandy Silt to Clayey Silt 22.492 0.547 3.256 0.955 2.301 2.99 0.62839 0.70 0.128 0.85 1
56.266 6 Sandy Silt to Clayey Silt 21.421 0.493 3.293 0.975 2.318 3 0.62536 0.69 0.128 0.85 1
56.923 6 Sandy Silt to Clayey Silt 22.906 0.496 3.331 0.996 2.335 2.97 0.62235 0.69 0.127 0.84 1
57.579 5 Clayey Silt to Silty Clay 24.846 0.699 3.368 1.016 2.352 3.01 0.61937 0.68 0.127 0.84 1
58.235 6 Sandy Silt to Clayey Silt 32.25 0.931 3.406 1.037 2.369 2.94 0.61642 0.67 0.126 0.84 1
58.891 5 Clayey Silt to Silty Clay 30.164 0.934 3.443 1.057 2.386 2.99 0.6135 0.67 0.125 0.84 1
59.547 5 Clayey Silt to Silty Clay 26.852 0.92 3.481 1.078 2.403 3.07 0.6106 0.66 0.125 0.84 1
60.203 6 Sandy Silt to Clayey Silt 47.7 1.06 3.519 1.098 2.421 2.73 0.60757 0.66 0.124 0.84 1
60.86 6 Sandy Silt to Clayey Silt 50.519 1.313 3.556 1.119 2.438 2.75 0.60473 0.65 0.124 0.84 1
61.516 7 Silty Sand to Sandy Silt 57.748 1.182 3.595 1.139 2.456 2.64 0.60175 0.65 0.123 0.84 1
62.172 6 Sandy Silt to Clayey Silt 57.102 1.535 3.633 1.16 2.473 2.72 0.59897 0.64 0.123 0.83 1
62.828 7 Silty Sand to Sandy Silt 69.416 1.364 3.671 1.18 2.491 2.56 0.59604 0.64 0.122 2.560 0.60 41.38 3.091 127.872 0.27 0.83 1 2.68
63.484 8 Sand to Silty Sand 91.036 1.122 3.711 1.201 2.51 2.34 0.59299 0.63 0.122 2.340 0.59 53.98 2.084 112.489 0.21 0.83 1 2.08
64.14 7 Silty Sand to Sandy Silt 75.069 1.422 3.749 1.221 2.528 2.53 0.59013 0.63 0.121 2.530 0.59 44.30 2.925 129.568 0.28 0.83 1 2.78
64.797 7 Silty Sand to Sandy Silt 64.325 0.878 3.788 1.241 2.547 2.51 0.58714 0.62 0.121 2.510 0.59 37.77 2.820 106.486 0.19 0.83 1 1.90
65.453 8 Sand to Silty Sand 94.869 1.193 3.828 1.262 2.566 2.34 0.58417 0.62 0.120 2.340 0.58 55.42 2.084 115.482 0.22 0.83 1 2.22
66.109 7 Silty Sand to Sandy Silt 108.714 2.911 3.866 1.282 2.584 2.5 0.5814 0.61 0.120 2.500 0.58 63.21 2.768 174.981 0.83 1
66.765 6 Sandy Silt to Clayey Silt 109.44 3.697 3.904 1.303 2.601 2.56 0.5788 0.61 0.119 2.560 0.58 63.34 3.091 195.766 0.83 1
67.421 7 Silty Sand to Sandy Silt 117.662 2.896 3.943 1.323 2.619 2.45 0.57607 0.61 0.119 2.450 0.58 67.78 2.528 171.366 0.82 1
68.077 9 Sand 140.88 1.303 3.983 1.344 2.64 2.13 0.57292 0.60 0.118 2.130 0.57 80.71 1.512 122.017 0.25 0.80 1 2.51
68.734 9 Sand 152.282 1.379 4.024 1.364 2.66 2.09 0.56995 0.60 0.118 2.090 0.57 86.79 1.437 124.715 0.26 0.79 1 2.64

CQIc* F.S.

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

KαCRR7.5(qc1N)cs

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-COUNTRY 
CLUB BLVD UC (WIDEN)

CSR qc1NSoil Behavior Type γd
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. 206127.BR (BR NO. 29 0189) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-CC-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

CQIc* F.S.

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT

CN* Ic

CSR CRR 7.5

KαCRR7.5(qc1N)cs

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-COUNTRY 
CLUB BLVD UC (WIDEN)

CSR qc1NSoil Behavior Type γd

69.39 9 Sand 172.376 1.109 4.065 1.385 2.68 1.97 0.56701 0.60 0.117 1.970 0.57 97.74 1.263 123.417 0.25 0.78 1 2.59
70.046 9 Sand 192.3 1.142 4.106 1.405 2.7 1.91 0.5641 0.59 0.117 1.910 0.56 108.48 1.198 129.999 0.28 0.76 1 2.90
70.702 9 Sand 178.511 0.796 4.146 1.426 2.721 1.88 0.56108 0.59 0.117 1.880 0.56 100.16 1.171 117.244 0.23 0.77 1 2.35
71.358 9 Sand 123.587 0.621 4.187 1.446 2.741 2.06 0.55823 0.58 0.116 2.060 0.56 68.99 1.387 95.671 0.16 0.81 1 1.66
72.014 8 Sand to Silty Sand 96.666 1.092 4.227 1.467 2.76 2.34 0.55556 0.58 0.116 2.340 0.56 53.70 2.084 111.905 0.21 0.82 1 2.17
72.671 8 Sand to Silty Sand 84.912 1.069 4.266 1.487 2.779 2.41 0.5529 0.58 0.115 2.410 0.55 46.95 2.354 110.499 0.21 0.82 1 2.12
73.327 6 Sandy Silt to Clayey Silt 33.146 0.739 4.304 1.508 2.796 2.94 0.55055 0.58 0.115 0.81 1
73.983 6 Sandy Silt to Clayey Silt 28.803 0.763 4.342 1.528 2.814 3.04 0.54808 0.57 0.115 0.81 1
74.639 5 Clayey Silt to Silty Clay 20.31 0.633 4.379 1.549 2.831 3.24 0.54577 0.57 0.114 0.81 1
75.295 6 Sandy Silt to Clayey Silt 16.182 0.346 4.417 1.569 2.848 3.26 0.54348 0.57 0.114 0.81 1
75.951 6 Sandy Silt to Clayey Silt 20.701 0.484 4.454 1.589 2.865 3.16 0.54121 0.56 0.114 0.81 1
76.608 6 Sandy Silt to Clayey Silt 23.383 0.604 4.492 1.61 2.882 3.14 0.53895 0.56 0.114 0.81 1
77.264 6 Sandy Silt to Clayey Silt 31.332 0.72 4.53 1.63 2.899 2.98 0.53672 0.56 0.113 0.81 1
77.92 5 Clayey Silt to Silty Clay 16.533 0.363 4.567 1.651 2.916 3.27 0.5345 0.56 0.113 0.81 1
78.576 6 Sandy Silt to Clayey Silt 21.307 0.417 4.605 1.671 2.933 3.11 0.5323 0.55 0.113 0.81 1
79.232 6 Sandy Silt to Clayey Silt 25.1 0.632 4.642 1.692 2.95 3.12 0.53012 0.55 0.113 0.81 1
79.888 6 Sandy Silt to Clayey Silt 16.08 0.343 4.68 1.712 2.968 3.29 0.52783 0.55 0.112 0.80 1
80.545 6 Sandy Silt to Clayey Silt 15.212 0.257 4.718 1.733 2.985 3.24 0.52569 0.55 0.112 0.80 1
81.201 6 Sandy Silt to Clayey Silt 19.425 0.407 4.755 1.753 3.002 3.17 0.52356 0.54 0.112 0.80 1
81.857 6 Sandy Silt to Clayey Silt 27.55 0.705 4.793 1.774 3.019 3.06 0.52145 0.54 0.112 0.80 1
82.513 6 Sandy Silt to Clayey Silt 26.28 0.71 4.83 1.794 3.036 3.1 0.51936 0.54 0.112 0.80 1
83.169 6 Sandy Silt to Clayey Silt 22.112 0.508 4.868 1.815 3.053 3.15 0.51728 0.54 0.111 0.80 1
83.825 6 Sandy Silt to Clayey Silt 20.463 0.445 4.905 1.835 3.07 3.17 0.51522 0.54 0.111 0.80 1
84.482 6 Sandy Silt to Clayey Silt 18.864 0.341 4.943 1.856 3.087 3.17 0.51318 0.53 0.111 0.80 1
85.138 6 Sandy Silt to Clayey Silt 18.83 0.315 4.981 1.876 3.105 3.15 0.51103 0.53 0.111 0.80 1
85.794 6 Sandy Silt to Clayey Silt 18.07 0.274 5.018 1.897 3.122 3.15 0.50902 0.53 0.111 0.80 1
86.45 6 Sandy Silt to Clayey Silt 18.552 0.305 5.056 1.917 3.139 3.16 0.50703 0.53 0.111 0.80 1
87.106 6 Sandy Silt to Clayey Silt 19.686 0.312 5.093 1.938 3.156 3.12 0.50505 0.53 0.110 0.79 1
87.762 6 Sandy Silt to Clayey Silt 21.358 0.393 5.131 1.958 3.173 3.12 0.50309 0.52 0.110 0.79 1
88.419 6 Sandy Silt to Clayey Silt 21.835 0.384 5.169 1.978 3.19 3.1 0.50114 0.52 0.110 0.79 1
89.075 6 Sandy Silt to Clayey Silt 21.081 0.312 5.206 1.999 3.207 3.08 0.49921 0.52 0.110 0.79 1
89.731 6 Sandy Silt to Clayey Silt 20.157 0.297 5.244 2.019 3.224 3.11 0.49729 0.52 0.110 0.79 1
90.387 6 Sandy Silt to Clayey Silt 19.317 0.264 5.281 2.04 3.242 3.12 0.49527 0.52 0.110 0.79 1
91.043 6 Sandy Silt to Clayey Silt 21.829 0.503 5.319 2.06 3.259 3.19 0.49338 0.52 0.110 0.79 1
91.699 6 Sandy Silt to Clayey Silt 20.775 0.336 5.357 2.081 3.276 3.14 0.49151 0.52 0.110 0.79 1
92.356 6 Sandy Silt to Clayey Silt 17.962 0.205 5.394 2.101 3.293 3.13 0.48965 0.51 0.109 0.79 1
93.012 6 Sandy Silt to Clayey Silt 21.2 0.272 5.432 2.122 3.31 3.07 0.4878 0.51 0.109 0.79 1
93.668 6 Sandy Silt to Clayey Silt 23.269 0.324 5.469 2.142 3.327 3.04 0.48597 0.51 0.109 0.79 1
94.324 6 Sandy Silt to Clayey Silt 22.01 0.396 5.507 2.163 3.344 3.13 0.48415 0.51 0.109 0.79 1
94.98 6 Sandy Silt to Clayey Silt 25.293 0.425 5.545 2.183 3.361 3.05 0.48235 0.51 0.109 0.78 1
95.636 6 Sandy Silt to Clayey Silt 26.734 0.462 5.582 2.204 3.379 3.04 0.48045 0.51 0.109 0.78 1
96.293 6 Sandy Silt to Clayey Silt 31.253 0.602 5.62 2.224 3.396 3 0.47868 0.51 0.109 0.78 1
96.949 6 Sandy Silt to Clayey Silt 33.01 0.67 5.657 2.245 3.413 2.98 0.47691 0.50 0.109 0.78 1
97.605 6 Sandy Silt to Clayey Silt 36.758 1.02 5.695 2.265 3.43 3.02 0.47516 0.50 0.109 0.78 1
98.261 6 Sandy Silt to Clayey Silt 55.486 1.472 5.733 2.286 3.447 2.85 0.47342 0.50 0.108 0.78 1
98.917 6 Sandy Silt to Clayey Silt 45.036 1.128 5.77 2.306 3.464 2.92 0.4717 0.50 0.108 0.78 1
99.573 6 Sandy Silt to Clayey Silt 52.129 1.531 5.808 2.326 3.481 2.91 0.46999 0.50 0.108 0.78 1
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0190) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-MA-002 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 8 Sand to Silty Sand 94.778 0.905 0.308 0.308 1.55 1.45889 0.99 0.129 1.550 1.46 138.27 1.000 138.270 0.33 1.00 1
5.741 9 Sand 159.08 1.721 0.348 0.348 1.49 1.42119 0.99 0.129 1.490 1.42 226.08 1.000 226.083 1.00 1
6.398 8 Sand to Silty Sand 129.534 2.191 0.388 0.388 1.73 1.38539 0.99 0.128 1.730 1.39 179.46 1.058 189.874 1.00 1
7.054 8 Sand to Silty Sand 157.827 2.267 0.428 0.428 1.65 1.35135 0.99 0.128 1.650 1.35 213.28 1.003 213.991 1.00 1
7.71 8 Sand to Silty Sand 187.583 3.063 0.467 0.467 1.68 1.31974 0.98 0.128 1.680 1.32 247.56 1.024 253.566 1.00 1
8.366 8 Sand to Silty Sand 166.474 3.059 0.507 0.507 1.77 1.28881 0.98 0.128 1.770 1.29 214.55 1.085 232.865 1.00 1
9.022 8 Sand to Silty Sand 146.556 2.256 0.547 0.547 1.75 1.2593 0.98 0.128 1.750 1.26 184.56 1.072 197.772 1.00 1
9.678 8 Sand to Silty Sand 146.215 2.541 0.586 0.586 1.81 1.2318 0.98 0.127 1.810 1.23 180.11 1.114 200.642 1.00 1
10.335 8 Sand to Silty Sand 125.356 2.148 0.626 0.626 1.87 1.20482 0.98 0.127 1.870 1.20 151.03 1.162 175.474 1.00 1
10.991 7 Silty Sand to Sandy Silt 96.11 2.544 0.665 0.665 2.1 1.17962 0.98 0.127 2.100 1.18 113.37 1.455 164.931 1.00 1
11.647 6 Sandy Silt to Clayey Silt 93.434 2.56 0.702 0.702 2.14 1.15668 0.98 0.127 2.140 1.16 108.07 1.532 165.563 1.00 1
12.303 7 Silty Sand to Sandy Silt 92.243 2.033 0.741 0.741 2.09 1.13344 0.97 0.127 2.090 1.13 104.55 1.437 150.232 0.40 1.00 1
12.959 7 Silty Sand to Sandy Silt 90.484 2.217 0.78 0.78 2.14 1.11111 0.97 0.126 2.140 1.11 100.54 1.532 154.020 0.42 1.00 1
13.615 6 Sandy Silt to Clayey Silt 106.838 3.161 0.817 0.817 2.17 1.09073 0.97 0.126 2.170 1.09 116.53 1.596 186.028 1.00 1
14.272 7 Silty Sand to Sandy Silt 137.461 3.177 0.856 0.856 2.03 1.07004 0.97 0.126 2.030 1.07 147.09 1.341 197.277 1.00 1
14.928 7 Silty Sand to Sandy Silt 150.791 3.187 0.894 0.894 1.99 1.05062 0.97 0.126 1.990 1.05 158.42 1.287 203.917 1.00 1
15.584 8 Sand to Silty Sand 134.014 2.065 0.934 0.934 1.93 1.03093 0.97 0.126 1.930 1.03 138.16 1.218 168.341 1.00 1
16.24 8 Sand to Silty Sand 136.174 1.65 0.974 0.974 1.86 1.01196 0.97 0.126 1.860 1.01 137.80 1.153 158.934 0.45 1.00 1
16.896 8 Sand to Silty Sand 123.263 2.114 1.013 1.013 2.01 0.99413 0.96 0.125 2.010 0.99 122.54 1.313 160.928 1.00 1
17.552 7 Silty Sand to Sandy Silt 125.435 2.38 1.052 1.052 2.05 0.97691 0.96 0.125 2.050 0.98 122.54 1.371 168.007 0.99 1
18.209 8 Sand to Silty Sand 123.701 1.764 1.092 1.092 1.98 0.95986 0.96 0.125 1.980 0.96 118.74 1.275 151.357 0.40 0.98 1
18.865 8 Sand to Silty Sand 97.76 1.393 1.131 1.131 2.07 0.9438 0.96 0.125 2.070 0.94 92.27 1.403 129.442 0.28 0.97 1
19.521 6 Sandy Silt to Clayey Silt 36.179 1.066 1.169 1.169 2.62 0.92866 0.96 0.125 0.97 1
20.177 3 Clay 20.06 0.993 1.206 1.206 2.99 0.91438 0.96 0.124 0.96 1
20.833 3 Clay 21.239 1.006 1.242 1.242 2.97 0.9009 0.95 0.124 0.96 1
21.49 4 Silty Clay to Clay 23.099 1.005 1.28 1.28 2.92 0.8871 0.95 0.124 0.95 1
22.146 4 Silty Clay to Clay 26.189 1.161 1.317 1.317 2.89 0.87406 0.95 0.124 0.95 1
22.802 4 Silty Clay to Clay 25.163 1.035 1.355 1.355 2.9 0.86106 0.95 0.123 0.94 1
23.458 4 Silty Clay to Clay 46.986 2.082 1.393 1.393 2.71 0.84844 0.95 0.123 0.94 1
24.114 4 Silty Clay to Clay 52.792 2.686 1.43 1.43 2.72 0.8365 0.94 0.123 0.93 1
24.77 4 Silty Clay to Clay 51.5 2.42 1.468 1.468 2.72 0.82459 0.94 0.123 0.93 1
25.427 5 Clayey Silt to Silty Clay 55.302 2.047 1.505 1.505 2.63 0.81331 0.94 0.122 0.92 1
26.083 6 Sandy Silt to Clayey Silt 55.939 1.91 1.543 1.543 2.6 0.80204 0.94 0.122 0.92 1
26.739 5 Clayey Silt to Silty Clay 41.424 1.405 1.581 1.581 2.7 0.79108 0.94 0.122 0.91 1
27.395 6 Sandy Silt to Clayey Silt 34.558 1.035 1.618 1.618 2.74 0.7807 0.93 0.121 0.91 1
28.051 5 Clayey Silt to Silty Clay 53.898 1.938 1.656 1.656 2.64 0.77031 0.93 0.121 0.90 1
28.707 5 Clayey Silt to Silty Clay 48.444 2.007 1.693 1.693 2.74 0.76046 0.93 0.120 0.90 1
29.364 5 Clayey Silt to Silty Clay 38.119 1.455 1.731 1.731 2.79 0.7506 0.92 0.120 0.90 1
30.02 5 Clayey Silt to Silty Clay 52.469 2.128 1.768 1.768 2.72 0.74124 0.92 0.120 0.89 1
30.676 11 Sitff Fine-Grained 103.288 4.659 1.811 0.021 1.79 2.54 0.73579 0.92 0.121 2.540 0.74 76.00 2.979 226.395 0.89 1
31.332 11 Sitff Fine-Grained 125.203 6.56 1.854 0.041 1.813 2.54 0.73017 0.91 0.121 2.540 0.73 91.42 2.979 272.336 0.89 1
31.988 11 Sitff Fine-Grained 93.996 5.11 1.897 0.062 1.835 2.64 0.72488 0.91 0.122 0.89 1
32.644 4 Silty Clay to Clay 46.346 2.147 1.935 0.082 1.852 2.83 0.72084 0.91 0.123 0.88 1
33.301 5 Clayey Silt to Silty Clay 36.588 1.243 1.972 0.103 1.869 2.82 0.71685 0.90 0.124 0.88 1
33.957 5 Clayey Silt to Silty Clay 37.966 1.275 2.01 0.123 1.886 2.81 0.7129 0.90 0.124 0.88 1
34.613 4 Silty Clay to Clay 20.344 0.819 2.047 0.144 1.904 3.11 0.70876 0.89 0.125 0.88 1
35.269 4 Silty Clay to Clay 19.056 0.686 2.085 0.164 1.921 3.11 0.7049 0.89 0.125 0.88 1
35.925 5 Clayey Silt to Silty Clay 21.778 0.713 2.122 0.185 1.938 3.03 0.70108 0.88 0.126 0.88 1
36.581 6 Sandy Silt to Clayey Silt 39.775 1.192 2.16 0.205 1.955 2.76 0.69731 0.88 0.126 0.87 1
37.238 6 Sandy Silt to Clayey Silt 40.347 1.263 2.198 0.226 1.972 2.77 0.69357 0.87 0.127 0.87 1
37.894 6 Sandy Silt to Clayey Silt 37.115 1.158 2.235 0.246 1.989 2.81 0.68987 0.87 0.127 0.87 1
38.55 5 Clayey Silt to Silty Clay 30.039 1.096 2.273 0.267 2.006 2.95 0.68621 0.86 0.127 0.87 1
39.206 5 Clayey Silt to Silty Clay 26.359 0.895 2.31 0.287 2.023 2.98 0.68259 0.86 0.127 0.87 1
39.862 5 Clayey Silt to Silty Clay 27.113 0.81 2.348 0.307 2.041 2.94 0.6788 0.85 0.127 0.87 1
40.518 6 Sandy Silt to Clayey Silt 36.14 1.007 2.386 0.328 2.058 2.8 0.67526 0.85 0.128 0.87 1
41.175 6 Sandy Silt to Clayey Silt 43.018 1.254 2.423 0.348 2.075 2.75 0.67176 0.84 0.128 0.86 1
41.831 5 Clayey Silt to Silty Clay 46.403 1.833 2.461 0.369 2.092 2.82 0.66829 0.83 0.128 0.86 1
42.487 4 Silty Clay to Clay 41.396 1.844 2.498 0.389 2.109 2.9 0.66485 0.83 0.128 0.86 1
43.143 5 Clayey Silt to Silty Clay 30.329 1.221 2.536 0.41 2.126 2.99 0.66146 0.82 0.127 0.86 1
43.799 4 Silty Clay to Clay 20.627 0.77 2.574 0.43 2.143 3.14 0.65809 0.82 0.127 0.86 1
44.455 5 Clayey Silt to Silty Clay 22.713 0.695 2.611 0.451 2.16 3.04 0.65476 0.81 0.127 0.86 1
45.112 5 Clayey Silt to Silty Clay 32.069 1.168 2.649 0.471 2.178 2.95 0.65127 0.80 0.127 0.86 1
45.768 5 Clayey Silt to Silty Clay 38.646 1.583 2.686 0.492 2.195 2.92 0.64801 0.80 0.127 0.85 1
46.424 5 Clayey Silt to Silty Clay 27.743 0.86 2.724 0.512 2.212 2.98 0.64478 0.79 0.126 0.85 1
47.08 5 Clayey Silt to Silty Clay 26.065 0.804 2.762 0.533 2.229 3 0.64159 0.78 0.126 0.85 1
47.736 5 Clayey Silt to Silty Clay 25.804 0.732 2.799 0.553 2.246 2.99 0.63842 0.78 0.126 0.85 1
48.392 5 Clayey Silt to Silty Clay 26.127 0.891 2.837 0.574 2.263 3.04 0.63529 0.77 0.125 0.85 1
49.049 5 Clayey Silt to Silty Clay 30.663 0.917 2.874 0.594 2.28 2.95 0.63218 0.76 0.125 0.85 1
49.705 5 Clayey Silt to Silty Clay 34.326 1.273 2.912 0.615 2.297 2.96 0.62911 0.76 0.125 0.85 1
50.361 4 Silty Clay to Clay 34.649 1.453 2.95 0.635 2.315 2.99 0.62589 0.75 0.124 0.85 1
51.017 6 Sandy Silt to Clayey Silt 42.547 0.944 2.987 0.655 2.332 2.75 0.62288 0.74 0.124 0.84 1
51.673 5 Clayey Silt to Silty Clay 33.713 1.248 3.025 0.676 2.349 2.98 0.61989 0.74 0.123 0.84 1
52.329 8 Sand to Silty Sand 68.935 0.684 3.064 0.696 2.368 2.37 0.61659 0.73 0.123 2.370 0.62 42.50 2.194 93.257 0.16 0.84 1 1.51
52.986 8 Sand to Silty Sand 84.533 0.615 3.104 0.717 2.387 2.23 0.61333 0.72 0.122 2.230 0.61 51.85 1.743 90.392 0.15 0.84 1 1.45
53.642 8 Sand to Silty Sand 78.795 0.693 3.144 0.737 2.406 2.3 0.61009 0.72 0.122 2.300 0.61 48.07 1.949 93.680 0.16 0.84 1 1.53
54.298 8 Sand to Silty Sand 77.366 0.762 3.183 0.758 2.426 2.34 0.60673 0.71 0.121 2.340 0.61 46.94 2.084 97.812 0.17 0.84 1 1.65
54.954 8 Sand to Silty Sand 77.315 0.762 3.223 0.778 2.445 2.34 0.60357 0.70 0.121 2.340 0.60 46.66 2.084 97.238 0.17 0.84 1 1.64
55.61 8 Sand to Silty Sand 82.469 0.634 3.263 0.799 2.464 2.26 0.60044 0.70 0.120 2.260 0.60 49.52 1.827 90.458 0.15 0.83 1 1.48
56.266 8 Sand to Silty Sand 106.288 1.069 3.303 0.819 2.483 2.23 0.59734 0.69 0.120 2.230 0.60 63.49 1.743 110.692 0.21 0.83 1 2.06
56.923 6 Sandy Silt to Clayey Silt 50.252 1.417 3.34 0.84 2.5 2.76 0.59459 0.69 0.119 0.83 1
57.579 6 Sandy Silt to Clayey Silt 38.845 1.227 3.378 0.86 2.517 2.89 0.59188 0.68 0.119 0.83 1
58.235 6 Sandy Silt to Clayey Silt 42.655 1.25 3.415 0.881 2.535 2.83 0.58902 0.67 0.118 0.83 1
58.891 5 Clayey Silt to Silty Clay 42.706 1.49 3.453 0.901 2.552 2.89 0.58635 0.67 0.118 0.83 1
59.547 5 Clayey Silt to Silty Clay 33.929 1.064 3.49 0.922 2.569 2.95 0.58371 0.66 0.117 0.83 1
60.203 5 Clayey Silt to Silty Clay 26.785 0.776 3.528 0.942 2.586 3.04 0.58109 0.66 0.117 0.83 1
60.86 6 Sandy Silt to Clayey Silt 21.296 0.539 3.566 0.963 2.603 3.11 0.57849 0.65 0.116 0.83 1
61.516 6 Sandy Silt to Clayey Silt 20.655 0.453 3.603 0.983 2.62 3.08 0.57592 0.65 0.116 0.82 1
62.172 6 Sandy Silt to Clayey Silt 21.51 0.474 3.641 1.004 2.637 3.06 0.57336 0.64 0.115 0.82 1
62.828 6 Sandy Silt to Clayey Silt 22.714 0.4 3.678 1.024 2.654 2.99 0.57084 0.64 0.115 0.82 1
63.484 6 Sandy Silt to Clayey Silt 23.207 0.381 3.716 1.044 2.672 2.97 0.56818 0.63 0.114 0.82 1
64.14 6 Sandy Silt to Clayey Silt 22.419 0.358 3.754 1.065 2.689 2.98 0.5657 0.63 0.114 0.82 1
64.797 5 Clayey Silt to Silty Clay 28.701 0.866 3.791 1.085 2.706 3.03 0.56324 0.62 0.114 0.82 1
65.453 6 Sandy Silt to Clayey Silt 41.668 1.191 3.829 1.106 2.723 2.89 0.5608 0.62 0.113 0.82 1
66.109 6 Sandy Silt to Clayey Silt 46.715 1.143 3.866 1.126 2.74 2.8 0.55838 0.61 0.113 0.82 1
66.765 7 Silty Sand to Sandy Silt 49.436 0.954 3.905 1.147 2.758 2.73 0.55584 0.61 0.112 0.82 1
67.421 6 Sandy Silt to Clayey Silt 27.51 0.714 3.943 1.167 2.775 3.04 0.55346 0.61 0.112 0.82 1
68.077 5 Clayey Silt to Silty Clay 21.597 0.605 3.98 1.188 2.792 3.16 0.5511 0.60 0.112 0.81 1
68.734 5 Clayey Silt to Silty Clay 34.62 1.166 4.018 1.208 2.81 3.01 0.54863 0.60 0.111 0.81 1

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-MICHIGAN 
AVENUE UC (WIDEN)

CSR qc1NCQIc* F.S.CN* IcSoil Behavior Type γd

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7.5

KαCRR7.5(qc1N)cs
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0190) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-MA-002 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-MICHIGAN 
AVENUE UC (WIDEN)

CSR qc1NCQIc* F.S.CN* IcSoil Behavior Type γd

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7.5

KαCRR7.5(qc1N)cs

69.39 5 Clayey Silt to Silty Clay 33.152 1.086 4.055 1.229 2.827 3.03 0.54631 0.60 0.111 0.81 1
70.046 6 Sandy Silt to Clayey Silt 46.845 1.312 4.093 1.249 2.844 2.84 0.54402 0.59 0.111 0.81 1
70.702 7 Silty Sand to Sandy Silt 73.283 1.836 4.132 1.27 2.862 2.65 0.54161 0.59 0.110 0.81 1
71.358 8 Sand to Silty Sand 109.423 1.75 4.171 1.29 2.881 2.39 0.53908 0.58 0.110 2.390 0.54 58.99 2.272 134.022 0.30 0.81 1 3.29
72.014 8 Sand to Silty Sand 118.852 1.348 4.211 1.311 2.9 2.27 0.53659 0.58 0.110 2.270 0.54 63.77 1.856 118.370 0.23 0.81 1 2.55
72.671 9 Sand 119.629 1.076 4.252 1.331 2.921 2.22 0.53385 0.58 0.109 2.220 0.53 63.86 1.717 109.666 0.20 0.81 1 2.21
73.327 8 Sand to Silty Sand 83.399 0.823 4.291 1.352 2.94 2.39 0.5314 0.58 0.109 2.390 0.53 44.32 2.272 100.692 0.17 0.81 1 1.91
73.983 9 Sand 111.164 0.771 4.332 1.372 2.96 2.19 0.52885 0.57 0.109 2.190 0.53 58.79 1.643 96.568 0.16 0.80 1 1.79
74.639 9 Sand 127.907 0.843 4.373 1.393 2.98 2.13 0.52632 0.57 0.109 2.130 0.53 67.32 1.512 101.770 0.18 0.80 1 1.96
75.295 9 Sand 120.19 0.899 4.414 1.413 3.001 2.18 0.52368 0.57 0.108 2.180 0.52 62.94 1.619 101.913 0.18 0.80 1 1.97
75.951 7 Silty Sand to Sandy Silt 81.499 1.389 4.452 1.433 3.019 2.53 0.52145 0.56 0.108 2.530 0.52 42.50 2.925 124.296 0.26 0.80 1 2.85
76.608 6 Sandy Silt to Clayey Silt 27.04 0.69 4.49 1.454 3.036 3.07 0.51936 0.56 0.108 0.80 1
77.264 6 Sandy Silt to Clayey Silt 19.357 0.404 4.527 1.474 3.053 3.18 0.51728 0.56 0.108 0.80 1
77.92 6 Sandy Silt to Clayey Silt 24.244 0.486 4.565 1.495 3.07 3.07 0.51522 0.56 0.107 0.80 1
78.576 6 Sandy Silt to Clayey Silt 37.784 1.158 4.603 1.515 3.087 2.98 0.51318 0.55 0.107 0.80 1
79.232 6 Sandy Silt to Clayey Silt 40.88 1.292 4.64 1.536 3.104 2.95 0.51115 0.55 0.107 0.80 1
79.888 6 Sandy Silt to Clayey Silt 45.546 1.475 4.678 1.556 3.122 2.92 0.50902 0.55 0.107 0.80 1
80.545 5 Clayey Silt to Silty Clay 42.887 1.482 4.715 1.577 3.139 2.98 0.50703 0.55 0.107 0.80 1
81.201 5 Clayey Silt to Silty Clay 31.275 1.079 4.753 1.597 3.156 3.12 0.50505 0.54 0.107 0.79 1
81.857 5 Clayey Silt to Silty Clay 36.934 1.324 4.791 1.618 3.173 3.06 0.50309 0.54 0.106 0.79 1
82.513 5 Clayey Silt to Silty Clay 33.708 1.091 4.828 1.638 3.19 3.08 0.50114 0.54 0.106 0.79 1
83.169 5 Clayey Silt to Silty Clay 33.583 1.134 4.866 1.659 3.207 3.09 0.49921 0.54 0.106 0.79 1
83.825 5 Clayey Silt to Silty Clay 39.684 1.439 4.903 1.679 3.224 3.05 0.49729 0.54 0.106 0.79 1
84.482 5 Clayey Silt to Silty Clay 45.847 1.552 4.941 1.7 3.241 2.97 0.49538 0.53 0.106 0.79 1
85.138 6 Sandy Silt to Clayey Silt 53.195 1.519 4.979 1.72 3.259 2.87 0.49338 0.53 0.106 0.79 1
85.794 5 Clayey Silt to Silty Clay 42.587 1.543 5.016 1.741 3.276 3.03 0.49151 0.53 0.106 0.79 1
86.45 5 Clayey Silt to Silty Clay 38.419 1.531 5.054 1.761 3.293 3.1 0.48965 0.53 0.105 0.79 1
87.106 5 Clayey Silt to Silty Clay 43.964 1.628 5.091 1.781 3.31 3.02 0.4878 0.53 0.105 0.79 1
87.762 6 Sandy Silt to Clayey Silt 44.741 1.237 5.129 1.802 3.327 2.94 0.48597 0.52 0.105 0.79 1
88.419 5 Clayey Silt to Silty Clay 51.982 1.814 5.167 1.822 3.344 2.94 0.48415 0.52 0.105 0.79 1
89.075 5 Clayey Silt to Silty Clay 71.764 2.702 5.204 1.843 3.361 2.82 0.48235 0.52 0.105 0.78 1
89.731 6 Sandy Silt to Clayey Silt 86.806 3.276 5.242 1.863 3.378 2.76 0.48056 0.52 0.105 0.78 1
90.387 5 Clayey Silt to Silty Clay 50.876 2.069 5.279 1.884 3.395 2.99 0.47878 0.52 0.105 0.78 1
91.043 5 Clayey Silt to Silty Clay 41.135 1.619 5.317 1.904 3.413 3.07 0.47691 0.52 0.105 0.78 1
91.699 6 Sandy Silt to Clayey Silt 44.815 1.4 5.355 1.925 3.43 2.96 0.47516 0.52 0.105 0.78 1
92.356 6 Sandy Silt to Clayey Silt 49.442 1.327 5.392 1.945 3.447 2.88 0.47342 0.51 0.104 0.78 1
93.012 6 Sandy Silt to Clayey Silt 45.886 1.315 5.43 1.966 3.464 2.93 0.4717 0.51 0.104 0.78 1
93.668 6 Sandy Silt to Clayey Silt 48.455 1.407 5.467 1.986 3.481 2.91 0.46999 0.51 0.104 0.78 1
94.324 6 Sandy Silt to Clayey Silt 59.506 2.052 5.505 2.007 3.498 2.89 0.46828 0.51 0.104 0.78 1
94.98 6 Sandy Silt to Clayey Silt 104.094 3.952 5.542 2.027 3.515 2.72 0.4666 0.51 0.104 0.78 1
95.636 7 Silty Sand to Sandy Silt 176.09 3.862 5.581 2.048 3.534 2.38 0.46472 0.51 0.104 2.380 0.46 81.83 2.233 182.699 0.76 1
96.293 9 Sand 264.846 2.301 5.622 2.068 3.554 1.99 0.46277 0.51 0.104 1.990 0.46 122.56 1.287 157.757 0.45 0.69 1 5.11
96.949 9 Sand 294.846 2.611 5.663 2.089 3.574 1.95 0.46083 0.50 0.104 1.950 0.46 135.87 1.240 168.465 0.67 1
97.605 9 Sand 260.214 2.008 5.703 2.109 3.594 1.97 0.45891 0.50 0.104 1.970 0.46 119.41 1.263 150.787 0.40 0.69 1 4.58
98.261 7 Silty Sand to Sandy Silt 164.949 3.562 5.742 2.13 3.612 2.41 0.45719 0.50 0.104 2.410 0.46 75.41 2.354 177.496 0.76 1
98.917 6 Sandy Silt to Clayey Silt 71.838 2.459 5.78 2.15 3.63 2.82 0.45549 0.50 0.104 0.77 1
99.573 6 Sandy Silt to Clayey Silt 50.871 1.653 5.817 2.17 3.647 2.95 0.45389 0.50 0.104 0.77 1
100.23 6 Sandy Silt to Clayey Silt 47.332 1.507 5.855 2.191 3.664 2.98 0.4523 0.50 0.103 0.77 2
100.886 5 Clayey Silt to Silty Clay 42.173 1.646 5.892 2.211 3.681 3.09 0.45073 0.50 0.103 0.77 3
101.542 4 Silty Clay to Clay 43.448 1.91 5.93 2.232 3.698 3.12 0.44916 0.50 0.103 0.77 4
102.198 6 Sandy Silt to Clayey Silt 46.255 1.42 5.968 2.252 3.715 2.99 0.44761 0.49 0.103 0.77 5
102.854 6 Sandy Silt to Clayey Silt 79.458 2.403 6.005 2.273 3.732 2.76 0.44607 0.49 0.103 0.77 6
103.511 6 Sandy Silt to Clayey Silt 93.638 3.087 6.043 2.293 3.749 2.73 0.44453 0.49 0.103 0.77 7
104.167 6 Sandy Silt to Clayey Silt 87.356 2.801 6.08 2.314 3.767 2.74 0.44292 0.49 0.103 0.77 8
104.823 6 Sandy Silt to Clayey Silt 86.347 3.264 6.118 2.334 3.784 2.8 0.44141 0.49 0.103 0.77 9
105.479 5 Clayey Silt to Silty Clay 67.08 2.934 6.155 2.355 3.801 2.95 0.43991 0.49 0.103 0.77 10
106.135 5 Clayey Silt to Silty Clay 49.527 1.794 6.193 2.375 3.818 3.01 0.43842 0.49 0.103 0.76 11
106.791 7 Silty Sand to Sandy Silt 117.18 2.19 6.232 2.396 3.836 2.51 0.43685 0.49 0.103 2.510 0.44 51.19 2.820 144.333 0.36 0.76 12 4.17
107.448 6 Sandy Silt to Clayey Silt 68.243 2.371 6.269 2.416 3.853 2.87 0.43538 0.49 0.103 0.76 13
108.104 5 Clayey Silt to Silty Clay 75.109 2.95 6.307 2.437 3.87 2.87 0.43393 0.49 0.103 0.76 14
108.76 5 Clayey Silt to Silty Clay 64.626 2.588 6.344 2.457 3.887 2.93 0.43247 0.48 0.103 0.76 15
109.416 5 Clayey Silt to Silty Clay 66.633 2.727 6.382 2.478 3.905 2.93 0.43095 0.48 0.103 0.76 16
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of drilling, 
the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually classified 
in the field (according to the Unified Soil Classification System) and continuously logged the 
soils encountered during drilling. The engineer supervised the collection of soil samples at 
various depths for visual examination and laboratory testing. The soil samples were then 
transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which were 
edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0191) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-AA-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 8 Sand to Silty Sand 141.407 1.881 0.308 0.308 1.57 1.45889 0.99 0.129 1.570 1.46 206.30 1.000 206.297 1.00 1
5.741 8 Sand to Silty Sand 224.703 3.414 0.347 0.347 1.55 1.42211 0.99 0.129 1.550 1.42 319.55 1.000 319.552 1.00 1
6.398 9 Sand 256.239 3.812 0.388 0.388 1.54 1.38539 0.99 0.128 1.540 1.39 354.99 1.000 354.991 1.00 1
7.054 8 Sand to Silty Sand 264.988 5.04 0.428 0.428 1.65 1.35135 0.99 0.128 1.650 1.35 358.09 1.003 359.287 1.00 1
7.71 8 Sand to Silty Sand 255.672 5.12 0.467 0.467 1.69 1.31974 0.98 0.128 1.690 1.32 337.42 1.031 347.908 1.00 1
8.366 8 Sand to Silty Sand 274.485 5.019 0.507 0.507 1.66 1.28881 0.98 0.128 1.660 1.29 353.76 1.010 357.440 1.00 1
9.022 8 Sand to Silty Sand 261.864 5.046 0.547 0.547 1.7 1.2593 0.98 0.128 1.700 1.26 329.77 1.038 342.250 1.00 1
9.678 8 Sand to Silty Sand 217.622 3.535 0.586 0.586 1.69 1.2318 0.98 0.127 1.690 1.23 268.07 1.031 276.400 1.00 1
10.335 8 Sand to Silty Sand 228.774 3.619 0.626 0.626 1.69 1.20482 0.98 0.127 1.690 1.20 275.63 1.031 284.199 1.00 1
10.991 8 Sand to Silty Sand 249.016 4.143 0.666 0.666 1.7 1.17899 0.98 0.127 1.700 1.18 293.59 1.038 304.702 1.00 1
11.647 8 Sand to Silty Sand 250.054 3.773 0.705 0.705 1.68 1.15486 0.98 0.127 1.680 1.15 288.78 1.024 295.782 1.00 1
12.303 8 Sand to Silty Sand 267.823 4.122 0.745 0.745 1.68 1.13111 0.97 0.127 1.680 1.13 302.94 1.024 310.286 1.00 1
12.959 8 Sand to Silty Sand 224.108 3.802 0.785 0.785 1.77 1.10831 0.97 0.126 1.770 1.11 248.38 1.085 269.581 1.00 1
13.615 8 Sand to Silty Sand 177.949 3.42 0.824 0.824 1.89 1.08696 0.97 0.126 1.890 1.09 193.42 1.180 228.156 1.00 1
14.272 8 Sand to Silty Sand 196.972 3.434 0.864 0.864 1.84 1.06589 0.97 0.126 1.840 1.07 209.95 1.137 238.721 1.00 1
14.928 8 Sand to Silty Sand 191.313 3.013 0.904 0.904 1.82 1.04563 0.97 0.126 1.820 1.05 200.04 1.122 224.350 1.00 1
15.584 8 Sand to Silty Sand 184.844 3.005 0.944 0.944 1.86 1.02612 0.97 0.126 1.860 1.03 189.67 1.153 218.757 1.00 1
16.24 8 Sand to Silty Sand 162.737 2.501 0.983 0.983 1.89 1.00779 0.97 0.126 1.890 1.01 164.00 1.180 193.455 1.00 1
16.896 8 Sand to Silty Sand 135.221 2.265 1.023 1.023 1.98 0.98965 0.96 0.125 1.980 0.99 133.82 1.275 170.587 0.99 1
17.552 8 Sand to Silty Sand 163.383 2.36 1.063 1.063 1.89 0.97216 0.96 0.125 1.890 0.97 158.83 1.180 187.357 0.98 1
18.209 8 Sand to Silty Sand 219.89 3.44 1.102 1.102 1.84 0.95569 0.96 0.125 1.840 0.96 210.15 1.137 238.944 0.96 1
18.865 8 Sand to Silty Sand 183.523 2.933 1.142 1.142 1.91 0.93937 0.96 0.125 1.910 0.94 172.40 1.198 206.600 0.96 1
19.521 7 Silty Sand to Sandy Silt 78.896 1.584 1.181 1.181 2.25 0.92398 0.96 0.125 2.250 0.92 72.90 1.798 131.090 0.29 0.96 1
20.177 5 Clayey Silt to Silty Clay 25.979 0.831 1.218 1.218 2.78 0.90984 0.96 0.124 0.96 1
20.833 5 Clayey Silt to Silty Clay 23.156 0.628 1.256 1.256 2.79 0.89577 0.95 0.124 0.96 1
21.49 5 Clayey Silt to Silty Clay 25.435 0.916 1.293 1.293 2.84 0.88247 0.95 0.124 0.95 1
22.146 3 Clay 24.001 1.193 1.33 1.33 2.96 0.86957 0.95 0.124 0.94 1
22.802 4 Silty Clay to Clay 19.17 0.796 1.367 1.367 3 0.85703 0.95 0.123 0.94 1
23.458 4 Silty Clay to Clay 22.248 0.916 1.405 1.405 2.96 0.84453 0.95 0.123 0.93 1
24.114 4 Silty Clay to Clay 23.519 1.048 1.443 1.443 2.97 0.83239 0.94 0.123 0.93 1
24.77 4 Silty Clay to Clay 21.098 0.895 1.48 1.48 3 0.8209 0.94 0.123 0.92 1
25.427 5 Clayey Silt to Silty Clay 38.623 1.49 1.518 1.518 2.77 0.80942 0.94 0.122 0.92 1
26.083 5 Clayey Silt to Silty Clay 63.826 2.333 1.555 1.555 2.58 0.79855 0.94 0.122 2.580 0.80 50.97 3.206 163.427 0.92 1
26.739 6 Sandy Silt to Clayey Silt 66.746 2.186 1.593 1.593 2.53 0.78768 0.94 0.122 2.530 0.79 52.57 2.925 153.769 0.42 0.91 1
27.395 6 Sandy Silt to Clayey Silt 59.313 2.027 1.631 1.631 2.58 0.77711 0.93 0.121 2.580 0.78 46.09 3.206 147.794 0.38 0.91 1
28.051 6 Sandy Silt to Clayey Silt 60.56 2.01 1.668 1.668 2.57 0.76709 0.93 0.121 2.570 0.77 46.45 3.148 146.237 0.37 0.90 1
28.707 6 Sandy Silt to Clayey Silt 108.334 3.193 1.706 1.706 2.37 0.75705 0.93 0.120 2.370 0.76 82.01 2.194 179.944 0.88 1
29.364 7 Silty Sand to Sandy Silt 209.638 6.118 1.744 1.744 2.19 0.74728 0.92 0.120 2.190 0.75 156.66 1.643 257.332 0.84 1
30.02 11 Sitff Fine-Grained 74.321 3.904 1.787 1.787 2.7 0.73652 0.92 0.120 0.89 1
30.676 4 Silty Clay to Clay 30.963 1.451 1.825 0.021 1.804 2.96 0.73236 0.92 0.121 0.89 1
31.332 4 Silty Clay to Clay 23.836 1.054 1.862 0.041 1.821 3.05 0.72824 0.91 0.121 0.89 1
31.988 4 Silty Clay to Clay 21.403 0.87 1.9 0.062 1.838 3.07 0.72416 0.91 0.122 0.89 1
32.644 3 Clay 15.717 0.68 1.937 0.082 1.854 3.22 0.72037 0.91 0.123 0.88 1
33.301 4 Silty Clay to Clay 23.621 0.924 1.974 0.103 1.871 3.03 0.71638 0.90 0.124 0.88 1
33.957 6 Sandy Silt to Clayey Silt 35.732 1.052 2.012 0.123 1.889 2.8 0.7122 0.90 0.124 0.88 1
34.613 6 Sandy Silt to Clayey Silt 34.569 0.951 2.049 0.144 1.906 2.8 0.70831 0.89 0.125 0.88 1
35.269 7 Silty Sand to Sandy Silt 39.094 0.539 2.088 0.164 1.924 2.59 0.70423 0.89 0.125 2.590 0.70 27.53 3.266 89.917 0.15 0.88 1 1.40
35.925 7 Silty Sand to Sandy Silt 37.739 0.546 2.127 0.185 1.942 2.62 0.70019 0.88 0.126 0.88 1
36.581 7 Silty Sand to Sandy Silt 41.696 0.532 2.165 0.205 1.96 2.55 0.6962 0.88 0.126 2.550 0.70 29.03 3.034 88.080 0.14 0.87 1 1.36
37.238 7 Silty Sand to Sandy Silt 40.568 0.435 2.204 0.226 1.978 2.53 0.69226 0.87 0.127 2.530 0.69 28.08 2.925 82.138 0.13 0.87 1 1.24
37.894 7 Silty Sand to Sandy Silt 37.767 0.44 2.243 0.246 1.997 2.58 0.68815 0.87 0.127 2.580 0.69 25.99 3.206 83.333 0.13 0.87 1 1.26
38.55 7 Silty Sand to Sandy Silt 45.393 0.534 2.281 0.267 2.015 2.51 0.68429 0.86 0.127 2.510 0.68 31.06 2.820 87.580 0.14 0.87 1 1.34
39.206 7 Silty Sand to Sandy Silt 43.942 0.645 2.32 0.287 2.033 2.58 0.68048 0.86 0.127 2.580 0.68 29.90 3.206 95.879 0.16 0.87 1 1.52
39.862 7 Silty Sand to Sandy Silt 47.168 0.609 2.358 0.307 2.051 2.52 0.67671 0.85 0.127 2.520 0.68 31.92 2.872 91.660 0.15 0.87 1 1.42
40.518 7 Silty Sand to Sandy Silt 52.735 0.792 2.397 0.328 2.069 2.52 0.67299 0.85 0.127 2.520 0.67 35.49 2.872 101.914 0.18 0.86 1 1.67
41.175 8 Sand to Silty Sand 63.758 0.689 2.437 0.348 2.088 2.37 0.6691 0.84 0.128 2.370 0.67 42.66 2.194 93.599 0.16 0.86 1 1.46
41.831 7 Silty Sand to Sandy Silt 60.566 0.909 2.475 0.369 2.107 2.47 0.66526 0.83 0.127 2.470 0.67 40.29 2.621 105.618 0.19 0.86 1 1.77
42.487 8 Sand to Silty Sand 69.654 0.542 2.515 0.389 2.126 2.27 0.66146 0.83 0.127 2.270 0.66 46.07 1.856 85.515 0.14 0.86 1 1.29
43.143 8 Sand to Silty Sand 77.014 0.636 2.555 0.41 2.145 2.25 0.6577 0.82 0.127 2.250 0.66 50.65 1.798 91.085 0.15 0.86 1 1.41
43.799 8 Sand to Silty Sand 80.643 0.802 2.595 0.43 2.164 2.28 0.65398 0.82 0.127 2.280 0.65 52.74 1.886 99.475 0.17 0.86 1 1.61
44.455 8 Sand to Silty Sand 82.168 1.067 2.634 0.451 2.183 2.34 0.65031 0.81 0.127 2.340 0.65 53.43 2.084 111.345 0.21 0.86 1 1.96
45.112 8 Sand to Silty Sand 86.472 0.96 2.674 0.471 2.203 2.28 0.64649 0.80 0.127 2.280 0.65 55.90 1.886 105.443 0.19 0.85 1 1.78
45.768 8 Sand to Silty Sand 77.995 0.651 2.714 0.492 2.222 2.26 0.6429 0.80 0.126 2.260 0.64 50.14 1.827 91.600 0.15 0.85 1 1.43
46.424 8 Sand to Silty Sand 77.133 0.605 2.753 0.512 2.241 2.25 0.63935 0.79 0.126 2.250 0.64 49.31 1.798 88.681 0.14 0.85 1 1.37
47.08 8 Sand to Silty Sand 78.811 0.721 2.793 0.533 2.26 2.28 0.63584 0.78 0.126 2.280 0.64 50.11 1.886 94.518 0.16 0.85 1 1.50
47.736 8 Sand to Silty Sand 76.798 0.912 2.833 0.553 2.279 2.36 0.63237 0.78 0.125 2.360 0.63 48.56 2.156 104.725 0.19 0.85 1 1.78
48.392 9 Sand 132.267 0.804 2.873 0.574 2.3 2 0.62857 0.77 0.125 2.000 0.63 83.14 1.300 108.081 0.20 0.82 1 1.89
49.049 9 Sand 138.839 0.626 2.914 0.594 2.32 1.92 0.625 0.76 0.124 1.920 0.63 86.77 1.208 104.847 0.19 0.82 1 1.79
49.705 9 Sand 167.398 0.652 2.955 0.615 2.34 1.82 0.62147 0.76 0.124 1.820 0.62 104.03 1.122 116.674 0.23 0.79 1 2.19
50.361 7 Silty Sand to Sandy Silt 78.84 1.464 2.993 0.635 2.358 2.47 0.61832 0.75 0.124 2.470 0.62 48.75 2.621 127.786 0.27 0.84 1 2.64
51.017 6 Sandy Silt to Clayey Silt 28.315 0.801 3.031 0.655 2.376 2.96 0.61521 0.74 0.123 0.84 1
51.673 6 Sandy Silt to Clayey Silt 26.002 0.716 3.069 0.676 2.393 2.98 0.6123 0.74 0.123 0.84 1
52.329 6 Sandy Silt to Clayey Silt 28.763 0.678 3.106 0.696 2.41 2.89 0.60942 0.73 0.122 0.84 1
52.986 6 Sandy Silt to Clayey Silt 31.938 0.958 3.144 0.717 2.427 2.92 0.60656 0.72 0.122 0.84 1
53.642 6 Sandy Silt to Clayey Silt 36.032 0.971 3.181 0.737 2.444 2.85 0.60373 0.72 0.121 0.84 1
54.298 6 Sandy Silt to Clayey Silt 42.065 1.271 3.219 0.758 2.461 2.82 0.60093 0.71 0.121 0.84 1
54.954 5 Clayey Silt to Silty Clay 38.714 1.492 3.257 0.778 2.478 2.94 0.59815 0.70 0.120 0.83 1
55.61 5 Clayey Silt to Silty Clay 34.24 1.287 3.294 0.799 2.495 2.99 0.5954 0.70 0.120 0.83 1
56.266 6 Sandy Silt to Clayey Silt 33.475 0.989 3.332 0.819 2.512 2.93 0.59267 0.69 0.119 0.83 1
56.923 5 Clayey Silt to Silty Clay 25.418 0.712 3.369 0.84 2.53 3.04 0.58981 0.69 0.119 0.83 1
57.579 6 Sandy Silt to Clayey Silt 23.836 0.623 3.407 0.86 2.547 3.05 0.58714 0.68 0.118 0.83 1
58.235 5 Clayey Silt to Silty Clay 28.287 0.893 3.445 0.881 2.564 3.03 0.58448 0.67 0.118 0.83 1
58.891 5 Clayey Silt to Silty Clay 28.684 0.868 3.482 0.901 2.581 3.02 0.58186 0.67 0.117 0.83 1
59.547 5 Clayey Silt to Silty Clay 36.599 1.268 3.52 0.922 2.598 2.95 0.57925 0.66 0.117 0.83 1
60.203 5 Clayey Silt to Silty Clay 36.049 1.169 3.557 0.942 2.615 2.94 0.57667 0.66 0.116 0.83 1
60.86 5 Clayey Silt to Silty Clay 37.115 1.233 3.595 0.963 2.632 2.94 0.57411 0.65 0.116 0.82 1
61.516 5 Clayey Silt to Silty Clay 26.529 0.834 3.633 0.983 2.649 3.08 0.57158 0.65 0.115 0.82 1
62.172 6 Sandy Silt to Clayey Silt 25.741 0.681 3.67 1.004 2.667 3.03 0.56892 0.64 0.115 0.82 1
62.828 6 Sandy Silt to Clayey Silt 32.16 0.928 3.708 1.024 2.684 2.96 0.56643 0.64 0.114 0.82 1
63.484 6 Sandy Silt to Clayey Silt 28.395 0.83 3.745 1.044 2.701 3.02 0.56396 0.63 0.114 0.82 1
64.14 6 Sandy Silt to Clayey Silt 36.191 1.082 3.783 1.065 2.718 2.93 0.56151 0.63 0.114 0.82 1
64.797 5 Clayey Silt to Silty Clay 32.233 0.98 3.82 1.085 2.735 3 0.55909 0.62 0.113 0.82 1
65.453 5 Clayey Silt to Silty Clay 20.53 0.58 3.858 1.106 2.752 3.18 0.55668 0.62 0.113 0.82 1
66.109 6 Sandy Silt to Clayey Silt 39.627 1.039 3.896 1.126 2.769 2.87 0.5543 0.61 0.112 0.82 1
66.765 6 Sandy Silt to Clayey Silt 52.991 1.638 3.933 1.147 2.786 2.8 0.55193 0.61 0.112 0.81 1
67.421 5 Clayey Silt to Silty Clay 43.454 1.598 3.971 1.167 2.804 2.93 0.54945 0.61 0.112 0.81 1
68.077 5 Clayey Silt to Silty Clay 38.362 1.44 4.008 1.188 2.821 2.99 0.54713 0.60 0.111 0.81 1
68.734 5 Clayey Silt to Silty Clay 38.34 1.539 4.046 1.208 2.838 3.02 0.54482 0.60 0.111 0.81 1

