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SEISMIC HAZARD ASSESSMENT AND SITE RESPONSE ANALYSIS
PART 2: SITE RESPONSE ANALYSIS
Doyle Drive Replacement Project
San Francisco, California

1.0 INTRODUCTION

AMEC Geomatrix, Inc. (AMEC) prepared this ground motion study for the Doyle Drive
Replacement Project, located in San Francisco, California. This report summarizes the
development of the rock design response spectra, spectrum-compatible time histories, site
response analyses and strain-compatible soil model parameters required for the seismic
evaluation of the project site. This study was conducted in accordance with Subconsultant
Agreement No. 131558/17 authorized by the Arup PB Joint Venture under the prime agreement
No. 06/07-29.

The report is presented in three parts:, Part 1. Seismic Hazard Assessment and Ground Motion
Development; Part 2: Site Response Analysis; and Part 3: Fling Effects on Soil Motions. This
report (Part 2: Site Response Analysis) presents the site response analyses conducted for three
structures along the project alignment, the Main Post Tunnels, the Battery Tunnels, and the
Lincoln Retaining Wall No. 8.

1.1 SUMMARY OF DESIGN GROUND MOTIONS AND TIME HISTORIES

Two levels of the rock design ground motions were presented in the Part 1 Seismic Hazard
Analysis report, the Safety Evaluation Earthquake (SEE), and the Functionality Evaluation
Earthquake (FEE). Response spectra were developed for two rock site conditions
corresponding to shear wave velocities (Vszo) of 3,000 and 5,000 feet per second (ft/sec). Two
horizontal components (Fault-normal, FN, and Fault-parallel, FP) of the SEE and FEE response
spectra were developed to incorporate the near-fault directivity and polarity effects. Three sets
of seed time histories (each set includes two horizontal and one vertical components) were
identified for each design ground motion. As described in the Part 1 report, time domain spectral
matching was performed to adjust these time histories to be compatible with their specified FN
FP, and vertical response spectra.

The time histories are used as rock input motions for site response analyses presented in this
report. It is noted that the FP time histories used in the site response analyses were not
modified to incorporate near-fault fling effects. It is believed that the fling effects will propagate
rapidly through the soil profiles and will induce insignificant additional shear strains within the
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soil profiles (Abrahamson, 2009); therefore fault fling effects will not affect the strain-compatible
soil properties estimated from the site response analyses performed for this study.

1.2 SCOPE OF WORK FOR SITE RESPONSE ANALYSES

The Part 2 report summarizes equivalent linear site response analyses performed to obtain site-
specific time histories for three profiles at the Battery Tunnels area, two profiles at the Main Post
Tunnels area, and two profiles for the Retaining Wall No. 8 area. For the Battery Tunnels and
Main Post Tunnels area, time histories were computed at ground surface, and at depths of 3,
11.5 and 35.5 feet below the ground surface (bgs) corresponding approximately to the crown of
the tunnel, the top of side wall, and the invert of the tunnels. For the Retaining Wall No. 8 area,
time histories were computed at ground surface, the bottom of retaining wall, and 20 feet below
the bottom of the retaining wall, corresponding to depths of 28 and 48 feet bgs for profile RW8-
R1, and depths of 20 and 40 feet bgs for profile RW8-R5, for the bottom and 20 feet below the
bottom of the retaining wall, respectively.

Table 1 summarizes information on the input shear wave velocity (Vszo) and the location (depth)
of computed motion for each profile used in the site response analyses.

1.3 ORGANIZATION OF REPORT

Section 2 of this report presents the characterization of site properties. Section 3 presents the
site response analysis. Sections 4 and 5 present a summary of the results and references,
respectively.

2.0 CHARACTERIZATION OF SITE PROPERTIES

The site conditions for the Battery Tunnels, Main Post Tunnels, and Retaining Wall No. 8, and
the soil properties used in the site response analysis are described below.

2.1 SHEAR WAVE VELOCITY PROFILE

The shear wave velocity measurements and the average velocity profiles developed for the
Battery Tunnels, Main Post Tunnels, and Retaining Wall No. 8 are described below.

211 Battery Tunnels

The subsurface materials identified at the Battery Tunnels include fill, Colma Formation (silt,
sand,) and Franciscan and associated rocks. The bedrock includes sandstone, mélange matrix,
serpentinite, greenstone, and gabbro. In general, the site conditions of the Battery Tunnels area
can be separated into two zones (1) a deep soil profile toward the east end of the tunnel, and
(2) a shallow soil profile toward the west end of the tunnel.
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Figure 1 presents four PS-suspension velocity measurements (for borings BTNB-R4, BTNB-R7,
BTSB-R2, and RW8-R1) used to obtain the average shear wave velocity profile for the east end
of the Battery Tunnels. The half space is defined at a depth of 70 ft and assumed to have a
constant shear wave velocity of 3,500 ft/sec. It is noted that the four shear wave velocity profiles
are generally consistent in the upper part of the profile (fill and Colma Formation) but show
some large variations in shear wave velocity in Franciscan rock resulting from the presence of
zones of soft or weathered rock in several borings (i.e., RW8-R1, BTNB-R4).

Figure 2 presents three PS-suspension velocity measurements (for borings BTSB-R3, RW6-R1,
and RW6-R2) used to obtain the average shear wave velocity profile for the west end of the
Battery Tunnels. The half space is defined at a depth of 45 ft with constant shear wave velocity
of 5,000 ft/sec. Note that in the depth range between 15 to 30 feet, the average shear wave
velocity is assumed to be lower than the average of the three borings to represent the thickness
of the fill as depicted by boring BTSB-R1, which is located in the middle of the southbound lane
on the west side of the Battery Tunnels.

Site response analyses were carried out on those two profiles using input rock motions that
developed for Vs3o of 3,000 ft/sec. One additional profile was developed using the shear wave
velocity measurements from boring BTSB-R3. This profile was analyzed using input rock motion
for Vs3p Of 5,000 ft/sec. The measured and average shear wave velocity profiles for this boring
are presented in Figure 3.

2.1.2 Main Post Tunnels

For the Main Post Tunnels, the shallow soil profile (depth to old Bay Clay) is relatively uniform
along the alignment of the tunnels. However, the bedrock surface generally slopes down to the
north, such that the soil thickness over rock being is greater on the north side than on the south
side. Therefore, two sail profiles representing the Main Post Tunnels site conditions were
developed, the north side (deep soil profile over rock) and the south side (shallow soil over
rock). An additional 20 feet of engineered fill on top of the existing ground surface was
incorporated in each profile to create a total of 30 feet of fill (i.e., each profile has 10 feet of an
existing fill). Shear wave velocities of 750 and 525 ft/sec were assigned to the engineered fill
and the existing fill, respectively (based on the project memorandum dated Oct 30, 2008 by
ARUP PB JV).

Figure 4 presents three PS-suspension velocity measurements (for borings MPTNB-R6,
MPTNB-R7, and MPTSB-R3) used to obtain the average shear wave velocity profile for the
deep profile (the native subsurface materials beneath the fill) at the Main Post Tunnels. It is
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noted that these three shear wave velocity profiles are generally similar. The half space is
defined at a depth of 260 ft and assumed to have a constant shear wave velocity of 3,500 ft/sec.
Figure 5 shows one PS-suspension velocity measurement (MPTSB-R4) used to obtain the
average shear wave velocity profile for the shallow profile at the Main Post tunnels where the
half space is defined at a depth of 165 ft with a constant shear wave velocity of 3,500 ft/sec.

2.1.3 Retaining Wall No. 8

Two additional profiles were developed to represent the subsurface conditions at the Retaining
Wall No. 8 site. Figure 6 and Figure 7 show the generic profiles constructed using shear wave
velocity measurements from boring RW8-R1 and RW8-R5, respectively. The half space is
assumed to have a constant shear wave velocity of 3,500 ft/sec. Boring RW8-R1, representing
a shallow soil profile, is located on the west side of the Retaining Wall No. 8 area, and boring
RWS8-R5, representing a deep soil profile, is located on the east side of the Retaining Wall No. 8
area.

2.2 UNIT WEIGHT

The unit weights for each soil profile and soil type were averaged from the index test results
obtained from ARUP PB JV. The unit weight of the engineered and existing fill in the Main Post
Tunnels area is assumed to be 140 and 130 pcf, respectively (based on the project
memorandum dated October 30, 2008 by ARUP PB JV).

Table 2 presents the unit weights used in the site response analysis.

2.3 MoDULUS REDUCTION AND DAMPING CURVES

The dynamic properties of the soil and rock materials are dependent on the shear modulus and
associated damping curves. No laboratory data on the modulus reduction and damping curves
for the site subsurface materials has been developed, therefore, available curves from nearby
sites that have similar geologic materials were adopted for this project. Figure 8 presents
modulus reduction and damping curves used for the site response analysis. These curves were
modified from the curves developed for various soil deposits in the San Francisco Bay Area for
use in the BART Earthquake Safety Program. For the half-space rock, the shear wave velocities
are assumed to be independent of the shear strain. These rock layers are assumed to remain
linear during seismic shaking with a constant damping ratio of 2 percent.
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3.0 SITE RESPONSE ANALYSIS

3.1 APPROACH

The site response analyses were conducted for three soil profiles at the Battery Tunnels, two
soil profiles at the Main Post Tunnels, and two soil profiles in the Retaining Wall No. 8 area, for
two ground motion levels, SEE and FEE developed in the Part 1 Seismic Hazard Analysis and
Ground Motion Development Report. Table 3 summarizes three sets of modified time histories
for each earthquake scenario used in the analyses. Site response analyses of horizontal ground
motions were performed by the computer program, SHAKE (Schnabel et al., 1972). The
nonlinear soil behavior is approximated by the equivalent linear technique. The propagation of
the vertical component is analyzed using the same analytical procedure as the horizontal
component following the guideline proposed by Mok et al. (1998). The general methodology in
performing site response analyses is as follows:

e Characterize the shear wave velocity profile, unit weight, and dynamic properties of the
site above hard rock.

e Perform site response analyses for both fault normal (FN) and fault parallel (FP)
components for each earthquake and obtain the geometric mean of strain-compatible
shear modulus and damping profile.

e Using the geometric mean of strain-compatible shear modulus and damping, repeat the
site response analyses (without property iteration) to obtain within motions along the
depth of each profile. These time histories were baseline corrected to eliminate any
permanent drifts occurred during the process.

o Estimate the compression wave velocity profile by using the strain-compatible shear

wave velocity values and appropriate value of Poisson ratio (i.e., close to 0.485 for
saturated soil below water table).

Vv, = M V, (1)
1-2p)

Where V, is the compression wave velocity, Vs is the shear wave velocity, and u is the Poisson
ratio.

The procedure for estimating the compression wave velocity profile is consistent with that to be

used in the dynamic soil-structure interaction analysis using a continuum approach (e.g., the
computer program SASSI or other finite element or finite difference programs).
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e Construct the damping profile by using the strain-compatible value obtained from the
horizontal site response analyses described above, but limited to 10 percent.

e Perform equivalent linear vertical site response analysis using compression wave
velocity and damping profile developed in the previous steps. These dynamic properties
are considered to be constant throughout the seismic excitation.

3.2 HORIZONTAL RESPONSES

For each earthquake scenario and each generic profile, site response analyses were performed
using 6 horizontal time histories (2 horizontal components for each of the three sets) to assess
the strain-compatible soil properties. Figure 9 to Figure 22 and Figure 23 to Figure 36
summarize strain-compatible shear wave velocity and damping ratio profiles from the site
response analyses of the horizontal excitation for SEE and FEE scenarios, respectively. It can
be seen that the differences in the results from each earthquake time histories are minor and
thus the average of these values were used to calculate seismic response at various depth
along the profile for both horizontal and vertical components.

Figure 37 to Figure 78 and Figure 79 to Figure 120 presents acceleration time histories and
response spectra obtained from site response analyses using strain-compatible soil properties
for each soil profile for SEE and FEE scenarios, respectively.