Soil Behavior Type γd

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7 5

Kα

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-WEST ALPINE 
AVENUE UC (WIDEN)

CSR qc1NCQIc* F.S.CN* Ic CRR7 5(qc1N)cs
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0191) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-AA-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

Soil Behavior Type γd

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7 5

Kα

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-WEST ALPINE 
AVENUE UC (WIDEN)

CSR qc1NCQIc* F.S.CN* Ic CRR7 5(qc1N)cs

69.39 5 Clayey Silt to Silty Clay 38.322 1.494 4.084 1.229 2.855 3.02 0.54254 0.60 0.111 0.81 1
70.046 5 Clayey Silt to Silty Clay 34.864 1.297 4.121 1.249 2.872 3.05 0.54028 0.59 0.110 0.81 1
70.702 4 Silty Clay to Clay 23.32 0.957 4.159 1.27 2.889 3.26 0.53803 0.59 0.110 0.81 1
71.358 5 Clayey Silt to Silty Clay 22.061 0.688 4.196 1.29 2.906 3.22 0.5358 0.58 0.110 0.81 1
72.014 6 Sandy Silt to Clayey Silt 38.935 0.746 4.234 1.311 2.923 2.84 0.53359 0.58 0.109 0.81 1
72.671 6 Sandy Silt to Clayey Silt 30.889 0.737 4.272 1.331 2.941 3 0.53127 0.58 0.109 0.81 1
73.327 6 Sandy Silt to Clayey Silt 17.695 0.395 4.309 1.352 2.958 3.22 0.5291 0.58 0.109 0.81 1
73.983 6 Sandy Silt to Clayey Silt 17.219 0.371 4.347 1.372 2.975 3.22 0.52695 0.57 0.109 0.80 1
74.639 6 Sandy Silt to Clayey Silt 16.42 0.348 4.384 1.393 2.992 3.23 0.52481 0.57 0.108 0.80 1
75.295 6 Sandy Silt to Clayey Silt 19.096 0.398 4.422 1.413 3.009 3.16 0.52269 0.57 0.108 0.80 1
75.951 6 Sandy Silt to Clayey Silt 21.114 0.434 4.46 1.433 3.026 3.11 0.52059 0.56 0.108 0.80 1
76.608 6 Sandy Silt to Clayey Silt 21.432 0.448 4.497 1.454 3.043 3.11 0.5185 0.56 0.108 0.80 1
77.264 6 Sandy Silt to Clayey Silt 18.314 0.354 4.535 1.474 3.06 3.18 0.51643 0.56 0.108 0.80 1
77.92 6 Sandy Silt to Clayey Silt 16.091 0.272 4.572 1.495 3.077 3.21 0.51438 0.56 0.107 0.80 1
78.576 6 Sandy Silt to Clayey Silt 15.348 0.269 4.61 1.515 3.095 3.24 0.51222 0.55 0.107 0.80 1
79.232 6 Sandy Silt to Clayey Silt 19.011 0.399 4.648 1.536 3.112 3.2 0.5102 0.55 0.107 0.80 1
79.888 6 Sandy Silt to Clayey Silt 17.73 0.428 4.685 1.556 3.129 3.26 0.5082 0.55 0.107 0.80 1
80.545 6 Sandy Silt to Clayey Silt 28.298 0.82 4.723 1.577 3.146 3.09 0.50621 0.55 0.107 0.80 1
81.201 5 Clayey Silt to Silty Clay 39.922 1.412 4.76 1.597 3.163 3.01 0.50424 0.54 0.106 0.79 1
81.857 5 Clayey Silt to Silty Clay 40.398 1.467 4.798 1.618 3.18 3.02 0.50228 0.54 0.106 0.79 1
82.513 5 Clayey Silt to Silty Clay 41.353 1.495 4.836 1.638 3.197 3.01 0.50034 0.54 0.106 0.79 1
83.169 5 Clayey Silt to Silty Clay 35.675 1.363 4.873 1.659 3.214 3.09 0.49841 0.54 0.106 0.79 1
83.825 6 Sandy Silt to Clayey Silt 40.245 1.235 4.911 1.679 3.232 2.98 0.49639 0.54 0.106 0.79 1
84.482 6 Sandy Silt to Clayey Silt 40.358 1.3 4.948 1.7 3.249 3 0.49449 0.53 0.106 0.79 1
85.138 6 Sandy Silt to Clayey Silt 38.595 1.217 4.986 1.72 3.266 3.01 0.49261 0.53 0.106 0.79 1
85.794 6 Sandy Silt to Clayey Silt 55.446 1.759 5.023 1.741 3.283 2.86 0.49074 0.53 0.105 0.79 1
86.45 6 Sandy Silt to Clayey Silt 60.413 2.08 5.061 1.761 3.3 2.86 0.48889 0.53 0.105 0.79 1
87.106 5 Clayey Silt to Silty Clay 46.64 1.758 5.099 1.781 3.317 2.99 0.48705 0.53 0.105 0.79 1
87.762 6 Sandy Silt to Clayey Silt 74.445 2.321 5.136 1.802 3.334 2.76 0.48522 0.52 0.105 0.79 1
88.419 8 Sand to Silty Sand 155.321 2.119 5.176 1.822 3.354 2.28 0.48309 0.52 0.105 2.280 0.48 75.03 1.886 141.527 0.34 0.77 1 3.91
89.075 9 Sand 179.253 1.037 5.217 1.843 3.374 2.02 0.48098 0.52 0.105 2.020 0.48 86.22 1.327 114.411 0.22 0.75 1 2.49
89.731 9 Sand 205.488 1.533 5.257 1.863 3.394 2.03 0.47889 0.52 0.105 2.030 0.48 98.41 1.341 131.982 0.29 0.73 1 3.35
90.387 9 Sand 192.096 1.781 5.298 1.884 3.414 2.11 0.47681 0.52 0.105 2.110 0.48 91.59 1.473 134.932 0.31 0.74 1 3.52
91.043 9 Sand 177.615 1.45 5.339 1.904 3.435 2.11 0.47465 0.52 0.104 2.110 0.47 84.30 1.473 124.195 0.26 0.75 1 2.95
91.699 9 Sand 232.204 1.825 5.38 1.925 3.455 2 0.47261 0.52 0.104 2.000 0.47 109.74 1.300 142.665 0.35 0.71 1 4.00
92.356 9 Sand 258.167 2.048 5.42 1.945 3.475 1.96 0.47059 0.51 0.104 1.960 0.47 121.49 1.251 151.997 0.41 0.70 1 4.65
93.012 7 Silty Sand to Sandy Silt 82.61 2.092 5.459 1.966 3.493 2.68 0.46878 0.51 0.104 0.78 1
93.668 6 Sandy Silt to Clayey Silt 61.161 2.059 5.497 1.986 3.51 2.87 0.46709 0.51 0.104 0.78 1
94.324 5 Clayey Silt to Silty Clay 59.488 2.174 5.534 2.007 3.527 2.9 0.46541 0.51 0.104 0.78 1
94.98 6 Sandy Silt to Clayey Silt 54.164 1.728 5.572 2.027 3.545 2.89 0.46365 0.51 0.104 0.78 1
95.636 6 Sandy Silt to Clayey Silt 64.319 2.233 5.609 2.048 3.562 2.86 0.46199 0.51 0.104 0.78 1
96.293 6 Sandy Silt to Clayey Silt 75.12 2.332 5.647 2.068 3.579 2.77 0.46035 0.51 0.104 0.77 1
96.949 6 Sandy Silt to Clayey Silt 68.577 2.386 5.685 2.089 3.596 2.85 0.45872 0.50 0.104 0.77 1
97.605 5 Clayey Silt to Silty Clay 58.706 2.191 5.722 2.109 3.613 2.93 0.4571 0.50 0.104 0.77 1
98.261 6 Sandy Silt to Clayey Silt 52.713 1.807 5.76 2.13 3.63 2.94 0.45549 0.50 0.104 0.77 1
98.917 6 Sandy Silt to Clayey Silt 53.654 1.912 5.797 2.15 3.647 2.94 0.45389 0.50 0.103 0.77 1
99.573 6 Sandy Silt to Clayey Silt 56.007 1.706 5.835 2.17 3.664 2.88 0.4523 0.50 0.103 0.77 1
100.23 6 Sandy Silt to Clayey Silt 70.839 2.45 5.872 2.191 3.682 2.83 0.45063 0.50 0.103 0.77 2
100.886 5 Clayey Silt to Silty Clay 75.001 3.007 5.91 2.211 3.699 2.88 0.44907 0.50 0.103 0.77 3
101.542 4 Silty Clay to Clay 48.182 2.158 5.948 2.232 3.716 3.08 0.44752 0.50 0.103 0.77 4
102.198 4 Silty Clay to Clay 32.222 1.37 5.985 2.252 3.733 3.23 0.44598 0.49 0.103 0.77 5
102.854 6 Sandy Silt to Clayey Silt 52.849 1.657 6.023 2.273 3.75 2.93 0.44444 0.49 0.103 0.77 6
103.511 6 Sandy Silt to Clayey Silt 78.487 2.656 6.06 2.293 3.767 2.81 0.44292 0.49 0.103 0.77 7
104.167 6 Sandy Silt to Clayey Silt 110.001 3.368 6.098 2.314 3.784 2.67 0.44141 0.49 0.103 0.77 8
104.823 6 Sandy Silt to Clayey Silt 101.99 3.255 6.136 2.334 3.801 2.7 0.43991 0.49 0.103 0.77 9
105.479 9 Sand 170.958 1.541 6.176 2.355 3.822 2.18 0.43807 0.49 0.103 2.180 0.44 74.89 1.619 121.262 0.25 0.76 10 2.85
106.135 9 Sand 179.208 1.121 6.217 2.375 3.842 2.09 0.43633 0.49 0.103 2.090 0.44 78.19 1.437 112.360 0.21 0.76 11 2.46
106.791 8 Sand to Silty Sand 103.333 1.148 6.257 2.396 3.861 2.44 0.4347 0.49 0.103 2.440 0.43 44.92 2.483 111.539 0.21 0.76 12 2.43
107.448 6 Sandy Silt to Clayey Silt 47.247 1.322 6.294 2.416 3.878 2.96 0.43324 0.49 0.103 0.76 13
108.104 6 Sandy Silt to Clayey Silt 63.264 1.985 6.332 2.437 3.895 2.87 0.4318 0.49 0.103 0.76 14
108.76 6 Sandy Silt to Clayey Silt 54.822 1.726 6.37 2.457 3.912 2.92 0.43036 0.48 0.103 0.76 15
109.416 6 Sandy Silt to Clayey Silt 54.612 1.654 6.407 2.478 3.93 2.91 0.42885 0.48 0.102 0.76 16
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of 
drilling, the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually 
classified in the field (according to the Unified Soil Classification System) and continuously 
logged the soils encountered during drilling. The engineer supervised the collection of soil 
samples at various depths for visual examination and laboratory testing. The soil samples were 
then transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which 
were edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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Reference: CPT data and correlation provided by Gregg Drilling and Testing, Inc.

PLATE NO.: 

TELEGRAPH AVENUE UNDERCROSSING (WIDEN)                                                       
STOCKTON, CALIFORNIA

CPT DATA CORRELATION
CPT-09-TA-001

JOB NO.: 206127.BR (BR NO. 29 0192)
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11. Stiff Fine-Grained 12. Sand to Clayey Sand
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0192) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-TA-004 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 9 Sand 125.926 1.186 0.316 0.316 1.48 1.45119 0.99 0.129 1.480 1.45 182.74 1.000 182.742 1.00 1
5.741 9 Sand 196.628 2.525 0.356 0.356 1.52 1.41388 0.99 0.129 1.520 1.41 278.01 1.000 278.009 1.00 1
6.398 9 Sand 226.273 2.153 0.397 0.397 1.4 1.37758 0.99 0.128 1.400 1.38 311.71 1.000 311.710 1.00 1
7.054 9 Sand 218.384 3.022 0.438 0.438 1.57 1.3431 0.99 0.128 1.570 1.34 293.31 1.000 293.312 1.00 1
7.71 8 Sand to Silty Sand 206.723 3.027 0.477 0.477 1.62 1.31187 0.98 0.128 1.620 1.31 271.19 1.000 271.193 1.00 1
8.366 9 Sand 251.42 3.232 0.518 0.518 1.54 1.28056 0.98 0.128 1.540 1.28 321.96 1.000 321.958 1.00 1
9.022 9 Sand 279.052 3.8 0.559 0.559 1.56 1.25071 0.98 0.128 1.560 1.25 349.01 1.000 349.013 1.00 1
9.678 9 Sand 270.606 3.729 0.6 0.6 1.59 1.22222 0.98 0.127 1.590 1.22 330.74 1.000 330.741 1.00 1
10.335 9 Sand 242.363 3.52 0.64 0.64 1.65 1.19565 0.98 0.127 1.650 1.20 289.78 1.003 290.749 1.00 1
10.991 8 Sand to Silty Sand 227.889 3.299 0.68 0.68 1.67 1.17021 0.98 0.127 1.670 1.17 266.68 1.017 271.312 1.00 1
11.647 9 Sand 254.756 3.465 0.721 0.721 1.64 1.14524 0.98 0.127 1.640 1.15 291.76 1.000 291.756 1.00 1
12.303 9 Sand 285.281 3.983 0.762 0.762 1.63 1.1213 0.97 0.127 1.630 1.12 319.89 1.000 319.887 1.00 1
12.959 9 Sand 290.228 3.882 0.802 0.802 1.63 1.0989 0.97 0.126 1.630 1.10 318.93 1.000 318.932 1.00 1
13.615 8 Sand to Silty Sand 290.298 4.531 0.842 0.842 1.69 1.07738 0.97 0.126 1.690 1.08 312.76 1.031 322.481 1.00 1
14.272 8 Sand to Silty Sand 253.752 4.419 0.882 0.882 1.78 1.05668 0.97 0.126 1.780 1.06 268.13 1.092 292.894 1.00 1
14.928 8 Sand to Silty Sand 256.149 3.934 0.921 0.921 1.74 1.03725 0.97 0.126 1.740 1.04 265.69 1.065 282.909 1.00 1
15.584 8 Sand to Silty Sand 224.341 3.627 0.961 0.961 1.81 1.01805 0.97 0.126 1.810 1.02 228.39 1.114 254.429 1.00 1
16.24 8 Sand to Silty Sand 187.909 2.549 1.001 1.001 1.81 0.99955 0.97 0.126 1.810 1.00 187.82 1.114 209.237 1.00 1
16.896 8 Sand to Silty Sand 139.957 1.95 1.04 1.04 1.92 0.98214 0.96 0.125 1.920 0.98 137.46 1.208 166.087 0.99 1
17.552 5 Clayey Silt to Silty Clay 36.77 1.358 1.078 1.078 2.65 0.96576 0.96 0.125 0.99 1
18.209 4 Silty Clay to Clay 21.461 0.826 1.116 1.116 2.87 0.94991 0.96 0.125 0.98 1
18.865 4 Silty Clay to Clay 21.745 0.798 1.153 1.153 2.86 0.93498 0.96 0.125 0.97 1
19.521 5 Clayey Silt to Silty Clay 25.774 0.846 1.191 1.191 2.78 0.92012 0.96 0.125 0.97 1
20.177 4 Silty Clay to Clay 24.486 0.998 1.228 1.228 2.87 0.9061 0.96 0.124 0.96 1
20.833 3 Clay 18.164 0.838 1.265 1.265 3.03 0.89249 0.95 0.124 0.95 1
21.49 3 Clay 19.065 0.833 1.301 1.301 3 0.87965 0.95 0.124 0.95 1
22.146 4 Silty Clay to Clay 23.149 0.927 1.339 1.339 2.92 0.86648 0.95 0.124 0.94 1
22.802 4 Silty Clay to Clay 23.192 0.879 1.377 1.377 2.91 0.85371 0.95 0.123 0.94 1
23.458 5 Clayey Silt to Silty Clay 37.354 1.151 1.414 1.414 2.69 0.84162 0.95 0.123 0.93 1
24.114 5 Clayey Silt to Silty Clay 62.873 2.792 1.452 1.452 2.63 0.82956 0.94 0.123 0.93 1
24.77 4 Silty Clay to Clay 45.369 2.213 1.489 1.489 2.77 0.81815 0.94 0.123 0.92 1
25.427 4 Silty Clay to Clay 40.707 1.754 1.527 1.527 2.78 0.80675 0.94 0.122 0.92 1
26.083 4 Silty Clay to Clay 50.528 2.285 1.565 1.565 2.73 0.79566 0.94 0.122 0.91 1
26.739 5 Clayey Silt to Silty Clay 85.923 3.369 1.602 1.602 2.52 0.78515 0.94 0.122 2.520 0.79 67.46 2.872 193.727 0.91 1
27.395 11 Sitff Fine-Grained 120.936 4.997 1.645 1.645 2.44 0.77329 0.93 0.121 2.440 0.77 93.52 2.483 232.218 0.91 1
28.051 3 Clay 35.143 2.014 1.682 1.682 2.95 0.76336 0.93 0.121 0.90 1
28.707 4 Silty Clay to Clay 18.279 0.738 1.719 1.719 3.1 0.75368 0.93 0.120 0.90 1
29.364 3 Clay 26.408 1.445 1.756 1.756 3.05 0.74425 0.92 0.120 0.89 1
30.02 3 Clay 22.286 1.179 1.792 1.792 3.11 0.73529 0.92 0.120 0.89 1
30.676 3 Clay 34.477 1.942 1.829 1.829 2.98 0.72631 0.92 0.119 0.89 1
31.332 11 Sitff Fine-Grained 60.269 3.299 1.872 1.872 2.79 0.71615 0.91 0.119 0.88 1
31.988 5 Clayey Silt to Silty Clay 65.832 2.74 1.909 1.909 2.68 0.70762 0.91 0.118 0.88 1
32.644 6 Sandy Silt to Clayey Silt 67.409 1.775 1.947 1.947 2.55 0.69908 0.91 0.118 2.550 0.70 47.12 3.034 142.986 0.35 0.88 1
33.301 6 Sandy Silt to Clayey Silt 50.381 1.445 1.984 0.009 1.975 2.68 0.69291 0.90 0.118 0.87 1
33.957 4 Silty Clay to Clay 39.249 1.708 2.022 0.03 1.992 2.89 0.68922 0.90 0.118 0.87 1
34.613 3 Clay 43.136 2.181 2.059 0.05 2.008 2.91 0.68579 0.89 0.119 0.87 1
35.269 3 Clay 34.974 2.109 2.095 0.071 2.025 3.03 0.68217 0.89 0.120 0.87 1
35.925 3 Clay 40.275 2.131 2.132 0.091 2.041 2.95 0.6788 0.88 0.120 0.87 1
36.581 4 Silty Clay to Clay 52.581 2.361 2.169 0.111 2.058 2.81 0.67526 0.88 0.120 0.87 1
37.238 6 Sandy Silt to Clayey Silt 51.183 1.555 2.207 0.132 2.075 2.71 0.67176 0.87 0.121 0.86 1
37.894 5 Clayey Silt to Silty Clay 41.471 1.74 2.244 0.152 2.092 2.88 0.66829 0.87 0.121 0.86 1
38.55 5 Clayey Silt to Silty Clay 46.75 1.86 2.282 0.173 2.109 2.83 0.66485 0.86 0.121 0.86 1
39.206 7 Silty Sand to Sandy Silt 56.348 1.208 2.321 0.193 2.127 2.59 0.66126 0.86 0.122 2.590 0.66 37.26 3.266 121.694 0.25 0.86 1 2.43
39.862 5 Clayey Silt to Silty Clay 58.357 2.393 2.358 0.214 2.144 2.76 0.65789 0.85 0.122 0.86 1
40.518 11 Sitff Fine-Grained 64.653 3.508 2.401 0.234 2.167 2.82 0.6534 0.85 0.122 0.86 1
41.175 11 Sitff Fine-Grained 67.912 3.731 2.444 0.255 2.189 2.81 0.64916 0.84 0.122 0.85 1
41.831 8 Sand to Silty Sand 157.592 2.265 2.484 0.275 2.208 2.13 0.64554 0.83 0.122 2.130 0.65 101.73 1.512 153.794 0.42 0.82 1 4.09
42.487 10 Gravelly Sand to Sand 215.949 0.64 2.525 0.296 2.23 1.64 0.6414 0.83 0.122 1.640 0.64 138.51 1.000 138.510 0.33 0.78 1 3.20
43.143 9 Sand 191.987 0.466 2.566 0.316 2.25 1.66 0.63768 0.82 0.122 1.660 0.64 122.43 1.010 123.700 0.26 0.79 1 2.51
43.799 9 Sand 190.398 0.365 2.607 0.337 2.27 1.63 0.63401 0.82 0.122 1.630 0.63 120.71 1.000 120.713 0.24 0.79 1 2.39
44.455 9 Sand 158.782 0.233 2.647 0.357 2.29 1.68 0.63037 0.81 0.122 1.680 0.63 100.09 1.024 102.520 0.18 0.80 1 1.77
45.112 9 Sand 128.858 0.213 2.688 0.378 2.311 1.79 0.6266 0.80 0.121 1.790 0.63 80.74 1.099 88.772 0.15 0.82 1 1.43
45.768 9 Sand 109.263 0.185 2.729 0.398 2.331 1.87 0.62305 0.80 0.121 1.870 0.62 68.08 1.162 79.094 0.13 0.83 1 1.24
46.424 9 Sand 102.182 0.168 2.77 0.419 2.351 1.9 0.61954 0.79 0.121 1.900 0.62 63.31 1.189 75.261 0.12 0.84 1 1.18
47.08 9 Sand 112.288 0.3 2.81 0.439 2.371 1.92 0.61607 0.78 0.121 1.920 0.62 69.18 1.208 83.586 0.13 0.83 1 1.33
47.736 9 Sand 95.532 0.341 2.851 0.46 2.392 2.04 0.61247 0.78 0.120 2.040 0.61 58.51 1.356 79.334 0.13 0.84 1 1.25
48.392 8 Sand to Silty Sand 54.208 0.081 2.891 0.48 2.411 2.18 0.60925 0.77 0.120 2.180 0.61 33.03 1.619 53.475 0.09 0.84 1 0.94
49.049 7 Silty Sand to Sandy Silt 22.952 0.091 2.929 0.5 2.429 2.7 0.60623 0.76 0.120 0.84 1
49.705 6 Sandy Silt to Clayey Silt 16.335 0.223 2.967 0.521 2.446 3.08 0.6034 0.76 0.119 0.84 1
50.361 8 Sand to Silty Sand 52.428 0.411 3.007 0.541 2.465 2.45 0.60027 0.75 0.119 2.450 0.60 31.47 2.528 79.566 0.13 0.83 1 1.27
51.017 6 Sandy Silt to Clayey Silt 35.193 0.597 3.044 0.562 2.482 2.79 0.5975 0.74 0.118 0.83 1
51.673 8 Sand to Silty Sand 70.616 0.682 3.084 0.582 2.502 2.38 0.59427 0.74 0.118 2.380 0.59 41.97 2.233 93.691 0.16 0.83 1 1.58
52.329 5 Clayey Silt to Silty Clay 29.449 0.866 3.122 0.603 2.519 3 0.59156 0.73 0.117 0.83 1
52.986 5 Clayey Silt to Silty Clay 27.189 0.937 3.159 0.623 2.536 3.07 0.58887 0.72 0.117 0.83 1
53.642 6 Sandy Silt to Clayey Silt 44.922 1.177 3.197 0.644 2.553 2.8 0.5862 0.72 0.117 0.83 1
54.298 6 Sandy Silt to Clayey Silt 44.747 1.276 3.234 0.664 2.57 2.82 0.58355 0.71 0.116 0.83 1
54.954 5 Clayey Silt to Silty Clay 35.64 1.126 3.272 0.685 2.587 2.94 0.58093 0.70 0.116 0.83 1
55.61 5 Clayey Silt to Silty Clay 19.041 0.62 3.31 0.705 2.604 3.22 0.57834 0.70 0.115 0.83 1
56.266 6 Sandy Silt to Clayey Silt 17.373 0.368 3.347 0.726 2.622 3.17 0.57561 0.69 0.115 0.82 1
56.923 6 Sandy Silt to Clayey Silt 25.737 0.688 3.385 0.746 2.639 3.04 0.57307 0.69 0.114 0.82 1
57.579 6 Sandy Silt to Clayey Silt 33.779 0.939 3.422 0.767 2.656 2.94 0.57054 0.68 0.114 0.82 1
58.235 5 Clayey Silt to Silty Clay 27.587 0.812 3.46 0.787 2.673 3.04 0.56804 0.67 0.113 0.82 1
58.891 5 Clayey Silt to Silty Clay 25.873 0.745 3.498 0.808 2.69 3.06 0.56555 0.67 0.113 0.82 1
59.547 5 Clayey Silt to Silty Clay 27.762 0.882 3.535 0.828 2.707 3.06 0.56309 0.66 0.113 0.82 1
60.203 5 Clayey Silt to Silty Clay 23.192 0.639 3.573 0.848 2.724 3.11 0.56065 0.66 0.112 0.82 1
60.86 6 Sandy Silt to Clayey Silt 27.156 0.695 3.61 0.869 2.741 3.02 0.55823 0.65 0.112 0.82 1
61.516 6 Sandy Silt to Clayey Silt 23.64 0.532 3.648 0.889 2.758 3.07 0.55584 0.65 0.111 0.82 1
62.172 5 Clayey Silt to Silty Clay 18.093 0.463 3.686 0.91 2.776 3.22 0.55332 0.64 0.111 0.82 1
62.828 5 Clayey Silt to Silty Clay 29.968 0.924 3.723 0.93 2.793 3.03 0.55096 0.64 0.110 0.81 1
63.484 6 Sandy Silt to Clayey Silt 34.428 1.019 3.761 0.951 2.81 2.96 0.54863 0.63 0.110 0.81 1
64.14 6 Sandy Silt to Clayey Silt 27.942 0.785 3.798 0.971 2.827 3.03 0.54631 0.63 0.110 0.81 1
64.797 6 Sandy Silt to Clayey Silt 46.985 1.094 3.836 0.992 2.844 2.78 0.54402 0.62 0.109 0.81 1
65.453 6 Sandy Silt to Clayey Silt 55.049 1.746 3.873 1.012 2.861 2.81 0.54174 0.62 0.109 0.81 1
66.109 5 Clayey Silt to Silty Clay 44.288 1.648 3.911 1.033 2.878 2.94 0.53948 0.61 0.109 0.81 1
66.765 5 Clayey Silt to Silty Clay 28.352 1.028 3.949 1.053 2.895 3.12 0.53724 0.61 0.108 0.81 1
67.421 5 Clayey Silt to Silty Clay 24.672 0.668 3.986 1.074 2.913 3.12 0.53489 0.61 0.108 0.81 1
68.077 5 Clayey Silt to Silty Clay 17.946 0.518 4.024 1.094 2.93 3.3 0.53269 0.60 0.108 0.81 1
68.734 5 Clayey Silt to Silty Clay 13.927 0.304 4.061 1.115 2.947 3.37 0.5305 0.60 0.107 0.81 1

γd Ic CRR7 5(qc1N)csKC

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-TELEGRAPH 
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CSR qc1NCQIc* F.S.CN*

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *Kα
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KαSoil Behavior Type
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0192) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-TA-004 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

γd Ic CRR7 5(qc1N)csKC

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-TELEGRAPH 
AVENUE UC (WIDEN)

CSR qc1NCQIc* F.S.CN*

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *Kα

Kσ

CPT RESULT INPUT CSR CRR 7 5

KαSoil Behavior Type

69.39 5 Clayey Silt to Silty Clay 15.052 0.302 4.099 1.135 2.964 3.31 0.52834 0.60 0.107 0.80 1
70.046 5 Clayey Silt to Silty Clay 16.444 0.356 4.137 1.156 2.981 3.27 0.52619 0.59 0.107 0.80 1
70.702 6 Sandy Silt to Clayey Silt 26.08 0.671 4.174 1.176 2.998 3.08 0.52406 0.59 0.106 0.80 1
71.358 5 Clayey Silt to Silty Clay 16.817 0.413 4.212 1.197 3.015 3.3 0.52195 0.58 0.106 0.80 1
72.014 6 Sandy Silt to Clayey Silt 14.151 0.246 4.249 1.217 3.032 3.29 0.51985 0.58 0.106 0.80 1
72.671 6 Sandy Silt to Clayey Silt 17.356 0.356 4.287 1.237 3.05 3.22 0.51765 0.58 0.106 0.80 1
73.327 6 Sandy Silt to Clayey Silt 16.106 0.34 4.325 1.258 3.067 3.28 0.51558 0.58 0.105 0.80 1
73.983 6 Sandy Silt to Clayey Silt 16.209 0.315 4.362 1.278 3.084 3.23 0.51354 0.57 0.105 0.80 1
74.639 6 Sandy Silt to Clayey Silt 25.883 0.658 4.4 1.299 3.101 3.08 0.51151 0.57 0.105 0.80 1
75.295 6 Sandy Silt to Clayey Silt 37.78 0.934 4.437 1.319 3.118 2.92 0.5095 0.57 0.105 0.80 1
75.951 6 Sandy Silt to Clayey Silt 33.8 0.814 4.475 1.34 3.135 2.96 0.5075 0.56 0.105 0.80 1
76.608 6 Sandy Silt to Clayey Silt 24.273 0.578 4.513 1.36 3.152 3.11 0.50551 0.56 0.104 0.79 1
77.264 6 Sandy Silt to Clayey Silt 17.034 0.384 4.55 1.381 3.169 3.28 0.50355 0.56 0.104 0.79 1
77.92 6 Sandy Silt to Clayey Silt 16.242 0.305 4.588 1.401 3.187 3.28 0.50148 0.56 0.104 0.79 1
78.576 6 Sandy Silt to Clayey Silt 26.577 0.662 4.625 1.422 3.204 3.09 0.49955 0.55 0.104 0.79 1
79.232 6 Sandy Silt to Clayey Silt 31.895 0.943 4.663 1.442 3.221 3.05 0.49762 0.55 0.104 0.79 1
79.888 7 Silty Sand to Sandy Silt 44.561 0.903 4.702 1.463 3.239 2.81 0.49561 0.55 0.104 0.79 1
80.545 7 Silty Sand to Sandy Silt 42.35 0.872 4.74 1.483 3.257 2.83 0.49361 0.55 0.103 0.79 1
81.201 7 Silty Sand to Sandy Silt 59.27 1.433 4.779 1.504 3.275 2.74 0.49162 0.54 0.103 0.79 1
81.857 5 Clayey Silt to Silty Clay 48.765 1.785 4.816 1.524 3.292 2.95 0.48976 0.54 0.103 0.79 1
82.513 5 Clayey Silt to Silty Clay 28.788 0.962 4.854 1.545 3.31 3.15 0.4878 0.54 0.103 0.79 1
83.169 6 Sandy Silt to Clayey Silt 33.178 1.011 4.892 1.565 3.327 3.08 0.48597 0.54 0.103 0.79 1
83.825 5 Clayey Silt to Silty Clay 46.478 1.628 4.929 1.585 3.344 2.98 0.48415 0.54 0.103 0.79 1
84.482 5 Clayey Silt to Silty Clay 45.653 1.619 4.967 1.606 3.361 3 0.48235 0.53 0.103 0.78 1
85.138 6 Sandy Silt to Clayey Silt 63.703 1.818 5.004 1.626 3.378 2.81 0.48056 0.53 0.102 0.78 1
85.794 5 Clayey Silt to Silty Clay 45.348 1.717 5.042 1.647 3.395 3.02 0.47878 0.53 0.102 0.78 1
86.45 5 Clayey Silt to Silty Clay 39.304 1.629 5.08 1.667 3.412 3.1 0.47702 0.53 0.102 0.78 1
87.106 5 Clayey Silt to Silty Clay 58.259 2.326 5.117 1.688 3.429 2.94 0.47526 0.53 0.102 0.78 1
87.762 7 Silty Sand to Sandy Silt 98.808 1.606 5.156 1.708 3.448 2.5 0.47332 0.52 0.102 2.500 0.47 46.77 2.768 129.474 0.28 0.78 1 3.29
88.419 7 Silty Sand to Sandy Silt 91.394 1.657 5.194 1.729 3.466 2.56 0.4715 0.52 0.102 2.560 0.47 43.09 3.091 133.178 0.30 0.78 1 3.51
89.075 8 Sand to Silty Sand 106.632 1.474 5.234 1.749 3.485 2.44 0.46958 0.52 0.102 2.440 0.47 50.07 2.483 124.337 0.26 0.78 1 3.03
89.731 7 Silty Sand to Sandy Silt 119.582 2.413 5.273 1.77 3.503 2.49 0.46779 0.52 0.102 2.490 0.47 55.94 2.718 152.063 0.41 0.78 1 4.77
90.387 8 Sand to Silty Sand 142.294 1.822 5.312 1.79 3.522 2.31 0.4659 0.52 0.102 2.310 0.47 66.30 1.981 131.347 0.29 0.78 1 3.41
91.043 9 Sand 170.902 2.103 5.353 1.811 3.543 2.23 0.46384 0.52 0.102 2.230 0.46 79.27 1.743 138.207 0.33 0.76 1 3.82
91.699 7 Silty Sand to Sandy Silt 224.319 5.206 5.392 1.831 3.561 2.32 0.46209 0.52 0.101 2.320 0.46 103.66 2.015 208.820 0.73 1
92.356 12 Sand to Clayey Sand 203.463 8.387 5.432 1.852 3.58 2.53 0.46025 0.51 0.101 2.530 0.46 93.64 2.925 273.887 0.77 1
93.012 11 Sitff Fine-Grained 149.468 7.965 5.474 1.872 3.602 2.71 0.45814 0.51 0.101 0.77 1
93.668 11 Sitff Fine-Grained 112.626 5.557 5.517 1.893 3.625 2.78 0.45596 0.51 0.101 0.77 1
94.324 11 Sitff Fine-Grained 67.901 3.548 5.56 1.913 3.647 2.98 0.45389 0.51 0.101 0.77 1
94.98 11 Sitff Fine-Grained 107.374 5.127 5.603 1.934 3.669 2.79 0.45184 0.51 0.101 0.77 1
95.636 11 Sitff Fine-Grained 108.772 5.684 5.646 1.954 3.692 2.82 0.44971 0.51 0.101 0.77 1
96.293 11 Sitff Fine-Grained 120.494 4.839 5.688 1.974 3.714 2.7 0.4477 0.51 0.101 0.77 1
96.949 11 Sitff Fine-Grained 90.695 4.768 5.731 1.995 3.736 2.89 0.44571 0.50 0.101 0.77 1
97.605 7 Silty Sand to Sandy Silt 108.28 2.17 5.77 2.015 3.754 2.55 0.44409 0.50 0.101 2.550 0.44 48.09 3.034 145.903 0.37 0.77 1 4.38
98.261 9 Sand 135.966 1.034 5.811 2.036 3.775 2.23 0.44221 0.50 0.100 2.230 0.44 60.13 1.743 104.827 0.19 0.77 1 2.22
98.917 9 Sand 120.346 0.743 5.851 2.056 3.795 2.24 0.44044 0.50 0.100 2.240 0.44 53.01 1.770 93.845 0.16 0.77 1 1.86
99.573 9 Sand 123.245 0.714 5.892 2.077 3.815 2.22 0.43868 0.50 0.100 2.220 0.44 54.07 1.717 92.840 0.15 0.77 1 1.84
100.23 9 Sand 118.348 0.523 5.933 2.097 3.835 2.19 0.43694 0.50 0.100 2.190 0.44 51.71 1.643 84.942 0.14 0.76 2 1.63
100.886 9 Sand 108.717 0.86 5.974 2.118 3.856 2.34 0.43513 0.50 0.100 2.340 0.44 47.31 2.084 98.574 0.17 0.76 3 2.01
101.542 7 Silty Sand to Sandy Silt 106.681 1.874 6.012 2.138 3.874 2.54 0.43358 0.50 0.100 2.540 0.43 46.26 2.979 137.792 0.32 0.76 4 3.86
102.198 5 Clayey Silt to Silty Clay 37.955 1.355 6.05 2.159 3.891 3.15 0.43214 0.49 0.100 0.76 5
102.854 6 Sandy Silt to Clayey Silt 22.242 0.51 6.087 2.179 3.908 3.3 0.4307 0.49 0.100 0.76 6
103.511 6 Sandy Silt to Clayey Silt 18.748 0.344 6.125 2.2 3.925 3.32 0.42927 0.49 0.100 0.76 7
104.167 6 Sandy Silt to Clayey Silt 19.321 0.333 6.163 2.22 3.942 3.28 0.42785 0.49 0.100 0.76 8
104.823 6 Sandy Silt to Clayey Silt 20.381 0.352 6.2 2.241 3.96 3.25 0.42636 0.49 0.100 0.76 9
105.479 6 Sandy Silt to Clayey Silt 22.177 0.301 6.238 2.261 3.977 3.16 0.42496 0.49 0.100 0.76 10
106.135 6 Sandy Silt to Clayey Silt 35.089 0.645 6.275 2.282 3.994 3.02 0.42357 0.49 0.100 0.76 11
106.791 8 Sand to Silty Sand 83.013 0.994 6.315 2.302 4.013 2.56 0.42202 0.49 0.100 2.560 0.42 35.03 3.091 108.272 0.20 0.76 12 2.37
107.448 7 Silty Sand to Sandy Silt 100.189 1.721 6.354 2.322 4.031 2.57 0.42057 0.49 0.100 2.570 0.42 42.14 3.148 132.644 0.30 0.76 13 3.56
108.104 7 Silty Sand to Sandy Silt 87.932 1.569 6.392 2.343 4.049 2.63 0.41913 0.49 0.100 0.76 14
108.76 7 Silty Sand to Sandy Silt 59.319 0.843 6.431 2.363 4.067 2.75 0.4177 0.48 0.100 0.76 15
109.416 6 Sandy Silt to Clayey Silt 24.159 0.502 6.469 2.384 4.085 3.28 0.41627 0.48 0.099 0.75 16

10/16/2009  Liquefaction Analysis -CPT-09-004 (revised) 2 of 2































  Project Name: I-5 North Stockton Corridor Improvement
Bridge Name: Telegraph Ave UC (Widen)

Br No: 29-0192 R/L
Date:

FOUNDATION DESIGN INFORMATION FROM BRIDGE DESIGNER TO GEOTECHNICAL ENGINEER

Table 1. Foundation Design Data Sheet

B L

Abut 1 WSD Class 140 Alt X (Mod) 14.10± 10.80± 2.50 51.00 12

Abut 2 WSD Class 140 Alt X (Mod) 13.90± 10.60± 2.50 51.00 12

Note: Finish Grade is at the front face of abutment diaphragm

Table 2. Foundation Design Loads

Permanent

Per Support Max per Pile Per Support Per Support Max per Pile Per Support Max per Pile Per Support Max per Pile Per Support Max per Pile

Abut 1 1580 132 1055 N/A N/A N/A N/A N/A N/A N/A N/A

Abut 2 1580 132 1055 N/A N/A N/A N/A N/A N/A N/A N/A

Table 3. Lateral Load on Piles

Per Support

Abut 1

Abut 2

Tension

Location
Design 
Method Pile Type

Finish Grade 
Elevation (ft)

Cut-off 
Elevation (ft)

No. of Piles 
Per Support

Compression 

TELEGRAPH AVE UC (WIDEN)

April 15, 2010

Pile Cap Size (ft)

Location

Service Limit State (kips)

Total Load

Strength Limit State (Controlling Group, kips) Extreme Limit State (Controlling Group, kips)

Compression Tension

Service Limit (kips/pile)

Neglig ble

Neglig ble

Max per Pile

25

25
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0174) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-CR-005 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 1 Sensitive Fines 4.45 0.076 0.283 0.283 2.73 1.48348 0.99 0.129 1.00 1
5.741 5 Clayey Silt to Silty Clay 8.13 0.179 0.321 0.321 2.61 1.44642 0.99 0.129 1.00 1
6.398 4 Silty Clay to Clay 8.992 0.247 0.358 0.358 2.67 1.41207 0.99 0.128 1.00 1
7.054 4 Silty Clay to Clay 7.469 0.16 0.396 0.396 2.71 1.37845 0.99 0.128 1.00 1
7.71 4 Silty Clay to Clay 6.186 0.115 0.434 0.434 2.78 1.34639 0.98 0.128 1.00 1
8.366 4 Silty Clay to Clay 8.877 0.244 0.471 0.471 2.77 1.31658 0.98 0.128 1.00 1
9.022 3 Clay 7.141 0.239 0.508 0.508 2.93 1.28806 0.98 0.128 1.00 1
9.678 3 Clay 6.661 0.264 0.544 0.544 3.02 1.26147 0.98 0.127 1.00 1
10.335 3 Clay 6.437 0.219 0.581 0.581 3.02 1.23526 0.98 0.127 1.00 1
10.991 4 Silty Clay to Clay 6.437 0.194 0.618 0.618 3.02 1.21012 0.98 0.127 1.00 1
11.647 3 Clay 6.263 0.196 0.655 0.655 3.07 1.18598 0.98 0.127 1.00 1
12.303 4 Silty Clay to Clay 6.132 0.141 0.693 0.693 3.03 1.16218 0.97 0.127 1.00 1
12.959 4 Silty Clay to Clay 5.569 0.116 0.73 0.73 3.07 1.1399 0.97 0.126 1.00 1
13.615 1 Sensitive Fines 3.882 0.049 0.767 0.767 3.16 1.11845 0.97 0.126 1.00 1
14.272 1 Sensitive Fines 3.27 0.02 0.803 0.803 3.14 1.09835 0.97 0.126 1.00 1
14.928 1 Sensitive Fines 3.843 0.036 0.84 0.84 3.15 1.07843 0.97 0.126 1.00 1
15.584 1 Sensitive Fines 4.045 0.023 0.876 0.876 3.08 1.05973 0.97 0.126 1.00 1
16.24 1 Sensitive Fines 3.783 0.02 0.913 0.913 3.11 1.04117 0.97 0.126 1.00 1
16.896 1 Sensitive Fines 3.647 0.027 0.95 0.95 3.21 1.02326 0.96 0.125 1.00 1
17.552 1 Sensitive Fines 3.243 0.025 0.986 0.986 3.31 1.0064 0.96 0.125 1.00 1
18.209 1 Sensitive Fines 2.779 0.02 1.023 1.023 3.42 0.98965 0.96 0.125 1.00 1
18.865 1 Sensitive Fines 2.713 0.023 1.059 1.059 3.49 0.97388 0.96 0.125 0.99 1
19.521 1 Sensitive Fines 2.719 0.02 1.096 1.096 3.49 0.95819 0.96 0.125 0.98 1
20.177 1 Sensitive Fines 3.685 0.026 1.132 1.132 3.31 0.9434 0.96 0.124 0.98 1
20.833 1 Sensitive Fines 5.705 0.084 1.169 1.169 3.21 0.92866 0.95 0.124 0.97 1
21.49 1 Sensitive Fines 5.64 0.085 1.205 1.205 3.23 0.91476 0.95 0.124 0.96 1
22.146 1 Sensitive Fines 5.525 0.061 1.242 1.242 3.19 0.9009 0.95 0.124 0.96 1
22.802 1 Sensitive Fines 5.258 0.047 1.278 1.278 3.19 0.88781 0.95 0.123 0.95 1
23.458 1 Sensitive Fines 4.805 0.028 1.315 1.315 3.19 0.87475 0.95 0.123 0.95 1
24.114 1 Sensitive Fines 5.045 0.047 1.352 1.352 3.24 0.86207 0.94 0.123 0.94 1
24.77 1 Sensitive Fines 6.814 0.096 1.388 1.388 3.18 0.85008 0.94 0.123 0.94 1
25.427 5 Clayey Silt to Silty Clay 8.741 0.13 1.426 1.426 3.11 0.83778 0.94 0.122 0.93 1
26.083 7 Silty Sand to Sandy Silt 18.923 0.089 1.464 1.464 2.56 0.82583 0.94 0.122 2.560 0.83 15.63 3.091 48.296 0.09 0.93 1
26.739 6 Sandy Silt to Clayey Silt 15.03 0.186 1.502 1.502 2.85 0.81421 0.94 0.122 0.92 1
27.395 4 Silty Clay to Clay 6.197 0.131 1.54 1.54 3.4 0.80292 0.93 0.121 0.92 1
28.051 1 Sensitive Fines 5.072 0.063 1.576 1.576 3.4 0.79251 0.93 0.121 0.91 1
28.707 1 Sensitive Fines 5.148 0.058 1.613 1.613 3.38 0.78208 0.93 0.120 0.91 1
29.364 1 Sensitive Fines 5.149 0.037 1.649 1.649 3.31 0.7722 0.92 0.120 0.90 1
30.02 1 Sensitive Fines 5.198 0.068 1.686 1.685 3.43 0.76256 0.92 0.120 0.90 1
30.676 5 Clayey Silt to Silty Clay 7.524 0.136 1.723 0.021 1.702 3.3 0.7581 0.92 0.121 0.90 1
31.332 1 Sensitive Fines 5.149 0.089 1.76 0.041 1.719 3.49 0.75368 0.91 0.122 0.90 1
31.988 1 Sensitive Fines 5.334 0.093 1.796 0.062 1.735 3.48 0.74957 0.91 0.122 0.90 1
32.644 1 Sensitive Fines 5.536 0.086 1.833 0.082 1.751 3.44 0.74551 0.91 0.123 0.89 1
33.301 5 Clayey Silt to Silty Clay 8.195 0.128 1.871 0.103 1.768 3.25 0.74124 0.90 0.124 0.89 1
33.957 7 Silty Sand to Sandy Silt 28.696 0.071 1.909 0.123 1.786 2.38 0.73677 0.90 0.125 2.380 0.74 21.14 2.233 47.202 0.09 0.89 1 0.85
34.613 7 Silty Sand to Sandy Silt 34.276 0.061 1.948 0.144 1.804 2.27 0.73236 0.89 0.125 2.270 0.73 25.10 1.856 46.592 0.09 0.89 1 0.84
35.269 7 Silty Sand to Sandy Silt 24.568 0.097 1.986 0.164 1.822 2.52 0.72799 0.89 0.126 2.520 0.73 17.89 2.872 51.360 0.09 0.89 1 0.88
35.925 6 Sandy Silt to Clayey Silt 24.787 0.318 2.024 0.185 1.839 2.73 0.72392 0.88 0.126 0.89 1
36.581 6 Sandy Silt to Clayey Silt 22.314 0.514 2.062 0.205 1.857 2.91 0.71966 0.88 0.127 0.88 1
37.238 5 Clayey Silt to Silty Clay 19.884 0.485 2.099 0.226 1.874 2.97 0.71568 0.87 0.127 0.88 1
37.894 6 Sandy Silt to Clayey Silt 19.688 0.397 2.137 0.246 1.891 2.92 0.71174 0.87 0.128 0.88 1
38.55 6 Sandy Silt to Clayey Silt 19.142 0.35 2.174 0.267 1.908 2.92 0.70785 0.86 0.128 0.88 1
39.206 6 Sandy Silt to Clayey Silt 27.577 0.489 2.212 0.287 1.925 2.75 0.704 0.86 0.128 0.88 1
39.862 6 Sandy Silt to Clayey Silt 35.444 0.994 2.25 0.307 1.942 2.79 0.70019 0.85 0.128 0.88 1
40.518 5 Clayey Silt to Silty Clay 28.762 0.828 2.287 0.328 1.959 2.89 0.69642 0.85 0.128 0.87 1
41.175 6 Sandy Silt to Clayey Silt 27.189 0.62 2.325 0.348 1.976 2.83 0.6927 0.84 0.129 0.87 1
41.831 6 Sandy Silt to Clayey Silt 38.534 0.883 2.362 0.369 1.994 2.71 0.68879 0.83 0.128 0.87 1
42.487 6 Sandy Silt to Clayey Silt 30.623 0.87 2.4 0.389 2.011 2.86 0.68514 0.83 0.128 0.87 1
43.143 6 Sandy Silt to Clayey Silt 28.237 0.811 2.438 0.41 2.028 2.9 0.68154 0.82 0.128 0.87 1
43.799 6 Sandy Silt to Clayey Silt 27.134 0.657 2.475 0.43 2.045 2.88 0.67797 0.82 0.128 0.87 1
44.455 6 Sandy Silt to Clayey Silt 21.052 0.503 2.513 0.451 2.062 2.97 0.67443 0.81 0.128 0.87 1
45.112 6 Sandy Silt to Clayey Silt 21.855 0.521 2.55 0.471 2.079 2.96 0.67094 0.80 0.128 0.86 1
45.768 5 Clayey Silt to Silty Clay 19.676 0.515 2.588 0.492 2.096 3.04 0.66748 0.80 0.128 0.86 1
46.424 5 Clayey Silt to Silty Clay 19.453 0.538 2.626 0.512 2.113 3.07 0.66405 0.79 0.128 0.86 1
47.08 5 Clayey Silt to Silty Clay 16.854 0.37 2.663 0.533 2.131 3.08 0.66046 0.78 0.127 0.86 1
47.736 6 Sandy Silt to Clayey Silt 18.798 0.299 2.701 0.553 2.148 2.94 0.65711 0.78 0.127 0.86 1
48.392 7 Silty Sand to Sandy Silt 54.039 0.926 2.739 0.574 2.166 2.55 0.65359 0.77 0.126 2.550 0.65 35.32 3.034 107.168 0.19 0.86 1 1.83
49.049 7 Silty Sand to Sandy Silt 88.157 1.341 2.778 0.594 2.184 2.35 0.65012 0.76 0.126 2.350 0.65 57.31 2.120 121.482 0.25 0.86 1 2.33
49.705 7 Silty Sand to Sandy Silt 75.518 1.219 2.817 0.615 2.202 2.43 0.64668 0.76 0.126 2.430 0.65 48.84 2.439 119.112 0.24 0.85 1 2.25
50.361 7 Silty Sand to Sandy Silt 77.341 1.492 2.855 0.635 2.22 2.47 0.64327 0.75 0.125 2.470 0.64 49.75 2.621 130.414 0.29 0.85 1 2.73
51.017 6 Sandy Silt to Clayey Silt 58.118 1.701 2.893 0.655 2.237 2.68 0.64009 0.74 0.125 0.85 1
51.673 5 Clayey Silt to Silty Clay 38.867 1.386 2.93 0.676 2.255 2.89 0.63676 0.74 0.124 0.85 1
52.329 5 Clayey Silt to Silty Clay 33.751 1.056 2.968 0.696 2.272 2.9 0.63364 0.73 0.124 0.85 1
52.986 6 Sandy Silt to Clayey Silt 34.472 1.045 3.006 0.717 2.289 2.89 0.63055 0.72 0.123 0.85 1
53.642 5 Clayey Silt to Silty Clay 24.634 0.69 3.043 0.737 2.306 3 0.6275 0.72 0.123 0.85 1
54.298 5 Clayey Silt to Silty Clay 20.851 0.534 3.081 0.758 2.323 3.06 0.62447 0.71 0.122 0.84 1
54.954 6 Sandy Silt to Clayey Silt 22.532 0.55 3.118 0.778 2.34 3.02 0.62147 0.70 0.122 0.84 1
55.61 6 Sandy Silt to Clayey Silt 27.839 0.671 3.156 0.799 2.357 2.92 0.6185 0.70 0.121 0.84 1
56.266 6 Sandy Silt to Clayey Silt 26.725 0.682 3.194 0.819 2.374 2.96 0.61556 0.69 0.121 0.84 1
56.923 6 Sandy Silt to Clayey Silt 22.253 0.527 3.231 0.84 2.392 3.03 0.61247 0.69 0.120 0.84 1
57.579 6 Sandy Silt to Clayey Silt 17.345 0.383 3.269 0.86 2.409 3.13 0.60959 0.68 0.120 0.84 1
58.235 6 Sandy Silt to Clayey Silt 21.92 0.552 3.306 0.881 2.426 3.06 0.60673 0.67 0.119 0.84 1
58.891 5 Clayey Silt to Silty Clay 20.463 0.547 3.344 0.901 2.443 3.12 0.6039 0.67 0.119 0.84 1
59.547 5 Clayey Silt to Silty Clay 14.676 0.299 3.382 0.922 2.46 3.21 0.60109 0.66 0.118 0.84 1
60.203 5 Clayey Silt to Silty Clay 9.669 0.123 3.419 0.942 2.477 3.37 0.59831 0.66 0.118 0.83 1
60.86 6 Sandy Silt to Clayey Silt 11.454 0.085 3.457 0.963 2.494 3.15 0.59556 0.65 0.118 0.83 1
61.516 6 Sandy Silt to Clayey Silt 12.759 0.149 3.494 0.983 2.511 3.15 0.59283 0.65 0.117 0.83 1
62.172 6 Sandy Silt to Clayey Silt 14.943 0.241 3.532 1.004 2.528 3.14 0.59013 0.64 0.117 0.83 1
62.828 6 Sandy Silt to Clayey Silt 27.855 0.555 3.57 1.024 2.546 2.9 0.58729 0.64 0.116 0.83 1
63.484 6 Sandy Silt to Clayey Silt 31.66 0.654 3.607 1.044 2.563 2.86 0.58464 0.63 0.116 0.83 1
64.14 6 Sandy Silt to Clayey Silt 25.868 0.578 3.645 1.065 2.58 2.98 0.58201 0.63 0.115 0.83 1
64.797 6 Sandy Silt to Clayey Silt 29.307 0.783 3.682 1.085 2.597 2.97 0.5794 0.62 0.115 0.83 1
65.453 6 Sandy Silt to Clayey Silt 41.985 1.136 3.72 1.106 2.614 2.83 0.57682 0.62 0.115 0.83 1
66.109 6 Sandy Silt to Clayey Silt 61.71 1.5 3.758 1.126 2.631 2.67 0.57426 0.61 0.114 0.82 1
66.765 6 Sandy Silt to Clayey Silt 65.701 1.604 3.795 1.147 2.648 2.65 0.57173 0.61 0.114 0.82 1
67.421 5 Clayey Silt to Silty Clay 43.562 1.667 3.833 1.167 2.665 2.93 0.56921 0.61 0.113 0.82 1
68.077 5 Clayey Silt to Silty Clay 32.96 1.335 3.87 1.188 2.683 3.07 0.56657 0.60 0.113 0.82 1
68.734 5 Clayey Silt to Silty Clay 32.075 1.16 3.908 1.208 2.7 3.05 0.5641 0.60 0.113 0.82 1

γd Ic CRR7 5(qc1N)csKC

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-CALAVERAS 
RIVER BRIDGE (WIDEN)

CSR qc1NCQIc* F.S.CN*

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *Kα

Kσ

CPT RESULT INPUT CSR CRR 7 5

KαSoil Behavior Type
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0174) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-CR-005 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

γd Ic CRR7 5(qc1N)csKC

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-CALAVERAS 
RIVER BRIDGE (WIDEN)

CSR qc1NCQIc* F.S.CN*

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *Kα

Kσ

CPT RESULT INPUT CSR CRR 7 5

KαSoil Behavior Type

69.39 6 Sandy Silt to Clayey Silt 33.38 1.014 3.946 1.229 2.717 2.98 0.56165 0.60 0.112 0.82 1
70.046 5 Clayey Silt to Silty Clay 38.021 1.404 3.983 1.249 2.734 2.98 0.55923 0.59 0.112 0.82 1
70.702 5 Clayey Silt to Silty Clay 36.426 1.355 4.021 1.27 2.751 3 0.55682 0.59 0.112 0.82 1
71.358 5 Clayey Silt to Silty Clay 49.89 1.749 4.058 1.29 2.768 2.88 0.55444 0.58 0.111 0.82 1
72.014 7 Silty Sand to Sandy Silt 76.424 1.422 4.097 1.311 2.786 2.55 0.55193 0.58 0.111 2.550 0.55 42.18 3.034 127.986 0.27 0.81 1 2.95
72.671 8 Sand to Silty Sand 94.916 0.973 4.137 1.331 2.806 2.32 0.54918 0.58 0.111 2.320 0.55 52.13 2.015 105.011 0.19 0.81 1 2.02
73.327 8 Sand to Silty Sand 111.993 1.225 4.176 1.352 2.825 2.28 0.54658 0.58 0.111 2.280 0.55 61.21 1.886 115.459 0.22 0.81 1 2.41
73.983 8 Sand to Silty Sand 121.64 1.134 4.216 1.372 2.844 2.21 0.54402 0.57 0.110 2.210 0.54 66.17 1.692 111.941 0.21 0.81 1 2.28
74.639 8 Sand to Silty Sand 108.041 0.988 4.256 1.393 2.863 2.26 0.54147 0.57 0.110 2.260 0.54 58.50 1.827 106.869 0.19 0.81 1 2.10
75.295 8 Sand to Silty Sand 103.11 1.255 4.295 1.413 2.882 2.34 0.53895 0.57 0.110 2.340 0.54 55.57 2.084 115.797 0.22 0.81 1 2.44
75.951 7 Silty Sand to Sandy Silt 90.946 2.269 4.334 1.433 2.901 2.58 0.53645 0.56 0.109 2.580 0.54 48.79 3.206 156.438 0.44 0.81 1 4.75
76.608 8 Sand to Silty Sand 98.502 1.235 4.374 1.454 2.92 2.37 0.53398 0.56 0.109 2.370 0.53 52.60 2.194 115.403 0.22 0.81 1 2.43
77.264 8 Sand to Silty Sand 101.882 0.799 4.413 1.474 2.939 2.26 0.53153 0.56 0.109 2.260 0.53 54.15 1.827 98.926 0.17 0.81 1 1.86
77.92 8 Sand to Silty Sand 91.432 1.294 4.453 1.495 2.958 2.44 0.5291 0.56 0.109 2.440 0.53 48.38 2.483 120.126 0.24 0.81 1 2.65
78.576 8 Sand to Silty Sand 91.732 1.109 4.493 1.515 2.977 2.4 0.52669 0.55 0.109 2.400 0.53 48.31 2.312 111.721 0.21 0.80 1 2.30
79.232 8 Sand to Silty Sand 83.341 1.01 4.532 1.536 2.997 2.44 0.52418 0.55 0.108 2.440 0.52 43.69 2.483 108.478 0.20 0.80 1 2.19
79.888 6 Sandy Silt to Clayey Silt 70.347 1.798 4.57 1.556 3.014 2.7 0.52207 0.55 0.108 0.80 1
80.545 4 Silty Clay to Clay 46.74 2.182 4.608 1.577 3.031 3.02 0.51997 0.55 0.108 0.80 1
81.201 4 Silty Clay to Clay 56.753 2.729 4.645 1.597 3.048 2.96 0.51789 0.54 0.108 0.80 1
81.857 8 Sand to Silty Sand 89.958 1.127 4.685 1.618 3.067 2.43 0.51558 0.54 0.108 2.430 0.52 46.38 2.439 113.124 0.21 0.80 1 2.38
82.513 7 Silty Sand to Sandy Silt 85.381 1.977 4.724 1.638 3.085 2.61 0.51342 0.54 0.107 0.80 1
83.169 6 Sandy Silt to Clayey Silt 86.298 2.417 4.761 1.659 3.102 2.66 0.51139 0.54 0.107 0.80 1
83.825 5 Clayey Silt to Silty Clay 65.931 2.716 4.799 1.679 3.12 2.87 0.50926 0.54 0.107 0.80 1
84.482 7 Silty Sand to Sandy Silt 78.548 1.22 4.837 1.7 3.138 2.55 0.50715 0.53 0.107 2.550 0.51 39.84 3.034 120.869 0.24 0.80 1 2.72
85.138 6 Sandy Silt to Clayey Silt 63.201 2.201 4.875 1.72 3.155 2.84 0.50517 0.53 0.107 0.79 1
85.794 6 Sandy Silt to Clayey Silt 61.683 1.613 4.913 1.741 3.172 2.78 0.5032 0.53 0.107 0.79 1
86.45 7 Silty Sand to Sandy Silt 73.727 1.11 4.951 1.761 3.19 2.57 0.50114 0.53 0.107 2.570 0.50 36.95 3.148 116.309 0.23 0.79 1 2.53
87.106 5 Clayey Silt to Silty Clay 57.861 2.131 4.989 1.781 3.207 2.9 0.49921 0.53 0.106 0.79 1
87.762 7 Silty Sand to Sandy Silt 71.51 1.698 5.027 1.802 3.225 2.7 0.49718 0.52 0.106 0.79 1
88.419 7 Silty Sand to Sandy Silt 79.344 1.795 5.066 1.822 3.244 2.65 0.49505 0.52 0.106 0.79 1
89.075 6 Sandy Silt to Clayey Silt 60.083 1.997 5.104 1.843 3.261 2.84 0.49316 0.52 0.106 0.79 1
89.731 5 Clayey Silt to Silty Clay 76.522 3.099 5.141 1.863 3.278 2.8 0.49129 0.52 0.106 0.79 1
90.387 7 Silty Sand to Sandy Silt 110.47 2.387 5.18 1.884 3.296 2.51 0.48932 0.52 0.106 2.510 0.49 54.06 2.820 152.410 0.41 0.79 1 4.61
91.043 9 Sand 154.999 1.295 5.221 1.904 3.316 2.15 0.48716 0.52 0.106 2.150 0.49 75.51 1.553 117.249 0.23 0.77 1 2.59
91.699 9 Sand 139.269 0.995 5.261 1.925 3.337 2.16 0.4849 0.52 0.106 2.160 0.48 67.53 1.574 106.313 0.19 0.78 1 2.17
92.356 9 Sand 121.094 0.914 5.302 1.945 3.357 2.23 0.48277 0.51 0.105 2.230 0.48 58.46 1.743 101.925 0.18 0.78 1 2.02
93.012 8 Sand to Silty Sand 102.302 0.87 5.342 1.966 3.376 2.33 0.48077 0.51 0.105 2.330 0.48 49.18 2.049 100.765 0.18 0.78 1 1.98
93.668 7 Silty Sand to Sandy Silt 92.666 1.685 5.38 1.986 3.394 2.55 0.47889 0.51 0.105 2.550 0.48 44.38 3.034 134.648 0.31 0.78 1 3.48
94.324 6 Sandy Silt to Clayey Silt 66.465 2.19 5.418 2.007 3.411 2.84 0.47712 0.51 0.105 0.78 1
94.98 6 Sandy Silt to Clayey Silt 64.058 2.02 5.456 2.027 3.428 2.82 0.47537 0.51 0.105 0.78 1
95.636 4 Silty Clay to Clay 65.658 3.016 5.493 2.048 3.446 2.93 0.47353 0.51 0.105 0.78 1
96.293 3 Clay 38.348 2.137 5.53 2.068 3.462 3.22 0.4719 0.51 0.105 0.78 1
96.949 3 Clay 37.993 1.909 5.566 2.089 3.478 3.19 0.47029 0.50 0.105 0.78 1
97.605 5 Clayey Silt to Silty Clay 47.537 2.068 5.604 2.109 3.495 3.05 0.46858 0.50 0.105 0.78 1
98.261 5 Clayey Silt to Silty Clay 44.747 1.76 5.641 2.13 3.512 3.06 0.46689 0.50 0.105 0.78 1
98.917 5 Clayey Silt to Silty Clay 44.338 1.549 5.679 2.15 3.529 3.02 0.46521 0.50 0.105 0.78 1
99.573 5 Clayey Silt to Silty Clay 50.551 1.968 5.717 2.17 3.546 3 0.46355 0.50 0.105 0.78 1
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FOUNDATION REPORT 
EBMUD AQUEDUCT UC (WIDEN) 

(BRIDGE NO. 29-0226)  
STOCKTON, CALIFORNIA 

10-SJ-05 PM 29.83 EA 10-0G04701
 
1. INTRODUCTION 
 

This report presents the results of our geotechnical engineering investigation for the proposed 
“EBMUD Aqueduct Undercrossing (Widen) (Bridge No. 29-0226)” in Stockton, California, 
hereinafter referred to as “PROJECT”. The work was performed in general accordance with the 
scope of work outlined in our proposal to Rajappan & Meyer Consulting Engineers, Inc. 
(Designer). The general location of the project site and its vicinity are shown on the Project 
Location Map, Plate 1.   
 
The geotechnical recommendations presented in this report are intended for design input and are not 
intended to be used as specifications.  In addition, the data provided in this report including these 
geotechnical recommendations should not be used for bidding purposes or directly for construction 
cost estimates. If the report is provided as a reference document, any interpretation of the data and 
recommendations should be sole responsibility of the user and PARIKH Consultants, Inc. (PARIKH) 
shall not be liable for any consequences. 

 
 
2. PURPOSE AND SCOPE 
 

The purpose of this investigation was to evaluate the general soil conditions at the project site, to 
evaluate their engineering properties and to provide geotechnical recommendations for the 
foundation design of the proposed project.  
 
The scope of work performed for this investigation included a review of the readily available 
soils and geologic literature pertaining to the site including available as-built Log of Test Borings 
(LOTB) for the existing structure; site reconnaissance; obtaining representative soil samples and 
logging soil materials encountered in one soil boring and one cone penetration test (CPT); 
laboratory testing of the collected soil samples; performing engineering analyses based on the 
field and laboratory data, and preparation of this foundation report for the EBMUD Aqueduct 
Undercrossing (UC) (Widen) (Bridge No. 29-0226).   
 
Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter 
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unforeseen variations in the subsurface soil conditions during construction nor is it practical to 
determine all such variations during an acceptable program of drilling and sampling for a project 
of this scope.  Such variations, when encountered, generally require additional engineering 
services to attain properly constructed project.  We, therefore, recommend that a contingency 
fund be provided to accommodate any additional charges resulting from technical services that 
may be required during construction. 
 
 

3. EXISTING BRIDGE AND PROPOSED CONSTRUCTION 
 
Existing Bridge  
 
The existing left and right bridges are four-span structures. Based on the as-built general plan and 
foundation plan of the EBMUD Aqueduct UC, the structures were constructed in 1970. The 
existing left and right bridge (Bridge No. 29-0226 L/R) are approximately 248 feet long. The left 
bridge (29-0226 L) is approximately 67 feet to 81 feet wide. The right bridge (29-0226 R) is 
approximately 50 feet wide. The existing ramp connector bridge (29-0226 S) is approximately 
256 feet and 26 feet wide. The left and right bridges have not been widened since their 
construction in 1970. The ramp connector bridge was widened in 1997. 
 
The abutments of the existing left and right bridge are supported on “Reinforced Concrete 
Raymond Step-Tapered Piles” (Class II 45 tons) based on the as-built data.  
 
Proposed Construction 
 
The widening of the EBMUD Aqueduct UC is part of the proposed “I-5 North Stockton Corridor 
Improvement” project. The deck of the existing bridge will be connected to the inside widening 
by a closure pour. Exterior widening of Left Bridge is proposed and no widening for the ramp 
connector bridge.  
 
According to Rajappan & Meyer Consulting Engineers Inc., the proposed EBMUD Aqueduct UC 
(Widen) will match the existing span with supports at the abutments and bents. The widen 
structure will be a cast-in-place reinforced concrete box girder with approximate length of 248 
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feet measured along the “I-5” Line. The width of the inside widening will be 53 feet 8 inches. 
The abutments will incorporate diaphragm type abutments. 
 
Based on our discussions with the designer, the proposed bridge abutments are to be supported on 
pile cap with 24-inch diameter Cast-In-Drilled-Hole (CIDH) concrete piles. The bents will be 
supported on 48-inch diameter CIDH concrete piles.  
 
Our recommendations presented in this report are based on the above information.  Any major 
deviation should be reported to PARIKH for further consideration. 

 
 
4. SITE CONDITIONS 
 

The EBMUD Aqueduct UC is located at the intersection of Interstate 5 (I-5) and EBMUD 
Aqueduct. It is approximately 0.1 miles south of March Lane UC. The Project Location Map, Plate 
1, shows the location of the site.  
 

 
5. FIELD EXPLORATION AND LABORATORY TESTING 
 

As-Built LOTB 
 

The as-built Log of Test Borings (LOTB) of the EBMUD Aqueduct UC (July 1965) have been 
used as a reference (Ref. 1). Based on the as-built LOTB, Borings B-2 and B-4 were drilled and 
Cone Penetration Test (CPT) at B-1, B-3, B-5 and B-6 were performed by Caltrans in 1965. The 
soil borings were drilled to the approximate depths between 66 feet and 76 feet and to the bottom 
elevation between approximately -63 feet and -75.5 feet. The CPTs were pushed to the 
approximate depths between 59 feet and 70 feet and to the bottom elevation between 
approximately -59 feet and -67 feet. 

 

Field Exploration in 2009 
 

Additional field exploration was conducted in March and April 2009. Boring A-09-EM-001 was 
drilled on the south side and CPT-09-EM-001 was performed on the north side of EBMUD 
Aqueduct. The soil boring was drilled to the depth of 111.0 feet and the CPT was pushed to the 
depth of 109.5 feet.  
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The approximate locations of the borings are shown on the Site Plan, Plate 2. The details of the 
field exploration are included in Appendix A. The descriptions of the materials encountered in 
the field exploration and relevant boring information are presented in the LOTB in Appendix A.  
 
Laboratory tests were performed on selected soil samples collected during field exploration to 
evaluate the properties of the subsurface soils.  The laboratory test methods and test results are 
presented on plates included in Appendix B. Laboratory test results for moisture content, dry unit 
weight, Plasticity Index and grain size classification of the soil samples are presented on the LOTB in 
Appendix A. 
 
The descriptions and related information presented on the LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because of 
the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within a 
stratum may not be noted on the logs due to field limitations. Also, the passage of time may result 
in a change in the soil conditions at these locations due to environmental changes. 

 
 
6. SUBSURFACE CONDITIONS 
 

Based on the as-built borings and CPT, the subsurface soils generally consist of interbedded 
layers of stiff to hard silts and medium dense to dense silty sands. A relatively thin 
(approximately 8 feet) layer of very soft clayey silt was encountered at the top of Boring B-4.  

 
Based on Boring A-09-EM-001 and CPT-09-EM-001, the subsurface soils generally consist of 
dense silty sand (embankment fill), underlain by firm to stiff lean clays, underlain by medium 
dense silty sands, underlain by stiff to hard silt/lean clays.  

 
Groundwater was recorded between approximate Elevation -4 feet and -4.5 feet in the CPTs in 
July 1965. Groundwater was measured at Elevation -8 feet (the depth of 33 feet below existing 
ground surface) during drilling for A-09-EM-001 in March 2009. The groundwater level is 
anticipated to vary with the passage of time due to seasonal groundwater fluctuations, water 
elevations in the nearby creeks, surface and subsurface flows, ground surface run-off, and other 
factors that may not be present at the time of the investigation. 
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7. GEOLOGY 
 

General geologic features pertaining to the site were evaluated with reference to the “Geologic 
Map of the Sacramento-San Joaquin Delta, California, by Brian F. Atwater, 1982, USGS Map 
MF-1401, Scale: 1:24000” (Ref. 2).  
 
Based on the geologic map, the project site is mapped as mainly Alluvial-floodplain Deposits, 
Undivided (Qfp). A geologic map of the general project area is shown on Plate 3.  
 

 
8. EARTHQUAKE CONSIDERATIONS 

 
8.1 Seismic Sources 

 
Based on the Caltrans California Seismic Hazard map (Mualchin, L., 1996) (Ref. 3) and 
readily available geological data, the governing fault for the proposed structure is the 
Coast Ranges-Sierran Block fault, (Mw=7.0), style of faulting: right lateral strike-slip). 
This fault is located at about 20 miles from the project site. The other fault in the vicinity 
of the project site is Midway-San Joaquin/N Fault. The “Fault Map” (Plate 4) presents the 
locations of the fault systems relative to the project site. 
 

Maximum credible earthquake magnitudes for some of the major faults in the area 
determined by Mualchin (California Seismic Hazard Map 1996) and peak rock 
accelerations are summarized in Table 1 below.  These maximum credible earthquake 
magnitudes represent the largest earthquakes that could occur on the given fault based on 
the current understanding of the regional tectonic structure. 
 
In the early design phase, it was agreed upon with Caltrans to use the 1996 maps since 
there was no significant difference between the old and new maps and the project area is 
in a low seismicity zone. Since the design has progressed using these maps, we have 
maintained the same understanding for the ARS design curve. 
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TABLE 1: EARTHQUAKE DATA 
Fault Estimated Closest 

Distance to Fault from 
Project Area (mile) 

Maximum 
Credible 

Earthquake 

Peak 
Bedrock 

Acceleration (g) 
Coast Ranges – Sierran Block (Reverse)(CSB) 20.0 7.00 0.2 
Midway – San Joaquin/N* 
(Not known/published)(MSJ) 20.0 6.75 0.2 

 
Based on the seismic hazard map prepared by Mualchin (1996), the PBA at the project 
site is generally 0.2 g. According to Caltrans Guidelines for Structures Foundation Report 
(March 2006) (Ref. 4), the value of PBA (for a specific project site) from the seismic 
hazard map should be verified with that calculated using the attenuation relation by 
Sadigh et al. (1997) (Ref. 5). Based on attenuation relation by Sadigh, the maximum PBA 
anticipated at the project site is 0.2 g.   

 
Based on the available boring information, the subsurface soil conditions at the project 
site consist of dense silty sand, underlain by firm to stiff lean clays, underlain by medium 
dense silty sands, underlain by stiff to hard silt/lean clays. These types of soil generally 
match the criteria for Soil Type D, as per Caltrans Seismic Design Criteria (Version 1.4, 
June 2006) (Ref. 6). The seismic design criteria for the project are as follows:  

 
1. Soil Profile Type D 
2. Peak Bedrock Acceleration =   0.2 g 
3. ARS Design Curve  =  Design curve per Caltrans Seismic Design Criteria: 

Figures B.8, with no modifications. The peak 
bedrock acceleration has been selected to account 
for the reverse fault effect. 

 
An “ARS Design Curve” (Plate No. 5), which is based on Caltrans Seismic Design 
Criteria, (Version 1.4) is attached. 
 

8.2  Seismic Hazards/Liquefaction Potential 
 
Potential seismic hazards may arise from three sources: surface fault rupture, ground 
shaking and liquefaction. Since no active faults pass through the site, the potential for 
fault rupture is relatively low.  Based on available geological and seismic data, the 
possibility of the site to experience strong ground shaking may be considered low to 
moderate.  
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Soil Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a 
temporary but essentially total loss of shear strength due to build-up of excess pore water 
pressure under the reversing, cyclic shear stresses associated with earthquake shaking. 
Submerged cohesionless sands and silts of low relative density are the type of soils, 
which usually are susceptible to liquefaction. Generally, cohesionless soils below a depth 
of 50 feet and cohesionless soils above the groundwater level were considered to have 
relatively low liquefaction potential. Clays are generally not susceptible to liquefaction.  

 
Liquefaction potential of the sand layers was analyzed based on Boring A-09-EM-001. 
The analysis was performed using the procedure developed by Seed and Idriss (1982) for 
a magnitude 7.0 Earthquake, on the nearby Coast Ranges-Sierra Block fault, resulting in a 
peak ground acceleration of about 0.2 g. This method compares the estimates of the 
earthquake-induced shear stress to the susceptibility of soil liquefaction. It is estimated 
that the post-liquefaction settlement is unlikely to occur based on the result of the 
evaluation of liquefaction potential. Based on the CPT liquefaction analysis data for CPT-
09-EM-001 included in this report, it appears that there is no significant stratum of sand 
layer that may be subject to liquefaction. Therefore the potential post-liquefaction 
settlement should not be a geotechnical concern in the pile capacity analyses. 
 
 

9. FINDINGS AND RECOMMENDATIONS 
 

9.1 General 
 

This report was prepared specifically for the proposed project according to the plans 
provided to us.  Normal construction procedures were assumed throughout our analyses 
and represent one of the bases of recommendations presented herein.  Our design criteria 
have been based upon the materials and conditions encountered in the soil borings at the 
project site.  Therefore, we should be notified in the event that these conditions are 
changed, so as to modify or amend our recommendations. 

 
9.2 Bridge Foundations 

 
For the proposed widen bridge structure, different foundation systems have been 
evaluated with respect to their design capacity and construction considerations. No driven 
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pile is allowed in the vicinity of the aqueduct according to East Bay Municipal Utility 
District. 24-inch diameter CIDH concrete piles and 48-inch diameter CIDH concrete piles 
are recommended to be the foundation system for the abutments and bents of the 
proposed bridge structure, respectively. Pertinent foundation design information provided 
by Biggs Cardosa Associates (BCA), including Foundation Design Data and Foundation 
Loads, are presented in the following tables. 

 
TABLE 2: FOUNDATION DESIGN DATA 

Support 
No 

Design 
Method 

Pile Type Finish Grade 
Elev. (ft) 

Pile Cut-off 
Elev. (ft) 

Pile Cap 
Size(ft) 

Permissible 
Settlement 

(in) 

No. of 
Piles per 
Support B L 

Abut 1 WSD 24” Dia. CIDH 19.0 17.0 2.5 53.67 1.00 6 
Bent 2 LRFD 48” Dia. CIDH 5.8 3.8 N/A N/A 1.00 3 
Bent 3 LRFD 48” Dia. CIDH 4.5 2.5 N/A N/A 1.00 3 
Bent 4 LRFD 48” Dia. CIDH 5.5 3.5 N/A N/A 1.00 3 
Abut 5 WSD 24” Dia. CIDH 20.5 18.5 2.5 53.67 1.00 6 

 
TABLE 3: FOUNDATION DESIGN LOADS 

Support 
No. 

Service-I Limit State (kips) Strength Limit State (Controlling 
Group, kips) 

Extreme Limit State 
(Controlling Group, kips) 

Total Load Permanent 
Loads 

Compression Tension Compression Tension 

Per 
Support 

Per 
Pile 

Per Support Per 
Support 

Max. 
Per Pile. 

Per 
Support 

Max. 
Per Pile. 

Per 
Support 

Max. 
Per Pile. 

Per 
Support 

Max. 
Per Pile. 

Abut 1 470 160 310 N/A N/A N/A N/A N/A N/A N/A N/A 
Bent 2 1580 670 1190 2160 1070 0 0 1190 690 0 0 
Bent 3 1930 790 1530 2640 1290 0 0 1530 690 0 0 
Bent 4 1580 670 1190 2160 1070 0 0 1190 690 0 0 
Abut 5 470 160 231 N/A N/A N/A N/A N/A N/A N/A N/A 

* Entire support remains in overall compression 
 
Consistent with Caltrans requirements, Working Stress Design (WSD) is used for the 
abutment foundations and Load and Resistance Factor Design (LRFD) is used for the bent 
foundations. The abutment foundations are evaluated for the foundation design data and 
loading condition using Caltrans November 2003 Bridge Design Specifications for 
foundations, using Working Stress Design (WSD) methods with “LRFD Service-I 
Loads”.  The Bent foundations are evaluated for the foundation design data and loading 
conditions using AASHTO LRFD Bridge Design Specifications–4th Edition, with 
interims through December 2008 and current Caltrans Amendments. 
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The evaluation of Load Demands on the piles, based upon WSD and LRFD are presented 
in Table 3 above. The estimated specified tip elevations for the anticipated design loading 
of the piles are shown in Table 4 and Table 5 below. The pile cut-off elevations are 
shown in Table 2. 