For the Main Post and Battery Tunnels (including BTSB-R3) profiles, the responses (within
motions) were calculated at depth 3, 11.5, and 35.5 ft below ground surface for each soil profile
(i.e., corresponding to approximately the crown, top of side wall, and invert of the tunnel,
respectively). For the Battery Tunnels profiles, it can be seen that responses at the crown of the
tunnel were amplified from the input motions and have their spectral peaks at the period of
approximately 0.1 to 0.2 second. On the other hand, responses at the crown of the Main Post
Tunnels were deamplified from their input rock motions. The differences in the response are due
to the differences in natural period of each profile. The Battery Tunnels profiles have their
degraded natural periods around 0.1 to 0.25 second which coincide with the peak of the spectra
of the input motion. On the contrary, the Main Post Tunnels profiles have their degraded natural
periods around 0.8 to 1.25 second which are located on the declining side of the spectra of the
input rock motions.

For the Retaining Wall No. 8 area, the response were computed at ground surface, bottom of
the retaining wall, 20 ft below the bottom of the retaining wall, and top of rock for each soil
profile. These locations correspond to depths of 0, 28, 48, and 50 ft below the ground surface
for RW8-R1 profile and to depths of 0, 20, 40, and 150 ft below the ground surface for RW8-R5
profile.
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Figure 121 to Figure 134 and Figure 135 to Figure 148 present the profiles of computed peak
shear strain and peak shear stress and their geometric means for SEE and FEE scenarios,
respectively. Results from fault normal and fault parallel components do not show any
recognizable trend. The strain-compatible shear wave velocity, damping ratio values, peak
shear strain, and peak shear stress for the seven profiles are listed in Table 4 to Table 9 and
Table 10 to Table 17 for SEE and FEE scenarios, respectively.

3.3 VERTICAL RESPONSES

Equivalent linear site response analysis of vertical excitation follows the similar approach as the
horizontal site response analysis. The first step is to estimate compression wave velocity from
the strain-compatible shear wave velocity obtained from horizontal site response analyses. As
stated in Section 3.2, the calculated strain-compatible shear wave velocity for each soil profile
from six time histories are quite similar; therefore, an idealized compression wave velocity
profile for each location is chosen to simulate propagation of the vertical excitation for the three
sets of the input rock motions. The average strain-compatible shear wave velocities of the
seven profiles, obtained from Section 3.2, are used for estimating the compression wave
velocity profiles (following equation 1 with the Poisson ratio value close to 0.485). The
calculated values are shown on Figure 149 to Figure 155 and Figure 156 to Figure 162 for SEE
and FEE scenarios, respectively. They are also listed in Table 18 to Table 24 and Table 25 to
Table 31 for SEE and FEE scenarios, respectively. Except for a few layers in some profiles,
these values compare well with the compression wave velocity measurements shown on the
same figures.

The strain-compatible damping ratio obtained from horizontal site response analyses (in
Section 3.2) are adopted in the vertical site response analysis. It should be noted that, by
calibrating with the downhole array data, Mok et al. (1998) recommended to limit the maximum
damping ratio to 10 percent. Table 18 to Table 24 and Table 25 to Table 31 list the damping
values used in the analysis for SEE and FEE scenarios, respectively.

Figure 163 to Figure 183 and Figure 184 to Figure 204 present acceleration time histories and
response spectra obtained from vertical site response analyses using the seven profiles for SEE
and FEE scenarios, respectively. Figure 205 to Figure 208 and Figure 209 to Figure 212 show
the computed ratio of vertical to horizontal acceleration response spectra at the ground surface
for SEE and FEE scenarios, respectively. As expected, deeper soil profiles with lower value of
Vs30 Or soft soil profiles tend to have higher ratios. The soft soil profiles tend to have low
horizontal spectral values at the short periods where the vertical spectral values are high.
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4.0 SUMMARY

Equivalent linear site response analyses for both horizontal and vertical directions are
performed using four idealized soil profiles, three profiles in the Battery Tunnels, two profiles in
the Main Post Tunnels, and two profiles in the Retaining Wall area. Three sets of time histories
(each set includes two horizontal and one vertical components) for the SEE and FEE
earthquake scenario with Vsz, of 3000 and 5000 ft/second were used. The computed motions at
the ground surface and various locations of each profile may be used in the soil-structure
interaction analyses of the Doyle Drive Replacement Project.
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Table 4: Horizontal site response analysis result for East Battery Tunnels (deep) profile, SEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 3.0 0.0 119.5 560 473 5.00 0.0274 228
2 FILL 2.0 3.0 119.5 560 473 5.00 0.0274 228
3 FILL 2.5 5.0 119.5 679 515 7.50 0.0539 531
4 COLMA SILT 2.5 7.5 131.0 679 535 6.00 0.0611 717
5 COLMA SILT 1.5 10.0 131.0 951 814 4.25 0.0362 982
6 COLMA SILT 3.5 115 131.0 951 814 4.25 0.0362 982
7 COLMA SILT 2.5 15.0 131.0 1234 1106 3.50 0.0245 1220
8 COLMA SAND 2.5 17.5 131.0 1234 1092 3.75 0.0280 1361
9 COLMA SAND 5.0 20.0 131.0 1547 1421 3.00 0.0190 1563
10 COLMA SAND 5.0 25.0 131.0 1448 1288 3.50 0.0272 1827
11 COLMA SAND 5.0 30.0 131.0 1497 1321 3.75 0.0295 2081
12 COLMA SAND 0.5 35.0 131.0 1418 1210 4.50 0.0390 2307
13 COLMA SAND 4.5 355 131.0 1418 1210 4.50 0.0390 2307
14 COLMA CLAY 5.0 40.0 131.0 1534 1457 2.50 0.0292 2518
15 COLMA CLAY 5.0 45.0 131.0 1739 1665 2.50 0.0241 2715
16 ROCK 5.0 50.0 140.0 2573 2461 2.00 0.0110 2900
17 ROCK 5.0 55.0 140.0 2790 2675 2.00 0.0099 3086
18 ROCK 5.0 60.0 140.0 2916 2797 2.00 0.0096 3278
19 ROCK 5.0 65.0 140.0 3177 3056 2.00 0.0085 3464
20 ROCK BASE 70.0 140.0 3500 3500 2.00
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Table 5: Horizontal site response analysis result for West Battery Tunnels (shallow) profile, SEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 3.0 0.0 119.5 560 499 4.00 0.0178 164
2 FILL 2.0 3.0 119.5 560 499 4.00 0.0178 164
3 FILL 5.0 5.0 119.5 833 719 4.50 0.0233 447
4 FILL 1.5 10.0 119.5 1000 852 5.00 0.0255 689
5 FILL 3.5 11.5 119.5 1000 852 5.00 0.0255 689
6 FILL 5.0 15.0 119.5 1150 979 5.00 0.0257 917
7 COLMA SILT 5.0 20.0 131.0 1500 1409 2.50 0.0143 1153
8 COLMA SILT 5.0 25.0 131.0 2000 1923 2.00 0.0092 1380
9 ROCK 5.0 30.0 140.0 3897 3843 2.00 0.0025 1610
10 ROCK 0.5 35.0 140.0 4490 4441 2.00 0.0022 1847
11 ROCK 4.5 35.5 140.0 4490 4441 2.00 0.0022 1847
12 ROCK 5.0 40.0 140.0 4011 3941 2.00 0.0031 2081
13 ROCK BASE 45.0 140.0 5000 5000 2.00

Table 6: Horizontal site response analysis result for BTSB-R3 profile, SEE scenario

strain-compatible Peak shear Peak shear
Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
FILL 3.0 0.0 119.5 560 470 5.25 0.0291 238
FILL 2.0 3.0 119.5 560 470 5.25 0.0291 238
FILL 5.0 5.0 119.5 772 609 6.75 0.0432 596
COLMA SILT 15 10.0 131.0 1018 913 3.50 0.0246 833
COLMA SILT 35 115 131.0 1018 913 3.50 0.0246 833
ROCK 5.0 15.0 140.0 3492 3458 2.00 0.0020 1035
ROCK 5.0 20.0 140.0 4065 4032 2.00 0.0018 1283
ROCK 5.0 25.0 140.0 4746 4720 2.00 0.0016 1537
ROCK 5.0 30.0 140.0 4496 4448 2.00 0.0021 1799
ROCK 0.5 35.0 140.0 4482 4422 2.00 0.0024 2064
ROCK 4.5 35.5 140.0 4482 4422 2.00 0.0024 2064
ROCK 5.0 40.0 140.0 4430 4358 2.00 0.0028 2327
ROCK 5.0 45.0 140.0 4491 4412 2.00 0.0031 2590
ROCK BASE 50.0 140.0 3500 5000 2.00
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Table 7: Horizontal site response analysis result for Main Post Tunnels (deep) profile, SEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 ENGINEERED FILL 3.0 0.0 140.0 750 733 2.00 0.0042 97
2 ENGINEERED FILL 2.0 3.0 140.0 750 733 2.00 0.0042 97
3 ENGINEERED FILL 5.0 5.0 140.0 750 683 3.50 0.0144 291
4 ENGINEERED FILL 1.5 10.0 140.0 750 633 5.00 0.0277 483
5 ENGINEERED FILL 35 115 140.0 750 633 5.00 0.0277 483
6 ENGINEERED FILL 5.0 15.0 140.0 750 590 7.00 0.0443 670
7 FILL 5.0 20.0 130.0 525 240 17.00 0.3582 834
8 FILL 5.0 25.0 130.0 525 202 19.50 0.5700 943
9 YOUNG BAY MUD 5.0 30.0 102.0 680 558 6.00 0.1097 1081
10 YOUNG BAY MUD 0.5 35.0 102.0 762 646 5.50 0.0884 1168
11 YOUNG BAY MUD 4.5 355 102.0 762 646 5.50 0.0884 1168
12 COLMA SAND 5.0 40.0 131.5 938 758 5.50 0.0542 1272
13 COLMA SAND 5.0 45.0 131.5 1111 949 4.50 0.0376 1382
14 COLMA SAND 5.0 50.0 131.5 1186 1022 4.25 0.0350 1493
15 COLMA SAND 5.0 55.0 131.5 1278 1115 4.00 0.0316 1604
16 COLMA SAND 5.0 60.0 131.5 1364 1201 3.75 0.0290 1710
17 COLMA SAND 5.0 65.0 131.5 1424 1259 3.75 0.0280 1809
18 COLMA SAND 5.0 70.0 131.5 1241 1036 4.75 0.0437 1915
19 COLMA SAND 5.0 75.0 131.5 1417 1231 4.00 0.0325 2013
20 COLMA SAND 5.0 80.0 131.5 1648 1482 3.50 0.0236 2112
21 COLMA SAND 5.0 85.0 131.5 1332 1111 4.75 0.0438 2208
22 COLMA SAND 5.0 90.0 131.5 987 677 9.00 0.1228 2296
23 COLMA SAND 5.0 95.0 131.5 906 561 11.00 0.1847 2370
24 OLD BAY CLAY 5.0 100.0 116.0 938 784 4.50 0.1100 2433
25 OLD BAY CLAY 5.0 105.0 116.0 965 813 4.25 0.1042 2480
26 OLD BAY CLAY 5.0 110.0 116.0 827 640 5.50 0.1707 2521
27 OLD BAY CLAY 5.0 115.0 116.0 826 636 6.00 0.1767 2571
28 DEEP MARINE SAND 5.0 120.0 132.5 1024 780 7.00 0.1042 2607
29 DEEP MARINE SAND 5.0 125.0 132.5 1181 962 5.50 0.0701 2668
30 DEEP MARINE SAND 5.0 130.0 132.5 1114 878 6.00 0.0859 2724
31 DEEP MARINE SAND 5.0 135.0 132.5 1193 967 5.50 0.0723 2784
32 DEEP MARINE SAND 5.0 140.0 132.5 1786 1636 2.75 0.0259 2856
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Table 7: Horizontal site response analysis result for Main Post Tunnels (deep) profile, SEE scenario (continued)