 

TABLE 4: FOUDNATION RECOMMENDATIONS FOR ABUTMENTS 
 Location Pile Type 

 
Cut-off 

Elevation 
(ft) 

LRFD Service-I Limit 
State Total Load (kips) 

per Support 

LRFD Service-I 
Limit State Total 

Load (kips) per Pile 

Nominal 
Resistance 

(kips) 

Design Tip 
Elev. (ft) 

 

Specified 
Tip 

Elev. (ft) 
   Total Permanent (Compression)    
Abut 1 24” Dia. CIDH 17.0 ± 470 310 160 320 -30.0 (a) -30.0 
Abut 5 24” Dia. CIDH 18.5 ± 470 231 160 320 -27.5 (a) -27.5 

Notes:  (i)  Design tip elevations are controlled by (a) Compression, (b) Lateral Load, respectively.  
(i) The specified tip elevation shall not be raised above the design tip elevations for lateral. 

 
TABLE 5: FOUDNATION RECOMMENDATION FOR BENTS 

 Location Pile Type 
 

Cut-off 
Elev.  

Service-I 
Limit State 
Load (kips) 
per Support 

Total 
Permissible 

Support 
Settlement 

Required Factored Nominal Resistance 
(kips) 

Design Tip Elev.(1) 
(ft) 

Specified 
Tip 

Elev. (ft)(ii) 
  (feet) Strength Limit Extreme Event  

    (inches) Comp.
(ϕ=0.7) 

Tension
(ϕ=0.7) 

Comp.
(ϕ=1.0) 

Tension 
(ϕ=1.0) 

  

Bent 2 48” Dia. CIDH 3.8 1190 1 1070 0 690 0 -62.5 (a), -26.5(c) -62.5 

Bent 3 48” Dia. CIDH 2.5 1530 1 1290 0 690 0 -70.5 (a), -27.0 (c) -70.5 

Bent 4 48” Dia. CIDH 3.5 1190 1 1070 0 690 0 -63.0 (a), -24.5 (c) -63.0 

Notes 
(i) Design tip elevations are controlled by (a) Compression (Strength Limit), (b) Tension (Strength Limit), (c) Compression (Extreme 

Event), (d) Tension (Extreme Event), (e) Lateral Load, (f) Settlement respectively. 
(ii) The design tip elevation due to the lateral loads are estimated by BCA and not included in the table above. 
(iii) The specified tip elevation shall not be raised above the design tip elevations for lateral load.  
(iv) The nominal driving resistance required is equal to the nominal resistance needed to support the factored load plus driving resistance 

from the penetrated soil layers, if any, which do not contribute to the design resistance. 
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TABLE 6: PILE DATA TABLE 
 Location Pile Type Nominal Resistance  (kips) Design Tip Elev.(1) (ft) Specified 

Tip Elevation (ft)   Compression Tension 
Abut 1 24” Dia. CIDH 320 0 -30.0 (a) -30.0 

Bent 2 48” Dia. CIDH 1530 0 -62.5 (a) -62.5 

Bent 3 48” Dia. CIDH 1850 0 -70.5 (a) -70.5 

Bent 4 48” Dia. CIDH 1530 0 -63.0 (a) -63.0 

Abut 5 24” Dia. CIDH 320 0 -27.5 (a) -27.5 

Notes 
(i) Design tip elevations for the Abutments are controlled by (a) Compression (b) Lateral Load.  
(ii) Design tip elevations for the Bents are controlled by (a) Compression, (b) Lateral Load.  
(iii) The design tip elevation due to the lateral loads are estimated by BCA and not included in the pile data table 

above. 
(iv) The specified tip elevation shall not be raised above the design tip elevations for lateral load.  
 
The estimation of the pile capacity in clay and sand are based on the adhesion factors per 
FHWA manual (O’Neil and Reese 1999). The pile capacity will be derived primarily from 
frictional resistance along the pile shafts. A factor of safety of 2 was used to estimate the 
allowable pile capacity. Based on the Pile Data Table 6, the pile tip elevation is controlled by 
the demand in compression on the pile. The pile capacity calculations are provided in 
Appendix C. 
 
The design tip elevations and specified tip elevations are based on the “pile cut-off” 
elevation provided by the designer. In the event that the “pile cut-off” elevations are 
changed, the design pile tip elevations may have to be revised accordingly.  
 

The minimum horizontal distance between the “near face” of the footing of the pile cap 
(measured at the top of the footing) and the face of the finished slope should be in 
accordance with Caltrans “Bridge Design Specifications” November 2003. The piles 
should not be spaced closer than 3 times the pile diameter measured center-to-center. For 
piles spaced at center-to-center distance greater than or equal to 3 times the pile diameter, 
there is no group effect for vertical pile capacity.  
 
Caltrans standard specification for "Cast-in-Place Concrete Piling" should be used for the 
construction of CIDH piles. Groundwater is expected during pile construction.  Due to 
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presence of sand/gravel layers, and groundwater, raveling or caving may be expected, 
which may require additional drilling and cleaning effort and may increase the concrete 
volume for the piles. The CIDH holes are not expected to remain open without 
implementation of appropriate measures. Temporary steel casing and using slurry 
displacement method of construction should be used at all times to maintain the integrity 
of the piles. Caltrans Standard Specifications and SSPs should be used for construction 
and quality assurance procedures. All pile excavations should be observed by the 
Geotechnical Engineer prior to the placement of reinforcement and concrete so that if 
conditions differ from those anticipated, appropriate recommendations can be made. 
 
It is prudent to make the contractor aware of these conditions so that appropriate steps can 
be taken to comply with the standard and maintain the integrity of the pile foundations. 
 

9.3 Lateral Design for Piles 
 

Under seismic loading conditions, lateral load analyses should be performed for the 
foundation piles. It is our understanding that the structural designer will perform lateral 
load analyses for the piles using LPILE Program (v. 5). “Generalized Vertical Soil 
Profile and Strength Parameters” based on A-09-EM-001 and CPT-09-EM-001 are 
included in Appendix C. To account for group effect, p-multipliers of 0.6 and 0.8 are 
recommended for the pile spacing of 3D and 4D, respectively.  
 
Generally, abutment piles are designed for service loads only, whereas bent piles are 
governed by seismic loading conditions.  A maximum pile head deflection of 1/4 inch is 
recommended for service condition for abutment piles.  For seismic loading condition of 
the bent piles, a maximum pile head deflection up to about one inch is generally tolerable 
and accepted for pile design.   
 

9.4 Lateral Earth Pressures 
 

Abutment retaining walls and wing walls should be designed to resist the following 
applied lateral earth pressures and live loads. These values assume no hydrostatic pore 
pressure build-up behind the wall and are based on well-drained backfill behind the walls. 
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Applied Lateral Earth Pressures 
 

Active Condition 36 pcf Equivalent Fluid Pressure (EFP) for engineered fill. 
At-Rest Condition 55 pcf Equivalent Fluid Pressure (EFP) for engineered fill. 
Passive Resistance 5.0 ksf (ultimate) for seismic design of the abutment wall (5.5 

feet or greater); for activated height less than 5.5 feet, modify 
proportionally i.e. 5.0 x (H/5.5) ksf per Caltrans SDC v.1.4. A 
minimum lateral wall movement of 2% of wall height to 
mobilize the full ultimate passive resistance is required.  

Traffic Load Surcharge The effect of any surcharge (dead or live load) should be added 
to the preceding lateral earth pressures. An additional height with 
equivalent earth pressure of not less than 2 feet of uniform soil 
weight at 125 pcf is added to the ground profile to account for 
the additional earth pressure resulting from the surcharge. 
Surcharge load due to the traffic has to be included in the design 
if the traffic is within a horizontal distance of one half of the wall 
height. A coefficient of 0.4 may be used to determine the 
additional lateral earth pressures resulting from the surcharge. 

 
Cantilever walls which are free to rotate at least 0.005 radii may be assumed flexible for 
the active condition.  Walls that are not capable of this movement should be assumed 
rigid and designed for the at-rest condition.  The effect of any surcharge (dead or live 
load) should be added to the preceding lateral earth pressures. A coefficient of 0.3 and 0.5 
may be used to determine the additional earth pressure resulting from the surcharge for 
cantilever walls and rigid walls, respectively.    

 
9.5 Embankment Settlement 
 

It is our understanding that there will be no new approach embankment required for this 
project. The existing embankment will be used for the widening of the existing structures. 
Settlement of the existing embankment is not a geotechnical concern for this project. 
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9.6 Corrosion 
 

Chemical tests were performed on soil samples from Boring A-09-EM-001 to evaluate 
the corrosion potential of the subsoil.  The test results are as follows: 

 
TABLE 6: SUMMARY OF CORROSION TEST RESULT 

Boring Depth (ft) Minimum Resistivity 
(ohms-cm) 

pH Water-soluble 
Chloride (ppm) 

Water-soluble 
Sulfate (ppm) 

A-09-EM-001 29.5 1100 6.9 53.2 96.6 
 

Based on the corrosion test results, the native subsurface soils in Boring A-09-EM-001 
are considered non-corrosive per Caltrans corrosion design guidelines. Standard Type II 
modified or Type I-P (MS) modified cement may be used for the concrete substructure. 
The minimum cement factor and cover thickness should be per Section 8.22 of Caltrans 
Bridge Design Specifications – September 2003.  

 

9.7 Plan Review 
 

We recommend that final foundation plans for the proposed project be reviewed by 
PARIKH prior to construction so that the intent of our recommendations is included in 
the project plans and specifications and to further see that no misunderstandings or 
misinterpretations have occurred.  

 
9.8 Construction Observation 
 

To a degree, the performance of any structure is dependent upon construction procedures 
and quality. Hence, geotechnical observation of foundation excavation, and pile 
installations should be carried out by regulating agencies.  If the subsurface conditions 
different from those forming the basis of our recommendations are encountered, this 
office should be informed in order to assess the need for design changes.  Therefore, the 
recommendations presented in this report are contingent upon good quality control and 
these geotechnical observations during construction. 
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10. INVESTIGATION LIMITATIONS 
 
Our services consist of professional opinions and recommendations made in accordance with 
generally accepted geotechnical engineering principles and practices and are based on our site 
reconnaissance and the assumption that the subsurface conditions do not deviate from observed 
conditions.  All work done is in accordance with generally accepted geotechnical engineering 
principles and practices.  No warranty, expressed or implied, of merchantability or fitness, is 
made or intended in connection with our work or by the furnishing of oral or written reports or 
findings.  The scope of our services did not include any environmental assessment or 
investigation for the presence or absence of hazardous or toxic materials in structures, soil, 
surface water, groundwater or air, below or around this site.  Unanticipated soil conditions are 
commonly encountered and cannot be fully determined by taking soil samples and excavating test 
borings; different soil conditions may require that additional expenditures be made during 
construction to attain a properly constructed project.  Some contingency fund is thus 
recommended to accommodate these possible extra costs. 
 
This report has been prepared for the proposed project as described earlier, to assist the engineer 
in the design of this project.  In the event any changes in the design or location of the facilities are 
planned, or if any variations or undesirable conditions are encountered during construction, our 
conclusions and recommendations shall not be considered valid unless the changes or variations 
are reviewed and our recommendations modified or approved by us in writing. 
 
This report is issued with the understanding that it is the designer's responsibility to ensure that 
the information and recommendations contained herein are incorporated into the project and that 
necessary steps are also taken to see that the recommendations are carried out in the field.   
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of 
drilling, the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually 
classified in the field (according to the Unified Soil Classification System) and continuously 
logged the soils encountered during drilling. The engineer supervised the collection of soil 
samples at various depths for visual examination and laboratory testing. The soil samples were 
then transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which 
were edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0226) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-EM-006 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 7 Silty Sand to Sandy Silt 41.597 0.72 0.299 0.299 1.98 1.46765 0.99 0.129 1.980 1.47 61.05 1.275 77.822 0.12 1.00 1
5.741 8 Sand to Silty Sand 108.706 1.293 0.339 0.339 1.62 1.4295 0.99 0.129 1.620 1.43 155.40 1.000 155.395 0.43 1.00 1
6.398 8 Sand to Silty Sand 78.498 0.97 0.379 0.379 1.75 1.39329 0.99 0.128 1.750 1.39 109.37 1.072 117.201 0.23 1.00 1
7.054 8 Sand to Silty Sand 130.234 1.838 0.418 0.418 1.68 1.3597 0.99 0.128 1.680 1.36 177.08 1.024 181.376 1.00 1
7.71 8 Sand to Silty Sand 200.777 2.736 0.458 0.458 1.59 1.3269 0.98 0.128 1.590 1.33 266.41 1.000 266.411 1.00 1
8.366 8 Sand to Silty Sand 197.966 2.836 0.498 0.498 1.63 1.29564 0.98 0.128 1.630 1.30 256.49 1.000 256.493 1.00 1
9.022 9 Sand 234.801 2.761 0.539 0.539 1.54 1.26509 0.98 0.128 1.540 1.27 297.05 1.000 297.046 1.00 1
9.678 9 Sand 229.347 2.771 0.579 0.579 1.57 1.23665 0.98 0.127 1.570 1.24 283.62 1.000 283.622 1.00 1
10.335 9 Sand 230.095 3.071 0.62 0.62 1.62 1.20879 0.98 0.127 1.620 1.21 278.14 1.000 278.137 1.00 1
10.991 9 Sand 277.479 3.703 0.661 0.661 1.59 1.18216 0.98 0.127 1.590 1.18 328.02 1.000 328.025 1.00 1
11.647 9 Sand 297.527 4.497 0.701 0.701 1.63 1.15729 0.98 0.127 1.630 1.16 344.32 1.000 344.324 1.00 1
12.303 8 Sand to Silty Sand 255.493 4.168 0.741 0.741 1.71 1.13344 0.97 0.127 1.710 1.13 289.59 1.045 302.500 1.00 1
12.959 9 Sand 231.291 3.342 0.782 0.782 1.71 1.10999 0.97 0.126 1.710 1.11 256.73 1.045 268.181 1.00 1
13.615 9 Sand 259.103 3.485 0.823 0.823 1.66 1.08749 0.97 0.126 1.660 1.09 281.77 1.010 284.705 1.00 1
14.272 9 Sand 316.002 4.429 0.863 0.863 1.64 1.06641 0.97 0.126 1.640 1.07 336.99 1.000 336.987 1.00 1
14.928 9 Sand 367.82 5.392 0.904 0.904 1.63 1.04563 0.97 0.126 1.630 1.05 384.60 1.000 384.603 1.00 1
15.584 8 Sand to Silty Sand 375.938 6.933 0.944 0.944 1.72 1.02612 0.97 0.126 1.720 1.03 385.76 1.051 405.557 1.00 1
16.24 8 Sand to Silty Sand 282.841 5.94 0.983 0.983 1.85 1.00779 0.97 0.126 1.850 1.01 285.04 1.145 326.398 1.00 1
16.896 8 Sand to Silty Sand 252.021 5.057 1.023 1.023 1.87 0.98965 0.96 0.125 1.870 0.99 249.41 1.162 289.778 0.99 1
17.552 8 Sand to Silty Sand 233.246 5.108 1.063 1.063 1.93 0.97216 0.96 0.125 1.930 0.97 226.75 1.218 276.290 0.98 1
18.209 8 Sand to Silty Sand 267.27 5.115 1.102 1.102 1.86 0.95569 0.96 0.125 1.860 0.96 255.43 1.153 294.596 0.96 1
18.865 8 Sand to Silty Sand 229.282 4.635 1.142 1.142 1.92 0.93937 0.96 0.125 1.920 0.94 215.38 1.208 260.238 0.95 1
19.521 8 Sand to Silty Sand 251.945 4.333 1.182 1.182 1.85 0.92359 0.96 0.125 1.850 0.92 232.69 1.145 266.454 0.94 1
20.177 8 Sand to Silty Sand 265.583 5.439 1.222 1.222 1.91 0.90834 0.96 0.124 1.910 0.91 241.24 1.198 289.103 0.92 1
20.833 8 Sand to Silty Sand 249.018 5.061 1.261 1.261 1.93 0.89395 0.95 0.124 1.930 0.89 222.61 1.218 271.240 0.91 1
21.49 7 Silty Sand to Sandy Silt 168.107 4.001 1.3 1.3 2.1 0.88 0.95 0.124 2.100 0.88 147.93 1.455 215.208 0.92 1
22.146 8 Sand to Silty Sand 184.95 3.424 1.34 1.34 2 0.86614 0.95 0.124 2.000 0.87 160.19 1.300 208.251 0.91 1
22.802 7 Silty Sand to Sandy Silt 82.298 1.44 1.378 1.378 2.25 0.85337 0.95 0.123 2.250 0.85 70.23 1.798 126.293 0.27 0.93 1
23.458 3 Clay 15.527 0.832 1.415 1.415 3.17 0.8413 0.95 0.123 0.93 1
24.114 4 Silty Clay to Clay 18.677 0.749 1.452 1.452 3.03 0.82956 0.94 0.123 0.93 1
24.77 4 Silty Clay to Clay 16.734 0.665 1.49 1.49 3.08 0.81784 0.94 0.123 0.92 1
25.427 3 Clay 13.551 0.541 1.526 1.526 3.18 0.80704 0.94 0.122 0.92 1
26.083 4 Silty Clay to Clay 15.03 0.549 1.564 1.564 3.13 0.79595 0.94 0.122 0.91 1
26.739 3 Clay 15.216 0.689 1.601 1.601 3.18 0.78543 0.94 0.122 0.91 1
27.395 3 Clay 13.48 0.636 1.637 1.637 3.26 0.77547 0.93 0.121 0.91 1
28.051 3 Clay 13.196 0.627 1.674 1.674 3.28 0.76548 0.93 0.121 0.90 1
28.707 3 Clay 14.102 0.61 1.71 1.71 3.23 0.75601 0.93 0.120 0.90 1
29.364 3 Clay 14.201 0.63 1.747 1.747 3.25 0.74652 0.92 0.120 0.89 1
30.02 4 Silty Clay to Clay 17.294 0.685 1.784 1.784 3.14 0.73727 0.92 0.120 0.89 1
30.676 4 Silty Clay to Clay 19.911 0.867 1.822 0.021 1.801 3.11 0.73309 0.92 0.121 0.89 1
31.332 5 Clayey Silt to Silty Clay 26.446 0.943 1.86 0.041 1.818 2.95 0.72896 0.91 0.122 0.89 1
31.988 8 Sand to Silty Sand 85.563 0.994 1.899 0.062 1.837 2.23 0.7244 0.91 0.122 2.230 0.72 61.98 1.743 108.063 0.20 0.89 1 1.93
32.644 8 Sand to Silty Sand 86.093 0.803 1.939 0.082 1.857 2.17 0.71966 0.91 0.123 2.170 0.72 61.96 1.596 98.908 0.17 0.88 1 1.65
33.301 8 Sand to Silty Sand 80.491 0.653 1.979 0.103 1.876 2.17 0.71521 0.90 0.124 2.170 0.72 57.57 1.596 91.901 0.15 0.88 1 1.47
33.957 9 Sand 93.086 0.45 2.019 0.123 1.896 2.01 0.71059 0.90 0.124 2.010 0.71 66.15 1.313 86.869 0.14 0.88 1 1.35
34.613 9 Sand 101.456 0.554 2.06 0.144 1.916 2 0.70603 0.89 0.125 2.000 0.71 71.63 1.300 93.121 0.16 0.87 1 1.48
35.269 9 Sand 126.281 0.651 2.101 0.164 1.937 1.91 0.70131 0.89 0.125 1.910 0.70 88.56 1.198 106.133 0.19 0.85 1 1.82
35.925 9 Sand 156.554 0.739 2.142 0.185 1.957 1.81 0.69686 0.88 0.126 1.810 0.70 109.10 1.114 121.535 0.25 0.83 1 2.34
36.581 9 Sand 187.543 0.876 2.182 0.205 1.977 1.74 0.69248 0.88 0.126 1.740 0.69 129.87 1.065 138.286 0.33 0.82 1 3.08
37.238 9 Sand 196.552 0.872 2.223 0.226 1.997 1.72 0.68815 0.87 0.126 1.720 0.69 135.26 1.051 142.199 0.35 0.81 1 3.28
37.894 9 Sand 147.131 0.631 2.264 0.246 2.018 1.83 0.68365 0.87 0.127 1.830 0.68 100.59 1.129 113.581 0.22 0.83 1 2.04
38.55 6 Sandy Silt to Clayey Silt 32.141 0.486 2.301 0.267 2.035 2.71 0.68006 0.86 0.127 0.87 1
39.206 5 Clayey Silt to Silty Clay 20.883 0.506 2.339 0.287 2.052 3 0.67651 0.86 0.127 0.87 1
39.862 5 Clayey Silt to Silty Clay 22.439 0.794 2.377 0.307 2.069 3.06 0.67299 0.85 0.127 0.86 1
40.518 4 Silty Clay to Clay 18.132 0.695 2.414 0.328 2.086 3.18 0.66951 0.85 0.127 0.86 1
41.175 4 Silty Clay to Clay 17.132 0.663 2.452 0.348 2.103 3.22 0.66606 0.84 0.127 0.86 1
41.831 5 Clayey Silt to Silty Clay 19.327 0.663 2.489 0.369 2.12 3.14 0.66265 0.83 0.127 0.86 1
42.487 4 Silty Clay to Clay 24.798 1.035 2.527 0.389 2.138 3.09 0.65908 0.83 0.127 0.86 1
43.143 4 Silty Clay to Clay 25.846 1.091 2.564 0.41 2.155 3.08 0.65574 0.82 0.127 0.86 1
43.799 5 Clayey Silt to Silty Clay 22.171 0.803 2.602 0.43 2.172 3.11 0.65243 0.82 0.127 0.86 1
44.455 5 Clayey Silt to Silty Clay 19.021 0.622 2.64 0.451 2.189 3.15 0.64916 0.81 0.127 0.85 1
45.112 4 Silty Clay to Clay 18.366 0.673 2.677 0.471 2.206 3.18 0.64592 0.80 0.127 0.85 1
45.768 5 Clayey Silt to Silty Clay 18.705 0.662 2.715 0.492 2.223 3.17 0.64271 0.80 0.126 0.85 1
46.424 4 Silty Clay to Clay 19.409 0.757 2.752 0.512 2.24 3.18 0.63953 0.79 0.126 0.85 1
47.08 4 Silty Clay to Clay 19.19 0.719 2.79 0.533 2.257 3.18 0.63639 0.78 0.126 0.85 1
47.736 5 Clayey Silt to Silty Clay 19.398 0.654 2.828 0.553 2.275 3.14 0.63309 0.78 0.125 0.85 1
48.392 5 Clayey Silt to Silty Clay 20.938 0.629 2.865 0.574 2.292 3.07 0.63001 0.77 0.125 0.85 1
49.049 6 Sandy Silt to Clayey Silt 47.307 1.038 2.903 0.594 2.309 2.69 0.62696 0.76 0.125 0.85 1
49.705 5 Clayey Silt to Silty Clay 36.443 1.15 2.94 0.615 2.326 2.9 0.62394 0.76 0.124 0.84 1
50.361 6 Sandy Silt to Clayey Silt 34.98 0.933 2.978 0.635 2.343 2.86 0.62094 0.75 0.124 0.84 1
51.017 7 Silty Sand to Sandy Silt 61.044 1.383 3.017 0.655 2.361 2.62 0.6178 0.74 0.123 0.84 1
51.673 6 Sandy Silt to Clayey Silt 61.191 1.549 3.054 0.676 2.378 2.65 0.61487 0.74 0.123 0.84 1
52.329 5 Clayey Silt to Silty Clay 46.652 1.906 3.092 0.696 2.395 2.87 0.61196 0.73 0.122 0.84 1
52.986 5 Clayey Silt to Silty Clay 43.093 1.728 3.129 0.717 2.413 2.9 0.60891 0.72 0.122 0.84 1
53.642 5 Clayey Silt to Silty Clay 23.897 0.834 3.167 0.737 2.43 3.09 0.60606 0.72 0.121 0.84 1
54.298 5 Clayey Silt to Silty Clay 23.651 0.662 3.205 0.758 2.447 3.04 0.60324 0.71 0.121 0.84 1
54.954 5 Clayey Silt to Silty Clay 31.955 1.032 3.242 0.778 2.464 2.96 0.60044 0.70 0.120 0.83 1
55.61 5 Clayey Silt to Silty Clay 34.718 1.343 3.28 0.799 2.481 2.98 0.59766 0.70 0.120 0.83 1
56.266 5 Clayey Silt to Silty Clay 32.96 1.346 3.317 0.819 2.498 3.03 0.59492 0.69 0.119 0.83 1
56.923 5 Clayey Silt to Silty Clay 31.491 1.164 3.355 0.84 2.515 3.02 0.59219 0.69 0.119 0.83 1
57.579 5 Clayey Silt to Silty Clay 35.618 1.22 3.393 0.86 2.532 2.96 0.5895 0.68 0.118 0.83 1
58.235 5 Clayey Silt to Silty Clay 32.032 1.211 3.43 0.881 2.549 3.03 0.58682 0.67 0.118 0.83 1
58.891 5 Clayey Silt to Silty Clay 24.376 0.892 3.468 0.901 2.567 3.14 0.58402 0.67 0.117 0.83 1
59.547 5 Clayey Silt to Silty Clay 25.524 0.93 3.505 0.922 2.584 3.11 0.5814 0.66 0.117 0.83 1
60.203 5 Clayey Silt to Silty Clay 23.984 0.816 3.543 0.942 2.601 3.12 0.5788 0.66 0.116 0.83 1
60.86 5 Clayey Silt to Silty Clay 28.319 0.883 3.581 0.963 2.618 3.02 0.57622 0.65 0.116 0.82 1
61.516 6 Sandy Silt to Clayey Silt 37.3 1.185 3.618 0.983 2.635 2.92 0.57366 0.65 0.116 0.82 1
62.172 6 Sandy Silt to Clayey Silt 46.347 1.499 3.656 1.004 2.652 2.85 0.57113 0.64 0.115 0.82 1
62.828 5 Clayey Silt to Silty Clay 43.235 1.488 3.693 1.024 2.669 2.9 0.56862 0.64 0.115 0.82 1
63.484 6 Sandy Silt to Clayey Silt 45.309 1.512 3.731 1.044 2.686 2.87 0.56613 0.63 0.114 0.82 1
64.14 6 Sandy Silt to Clayey Silt 46.62 1.436 3.769 1.065 2.704 2.84 0.56352 0.63 0.114 0.82 1
64.797 5 Clayey Silt to Silty Clay 36.317 1.437 3.806 1.085 2.721 3.01 0.56108 0.62 0.113 0.82 1
65.453 6 Sandy Silt to Clayey Silt 32.861 0.991 3.844 1.106 2.738 2.98 0.55866 0.62 0.113 0.82 1
66.109 6 Sandy Silt to Clayey Silt 35.979 1.125 3.881 1.126 2.755 2.95 0.55626 0.61 0.113 0.82 1
66.765 5 Clayey Silt to Silty Clay 31.769 1.073 3.919 1.147 2.772 3.03 0.55388 0.61 0.112 0.82 1
67.421 5 Clayey Silt to Silty Clay 31.928 1.056 3.956 1.167 2.789 3.02 0.55152 0.61 0.112 0.81 1
68.077 6 Sandy Silt to Clayey Silt 36.432 1.125 3.994 1.188 2.806 2.94 0.54918 0.60 0.112 0.81 1
68.734 6 Sandy Silt to Clayey Silt 53.018 1.67 4.032 1.208 2.823 2.8 0.54686 0.60 0.111 0.81 1

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-EBMUD 
AQUEDUCT UC (WIDEN)

CSR qc1NCQIc* F.S.CN*

CSR CRR 7.5 F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT

KαSoil Behavior Type γd Ic CRR7.5(qc1N)cs
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0226) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-EM-006 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-EBMUD 
AQUEDUCT UC (WIDEN)

CSR qc1NCQIc* F.S.CN*

CSR CRR 7.5 F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT

KαSoil Behavior Type γd Ic CRR7.5(qc1N)cs

69.39 3 Clay 49.862 2.717 4.068 1.229 2.84 3 0.54455 0.60 0.111 0.81 1
70.046 3 Clay 34.384 1.923 4.105 1.249 2.856 3.14 0.54241 0.59 0.111 0.81 1
70.702 5 Clayey Silt to Silty Clay 24.093 0.966 4.142 1.27 2.873 3.19 0.54014 0.59 0.110 0.81 1
71.358 6 Sandy Silt to Clayey Silt 46.783 1.455 4.18 1.29 2.89 2.86 0.5379 0.58 0.110 0.81 1
72.014 5 Clayey Silt to Silty Clay 59.204 2.553 4.218 1.311 2.907 2.88 0.53567 0.58 0.110 0.81 1
72.671 5 Clayey Silt to Silty Clay 37.207 1.513 4.255 1.331 2.924 3.04 0.53346 0.58 0.109 0.81 1
73.327 5 Clayey Silt to Silty Clay 32.337 1.075 4.293 1.352 2.941 3.04 0.53127 0.58 0.109 0.81 1
73.983 5 Clayey Silt to Silty Clay 30.716 1.019 4.33 1.372 2.958 3.06 0.5291 0.57 0.109 0.81 1
74.639 5 Clayey Silt to Silty Clay 28.308 0.898 4.368 1.393 2.975 3.09 0.52695 0.57 0.109 0.80 1
75.295 6 Sandy Silt to Clayey Silt 33.14 1.026 4.406 1.413 2.993 3.01 0.52468 0.57 0.108 0.80 1
75.951 6 Sandy Silt to Clayey Silt 43.06 1.331 4.443 1.433 3.01 2.91 0.52257 0.56 0.108 0.80 1
76.608 6 Sandy Silt to Clayey Silt 53.553 1.831 4.481 1.454 3.027 2.86 0.52046 0.56 0.108 0.80 1
77.264 5 Clayey Silt to Silty Clay 50.491 2.26 4.518 1.474 3.044 2.97 0.51838 0.56 0.108 0.80 1
77.92 3 Clay 30.989 1.511 4.555 1.495 3.06 3.21 0.51643 0.56 0.108 0.80 1
78.576 7 Silty Sand to Sandy Silt 67.579 1.251 4.594 1.515 3.078 2.63 0.51426 0.55 0.107 0.80 1
79.232 6 Sandy Silt to Clayey Silt 63.714 1.942 4.631 1.536 3.095 2.79 0.51222 0.55 0.107 0.80 1
79.888 5 Clayey Silt to Silty Clay 31.377 1.234 4.669 1.556 3.112 3.15 0.5102 0.55 0.107 0.80 1
80.545 5 Clayey Silt to Silty Clay 18.552 0.604 4.706 1.577 3.13 3.33 0.50808 0.55 0.107 0.80 1
81.201 5 Clayey Silt to Silty Clay 15.38 0.43 4.744 1.597 3.147 3.38 0.5061 0.54 0.107 0.80 1
81.857 5 Clayey Silt to Silty Clay 13.349 0.334 4.781 1.618 3.164 3.42 0.50412 0.54 0.106 0.79 1
82.513 5 Clayey Silt to Silty Clay 13.349 0.307 4.819 1.638 3.181 3.4 0.50217 0.54 0.106 0.79 1
83.169 6 Sandy Silt to Clayey Silt 13.916 0.291 4.857 1.659 3.198 3.36 0.50023 0.54 0.106 0.79 1
83.825 6 Sandy Silt to Clayey Silt 26.681 0.752 4.894 1.679 3.215 3.13 0.4983 0.54 0.106 0.79 1
84.482 5 Clayey Silt to Silty Clay 36.891 1.432 4.932 1.7 3.232 3.09 0.49639 0.53 0.106 0.79 1
85.138 5 Clayey Silt to Silty Clay 40.215 1.447 4.969 1.72 3.249 3.02 0.49449 0.53 0.106 0.79 1
85.794 6 Sandy Silt to Clayey Silt 68.578 2.561 5.007 1.741 3.267 2.83 0.4925 0.53 0.106 0.79 1
86.45 6 Sandy Silt to Clayey Silt 93.72 3.284 5.045 1.761 3.284 2.7 0.49063 0.53 0.106 0.79 1
87.106 6 Sandy Silt to Clayey Silt 88.986 3.122 5.082 1.781 3.301 2.73 0.48878 0.53 0.105 0.79 1
87.762 5 Clayey Silt to Silty Clay 76.975 2.982 5.12 1.802 3.318 2.81 0.48694 0.52 0.105 0.79 1
88.419 6 Sandy Silt to Clayey Silt 87.015 3.075 5.157 1.822 3.335 2.74 0.48512 0.52 0.105 0.79 1
89.075 5 Clayey Silt to Silty Clay 68.616 2.59 5.195 1.843 3.352 2.85 0.4833 0.52 0.105 0.79 1
89.731 6 Sandy Silt to Clayey Silt 56.098 1.963 5.233 1.863 3.369 2.91 0.48151 0.52 0.105 0.78 1
90.387 6 Sandy Silt to Clayey Silt 46.33 1.455 5.27 1.884 3.386 2.95 0.47972 0.52 0.105 0.78 1
91.043 6 Sandy Silt to Clayey Silt 85.552 2.654 5.308 1.904 3.403 2.71 0.47795 0.52 0.105 0.78 1
91.699 6 Sandy Silt to Clayey Silt 89.947 3.125 5.345 1.925 3.421 2.73 0.47609 0.52 0.105 0.78 1
92.356 6 Sandy Silt to Clayey Silt 76.795 2.734 5.383 1.945 3.438 2.8 0.47434 0.51 0.105 0.78 1
93.012 5 Clayey Silt to Silty Clay 51.981 1.93 5.421 1.966 3.455 2.97 0.47261 0.51 0.105 0.78 1
93.668 6 Sandy Silt to Clayey Silt 57.555 1.791 5.458 1.986 3.472 2.87 0.47089 0.51 0.104 0.78 1
94.324 8 Sand to Silty Sand 149.053 2.223 5.498 2.007 3.491 2.33 0.46898 0.51 0.104 2.330 0.47 69.90 2.049 143.214 0.35 0.77 1 4.04
94.98 7 Silty Sand to Sandy Silt 138.056 3.756 5.536 2.027 3.509 2.52 0.46719 0.51 0.104 2.520 0.47 64.50 2.872 185.215 0.78 1
95.636 8 Sand to Silty Sand 164.624 2.184 5.576 2.048 3.529 2.27 0.46521 0.51 0.104 2.270 0.47 76.59 1.856 142.149 0.35 0.76 1 3.98
96.293 9 Sand 260.707 2.509 5.617 2.068 3.549 2.02 0.46326 0.51 0.104 2.020 0.46 120.77 1.327 160.269 0.70 1
96.949 9 Sand 408.51 4.425 5.658 2.089 3.569 1.9 0.46131 0.50 0.104 1.900 0.46 188.45 1.189 224.038 0.63 1
97.605 9 Sand 376.314 3.83 5.698 2.109 3.589 1.91 0.45939 0.50 0.104 1.910 0.46 172.87 1.198 207.172 0.64 1
98.261 10 Gravelly Sand to Sand 408.313 2.838 5.74 2.13 3.611 1.78 0.45729 0.50 0.104 1.780 0.46 186.72 1.092 203.958 0.62 1
98.917 10 Gravelly Sand to Sand 346.303 2.436 5.782 2.15 3.632 1.84 0.4553 0.50 0.104 1.840 0.46 157.67 1.137 179.277 0.64 1
99.573 10 Gravelly Sand to Sand 408.98 3.533 5.824 2.17 3.653 1.84 0.45333 0.50 0.103 1.840 0.45 185.40 1.137 210.808 0.62 1
100.23 9 Sand 336.962 3.347 5.864 2.191 3.673 1.95 0.45147 0.50 0.103 1.950 0.45 152.13 1.240 188.617 0.77 2
100.886 7 Silty Sand to Sandy Silt 127.247 3.141 5.903 2.211 3.692 2.54 0.44971 0.50 0.103 2.540 0.45 57.22 2.979 170.471 0.77 3
101.542 6 Sandy Silt to Clayey Silt 68.938 2.348 5.941 2.232 3.709 2.85 0.44816 0.50 0.103 0.77 4
102.198 6 Sandy Silt to Clayey Silt 88.746 2.687 5.978 2.252 3.726 2.73 0.44661 0.49 0.103 0.77 5
102.854 9 Sand 164.307 1.643 6.019 2.273 3.746 2.22 0.4448 0.49 0.103 2.220 0.44 73.08 1.717 125.499 0.26 0.77 6 3.05
103.511 9 Sand 201.678 1.255 6.06 2.293 3.766 2.03 0.44301 0.49 0.103 2.030 0.44 89.35 1.341 119.831 0.24 0.77 7 2.78
104.167 9 Sand 179.72 1.191 6.1 2.314 3.787 2.09 0.44115 0.49 0.103 2.090 0.44 79.28 1.437 113.923 0.22 0.77 8 2.52
104.823 9 Sand 144.849 1.323 6.141 2.334 3.807 2.25 0.43938 0.49 0.103 2.250 0.44 63.64 1.798 114.449 0.22 0.77 9 2.55
105.479 6 Sandy Silt to Clayey Silt 77.444 2.399 6.179 2.355 3.824 2.8 0.4379 0.49 0.103 0.76 10
106.135 6 Sandy Silt to Clayey Silt 60.782 2.122 6.216 2.375 3.841 2.91 0.43642 0.49 0.103 0.76 11
106.791 6 Sandy Silt to Clayey Silt 58.986 2.066 6.254 2.396 3.858 2.93 0.43495 0.49 0.103 0.76 12
107.448 6 Sandy Silt to Clayey Silt 76.789 2.496 6.291 2.416 3.875 2.81 0.4335 0.49 0.103 0.76 13
108.104 5 Clayey Silt to Silty Clay 63.473 2.509 6.329 2.437 3.892 2.94 0.43205 0.49 0.103 0.76 14
108.76 6 Sandy Silt to Clayey Silt 60.28 1.814 6.367 2.457 3.91 2.88 0.43053 0.48 0.103 0.76 15
109.416 6 Sandy Silt to Clayey Silt 85.083 2.757 6.404 2.478 3.927 2.77 0.4291 0.48 0.102 0.76 16
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of drilling, 
the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually classified 
in the field (according to the Unified Soil Classification System) and continuously logged the 
soils encountered during drilling. The engineer supervised the collection of soil samples at 
various depths for visual examination and laboratory testing. The soil samples were then 
transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which were 
edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. 206127.MLB COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

CSR CRR 7 5 F.S.=(CRR 7 5 /CSR)*MSF*Kσ *KαCPT RESULT INPUT

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-MARCH LANE 
UC (WIDEN)

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

5.085 8 Sand to Silty Sand 76.244 0.74 0.308 0.308 1.62 1.45889 0.99 0.129 1.620 1.46 111.23 1.000 111.231 0.21 1.00 1
5.741 8 Sand to Silty Sand 150.325 1.719 0.347 0.347 1.53 1.42211 0.99 0.129 1.530 1.42 213.78 1.000 213.778 1.00 1
6.398 8 Sand to Silty Sand 154.818 2.368 0.387 0.387 1.65 1.38626 0.99 0.128 1.650 1.39 214.62 1.003 215.335 1.00 1
7.054 8 Sand to Silty Sand 143.539 2.319 0.427 0.427 1.71 1.35218 0.99 0.128 1.710 1.35 194.09 1.045 202.747 1.00 1
7.71 8 Sand to Silty Sand 141.153 2.397 0.466 0.466 1.76 1.32053 0.98 0.128 1.760 1.32 186.40 1.078 201.017 1.00 1
8.366 8 Sand to Silty Sand 149.692 2.334 0.506 0.506 1.73 1.28957 0.98 0.128 1.730 1.29 193.04 1.058 204.245 1.00 1
9.022 8 Sand to Silty Sand 190.907 2.735 0.546 0.546 1.66 1.26002 0.98 0.128 1.660 1.26 240.55 1.010 243.050 1.00 1
9.678 9 Sand 237.302 3.117 0.586 0.586 1.59 1.2318 0.98 0.127 1.590 1.23 292.31 1.000 292.309 1.00 1
10.335 9 Sand 225.029 3.176 0.627 0.627 1.65 1.20416 0.98 0.127 1.650 1.20 270.97 1.003 271.875 1.00 1
10.991 8 Sand to Silty Sand 213.062 3.096 0.667 0.667 1.69 1.17836 0.98 0.127 1.690 1.18 251.06 1.031 258.868 1.00 1
11.647 8 Sand to Silty Sand 196.704 3.08 0.706 0.706 1.75 1.15425 0.98 0.127 1.750 1.15 227.05 1.072 243.301 1.00 1

CQIc* F.S.CN* KσKCCSR qc1N KαSoil Behavior Type γd Ic CRR7 5(qc1N)cs

11.647 8 Sand to Silty Sand 196.704 3.08 0.706 0.706 1.75 1.15425 0.98 0.127 1.750 1.15 227.05 1.072 243.301 1.00 1
12.303 8 Sand to Silty Sand 179.163 2.693 0.746 0.746 1.77 1.13052 0.97 0.127 1.770 1.13 202.55 1.085 219.835 1.00 1
12.959 8 Sand to Silty Sand 158.083 2.886 0.786 0.786 1.89 1.10775 0.97 0.126 1.890 1.11 175.12 1.180 206.563 1.00 1
13.615 8 Sand to Silty Sand 177.459 3.52 0.825 0.825 1.9 1.08642 0.97 0.126 1.900 1.09 192.79 1.189 229.203 1.00 1
14.272 8 Sand to Silty Sand 195.689 3.095 0.865 0.865 1.81 1.06538 0.97 0.126 1.810 1.07 208.48 1.114 232.251 1.00 1
14.928 8 Sand to Silty Sand 195.765 3.436 0.905 0.905 1.86 1.04513 0.97 0.126 1.860 1.05 204.60 1.153 235.974 1.00 1
15.584 8 Sand to Silty Sand 201.891 3.079 0.945 0.945 1.81 1.02564 0.97 0.126 1.810 1.03 207.07 1.114 230.676 1.00 1
16.24 8 Sand to Silty Sand 212.554 3.302 0.984 0.984 1.81 1.00733 0.97 0.126 1.810 1.01 214.11 1.114 238.522 1.00 1
16.896 8 Sand to Silty Sand 237.499 3.517 1.024 1.024 1.78 0.98921 0.96 0.125 1.780 0.99 234.94 1.092 256.631 0.99 1
17.552 8 Sand to Silty Sand 252.016 3.805 1.064 1.064 1.78 0.97173 0.96 0.125 1.780 0.97 244.89 1.092 267.506 0.98 1
18.209 9 Sand 262.078 3.84 1.104 1.104 1.77 0.95486 0.96 0.125 1.770 0.95 250.25 1.085 271.606 0.96 1
18.865 8 Sand to Silty Sand 252.649 3.854 1.144 1.144 1.8 0.93857 0.96 0.125 1.800 0.94 237.13 1.107 262.420 0.95 1
19.521 8 Sand to Silty Sand 235.249 3.869 1.184 1.184 1.86 0.92282 0.96 0.125 1.860 0.92 217.09 1.153 250.382 0.94 1
20.177 8 Sand to Silty Sand 212.75 3.018 1.223 1.223 1.85 0.90797 0.96 0.124 1.850 0.91 193.17 1.145 221.195 0.93 1
20.833 6 Sandy Silt to Clayey Silt 37.153 1.09 1.261 1.261 2.64 0.89395 0.95 0.124 0.95 120.833 6 Sandy Silt to Clayey Silt 37.153 1.09 1.261 1.261 2.64 0.89395 0.95 0.124 0.95 1
21.49 4 Silty Clay to Clay 16.587 0.559 1.299 1.299 2.99 0.88035 0.95 0.124 0.95 1
22.146 4 Silty Clay to Clay 19.694 0.821 1.336 1.336 2.99 0.86751 0.95 0.124 0.94 1
22.802 3 Clay 18.53 0.846 1.373 1.373 3.05 0.85503 0.95 0.123 0.94 1
23.458 3 Clay 17.886 0.784 1.409 1.409 3.06 0.84323 0.95 0.123 0.93 1
24.114 3 Clay 28.27 1.347 1.446 1.446 2.92 0.83144 0.94 0.123 0.93 1
24.77 11 Sitff Fine-Grained 55.044 3.208 1.489 1.489 2.77 0.81815 0.94 0.123 0.92 1
25.427 3 Clay 39.708 2.025 1.525 1.525 2.84 0.80734 0.94 0.122 0.92 1
26.083 5 Clayey Silt to Silty Clay 38.359 1.311 1.563 1.563 2.75 0.79624 0.94 0.122 0.91 1
26.739 5 Clayey Silt to Silty Clay 28.652 0.844 1.6 1.6 2.82 0.78571 0.94 0.122 0.91 1
27.395 5 Clayey Silt to Silty Clay 37.671 1.201 1.638 1.638 2.74 0.77519 0.93 0.121 0.91 1
28.051 5 Clayey Silt to Silty Clay 39.626 1.629 1.676 1.676 2.8 0.76495 0.93 0.121 0.90 1
28.707 5 Clayey Silt to Silty Clay 37.966 1.463 1.713 1.713 2.8 0.75524 0.93 0.120 0.90 1
29.364 5 Clayey Silt to Silty Clay 30.634 1.074 1.751 1.751 2.86 0.74551 0.92 0.120 0.89 1
30.02 5 Clayey Silt to Silty Clay 29.99 1.166 1.788 1.788 2.9 0.73628 0.92 0.120 0.89 1
30.676 5 Clayey Silt to Silty Clay 34.281 1.409 1.826 0.021 1.805 2.88 0.73211 0.92 0.121 0.89 1
31.332 4 Silty Clay to Clay 29.99 1.322 1.864 0.041 1.822 2.95 0.72799 0.91 0.121 0.89 1
31.988 4 Silty Clay to Clay 23.171 0.964 1.901 0.062 1.839 3.02 0.72392 0.91 0.122 0.89 1
32.644 5 Clayey Silt to Silty Clay 20.086 0.651 1.939 0.082 1.856 3 0.7199 0.91 0.123 0.88 1
33.301 5 Clayey Silt to Silty Clay 20.283 0.571 1.976 0.103 1.874 2.96 0.71568 0.90 0.124 0.88 1
33.957 6 Sandy Silt to Clayey Silt 21.298 0.519 2.014 0.123 1.891 2.91 0.71174 0.90 0.124 0.88 1
34.613 6 Sandy Silt to Clayey Silt 21.757 0.53 2.051 0.144 1.908 2.89 0.70785 0.89 0.125 0.88 1
35.269 5 Clayey Silt to Silty Clay 33.473 1.277 2.089 0.164 1.925 2.87 0.704 0.89 0.125 0.88 1
35.925 3 Clay 32.206 1.639 2.126 0.185 1.941 2.98 0.70041 0.88 0.126 0.88 1
36.581 3 Clay 28.325 1.44 2.162 0.205 1.957 3.03 0.69686 0.88 0.126 0.87 1
37.238 4 Silty Clay to Clay 22.308 1.002 2.2 0.226 1.974 3.09 0.69313 0.87 0.127 0.87 1
37.894 4 Silty Clay to Clay 26.037 1.072 2.237 0.246 1.991 3.01 0.68944 0.87 0.127 0.87 1
38.55 3 Clay 42.678 2.235 2.274 0.267 2.007 2.91 0.686 0.86 0.127 0.87 1
39.206 11 Sitff Fine-Grained 83.259 3.97 2.317 0.287 2.03 2.67 0.68111 0.86 0.127 0.87 1
39 862 11 Sitff Fine Grained 85 476 4 556 0 307 2 052 0 67651 0 127 139.862 11 Sitff Fine-Grained 85.476 4.556 2.36 0.307 2.052 2.7 0.67651 0.85 0.127 0.87 1
40.518 11 Sitff Fine-Grained 90.613 5.077 2.402 0.328 2.074 2.7 0.67196 0.85 0.127 0.86 1
41.175 11 Sitff Fine-Grained 98.399 5.816 2.445 0.348 2.097 2.69 0.66727 0.84 0.127 0.86 1
41.831 12 Sand to Clayey Sand 158.695 5.604 2.485 0.369 2.116 2.39 0.66345 0.83 0.127 2.390 0.66 105.29 2.272 239.212 0.83 1
42.487 12 Sand to Clayey Sand 215.709 7.248 2.525 0.389 2.135 2.29 0.65967 0.83 0.127 2.290 0.66 142.30 1.917 272.790 0.80 1
43.143 12 Sand to Clayey Sand 227.377 7.538 2.564 0.41 2.154 2.27 0.65593 0.82 0.127 2.270 0.66 149.14 1.856 276.824 0.79 1
43.799 11 Sitff Fine-Grained 85.847 4.982 2.607 0.43 2.177 2.74 0.65147 0.82 0.127 0.86 1
44.455 11 Sitff Fine-Grained 76.577 3.773 2.65 0.451 2.199 2.72 0.64725 0.81 0.127 0.85 1
45.112 11 Sitff Fine-Grained 68.387 3.643 2.693 0.471 2.221 2.8 0.64309 0.80 0.126 0.85 1
45.768 4 Silty Clay to Clay 28.194 1.27 2.73 0.492 2.239 3.06 0.63972 0.80 0.126 0.85 1
46.424 5 Clayey Silt to Silty Clay 21.216 0.691 2.768 0.512 2.256 3.1 0.63657 0.79 0.126 0.85 1
47.08 6 Sandy Silt to Clayey Silt 35.646 1.121 2.805 0.533 2.273 2.87 0.63346 0.78 0.126 0.85 1
47.736 5 Clayey Silt to Silty Clay 39.337 1.4 2.843 0.553 2.29 2.88 0.63037 0.78 0.125 0.85 1
48.392 5 Clayey Silt to Silty Clay 44.048 1.815 2.881 0.574 2.307 2.88 0.62732 0.77 0.125 0.85 1
49.049 4 Silty Clay to Clay 44.141 1.949 2.918 0.594 2.324 2.9 0.62429 0.76 0.124 0.84 1y y y
49.705 5 Clayey Silt to Silty Clay 39.654 1.617 2.956 0.615 2.341 2.92 0.62129 0.76 0.124 0.84 1
50.361 5 Clayey Silt to Silty Clay 38.496 1.555 2.993 0.635 2.358 2.94 0.61832 0.75 0.124 0.84 1
51.017 5 Clayey Silt to Silty Clay 30.519 1.206 3.031 0.655 2.376 3.03 0.61521 0.74 0.123 0.84 1
51.673 5 Clayey Silt to Silty Clay 33.713 1.212 3.069 0.676 2.393 2.97 0.6123 0.74 0.123 0.84 1
52.329 4 Silty Clay to Clay 41.755 1.812 3.106 0.696 2.41 2.94 0.60942 0.73 0.122 0.84 1
52.986 5 Clayey Silt to Silty Clay 54.531 2.346 3.144 0.717 2.427 2.84 0.60656 0.72 0.122 0.84 1
53.642 5 Clayey Silt to Silty Clay 49.732 2.115 3.181 0.737 2.444 2.87 0.60373 0.72 0.121 0.84 1
54.298 11 Sitff Fine-Grained 59.559 3.1 3.224 0.758 2.466 2.88 0.60011 0.71 0.121 0.83 1
54.954 4 Silty Clay to Clay 30.492 1.323 3.262 0.778 2.483 3.07 0.59734 0.70 0.120 0.83 1
55.61 5 Clayey Silt to Silty Clay 30.747 1.083 3.299 0.799 2.501 3 0.59443 0.70 0.120 0.83 1
56.266 5 Clayey Silt to Silty Clay 37.791 1.265 3.337 0.819 2.518 2.91 0.59172 0.69 0.119 0.83 1
56.923 5 Clayey Silt to Silty Clay 41.499 1.403 3.375 0.84 2.535 2.89 0.58902 0.69 0.119 0.83 1
57.579 6 Sandy Silt to Clayey Silt 44.414 1.488 3.412 0.86 2.552 2.86 0.58635 0.68 0.118 0.83 1
58.235 5 Clayey Silt to Silty Clay 37.349 1.319 3.45 0.881 2.569 2.95 0.58371 0.67 0.118 0.83 1
58 891 5 Cl Silt t Silt Cl 32 971 1 054 3 487 0 901 2 586 0 58109 0 117 158.891 5 Clayey Silt to Silty Clay 32.971 1.054 3.487 0.901 2.586 2.97 0.58109 0.67 0.117 0.83 1
59.547 5 Clayey Silt to Silty Clay 34.265 1.172 3.525 0.922 2.603 2.97 0.57849 0.66 0.117 0.83 1
60.203 5 Clayey Silt to Silty Clay 25.404 0.884 3.563 0.942 2.62 3.12 0.57592 0.66 0.116 0.82 1
60.86 5 Clayey Silt to Silty Clay 18.421 0.584 3.6 0.963 2.638 3.24 0.57322 0.65 0.116 0.82 1
61.516 5 Clayey Silt to Silty Clay 20.25 0.623 3.638 0.983 2.655 3.18 0.57069 0.65 0.115 0.82 1
62.172 5 Clayey Silt to Silty Clay 24.787 0.773 3.675 1.004 2.672 3.1 0.56818 0.64 0.115 0.82 1
62.828 6 Sandy Silt to Clayey Silt 30.913 0.821 3.713 1.024 2.689 2.96 0.5657 0.64 0.114 0.82 1
63.484 6 Sandy Silt to Clayey Silt 36.689 1.114 3.751 1.044 2.706 2.93 0.56324 0.63 0.114 0.82 1
64.14 5 Clayey Silt to Silty Clay 31.164 1.191 3.788 1.065 2.723 3.07 0.5608 0.63 0.114 0.82 1
64.797 5 Clayey Silt to Silty Clay 21.866 0.753 3.826 1.085 2.74 3.21 0.55838 0.62 0.113 0.82 1
65.453 5 Clayey Silt to Silty Clay 20.223 0.571 3.863 1.106 2.757 3.2 0.55598 0.62 0.113 0.82 1
66.109 5 Clayey Silt to Silty Clay 19.098 0.512 3.901 1.126 2.775 3.2 0.55346 0.61 0.112 0.82 1
66.765 6 Sandy Silt to Clayey Silt 14.632 0.29 3.938 1.147 2.792 3.25 0.5511 0.61 0.112 0.81 1
67.421 6 Sandy Silt to Clayey Silt 15.189 0.263 3.976 1.167 2.809 3.19 0.54877 0.61 0.112 0.81 1
68.077 6 Sandy Silt to Clayey Silt 16.848 0.337 4.014 1.188 2.826 3.17 0.54645 0.60 0.111 0.81 1
68.734 6 Sandy Silt to Clayey Silt 19.032 0.475 4.051 1.208 2.843 3.18 0.54415 0.60 0.111 0.81 1
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. 206127.MLB COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

CSR CRR 7 5 F.S.=(CRR 7 5 /CSR)*MSF*Kσ *KαCPT RESULT INPUT

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-MARCH LANE 
UC (WIDEN)

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

CQIc* F.S.CN* KσKCCSR qc1N KαSoil Behavior Type γd Ic CRR7 5(qc1N)cs

69.39 5 Clayey Silt to Silty Clay 23.853 0.669 4.089 1.229 2.86 3.13 0.54187 0.60 0.111 0.81 1
70.046 6 Sandy Silt to Clayey Silt 39.134 1.094 4.126 1.249 2.877 2.93 0.53961 0.59 0.110 0.81 1
70.702 6 Sandy Silt to Clayey Silt 45.369 1.277 4.164 1.27 2.894 2.87 0.53737 0.59 0.110 0.81 1
71.358 6 Sandy Silt to Clayey Silt 36.825 1.124 4.202 1.29 2.912 2.96 0.53502 0.58 0.110 0.81 1
72.014 6 Sandy Silt to Clayey Silt 33.206 0.978 4.239 1.311 2.929 3 0.53282 0.58 0.109 0.81 1
72.671 5 Clayey Silt to Silty Clay 23.498 0.749 4.277 1.331 2.946 3.16 0.53063 0.58 0.109 0.81 1
73.327 6 Sandy Silt to Clayey Silt 21.314 0.493 4.314 1.352 2.963 3.13 0.52847 0.58 0.109 0.80 1
73.983 6 Sandy Silt to Clayey Silt 23.64 0.537 4.352 1.372 2.98 3.08 0.52632 0.57 0.109 0.80 1
74.639 6 Sandy Silt to Clayey Silt 19.458 0.459 4.39 1.393 2.997 3.18 0.52418 0.57 0.108 0.80 1
75.295 6 Sandy Silt to Clayey Silt 19.633 0.403 4.427 1.413 3.014 3.14 0.52207 0.57 0.108 0.80 1
75.951 6 Sandy Silt to Clayey Silt 19.879 0.44 4.465 1.433 3.031 3.16 0.51997 0.56 0.108 0.80 1
76.608 6 Sandy Silt to Clayey Silt 17.302 0.337 4.502 1.454 3.048 3.2 0.51789 0.56 0.108 0.80 1
77 264 6 S d Silt t Cl Silt 16 608 0 325 1 474 3 066 0 51571 0 107 177.264 6 Sandy Silt to Clayey Silt 16.608 0.325 4.54 1.474 3.066 3.23 0.51571 0.56 0.107 0.80 1
77.92 6 Sandy Silt to Clayey Silt 25.509 0.388 4.578 1.495 3.083 2.98 0.51366 0.56 0.107 0.80 1
78.576 6 Sandy Silt to Clayey Silt 37.515 0.696 4.615 1.515 3.1 2.88 0.51163 0.55 0.107 0.80 1
79.232 6 Sandy Silt to Clayey Silt 24.663 0.374 4.653 1.536 3.117 3 0.50961 0.55 0.107 0.80 1
79.888 8 Sand to Silty Sand 60.787 0.529 4.692 1.556 3.136 2.51 0.50738 0.55 0.107 2.510 0.51 30.84 2.820 86.960 0.14 0.80 1 1.58
80.545 6 Sandy Silt to Clayey Silt 38.933 0.876 4.73 1.577 3.153 2.91 0.5054 0.55 0.107 0.79 1
81.201 6 Sandy Silt to Clayey Silt 49.049 1.541 4.768 1.597 3.17 2.89 0.50343 0.54 0.106 0.79 1
81.857 5 Clayey Silt to Silty Clay 52.467 2.014 4.805 1.618 3.188 2.92 0.50137 0.54 0.106 0.79 1
82.513 5 Clayey Silt to Silty Clay 54.094 2.156 4.843 1.638 3.205 2.92 0.49943 0.54 0.106 0.79 1
83.169 6 Sandy Silt to Clayey Silt 50.349 1.757 4.88 1.659 3.222 2.91 0.49751 0.54 0.106 0.79 1
83.825 6 Sandy Silt to Clayey Silt 50.84 1.782 4.918 1.679 3.239 2.92 0.49561 0.54 0.106 0.79 1
84.482 5 Clayey Silt to Silty Clay 46.232 1.729 4.956 1.7 3.256 2.98 0.49372 0.53 0.106 0.79 1
85.138 6 Sandy Silt to Clayey Silt 48.198 1.562 4.993 1.72 3.273 2.92 0.49184 0.53 0.106 0.79 1
85.794 6 Sandy Silt to Clayey Silt 84.28 2.24 5.031 1.741 3.29 2.67 0.48998 0.53 0.105 0.79 1
86.45 8 Sand to Silty Sand 147.623 2.463 5.07 1.761 3.309 2.34 0.48791 0.53 0.105 2.340 0.49 72.03 2.084 150.088 0.39 0.78 1 4.4786.45 8 Sand to Silty Sand 147.623 2.463 5.07 1.761 3.309 2.34 0.48791 0.53 0.105 2.340 0.49 72.03 2.084 150.088 0.39 0.78 1 4.47
87.106 8 Sand to Silty Sand 134.137 1.606 5.11 1.781 3.329 2.3 0.48576 0.53 0.105 2.300 0.49 65.16 1.949 126.976 0.27 0.79 1 3.07
87.762 6 Sandy Silt to Clayey Silt 38.791 0.882 5.148 1.802 3.346 2.94 0.48394 0.52 0.105 0.79 1
88.419 6 Sandy Silt to Clayey Silt 38.73 1.253 5.185 1.822 3.363 3.03 0.48214 0.52 0.105 0.78 1
89.075 5 Clayey Silt to Silty Clay 44.261 1.589 5.223 1.843 3.38 3 0.48035 0.52 0.105 0.78 1
89.731 6 Sandy Silt to Clayey Silt 52.254 1.81 5.261 1.863 3.397 2.92 0.47857 0.52 0.105 0.78 1
90.387 5 Clayey Silt to Silty Clay 78.482 3.267 5.298 1.884 3.414 2.83 0.47681 0.52 0.105 0.78 1
91.043 11 Sitff Fine-Grained 109.132 5.17 5.341 1.904 3.437 2.76 0.47444 0.52 0.104 0.78 1
91.699 6 Sandy Silt to Clayey Silt 102.379 4.079 5.379 1.925 3.454 2.71 0.47271 0.52 0.104 0.78 1
92.356 6 Sandy Silt to Clayey Silt 89.172 2.745 5.416 1.945 3.471 2.69 0.47099 0.51 0.104 0.78 1
93.012 6 Sandy Silt to Clayey Silt 74.158 2.564 5.454 1.966 3.488 2.8 0.46928 0.51 0.104 0.78 1
93.668 6 Sandy Silt to Clayey Silt 66.662 2.426 5.491 1.986 3.505 2.86 0.46759 0.51 0.104 0.78 1
94.324 5 Clayey Silt to Silty Clay 59.363 2.316 5.529 2.007 3.522 2.93 0.4659 0.51 0.104 0.78 1
94.98 5 Clayey Silt to Silty Clay 51.774 2.069 5.567 2.027 3.539 3 0.46423 0.51 0.104 0.78 1
95.636 5 Clayey Silt to Silty Clay 52.227 2.127 5.604 2.048 3.556 3 0.46257 0.51 0.104 0.78 1
96.293 5 Clayey Silt to Silty Clay 51.495 2.24 5.642 2.068 3.574 3.03 0.46083 0.51 0.104 0.78 1
96.949 5 Clayey Silt to Silty Clay 42.487 1.741 5.679 2.089 3.591 3.1 0.45919 0.50 0.104 0.77 1
97.605 5 Clayey Silt to Silty Clay 57.097 2.082 5.717 2.109 3.608 2.94 0.45757 0.50 0.104 0.77 1
98.261 5 Clayey Silt to Silty Clay 69.179 3.098 5.754 2.13 3.625 2.92 0.45596 0.50 0.104 0.77 1
98.917 11 Sitff Fine-Grained 75.496 3.721 5.797 2.15 3.647 2.93 0.45389 0.50 0.103 0.77 1
99.573 7 Silty Sand to Sandy Silt 118.583 2.295 5.836 2.17 3.665 2.5 0.45221 0.50 0.103 2.500 0.45 53.62 2.768 148.456 0.38 0.77 1 4.43
100.23 9 Sand 202.661 0.923 5.877 2.191 3.686 1.96 0.45027 0.50 0.103 1.960 0.45 91.25 1.251 114.165 0.22 0.77 2 2.52
100.886 9 Sand 243.815 1.417 5.917 2.211 3.706 1.94 0.44843 0.50 0.103 1.940 0.45 109.33 1.229 134.370 0.31 0.77 3 3.53
101.542 10 Gravelly Sand to Sand 323.384 2.009 5.959 2.232 3.727 1.85 0.44652 0.50 0.103 1.850 0.45 144.40 1.145 165.346 0.77 4
102.198 10 Gravelly Sand to Sand 399.89 1.908 6.001 2.252 3.749 1.71 0.44453 0.49 0.103 1.710 0.44 177.76 1.045 185.693 0.77 5
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FOUNDATION REPORT 
FOURTEEN MILE SLOUGH BRODGE (WIDEN) 

(BRIDGE NO. 29-0175)  
STOCKTON, CALIFORNIA 

10-SJ-05 PM 31.00 EA 10-0G04701
 
1. INTRODUCTION 
 

This report presents the results of our geotechnical engineering investigation for the proposed 
“Fourteen Mile Slough Bridge (Widen) (Bridge No. 29-0175)” in Stockton, California, 
hereinafter referred to as “PROJECT”. The work was performed in general accordance with the 
scope of work outlined in our proposal to Rajappan & Meyer Consulting Engineers, Inc. 
(Designer). The general location of the project site and its vicinity are shown on the Project 
Location Map, Plate 1.   
 
The geotechnical recommendations presented in this report are intended for design input and are not 
intended to be used as specifications.  In addition, the data provided in this report including these 
geotechnical recommendations should not be used for bidding purposes or directly for construction 
cost estimates. If the report is provided as a reference document, any interpretation of the data and 
recommendations should be sole responsibility of the user and PARIKH Consultants, Inc. (PARIKH) 
shall not be liable for any consequences. 

 
 
2. PURPOSE AND SCOPE 
 

The purpose of this investigation was to evaluate the general soil conditions at the project site, to 
evaluate their engineering properties and to provide geotechnical recommendations for the 
foundation design of the proposed project.  
 
The scope of work performed for this investigation included a review of the readily available 
soils and geologic literature pertaining to the site including available as-built Log of Test Borings 
(LOTB) for the existing structure; site reconnaissance; obtaining representative soil samples and 
logging soil materials encountered in two soil borings and one cone penetration test (CPT); 
laboratory testing of the collected soil samples; performing engineering analyses based on the 
field and laboratory data, and preparation of this foundation report for the Fourteen Mile Slough 
Bridge (Widen) (Bridge No. 29-0175).   
 
Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter 
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unforeseen variations in the subsurface soil conditions during construction nor is it practical to 
determine all such variations during an acceptable program of drilling and sampling for a project 
of this scope.  Such variations, when encountered, generally require additional engineering 
services to attain properly constructed project.  We, therefore, recommend that a contingency 
fund be provided to accommodate any additional charges resulting from technical services that 
may be required during construction. 
 
 

3. EXISTING BRIDGE AND PROPOSED CONSTRUCTION 
 
Existing Bridge  
 
The existing left and right bridges are seven-span structures. Based on the as-built general plan 
and foundation plan of the Fourteen Mile Slough Bridge, the structures were constructed in 1968. 
The existing left and right bridges (Bridge No. 29-0175 L/R) are approximately 214 feet long and 
53 feet wide. The left and right bridges have not been widened since their construction in 1968.  
 
The existing left and right bridge are supported on “Reinforced Concrete Raymond Step-Tapered 
Piles” (Class II 45 tons) at the abutments and “Reinforced Concrete Raymond Step-Tapered Pile 
Extension” (Class I 45 tons) at the bents based on the as-built data.  
 
Proposed Construction 
 
The widening of the Fourteen Mile Slough Bridge is part of the proposed “I-5 North Stockton 
Corridor Improvement” project. The deck of the existing bridge will be connected to the inside 
widening by a closure pour. There will be outside widening in both northbound and southbound 
directions for the Fourteen Mile Slough Bridge.  
 
According to Rajappan & Meyer Consulting Engineers Inc., the proposed Fourteen Mile Slough 
Bridge (Widen) will include both the median widening and outside widening to match the 
existing span with supports at abutments and bents. The widen structure will be PC/PS voided 
slab at the median and for the outside widening. The PC/PS voided slab will be supported on drop 
bent caps. The approximate length of the widened structure will be 214 feet measured along the 
“I-5” Line. The width of the inside widening will be 46 feet and 8 inches and the width of the 
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outside widening will be approximately 12 feet 6 inches. The abutments will incorporate 
diaphragm type abutments supported on piles. 
 
Based on our discussions with the designer, the proposed bridge abutments and Bents will be 
supported on 24-inch diameter Cast-In-Drilled-Hole (CIDH) concrete piles.  
 
Our recommendations presented in this report are based on the above information.  Any major 
deviation should be reported to PARIKH for further consideration. 

 
 
4. SITE CONDITIONS 
 

The “Fourteen Mile Slough Bridge” is located at the intersection of Interstate 5 (I-5) and 
Fourteen Mile Slough. It is approximately 0.1 mile southeast of Swain Road Undercrossing (UC). 
The Project Location Map, Plate 1, shows the location of the site.  
 
There are existing “levees” on both sides of the Fourteen Mile Slough. According to the designer, 
the gradient of the landside slope is flat and abutted by the I-5 embankments. Based on the 
“Elevation” in the “Fourteen Mile Slough Bridge (Widen) – General Plan” prepared by Biggs 
Cardosa Associates (a copy is include in Appendix D), the gradient of the waterside slope appears 
to be 4(H): 1(V) or flatter and there is a berm in the middle of the slope. The total height of the 
waterside slope is approximately 20 feet. The toes of the waterside slope are protected with rock 
slope protection. 
 

 
5. FIELD EXPLORATION AND LABORATORY TESTING 
 

As-Built LOTB 
 

The as-built Log of Test Borings (LOTB) of the Fourteen Mile Slough Bridge (August 1963) 
have been used as a reference (Ref. 1). Based on the as-built LOTB, Borings B-1, B-2 and B-5 
were drilled and Cone Penetration Test (CPT) at B-3 and B-4 were performed by Caltrans in 
August 1963. The soil borings were drilled to the approximate depths between 80 feet and 90 feet 
and to the bottom elevation between approximately -80 feet and -81 feet. The CPTs were pushed 
to the approximate depths between 54.5 feet and 69.5 feet and to the bottom elevation between 
approximately -53 feet and -61 feet. 
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Field Exploration in 2009 
 

Additional field exploration was conducted in March and April 2009. Boring A-09-FM-001 was 
drilled on the south side and Boring R-09-FM-001 was drilled and CPT-09-FM-001 was 
performed on the north side of Fourteen Mile Slough. Boring R-09-FM-001 was drilled near the 
toe of the western slope of the southbound bridge abutment. The soil boring was drilled to the 
depth of 110 feet and the CPT was pushed to the approximate depth of 99.5 feet.  
 
The approximate locations of the borings are shown on the Site Plan, Plate 2. The details of the 
field exploration are included in Appendix A. The descriptions of the materials encountered in 
the field exploration and relevant boring information are presented in the LOTB in Appendix A.  
 
Laboratory tests were performed on selected soil samples collected during field exploration to 
evaluate the properties of the subsurface soils.  The laboratory test methods and test results are 
presented on plates included in Appendix B. Laboratory test results for moisture content and dry unit 
weight of the soil samples are presented on the LOTB in Appendix A. 
 
The descriptions and related information presented on the LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because of 
the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within a 
stratum may not be noted on the logs due to field limitations. Also, the passage of time may result 
in a change in the soil conditions at these locations due to environmental changes. 

 
 
6. SUBSURFACE CONDITIONS 
 

Based on the as-built Borings and CPT, the subsurface soils generally consist of very soft to soft 
silty clay with peat seams, underlain by stiff to very stiff lean clays (with pocket/lens of loose 
silty sand in Boring B-2), underlain by medium dense to dense silty sands.  

 
Based on Borings A-09-FM-001 and R-09-FM-001 and CPT-09-FM-001, the subsurface soils 
generally consist of soft to stiff lean clays/silt, underlain by loose to medium dense sands, 
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underlain by stiff to hard clay/silt with occasional pocket/lens/layer of dense silty sand.  
 

Groundwater was recorded between approximate depths between 4 feet and 6 feet in the soil 
borings and between 5 feet and 5.5 feet in the CPTs in August 1963. Groundwater was measured 
at Elevation -2 feet (the depth of 22 feet below existing ground surface) during drilling for A-09-
FM-001 in March 2009 and Elevation -4 feet (the depth of 17 feet below existing ground surface) 
during drilling for R-09-FM-001 in April 2009. The groundwater level is anticipated to vary with 
the passage of time due to seasonal groundwater fluctuations, water elevations in the nearby 
creeks, surface and subsurface flows, ground surface run-off, and other factors that may not be 
present at the time of the investigation. 

 
 
7. GEOLOGY 
 

General geologic features pertaining to the site were evaluated with reference to the “Geologic 
Map of the Sacramento-San Joaquin Delta, California, by Brian F. Atwater, 1982, USGS Map 
MF-1401, Scale: 1:24000” (Ref. 2).  
 
Based on the geologic map, the project site is mapped as mainly Alluvial-floodplain Deposits, 
Undivided (Qfp). A geologic map of the general project area is shown on Plate 3.  
 

 
8. EARTHQUAKE CONSIDERATIONS 

 
8.1 Seismic Sources 

 
Based on the Caltrans California Seismic Hazard map (Mualchin, L., 1996) (Ref. 3) and 
readily available geological data, the governing fault for the proposed structure is the 
Coast Ranges-Sierran Block fault, (Mw=7.0), style of faulting: right lateral strike-slip). 
This fault is located at about 20 miles from the project site. The other fault in the vicinity 
of the project site is Midway-San Joaquin/N Fault. The “Fault Map” (Plate 4) presents the 
locations of the fault systems relative to the project site. 
 

Maximum credible earthquake magnitudes for some of the major faults in the area 
determined by Mualchin (California Seismic Hazard Map 1996) and peak rock 
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accelerations are summarized in Table 1 below.  These maximum credible earthquake 
magnitudes represent the largest earthquakes that could occur on the given fault based on 
the current understanding of the regional tectonic structure. 
 
In the early design phase, it was agreed upon with Caltrans to use the 1996 maps since 
there was no significant difference between the old and new maps and the project area is 
in a low seismicity zone. Since the design has progressed using these maps, we have 
maintained the same understanding for the ARS design curve. 
 

TABLE 1: EARTHQUAKE DATA 
Fault Estimated Closest 

Distance to Fault 
from Project 
Area (mile) 

Maximum 
Credible 

Earthquake 

Peak 
Bedrock 

Acceleration 
(g) 

Coast Ranges – Sierran Block (Reverse)(CSB) 20.0 7.00 0.2 
Midway – San Joaquin/N* 
(Not known/published)(MSJ) 

20.0 6.75 0.2 

 
Based on the seismic hazard map prepared by Mualchin (1996), the PBA at the project 
site is generally 0.2 g. According to Caltrans Guidelines for Structures Foundation Report 
(March 2006) (Ref. 4), the value of PBA (for a specific project site) from the seismic 
hazard map should be verified with that calculated using the attenuation relation by 
Sadigh et al. (1997) (Ref. 5). Based on attenuation relation by Sadigh, the maximum PBA 
anticipated at the project site is 0.2 g.   
 
Based on the available boring information, the subsurface soil conditions at the project 
site consist of soft to stiff lean clays/silt, underlain by loose to medium dense sands, 
underlain by stiff to hard clay/silt with occasional pocket/lens/layer of dense silty sand.  
These types of soil generally match the criteria for Soil Type D, as per Caltrans Seismic 
Design Criteria (Version 1.4, June 2006) (Ref. 6). The seismic design criteria for the 
project are as follows:  

 
1. Soil Profile Type D 
2. Peak Bedrock Acceleration =   0.2 g 
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3. ARS Design Curve  =  Design curve per Caltrans Seismic Design Criteria: 
Figures B.8, with no modifications. The peak 
bedrock acceleration has been selected to account 
for the reverse fault effect. 

 
An “ARS Design Curve” (Plate No. 5), which is based on Caltrans Seismic Design 
Criteria, (Version 1.4) is attached. 
 

8.2  Seismic Hazards/Liquefaction Potential 
 
Potential seismic hazards may arise from three sources: surface fault rupture, ground 
shaking and liquefaction. Since no active faults pass through the site, the potential for 
fault rupture is relatively low.  Based on available geological and seismic data, the 
possibility of the site to experience strong ground shaking may be considered low to 
moderate.  
 
Soil Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a 
temporary but essentially total loss of shear strength due to build-up of excess pore water 
pressure under the reversing, cyclic shear stresses associated with earthquake shaking. 
Submerged cohesionless sands and silts of low relative density are the type of soils, 
which usually are susceptible to liquefaction. Generally, cohesionless soils below a depth 
of 50 feet and cohesionless soils above the groundwater level were considered to have 
relatively low liquefaction potential. Clays are generally not susceptible to liquefaction.  

 
Liquefaction potential of the sand layers was analyzed based on Borings A-09-FM-001 
and R-09-FM-001. The analysis was performed using the procedure developed by Seed 
and Idriss (1982) for a magnitude 7.0 Earthquake, on the nearby Coast Ranges-Sierra 
Block fault, resulting in a peak ground acceleration of about 0.2 g. This method compares 
the estimates of the earthquake-induced shear stress to the susceptibility of soil 
liquefaction. It is estimated that the post-liquefaction settlement is unlikely to occur based 
on the result of the evaluation of liquefaction potential. Based on the CPT liquefaction 
analysis data for CPT-09-FM-001 attached, it appears that there is no significant stratum 
of sand layer that may be subject to liquefaction. Therefore the potential post-liquefaction 
settlement should not be a geotechnical concern in the pile capacity analyses. 
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9. FINDINGS AND RECOMMENDATIONS 
 

9.1 General 
 

This report was prepared specifically for the proposed project according to the plans 
provided to us.  Normal construction procedures were assumed throughout our analyses 
and represent one of the bases of recommendations presented herein.  Our design criteria 
have been based upon the materials and conditions encountered in the soil borings at the 
project site.  Therefore, we should be notified in the event that these conditions are 
changed, so as to modify or amend our recommendations. 

 
9.2 Bridge Foundations 

 
For the proposed widen bridge structures, different foundation systems have been 
evaluated with respect to their design capacity and construction considerations. 24-inch 
CIDH concrete piles are recommended to be the foundation system for the abutments and 
bents of the proposed bridge structures. Pertinent foundation design information provided 
by Biggs Cardosa Associates (Structural designer), including Foundation Design Data 
and Foundation Loads, are presented in the following tables. According to the structural 
designer, only one set of foundation design data and foundation design load will be used 
in the determination of the pile tip elevations for both the median and outside widening.  
 

TABLE 2: FOUNDATION DESIGN DATA 
Support 

No 
Design 
Method 

Pile Type Finish 
Grade 

Elev. (ft) 

Pile Cut-
off Elev. 

(ft) 

Pile Cap Size(ft) Permissible 
Settlement 

(in) 

No. of 
Piles per 
Support B L 

Abut 1 WSD 24” Dia. CIDH 17 ± 13± 2.5’ 13.7+49.7
+13.3 1.00 10 

Bent 2 LRFD 24” Dia. CIDH 10 10 N/A N/A 1.00 10 
Bent 3 LRFD 24” Dia. CIDH 2 2 N/A N/A 1.00 10 
Bent 4 LRFD 24” Dia. CIDH 1 1 N/A N/A 1.00 10 
Bent 5 LRFD 24” Dia. CIDH 1 1 N/A N/A 1.00 10 
Bent 6 LRFD 24” Dia. CIDH 2 2 N/A N/A 1.00 10 
Bent 7 LRFD 24” Dia. CIDH 10 10 N/A N/A 1.00 10 

Abut 8 WSD 24” Dia. CIDH 18.5± 14.5± 2.5 13.7+49.7
+13.3 1.00 10 
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TABLE 3: FOUNDATION DESIGN LOADS 
Support 

No. 
Service-I Limit State (kips) Strength Limit State (Controlling 

Group, kips) 
Extreme Limit State 

(Controlling Group, kips) 
Total Load Permanent 

Loads 
Compression Tension Compression Tension 

Per 
Support 

Per 
Pile 

Per Support Per 
Support 

Max. 
Per Pile. 

Per 
Support 

Max. 
Per Pile. 

Per 
Support 

Max. 
Per Pile. 

Per 
Support 

Max. 
Per Pile. 

Abut 1 170 + 430 
+ 170 105 105 + 285 

+ 105 N/A N/A N/A N/A N/A - N/A - 

Bent 2 300 + 835 
+ 300 178 155 + 450 

+ 155 

445 + 
1310 + 

445 
267 0 0 155+450

+155 210 0 75 

Bent 3 325 + 900 
+ 325 194 175 + 510 

+ 175 

490 + 
1400 + 

490 
293 0 0 175+510

+175 240 0 70 

Bent 4 325 + 900 
+ 325 194 175 + 510 

+ 175 

490 + 
1400 + 

490 
293 0 0 175+510

+175 240 0 70 

Bent 5 325 + 900 
+ 325 194 175 + 510 

+ 175 

490 + 
1400 + 

490 
293 0 0 175+510

+175 240 0 70 

Bent 6 325 + 900 
+ 325 194 175 + 510 

+ 175 

490 + 
1400 + 

490 
293 0 0 175+510

+175 240 0 70 

Bent 7 300 + 835 
+ 300 178 155 + 450 

+ 155 

445 + 
1310 + 

445 
267 0 0 155+450

+155 210 0 75 

Abut 8 170 + 430 
+ 170 105 105 + 285 

+ 105 N/A N/A N/A N/A N/A - N/A - 

 

Consistent with Caltrans requirements, Working Stress Design (WSD) is used for the 
abutment foundations and Load and Resistance Factor Design (LRFD) is used for the bent 
foundations. The abutment foundations are evaluated for the foundation design data and 
loading condition using Caltrans November 2003 Bridge Design Specifications for 
foundations, using Working Stress Design (WSD) methods with “LRFD Service-I 
Loads”.  The Bent foundations are evaluated for the foundation design data and loading 
conditions using AASHTO LRFD Bridge Design Specifications–4th Edition, with 
interims through December 2008 and current Caltrans Amendments. 
 
The evaluation of Load Demands on the piles, based upon WSD and LRFD are presented 
in Table 3 above. The estimated specified tip elevations for the anticipated design loading 
of the piles are shown in Table 4 and Tale 5 below. The pile cut-off elevations are shown 
in Table 2. 
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TABLE 4: FOUDNATION RECOMMENDATIONS FOR ABUTMENTS 
 Location Pile Type 

 
Cut-off 

Elevation 
(ft) 

LRFD Service-I Limit 
State Total Load (kips) 

per Support 

LRFD Service-I 
Limit State Total 

Load (kips) per Pile  

Nominal 
Resistance 

(kips) 

Design Tip 
Elev. (ft) 

 

Specified 
Tip 

Elev. (ft) 
   Total Permanent (Compression)    
Abut 1 24” Dia. CIDH 17.0 ± 770 495 105 210 -20.0 (a) -20.0 

Abut 8 24” Dia. CIDH 18.5 ± 770 495 105 210 -20.5 (a) -20.5 

Notes:   
(i) Design tip elevations are controlled by (a) Compression, (b) Lateral Load, respectively.  
(ii) The specified tip elevation shall not be raised above the design tip elevations for lateral. 

 
TABLE 5: FOUDNATION RECOMMENDATION FOR BENTS 

 Location Pile Type 
 

Cut-off 
Elev.  

Service-I 
Limit State 
Load (kips) 
per Support 

Total 
Permissible 

Support 
Settlement 

Required Factored Nominal Resistance 
(kips) 

Design Tip Elev.(1) (ft) Specified 
Tip 

Elev. (ft)(ii) 
  (feet) Strength Limit Extreme Event  

    (inches) Comp.
(ϕ=0.7) 

Tension
(ϕ=0.7) 

Comp.
(ϕ=1.0) 

Tension 
(ϕ=1.0) 

  

Bent 2 24” Dia. CIDH 10 760 1 267 0 210 75 -45.0 (a), -29.5(c), 
-25.0 (d)

-45.0 

Bent 3 24” Dia. CIDH 2 860 1 293 0 240 70 -54.5 (a), -39.5(c),  
-22.5 (d)

-54.5 

Bent 4 24” Dia. CIDH 1 860 1 293 0 240 70 -56.0 (a), -39.5(c),  
-22.5 (d)

-56.0 

Bent 5 24” Dia. CIDH 1 860 1 293 0 240 70 -56.0 (a), -39.5(c),  
-22.5 (d)

-56.0 

Bent 6 24” Dia. CIDH 2 860 1 293 0 240 70 -54.5 (a), -39.5(c),  
-22.5 (d)

-54.5 

Bent 7 24” Dia. CIDH 10 760 1 267 0 210 75 -51.5 (a), -28.5(c),  
-20.0 (d)

-51.5 

Notes 
(i) Design tip elevations are controlled by (a) Compression (Strength Limit), (b) Tension (Strength Limit), (c) Compression (Extreme 

Event), (d) Tension (Extreme Event), (e) Lateral Load, (f) Settlement respectively.  
(ii) The specified tip elevation shall not be raised above the design tip elevations for tension, lateral, and tolerable settlement.  
(iii) The nominal driving resistance required is equal to the nominal resistance needed to support the factored load plus driving resistance 

from the penetrated soil layers, if any, which do not contribute to the design resistance. 
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TABLE 6: PILE DATA TABLE 
 Location Pile Type Nominal Resistance  (kips) Design Tip Elev.(1) (ft) Specified 

Tip Elevation (ft)   Compression Tension 

Abut 1 24” Dia. CIDH 210 0 -20.0 (a) -20.0 

Bent 2 24” Dia. CIDH 390 75 -45.0 (a), -25.0 (b) -45.0 

Bent 3 24” Dia. CIDH 420 70 -54.5 (a), -22.5 (b) -54.5 

Bent 4 24” Dia. CIDH 420 70 -56.0 (a), -22.5 (b) -56.0 

Bent 5 24” Dia. CIDH 420 70 -56.0 (a), -22.5 (b) -56.0 

Bent 6 24” Dia. CIDH 420 70 -54.5 (a), -22.5 (b) -54.5 

Bent 7 24” Dia. CIDH 390 70 -51.5 (a), -20.0 (b) -51.5 

Abut 8 24” Dia. CIDH 210 0 -20.0 (a) -20.5 

Notes 
(i) Design tip elevations for the Abutments are controlled by (a) Compression (c) Lateral Load.  
(ii) Design tip elevations for the Bents are controlled by (a) Compression, (b) Tension, (c) Lateral Load.  
(iii) The design tip elevation due to the lateral loads are estimated by Biggs Cardosa Associates and not included 

in the pile data table above. 
(iv) The specified tip elevation shall not be raised above the design tip elevations for tension and lateral load.  

 
The estimation of the driven pile capacity in clay and sand are based on the adhesion factors 
per FHWA manual (O’Neil and Reese 1999). The pile capacity will be derived primarily from 
frictional resistance along the pile shafts. A factor of safety of 2 was used to estimate the 
allowable pile capacity. Based on the Pile Data Table 6, the pile tip elevation is controlled by 
the demand in compression on the pile. The pile capacity calculations are provided in 
Appendix C. 
 
The design tip elevations and specified tip elevations are based on the “pile cut-off” 
elevation provided by the designer. In the event that the “pile cut-off” elevations are 
changed, the design pile tip elevations may have to be revised accordingly.  
 

The minimum horizontal distance between the “near face” of the footing of the pile cap 
(measured at the top of the footing) and the face of the finished slope should be in 
accordance with Caltrans “Bridge Design Specifications” November 2003. The piles 
should not be spaced closer than 3 times the pile diameter measured center-to-center. For 
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piles spaced at center-to-center distance greater than or equal to 3 times the pile diameter, 
there is no group effect for vertical pile capacity.  
 
Caltrans standard specification for "Cast-in-Place Concrete Piling" should be used for the 
construction of CIDH piles. Groundwater is expected during pile construction.  Due to 
presence of sand/gravel layers, and groundwater, raveling or caving may be expected, 
which may require additional drilling and cleaning effort and may increase the concrete 
volume for the piles. The CIDH holes are not expected to remain open without 
implementation of appropriate measures. Temporary steel casing and using slurry 
displacement method of construction should be used at all times to maintain the integrity 
of the piles. This should be consistent with any other special conditions required by the 
Reclamation District. Caltrans Standard Specifications and SSPs should be used for 
construction and quality assurance procedures. All pile excavations should be observed 
by the Geotechnical Engineer prior to the placement of reinforcement and concrete so that 
if conditions differ from those anticipated, appropriate recommendations can be made. 
 
It is prudent to make the contractor aware of these conditions so that appropriate steps can 
be taken to comply with the standard and maintain the integrity of the pile foundations. 
 
9.2.1 Scour 

 
Based on the hydraulic study, the bent piles extension will have a future scour of 
one foot. This scour depth should be accounted for in the finish ground elevation 
in the pile capacity calculations.  

 
9.3 Lateral Design for Piles 

 
Under seismic loading conditions, lateral load analyses should be performed for the 
foundation piles. It is our understanding that the structural designer will perform lateral 
load analyses for the piles using LPILE Program (v. 5). “Generalized Vertical Soil 
Profile and Strength Parameters” based on A-09-FM-001, R-09-001 and CPT-09-FM-
001 are included in Appendix C. To account for group effect, p-multipliers of 0.6 and 0.8 
are recommended for the pile spacing of 3D and 4D, respectively.  
 
Generally, abutment piles are designed for service loads only, and batter piles are used 
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for resisting static lateral earth pressures. In common engineering practice, a maximum 
pile head deflection of ¼ inch is recommended for service condition for vertical piles.  
 

9.4 Lateral Earth Pressures 
 

Abutment retaining walls and wing walls should be designed to resist the following 
applied lateral earth pressures and live loads. These values assume no hydrostatic pore 
pressure build-up behind the wall and are based on well-drained backfill behind the walls. 
 

Applied Lateral Earth Pressures 
 

Active Condition 36 pcf Equivalent Fluid Pressure (EFP) for engineered fill. 
At-Rest Condition 55 pcf Equivalent Fluid Pressure (EFP) for engineered fill. 
Passive Resistance 5.0 ksf (ultimate) for seismic design of the abutment wall (5.5 

feet or greater); for activated height less than 5.5 feet, modify 
proportionally i.e. 5.0 x (H/5.5) ksf per Caltrans SDC v.1.4. A 
minimum lateral wall movement of 2% of wall height to 
mobilize the full ultimate passive resistance is required.  

Traffic Load Surcharge The effect of any surcharge (dead or live load) should be added 
to the preceding lateral earth pressures. An additional height with 
equivalent earth pressure of not less than 2 feet of uniform soil 
weight at 125 pcf is added to the ground profile to account for 
the additional earth pressure resulting from the surcharge. 
Surcharge load due to the traffic has to be included in the design 
if the traffic is within a horizontal distance of one half of the wall 
height. A coefficient of 0.4 may be used to determine the 
additional lateral earth pressures resulting from the surcharge. 

 
Cantilever walls which are free to rotate at least 0.005 radii may be assumed flexible for 
the active condition.  Walls that are not capable of this movement should be assumed 
rigid and designed for the at-rest condition.  The effect of any surcharge (dead or live 
load) should be added to the preceding lateral earth pressures. A coefficient of 0.3 and 0.5 
may be used to determine the additional earth pressure resulting from the surcharge for 
cantilever walls and rigid walls, respectively.    
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9.5 Embankment Settlement 
 

It is our understanding that there will be no new approach embankment required for this 
project. The existing embankment will be used for the widening of the existing structures. 
Settlement of the existing embankment is not a geotechnical concern for this project. 