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf

33 DEEP MARINE SAND 5.0 145.0 132.5 1904 1761 2.75 0.0229 2919
34 DEEP MARINE SAND 5.0 150.0 132.5 1842 1690 2.75 0.0253 2980
35 DEEP MARINE SAND 5.0 155.0 132.5 1578 1396 3.50 0.0378 3034
36 DEEP MARINE SAND 5.0 160.0 132.5 1786 1624 3.00 0.0285 3097
37 OLD BAY CLAY 5.0 165.0 116.0 1083 913 4.25 0.1044 3134
38 OLD BAY CLAY 5.0 170.0 116.0 937 732 5.50 0.1636 3156
39 OLD BAY CLAY 5.0 175.0 116.0 900 686 6.00 0.1871 3168
40 OLD BAY CLAY 5.0 180.0 116.0 844 617 6.50 0.2304 3161
41 OLD BAY CLAY 5.0 185.0 116.0 824 593 7.00 0.2485 3150
42 OLD BAY CLAY 5.0 190.0 116.0 958 757 5.25 0.1533 3167
43 OLD BAY CLAY 5.0 195.0 116.0 949 747 5.50 0.1576 3165
44 OLD BAY CLAY 5.0 200.0 116.0 935 730 5.50 0.1650 3165
45 OLD BAY CLAY 5.0 205.0 116.0 932 726 5.50 0.1672 3172
46 OLD BAY CLAY 5.0 210.0 116.0 1006 815 5.00 0.1340 3204
47 OLD BAY CLAY 5.0 215.0 116.0 1112 942 4.25 0.1017 3250
48 OLD BAY CLAY 5.0 220.0 116.0 1131 962 4.25 0.0989 3298
49 OLD BAY CLAY 5.0 225.0 116.0 1040 845 5.00 0.1312 3379
50 OLD BAY CLAY 5.0 230.0 116.0 1015 811 5.25 0.1453 3441
51 DEEP MARINE SAND 5.0 235.0 132.5 1338 1088 5.50 0.0716 3490
52 DEEP MARINE SAND 5.0 240.0 132.5 1580 1367 4.00 0.0461 3546
53 DEEP MARINE SAND 5.0 245.0 132.5 2037 1872 2.75 0.0252 3642
54 DEEP MARINE SAND 5.0 250.0 132.5 2287 2137 2.50 0.0200 3754
55 DEEP MARINE SAND 5.0 255.0 132.5 2430 2287 2.00 0.0181 3886
56 ROCK BASE 260.0 140.0 3500 3500 2.00
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Table 8: Horizontal site response analysis result for Main Post Tunnels (shallow) profile, SEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 ENGINEERED FILL 3.0 0.0 140.0 750 730 2.00 0.0047 108
2 ENGINEERED FILL 2.0 3.0 140.0 750 730 2.00 0.0047 108
3 ENGINEERED FILL 5.0 5.0 140.0 750 674 3.75 0.0164 324
4 ENGINEERED FILL 15 10.0 140.0 750 621 5.50 0.0321 537
5 ENGINEERED FILL 35 11.5 140.0 750 621 5.50 0.0321 537
6 ENGINEERED FILL 5.0 15.0 140.0 750 573 7.50 0.0522 745
7 FILL 5.0 20.0 130.0 525 210 19.00 0.5198 921
8 FILL 5.0 25.0 130.0 525 178 21.50 0.8182 1049
9 DUNE SAND 5.0 30.0 121.0 750 444 12.75 0.1606 1191
10 DUNE SAND 0.5 35.0 121.0 873 576 10.50 0.1058 1318
11 DUNE SAND 4.5 35.5 121.0 873 576 10.50 0.1058 1318
12 DUNE SAND 5.0 40.0 121.0 1132 868 7.50 0.0510 1443
13 DUNE SAND 5.0 45.0 121.0 966 642 10.50 0.1020 1581
14 COLMA SAND 5.0 50.0 131.5 970 735 7.00 0.0773 1705
15 COLMA SAND 5.0 55.0 131.5 1132 917 5.50 0.0532 1828
16 COLMA SAND 5.0 60.0 131.5 1112 878 6.00 0.0620 1950
17 COLMA SAND 5.0 65.0 131.5 1201 974 5.50 0.0529 2049
18 COLMA SAND 5.0 70.0 131.5 1201 963 5.75 0.0564 2137
19 COLMA SAND 5.0 75.0 131.5 1376 1163 4.50 0.0402 2221
20 COLMA SAND 5.0 80.0 131.5 1322 1089 5.00 0.0477 2309
21 COLMA SAND 5.0 85.0 131.5 1245 987 6.00 0.0599 2386
22 COLMA SAND 5.0 90.0 131.5 1216 944 6.50 0.0675 2454
23 COLMA SAND 5.0 95.0 131.5 1454 1224 4.50 0.0410 2513
24 COLMA SAND 5.0 100.0 131.5 1292 1021 6.00 0.0610 2597
25 COLMA SAND 5.0 105.0 131.5 1598 1379 4.00 0.0342 2654
26 COLMA SAND 5.0 110.0 131.5 1420 1163 5.25 0.0493 2724
27 COLMA SAND 5.0 115.0 131.5 1291 999 6.50 0.0685 2794
28 OLD BAY CLAY 5.0 120.0 116.0 1012 844 4.50 0.1117 2866
29 OLD BAY CLAY 5.0 125.0 116.0 1023 854 4.50 0.1108 2911
30 OLD BAY CLAY 5.0 130.0 116.0 841 629 6.25 0.2064 2937
31 OLD BAY CLAY 5.0 135.0 116.0 799 576 7.00 0.2466 2946
32 DEEP MARINE SAND 5.0 140.0 132.5 1000 721 8.00 0.1382 2957
33 DEEP MARINE SAND 5.0 145.0 132.5 1211 972 5.75 0.0771 2996
34 DEEP MARINE SAND 5.0 150.0 132.5 1381 1167 4.50 0.0547 3064
35 DEEP MARINE SAND 5.0 155.0 132.5 1714 1543 3.00 0.0322 3155
36 DEEP MARINE SAND 5.0 160.0 132.5 1954 1800 3.00 0.0243 3244
37 ROCK BASE 165.0 140.0 3500 3500 2.00
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Table 8: Horizontal site response analysis result for RW8-R1 profile, SEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 5.0 0.0 119.5 550 437 6.50 0.0417 295
2 FILL 5.0 5.0 119.5 650 409 11.50 0.1286 798
3 COLMA CLAY 5.0 10.0 131.0 973 911 3.00 0.0369 1245
4 COLMA CLAY 5.0 15.0 131.0 973 889 3.25 0.0503 1619
5 COLMA CLAY 5.0 20.0 131.0 1075 983 3.25 0.0502 1973
6 COLMA SAND 3.0 25.0 131.0 1459 1255 4.25 0.0358 2297
7 COLMA SAND 2.0 28.0 131.0 1459 1255 4.25 0.0358 2297
8 COLMA SAND 5.0 30.0 131.0 1502 1276 4.50 0.0392 2598
9 COLMA SAND 5.0 35.0 131.0 1464 1204 5.25 0.0487 2872
10 COLMA CLAY 5.0 40.0 131.0 977 797 5.75 0.1208 3123
11 COLMA CLAY 3.0 45.0 131.0 1717 1625 2.75 0.0308 3307
12 COLMA CLAY 2.0 48.0 131.0 1717 1625 2.75 0.0308 3307
13 ROCK 5.0 50.0 140.0 2177 2045 2.00 0.0192 3484
14 ROCK 5.0 55.0 140.0 2767 2639 2.00 0.0122 3694
15 ROCK 5.0 60.0 140.0 2523 2390 2.00 0.0157 3910
16 ROCK 5.0 65.0 140.0 3099 2964 2.00 0.0108 4126
17 ROCK 5.0 70.0 140.0 1294 1139 2.75 0.0769 4333
18 ROCK 5.0 75.0 140.0 1808 1642 2.50 0.0384 4498
19 ROCK 5.0 80.0 140.0 2736 2590 2.00 0.0159 4632
20 ROCK 5.0 85.0 140.0 2669 2518 2.00 0.0172 4754
21 ROCK 5.0 90.0 140.0 1922 1750 2.50 0.0366 4878
22 ROCK 5.0 95.0 140.0 2554 2394 2.00 0.0200 4993
23 ROCK 5.0 100.0 140.0 2669 2510 2.00 0.0186 5100
24 ROCK BASE 105.0 140.0 3500 3500 2.00
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Table 9: Horizontal site response analysis result for RW8-R5 profile, SEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 5.0 0.0 121.0 550 | 480 4.50 0.0213 184
2 COLMA SAND 5.0 5.0 131.5 650 540 5.00 0.0460 547
3 COLMA SAND 5.0 10.0 131.5 940 819 4.00 0.0324 889
4 COLMA SAND 5.0 15.0 131.5 910 735 5.50 0.0546 1206
5 COLMA SAND 5.0 20.0 131.5 1120 946 4.75 0.0409 1497
6 COLMA SAND 5.0 25.0 131.5 1046 823 6.25 0.0638 1762
7 COLMA SAND 5.0 30.0 131.5 1285 1081 4.75 0.0422 2012
8 COLMA SAND 5.0 35.0 131.5 1404 1197 4.50 0.0383 2243
9 COLMA SAND 5.0 40.0 131.5 1285 1032 5.75 0.0565 2457
10 COLMA SAND 5.0 45.0 131.5 1272 992 6.25 0.0667 2681
11 COLMA SAND 5.0 50.0 131.5 1264 960 7.00 0.0768 2891
12 COLMA SAND 5.0 55.0 131.5 1322 1013 6.75 0.0733 3072
13 COLMA SAND 5.0 60.0 131.5 1465 1174 5.75 0.0573 3226
14 COLMA SAND 5.0 65.0 131.5 1348 1015 7.00 0.0805 3385
15 COLMA SAND 5.0 70.0 131.5 1400 1063 7.00 0.0768 3547
16 COLMA SAND 5.0 75.0 131.5 1409 1060 7.00 0.0806 3701
17 COLMA SAND 5.0 80.0 131.5 1585 1265 6.00 0.0587 3834
18 COLMA SAND 5.0 85.0 131.5 1377 994 8.00 0.0988 3987
19 COLMA SAND 5.0 90.0 131.5 1279 857 9.50 0.1375 4123
20 COLMA SAND 5.0 95.0 131.5 1438 1043 8.00 0.0962 4275
21 COLMA SAND 5.0 100.0 131.5 1106 603 13.50 0.2929 4350
22 OLD BAY CLAY 5.0 105.0 116.0 1057 797 6.25 0.1994 4559
23 OLD BAY CLAY 5.0 110.0 116.0 849 534 9.25 0.4532 4654
24 OLD BAY CLAY 5.0 115.0 116.0 1264 1038 4.75 0.1233 4785
25 OLD BAY CLAY 5.0 120.0 116.0 926 616 8.25 0.3570 4881
26 OLD BAY CLAY 5.0 125.0 116.0 1353 1137 4.50 0.1070 4984
27 DEEP MARINE SAND 5.0 130.0 132.5 1703 1415 5.00 0.0617 5082
28 DEEP MARINE SAND 5.0 135.0 132.5 2200 1982 3.00 0.0319 5153
29 DEEP MARINE SAND 5.0 140.0 132.5 2543 2353 2.50 0.0231 5252
30 DEEP MARINE SAND 5.0 145.0 132.5 2631 2442 2.50 0.0219 5380
31 ROCK 5.0 150.0 140.0 3227 3070 2.00 0.0135 5511
32 ROCK 5.0 155.0 140.0 1616 1434 2.50 0.0635 5674
33 ROCK 5.0 160.0 140.0 1479 1299 2.75 0.0791 5808
34 ROCK 5.0 165.0 140.0 2491 2308 2.25 0.0255 5911
35 ROCK 5.0 170.0 140.0 2837 2662 2.00 0.0195 6012
36 ROCK 5.0 175.0 140.0 2075 1882 2.50 0.0398 6133
37 ROCK 5.0 180.0 140.0 2282 2088 2.25 0.0330 6262
38 ROCK 5.0 185.0 140.0 2525 2333 2.25 0.0270 6386
39 ROCK 5.0 190.0 140.0 3164 2988 2.00 0.0167 6502
40 | ROCK | Base | 1950 | 1400 | 3500 | 3500 | 2.00 |
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Table 10: Horizontal site response analysis result for East Battery Tunnels (deep) profile, FEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 3.0 0.0 119.5 560 532 2.50 0.0079 83
2 FILL 2.0 3.0 119.5 560 532 2.50 0.0079 83
3 FILL 2.5 5.0 119.5 679 619 3.25 0.0139 197
4 COLMA SILT 2.5 7.5 131.0 679 631 2.75 0.0165 266
5 COLMA SILT 1.5 10.0 131.0 951 906 2.25 0.0108 360
6 COLMA SILT 3.5 11.5 131.0 951 906 2.25 0.0108 360
7 COLMA SILT 2.5 15.0 131.0 1234 1197 2.00 0.0077 446
8 COLMA SAND 2.5 17.5 131.0 1234 1190 2.00 0.0087 501
9 COLMA SAND 5.0 20.0 131.0 1547 1510 1.75 0.0063 581
10 COLMA SAND 5.0 25.0 131.0 1448 1397 2.00 0.0085 677
11 COLMA SAND 5.0 30.0 131.0 1497 1440 2.00 0.0091 765
12 COLMA SAND 0.5 35.0 131.0 1418 1348 2.25 0.0114 842
13 COLMA SAND 4.5 35.5 131.0 1418 1348 2.25 0.0114 842
14 COLMA CLAY 5.0 40.0 131.0 1534 1506 2.25 0.0098 906
15 COLMA CLAY 5.0 45.0 131.0 1739 1712 2.25 0.0081 961
16 ROCK 5.0 50.0 140.0 2573 2519 2.00 0.0037 1016
17 ROCK 5.0 55.0 140.0 2790 2737 2.00 0.0033 1081
18 ROCK 5.0 60.0 140.0 2916 2862 2.00 0.0032 1143
19 ROCK 5.0 65.0 140.0 3177 3125 2.00 0.0028 1205
20 ROCK BASE 70.0 140.0 3500 3500 2.00
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Table 11: Horizontal site response analysis result for West Battery Tunnels (shallow) profile, FEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress

ft ft pcf ft/sec % % psf
1 FILL 3.0 0.0 119.5 560 541 2.25 0.0056 60
2 FILL 2.0 3.0 119.5 560 541 2.25 0.0056 60
3 FILL 5.0 5.0 119.5 833 794 2.50 0.0073 172
4 FILL 15 10.0 119.5 1000 947 2.50 0.0082 272
5 FILL 3.5 115 119.5 1000 947 2.50 0.0082 272
6 FILL 5.0 15.0 119.5 1150 1090 2.50 0.0081 358
7 COLMA SILT 5.0 20.0 131.0 1500 1474 1.50 0.0050 442
8 COLMA SILT 5.0 25.0 131.0 2000 1983 1.25 0.0032 519
9 ROCK 5.0 30.0 140.0 3897 3886 2.00 0.0009 594
10 ROCK 0.5 35.0 140.0 4490 4480 2.00 0.0008 675
11 ROCK 4.5 35.5 140.0 4490 4480 2.00 0.0008 675
12 ROCK 5.0 40.0 140.0 4011 3997 2.00 0.0011 754
13 ROCK BASE 45.0 140.0 5000 5000 2.00

Table 12: Horizontal site response analysis result for BTSB-R3 profile, FEE scenario
strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
Ft ft pcf ft/sec % % psf

1 FILL 3.0 0.0 119.5 560 533 2.50 0.0075 79
2 FILL 2.0 3.0 119.5 560 533 2.50 0.0075 79
3 FILL 5.0 5.0 119.5 772 717 3.00 0.0110 209
4 COLMA SILT 1.5 10.0 131.0 1018 987 2.00 0.0077 305
5 COLMA SILT 3.5 11.5 131.0 1018 987 2.00 0.0077 305
6 ROCK 5.0 15.0 140.0 3492 3485 2.00 0.0007 391
7 ROCK 5.0 20.0 140.0 4065 4059 2.00 0.0007 484
8 ROCK 5.0 25.0 140.0 4746 4741 2.00 0.0006 577
9 ROCK 5.0 30.0 140.0 4496 4486 2.00 0.0008 676
10 ROCK 0.5 35.0 140.0 4482 4470 2.00 0.0009 768
11 ROCK 4.5 35.5 140.0 4482 4470 2.00 0.0009 768
12 ROCK 5.0 40.0 140.0 4430 4415 2.00 0.0010 861
13 ROCK 5.0 45.0 140.0 4491 4475 2.00 0.0011 951
14 ROCK BASE 50.0 140.0 3500 5000 2.00
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Table 13: Horizontal site response analysis result for Main Post Tunnels (deep) profile, FEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress

ft ft pcf ft/sec % % psf
1 ENGINEERED FILL 3.0 0.0 140.0 750 743 1.25 0.0020 49
2 ENGINEERED FILL 2.0 3.0 140.0 750 743 1.25 0.0020 49
3 ENGINEERED FILL 5.0 5.0 140.0 750 720 2.25 0.0064 145
4 ENGINEERED FILL 1.5 10.0 140.0 750 694 3.00 0.0114 238
5 ENGINEERED FILL 35 115 140.0 750 694 3.00 0.0114 238
6 ENGINEERED FILL 5.0 15.0 140.0 750 674 3.75 0.0165 325
7 FILL 5.0 20.0 130.0 525 383 8.50 0.0666 395
8 FILL 5.0 25.0 130.0 525 366 9.50 0.0830 450
9 YOUNG BAY MUD 5.0 30.0 102.0 680 627 3.25 0.0396 494
10 YOUNG BAY MUD 0.5 35.0 102.0 762 714 2.75 0.0319 515
11 YOUNG BAY MUD 4.5 35.5 102.0 762 714 2.75 0.0319 515
12 COLMA SAND 5.0 40.0 131.5 938 868 2.75 0.0174 536
13 COLMA SAND 5.0 45.0 131.5 1111 1051 2.50 0.0125 562
14 COLMA SAND 5.0 50.0 131.5 1186 1128 2.25 0.0114 590
15 COLMA SAND 5.0 55.0 131.5 1278 1223 2.25 0.0101 617
16 COLMA SAND 5.0 60.0 131.5 1364 1311 2.00 0.0092 645
17 COLMA SAND 5.0 65.0 131.5 1424 1372 2.00 0.0088 678
18 COLMA SAND 5.0 70.0 131.5 1241 1173 2.50 0.0126 710
19 COLMA SAND 5.0 75.0 131.5 1417 1357 2.25 0.0099 741
20 COLMA SAND 5.0 80.0 131.5 1648 1600 1.75 0.0074 771
21 COLMA SAND 5.0 85.0 131.5 1332 1261 2.25 0.0123 801
22 COLMA SAND 5.0 90.0 131.5 987 878 3.50 0.0265 836
23 COLMA SAND 5.0 95.0 131.5 906 783 4.25 0.0346 866
24 OLD BAY CLAY 5.0 100.0 116.0 938 896 2.75 0.0305 881
25 OLD BAY CLAY 5.0 105.0 116.0 965 924 2.50 0.0291 895
26 OLD BAY CLAY 5.0 110.0 116.0 827 774 2.75 0.0421 907
27 OLD BAY CLAY 5.0 115.0 116.0 826 772 2.75 0.0425 912
28 DEEP MARINE SAND 5.0 120.0 132.5 1024 942 2.75 0.0250 912
29 DEEP MARINE SAND 5.0 125.0 132.5 1181 1112 2.25 0.0179 910
30 DEEP MARINE SAND 5.0 130.0 132.5 1114 1039 2.50 0.0205 912
31 DEEP MARINE SAND 5.0 135.0 132.5 1193 1124 2.25 0.0177 922
32 DEEP MARINE SAND 5.0 140.0 132.5 1786 1746 1.25 0.0075 941
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Table 14: Horizontal site response analysis result for Main Post Tunnels (deep) profile, FEE scenario (continued)