 
9.6 Corrosion 

 

Chemical tests were performed on soil samples from Borings A-09-FM-001 and R-09-
FM-001 to evaluate the corrosion potential of the subsoil.  The test results are as follows: 

 
TABLE 6: SUMMARY OF CORROSION TEST RESULT 

Boring Depth (ft) Minimum Resistivity 
(ohms-cm) 

pH Water-soluble 
Chloride (ppm) 

Water-soluble 
Sulfate (ppm) 

A-09-FM-001 21.0 960 7.5 54.6 24.0 
R-09-FM-001 15.0 590 6.2 106.7 246.1 

 
Based on the corrosion test results, the native subsurface soils in Borings A-09-FM-001 
and R-09-FM-001 are considered non-corrosive per Caltrans corrosion design guidelines. 
Standard Type II modified or Type I-P (MS) modified cement may be used for the 
concrete substructure. The minimum cement factor and cover thickness should be per 
Section 8.22 of Caltrans Bridge Design Specifications – September 2003.  

 

9.7 Potential Impact on Existing Levees and Construction Consideration 
 

The proposed project will be constructed over the existing levees of Reclamation District 
No. 1608. The District has requested that this report to address the potential impacts that 
the proposed project may have on the existing levees.  
 
In our opinion, the pile foundation of the proposed structure widening should not impose 
significant additional horizontal or vertical loads onto the levees.  
 
The slope stability and consolidation settlement of the existing levee may be impacted by 
the proposed project in the following ways. 
 
a) Soil reaction of the pile may exert lateral load onto the levee. The extent of this load 

is localized and small in comparison with the overall length of the levee. This loading 
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should not be any different than the existing piles at the project site. The impact of the 
foundation piles on the slope stability of the existing levees is negligible.  

 
b) Cast In-Drilled-Hole concrete piles were selected to eliminate the vibration (that 

would otherwise have resulted from pile driving) and impact on the stability of the 
levees.  

 
c) The widened structure should not impose vertical load on the levee since it is 

supported on pile foundation. Hence, there should be no consolidation settlement of 
the existing levee due to the proposed structure. Based on the available boring 
information, the subsurface soils of the existing levees consist of soft to firm lean 
clays. Some localized settlement may result from construction equipments on the 
levees during construction. This impact should be minimized with the implementation 
of precautionary measures recommended below.   

 
Construction Precautionary Measures and Construction Monitoring 
 
Construction on the levees shall abide by Army Corps of Engineers and/or Department of 
Water Resources construction and backfill requirements. 
 
The following precautionary measures and construction monitoring can be considered 
during construction to minimize the potential impact due to construction on the existing 
levees: 

 
a)  To minimize vibration due to the installation of temporary piles, steel pipe piles can 

be spun into the levees to support the temporary trestle, or temporary CIDH piles with 
steel pipe piles placed inside the CIDH can be used. 

 
b) The maximum allowable load on the levee from the construction equipment should be 

in conformance with the regulatory agency’s requirements. Normally a 200 to 250 
pound per square foot (psf) traffic surcharge loading condition is used in the slope 
stability analyses, which generally represents maintenance equipment loads. This 
transient loading should not be exceeded by the total (dead + live) load of the 
construction equipment during construction. Parking and leaving equipment for a 
long term should be avoided. Also materials should not be stored at the levees. 

 
c) No equipment shall be allowed within 10 feet from the edge of the levee regardless of 
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its weight. In order to further reduce the loading on the levees, timber planks or steel 
plates may also be considered to reduce point loads.   

 
d) Contractor should be required to set horizontal and vertical monuments in levee 

section, which will be periodically checked for horizontal or vertical movements.  
 
e) Construction monitoring may be considered to evaluate the settlement and movement 

in the levees. However, the level of sophisticated instrumentation may have to be 
further discussed, if it is deemed necessary.   

 
In summary, it is our opinion that the impact on the existing levees due to the proposed 
project should be insignificant. However, precautionary measures should be taken and 
construction monitoring should be implemented during construction to minimize any 
potential impact on the integrity of the existing levees.  
 
The above opinions are based on our understanding of the project and limited to the 
portion of the levee to be crossed by the proposed structure. Evaluation of the existing 
levee corridor has not been performed since it is beyond the scope of our work for this 
project. 

 

9.8 Plan Review 
 

We recommend that final foundation plans for the proposed project be reviewed by 
PARIKH prior to construction so that the intent of our recommendations is included in 
the project plans and specifications and to further see that no misunderstandings or 
misinterpretations have occurred.  

 
9.9 Construction Observation 
 

To a degree, the performance of any structure is dependent upon construction procedures 
and quality. Hence, geotechnical observation of foundation excavation, and pile 
installations should be carried out by regulating agencies.  If the subsurface conditions 
different from those forming the basis of our recommendations are encountered, this 
office should be informed in order to assess the need for design changes.  Therefore, the 
recommendations presented in this report are contingent upon good quality control and 
these geotechnical observations during construction. 
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10. INVESTIGATION LIMITATIONS 
 
Our services consist of professional opinions and recommendations made in accordance with 
generally accepted geotechnical engineering principles and practices and are based on our site 
reconnaissance and the assumption that the subsurface conditions do not deviate from observed 
conditions.  All work done is in accordance with generally accepted geotechnical engineering 
principles and practices.  No warranty, expressed or implied, of merchantability or fitness, is 
made or intended in connection with our work or by the furnishing of oral or written reports or 
findings.  The scope of our services did not include any environmental assessment or 
investigation for the presence or absence of hazardous or toxic materials in structures, soil, 
surface water, groundwater or air, below or around this site.  Unanticipated soil conditions are 
commonly encountered and cannot be fully determined by taking soil samples and excavating test 
borings; different soil conditions may require that additional expenditures be made during 
construction to attain a properly constructed project.  Some contingency fund is thus 
recommended to accommodate these possible extra costs. 
 
This report has been prepared for the proposed project as described earlier, to assist the engineer 
in the design of this project.  In the event any changes in the design or location of the facilities are 
planned, or if any variations or undesirable conditions are encountered during construction, our 
conclusions and recommendations shall not be considered valid unless the changes or variations 
are reviewed and our recommendations modified or approved by us in writing. 
 
 
This report is issued with the understanding that it is the designer's responsibility to ensure that 
the information and recommendations contained herein are incorporated into the project and that 
necessary steps are also taken to see that the recommendations are carried out in the field.   
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger and 5-inch diameter rotary wash drilling method. The soil samples were obtained from 
the borings during drilling at various depths by driving a 2.5-inch Inside Diameter (I. D.) 
Modified California Sampler or a 1.375-inch I.D. Standard Penetration Sampler (ASTM Test 
Method No. 1586).  The sampler was driven into the subsurface soils under the impact of a 140-
pound hammer having a free fall of 30 inches.  The blow counts required to drive the sampler 
for the last 12 inches are presented on the Logs of Test Borings (LOTB), Appendix A. When 
correlating standard penetration data in similar soils, the blow counts for the Modified 
California sampler can be taken as roughly twice that for the Standard Penetration Test sampler 
in similar soils. Pocket penetration tests were also performed on clay samples to evaluate their 
consistency.  Upon completion of drilling, the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually 
classified in the field (according to the Unified Soil Classification System) and continuously 
logged the soils encountered during drilling. The engineer supervised the collection of soil 
samples at various depths for visual examination and laboratory testing. The soil samples were 
then transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which 
were edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0175) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-FM-008 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 5 Clayey Silt to Silty Clay 15.079 0.392 0.291 0.291 2.4 1.47552 0.99 0.129 2.400 1.48 22.25 2.312 51.449 0.09 1.00 1
5.741 6 Sandy Silt to Clayey Silt 28.914 0.673 0.329 0.329 2.2 1.43885 0.99 0.129 2.200 1.44 41.60 1.667 69.342 0.11 1.00 1
6.398 6 Sandy Silt to Clayey Silt 35.651 0.793 0.367 0.367 2.15 1.40396 0.99 0.128 2.150 1.40 50.05 1.553 77.721 0.12 1.00 1
7.054 6 Sandy Silt to Clayey Silt 37 0.848 0.404 0.404 2.18 1.37157 0.99 0.128 2.180 1.37 50.75 1.619 82.170 0.13 1.00 1
7.71 6 Sandy Silt to Clayey Silt 41.973 1.028 0.442 0.442 2.2 1.33983 0.98 0.128 2.200 1.34 56.24 1.667 93.734 0.16 1.00 1
8.366 5 Clayey Silt to Silty Clay 32.605 1.068 0.479 0.479 2.4 1.3103 0.98 0.128 2.400 1.31 42.72 2.312 98.790 0.17 1.00 1
9.022 5 Clayey Silt to Silty Clay 23.121 0.768 0.517 0.517 2.53 1.2813 0.98 0.128 2.530 1.28 29.63 2.925 86.646 0.14 1.00 1
9.678 5 Clayey Silt to Silty Clay 31.382 0.959 0.555 0.555 2.43 1.25356 0.98 0.127 2.430 1.25 39.34 2.439 95.949 0.16 1.00 1
10.335 5 Clayey Silt to Silty Clay 28.117 0.916 0.592 0.592 2.51 1.22768 0.98 0.127 2.510 1.23 34.52 2.820 97.326 0.17 1.00 1
10.991 6 Sandy Silt to Clayey Silt 32.053 0.91 0.63 0.63 2.44 1.20219 0.98 0.127 2.440 1.20 38.53 2.483 95.684 0.16 1.00 1
11.647 4 Silty Clay to Clay 26.539 1.053 0.667 0.667 2.62 1.17836 0.98 0.127 1.00 1
12.303 5 Clayey Silt to Silty Clay 25.223 0.723 0.705 0.705 2.56 1.15486 0.97 0.127 2.560 1.15 29.13 3.091 90.025 0.15 1.00 1
12.959 4 Silty Clay to Clay 21.554 0.848 0.742 0.742 2.73 1.13285 0.97 0.126 1.00 1
13.615 4 Silty Clay to Clay 19.513 0.715 0.78 0.78 2.76 1.11111 0.97 0.126 1.00 1
14.272 5 Clayey Silt to Silty Clay 22.756 0.802 0.818 0.818 2.71 1.09019 0.97 0.126 1.00 1
14.928 5 Clayey Silt to Silty Clay 23.16 0.753 0.855 0.855 2.69 1.07056 0.97 0.126 1.00 1
15.584 5 Clayey Silt to Silty Clay 24.099 0.851 0.893 0.893 2.72 1.05112 0.97 0.126 1.00 1
16.24 5 Clayey Silt to Silty Clay 28.324 0.999 0.93 0.93 2.68 1.03286 0.97 0.126 1.00 1
16.896 4 Silty Clay to Clay 24.929 0.957 0.968 0.968 2.76 1.01476 0.96 0.125 1.00 1
17.552 5 Clayey Silt to Silty Clay 19.878 0.652 1.006 1.006 2.81 0.99728 0.96 0.125 1.00 1
18.209 5 Clayey Silt to Silty Clay 22.914 0.675 1.043 1.043 2.74 0.98083 0.96 0.125 0.99 1
18.865 5 Clayey Silt to Silty Clay 18.568 0.622 1.081 1.081 2.87 0.96449 0.96 0.125 0.98 1
19.521 4 Silty Clay to Clay 12.546 0.406 1.118 1.118 3.03 0.94909 0.96 0.125 0.98 1
20.177 5 Clayey Silt to Silty Clay 12.126 0.275 1.156 1.156 2.96 0.93379 0.96 0.124 0.97 1
20.833 5 Clayey Silt to Silty Clay 13.179 0.305 1.194 1.194 2.95 0.91896 0.95 0.124 0.97 1
21.49 5 Clayey Silt to Silty Clay 12.639 0.318 1.231 1.231 3 0.90498 0.95 0.124 0.96 1
22.146 5 Clayey Silt to Silty Clay 10.919 0.273 1.269 1.269 3.08 0.89105 0.95 0.124 0.95 1
22.802 5 Clayey Silt to Silty Clay 8.686 0.14 1.306 1.306 3.09 0.87789 0.95 0.123 0.95 1
23.458 5 Clayey Silt to Silty Clay 8.67 0.148 1.344 1.344 3.11 0.86478 0.95 0.123 0.94 1
24.114 5 Clayey Silt to Silty Clay 9.658 0.18 1.382 1.382 3.1 0.85205 0.94 0.123 0.94 1
24.77 4 Silty Clay to Clay 11.405 0.347 1.419 1.419 3.16 0.84002 0.94 0.123 0.93 1
25.427 3 Clay 6.628 0.238 1.456 0.013 1.443 3.47 0.83239 0.94 0.123 0.93 1
26.083 4 Silty Clay to Clay 5.951 0.112 1.493 0.034 1.46 3.38 0.82707 0.94 0.125 0.93 1
26.739 4 Silty Clay to Clay 5.891 0.12 1.531 0.054 1.477 3.39 0.82182 0.94 0.126 0.92 1
27.395 4 Silty Clay to Clay 6.005 0.134 1.569 0.075 1.494 3.41 0.81663 0.93 0.127 0.92 1
28.051 4 Silty Clay to Clay 6.186 0.147 1.606 0.095 1.511 3.41 0.81151 0.93 0.128 0.92 1
28.707 4 Silty Clay to Clay 6.846 0.184 1.644 0.115 1.528 3.4 0.80645 0.93 0.130 0.92 1
29.364 5 Clayey Silt to Silty Clay 12.098 0.32 1.681 0.136 1.545 3.13 0.80146 0.92 0.131 0.92 1
30.02 6 Sandy Silt to Clayey Silt 15.953 0.318 1.719 0.156 1.562 2.94 0.79652 0.92 0.132 0.91 1
30.676 6 Sandy Silt to Clayey Silt 23.536 0.458 1.756 0.177 1.58 2.78 0.79137 0.92 0.133 0.91 1
31.332 6 Sandy Silt to Clayey Silt 29.258 0.747 1.794 0.197 1.597 2.77 0.78656 0.91 0.133 0.91 1
31.988 5 Clayey Silt to Silty Clay 36.028 1.318 1.832 0.218 1.614 2.79 0.78181 0.91 0.134 0.91 1
32.644 6 Sandy Silt to Clayey Silt 58.101 1.543 1.869 0.238 1.631 2.55 0.77711 0.91 0.135 2.550 0.78 45.15 3.034 136.998 0.32 0.91 1 2.82
33.301 7 Silty Sand to Sandy Silt 70.533 0.92 1.908 0.259 1.649 2.29 0.7722 0.90 0.136 2.290 0.77 54.47 1.917 104.413 0.19 0.90 1 1.63
33.957 8 Sand to Silty Sand 70.8 0.789 1.948 0.279 1.668 2.25 0.76709 0.90 0.136 2.250 0.77 54.31 1.798 97.662 0.17 0.90 1 1.46
34.613 8 Sand to Silty Sand 74.878 0.79 1.987 0.3 1.688 2.22 0.76177 0.89 0.137 2.220 0.76 57.04 1.717 97.948 0.17 0.90 1 1.46
35.269 7 Silty Sand to Sandy Silt 73.753 1.263 2.026 0.32 1.706 2.36 0.75705 0.89 0.137 2.360 0.76 55.84 2.156 120.403 0.24 0.90 1 2.11
35.925 8 Sand to Silty Sand 83.958 0.633 2.066 0.341 1.725 2.11 0.75214 0.88 0.138 2.110 0.75 63.15 1.473 93.027 0.15 0.90 1 1.34
36.581 9 Sand 124.725 0.911 2.106 0.361 1.745 1.96 0.74703 0.88 0.138 1.960 0.75 93.17 1.251 116.569 0.23 0.87 1 1.97
37.238 7 Silty Sand to Sandy Silt 104.355 2.451 2.145 0.382 1.763 2.34 0.74249 0.87 0.138 2.340 0.74 77.48 2.084 161.456 0.88 1
37.894 5 Clayey Silt to Silty Clay 41.04 1.661 2.183 0.402 1.78 2.82 0.73826 0.87 0.139 0.89 1
38.55 5 Clayey Silt to Silty Clay 50.944 1.764 2.22 0.423 1.798 2.7 0.73382 0.86 0.139 0.89 1
39.206 7 Silty Sand to Sandy Silt 57.773 1.25 2.259 0.443 1.816 2.53 0.72944 0.86 0.139 2.530 0.73 42.14 2.925 123.256 0.25 0.89 1 2.18
39.862 6 Sandy Silt to Clayey Silt 47.668 1.404 2.296 0.464 1.833 2.69 0.72535 0.85 0.139 0.89 1
40.518 5 Clayey Silt to Silty Clay 25.687 0.769 2.334 0.484 1.85 2.94 0.72131 0.85 0.139 0.88 1
41.175 6 Sandy Silt to Clayey Silt 40.259 1.092 2.372 0.504 1.867 2.73 0.71731 0.84 0.139 0.88 1
41.831 6 Sandy Silt to Clayey Silt 40.445 1.22 2.409 0.525 1.884 2.75 0.71336 0.83 0.139 0.88 1
42.487 6 Sandy Silt to Clayey Silt 33.211 0.895 2.447 0.545 1.901 2.8 0.70945 0.83 0.139 0.88 1
43.143 7 Silty Sand to Sandy Silt 69.61 1.332 2.485 0.566 1.92 2.44 0.70513 0.82 0.138 2.440 0.71 49.08 2.483 121.882 0.25 0.88 1 2.14
43.799 8 Sand to Silty Sand 94.544 1.125 2.525 0.586 1.939 2.22 0.70086 0.82 0.138 2.220 0.70 66.26 1.717 113.784 0.22 0.87 1 1.87
44.455 6 Sandy Silt to Clayey Silt 32.179 0.795 2.563 0.607 1.956 2.78 0.69708 0.81 0.138 0.87 1
45.112 6 Sandy Silt to Clayey Silt 65.281 1.633 2.6 0.627 1.973 2.54 0.69335 0.80 0.137 2.540 0.69 45.26 2.979 134.836 0.31 0.87 1 2.67
45.768 6 Sandy Silt to Clayey Silt 65.106 1.911 2.638 0.648 1.99 2.6 0.68966 0.80 0.137 0.87 1
46.424 5 Clayey Silt to Silty Clay 45.2 1.559 2.675 0.668 2.007 2.76 0.686 0.79 0.137 0.87 1
47.08 5 Clayey Silt to Silty Clay 36.617 1.212 2.713 0.689 2.024 2.84 0.68238 0.78 0.136 0.87 1
47.736 6 Sandy Silt to Clayey Silt 44.01 1.283 2.751 0.709 2.041 2.74 0.6788 0.78 0.136 0.87 1
48.392 5 Clayey Silt to Silty Clay 41.1 1.383 2.788 0.73 2.059 2.82 0.67505 0.77 0.135 0.87 1
49.049 5 Clayey Silt to Silty Clay 36.17 1.211 2.826 0.75 2.076 2.87 0.67155 0.76 0.135 0.86 1
49.705 5 Clayey Silt to Silty Clay 33.975 1.079 2.863 0.771 2.093 2.88 0.66808 0.76 0.134 0.86 1
50.361 6 Sandy Silt to Clayey Silt 34.188 0.973 2.901 0.791 2.11 2.84 0.66465 0.75 0.134 0.86 1
51.017 6 Sandy Silt to Clayey Silt 42.454 1.222 2.939 0.812 2.127 2.76 0.66126 0.74 0.133 0.86 1
51.673 6 Sandy Silt to Clayey Silt 54.312 1.608 2.976 0.832 2.144 2.68 0.65789 0.74 0.133 0.86 1
52.329 6 Sandy Silt to Clayey Silt 52.789 1.702 3.014 0.852 2.161 2.72 0.65457 0.73 0.132 0.86 1
52.986 6 Sandy Silt to Clayey Silt 57.452 1.854 3.051 0.873 2.178 2.69 0.65127 0.72 0.132 0.86 1
53.642 6 Sandy Silt to Clayey Silt 46.674 1.412 3.089 0.893 2.196 2.75 0.64782 0.72 0.131 0.85 1
54.298 6 Sandy Silt to Clayey Silt 37.677 1.118 3.127 0.914 2.213 2.82 0.64459 0.71 0.130 0.85 1
54.954 6 Sandy Silt to Clayey Silt 35.373 1.132 3.164 0.934 2.23 2.88 0.6414 0.70 0.130 0.85 1
55.61 5 Clayey Silt to Silty Clay 42.53 1.67 3.202 0.955 2.247 2.88 0.63824 0.70 0.129 0.85 1
56.266 5 Clayey Silt to Silty Clay 34.27 1.229 3.239 0.975 2.264 2.93 0.6351 0.69 0.129 0.85 1
56.923 5 Clayey Silt to Silty Clay 24.743 0.783 3.277 0.996 2.281 3.02 0.632 0.69 0.128 0.85 1
57.579 5 Clayey Silt to Silty Clay 36.623 1.609 3.315 1.016 2.298 2.96 0.62893 0.68 0.127 0.85 1
58.235 11 Sitff Fine-Grained 57.926 3.187 3.357 1.037 2.321 2.89 0.62482 0.67 0.127 0.85 1
58.891 3 Clay 32.758 1.699 3.394 1.057 2.337 3.08 0.622 0.67 0.126 0.84 1
59.547 5 Clayey Silt to Silty Clay 19.96 0.625 3.431 1.078 2.354 3.14 0.61902 0.66 0.126 0.84 1
60.203 5 Clayey Silt to Silty Clay 19.125 0.528 3.469 1.098 2.371 3.14 0.61607 0.66 0.125 0.84 1
60.86 6 Sandy Silt to Clayey Silt 24.148 0.623 3.507 1.119 2.388 3.01 0.61315 0.65 0.125 0.84 1
61.516 5 Clayey Silt to Silty Clay 24.459 0.739 3.544 1.139 2.405 3.06 0.61026 0.65 0.124 0.84 1
62.172 5 Clayey Silt to Silty Clay 27.177 0.8 3.582 1.16 2.422 3.02 0.6074 0.64 0.123 0.84 1
62.828 6 Sandy Silt to Clayey Silt 37.016 1.175 3.619 1.18 2.439 2.9 0.60456 0.64 0.123 0.84 1
63.484 5 Clayey Silt to Silty Clay 47.881 1.745 3.657 1.201 2.457 2.84 0.60159 0.63 0.122 0.84 1
64.14 5 Clayey Silt to Silty Clay 69.501 2.624 3.695 1.221 2.474 2.74 0.5988 0.63 0.122 0.83 1
64.797 8 Sand to Silty Sand 111.993 1.455 3.734 1.241 2.493 2.28 0.59572 0.62 0.121 2.280 0.60 66.72 1.886 125.839 0.27 0.83 1 2.61
65.453 9 Sand 155.937 1.179 3.775 1.262 2.513 2.02 0.59251 0.62 0.121 2.020 0.59 92.39 1.327 122.609 0.25 0.80 1 2.48
66.109 9 Sand 171.465 0.932 3.816 1.282 2.533 1.91 0.58934 0.61 0.120 1.910 0.59 101.05 1.198 121.100 0.25 0.79 1 2.43
66.765 9 Sand 151.941 1.123 3.857 1.303 2.554 2.03 0.58604 0.61 0.120 2.030 0.59 89.04 1.341 119.426 0.24 0.80 1 2.37
67.421 8 Sand to Silty Sand 128.268 1.983 3.896 1.323 2.573 2.28 0.58309 0.61 0.119 2.280 0.58 74.79 1.886 141.070 0.34 0.82 1 3.41
68.077 6 Sandy Silt to Clayey Silt 49.459 1.172 3.934 1.344 2.59 2.75 0.58047 0.60 0.119 0.83 1
68.734 6 Sandy Silt to Clayey Silt 68.393 2.365 3.971 1.364 2.607 2.72 0.57788 0.60 0.119 0.83 1

Soil Behavior Type γd

CPT RESULT INPUT CSR CRR 7.5

KC

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

Kσ

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-FOURTEEN 
MILE SLOUGH BRIDGE (WIDEN)

CSR qc1NCQIc* F.S.CN* Ic KαCRR7.5(qc1N)cs
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0175) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-FM-008 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

Soil Behavior Type γd

CPT RESULT INPUT CSR CRR 7.5

KC

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

Kσ

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-FOURTEEN 
MILE SLOUGH BRIDGE (WIDEN)

CSR qc1NCQIc* F.S.CN* Ic KαCRR7.5(qc1N)cs

69.39 6 Sandy Silt to Clayey Silt 92.562 3.524 4.009 1.385 2.624 2.65 0.57531 0.60 0.118 0.82 1
70.046 6 Sandy Silt to Clayey Silt 130.441 4.705 4.047 1.405 2.641 2.53 0.57277 0.59 0.118 2.530 0.57 74.71 2.925 218.516 0.82 1
70.702 7 Silty Sand to Sandy Silt 229.811 5.244 4.085 1.426 2.659 2.21 0.5701 0.59 0.117 2.210 0.57 131.01 1.692 221.626 0.76 1
71.358 9 Sand 362.816 4.864 4.126 1.446 2.68 1.91 0.56701 0.58 0.117 1.910 0.57 205.72 1.198 246.537 0.69 1
72.014 9 Sand 307.835 3.355 4.167 1.467 2.7 1.9 0.5641 0.58 0.117 1.900 0.56 173.65 1.189 206.443 0.71 1
72.671 9 Sand 259.009 3.47 4.207 1.487 2.72 2.02 0.56122 0.58 0.116 2.020 0.56 145.36 1.327 192.897 0.73 1
73.327 7 Silty Sand to Sandy Silt 114.657 2.273 4.246 1.508 2.738 2.41 0.55866 0.58 0.116 2.410 0.56 64.05 2.354 150.761 0.40 0.82 1 4.10
73.983 6 Sandy Silt to Clayey Silt 42.323 1.304 4.284 1.528 2.756 2.9 0.55612 0.57 0.116 0.82 1
74.639 5 Clayey Silt to Silty Clay 41.908 1.548 4.321 1.549 2.773 2.97 0.55374 0.57 0.115 0.82 1
75.295 5 Clayey Silt to Silty Clay 30.808 1.174 4.359 1.569 2.79 3.11 0.55138 0.57 0.115 0.81 1
75.951 5 Clayey Silt to Silty Clay 29.329 0.993 4.396 1.589 2.807 3.09 0.54904 0.56 0.115 0.81 1
76.608 6 Sandy Silt to Clayey Silt 29.405 0.846 4.434 1.61 2.824 3.05 0.54672 0.56 0.114 0.81 1
77.264 5 Clayey Silt to Silty Clay 29.209 0.972 4.472 1.63 2.841 3.09 0.54442 0.56 0.114 0.81 1
77.92 5 Clayey Silt to Silty Clay 35.596 1.193 4.509 1.651 2.858 3.01 0.54214 0.56 0.114 0.81 1
78.576 6 Sandy Silt to Clayey Silt 41.133 1.346 4.547 1.671 2.875 2.94 0.53988 0.55 0.114 0.81 1
79.232 6 Sandy Silt to Clayey Silt 46.079 1.571 4.584 1.692 2.893 2.9 0.5375 0.55 0.113 0.81 1
79.888 5 Clayey Silt to Silty Clay 52.019 1.988 4.622 1.712 2.91 2.91 0.53528 0.55 0.113 0.81 1
80.545 5 Clayey Silt to Silty Clay 39.981 1.281 4.66 1.733 2.927 2.98 0.53307 0.55 0.113 0.81 1
81.201 6 Sandy Silt to Clayey Silt 60.847 2.018 4.697 1.753 2.944 2.81 0.53089 0.54 0.113 0.81 1
81.857 11 Sitff Fine-Grained 83.723 4.113 4.74 1.774 2.966 2.82 0.52808 0.54 0.113 0.80 1
82.513 4 Silty Clay to Clay 49.906 2.522 4.778 1.794 2.983 3.02 0.52594 0.54 0.112 0.80 1
83.169 3 Clay 36.361 1.977 4.814 1.815 2.999 3.17 0.52393 0.54 0.112 0.80 1
83.825 3 Clay 36.809 1.831 4.851 1.835 3.016 3.14 0.52182 0.54 0.112 0.80 1
84.482 6 Sandy Silt to Clayey Silt 54.149 1.764 4.888 1.856 3.033 2.86 0.51973 0.53 0.112 0.80 1
85.138 5 Clayey Silt to Silty Clay 62.502 2.573 4.926 1.876 3.05 2.88 0.51765 0.53 0.112 0.80 1
85.794 5 Clayey Silt to Silty Clay 39.598 1.508 4.963 1.897 3.067 3.05 0.51558 0.53 0.112 0.80 1
86.45 5 Clayey Silt to Silty Clay 48.246 1.719 5.001 1.917 3.084 2.93 0.51354 0.53 0.111 0.80 1
87.106 5 Clayey Silt to Silty Clay 83.663 3.598 5.039 1.938 3.101 2.78 0.51151 0.53 0.111 0.80 1
87.762 11 Sitff Fine-Grained 84.078 4.118 5.081 1.958 3.123 2.82 0.50891 0.52 0.111 0.80 1
88.419 11 Sitff Fine-Grained 124.67 6.435 5.124 1.978 3.146 2.7 0.50621 0.52 0.111 0.80 1
89.075 11 Sitff Fine-Grained 90.138 4.42 5.167 1.999 3.168 2.8 0.50366 0.52 0.111 0.79 1
89.731 11 Sitff Fine-Grained 111.393 5.235 5.21 2.019 3.19 2.71 0.50114 0.52 0.110 0.79 1
90.387 11 Sitff Fine-Grained 146.317 7.917 5.253 2.04 3.213 2.68 0.49853 0.52 0.110 0.79 1
91.043 11 Sitff Fine-Grained 125.494 5.57 5.296 2.06 3.235 2.66 0.49605 0.52 0.110 0.79 1
91.699 11 Sitff Fine-Grained 116.716 6.796 5.338 2.081 3.258 2.78 0.49349 0.52 0.110 0.79 1
92.356 11 Sitff Fine-Grained 94.259 4.086 5.381 2.101 3.28 2.74 0.49107 0.51 0.110 0.79 1
93.012 6 Sandy Silt to Clayey Silt 113.396 3.901 5.419 2.122 3.297 2.61 0.48922 0.51 0.109 0.79 1
93.668 6 Sandy Silt to Clayey Silt 103.869 3.623 5.456 2.142 3.314 2.65 0.48737 0.51 0.109 0.79 1
94.324 6 Sandy Silt to Clayey Silt 88.134 3.122 5.494 2.163 3.331 2.72 0.48554 0.51 0.109 0.79 1
94.98 5 Clayey Silt to Silty Clay 68.354 2.653 5.532 2.183 3.348 2.85 0.48373 0.51 0.109 0.79 1
95.636 5 Clayey Silt to Silty Clay 58.685 2.224 5.569 2.204 3.365 2.91 0.48193 0.51 0.109 0.78 1
96.293 6 Sandy Silt to Clayey Silt 60.782 2.152 5.607 2.224 3.383 2.87 0.48003 0.51 0.109 0.78 1
96.949 6 Sandy Silt to Clayey Silt 75.157 2.507 5.644 2.245 3.4 2.77 0.47826 0.50 0.109 0.78 1
97.605 5 Clayey Silt to Silty Clay 75.179 3.127 5.682 2.265 3.417 2.85 0.4765 0.50 0.109 0.78 1
98.261 11 Sitff Fine-Grained 101.652 4.369 5.725 2.286 3.439 2.76 0.47424 0.50 0.109 0.78 1
98.917 4 Silty Clay to Clay 65.947 2.997 5.762 2.306 3.456 2.94 0.47251 0.50 0.108 0.78 1
99.573 5 Clayey Silt to Silty Clay 40.516 1.461 5.8 2.326 3.473 3.08 0.47079 0.50 0.108 0.78 1
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of 
drilling, the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually 
classified in the field (according to the Unified Soil Classification System) and continuously 
logged the soils encountered during drilling. The engineer supervised the collection of soil 
samples at various depths for visual examination and laboratory testing. The soil samples were 
then transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which 
were edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0215) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-SR-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 9 Sand 146.683 1.17 0.316 0.316 1.38 1.45119 0.99 0.129 1.380 1.45 212.86 1.000 212.865 1.00 1
5.741 9 Sand 210.506 2.102 0.356 0.356 1.41 1.41388 0.99 0.129 1.410 1.41 297.63 1.000 297.631 1.00 1
6.398 9 Sand 160.267 1.596 0.397 0.397 1.49 1.37758 0.99 0.128 1.490 1.38 220.78 1.000 220.781 1.00 1
7.054 9 Sand 187.238 1.756 0.438 0.438 1.46 1.3431 0.99 0.128 1.460 1.34 251.48 1.000 251.480 1.00 1
7.71 9 Sand 220.279 2.276 0.479 0.479 1.48 1.3103 0.98 0.128 1.480 1.31 288.63 1.000 288.632 1.00 1
8.366 9 Sand 252.092 2.82 0.519 0.519 1.49 1.27981 0.98 0.128 1.490 1.28 322.63 1.000 322.631 1.00 1
9.022 9 Sand 228.485 3.283 0.56 0.56 1.62 1.25 0.98 0.128 1.620 1.25 285.61 1.000 285.606 1.00 1
9.678 9 Sand 229.599 3.313 0.601 0.601 1.64 1.22154 0.98 0.127 1.640 1.22 280.47 1.000 280.465 1.00 1
10.335 9 Sand 256.973 3.384 0.641 0.641 1.6 1.195 0.98 0.127 1.600 1.20 307.08 1.000 307.083 1.00 1
10.991 8 Sand to Silty Sand 275.978 4.449 0.681 0.681 1.67 1.16959 0.98 0.127 1.670 1.17 322.78 1.017 328.390 1.00 1
11.647 8 Sand to Silty Sand 270.059 4.722 0.721 0.721 1.72 1.14524 0.98 0.127 1.720 1.15 309.28 1.051 325.156 1.00 1
12.303 8 Sand to Silty Sand 276.633 4.974 0.76 0.76 1.73 1.12245 0.97 0.127 1.730 1.12 310.51 1.058 328.534 1.00 1
12.959 8 Sand to Silty Sand 253.321 5.085 0.8 0.8 1.81 1.1 0.97 0.126 1.810 1.10 278.65 1.114 310.422 1.00 1
13.615 8 Sand to Silty Sand 242.926 4.338 0.84 0.84 1.79 1.07843 0.97 0.126 1.790 1.08 261.98 1.099 288.031 1.00 1
14.272 8 Sand to Silty Sand 239.339 4.225 0.88 0.88 1.8 1.05769 0.97 0.126 1.800 1.06 253.15 1.107 280.147 1.00 1
14.928 8 Sand to Silty Sand 239.775 3.856 0.919 0.919 1.78 1.03823 0.97 0.126 1.780 1.04 248.94 1.092 271.929 1.00 1
15.584 8 Sand to Silty Sand 228.092 3.835 0.959 0.959 1.82 1.01899 0.97 0.126 1.820 1.02 232.42 1.122 260.666 1.00 1
16.24 8 Sand to Silty Sand 216.479 3.932 0.999 0.999 1.87 1.00045 0.97 0.126 1.870 1.00 216.58 1.162 251.628 1.00 1
16.896 8 Sand to Silty Sand 180.118 3.538 1.038 1.038 1.95 0.98302 0.96 0.125 1.950 0.98 177.06 1.240 219.530 0.99 1
17.552 7 Silty Sand to Sandy Silt 160.595 3.654 1.077 1.077 2.05 0.96618 0.96 0.125 2.050 0.97 155.16 1.371 212.738 0.98 1
18.209 7 Silty Sand to Sandy Silt 141.12 3.436 1.116 1.116 2.11 0.94991 0.96 0.125 2.110 0.95 134.05 1.473 197.480 0.97 1
18.865 8 Sand to Silty Sand 192.664 3.858 1.155 1.155 1.97 0.93418 0.96 0.125 1.970 0.93 179.98 1.263 227.269 0.95 1
19.521 7 Silty Sand to Sandy Silt 202.792 4.736 1.194 1.194 2.02 0.91896 0.96 0.125 2.020 0.92 186.36 1.327 247.300 0.94 1
20.177 8 Sand to Silty Sand 250.962 5.022 1.234 1.234 1.92 0.90386 0.96 0.124 1.920 0.90 226.84 1.208 274.079 0.92 1
20.833 8 Sand to Silty Sand 291.188 5.417 1.273 1.273 1.86 0.88961 0.95 0.124 1.860 0.89 259.04 1.153 298.766 0.91 1
21.49 8 Sand to Silty Sand 286.417 5.184 1.313 1.313 1.86 0.87545 0.95 0.124 1.860 0.88 250.74 1.153 289.193 0.90 1
22.146 6 Sandy Silt to Clayey Silt 118.998 3.555 1.351 1.351 2.29 0.86241 0.95 0.124 2.290 0.86 102.62 1.917 196.737 0.92 1
22.802 4 Silty Clay to Clay 38.943 1.7 1.388 1.388 2.77 0.85008 0.95 0.123 0.94 1
23.458 4 Silty Clay to Clay 36.508 1.757 1.426 1.426 2.83 0.83778 0.95 0.123 0.93 1
24.114 5 Clayey Silt to Silty Clay 47.373 1.754 1.463 1.463 2.67 0.82614 0.94 0.123 0.93 1
24.77 4 Silty Clay to Clay 40.81 1.848 1.501 1.501 2.79 0.81451 0.94 0.123 0.92 1
25.427 11 Sitff Fine-Grained 56.922 3.302 1.544 0.013 1.531 2.76 0.80557 0.94 0.123 0.92 1
26.083 3 Clay 20.708 1.495 1.58 0.034 1.547 3.18 0.80087 0.94 0.125 0.92 1
26.739 4 Silty Clay to Clay 10.362 0.348 1.618 0.054 1.564 3.27 0.79595 0.94 0.126 0.91 1
27.395 5 Clayey Silt to Silty Clay 12.89 0.358 1.655 0.075 1.581 3.13 0.79108 0.93 0.127 0.91 1
28.051 5 Clayey Silt to Silty Clay 20.621 0.708 1.693 0.095 1.598 2.99 0.78628 0.93 0.128 0.91 1
28.707 4 Silty Clay to Clay 15.385 0.553 1.731 0.115 1.615 3.13 0.78153 0.93 0.129 0.91 1
29.364 4 Silty Clay to Clay 16.351 0.608 1.768 0.136 1.632 3.11 0.77684 0.92 0.130 0.91 1
30.02 4 Silty Clay to Clay 28.183 1.168 1.806 0.156 1.649 2.93 0.7722 0.92 0.131 0.90 1
30.676 5 Clayey Silt to Silty Clay 20.244 0.659 1.843 0.177 1.667 3 0.76735 0.92 0.132 0.90 1
31.332 4 Silty Clay to Clay 15.882 0.541 1.881 0.197 1.684 3.12 0.76283 0.91 0.133 0.90 1
31.988 5 Clayey Silt to Silty Clay 19.949 0.692 1.919 0.218 1.701 3.03 0.75836 0.91 0.133 0.90 1
32.644 4 Silty Clay to Clay 19.322 0.812 1.956 0.238 1.718 3.1 0.75394 0.91 0.134 0.90 1
33.301 4 Silty Clay to Clay 18.093 0.671 1.994 0.259 1.735 3.1 0.74957 0.90 0.135 0.90 1
33.957 4 Silty Clay to Clay 15.238 0.55 2.031 0.279 1.752 3.17 0.74526 0.90 0.135 0.89 1
34.613 4 Silty Clay to Clay 39.255 1.903 2.069 0.3 1.769 2.88 0.74099 0.89 0.136 0.89 1
35.269 4 Silty Clay to Clay 47.837 2.424 2.107 0.32 1.786 2.83 0.73677 0.89 0.136 0.89 1
35.925 5 Clayey Silt to Silty Clay 44.452 1.737 2.144 0.341 1.803 2.76 0.7326 0.88 0.137 0.89 1
36.581 3 Clay 39.812 2.256 2.181 0.361 1.82 2.92 0.72848 0.88 0.137 0.89 1
37.238 3 Clay 25.556 1.231 2.217 0.382 1.836 3.06 0.72464 0.87 0.137 0.89 1
37.894 4 Silty Clay to Clay 25.891 1.114 2.255 0.402 1.853 3.02 0.7206 0.87 0.137 0.88 1
38.55 4 Silty Clay to Clay 21.576 0.799 2.292 0.423 1.87 3.06 0.71661 0.86 0.138 0.88 1
39.206 5 Clayey Silt to Silty Clay 28.417 0.904 2.33 0.443 1.887 2.91 0.71267 0.86 0.138 0.88 1
39.862 5 Clayey Silt to Silty Clay 34.308 1.397 2.368 0.464 1.904 2.9 0.70876 0.85 0.138 0.88 1
40.518 5 Clayey Silt to Silty Clay 31.906 1.273 2.405 0.484 1.921 2.93 0.7049 0.85 0.138 0.88 1
41.175 5 Clayey Silt to Silty Clay 39.588 1.33 2.443 0.504 1.938 2.8 0.70108 0.84 0.138 0.88 1
41.831 6 Sandy Silt to Clayey Silt 49.027 1.578 2.48 0.525 1.955 2.7 0.69731 0.83 0.138 0.87 1
42.487 6 Sandy Silt to Clayey Silt 64.674 2.026 2.518 0.545 1.973 2.6 0.69335 0.83 0.137 0.87 1
43.143 6 Sandy Silt to Clayey Silt 97.869 3.162 2.556 0.566 1.99 2.49 0.68966 0.82 0.137 2.490 0.69 67.50 2.718 183.480 0.87 1
43.799 5 Clayey Silt to Silty Clay 58.232 2.336 2.593 0.586 2.007 2.73 0.686 0.82 0.137 0.87 1
44.455 5 Clayey Silt to Silty Clay 43.639 1.529 2.631 0.607 2.024 2.78 0.68238 0.81 0.137 0.87 1
45.112 5 Clayey Silt to Silty Clay 43.906 1.875 2.668 0.627 2.041 2.85 0.6788 0.80 0.136 0.87 1
45.768 5 Clayey Silt to Silty Clay 44.141 1.685 2.706 0.648 2.058 2.81 0.67526 0.80 0.136 0.87 1
46.424 4 Silty Clay to Clay 59.258 2.779 2.744 0.668 2.075 2.77 0.67176 0.79 0.136 0.86 1
47.08 11 Sitff Fine-Grained 72.138 4.079 2.786 0.689 2.098 2.78 0.66707 0.78 0.135 0.86 1
47.736 11 Sitff Fine-Grained 77.374 3.974 2.829 0.709 2.12 2.74 0.66265 0.78 0.135 0.86 1
48.392 6 Sandy Silt to Clayey Silt 81.632 2.427 2.867 0.73 2.137 2.56 0.65927 0.77 0.134 2.560 0.66 53.82 3.091 166.327 0.86 1
49.049 6 Sandy Silt to Clayey Silt 73.667 2.184 2.904 0.75 2.154 2.6 0.65593 0.76 0.134 0.86 1
49.705 7 Silty Sand to Sandy Silt 76.063 1.641 2.943 0.771 2.172 2.5 0.65243 0.76 0.133 2.500 0.65 49.63 2.768 137.386 0.32 0.86 1 2.88
50.361 7 Silty Sand to Sandy Silt 81.954 1.17 2.982 0.791 2.191 2.37 0.64878 0.75 0.133 2.370 0.65 53.17 2.194 116.657 0.23 0.85 1 2.05
51.017 8 Sand to Silty Sand 87.55 1.108 3.021 0.812 2.21 2.31 0.64516 0.74 0.132 2.310 0.65 56.48 1.981 111.908 0.21 0.85 1 1.90
51.673 8 Sand to Silty Sand 87.774 1.013 3.061 0.832 2.229 2.29 0.64159 0.74 0.131 2.290 0.64 56.31 1.917 107.958 0.20 0.85 1 1.79
52.329 8 Sand to Silty Sand 84.58 0.803 3.101 0.852 2.248 2.26 0.63805 0.73 0.131 2.260 0.64 53.97 1.827 98.585 0.17 0.85 1 1.54
52.986 9 Sand 118.949 0.91 3.141 0.873 2.268 2.09 0.63437 0.72 0.130 2.090 0.63 75.46 1.437 108.427 0.20 0.84 1 1.82
53.642 8 Sand to Silty Sand 109.493 0.94 3.181 0.893 2.288 2.15 0.63073 0.72 0.129 2.150 0.63 69.06 1.553 107.237 0.19 0.84 1 1.79
54.298 8 Sand to Silty Sand 95.549 1.002 3.221 0.914 2.307 2.25 0.62732 0.71 0.129 2.250 0.63 59.94 1.798 107.786 0.20 0.85 1 1.82
54.954 8 Sand to Silty Sand 96.755 0.987 3.26 0.934 2.326 2.24 0.62394 0.70 0.128 2.240 0.62 60.37 1.770 106.882 0.19 0.84 1 1.80
55.61 9 Sand 143.32 1.426 3.301 0.955 2.346 2.09 0.62042 0.70 0.128 2.090 0.62 88.92 1.437 127.769 0.27 0.81 1 2.56
56.266 9 Sand 139.515 1.298 3.342 0.975 2.367 2.09 0.61676 0.69 0.127 2.090 0.62 86.05 1.437 123.644 0.26 0.82 1 2.40
56.923 8 Sand to Silty Sand 109.836 0.996 3.382 0.996 2.386 2.18 0.6135 0.69 0.126 2.180 0.61 67.38 1.619 109.106 0.20 0.84 1 1.90
57.579 8 Sand to Silty Sand 114.734 1.026 3.421 1.016 2.405 2.16 0.61026 0.68 0.126 2.160 0.61 70.02 1.574 110.227 0.20 0.83 1 1.94
58.235 8 Sand to Silty Sand 93.873 1.332 3.461 1.037 2.424 2.35 0.60706 0.67 0.125 2.350 0.61 56.99 2.120 120.792 0.24 0.84 1 2.33
58.891 4 Silty Clay to Clay 31.382 1.283 3.499 1.057 2.441 3.05 0.60423 0.67 0.125 0.84 1
59.547 5 Clayey Silt to Silty Clay 25.005 0.827 3.536 1.078 2.459 3.07 0.60126 0.66 0.124 0.84 1
60.203 3 Clay 40.445 2.088 3.573 1.098 2.475 3.01 0.59864 0.66 0.123 0.83 1
60.86 5 Clayey Silt to Silty Clay 36.508 1.499 3.61 1.119 2.492 3 0.59588 0.65 0.123 0.83 1
61.516 5 Clayey Silt to Silty Clay 27.495 0.987 3.648 1.139 2.509 3.07 0.59315 0.65 0.122 0.83 1
62.172 6 Sandy Silt to Clayey Silt 23.542 0.643 3.686 1.16 2.526 3.05 0.59045 0.64 0.122 0.83 1
62.828 6 Sandy Silt to Clayey Silt 36.377 1.144 3.723 1.18 2.543 2.92 0.58776 0.64 0.121 0.83 1
63.484 5 Clayey Silt to Silty Clay 33.031 1.186 3.761 1.201 2.56 3.01 0.58511 0.63 0.121 0.83 1
64.14 5 Clayey Silt to Silty Clay 27.451 0.875 3.798 1.221 2.577 3.06 0.58247 0.63 0.120 0.83 1
64.797 5 Clayey Silt to Silty Clay 24.858 0.84 3.836 1.241 2.594 3.11 0.57986 0.62 0.120 0.83 1
65.453 6 Sandy Silt to Clayey Silt 34.925 1.032 3.873 1.262 2.612 2.93 0.57712 0.62 0.119 0.83 1
66.109 6 Sandy Silt to Clayey Silt 42.137 1.091 3.911 1.282 2.629 2.83 0.57456 0.61 0.119 0.82 1
66.765 6 Sandy Silt to Clayey Silt 38.676 1.212 3.949 1.303 2.646 2.93 0.57202 0.61 0.118 0.82 1
67.421 5 Clayey Silt to Silty Clay 34.232 1.307 3.986 1.323 2.663 3.03 0.56951 0.61 0.118 0.82 1
68.077 5 Clayey Silt to Silty Clay 27.189 0.816 4.024 1.344 2.68 3.07 0.56701 0.60 0.118 0.82 1
68.734 6 Sandy Silt to Clayey Silt 28.051 0.752 4.061 1.364 2.697 3.03 0.56454 0.60 0.117 0.82 1

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT- SWAIN ROAD 
UC (WIDEN)

CSR qc1NCQIc* F.S.CN* γd Ic CRR7.5(qc1N)cs

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7.5

KαSoil Behavior Type
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0215) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-SR-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT- SWAIN ROAD 
UC (WIDEN)

CSR qc1NCQIc* F.S.CN* γd Ic CRR7.5(qc1N)cs

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7.5

KαSoil Behavior Type

69.39 5 Clayey Silt to Silty Clay 33.784 1.117 4.099 1.385 2.714 3 0.56208 0.60 0.117 0.82 1
70.046 5 Clayey Silt to Silty Clay 39.937 1.458 4.137 1.405 2.731 2.98 0.55965 0.59 0.117 0.82 1
70.702 5 Clayey Silt to Silty Clay 32.921 1.213 4.174 1.426 2.749 3.07 0.5571 0.59 0.116 0.82 1
71.358 5 Clayey Silt to Silty Clay 26.872 0.889 4.212 1.446 2.766 3.13 0.55472 0.58 0.116 0.82 1
72.014 5 Clayey Silt to Silty Clay 21.494 0.611 4.249 1.467 2.783 3.18 0.55235 0.58 0.115 0.81 1
72.671 5 Clayey Silt to Silty Clay 26.785 0.801 4.287 1.487 2.8 3.09 0.55 0.58 0.115 0.81 1
73.327 4 Silty Clay to Clay 32.163 1.444 4.325 1.508 2.817 3.14 0.54767 0.58 0.115 0.81 1
73.983 5 Clayey Silt to Silty Clay 27.424 0.863 4.362 1.528 2.834 3.11 0.54536 0.57 0.114 0.81 1
74.639 5 Clayey Silt to Silty Clay 25.622 0.713 4.4 1.549 2.851 3.1 0.54308 0.57 0.114 0.81 1
75.295 5 Clayey Silt to Silty Clay 27.735 0.901 4.437 1.569 2.868 3.11 0.54081 0.57 0.114 0.81 1
75.951 5 Clayey Silt to Silty Clay 25.786 0.809 4.475 1.589 2.885 3.14 0.53856 0.56 0.114 0.81 1
76.608 6 Sandy Silt to Clayey Silt 26.484 0.693 4.513 1.61 2.903 3.08 0.53619 0.56 0.113 0.81 1
77.264 6 Sandy Silt to Clayey Silt 27.189 0.689 4.55 1.63 2.92 3.06 0.53398 0.56 0.113 0.81 1
77.92 6 Sandy Silt to Clayey Silt 30.137 0.673 4.588 1.651 2.937 2.98 0.53179 0.56 0.113 0.81 1
78.576 6 Sandy Silt to Clayey Silt 33.615 0.784 4.625 1.671 2.954 2.95 0.52961 0.55 0.113 0.81 1
79.232 5 Clayey Silt to Silty Clay 36.64 1.15 4.663 1.692 2.971 3 0.52745 0.55 0.112 0.80 1
79.888 5 Clayey Silt to Silty Clay 36.514 1.438 4.701 1.712 2.988 3.07 0.52531 0.55 0.112 0.80 1
80.545 5 Clayey Silt to Silty Clay 46.227 1.709 4.738 1.733 3.005 2.96 0.52319 0.55 0.112 0.80 1
81.201 5 Clayey Silt to Silty Clay 33.173 1.338 4.776 1.753 3.022 3.13 0.52108 0.54 0.112 0.80 1
81.857 4 Silty Clay to Clay 39.358 1.873 4.813 1.774 3.04 3.1 0.51887 0.54 0.112 0.80 1
82.513 6 Sandy Silt to Clayey Silt 73.983 2.697 4.851 1.794 3.057 2.78 0.5168 0.54 0.111 0.80 1
83.169 6 Sandy Silt to Clayey Silt 113.522 3.453 4.889 1.815 3.074 2.57 0.51474 0.54 0.111 2.570 0.51 58.43 3.148 183.949 0.80 1
83.825 6 Sandy Silt to Clayey Silt 72.771 2.692 4.926 1.835 3.091 2.79 0.5127 0.54 0.111 0.80 1
84.482 5 Clayey Silt to Silty Clay 49.961 2.186 4.964 1.856 3.108 2.99 0.51068 0.53 0.111 0.80 1
85.138 4 Silty Clay to Clay 48.263 2.387 5.001 1.876 3.125 3.04 0.50867 0.53 0.111 0.80 1
85.794 5 Clayey Silt to Silty Clay 83.123 3.432 5.039 1.897 3.142 2.79 0.50668 0.53 0.111 0.80 1
86.45 12 Sand to Clayey Sand 122.858 4.793 5.079 1.917 3.162 2.63 0.50436 0.53 0.110 0.79 1
87.106 11 Sitff Fine-Grained 166.687 8.021 5.121 1.938 3.184 2.6 0.50182 0.53 0.110 0.79 1
87.762 11 Sitff Fine-Grained 89.931 4.459 5.164 1.958 3.206 2.81 0.49932 0.52 0.110 0.79 1
88.419 5 Clayey Silt to Silty Clay 58.254 2.6 5.202 1.978 3.223 2.94 0.4974 0.52 0.110 0.79 1
89.075 5 Clayey Silt to Silty Clay 62.125 2.464 5.239 1.999 3.24 2.89 0.4955 0.52 0.110 0.79 1
89.731 5 Clayey Silt to Silty Clay 62.687 2.74 5.277 2.019 3.258 2.91 0.49349 0.52 0.109 0.79 1
90.387 5 Clayey Silt to Silty Clay 80.354 3.342 5.315 2.04 3.275 2.81 0.49162 0.52 0.109 0.79 1
91.043 6 Sandy Silt to Clayey Silt 108.079 4.205 5.352 2.06 3.292 2.69 0.48976 0.52 0.109 0.79 1
91.699 12 Sand to Clayey Sand 169.346 6.497 5.392 2.081 3.311 2.54 0.4877 0.52 0.109 2.540 0.49 82.59 2.979 246.032 0.79 1
92.356 11 Sitff Fine-Grained 134.29 7.002 5.435 2.101 3.333 2.71 0.48533 0.51 0.109 0.79 1
93.012 11 Sitff Fine-Grained 77.073 3.566 5.477 2.122 3.356 2.85 0.48288 0.51 0.109 0.78 1
93.668 6 Sandy Silt to Clayey Silt 76.833 2.681 5.515 2.142 3.373 2.77 0.48108 0.51 0.109 0.78 1
94.324 11 Sitff Fine-Grained 73.246 3.438 5.558 2.163 3.395 2.88 0.47878 0.51 0.108 0.78 1
94.98 11 Sitff Fine-Grained 107.827 5.383 5.601 2.183 3.418 2.78 0.4764 0.51 0.108 0.78 1
95.636 11 Sitff Fine-Grained 124.261 6.497 5.644 2.204 3.44 2.75 0.47414 0.51 0.108 0.78 1
96.293 11 Sitff Fine-Grained 91.754 4.052 5.686 2.224 3.462 2.79 0.4719 0.51 0.108 0.78 1
96.949 6 Sandy Silt to Clayey Silt 119.817 3.864 5.724 2.245 3.479 2.6 0.47019 0.50 0.108 0.78 1
97.605 6 Sandy Silt to Clayey Silt 114.925 3.827 5.762 2.265 3.496 2.63 0.46848 0.50 0.108 0.78 1
98.261 6 Sandy Silt to Clayey Silt 105.584 3.569 5.799 2.286 3.514 2.66 0.46669 0.50 0.108 0.78 1
98.917 6 Sandy Silt to Clayey Silt 91.962 3.215 5.837 2.306 3.531 2.73 0.46502 0.50 0.108 0.78 1
99.573 6 Sandy Silt to Clayey Silt 70.745 2.615 5.874 2.326 3.548 2.85 0.46335 0.50 0.107 0.78 1
100.23 4 Silty Clay to Clay 60.645 2.823 5.912 2.347 3.565 2.98 0.4617 0.50 0.107 0.78 2
100.886 5 Clayey Silt to Silty Clay 88.49 3.754 5.949 2.367 3.582 2.82 0.46006 0.50 0.107 0.77 3
101.542 11 Sitff Fine-Grained 87.343 4.151 5.992 2.388 3.604 2.86 0.45795 0.50 0.107 0.77 4
102.198 6 Sandy Silt to Clayey Silt 76.991 2.483 6.03 2.408 3.622 2.8 0.45624 0.49 0.107 0.77 5
102.854 4 Silty Clay to Clay 38.25 1.67 6.067 2.429 3.639 3.16 0.45464 0.49 0.107 0.77 6
103.511 7 Silty Sand to Sandy Silt 145.362 3.321 6.106 2.449 3.657 2.46 0.45295 0.49 0.107 2.460 0.45 65.84 2.574 169.496 0.77 7
104.167 9 Sand 325.519 3.322 6.147 2.47 3.677 1.97 0.4511 0.49 0.107 1.970 0.45 146.84 1.263 185.419 0.77 8
104.823 9 Sand 246.949 1.538 6.188 2.49 3.697 1.95 0.44925 0.49 0.107 1.950 0.45 110.94 1.240 137.554 0.32 0.77 9 3.60
105.479 9 Sand 158.809 1.031 6.228 2.511 3.718 2.13 0.44734 0.49 0.107 2.130 0.45 71.04 1.512 107.396 0.20 0.77 10 2.19
106.135 8 Sand to Silty Sand 130.108 1.376 6.268 2.531 3.737 2.32 0.44561 0.49 0.106 2.320 0.45 57.98 2.015 116.801 0.23 0.77 11 2.56
106.791 6 Sandy Silt to Clayey Silt 54.454 1.788 6.306 2.552 3.754 2.94 0.44409 0.49 0.106 0.77 12
107.448 6 Sandy Silt to Clayey Silt 64.09 2.119 6.343 2.572 3.771 2.87 0.44257 0.49 0.106 0.77 13
108.104 6 Sandy Silt to Clayey Silt 76.778 2.479 6.381 2.593 3.788 2.79 0.44106 0.49 0.106 0.77 14
108.76 5 Clayey Silt to Silty Clay 77.723 3.365 6.418 2.613 3.805 2.89 0.43956 0.48 0.106 0.77 15
109.416 4 Silty Clay to Clay 47.832 2.159 6.456 2.634 3.822 3.1 0.43807 0.48 0.106 0.76 16
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 Project Name: I-5 North Stockton Corridor Improvement
Bridge Name: SWAIN RD UC (Widen)  (Median Widening)

Br No: 29-0215 R/L
Date:

FOUNDATION DESIGN INFORMATION FROM BRIDGE DESIGNER TO GEOTECHNICAL ENGINEER

Table 1. Foundation Design Data Sheet

B L

Abut 1 WSD Class 200 Alt X (Mod) 13.20 10.20 2.50 52.00 11
Abut 2 WSD Class 200 Alt X (Mod) 13.40 10.40 2.50 52.00 11

Note: Finish Grade is at the front face of abutment diaphragm; Pile Cut-off Elevations are the Bottom of Footing Elevations

Table 2. Foundation Design Loads

Permanent
Per Support Max per Pile Per Support Per Support Max per Pile Per Support Max per Pile Per Support Max per Pile Per Support Max per Pile

Abut 1 1569 143 1177 N/A N/A N/A N/A N/A N/A N/A N/A
Abut 2 1569 143 1177 N/A N/A N/A N/A N/A N/A N/A N/A

Table 3. Lateral Load on Piles

Per Support

Abut 1
Abut 2

Service Limit (kips/pile)

Negligible
Negligible

Max per Pile

30
30

SWAIN RD UC (WIDEN) (MEDIAN WIDENING)

April 17, 2010

Pile Cap Size (ft)

Location

Service Limit State (kips)

Total Load

Strength Limit State (Controlling Group, kips) Extreme Limit State (Controlling Group, kips)

Compression Tension Tension

Location
Design 
Method Pile Type

Finish Grade 
Elevation (ft)

Cut-off 
Elevation (ft)

No. of Piles 
Per Support

Compression 

R ajappan & M eyer
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 Project Name: I-5 North Stockton Corridor Improvement
Bridge Name.: SWAIN RD UC (Widen)  (Outside Widening)

Br No.: 29-0215 R/L
Date:

FOUNDATION DESIGN INFORMATION FROM BRIDGE DESIGNER TO GEOTECHNICAL ENGINEER

Table 1. Foundation Design Data Sheet

B L

Abut 1 WSD Class 200 Alt X (Mod) 12.15 9.00 2.50 13.00 4

Abut 2 WSD Class 200 Alt X (Mod) 12.35 9.20 2.50 13.00 4

Abut 1 WW WSD Class 200 Alt X (Mod) 19.2 16.20 3 6 2
Abut 2 WW WSD Class 200 Alt X (Mod) 19.42 16.42 3 6 2

Note: Finish Grade is at the front face of abutment diaphragm; Pile Cut-off Elevations are the Bottom of Footing Elevations
Table 2. Foundation Design Loads

Service Limit 
State (kips)

Extreme Limit 
State 

Total Load Permanent

Per Support Max per Pile Per Support Per Support Max per Pile Per Support Max per Pile Per Support Max per Pile Per Support Max per Pile

Abut 1 599 150 418 N/A N/A N/A N/A N/A N/A N/A N/A

Abut 2 599 150 418 N/A N/A N/A N/A N/A N/A N/A N/A
Wingwall 38.4 19.2 38.4 N/A N/A N/A N/A N/A 56 N/A 19

Table 3. Lateral Load on Piles

Per Support

Abut 1

Abut 2
Abut 1&2 WW Negligible 14

Tension

Location
Design 
Method Pile Type

Finish Grade 
Elevation (ft)

Cut-off 
Elevation (ft)

No. of Piles 
Per Support

Service Limit (kips/pile)

April 17, 2010

Pile Cap Size (ft)

Location

Strength Limit State (Controlling Group, kips)

Compression Tension Compression 

SWAIN RD UC (WIDEN) (OUTSIDE WIDENING)

Negligible

Negligible

Max per Pile

29

29

R ajappan & M eyer
C  O  N  S  U  L  T  I  N  G     E  N  G  I  N  E  E  R  S    I  N  C

allen
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of 
drilling, the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually 
classified in the field (according to the Unified Soil Classification System) and continuously 
logged the soils encountered during drilling. The engineer supervised the collection of soil 
samples at various depths for visual examination and laboratory testing. The soil samples were 
then transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which 
were edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0194) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-BH-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

5.085 9 Sand 124.528 1.032 0.316 0.316 1.44 1.45119 0.99 0.129 1.440 1.45 180.71 1.000 180.713 1.00 1
5.741 9 Sand 219.073 2.207 0.356 0.356 1.4 1.41388 0.99 0.129 1.400 1.41 309.74 1.000 309.743 1.00 1
6.398 9 Sand 223.368 3.022 0.397 0.397 1.53 1.37758 0.99 0.128 1.530 1.38 307.71 1.000 307.708 1.00 1
7.054 8 Sand to Silty Sand 223.17 3.429 0.437 0.437 1.6 1.34392 0.99 0.128 1.600 1.34 299.92 1.000 299.923 1.00 1
7.71 8 Sand to Silty Sand 201.275 3.331 0.476 0.476 1.67 1.31265 0.98 0.128 1.670 1.31 264.20 1.017 268.794 1.00 1
8.366 8 Sand to Silty Sand 212.411 3.416 0.516 0.516 1.66 1.28205 0.98 0.128 1.660 1.28 272.32 1.010 275.155 1.00 1
9.022 8 Sand to Silty Sand 187.373 2.886 0.556 0.556 1.7 1.25285 0.98 0.128 1.700 1.25 234.75 1.038 243.637 1.00 1
9.678 8 Sand to Silty Sand 189.511 3.043 0.595 0.595 1.72 1.22563 0.98 0.127 1.720 1.23 232.27 1.051 244.192 1.00 1
10.335 8 Sand to Silty Sand 225.979 3.523 0.635 0.635 1.69 1.19891 0.98 0.127 1.690 1.20 270.93 1.031 279.350 1.00 1
10.991 8 Sand to Silty Sand 222.101 3.457 0.675 0.675 1.71 1.17333 0.98 0.127 1.710 1.17 260.60 1.045 272.221 1.00 1
11.647 9 Sand 231.043 3.315 0.716 0.716 1.68 1.14823 0.98 0.127 1.680 1.15 265.29 1.024 271.726 1.00 1
12.303 9 Sand 273.907 4.079 0.756 0.756 1.67 1.12474 0.97 0.127 1.670 1.12 308.08 1.017 313.428 1.00 1
12.959 8 Sand to Silty Sand 245.211 4.481 0.796 0.796 1.78 1.1022 0.97 0.126 1.780 1.10 270.27 1.092 295.231 1.00 1
13.615 8 Sand to Silty Sand 228.145 3.714 0.836 0.836 1.77 1.08055 0.97 0.126 1.770 1.08 246.52 1.085 267.562 1.00 1
14.272 8 Sand to Silty Sand 221.857 3.666 0.875 0.875 1.79 1.06024 0.97 0.126 1.790 1.06 235.22 1.099 258.613 1.00 1
14.928 8 Sand to Silty Sand 229.415 3.905 0.915 0.915 1.81 1.04019 0.97 0.126 1.810 1.04 238.63 1.114 265.842 1.00 1
15.584 8 Sand to Silty Sand 249.487 4.199 0.955 0.955 1.79 1.02088 0.97 0.126 1.790 1.02 254.70 1.099 280.024 1.00 1
16.24 8 Sand to Silty Sand 226.909 4.285 0.994 0.994 1.87 1.00273 0.97 0.126 1.870 1.00 227.53 1.162 264.352 1.00 1
16.896 8 Sand to Silty Sand 220.394 4.052 1.034 1.034 1.88 0.98478 0.96 0.125 1.880 0.98 217.04 1.171 254.061 0.99 1
17.552 8 Sand to Silty Sand 191.591 3.627 1.074 1.074 1.93 0.96746 0.96 0.125 1.930 0.97 185.36 1.218 225.850 0.97 1
18.209 8 Sand to Silty Sand 158.626 2.86 1.113 1.113 1.98 0.95115 0.96 0.125 1.980 0.95 150.88 1.275 192.327 0.97 1
18.865 8 Sand to Silty Sand 157.249 2.764 1.153 1.153 1.99 0.93498 0.96 0.125 1.990 0.93 147.02 1.287 189.243 0.96 1
19.521 8 Sand to Silty Sand 180.972 3.458 1.193 1.193 1.98 0.91935 0.96 0.125 1.980 0.92 166.38 1.275 212.086 0.94 1
20.177 7 Silty Sand to Sandy Silt 168.107 4.092 1.231 1.231 2.09 0.90498 0.96 0.124 2.090 0.90 152.13 1.437 218.603 0.94 1
20.833 4 Silty Clay to Clay 42.003 1.987 1.269 1.269 2.74 0.89105 0.95 0.124 0.95 1
21.49 4 Silty Clay to Clay 19.578 0.766 1.307 1.307 2.97 0.87754 0.95 0.124 0.95 1
22.146 5 Clayey Silt to Silty Clay 23.751 0.739 1.344 1.344 2.84 0.86478 0.95 0.124 0.94 1
22.802 5 Clayey Silt to Silty Clay 45.762 1.806 1.382 1.382 2.68 0.85205 0.95 0.123 0.94 1
23.458 5 Clayey Silt to Silty Clay 50.564 1.749 1.419 1.419 2.62 0.84002 0.95 0.123 0.93 1
24.114 5 Clayey Silt to Silty Clay 62.941 2.264 1.457 1.457 2.57 0.828 0.94 0.123 2.570 0.83 52.12 3.148 164.057 0.93 1
24.77 6 Sandy Silt to Clayey Silt 78.539 2.791 1.495 1.495 2.5 0.81633 0.94 0.123 2.500 0.82 64.11 2.768 177.494 0.92 1
25.427 6 Sandy Silt to Clayey Silt 68.679 2.294 1.532 0.013 1.519 2.53 0.80912 0.94 0.123 2.530 0.81 55.57 2.925 162.528 0.92 1
26.083 4 Silty Clay to Clay 28.242 1.111 1.57 0.034 1.536 2.89 0.80409 0.94 0.125 0.92 1
26.739 5 Clayey Silt to Silty Clay 15.745 0.4 1.607 0.054 1.553 3.02 0.79913 0.94 0.126 0.92 1
27.395 5 Clayey Silt to Silty Clay 13.404 0.304 1.645 0.075 1.57 3.06 0.79422 0.93 0.127 0.91 1
28.051 5 Clayey Silt to Silty Clay 12.712 0.334 1.683 0.095 1.588 3.13 0.7891 0.93 0.128 0.91 1
28.707 5 Clayey Silt to Silty Clay 11.799 0.298 1.72 0.115 1.605 3.15 0.78431 0.93 0.129 0.91 1
29.364 5 Clayey Silt to Silty Clay 13.347 0.343 1.758 0.136 1.622 3.09 0.77959 0.92 0.130 0.91 1
30.02 5 Clayey Silt to Silty Clay 16.012 0.523 1.795 0.156 1.639 3.08 0.77492 0.92 0.131 0.91 1
30.676 5 Clayey Silt to Silty Clay 16.408 0.489 1.833 0.177 1.656 3.05 0.77031 0.92 0.132 0.90 1
31.332 5 Clayey Silt to Silty Clay 19.017 0.507 1.871 0.197 1.673 2.96 0.76575 0.91 0.133 0.90 1
31.988 5 Clayey Silt to Silty Clay 26.013 0.769 1.908 0.218 1.69 2.87 0.76125 0.91 0.134 0.90 1
32.644 5 Clayey Silt to Silty Clay 23.258 0.621 1.946 0.238 1.707 2.89 0.75679 0.91 0.134 0.90 1
33.301 5 Clayey Silt to Silty Clay 23.241 0.638 1.983 0.259 1.725 2.9 0.75214 0.90 0.135 0.90 1
33.957 5 Clayey Silt to Silty Clay 22.861 0.681 2.021 0.279 1.742 2.94 0.74779 0.90 0.135 0.89 1
34.613 5 Clayey Silt to Silty Clay 23.848 0.671 2.059 0.3 1.759 2.91 0.74349 0.89 0.136 0.89 1
35.269 5 Clayey Silt to Silty Clay 27.794 0.796 2.096 0.32 1.776 2.85 0.73925 0.89 0.136 0.89 1
35.925 5 Clayey Silt to Silty Clay 30.674 1.03 2.134 0.341 1.793 2.87 0.73505 0.88 0.137 0.89 1
36.581 5 Clayey Silt to Silty Clay 35.545 1.27 2.171 0.361 1.81 2.84 0.7309 0.88 0.137 0.89 1
37.238 6 Sandy Silt to Clayey Silt 51.715 1.472 2.209 0.382 1.827 2.65 0.72679 0.87 0.137 0.89 1
37.894 8 Sand to Silty Sand 95.985 0.833 2.249 0.402 1.847 2.12 0.72202 0.87 0.138 2.120 0.72 69.30 1.492 103.411 0.18 0.88 1 1.59
38.55 9 Sand 129.778 0.916 2.289 0.423 1.867 1.96 0.71731 0.86 0.138 1.960 0.72 93.09 1.251 116.467 0.23 0.86 1 1.97
39.206 9 Sand 150.246 1.199 2.33 0.443 1.887 1.94 0.71267 0.86 0.138 1.940 0.71 107.08 1.229 131.594 0.29 0.85 1 2.53
39.862 9 Sand 203.282 1.215 2.371 0.464 1.907 1.76 0.70808 0.85 0.138 1.760 0.71 143.94 1.078 155.230 0.43 0.82 1 3.70
40.518 9 Sand 222.447 1.013 2.411 0.484 1.928 1.67 0.70332 0.85 0.138 1.670 0.70 156.45 1.017 159.171 0.46 0.81 1 3.94
41.175 9 Sand 206.684 1.428 2.452 0.504 1.948 1.8 0.69886 0.84 0.138 1.800 0.70 144.44 1.107 159.849 0.46 0.81 1 3.99
41.831 9 Sand 204.133 1.764 2.493 0.525 1.968 1.87 0.69444 0.83 0.137 1.870 0.69 141.76 1.162 164.701 0.81 1
42.487 7 Silty Sand to Sandy Silt 146.652 2.883 2.532 0.545 1.986 2.21 0.69052 0.83 0.137 2.210 0.69 101.27 1.692 171.304 0.84 1
43.143 6 Sandy Silt to Clayey Silt 107.325 3.72 2.569 0.566 2.003 2.49 0.68686 0.82 0.137 2.490 0.69 73.72 2.718 200.391 0.87 1
43.799 8 Sand to Silty Sand 105.783 1.772 2.609 0.586 2.023 2.29 0.68259 0.82 0.137 2.290 0.68 72.21 1.917 138.424 0.33 0.86 1 2.85
44.455 7 Silty Sand to Sandy Silt 77.695 1.743 2.647 0.607 2.041 2.48 0.6788 0.81 0.136 2.480 0.68 52.74 2.669 140.780 0.34 0.87 1 2.97
45.112 8 Sand to Silty Sand 168.413 2.278 2.687 0.627 2.06 2.07 0.67485 0.80 0.136 2.070 0.67 113.65 1.403 159.446 0.46 0.82 1 4.01
45.768 8 Sand to Silty Sand 221.216 3.289 2.727 0.648 2.079 2.01 0.67094 0.80 0.136 2.010 0.67 148.42 1.313 194.920 0.80 1
46.424 8 Sand to Silty Sand 160.243 2.412 2.767 0.668 2.098 2.13 0.66707 0.79 0.135 2.130 0.67 106.89 1.512 161.596 0.82 1
47.08 7 Silty Sand to Sandy Silt 112.723 2.148 2.805 0.689 2.116 2.32 0.66345 0.78 0.135 2.320 0.66 74.79 2.015 150.662 0.40 0.85 1 3.52
47.736 6 Sandy Silt to Clayey Silt 46.431 1.493 2.843 0.709 2.134 2.77 0.65987 0.78 0.134 0.86 1
48.392 6 Sandy Silt to Clayey Silt 48.568 1.284 2.88 0.73 2.151 2.69 0.65652 0.77 0.134 0.86 1
49.049 5 Clayey Silt to Silty Clay 45.342 1.581 2.918 0.75 2.168 2.8 0.65321 0.76 0.133 0.86 1
49.705 5 Clayey Silt to Silty Clay 36.026 1.237 2.956 0.771 2.185 2.89 0.64993 0.76 0.133 0.86 1
50.361 5 Clayey Silt to Silty Clay 45.336 1.641 2.993 0.791 2.202 2.82 0.64668 0.75 0.132 0.85 1
51.017 6 Sandy Silt to Clayey Silt 49.317 1.661 3.031 0.812 2.219 2.77 0.64346 0.74 0.132 0.85 1
51.673 5 Clayey Silt to Silty Clay 47.911 2.018 3.068 0.832 2.236 2.86 0.64028 0.74 0.131 0.85 1
52.329 5 Clayey Silt to Silty Clay 43.652 1.745 3.106 0.852 2.253 2.88 0.63713 0.73 0.131 0.85 1
52.986 5 Clayey Silt to Silty Clay 52.673 2.15 3.144 0.873 2.271 2.82 0.63382 0.72 0.130 0.85 1
53.642 5 Clayey Silt to Silty Clay 63.871 2.549 3.181 0.893 2.288 2.74 0.63073 0.72 0.129 0.85 1
54.298 6 Sandy Silt to Clayey Silt 57.794 2.053 3.219 0.914 2.305 2.74 0.62767 0.71 0.129 0.85 1
54.954 6 Sandy Silt to Clayey Silt 45.184 1.491 3.256 0.934 2.322 2.81 0.62465 0.70 0.128 0.84 1
55.61 5 Clayey Silt to Silty Clay 45.796 1.67 3.294 0.955 2.339 2.83 0.62164 0.70 0.128 0.84 1
56.266 5 Clayey Silt to Silty Clay 35.596 1.331 3.331 0.975 2.356 2.95 0.61867 0.69 0.127 0.84 1
56.923 5 Clayey Silt to Silty Clay 24.613 0.799 3.369 0.996 2.373 3.07 0.61573 0.69 0.127 0.84 1
57.579 5 Clayey Silt to Silty Clay 23.337 0.779 3.407 1.016 2.39 3.1 0.61281 0.68 0.126 0.84 1
58.235 5 Clayey Silt to Silty Clay 21.784 0.575 3.444 1.037 2.408 3.06 0.60976 0.67 0.125 0.84 1
58.891 5 Clayey Silt to Silty Clay 28.888 0.955 3.482 1.057 2.425 3 0.6069 0.67 0.125 0.84 1
59.547 5 Clayey Silt to Silty Clay 25.532 0.9 3.519 1.078 2.442 3.09 0.60406 0.66 0.124 0.84 1
60.203 5 Clayey Silt to Silty Clay 34.042 1.21 3.557 1.098 2.459 2.98 0.60126 0.66 0.124 0.84 1
60.86 5 Clayey Silt to Silty Clay 34.433 1.165 3.595 1.119 2.476 2.96 0.59848 0.65 0.123 0.83 1
61.516 5 Clayey Silt to Silty Clay 34.184 1.138 3.632 1.139 2.493 2.96 0.59572 0.65 0.123 0.83 1
62.172 6 Sandy Silt to Clayey Silt 43.647 1.389 3.67 1.16 2.51 2.85 0.59299 0.64 0.122 0.83 1
62.828 6 Sandy Silt to Clayey Silt 43.828 1.45 3.707 1.18 2.527 2.87 0.59029 0.64 0.122 0.83 1
63.484 5 Clayey Silt to Silty Clay 36.99 1.437 3.745 1.201 2.545 2.99 0.58745 0.63 0.121 0.83 1
64.14 4 Silty Clay to Clay 39.888 1.704 3.783 1.221 2.562 2.99 0.5848 0.63 0.121 0.83 1
64.797 4 Silty Clay to Clay 28.792 1.181 3.82 1.241 2.579 3.12 0.58216 0.62 0.120 0.83 1
65.453 5 Clayey Silt to Silty Clay 18.75 0.59 3.858 1.262 2.596 3.26 0.57956 0.62 0.120 0.83 1
66.109 5 Clayey Silt to Silty Clay 18.359 0.396 3.895 1.282 2.613 3.18 0.57697 0.61 0.119 0.83 1
66.765 5 Clayey Silt to Silty Clay 26.734 0.756 3.933 1.303 2.63 3.06 0.57441 0.61 0.119 0.82 1
67.421 5 Clayey Silt to Silty Clay 29.982 1.047 3.971 1.323 2.647 3.06 0.57187 0.61 0.118 0.82 1
68.077 6 Sandy Silt to Clayey Silt 40.596 1.12 4.008 1.344 2.664 2.86 0.56936 0.60 0.118 0.82 1
68.734 6 Sandy Silt to Clayey Silt 44.577 1.24 4.046 1.364 2.681 2.83 0.56686 0.60 0.118 0.82 1

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-BENJAMIN 
HOLT DRIVE UC (WIDEN)

CSR qc1NCQIc* F.S.CN* IcSoil Behavior Type γd

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7.5

KαCRR7.5(qc1N)cs
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. JOB NO.: 206127.BR (BR NO. 29 0194) COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-BH-001 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

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

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT-BENJAMIN 
HOLT DRIVE UC (WIDEN)

CSR qc1NCQIc* F.S.CN* IcSoil Behavior Type γd

F.S.=(CRR 7.5 /CSR)*MSF*Kσ *Kα

KσKC

CPT RESULT INPUT CSR CRR 7.5

KαCRR7.5(qc1N)cs

69.39 5 Clayey Silt to Silty Clay 38.374 1.392 4.083 1.385 2.699 2.97 0.56425 0.60 0.117 0.82 1
70.046 5 Clayey Silt to Silty Clay 59.443 2.575 4.121 1.405 2.716 2.87 0.5618 0.59 0.117 0.82 1
70.702 5 Clayey Silt to Silty Clay 72.444 3.06 4.159 1.426 2.733 2.79 0.55937 0.59 0.116 0.82 1
71.358 4 Silty Clay to Clay 49.351 2.478 4.196 1.446 2.75 2.98 0.55696 0.58 0.116 0.82 1
72.014 5 Clayey Silt to Silty Clay 32.358 1.157 4.234 1.467 2.767 3.06 0.55458 0.58 0.116 0.82 1
72.671 6 Sandy Silt to Clayey Silt 22.169 0.569 4.271 1.487 2.784 3.13 0.55221 0.58 0.115 0.81 1
73.327 6 Sandy Silt to Clayey Silt 21.489 0.461 4.309 1.508 2.801 3.09 0.54986 0.58 0.115 0.81 1
73.983 6 Sandy Silt to Clayey Silt 24.284 0.533 4.347 1.528 2.818 3.04 0.54754 0.57 0.115 0.81 1
74.639 7 Silty Sand to Sandy Silt 67.06 1.114 4.385 1.549 2.837 2.57 0.54496 0.57 0.114 2.570 0.54 36.54 3.148 115.042 0.22 0.81 1 2.31
75.295 8 Sand to Silty Sand 90.526 1.146 4.425 1.569 2.856 2.4 0.54241 0.57 0.114 2.400 0.54 49.10 2.312 113.542 0.22 0.81 1 2.26
75.951 6 Sandy Silt to Clayey Silt 36.457 1.037 4.462 1.589 2.873 2.96 0.54014 0.56 0.114 0.81 1
76.608 6 Sandy Silt to Clayey Silt 36.27 1.047 4.5 1.61 2.89 2.95 0.5379 0.56 0.114 0.81 1
77.264 5 Clayey Silt to Silty Clay 39.451 1.376 4.538 1.63 2.907 2.97 0.53567 0.56 0.113 0.81 1
77.92 5 Clayey Silt to Silty Clay 40.863 1.503 4.575 1.651 2.924 2.96 0.53346 0.56 0.113 0.81 1
78.576 9 Sand 256.767 3.12 4.616 1.671 2.945 2.02 0.53076 0.55 0.113 2.020 0.53 136.28 1.327 180.847 0.72 1
79.232 8 Sand to Silty Sand 270.851 4.443 4.656 1.692 2.964 2.09 0.52834 0.55 0.113 2.090 0.53 143.10 1.437 205.625 0.72 1
79.888 4 Silty Clay to Clay 46.674 2.065 4.693 1.712 2.981 3 0.52619 0.55 0.112 0.80 1
80.545 5 Clayey Silt to Silty Clay 42.258 1.588 4.731 1.733 2.998 2.99 0.52406 0.55 0.112 0.80 1
81.201 5 Clayey Silt to Silty Clay 61.365 2.437 4.768 1.753 3.015 2.85 0.52195 0.54 0.112 0.80 1
81.857 6 Sandy Silt to Clayey Silt 83.313 2.834 4.806 1.774 3.032 2.69 0.51985 0.54 0.112 0.80 1
82.513 7 Silty Sand to Sandy Silt 55.854 1.367 4.845 1.794 3.05 2.74 0.51765 0.54 0.111 0.80 1
83.169 6 Sandy Silt to Clayey Silt 60.827 1.643 4.882 1.815 3.068 2.74 0.51546 0.54 0.111 0.80 1
83.825 6 Sandy Silt to Clayey Silt 56.557 1.816 4.92 1.835 3.085 2.83 0.51342 0.54 0.111 0.80 1
84.482 6 Sandy Silt to Clayey Silt 69.252 1.978 4.957 1.856 3.102 2.71 0.51139 0.53 0.111 0.80 1
85.138 6 Sandy Silt to Clayey Silt 90.259 3.166 4.995 1.876 3.119 2.68 0.50938 0.53 0.111 0.80 1
85.794 6 Sandy Silt to Clayey Silt 115.723 3.407 5.033 1.897 3.136 2.57 0.50738 0.53 0.111 2.570 0.51 58.72 3.148 184.834 0.80 1
86.45 9 Sand 175.069 2.107 5.073 1.917 3.156 2.18 0.50505 0.53 0.110 2.180 0.51 88.42 1.619 143.164 0.35 0.76 1 3.81
87.106 10 Gravelly Sand to Sand 285.706 1.346 5.115 1.938 3.178 1.77 0.50251 0.53 0.110 1.770 0.50 143.57 1.085 155.824 0.43 0.69 1 4.68
87.762 10 Gravelly Sand to Sand 277.637 1.491 5.157 1.958 3.199 1.81 0.50011 0.52 0.110 1.810 0.50 138.85 1.114 154.680 0.42 0.69 1 4.60
88.419 8 Sand to Silty Sand 226.563 3.798 5.197 1.978 3.218 2.19 0.49796 0.52 0.110 2.190 0.50 112.82 1.643 185.321 0.73 1
89.075 6 Sandy Silt to Clayey Silt 99.525 3.428 5.234 1.999 3.235 2.66 0.49605 0.52 0.110 0.79 1
89.731 6 Sandy Silt to Clayey Silt 72.65 2.578 5.272 2.019 3.252 2.78 0.49416 0.52 0.110 0.79 1
90.387 6 Sandy Silt to Clayey Silt 77.541 2.504 5.309 2.04 3.269 2.73 0.49228 0.52 0.109 0.79 1
91.043 5 Clayey Silt to Silty Clay 60.832 2.304 5.347 2.06 3.287 2.88 0.49031 0.52 0.109 0.79 1
91.699 6 Sandy Silt to Clayey Silt 47.128 1.287 5.385 2.081 3.304 2.89 0.48845 0.52 0.109 0.79 1
92.356 6 Sandy Silt to Clayey Silt 55.973 1.498 5.422 2.101 3.321 2.81 0.48662 0.51 0.109 0.79 1
93.012 6 Sandy Silt to Clayey Silt 91.796 3.559 5.46 2.122 3.338 2.74 0.4848 0.51 0.109 0.79 1
93.668 6 Sandy Silt to Clayey Silt 94.778 3.078 5.497 2.142 3.355 2.7 0.48299 0.51 0.109 0.78 1
94.324 8 Sand to Silty Sand 94.149 1.428 5.537 2.163 3.374 2.5 0.48098 0.51 0.109 2.500 0.48 45.28 2.768 125.365 0.26 0.78 1 2.89
94.98 6 Sandy Silt to Clayey Silt 46.192 1.524 5.575 2.183 3.391 2.97 0.4792 0.51 0.109 0.78 1
95.636 6 Sandy Silt to Clayey Silt 65.674 2.288 5.612 2.204 3.409 2.83 0.47733 0.51 0.108 0.78 1
96.293 6 Sandy Silt to Clayey Silt 52.208 1.768 5.65 2.224 3.426 2.92 0.47557 0.51 0.108 0.78 1
96.949 5 Clayey Silt to Silty Clay 36.276 1.202 5.687 2.245 3.443 3.08 0.47383 0.50 0.108 0.78 1
97.605 6 Sandy Silt to Clayey Silt 57.748 1.417 5.725 2.265 3.46 2.81 0.4721 0.50 0.108 0.78 1
98.261 7 Silty Sand to Sandy Silt 108.335 1.934 5.764 2.286 3.478 2.5 0.47029 0.50 0.108 2.500 0.47 50.95 2.768 141.048 0.34 0.78 1 3.76
98.917 8 Sand to Silty Sand 135.596 1.829 5.803 2.306 3.497 2.34 0.46838 0.50 0.108 2.340 0.47 63.51 2.084 132.342 0.30 0.78 1 3.26
99.573 8 Sand to Silty Sand 112.7 1.424 5.843 2.326 3.516 2.4 0.4665 0.50 0.108 2.400 0.47 52.57 2.312 121.571 0.25 0.78 1 2.73
100.23 6 Sandy Silt to Clayey Silt 63.231 1.958 5.881 2.347 3.534 2.84 0.46472 0.50 0.108 0.78 2
100.886 5 Clayey Silt to Silty Clay 88.422 3.679 5.918 2.367 3.551 2.8 0.46306 0.50 0.108 0.78 3
101.542 5 Clayey Silt to Silty Clay 97.726 3.821 5.956 2.388 3.568 2.76 0.46141 0.50 0.108 0.78 4
102.198 7 Silty Sand to Sandy Silt 117.945 2.749 5.994 2.408 3.586 2.55 0.45967 0.49 0.107 2.550 0.46 54.22 3.034 164.505 0.77 5
102.854 5 Clayey Silt to Silty Clay 80.155 3.263 6.032 2.429 3.603 2.85 0.45805 0.49 0.107 0.77 6
103.511 6 Sandy Silt to Clayey Silt 70.423 2.381 6.07 2.449 3.62 2.83 0.45643 0.49 0.107 0.77 7
104.167 6 Sandy Silt to Clayey Silt 69.326 2.453 6.107 2.47 3.637 2.84 0.45483 0.49 0.107 0.77 8
104.823 6 Sandy Silt to Clayey Silt 78.93 2.177 6.145 2.49 3.655 2.72 0.45314 0.49 0.107 0.77 9
105.479 6 Sandy Silt to Clayey Silt 75.608 2.271 6.182 2.511 3.672 2.76 0.45156 0.49 0.107 0.77 10
106.135 6 Sandy Silt to Clayey Silt 65.924 2.217 6.22 2.531 3.689 2.85 0.44999 0.49 0.107 0.77 11
106.791 5 Clayey Silt to Silty Clay 58.503 2.209 6.258 2.552 3.706 2.95 0.44843 0.49 0.107 0.77 12
107.448 5 Clayey Silt to Silty Clay 49.453 1.728 6.295 2.572 3.723 3 0.44688 0.49 0.107 0.77 13
108.104 6 Sandy Silt to Clayey Silt 38.55 1.146 6.333 2.593 3.74 3.08 0.44534 0.49 0.107 0.77 14
108.76 6 Sandy Silt to Clayey Silt 36.877 1.083 6.37 2.613 3.757 3.09 0.44382 0.48 0.107 0.77 15
109.416 5 Clayey Silt to Silty Clay 41.747 1.438 6.408 2.634 3.774 3.09 0.4423 0.48 0.107 0.77 16
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1. INTRODUCTION 
 

This report presents the results of our geotechnical engineering investigation for the proposed 
“Five Mile Slough Culvert Modification” in Stockton, California, hereinafter referred to as 
“PROJECT”. The work was performed in general accordance with the scope of work outlined in 
our proposal to Rajappan & Meyer Consulting Engineers, Inc. (Designer). The general location of 
the project site and its vicinity are shown on the Project Location Map, Plate 1.   
 