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
33 DEEP MARINE SAND 5.0 145.0 132.5 1904 1867 1.25 0.0067 966
34 DEEP MARINE SAND 5.0 150.0 132.5 1842 1802 1.25 0.0074 992
35 DEEP MARINE SAND 5.0 155.0 132.5 1578 1524 1.75 0.0107 1019
36 DEEP MARINE SAND 5.0 160.0 132.5 1786 1740 1.50 0.0084 1043
37 OLD BAY CLAY 5.0 165.0 116.0 1083 1039 2.50 0.0274 1065
38 OLD BAY CLAY 5.0 170.0 116.0 937 882 2.75 0.0387 1084
39 OLD BAY CLAY 5.0 175.0 116.0 900 840 2.75 0.0433 1099
40 OLD BAY CLAY 5.0 180.0 116.0 844 777 3.00 0.0509 1106
41 OLD BAY CLAY 5.0 185.0 116.0 824 754 3.00 0.0539 1104
42 OLD BAY CLAY 5.0 190.0 116.0 958 903 2.75 0.0379 1112
43 OLD BAY CLAY 5.0 195.0 116.0 949 892 2.75 0.0390 1118
44 OLD BAY CLAY 5.0 200.0 116.0 935 877 2.75 0.0405 1120
45 OLD BAY CLAY 5.0 205.0 116.0 932 873 2.75 0.0410 1125
46 OLD BAY CLAY 5.0 210.0 116.0 1006 954 2.75 0.0343 1126
47 OLD BAY CLAY 5.0 215.0 116.0 1112 1067 2.50 0.0275 1128
48 OLD BAY CLAY 5.0 220.0 116.0 1131 1086 2.50 0.0266 1130
49 OLD BAY CLAY 5.0 225.0 116.0 1040 990 2.75 0.0323 1139
50 OLD BAY CLAY 5.0 230.0 116.0 1015 963 2.75 0.0343 1146
51 DEEP MARINE SAND 5.0 235.0 132.5 1338 1261 2.25 0.0175 1148
52 DEEP MARINE SAND 5.0 240.0 132.5 1580 1516 1.75 0.0124 1170
53 DEEP MARINE SAND 5.0 245.0 132.5 2037 1994 1.25 0.0073 1192
54 DEEP MARINE SAND 5.0 250.0 132.5 2287 2251 1.25 0.0058 1215
55 DEEP MARINE SAND 5.0 255.0 132.5 2430 2398 1.00 0.0052 1238
56 ROCK BASE 260.0 140.0 3500 3500 2.00
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Table 15: Horizontal site response analysis result for Main Post Tunnels (shallow) profile, FEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 ENGINEERED FILL 3.0 0.0 140.0 750 741 1.50 0.0025 59
2 ENGINEERED FILL 2.0 3.0 140.0 750 741 1.50 0.0025 59
3 ENGINEERED FILL 5.0 5.0 140.0 750 711 2.50 0.0079 175
4 ENGINEERED FILL 1.5 10.0 140.0 750 683 3.50 0.0141 285
5 ENGINEERED FILL 35 11.5 140.0 750 683 3.50 0.0141 285
6 ENGINEERED FILL 5.0 15.0 140.0 750 657 4.25 0.0205 385
7 FILL 5.0 20.0 130.0 525 361 9.75 0.0883 464
8 FILL 5.0 25.0 130.0 525 345 10.75 0.1077 516
9 DUNE SAND 5.0 30.0 121.0 750 594 6.50 0.0423 560
10 DUNE SAND 0.5 35.0 121.0 873 730 5.25 0.0293 587
11 DUNE SAND 4.5 35.5 121.0 873 730 5.25 0.0293 587
12 DUNE SAND 5.0 40.0 121.0 1132 1017 3.75 0.0161 627
13 DUNE SAND 5.0 45.0 121.0 966 821 5.00 0.0262 664
14 COLMA SAND 5.0 50.0 131.5 970 877 3.25 0.0224 704
15 COLMA SAND 5.0 55.0 131.5 1132 1051 2.75 0.0165 744
16 COLMA SAND 5.0 60.0 131.5 1112 1024 3.00 0.0183 782
17 COLMA SAND 5.0 65.0 131.5 1201 1117 2.75 0.0161 818
18 COLMA SAND 5.0 70.0 131.5 1201 1113 2.75 0.0168 850
19 COLMA SAND 5.0 75.0 131.5 1376 1300 2.50 0.0127 877
20 COLMA SAND 5.0 80.0 1315 1322 1239 2.50 0.0143 899
21 COLMA SAND 5.0 85.0 131.5 1245 1153 2.75 0.0169 919
22 COLMA SAND 5.0 90.0 131.5 1216 1119 3.00 0.0183 938
23 COLMA SAND 5.0 95.0 131.5 1454 1375 2.50 0.0125 966
24 COLMA SAND 5.0 100.0 1315 1292 1197 2.75 0.0169 991
25 COLMA SAND 5.0 105.0 131.5 1598 1524 2.25 0.0107 1014
26 COLMA SAND 5.0 110.0 131.5 1420 1331 2.50 0.0143 1038
27 COLMA SAND 5.0 115.0 131.5 1291 1188 3.00 0.0184 1062
28 OLD BAY CLAY 5.0 120.0 116.0 1012 963 2.75 0.0323 1081
29 OLD BAY CLAY 5.0 125.0 116.0 1023 974 2.75 0.0321 1095
30 OLD BAY CLAY 5.0 130.0 116.0 841 773 3.00 0.0514 1107
31 OLD BAY CLAY 5.0 135.0 116.0 799 725 3.25 0.0589 1116
32 DEEP MARINE SAND 5.0 140.0 132.5 1000 895 3.25 0.0342 1126
33 DEEP MARINE SAND 5.0 145.0 132.5 1211 1125 2.50 0.0218 1136
34 DEEP MARINE SAND 5.0 150.0 132.5 1381 1307 2.00 0.0163 1145
35 DEEP MARINE SAND 5.0 155.0 132.5 1714 1657 1.50 0.0102 1156
36 DEEP MARINE SAND 5.0 160.0 132.5 1954 1908 1.25 0.0078 1172
37 ROCK BASE 165.0 140.0 3500 3500 2.00
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Table 16: Horizontal site response analysis result for RW8-R1 profile, FEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 5.0 0.0 119.5 550 511 3.00 0.0110 106
2 FILL 5.0 5.0 119.5 650 552 5.00 0.0263 298
3 COLMA CLAY 5.0 10.0 131.0 973 951 2.25 0.0127 466
4 COLMA CLAY 5.0 15.0 131.0 973 944 2.25 0.0169 615
5 COLMA CLAY 5.0 20.0 131.0 1075 1044 2.25 0.0166 736
6 COLMA SAND 3.0 25.0 131.0 1459 1392 2.25 0.0107 846
7 COLMA SAND 2.0 28.0 131.0 1459 1392 2.25 0.0107 846
8 COLMA SAND 5.0 30.0 131.0 1502 1428 2.25 0.0114 946
9 COLMA SAND 5.0 35.0 131.0 1464 1380 2.50 0.0133 1034
10 COLMA CLAY 5.0 40.0 131.0 977 923 2.75 0.0320 1108
11 COLMA CLAY 3.0 45.0 131.0 1717 1684 2.25 0.0101 1164
12 COLMA CLAY 2.0 48.0 131.0 1717 1684 2.25 0.0101 1164
13 ROCK 5.0 50.0 140.0 2177 2108 2.00 0.0063 1217
14 ROCK 5.0 55.0 140.0 2767 2704 2.00 0.0040 1271
15 ROCK 5.0 60.0 140.0 2523 2455 2.00 0.0051 1325
16 ROCK 5.0 65.0 140.0 3099 3038 2.00 0.0034 1375
17 ROCK 5.0 70.0 140.0 1294 1206 2.25 0.0225 1423
18 ROCK 5.0 75.0 140.0 1808 1727 2.00 0.0112 1459
19 ROCK 5.0 80.0 140.0 2736 2664 2.00 0.0048 1486
20 ROCK 5.0 85.0 140.0 2669 2594 2.00 0.0052 1530
21 ROCK 5.0 90.0 140.0 1922 1838 2.00 0.0108 1580
22 ROCK 5.0 95.0 140.0 2554 2474 2.00 0.0061 1624
23 ROCK 5.0 100.0 140.0 2669 2589 2.00 0.0057 1664
24 ROCK BASE 105.0 140.0 3500 3500 2.00
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Table 17: Horizontal site response analysis result for RW8-R5 profile, FEE scenario

strain-compatible Peak shear Peak shear
Layer No. Soil Type Thickness | Top Depth Unit Weight small strain Vs Vs Damping strain stress
ft ft pcf ft/sec % % psf
1 FILL 5.0 0.0 121.0 550 520 2.50 0.0083 85
2 COLMA SAND 5.0 5.0 131.5 650 602 2.75 0.0170 252
3 COLMA SAND 5.0 10.0 1315 940 889 2.50 0.0127 408
4 COLMA SAND 5.0 15.0 131.5 910 835 3.00 0.0192 547
5 COLMA SAND 5.0 20.0 131.5 1120 1048 2.50 0.0151 677
6 COLMA SAND 5.0 25.0 131.5 1046 949 3.25 0.0217 798
7 COLMA SAND 5.0 30.0 131.5 1285 1200 2.75 0.0155 913
8 COLMA SAND 5.0 35.0 131.5 1404 1318 2.50 0.0143 1017
9 COLMA SAND 5.0 40.0 131.5 1285 1176 3.00 0.0196 1110
10 COLMA SAND 5.0 45.0 131.5 1272 1152 3.25 0.0221 1196
11 COLMA SAND 5.0 50.0 131.5 1264 1135 3.50 0.0241 1271
12 COLMA SAND 5.0 55.0 1315 1322 1193 3.25 0.0230 1334
13 COLMA SAND 5.0 60.0 131.5 1465 1347 3.00 0.0188 1389
14 COLMA SAND 5.0 65.0 1315 1348 1212 3.25 0.0239 1436
15 COLMA SAND 5.0 70.0 131.5 1400 1265 3.25 0.0226 1477
16 COLMA SAND 5.0 75.0 131.5 1409 1272 3.25 0.0228 1509
17 COLMA SAND 5.0 80.0 131.5 1585 1465 2.75 0.0175 1538
18 COLMA SAND 5.0 85.0 131.5 1377 1231 3.50 0.0252 1562
19 COLMA SAND 5.0 90.0 1315 1279 1119 4.00 0.0310 1583
20 COLMA SAND 5.0 95.0 131.5 1438 1293 3.25 0.0237 1616
21 COLMA SAND 5.0 100.0 131.5 1106 912 5.25 0.0477 1621
22 OLD BAY CLAY 5.0 105.0 116.0 1057 977 3.00 0.0488 1675
23 OLD BAY CLAY 5.0 110.0 116.0 849 737 3.75 0.0863 1687
24 OLD BAY CLAY 5.0 115.0 116.0 1264 1202 2.75 0.0330 1716
25 OLD BAY CLAY 5.0 120.0 116.0 926 825 3.50 0.0698 1710
26 OLD BAY CLAY 5.0 125.0 116.0 1353 1296 2.50 0.0285 1723
27 DEEP MARINE SAND 5.0 130.0 132.5 1703 1613 2.00 0.0162 1731
28 DEEP MARINE SAND 5.0 135.0 132.5 2200 2136 1.50 0.0093 1740
29 DEEP MARINE SAND 5.0 140.0 132.5 2543 2493 1.25 0.0068 1749
30 DEEP MARINE SAND 5.0 145.0 132.5 2631 2583 1.25 0.0064 1767
31 ROCK 5.0 150.0 140.0 3227 3152 2.00 0.0041 1792
32 ROCK 5.0 155.0 140.0 1616 1522 2.00 0.0181 1820
33 ROCK 5.0 160.0 140.0 1479 1379 2.25 0.0223 1842
34 ROCK 5.0 165.0 140.0 2491 2402 2.00 0.0074 1861
35 ROCK 5.0 170.0 140.0 2837 2752 2.00 0.0057 1880
36 ROCK 5.0 175.0 140.0 2075 1983 2.00 0.0111 1900
37 ROCK 5.0 180.0 140.0 2282 2190 2.00 0.0093 1942
38 ROCK 5.0 185.0 140.0 2525 2433 2.00 0.0077 1983
39 ROCK 5.0 190.0 140.0 3164 3080 2.00 0.0049 2032
40 ROCK BASE 195.0 140.0 3500 3500 2.00
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Table 18: Compression wave velocity and damping ratio used in vertical site response analysis
for East Battery Tunnels (deep) profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 3.0 0.0 5.00 1200
2 FILL 2.0 3.0 5.00 1200
3 FILL 25 5.0 7.50 1200
4 COLMA SILT 25 7.5 6.00 1200
5 COLMA SILT 15 10.0 4.25 2000
6 COLMA SILT 35 115 4.25 2000
7 COLMA SILT 25 15.0 3.50 2500
8 COLMA SAND 25 175 3.75 2500
9 COLMA SAND 5.0 20.0 3.00 3000
10 COLMA SAND 5.0 25.0 3.50 3000
11 COLMA SAND 5.0 30.0 3.75 4000
12 COLMA SAND 0.5 35.0 4.50 4000
13 COLMA SAND 4.5 355 4.50 4500
14 COLMA CLAY 5.0 40.0 2.50 4500
15 COLMA CLAY 5.0 45.0 2.50 6000
16 ROCK 5.0 50.0 2.00 7000
17 ROCK 5.0 55.0 2.00 7500
18 ROCK 5.0 60.0 2.00 7500
19 ROCK 5.0 65.0 2.00 7500
20 ROCK BASE 70.0 2.00 7500

Table 19: Compression wave velocity and damping ratio used in vertical site response analysis
for West Battery Tunnels (shallow) profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 3.0 0.0 4.00 1200
2 FILL 2.0 3.0 4.00 1200
3 FILL 5.0 5.0 4.50 1800
4 FILL 15 10.0 5.00 2500
5 FILL 35 11.5 5.00 2500
6 FILL 5.0 15.0 5.00 4000
7 COLMA SILT 5.0 20.0 2.50 5000
8 COLMA SILT 5.0 25.0 2.00 7000
9 ROCK 5.0 30.0 2.00 9000
10 ROCK 0.5 35.0 2.00 10000
11 ROCK 4.5 355 2.00 10000
12 ROCK 5.0 40.0 2.00 10000
13 ROCK BASE 45.0 2.00 10000
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Table 20: Compression wave velocity and damping ratio used in vertical site response analysis
for BTSB-R3 profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 3.0 0.0 5.25 1200
2 FILL 2.0 3.0 5.25 1200
3 FILL 5.0 5.0 6.75 2000
4 COLMA SILT 1.5 10.0 3.50 2000
5 COLMA SILT 35 115 3.50 3000
6 ROCK 5.0 15.0 2.00 7000
7 ROCK 5.0 20.0 2.00 8500
8 ROCK 5.0 25.0 2.00 9500
9 ROCK 5.0 30.0 2.00 10000
10 ROCK 0.5 35.0 2.00 10000
11 ROCK 4.5 35.5 2.00 10000
12 ROCK 5.0 40.0 2.00 10000
13 ROCK 5.0 45.0 2.00 10000
14 ROCK BASE 50.0 2.00 10000
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Table 1: Description of profiles used in the site response analyses
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Vszo
Area Profile (ft/sec) Depth of computed motion (ft*)
East (deep) profile 3000
Battery Tunnels West (shallow) profile 3000 0 (ground surface)
3.0 (crown of the tunnel)
BTSB-R3 5000 ;
Deep profile 3000 11.5 (top of side wall)
i 35.5 (invert of the tunnel
Main Post Tunnels Shallow profile 3000 ( )
0 (ground surface)
RW8-R1 3000 28.0 (bottom of retaining wall)
o 48.0 (20ft below bottom of retaining wall)
Retaining Wall No. 8
0 (ground surface)
RW8-R5 3000 20.0 (bottom of retaining wall)
40.0 (20ft below bottom of retaining wall)

* Below ground surface

Table 2: Unit weight used in the site response analyses

Area Soil Type Unit weight (pcf)
Fill 119.5
Silt (Colma Formation) 131.0
Battery Tunnels and RW8-R1 Sand (Colma Formation) 131.0
Clay (Colma Formation) 131.0
Franciscan Rock 140.0
Engineered Fill 140.0
Fill 130.0
Dune Sand 121.0
Main Post Tunnels and RW8- Sand (Colma Formation) 131.5
R5 Young bay mud 102.0
Old bay clay 116.0
Deep marine sand 132.5
Franciscan Rock 140.0
Table 3: Time histories used in the site response analyses
Scenario Earthquake Station Comp for FN Comp for FP
1990 Manijil, Iran Abbar T L
SEE 1999 Kocaeli, Turkey Izmit 090 180
1999 Chi-Chi, Taiwan TCU 076 E N
1989 Loma Prieta Gilroy Array #6 000 090
FEE 1999 Duzce, Turkey Lamont 1061 N E
1999 Hector Mine Hector 090 000
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Table 21: Compression wave velocity and damping ratio used in vertical site response analysis
for Main Post Tunnels (deep) profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 ENGINEERED FILL 3.0 0.0 2.00 2500
2 ENGINEERED FILL 2.0 3.0 2.00 2500
3 ENGINEERED FILL 5.0 5.0 3.50 2500
4 ENGINEERED FILL 15 10.0 5.00 2500
5 ENGINEERED FILL 35 115 5.00 2500
6 ENGINEERED FILL 5.0 15.0 7.00 2500
7 FILL 5.0 20.0 10.00 1200
8 FILL 5.0 25.0 10.00 1200
9 YOUNG BAY MUD 5.0 30.0 6.00 3000
10 YOUNG BAY MUD 0.5 35.0 5.50 3000
11 YOUNG BAY MUD 4.5 35.5 5.50 3000
12 COLMA SAND 5.0 40.0 5.50 4500
13 COLMA SAND 5.0 45.0 4.50 5300
14 COLMA SAND 5.0 50.0 4.25 5300
15 COLMA SAND 5.0 55.0 4.00 5300
16 COLMA SAND 5.0 60.0 3.75 5500
17 COLMA SAND 5.0 65.0 3.75 5500
18 COLMA SAND 5.0 70.0 4.75 5500
19 COLMA SAND 5.0 75.0 4.00 5500
20 COLMA SAND 5.0 80.0 3.50 5500
21 COLMA SAND 5.0 85.0 4.75 5500
22 COLMA SAND 5.0 90.0 9.00 3500
23 COLMA SAND 5.0 95.0 10.00 3500
24 OLD BAY CLAY 5.0 100.0 4.50 4000
25 OLD BAY CLAY 5.0 105.0 4.25 4000
26 OLD BAY CLAY 5.0 110.0 5.50 3700
27 OLD BAY CLAY 5.0 115.0 6.00 3700
28 DEEP MARINE SAND 5.0 120.0 7.00 4500
29 DEEP MARINE SAND 5.0 125.0 5.50 5000
30 DEEP MARINE SAND 5.0 130.0 6.00 5000
31 DEEP MARINE SAND 5.0 135.0 5.50 5500
32 DEEP MARINE SAND 5.0 140.0 2.75 5500
33 DEEP MARINE SAND 5.0 145.0 2.75 5800
34 DEEP MARINE SAND 5.0 150.0 2.75 5800
35 DEEP MARINE SAND 5.0 155.0 3.50 5800
36 DEEP MARINE SAND 5.0 160.0 3.00 5800
37 OLD BAY CLAY 5.0 165.0 4.25 5500
38 OLD BAY CLAY 5.0 170.0 5.50 4000
39 OLD BAY CLAY 5.0 175.0 6.00 4000
40 OLD BAY CLAY 5.0 180.0 6.50 3500
41 OLD BAY CLAY 5.0 185.0 7.00 3500
42 OLD BAY CLAY 5.0 190.0 5.25 4000
43 OLD BAY CLAY 5.0 195.0 5.50 4000
44 OLD BAY CLAY 5.0 200.0 5.50 4000
45 OLD BAY CLAY 5.0 205.0 5.50 4000
46 OLD BAY CLAY 5.0 210.0 5.00 4700
47 OLD BAY CLAY 5.0 215.0 4.25 4700
48 OLD BAY CLAY 5.0 220.0 4.25 4700
49 OLD BAY CLAY 5.0 225.0 5.00 4700
50 OLD BAY CLAY 5.0 230.0 5.25 4700
51 DEEP MARINE SAND 5.0 235.0 5.50 5800
52 DEEP MARINE SAND 5.0 240.0 4.00 5800
53 DEEP MARINE SAND 5.0 245.0 2.75 6000
54 DEEP MARINE SAND 5.0 250.0 2.50 6000
55 DEEP MARINE SAND 5.0 255.0 2.00 7500
56 ROCK BASE 260.0 2.00 10000
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Table 22: Compression wave velocity and damping ratio used in vertical site response analysis
for Main Post Tunnels (shallow) profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 ENGINEERED FILL 3.0 0.0 2.00 2500
2 ENGINEERED FILL 2.0 3.0 2.00 2500
3 ENGINEERED FILL 5.0 5.0 3.75 2500
4 ENGINEERED FILL 1.5 10.0 5.50 2500
5 ENGINEERED FILL 3.5 11.5 5.50 2500
6 ENGINEERED FILL 5.0 15.0 7.50 2500
7 FILL 5.0 20.0 10.00 1200
8 FILL 5.0 25.0 10.00 1200
9 DUNE SAND 5.0 30.0 10.00 3000
10 DUNE SAND 0.5 35.0 10.00 3000
11 DUNE SAND 4.5 35.5 10.00 3000
12 DUNE SAND 5.0 40.0 7.50 3500
13 DUNE SAND 5.0 45.0 10.00 3500
14 COLMA SAND 5.0 50.0 7.00 4000
15 COLMA SAND 5.0 55.0 5.50 5000
16 COLMA SAND 5.0 60.0 6.00 5300
17 COLMA SAND 5.0 65.0 5.50 5500
18 COLMA SAND 5.0 70.0 5.75 5500
19 COLMA SAND 5.0 75.0 4.50 5500
20 COLMA SAND 5.0 80.0 5.00 5500
21 COLMA SAND 5.0 85.0 6.00 5500
22 COLMA SAND 5.0 90.0 6.50 5500
23 COLMA SAND 5.0 95.0 4.50 5500
24 COLMA SAND 5.0 100.0 6.00 5500
25 COLMA SAND 5.0 105.0 4.00 5500
26 COLMA SAND 5.0 110.0 5.25 5500
27 COLMA SAND 5.0 115.0 6.50 5500
28 OLD BAY CLAY 5.0 120.0 4.50 4500
29 OLD BAY CLAY 5.0 125.0 4.50 4500
30 OLD BAY CLAY 5.0 130.0 6.25 3500
31 OLD BAY CLAY 5.0 135.0 7.00 3500
32 DEEP MARINE SAND 5.0 140.0 8.00 4000
33 DEEP MARINE SAND 5.0 145.0 5.75 5000
34 DEEP MARINE SAND 5.0 150.0 4.50 5800
35 DEEP MARINE SAND 5.0 155.0 3.00 6000
36 DEEP MARINE SAND 5.0 160.0 3.00 7500
37 ROCK BASE 165.0 2.00 10000

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 27



amec®

Table 23: Compression wave velocity and damping ratio used in vertical site response analysis
for RW8-R1 profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp
ft ft % ft/sec
1 FILL 5.0 0.0 6.50 1200.0
2 FILL 5.0 5.0 10.00 1200.0
3 COLMA CLAY 5.0 10.0 3.00 2000.0
4 COLMA CLAY 5.0 15.0 3.25 2000.0
5 COLMA CLAY 5.0 20.0 3.25 2500.0
6 COLMA SAND 3.0 25.0 4.25 3000.0
7 COLMA SAND 2.0 28.0 4.25 3000.0
8 COLMA SAND 5.0 30.0 4.50 3500.0
9 COLMA SAND 5.0 35.0 5.25 4000.0
10 COLMA CLAY 5.0 40.0 5.75 4000.0
11 COLMA CLAY 3.0 45.0 2.75 6500.0
12 COLMA CLAY 2.0 48.0 2.75 7500.0
13 ROCK 5.0 50.0 2.00 7500.0
14 ROCK 5.0 55.0 2.00 8500.0
15 ROCK 5.0 60.0 2.00 8500.0
16 ROCK 5.0 65.0 2.00 9000.0
17 ROCK 5.0 70.0 2.75 5500.0
18 ROCK 5.0 75.0 2.50 7000.0
19 ROCK 5.0 80.0 2.00 7500.0
20 ROCK 5.0 85.0 2.00 7500.0
21 ROCK 5.0 90.0 2.50 7500.0
22 ROCK 5.0 95.0 2.00 7500.0
23 ROCK 5.0 100.0 2.00 7500.0
24 ROCK BASE 105.0 2.00 10000.0
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Table 24: Compression wave velocity and damping ratio used in vertical site response analysis
for RW8-R5 profile, SEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp
ft ft % ft/sec
1 FILL 5.0 0.0 4.50 2000.0
2 COLMA SAND 5.0 5.0 5.00 2000.0
3 COLMA SAND 5.0 10.0 4.00 2500.0
4 COLMA SAND 5.0 15.0 5.50 3000.0
5 COLMA SAND 5.0 20.0 4.75 3500.0
6 COLMA SAND 5.0 25.0 6.25 4000.0
7 COLMA SAND 5.0 30.0 4.75 4500.0
8 COLMA SAND 5.0 35.0 4.50 5000.0
9 COLMA SAND 5.0 40.0 5.75 5500.0
10 COLMA SAND 5.0 45.0 6.25 5500.0
11 COLMA SAND 5.0 50.0 7.00 5500.0
12 COLMA SAND 5.0 55.0 6.75 5500.0
13 COLMA SAND 5.0 60.0 5.75 5500.0
14 COLMA SAND 5.0 65.0 7.00 5500.0
15 COLMA SAND 5.0 70.0 7.00 5500.0
16 COLMA SAND 5.0 75.0 7.00 5500.0
17 COLMA SAND 5.0 80.0 6.00 5500.0
18 COLMA SAND 5.0 85.0 8.00 5000.0
19 COLMA SAND 5.0 90.0 9.50 5000.0
20 COLMA SAND 5.0 95.0 8.00 4500.0
21 COLMA SAND 5.0 100.0 10.00 3500.0
22 OLD BAY CLAY 5.0 105.0 6.25 3500.0
23 OLD BAY CLAY 5.0 110.0 9.25 3500.0
24 OLD BAY CLAY 5.0 115.0 4.75 4000.0
25 OLD BAY CLAY 5.0 120.0 8.25 4000.0
26 OLD BAY CLAY 5.0 125.0 4.50 5500.0
27 DEEP MARINE SAND 5.0 130.0 5.00 6000.0
28 DEEP MARINE SAND 5.0 135.0 3.00 7000.0
29 DEEP MARINE SAND 5.0 140.0 2.50 8500.0
30 DEEP MARINE SAND 5.0 145.0 2.50 8500.0
31 ROCK 5.0 150.0 2.00 8500.0
32 ROCK 5.0 155.0 2.50 6000.0
33 ROCK 5.0 160.0 2.75 6000.0
34 ROCK 5.0 165.0 2.25 7500.0
35 ROCK 5.0 170.0 2.00 7500.0
36 ROCK 5.0 175.0 2.50 7500.0
37 ROCK 5.0 180.0 2.25 7500.0
38 ROCK 5.0 185.0 2.25 7500.0
39 ROCK 5.0 190.0 2.00 7500.0
40 ROCK BASE 195.0 2.00 10000.0
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Table 25: Compression wave velocity and damping ratio used in vertical site response analysis
for East Battery Tunnels (deep) profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 3.0 0.0 2.50 1200
2 FILL 2.0 3.0 2.50 1200
3 FILL 25 5.0 3.25 1200
4 COLMA SILT 25 7.5 2.75 1200
5 COLMA SILT 15 10.0 2.25 2000
6 COLMA SILT 35 115 2.25 2000
7 COLMA SILT 25 15.0 2.00 2500
8 COLMA SAND 25 175 2.00 2500
9 COLMA SAND 5.0 20.0 1.75 3000
10 COLMA SAND 5.0 25.0 2.00 3000
11 COLMA SAND 5.0 30.0 2.00 4000
12 COLMA SAND 0.5 35.0 2.25 4000
13 COLMA SAND 4.5 355 2.25 4500
14 COLMA CLAY 5.0 40.0 2.25 4500
15 COLMA CLAY 5.0 45.0 2.25 6000
16 ROCK 5.0 50.0 2.00 7000
17 ROCK 5.0 55.0 2.00 7500
18 ROCK 5.0 60.0 2.00 7500
19 ROCK 5.0 65.0 2.00 7500
20 ROCK BASE 70.0 2.00 7500