The geotechnical recommendations presented in this report are intended for design input and are not 
intended to be used as specifications.  In addition, the data provided in this report including these 
geotechnical recommendations should not be used for bidding purposes or directly for construction 
cost estimates. If the report is provided as a reference document, any interpretation of the data and 
recommendations should be sole responsibility of the user and PARIKH Consultants, Inc. (PARIKH) 
shall not be liable for any consequences. 

 
 
2. PURPOSE AND SCOPE 
 

The purpose of this investigation was to evaluate the general soil conditions at the project site, to 
evaluate their engineering properties and to provide geotechnical recommendations for the 
foundation design of the proposed project.  
 
The scope of work performed for this investigation included a review of the readily available 
soils and geologic literature pertaining to the site; obtaining representative soil samples and 
logging soil materials encountered in one soil boring and one cone penetration test (CPT); 
laboratory testing of the collected soil samples; performing engineering analyses based on the 
field and laboratory data, and preparation of this foundation report for the Five Mile Slough 
Culvert Modification.   
 
Due to limitations inherent in geotechnical investigations, it is neither uncommon to encounter 
unforeseen variations in the subsurface soil conditions during construction nor is it practical to 
determine all such variations during an acceptable program of drilling and sampling for a project 
of this scope.  Such variations, when encountered, generally require additional engineering 
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services to attain properly constructed project.  We, therefore, recommend that a contingency 
fund be provided to accommodate any additional charges resulting from technical services that 
may be required during construction. 
 
 

3. EXISTING CULVERT AND PROPOSED CONSTRUCTION 
 
Existing Culvert 
 
The “Five Mile Slough Culvert Modification” is located at the intersection of Interstate 5 (I-5) 
and Five Mile Slough. According to the Caltrans as-built plans dated September 1967, the 
existing culvert is cast-in-place reinforced concrete double box culvert with span of 12 feet and 
height of 6 feet in each box. The invert elevation is 1.70 feet (NAVD 88) at the inlet and 0.83 feet 
(NAVD 88) at the outlet. The length of the culvert is 190 feet. The toe of the existing 
embankment slope of I-5 (above the culvert) is located at the end of the culvert.  
 
Proposed Construction 
 
The modification of the Five Mile Slough culvert is part of the proposed “I-5 North Stockton 
Corridor Improvement” project. Based on the general plan of “Five Mile Slough Culvert 
Modification”, the modification at both ends of the culvert generally consists of the following:  
 
1. Portion (7 feet 3 inches) of the culvert at both ends and existing wingwalls will be 

removed.  
 
2. A concrete barrier [Type 736A (Mod.)] with soundwall (No. SW8 in the northbound I-5 

and No. SW9 in the southbound I-5) will be constructed with its footing replacing the top 
part of the culvert that has been removed. The bottom part of the double-cell culvert will 
be extended from 7 feet 3 inches to 10 feet 9 inches.  

 
3. A new retaining wall supporting the concrete barrier [Type 736 (Mod.)] with soundwall 

(No. SW8 in the northbound I-5 and No. SW9 in the southbound I-5) will be constructed 
on both sides of the modified culvert at both ends (total number of 4). The length of each 
retaining wall is estimated to be between 10 feet and 15 feet. 

 
4. The gap between the existing slope (above the culvert) and the concrete barriers below the 

soundwall will be backfilled with sliver fill for the widening of I-5. 
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Our recommendations presented in this report are based on the above information.  Any major 
deviation should be reported to PARIKH for further consideration. 

 
 
4. SITE CONDITIONS 
 

The Five Mile Slough Culvert Modification is located at the intersection of Interstate 5 (I-5) and 
Five Slough Culvert (Post Mile 32.10). It is approximately 0.6 miles southeast of W. Hammer 
Lane. The Project Location Map, Plate 1, shows the location of the site. According to the designer, 
there are existing levees on both sides of the existing box culvert. 
 

 
5. FIELD EXPLORATION AND LABORATORY TESTING 
 

As-Built LOTB 
 

There is no as-built boring information available for the Five Mile Slough Culvert Modification.  
 

Field Exploration in 2009 
 

Field exploration was conducted in March and April 2009. Boring A-09-FS-001 was drilled on 
the south side and CPT-09-FS-001 was performed on the north side of Five Mile Slough. The soil 
boring was drilled and the CPT was pushed to the approximate depth of 80.0 feet.  
 
The approximate locations of the borings are shown on the Site Plan, Plate 2. The details of the 
field exploration are included in Appendix A. The descriptions of the materials encountered in 
the field exploration and relevant boring information are presented in the LOTB in Appendix A.  
 
Laboratory tests were performed on selected soil samples collected during field exploration to 
evaluate the properties of the subsurface soils.  The laboratory test methods and test results are 
presented on plates included in Appendix B. Laboratory test results for moisture content, dry unit 
weight and Plasticity Index of the soil samples are presented on the LOTB in Appendix A. 
 
The descriptions and related information presented on the LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because of 
the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
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changes shown on the logs may be gradational and relatively minor changes in soil types within a 
stratum may not be noted on the logs due to field limitations. Also, the passage of time may result 
in a change in the soil conditions at these locations due to environmental changes. 

 
 
6. SUBSURFACE CONDITIONS 
 

Based on Boring A-09-FS-001 and CPT-09-FS-001, the subsurface soils generally consist of 
loose silty sand, underlain by firm to stiff clay/silt, underlain by loose to very dense sands, 
underlain by very stiff lean clay.  

 
Groundwater was measured at Elevation -4.0 feet (the depth of 18 feet below existing ground 
surface) during drilling for A-09-FS-001 in March 2009. The groundwater level is anticipated to 
vary with the passage of time due to seasonal groundwater fluctuations, water elevations in the 
nearby creeks, surface and subsurface flows, ground surface run-off, and other factors that may 
not be present at the time of the investigation. 

 
 
7. GEOLOGY 
 

General geologic features pertaining to the site were evaluated with reference to the “Geologic 
Map of the Sacramento-San Joaquin Delta, California, by Brian F. Atwater, 1982, USGS Map 
MF-1401, Scale: 1:24000” (Ref. 1).  
 
Based on the geologic map, the project site is mapped as mainly Alluvial-floodplain Deposits, 
Undivided (Qfp). A geologic map of the general project area is shown on Plate 3.  

 
 
8. EARTHQUAKE CONSIDERATIONS 

 
8.1 Seismic Sources 

 
Based on the Caltrans California Seismic Hazard map (Mualchin, L., 1996) (Ref. 2) and 
readily available geological data, the governing fault for the proposed structure is the 
Coast Ranges-Sierran Block fault, (Mw=7.0), style of faulting: right lateral strike-slip). 
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This fault is located at about 20 miles from the project site. The other fault in the vicinity 
of the project site is Midway-San Joaquin/N Fault. The “Fault Map” (Plate 4) presents the 
locations of the fault systems relative to the project site. 
 

Maximum credible earthquake magnitudes for some of the major faults in the area 
determined by Mualchin (California Seismic Hazard Map 1996) and peak rock 
accelerations are summarized in Table 1 below.  These maximum credible earthquake 
magnitudes represent the largest earthquakes that could occur on the given fault based on 
the current understanding of the regional tectonic structure. 
 

TABLE 1: EARTHQUAKE DATA 
Fault Estimated Closest 

Distance to Fault 
from Project Area 

(mile) 

Maximum 
Credible 

Earthquake 

Peak 
Bedrock 

Acceleration 
(g) 

Coast Ranges – Sierran Block (Reverse)(CSB) 20.0 7.00 0.2 
Midway – San Joaquin/N* 
(Not known/published)(MSJ) 

20.0 6.75 0.2 

 
Based on the seismic hazard map prepared by Mualchin (1996), the PBA at the project 
site is generally 0.2 g. According to Caltrans Guidelines for Structures Foundation Report 
(March 2006) (Ref. 3), the value of PBA (for a specific project site) from the seismic 
hazard map should be verified with that calculated using the attenuation relation by 
Sadigh et al. (1997) (Ref. 4). Based on attenuation relation by Sadigh, the maximum PBA 
anticipated at the project site is 0.2 g.   

 
8.2  Seismic Hazards/Liquefaction Potential 

 
Potential seismic hazards may arise from three sources: surface fault rupture, ground 
shaking and liquefaction. Since no active faults pass through the site, the potential for 
fault rupture is relatively low.  Based on available geological and seismic data, the 
possibility of the site to experience strong ground shaking may be considered low to 
moderate.  
 
Soil Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a 
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temporary but essentially total loss of shear strength due to build-up of excess pore water 
pressure under the reversing, cyclic shear stresses associated with earthquake shaking. 
Submerged cohesionless sands and silts of low relative density are the type of soils, 
which usually are susceptible to liquefaction. Generally, cohesionless soils below a depth 
of 50 feet and cohesionless soils above the groundwater level were considered to have 
relatively low liquefaction potential. Clays are generally not susceptible to liquefaction.  

 
Liquefaction potential of the sand layers was analyzed based on Boring A-09-FS-001. 
The analysis was performed using the procedure developed by Seed and Idriss (1982) for 
a magnitude 7.0 Earthquake, on the nearby Coast Ranges-Sierra Block fault, resulting in a 
peak ground acceleration of about 0.2 g. This method compares the estimates of the 
earthquake-induced shear stress to the susceptibility of soil liquefaction. It is estimated 
that the post-liquefaction settlement is unlikely to occur based on the result of the 
evaluation of liquefaction potential. Based on the CPT liquefaction analysis data for CPT-
09-FS-001 attached, it appears that there is no significant stratum of sand layer that may 
be subject to liquefaction. Therefore the potential post-liquefaction settlement should not 
be a geotechnical concern in the foundation analyses. 
 
 

9. FINDINGS AND RECOMMENDATIONS 
 

9.1 General 
 

This report was prepared specifically for the proposed project according to the plans 
provided to us.  Normal construction procedures were assumed throughout our analyses 
and represent one of the bases of recommendations presented herein.  Our design criteria 
have been based upon the materials and conditions encountered in the soil borings at the 
project site.  Therefore, we should be notified in the event that these conditions are 
changed, so as to modify or amend our recommendations. 

 
9.2 Box Culvert 

 
The proposed reinforced concrete culvert may be designed in accordance with Caltrans 
Standard Plans D80. The proposed concrete culvert should be supported on a pad, which 
should be constructed as follows:  
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(a) Excavate 2 feet of existing soil below the bottom of the concrete culvert.  The excavation 
should extend 2 feet beyond the culvert footprint. 

 
(b) Place a layer of subgrade enhancement engineering fabric on the subgrade. The 

engineering fabric may be either woven or non-woven type fabric and should conform to 
Caltrans Standard Specification (Section 88-1.04, Type B). 

 
(c) Place 2 feet of Caltrans Class 3 Aggregate Base over the engineering fabric. The Class 3 

Aggregate Base should be compacted to 95-percent relative compaction per Caltrans 
Test 216.  

 
(d) The engineering fabric should be wrapped on top of the compacted Class 3 Aggregate 

Base for a minimum overlap of two feet. 

The Class 3 Aggregate Base can serve as a "local distribution bridge" for reducing load 
imposed on the underlying materials and provide a working platform. 

 
For the proposed box culvert, the design vertical and lateral earth pressures should 
conform to Section 6.2.1 of Caltrans Bridge Design Specifications (BDS). Per Caltrans 
BDS, the recommended unit weight of soil (vertical pressure) is 140 pcf. The 
recommended lateral earth pressures for design should include two design conditions, 42 
pcf and 140 pcf. 
 
9.2.1 Foundation Design 
 

a) Recommended allowable bearing capacity for the structure (include the invert 
slab) is 2.25 kip per square foot.  

 
9.3 Scour 

 
Based on the hydraulic study, the combined scour depth is 1.99 feet and the scour 
elevation is -1.7 feet at Five Mile Slough. Cutoff wall is proposed at both ends of the box 
culvert to mitigate the potential scour to the foundation subgrade of the box culvert.  
 

9.4 Retaining Wall Foundation Design 
 
For the retaining wall supporting the concrete barrier and soundwall (Item 3 of the 
“Proposed Construction”) of the box culvert modifications, different foundation systems 
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have been evaluated with respect to their design capacity and construction considerations. 
In our opinion, Caltrans standard “Retaining Wall Type 1SWB” (File no. xs14-220e) 
supported on spread footing can be used. An ultimate bearing capacity of 8.6 kips per 
square foot (ksf) and an allowable bearing capacity of 2.75 ksf (with a factor of safety of 
3.0) is available for design. This ultimate bearing capacity is adequate for “Retaining 
Wall Type 1SWB” with the maximum design height of 14 feet. Based on the information 
provided by MGE Engineering, Inc., the approximate retaining wall foundations 
elevations are 0.1’ +/- (at east end) and -0.8’ +/- (at west end). The scour elevation (-1.7 
feet) is below the approximate bottom of the foundation subgrade elevation and 
mitigation measure will be required. Construction of foundation pad as described in 
Section 9.2 “Box Culvert” is recommended to mitigate the problem of scour below the 
footing of the retaining wall. As an option, the aggregate base can be replaced with Lean 
Concrete Base (LCB).  
 

9.5 Lateral Earth Pressures 
 
The retaining wall and wingwalls should be designed to resist the following applied 
lateral earth pressures (Equivalent Fluid Pressures) and design parameters: 

 
(a) The recommended active pressure is 36 pcf EFP for the engineered fill. 
 
(b) The recommended at-rest pressure is 55 pcf EFP for the engineered fill.  
 
(c) The recommended passive resistance against the side of the wall footing is 460 pcf 

EFP.  
 
(d) A coefficient of friction of 0.3 may be used to estimate the frictional resistance along 

the bottom of the footing. Only dead loads should be used to estimate the frictional 
resistance at the bottom of footings. 

 
(e) No more than 50% of the available passive lateral earth pressures and 100% friction 

between the footing and the foundation soil shall be considered in determining the 
factor of safety against sliding.  

 
(f) The effect of any surcharge (dead or live load) should be added to the preceding lateral 

earth pressures. Use equivalent earth pressure of not less than 2 feet of uniform soil 
weight at 125 pcf if the traffic (HS20 loading) is within a horizontal distance of one half 
of the wall height.  
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Cantilever walls which are free to rotate at least 0.005 radii may be assumed flexible for 
the active condition.  Walls that are not capable of this movement should be assumed 
rigid and designed for the at-rest condition.  The effect of any surcharge (dead or live 
load) should be added to the preceding lateral earth pressures. A coefficient of 0.3 and 0.5 
may be used to determine the additional earth pressure resulting from the surcharge for 
cantilever walls and rigid walls, respectively.    

 
9.6 Settlement Evaluation 
 

Based on the toe pressure of the retaining wall footing and the subsurface soil conditions, 
typical soil profiles of Boring A-09-FS-001 was selected for settlement analyses. Based 
on Boring A-09-FS-001 and CPT-09-FS-001, the subsurface soil conditions at the project 
site generally consists of firm to very stiff lean clays with pockets/lenses of loose to dense 
silty sands. 
 
The evaluation of the consolidation settlements under the retaining wall was based on the 
understanding of the consolidation behavior of the clay and empirical correlations in the 
literatures.  
 
Based on the toe pressure of the maximum height of the retaining wall, the consolidation 
settlement is anticipated to be on the order of 0.6 inches and in the over-consolidated 
range. It is our opinion that the consolidation settlement due to the construction of the 
retaining wall appears to be not a geotechnical concern. 
 
The calculation for the estimation of the consolidation settlement is contained in 
Appendix C of this report. 

 
9.7 Corrosion 

 
Chemical tests were performed on soil samples from Boring A-09-FS-001 to evaluate the 
corrosion potential of the subsoil.  The test results are as follows: 

 
TABLE 2: SUMMARY OF CORROSION TEST RESULT 

Boring Depth (ft) Minimum Resistivity 
(ohms-cm) 

pH Water-soluble 
Chloride (ppm) 

Water-soluble 
Sulfate (ppm) 

A-09-FS-001 24.5 1370 7.2 41.1 4.5 
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Based on the corrosion test results, the native subsurface soils in Boring A-09-FS-001 are 
considered non-corrosive per Caltrans corrosion design guidelines. Standard Type II 
modified or Type I-P (MS) modified cement may be used for the concrete substructure. 
The minimum cement factor and cover thickness should be per Section 8.22 of Caltrans 
BDS – September 2003.  

 
9.8 Potential Impact on Existing Levees and Construction Considerations 

 
The proposed modifications only a) extend the bottom portion of the box culvert; b) 
construct a new retaining wall supporting the concrete barrier [Type 736 (Mod.)] with 
soundwall to replace the existing retaining wall and c) fill above the existing slope 
between I-5 and the proposed concrete barrier. In our opinion, the permanent impact of 
the proposed box culvert modification on the existing levees should be negligible. 
 
Temporary slope will be required for the construction of the modified box culvert and 
retaining walls. Some localized settlement may result from construction equipments on 
the levees during construction. The temporary impact due to construction should be 
minimized with the implementation of precautionary measures recommended below.   

 
Construction Precautionary Measures and Construction Monitoring 
 
Construction on the levees shall abide by Army Corps of Engineers and/or Department of 
Water Resources construction and backfill requirements. 
 
The following precautionary measures and construction monitoring can be considered 
during construction to minimize the potential impact due to construction on the existing 
levees: 
 
a) The construction activities related to excavation and lateral earth support must conform 

to safety requirements of OSHA and other applicable municipal and State regulatory 
agencies. 

 
b) The temporary slope height, inclination, and excavation depths should not exceed 

those specified in local, state, or federal safety regulations. The design of the 
temporary slopes by the contractor or his specialty subcontractor should conform to 
the OSHA’s “Guidelines for Excavations and Temporary Sloping”. The contractor or 
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responsible subcontractor should develop or modify their design based on the 
subsurface conditions exposed at the time of construction. 
 
For excavations up to 20 feet deep in homogenous soils, OSHA guidelines state that 
the maximum allowable slope should be 3/4H: 1V, 1H:1V and 1-1/2H:1V for Type A, 
B and C soils, respectively. In general, Type A soils are stronger; Type B soils are 
intermediate, and Type C soils are weaker. Based on the available boring information, 
the clay and sand should be considered as OSHA Type C. It should be noted that the 
slope ratios recommended by OSHA are for temporary, un-surcharged slopes.  

 
c) Pockets/lenses of loose to dense silty sands were encountered at various depths in 

Borings A-09-FS-001 and CPT-09-FS-001. Surficial drying of this granular soil exposed 
along the excavation may result in sloughing and caving.  To minimize sloughing and 
erosion of these soils, construction should be planned in the dry season. Adequate 
surface protection should be provided to protect the slope surface from excessive drying 
and/or saturation during construction and the exposed slopes should be kept moist (but 
not saturated) by occasional light spraying of water during construction. 
 

d) Vibration in the vicinity of the proposed temporary excavation should be controlled to 
the minimum level during the temporary slope construction. 

 
e)  The maximum allowable load on the levee from the construction equipment should be 

in conformance with the regulatory agency’s requirements. Normally a 200 to 250 
pound per square foot (psf) traffic surcharge loading condition is used in the slope 
stability analyses, which generally represents maintenance equipment loads. This 
transient loading should not be exceeded by the total (dead + live) load of the 
construction equipment during construction. Parking and leaving equipment for a 
long term should be avoided. Also materials should not be stored at the levees. 

 
f) No equipment shall be allowed within 10 feet from the edge of the levee regardless of 

its weight. In order to further reduce the loading on the levees, timber planks or steel 
plates may also be considered to reduce point loads.  

 
g) Contractor should be required to set horizontal and vertical monuments in levee 

section, which will be periodically checked for horizontal or vertical movements.  
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h) Construction monitoring may be considered to evaluate the settlement and movement 
in the levees. However, the level of sophisticated instrumentation may have to be 
further discussed, if it is deemed necessary.   

 
In summary, it is our opinion that the impact on the existing levees due to the proposed 
project should be insignificant. However, precautionary measures should be taken and 
construction monitoring should be implemented during construction to minimize any 
potential impact on the integrity of the existing levees.  
 
The above opinions are based on our understanding of the project and limited to the 
portion of the levee to be impacted by the proposed structure. Evaluation of the existing 
levee corridor has not been performed since it is beyond the scope of our work for this 
project. 

 
9.9 Plan Review 
 

We recommend that final foundation plans for the proposed project be reviewed by 
PARIKH prior to construction so that the intent of our recommendations is included in 
the project plans and specifications and to further see that no misunderstandings or 
misinterpretations have occurred.  

 
9.10 Construction Observation 
 

To a degree, the performance of any structure is dependent upon construction procedures 
and quality. Hence, geotechnical observation of foundation excavation, and pile 
installations should be carried out by regulating agencies.  If the subsurface conditions 
different from those forming the basis of our recommendations are encountered, this 
office should be informed in order to assess the need for design changes.  Therefore, the 
recommendations presented in this report are contingent upon good quality control and 
these geotechnical observations during construction. 

 
 
10. INVESTIGATION LIMITATIONS 

 
Our services consist of professional opinions and recommendations made in accordance with 
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generally accepted geotechnical engineering principles and practices and are based on our site 
reconnaissance and the assumption that the subsurface conditions do not deviate from observed 
conditions.  All work done is in accordance with generally accepted geotechnical engineering 
principles and practices.  No warranty, expressed or implied, of merchantability or fitness, is 
made or intended in connection with our work or by the furnishing of oral or written reports or 
findings.  The scope of our services did not include any environmental assessment or 
investigation for the presence or absence of hazardous or toxic materials in structures, soil, 
surface water, groundwater or air, below or around this site.  Unanticipated soil conditions are 
commonly encountered and cannot be fully determined by taking soil samples and excavating test 
borings; different soil conditions may require that additional expenditures be made during 
construction to attain a properly constructed project.  Some contingency fund is thus 
recommended to accommodate these possible extra costs. 
 
This report has been prepared for the proposed project as described earlier, to assist the engineer 
in the design of this project.  In the event any changes in the design or location of the facilities are 
planned, or if any variations or undesirable conditions are encountered during construction, our 
conclusions and recommendations shall not be considered valid unless the changes or variations 
are reviewed and our recommendations modified or approved by us in writing. 
 
This report is issued with the understanding that it is the designer's responsibility to ensure that 
the information and recommendations contained herein are incorporated into the project and that 
necessary steps are also taken to see that the recommendations are carried out in the field.   
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APPENDIX A 
FIELD EXPLORATION 

 
The test borings were advanced with truck-mounted drill rig with 8-inch diameter hollow-stem 
auger drilling method. The soil samples were obtained from the borings during drilling at 
various depths by driving a 2.5-inch Inside Diameter (I. D.) Modified California Sampler or a 
1.375-inch I.D. Standard Penetration Sampler (ASTM Test Method No. 1586).  The sampler 
was driven into the subsurface soils under the impact of a 140-pound hammer having a free fall 
of 30 inches.  The blow counts required to drive the sampler for the last 12 inches are presented 
on the Logs of Test Borings (LOTB), Appendix A. When correlating standard penetration data 
in similar soils, the blow counts for the Modified California sampler can be taken as roughly 
twice that for the Standard Penetration Test sampler in similar soils. Pocket penetration tests 
were also performed on clay samples to evaluate their consistency.  Upon completion of 
drilling, the drillhole was backfilled with cement grout. 
 
The borings were drilled under the technical supervision of our engineer, who visually 
classified in the field (according to the Unified Soil Classification System) and continuously 
logged the soils encountered during drilling. The engineer supervised the collection of soil 
samples at various depths for visual examination and laboratory testing. The soil samples were 
then transported to our laboratory for further evaluation and testing. 
 
The descriptions of the soils encountered and relevant boring information are presented on the 
boring logs in the LOTB in Appendix A.  The laboratory test methods and results are presented 
in Appendix B. The logs presented in Appendix A were prepared from the field logs which 
were edited after visual re-examination of the soil samples in the laboratory and results of 
classification tests on selected soil samples as indicated on the logs.   
 
The descriptions and related information presented on these LOTB depict subsurface conditions 
only at the locations indicated on the plan and on the particular date noted on the logs. Because 
of the variability from place to place within soil/rock in general, subsurface conditions at other 
locations may differ from conditions occurring at the locations explored. The abrupt stratum 
changes shown on the logs may be gradational and relatively minor changes in soil types within 
a stratum may not be noted on the logs due to field limitations. Also, the passage of time may 
result in a change in the soil conditions at these locations due to environmental changes. 
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. 206127.FMS COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-011 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *KαCPT RESULT INPUT

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT- FIVE MILE 
SLOUGH  CULVERT MODIFICATION

CSR CRR 7 5

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

5.085 8 Sand to Silty Sand 198.35 3.86 0.308 0.308 1.65 1.45889 0.99 0.129 1.650 1.46 289.37 1.003 290.335 1.00 1
5.741 8 Sand to Silty Sand 269.564 5.127 0.347 0.347 1.61 1.42211 0.99 0.129 1.610 1.42 383.35 1.000 383.349 1.00 1
6.398 8 Sand to Silty Sand 211.657 2.914 0.387 0.387 1.54 1.38626 0.99 0.128 1.540 1.39 293.41 1.000 293.412 1.00 1
7.054 8 Sand to Silty Sand 202.778 2.769 0.427 0.427 1.57 1.35218 0.99 0.128 1.570 1.35 274.19 1.000 274.193 1.00 1
7.71 8 Sand to Silty Sand 160.197 2.419 0.466 0.466 1.68 1.32053 0.98 0.128 1.680 1.32 211.54 1.024 216.677 1.00 1
8.366 7 Silty Sand to Sandy Silt 69.048 1.614 0.505 0.505 2.08 1.29032 0.98 0.128 2.080 1.29 89.09 1.420 126.482 0.27 1.00 1
9.022 3 Clay 19.867 0.922 0.541 0.541 2.7 1.26364 0.98 0.128 1.00 1
9.678 4 Silty Clay to Clay 16.426 0.682 0.579 0.579 2.75 1.23665 0.98 0.127 1.00 1
10.335 4 Silty Clay to Clay 17.032 0.64 0.617 0.617 2.73 1.21079 0.98 0.127 1.00 1
10.991 4 Silty Clay to Clay 20.247 0.743 0.654 0.654 2.68 1.18662 0.98 0.127 1.00 1
11.647 5 Clayey Silt to Silty Clay 31.989 1.277 0.692 0.692 2.58 1.16279 0.98 0.127 2.580 1.16 37.20 3.206 119.269 0.24 1.00 1

KαSoil Behavior Type γd Ic CRR7 5(qc1N)cs KσKCCSR qc1NCQIc* F.S.CN*

11.647 5 Clayey Silt to Silty Clay 31.989 1.277 0.692 0.692 2.58 1.16279 0.98 0.127 2.580 1.16 37.20 3.206 119.269 0.24 1.00 1
12.303 5 Clayey Silt to Silty Clay 42.467 1.763 0.729 0.729 2.52 1.14049 0.97 0.127 2.520 1.14 48.43 2.872 139.081 0.33 1.00 1
12.959 4 Silty Clay to Clay 33.787 1.46 0.767 0.767 2.61 1.11845 0.97 0.126 1.00 1
13.615 4 Silty Clay to Clay 21.432 0.833 0.805 0.805 2.75 1.09726 0.97 0.126 1.00 1
14.272 5 Clayey Silt to Silty Clay 23.008 0.724 0.842 0.842 2.68 1.07738 0.97 0.126 1.00 1
14.928 6 Sandy Silt to Clayey Silt 27.096 0.696 0.88 0.88 2.58 1.05769 0.97 0.126 2.580 1.06 28.66 3.206 91.894 0.15 1.00 1
15.584 6 Sandy Silt to Clayey Silt 29.086 0.776 0.917 0.917 2.58 1.03921 0.97 0.126 2.580 1.04 30.23 3.206 96.919 0.16 1.00 1
16.24 5 Clayey Silt to Silty Clay 23.632 0.657 0.955 0.955 2.67 1.02088 0.97 0.126 1.00 1
16.896 5 Clayey Silt to Silty Clay 20.888 0.615 0.993 0.993 2.74 1.00319 0.96 0.125 1.00 1
17.552 5 Clayey Silt to Silty Clay 36.724 1.192 1.03 1.03 2.59 0.98655 0.96 0.125 2.590 0.99 36.23 3.266 118.328 0.23 0.99 1
18.209 5 Clayey Silt to Silty Clay 52.458 1.96 1.068 1.068 2.53 0.97002 0.96 0.125 2.530 0.97 50.89 2.925 148.827 0.39 0.99 1
18.865 6 Sandy Silt to Clayey Silt 52.821 1.822 1.105 1.105 2.51 0.95445 0.96 0.125 2.510 0.95 50.41 2.820 142.145 0.35 0.98 1
19.521 6 Sandy Silt to Clayey Silt 68.827 2.04 1.143 1.143 2.38 0.93897 0.96 0.125 2.380 0.94 64.63 2.233 144.283 0.36 0.97 1
20.177 6 Sandy Silt to Clayey Silt 69.433 1.982 1.181 1.181 2.37 0.92398 0.96 0.124 2.370 0.92 64.15 2.194 140.759 0.34 0.97 1
20 833 6 Sandy Silt to Clayey Silt 75 619 2 624 1 218 1 218 0 90984 0 124 2 430 68 80 2 439 167 808 120.833 6 Sandy Silt to Clayey Silt 75.619 2.624 1.218 1.218 2. 3 0.90984 0.95 0.124 2.430 0.91 68.80 2.439 167.808 0.96 1
21.49 7 Silty Sand to Sandy Silt 88.172 2.229 1.257 1.257 2.3 0.8954 0.95 0.124 2.300 0.90 78.95 1.949 153.851 0.42 0.95 1
22.146 8 Sand to Silty Sand 77.91 1.046 1.296 1.296 2.17 0.88141 0.95 0.124 2.170 0.88 68.67 1.596 109.625 0.20 0.95 1
22.802 7 Silty Sand to Sandy Silt 65.697 0.958 1.335 1.335 2.27 0.86785 0.95 0.123 2.270 0.87 57.02 1.856 105.825 0.19 0.94 1
23.458 5 Clayey Silt to Silty Clay 27.686 0.891 1.373 1.373 2.8 0.85503 0.95 0.123 0.94 1
24.114 4 Silty Clay to Clay 25.764 1.14 1.41 1.41 2.92 0.84291 0.94 0.123 0.93 1
24.77 3 Clay 31.173 1.632 1.447 1.447 2.91 0.83113 0.94 0.123 0.93 1
25.427 5 Clayey Silt to Silty Clay 40.976 1.662 1.484 0.013 1.471 2.75 0.82366 0.94 0.123 0.93 1
26.083 7 Silty Sand to Sandy Silt 51.692 0.817 1.523 0.034 1.489 2.41 0.81815 0.94 0.125 2.410 0.82 42.29 2.354 99.540 0.17 0.92 1 1.64
26.739 7 Silty Sand to Sandy Silt 64.58 0.781 1.562 0.054 1.508 2.27 0.81241 0.94 0.126 2.270 0.81 52.47 1.856 97.380 0.17 0.92 1 1.57
27.395 8 Sand to Silty Sand 77.507 0.75 1.601 0.075 1.527 2.15 0.80675 0.93 0.127 2.150 0.81 62.53 1.553 97.094 0.17 0.92 1 1.55
28.051 9 Sand 137.137 1.399 1.642 0.095 1.547 1.96 0.80087 0.93 0.128 1.960 0.80 109.83 1.251 137.408 0.32 0.89 1 2.99
28.707 8 Sand to Silty Sand 146.85 1.752 1.682 0.115 1.566 1.99 0.79537 0.93 0.129 1.990 0.80 116.80 1.287 150.340 0.40 0.88 1 3.65
29.364 9 Sand 209.644 2.349 1.723 0.136 1.587 1.86 0.78938 0.92 0.130 1.860 0.79 165.49 1.153 190.865 0.86 1
30.02 9 Sand 247.814 2.139 1.763 0.156 1.607 1.73 0.78375 0.92 0.131 1.730 0.78 194.23 1.058 205.502 0.84 1
30.676 7 Silty Sand to Sandy Silt 81.102 1.898 1.802 0.177 1.625 2.39 0.77876 0.92 0.132 2.390 0.78 63.16 2.272 143.499 0.35 0.91 1 3.20
31.332 6 Sandy Silt to Clayey Silt 28.905 0.609 1.839 0.197 1.642 2.73 0.7741 0.91 0.133 0.91 1
31.988 6 Sandy Silt to Clayey Silt 22.515 0.56 1.877 0.218 1.659 2.87 0.7695 0.91 0.134 0.90 1
32.644 6 Sandy Silt to Clayey Silt 29.693 0.695 1.915 0.238 1.676 2.75 0.76495 0.91 0.135 0.90 1
33.301 5 Clayey Silt to Silty Clay 29.846 0.912 1.952 0.259 1.693 2.83 0.76046 0.90 0.135 0.90 1
33.957 5 Clayey Silt to Silty Clay 29.631 1 1.99 0.279 1.711 2.86 0.75575 0.90 0.136 0.90 1
34.613 6 Sandy Silt to Clayey Silt 35.233 1.021 2.027 0.3 1.728 2.75 0.75137 0.89 0.136 0.90 1
35.269 6 Sandy Silt to Clayey Silt 41.294 1.291 2.065 0.32 1.745 2.72 0.74703 0.89 0.137 0.89 1
35.925 5 Clayey Silt to Silty Clay 33.724 1.256 2.103 0.341 1.762 2.85 0.74274 0.88 0.137 0.89 1
36.581 5 Clayey Silt to Silty Clay 25.866 0.823 2.14 0.361 1.779 2.91 0.7385 0.88 0.137 0.89 1
37.238 5 Clayey Silt to Silty Clay 25.928 0.816 2.178 0.382 1.796 2.9 0.73431 0.87 0.138 0.89 1
37.894 5 Clayey Silt to Silty Clay 31.411 1.162 2.215 0.402 1.813 2.89 0.73017 0.87 0.138 0.89 1
38.55 5 Clayey Silt to Silty Clay 32.392 1.223 2.253 0.423 1.83 2.89 0.72607 0.86 0.138 0.89 1
39.206 5 Clayey Silt to Silty Clay 33.401 1.303 2.291 0.443 1.848 2.89 0.72178 0.86 0.138 0.88 1
39 862 5 Clayey Silt to Silty Clay 41 98 1 481 2 328 0 464 1 865 0 71778 0 138 139.862 5 Clayey Silt to Silty Clay 41.98 1.481 2.328 0.464 1.865 2.78 0.71778 0.85 0.138 0.88 1
40.518 5 Clayey Silt to Silty Clay 48.205 1.699 2.366 0.484 1.882 2.73 0.71382 0.85 0.138 0.88 1
41.175 5 Clayey Silt to Silty Clay 39.865 1.669 2.403 0.504 1.899 2.85 0.70991 0.84 0.138 0.88 1
41.831 5 Clayey Silt to Silty Clay 36.418 1.279 2.441 0.525 1.916 2.84 0.70603 0.83 0.138 0.88 1
42.487 5 Clayey Silt to Silty Clay 38.011 1.267 2.479 0.545 1.933 2.81 0.7022 0.83 0.138 0.88 1
43.143 5 Clayey Silt to Silty Clay 32.29 1.087 2.516 0.566 1.95 2.88 0.69841 0.82 0.138 0.87 1
43.799 5 Clayey Silt to Silty Clay 22.028 0.784 2.554 0.586 1.967 3.06 0.69466 0.82 0.138 0.87 1
44.455 5 Clayey Silt to Silty Clay 19.312 0.566 2.591 0.607 1.985 3.07 0.69074 0.81 0.137 0.87 1
45.112 5 Clayey Silt to Silty Clay 17.713 0.467 2.629 0.627 2.002 3.08 0.68707 0.80 0.137 0.87 1
45.768 5 Clayey Silt to Silty Clay 18.603 0.453 2.667 0.648 2.019 3.03 0.68344 0.80 0.137 0.87 1
46.424 5 Clayey Silt to Silty Clay 25.168 0.749 2.704 0.668 2.036 2.96 0.67985 0.79 0.136 0.87 1
47.08 5 Clayey Silt to Silty Clay 36.134 1.306 2.742 0.689 2.053 2.88 0.6763 0.78 0.136 0.87 1
47.736 6 Sandy Silt to Clayey Silt 70.063 1.742 2.779 0.709 2.07 2.55 0.67278 0.78 0.135 2.550 0.67 47.14 3.034 143.025 0.35 0.86 1 3.10
48.392 6 Sandy Silt to Clayey Silt 40.454 1.163 2.817 0.73 2.087 2.79 0.6693 0.77 0.135 0.86 1
49.049 6 Sandy Silt to Clayey Silt 29.965 0.9 2.855 0.75 2.104 2.9 0.66586 0.76 0.134 0.86 1y y y
49.705 5 Clayey Silt to Silty Clay 34.24 1.112 2.892 0.771 2.122 2.87 0.66225 0.76 0.134 0.86 1
50.361 5 Clayey Silt to Silty Clay 28.536 1.047 2.93 0.791 2.139 2.99 0.65888 0.75 0.133 0.86 1
51.017 5 Clayey Silt to Silty Clay 30.402 0.931 2.967 0.812 2.156 2.92 0.65554 0.74 0.133 0.86 1
51.673 5 Clayey Silt to Silty Clay 28.378 0.887 3.005 0.832 2.173 2.96 0.65224 0.74 0.132 0.86 1
52.329 6 Sandy Silt to Clayey Silt 46.357 1.415 3.042 0.852 2.19 2.77 0.64897 0.73 0.132 0.85 1
52.986 5 Clayey Silt to Silty Clay 45.767 1.611 3.08 0.873 2.207 2.82 0.64573 0.72 0.131 0.85 1
53.642 5 Clayey Silt to Silty Clay 38.884 1.401 3.118 0.893 2.224 2.88 0.64252 0.72 0.131 0.85 1
54.298 5 Clayey Silt to Silty Clay 36.168 1.366 3.155 0.914 2.241 2.93 0.63935 0.71 0.130 0.85 1
54.954 5 Clayey Silt to Silty Clay 30.946 1.167 3.193 0.934 2.259 3 0.63602 0.70 0.129 0.85 1
55.61 4 Silty Clay to Clay 22.521 0.934 3.23 0.955 2.276 3.16 0.63291 0.70 0.129 0.85 1
56.266 4 Silty Clay to Clay 16.964 0.624 3.268 0.975 2.293 3.27 0.62983 0.69 0.128 0.85 1
56.923 5 Clayey Silt to Silty Clay 23.275 0.763 3.306 0.996 2.31 3.09 0.62678 0.69 0.128 0.85 1
57.579 5 Clayey Silt to Silty Clay 35.227 1.395 3.343 1.016 2.327 2.98 0.62376 0.68 0.127 0.84 1
58.235 5 Clayey Silt to Silty Clay 37.495 1.473 3.381 1.037 2.344 2.95 0.62077 0.67 0.126 0.84 1
58 891 5 Cl Silt t Silt Cl 36 197 1 412 3 418 1 057 2 361 0 6178 0 126 158.891 5 Clayey Silt to Silty Clay 36.197 1.412 3.418 1.057 2.361 2.96 0.6178 0.67 0.126 0.84 1
59.547 5 Clayey Silt to Silty Clay 31.332 1.069 3.456 1.078 2.378 2.98 0.61487 0.66 0.125 0.84 1
60.203 5 Clayey Silt to Silty Clay 33.877 1.103 3.494 1.098 2.395 2.94 0.61196 0.66 0.125 0.84 1
60.86 6 Sandy Silt to Clayey Silt 59.897 1.672 3.531 1.119 2.413 2.67 0.60891 0.65 0.124 0.84 1
61.516 6 Sandy Silt to Clayey Silt 79.067 2.476 3.569 1.139 2.43 2.61 0.60606 0.65 0.124 0.84 1
62.172 6 Sandy Silt to Clayey Silt 55.797 1.799 3.606 1.16 2.447 2.75 0.60324 0.64 0.123 0.84 1
62.828 6 Sandy Silt to Clayey Silt 47.128 1.608 3.644 1.18 2.464 2.82 0.60044 0.64 0.123 0.83 1
63.484 6 Sandy Silt to Clayey Silt 55.931 1.988 3.682 1.201 2.481 2.78 0.59766 0.63 0.122 0.83 1
64.14 5 Clayey Silt to Silty Clay 44.055 1.646 3.719 1.221 2.498 2.89 0.59492 0.63 0.122 0.83 1
64.797 5 Clayey Silt to Silty Clay 40.806 1.569 3.757 1.241 2.515 2.93 0.59219 0.62 0.121 0.83 1
65.453 5 Clayey Silt to Silty Clay 68.532 2.864 3.794 1.262 2.532 2.77 0.5895 0.62 0.121 0.83 1
66.109 12 Sand to Clayey Sand 148.681 5.457 3.834 1.282 2.552 2.48 0.58635 0.61 0.120 2.480 0.59 87.18 2.669 232.713 0.83 1
66.765 11 Sitff Fine-Grained 87.265 4.026 3.877 1.303 2.574 2.72 0.58294 0.61 0.120 0.83 1
67.421 11 Sitff Fine-Grained 89.664 3.868 3.92 1.323 2.596 2.7 0.57956 0.61 0.119 0.83 1
68.077 11 Sitff Fine-Grained 100.938 4.283 3.963 1.344 2.619 2.66 0.57607 0.60 0.119 0.82 1
68.734 11 Sitff Fine-Grained 98.435 4.352 4.005 1.364 2.641 2.68 0.57277 0.60 0.118 0.82 1
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LIQUEFACTION POTENTIAL ANALYSIS  (per Youd & Idriss, 2001)

PROJECT NAME FAULT INFO
PROJECT NO. 206127.FMS COAST-RANGES SIERRAN BLOCK
CPT NO. CPT-09-011 a max  (g)= 0.2 FAULT M w  = 7.0

MSF = 1.19

F.S.=(CRR 7 5 /CSR)*MSF*Kσ *KαCPT RESULT INPUT

I-5 NORTH STOCKTON CORRIDOR IMPROVEMENT- FIVE MILE 
SLOUGH  CULVERT MODIFICATION

CSR CRR 7 5

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

KαSoil Behavior Type γd Ic CRR7 5(qc1N)cs KσKCCSR qc1NCQIc* F.S.CN*

69.39 11 Sitff Fine-Grained 120.598 4.992 4.048 1.385 2.663 2.59 0.56951 0.60 0.118 2.590 0.57 68.68 3.266 224.315 0.82 1
70.046 11 Sitff Fine-Grained 117.123 4.913 4.091 1.405 2.686 2.6 0.56613 0.59 0.117 0.82 1
70.702 6 Sandy Silt to Clayey Silt 107.195 3.777 4.129 1.426 2.703 2.57 0.56367 0.59 0.117 2.570 0.56 60.42 3.148 190.208 0.82 1
71.358 6 Sandy Silt to Clayey Silt 95.294 3.391 4.166 1.446 2.72 2.62 0.56122 0.58 0.116 0.82 1
72.014 6 Sandy Silt to Clayey Silt 133.912 4.937 4.204 1.467 2.737 2.52 0.5588 0.58 0.116 2.520 0.56 74.83 2.872 214.884 0.82 1
72.671 6 Sandy Silt to Clayey Silt 153.353 5.399 4.241 1.487 2.754 2.47 0.5564 0.58 0.116 2.470 0.56 85.33 2.621 223.664 0.82 1
73.327 6 Sandy Silt to Clayey Silt 129.597 4.551 4.279 1.508 2.771 2.51 0.55402 0.58 0.115 2.510 0.55 71.80 2.820 202.438 0.82 1
73.983 6 Sandy Silt to Clayey Silt 113.823 4.193 4.317 1.528 2.788 2.58 0.55165 0.57 0.115 2.580 0.55 62.79 3.206 201.336 0.81 1
74.639 5 Clayey Silt to Silty Clay 77.745 3.202 4.354 1.549 2.806 2.76 0.54918 0.57 0.115 0.81 1
75.295 5 Clayey Silt to Silty Clay 58.627 2.46 4.392 1.569 2.823 2.87 0.54686 0.57 0.115 0.81 1
75.951 5 Clayey Silt to Silty Clay 55.669 2.174 4.429 1.589 2.84 2.87 0.54455 0.56 0.114 0.81 1
76.608 4 Silty Clay to Clay 59.796 2.727 4.467 1.61 2.857 2.9 0.54227 0.56 0.114 0.81 1
77.264 6 Sandy Silt to Clayey Silt 62.431 1.836 4.504 1.63 2.874 2.77 0.54001 0.56 0.114 0.81 1
77.92 5 Clayey Silt to Silty Clay 39.031 1.423 4.542 1.651 2.891 3.01 0.53777 0.56 0.114 0.81 1
78.576 5 Clayey Silt to Silty Clay 53.195 2.236 4.58 1.671 2.908 2.91 0.53554 0.55 0.113 0.81 1
79.232 5 Clayey Silt to Silty Clay 76.583 3.41 4.617 1.692 2.925 2.8 0.53333 0.55 0.113 0.81 1
79.888 6 Sandy Silt to Clayey Silt 51.89 1.367 4.655 1.712 2.943 2.8 0.53102 0.55 0.113 0.81 1
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