Table 26: Compression wave velocity and damping ratio used in vertical site response analysis
for West Battery Tunnels (shallow) profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 3.0 0.0 2.25 1200
2 FILL 2.0 3.0 2.25 1200
3 FILL 5.0 5.0 2.50 1800
4 FILL 1.5 10.0 2.50 2500
5 FILL 3.5 11.5 2.50 2500
6 FILL 5.0 15.0 2.50 4000
7 COLMA SILT 5.0 20.0 1.50 5000
8 COLMA SILT 5.0 25.0 1.25 7000
9 ROCK 5.0 30.0 2.00 9000
10 ROCK 0.5 35.0 2.00 10000
11 ROCK 4.5 35.5 2.00 10000
12 ROCK 5.0 40.0 2.00 10000
13 ROCK BASE 45.0 2.00 10000

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 30



amec®

Table 27: Compression wave velocity and damping ratio used in vertical site response analysis
for BTSB-R3 profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 3.0 0.0 2.50 1200
2 FILL 2.0 3.0 2.50 1200
3 FILL 5.0 5.0 3.00 2000
4 COLMA SILT 1.5 10.0 2.00 2000
5 COLMA SILT 35 11.5 2.00 3000
6 ROCK 5.0 15.0 2.00 7000
7 ROCK 5.0 20.0 2.00 8500
8 ROCK 5.0 25.0 2.00 9500
9 ROCK 5.0 30.0 2.00 10000
10 ROCK 0.5 35.0 2.00 10000
11 ROCK 4.5 35.5 2.00 10000
12 ROCK 5.0 40.0 2.00 10000
13 ROCK 5.0 45.0 2.00 10000
14 ROCK BASE 50.0 2.00 10000
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Table 28: Compression wave velocity and damping ratio used in vertical site response analysis
for Main Post Tunnels (deep) profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 ENGINEERED FILL 3.0 0.0 1.25 3000
2 ENGINEERED FILL 2.0 3.0 1.25 3000
3 ENGINEERED FILL 5.0 5.0 2.25 3000
4 ENGINEERED FILL 15 10.0 3.00 3000
5 ENGINEERED FILL 35 115 3.00 3000
6 ENGINEERED FILL 5.0 15.0 3.75 3000
7 FILL 5.0 20.0 8.50 1750
8 FILL 5.0 25.0 9.50 1750
9 YOUNG BAY MUD 5.0 30.0 3.25 3000
10 YOUNG BAY MUD 0.5 35.0 2.75 3000
11 YOUNG BAY MUD 4.5 35.5 2.75 3000
12 COLMA SAND 5.0 40.0 2.75 4500
13 COLMA SAND 5.0 45.0 2.50 5300
14 COLMA SAND 5.0 50.0 2.25 5300
15 COLMA SAND 5.0 55.0 2.25 5300
16 COLMA SAND 5.0 60.0 2.00 5500
17 COLMA SAND 5.0 65.0 2.00 5500
18 COLMA SAND 5.0 70.0 2.50 5500
19 COLMA SAND 5.0 75.0 2.25 5500
20 COLMA SAND 5.0 80.0 1.75 5500
21 COLMA SAND 5.0 85.0 2.25 5500
22 COLMA SAND 5.0 90.0 3.50 4000
23 COLMA SAND 5.0 95.0 4.25 4000
24 OLD BAY CLAY 5.0 100.0 2.75 4500
25 OLD BAY CLAY 5.0 105.0 2.50 4500
26 OLD BAY CLAY 5.0 110.0 2.75 4000
27 OLD BAY CLAY 5.0 115.0 2.75 4000
28 DEEP MARINE SAND 5.0 120.0 2.75 4500
29 DEEP MARINE SAND 5.0 125.0 2.25 5200
30 DEEP MARINE SAND 5.0 130.0 2.50 5200
31 DEEP MARINE SAND 5.0 135.0 2.25 5500
32 DEEP MARINE SAND 5.0 140.0 1.25 5500
33 DEEP MARINE SAND 5.0 145.0 1.25 5800
34 DEEP MARINE SAND 5.0 150.0 1.25 5800
35 DEEP MARINE SAND 5.0 155.0 1.75 5800
36 DEEP MARINE SAND 5.0 160.0 1.50 5800
37 OLD BAY CLAY 5.0 165.0 2.50 5500
38 OLD BAY CLAY 5.0 170.0 2.75 4500
39 OLD BAY CLAY 5.0 175.0 2.75 4500
40 OLD BAY CLAY 5.0 180.0 3.00 4000
41 OLD BAY CLAY 5.0 185.0 3.00 4000
42 OLD BAY CLAY 5.0 190.0 2.75 4500
43 OLD BAY CLAY 5.0 195.0 2.75 4500
44 OLD BAY CLAY 5.0 200.0 2.75 4500
45 OLD BAY CLAY 5.0 205.0 2.75 4500
46 OLD BAY CLAY 5.0 210.0 2.75 5000
47 OLD BAY CLAY 5.0 215.0 2.50 5000
48 OLD BAY CLAY 5.0 220.0 2.50 5000
49 OLD BAY CLAY 5.0 225.0 2.75 5000
50 OLD BAY CLAY 5.0 230.0 2.75 5000
51 DEEP MARINE SAND 5.0 235.0 2.25 5800
52 DEEP MARINE SAND 5.0 240.0 1.75 5800
53 DEEP MARINE SAND 5.0 245.0 1.25 6000
54 DEEP MARINE SAND 5.0 250.0 1.25 6000
55 DEEP MARINE SAND 5.0 255.0 1.00 7500
56 ROCK BASE 260.0 2.00 10000
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Table 29: Compression wave velocity and damping ratio used in vertical site response analysis
for Main Post Tunnels (shallow) profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 ENGINEERED FILL 3.0 0.0 1.50 3000
2 ENGINEERED FILL 2.0 3.0 1.50 3000
3 ENGINEERED FILL 5.0 5.0 2.50 3000
4 ENGINEERED FILL 15 10.0 3.50 3000
5 ENGINEERED FILL 35 115 3.50 3000
6 ENGINEERED FILL 5.0 15.0 4.25 3000
7 FILL 5.0 20.0 9.75 1750
8 FILL 5.0 25.0 10.00 1750
9 DUNE SAND 5.0 30.0 6.50 3000
10 DUNE SAND 0.5 35.0 5.25 3000
11 DUNE SAND 4.5 35.5 5.25 3000
12 DUNE SAND 5.0 40.0 3.75 3700
13 DUNE SAND 5.0 45.0 5.00 3700
14 COLMA SAND 5.0 50.0 3.25 4000
15 COLMA SAND 5.0 55.0 2.75 5000
16 COLMA SAND 5.0 60.0 3.00 5300
17 COLMA SAND 5.0 65.0 2.75 5500
18 COLMA SAND 5.0 70.0 2.75 5500
19 COLMA SAND 5.0 75.0 2.50 5500
20 COLMA SAND 5.0 80.0 2.50 5500
21 COLMA SAND 5.0 85.0 2.75 5500
22 COLMA SAND 5.0 90.0 3.00 5500
23 COLMA SAND 5.0 95.0 2.50 5500
24 COLMA SAND 5.0 100.0 2.75 5500
25 COLMA SAND 5.0 105.0 2.25 5500
26 COLMA SAND 5.0 110.0 2.50 5500
27 COLMA SAND 5.0 115.0 3.00 5500
28 OLD BAY CLAY 5.0 120.0 2.75 5000
29 OLD BAY CLAY 5.0 125.0 2.75 5000
30 OLD BAY CLAY 5.0 130.0 3.00 4000
31 OLD BAY CLAY 5.0 135.0 3.25 4000
32 DEEP MARINE SAND 5.0 140.0 3.25 4500
33 DEEP MARINE SAND 5.0 145.0 2.50 5500
34 DEEP MARINE SAND 5.0 150.0 2.00 5800
35 DEEP MARINE SAND 5.0 155.0 1.50 6000
36 DEEP MARINE SAND 5.0 160.0 1.25 7500
37 ROCK BASE 165.0 2.00 10000

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 33



amec®

Table 30: Compression wave velocity and damping ratio used in vertical site response analysis
for RW8-R1 profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 5.0 0.0 3.00 1200
2 FILL 5.0 5.0 5.00 1200
3 COLMA CLAY 5.0 10.0 2.25 2000
4 COLMA CLAY 5.0 15.0 2.25 2000
5 COLMA CLAY 5.0 20.0 2.25 2500
6 COLMA SAND 3.0 25.0 2.25 3000
7 COLMA SAND 2.0 28.0 2.25 3000
8 COLMA SAND 5.0 30.0 2.25 3500
9 COLMA SAND 5.0 35.0 2.50 4000
10 COLMA CLAY 5.0 40.0 2.75 4000
11 COLMA CLAY 3.0 45.0 2.25 6500
12 COLMA CLAY 2.0 48.0 2.25 7500
13 ROCK 5.0 50.0 2.00 7500
14 ROCK 5.0 55.0 2.00 8500
15 ROCK 5.0 60.0 2.00 8500
16 ROCK 5.0 65.0 2.00 9000
17 ROCK 5.0 70.0 2.25 5500
18 ROCK 5.0 75.0 2.00 7000
19 ROCK 5.0 80.0 2.00 7500
20 ROCK 5.0 85.0 2.00 7500
21 ROCK 5.0 90.0 2.00 7500
22 ROCK 5.0 95.0 2.00 7500
23 ROCK 5.0 100.0 2.00 7500
24 ROCK BASE 105.0 2.00 10000
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Table 31: Compression wave velocity and damping ratio used in vertical site response analysis
for RW8-R5 profile, FEE scenario

Layer No. Soil Type Thickness Top Depth Damping Vp

ft ft % ft/sec
1 FILL 5.0 0.0 2.50 2000
2 COLMA SAND 5.0 5.0 2.75 2000
3 COLMA SAND 5.0 10.0 2.50 2500
4 COLMA SAND 5.0 15.0 3.00 3000
5 COLMA SAND 5.0 20.0 2.50 3500
6 COLMA SAND 5.0 25.0 3.25 4000
7 COLMA SAND 5.0 30.0 2.75 4500
8 COLMA SAND 5.0 35.0 2.50 5000
9 COLMA SAND 5.0 40.0 3.00 5500
10 COLMA SAND 5.0 45.0 3.25 5500
11 COLMA SAND 5.0 50.0 3.50 5500
12 COLMA SAND 5.0 55.0 3.25 5500
13 COLMA SAND 5.0 60.0 3.00 5500
14 COLMA SAND 5.0 65.0 3.25 5500
15 COLMA SAND 5.0 70.0 3.25 5500
16 COLMA SAND 5.0 75.0 3.25 5500
17 COLMA SAND 5.0 80.0 2.75 5500
18 COLMA SAND 5.0 85.0 3.50 5500
19 COLMA SAND 5.0 90.0 4.00 5500
20 COLMA SAND 5.0 95.0 3.25 5500
21 COLMA SAND 5.0 100.0 5.25 5000
22 OLD BAY CLAY 5.0 105.0 3.00 5000
23 OLD BAY CLAY 5.0 110.0 3.75 4700
24 OLD BAY CLAY 5.0 115.0 2.75 4700
25 OLD BAY CLAY 5.0 120.0 3.50 4700
26 OLD BAY CLAY 5.0 125.0 2.50 5500
27 DEEP MARINE SAND 5.0 130.0 2.00 6000
28 DEEP MARINE SAND 5.0 135.0 1.50 7000
29 DEEP MARINE SAND 5.0 140.0 1.25 8500
30 DEEP MARINE SAND 5.0 145.0 1.25 8500
31 ROCK 5.0 150.0 2.00 8500
32 ROCK 5.0 155.0 2.00 6000
33 ROCK 5.0 160.0 2.25 6000
34 ROCK 5.0 165.0 2.00 7500
35 ROCK 5.0 170.0 2.00 7500
36 ROCK 5.0 175.0 2.00 7500
37 ROCK 5.0 180.0 2.00 7500
38 ROCK 5.0 185.0 2.00 7500
39 ROCK 5.0 190.0 2.00 7500
40 ROCK BASE 195.0 2.00 10000

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 35



amec”

FIGURES




amec”

FILL 4

10 1= SILT (Colma formation)|

20 —

COLMA SAND |

30

CLAY (Colma formation)-

40 |-

50

60 —

70

80

FRANCISCAN ROCK 1
90

Depth below ground surface (ft)

100 —

110

120 —

130

140 P C u P T N L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Shear Wave Velocity (ft/sec)

Vs East Borings
— — — — Vs: BTNB-R4

— — — — Vs: BTNB-R7
— — — — Vs:BTSB-R2
— — — — Vs:RW8-R1
Vs: Average Soft
————— Vs30: Average Soft

Figure 1: Shear wave velocity measurements and average shear wave velocity profile used in site
response analysis for East Battery Tunnels (deep) profile

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 36



amec”

10 — FILL

¢ input motion

SILT (Colma formation)

20 —

30 —

40 -

50 —

60 —

70 —

ROCK
80 —

90

Depth below ground surface (ft)

100 —

110 —

120 —

130 —

140 . [ u L . u . . u L .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Shear Wave Velocity (ft/sec)

Vs West Borings
————— Vs: BTSB-R3

————— Vs: RW6-R1
————— Vs: RW6-R2

Vs: Average Stiff
————— Vs30: Average Stiff

Figure 2: Shear wave velocity measurements and average shear wave velocity profile used in site
response analysis for West Battery Tunnels (shallow) profile
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Figure 3: Shear wave velocity measurements and average shear wave velocity profile used in site
response analysis for BTSB-R3 profile
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Figure 4: Shear wave velocity measurements and average shear wave velocity profile used in site
response analysis for Main Post Tunnels (deep) profile
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Figure 7: Shear wave velocity measurements and average shear wave velocity profile used in site
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Figure 22: Strain-compatible damping ratio profiles for RW8-R5 profile, SEE scenario.

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 57



10

20

30

40

50

60

70

80

90

Depth below ground surface (ft)

100

110

120

130

140

amec”

I FILL ]
B SILT (Colma formation)|
B COLMA SAND |
- | . CLAY (Colma formation)-
| ) input motion g
_: half space __
| | _
- | FRANCISCAN ROCK T
| I —]
L | 4
| I _
L | i
L | _
L I ]
| I _
- I -
L I p—
|
| | T R B .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Shear Wave Velocity (ft/sec)

East Battery Tunnel (Deep) Profile
————— Initial

Geomean- DUZ
Geomean- G06
Geomean- HEC

Figure 23: Strain-compatible shear wave velocity profiles for East Battery Tunnels (deep) profile,

FEE scenario.
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Figure 24: Strain-compatible damping ratio profiles for East Battery Tunnels (deep) profile, FEE

scenario.
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Figure 25: Strain-compatible shear wave velocity profiles for West Battery Tunnels (shallow)
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Figure 26: Strain-compatible damping ratio profiles for West Battery Tunnels (shallow) profile,
FEE scenario.
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Figure 27: Strain-compatible shear wave velocity profiles for BTSB-R3 profile, FEE scenario.
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Figure 28: Strain-compatible damping ratio profiles for BTSB-R3 profile, FEE scenario.
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Figure 29: Strain-compatible shear wave velocity profiles for Main Post Tunnels (deep) profile,
FEE scenario.
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Figure 31: Strain-compatible shear wave velocity profiles for Main Post Tunnels (shallow) profile,

FEE scenario.
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Figure 32: Strain-compatible damping ratio profiles for Main Post Tunnels (shallow) profile, FEE

scenario.
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Figure 33: Strain-compatible shear wave velocity profiles for RW8-R1 profile, FEE scenario.

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 68



10

20

30

40

50

60

70

80

90

Depth below ground surface (ft)

100

110

120

130

140

amec”

CLAY (Co

CO

CLAY (C

FRAN(

Input motion and half space
<

FILL y

ma formation) _|

LMA SAND

olma formation)-

CISCAN ROCK 1

Damping ratio (%)

Retaining wall profile
Geomean- DUZ

Geomean- G06
Geomean- HEC

Figure 34: Strain-compatible damping ratio profiles for RW8-R1 profile, FEE scenario.
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Figure 36: Strain-compatible damping ratio profiles for RW8-R5 profile, FEE scenario.
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Figure 37: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1990 Manjil Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 38: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1990 Manjil Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 39: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Kocaeli Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 40: Acceleration time histories and response spectra for East Battery Tunnels (deep)

profile, 1999 Kocaeli Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 41: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Chi-Chi Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 42: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Chi-Chi Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 43: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1990 Manjil Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 44: Acceleration time histories and response spectra for West Battery Tunnels (shallow)

profile, 1990 Manjil Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 45: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Kocaeli Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 46: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Kocaeli Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 47: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Chi-Chi Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 48: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Chi-Chi Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 49: Acceleration time histories and response spectra for BTSB-R3 profile, 1990 Manijil

Earthquake, fault normal component matched to SEE 5000 ft/sec.
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Figure 50: Acceleration time histories and response spectra for BTSB-R3 profile, 1990 Manijil

Earthquake, fault parallel component matched to SEE 5000 ft/sec.

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 85



Acceleration (g) Acceleration (g)

Acceleration (g)

0.6
04
0.2

-0.2
-0.4
-0.6
-0.8

Acceleration (g)
o

Period (sec)

[ l l l l l l l l l l l l l ]
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (second)

4 T T T LI I| T T T LI II T T T T T T
35 | 3ft below ground surface |

' | 11.5ft below ground surface |
3L Top of rock a
= 35.5ft below ground surface
c i Horizontal Target i
2 25 —
[
E - -
(<]
S 2 N
< L i
£ 15 —
s
g L i
N
1 |
05 & —
O 1 1 1 1 1111 “ 1 1 1 1 | | “ 1 1 1 1
0.01 0.1 1 10

Figure 51: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Kocaeli

Earthquake, fault normal component matched to SEE 5000 ft/sec.
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Figure 52: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Kocaeli

Earthquake, fault parallel component matched to SEE 5000 ft/sec.
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Figure 53: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Chi-Chi

Earthquake, fault normal component matched to SEE 5000 ft/sec.
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Figure 54: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Chi-Chi

Earthquake, fault parallel component matched to SEE 5000 ft/sec.
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Figure 55: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1990 Manijil Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 56: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1990 Manjil Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 57: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1999 Kocaeli Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 58: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1999 Kocaeli Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 59: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,

1999 Chi-Chi Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 60: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1999 Chi-Chi Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 61: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1990 Manjil Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 62: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1990 Manjil Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 63: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Kocaeli Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 64: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Kocaeli Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 65: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Chi-Chi Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 66: Acceleration time histories and response spectra for Main Post Tunnels (shallow)

profile, 1999 Chi-Chi Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 67: Acceleration time histories and response spectra for RW8-R1 profile, 1990 Manijil
Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 68: Acceleration time histories and response spectra for RW8-R1 profile, 1990 Manijil
Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 69: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Kocaeli
Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 70: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Kocaeli
Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 71: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Chi-Chi
Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 72: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Chi-Chi
Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 73: Acceleration time histories and response spectra for RW8-R5 profile, 1990 Manijil
Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 74: Acceleration time histories and response spectra for RW8-R5 profile, 1990 Manijil
Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 75: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Kocaeli
Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 76: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Kocaeli

Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 77: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Chi-Chi
Earthquake, fault normal component matched to SEE 3000 ft/sec.
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Figure 78: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Chi-Chi

Earthquake, fault parallel component matched to SEE 3000 ft/sec.
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Figure 79: Acceleration time histories and response spectra for East Battery Tunnels (deep)

profile, 1999 Duzce Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 80: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Duzce Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 81: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1989 Loma Prieta Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 82: Acceleration time histories and response spectra for East Battery Tunnels (deep)

profile, 1989 Loma Prieta Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 83: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Hector Mine Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 84: Acceleration time histories and response spectra for East Battery Tunnels (deep)

profile, 1999 Hector Mine Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 85: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Duzce Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 86: Acceleration time histories and response spectra for West Battery Tunnels (shallow)

profile, 1999 Duzce Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 87: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1989 Loma Prieta Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 88: Acceleration time histories and response spectra for West Battery Tunnels (shallow)

profile, 1989 Loma Prieta Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 89: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Hector Mine Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 90: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Hector Mine Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 91: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Duzce

Earthquake, fault normal component matched to FEE 5000 ft/sec.
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Figure 92: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Duzce
Earthquake, fault parallel component matched to FEE 5000 ft/sec.
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Figure 93: Acceleration time histories and response spectra for BTSB-R3 profile, 1989 Loma Prieta
Earthquake, fault normal component matched to FEE 5000 ft/sec.
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Figure 94: Acceleration time histories and response spectra for BTSB-R3 profile, 1989 Loma Prieta
Earthquake, fault parallel component matched to FEE 5000 ft/sec.
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Figure 95: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Hector Mine
Earthquake, fault normal component matched to FEE 5000 ft/sec.

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc

130



04 | | |
Cl
Z 02 — —
K=}
s 0 AN P g sty
2
(5]
S -02 —
<

44 | | | | | | | | | | | | |

: T T T T T T T T T T

02 —

Acceleration (g)
o
E

Acceleration (g)
o

02 —

-0.4 I

04 I I I I I I I I I I
02

Acceleration (g)
o

0 5 10 15 20 25 30 35 40 45 50
Time (second)

55 60 65 70

2 T T T T T TT | T T T T T TTT | T T T T LU
| 3ft below ground surface i
11.5ft below ground surface
Top of rock
L5 35.5ft below ground surface n
Horizontal Target

Spectral Acceleration (g)
=
u

05

0
0.01 0.1 1
Period (sec)

Figure 96: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Hector Mine
Earthquake, fault parallel component matched to FEE 5000 ft/sec.
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Figure 97: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1999 Duzce Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 98: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,

1999 Duzce Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 99: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1989 Loma Prieta Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 100: Acceleration time histories and response spectra for Main Post Tunnesl (deep) profile,

1989 Loma Prieta Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 101: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1999 Hector Mine Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 102: Acceleration time histories and response spectra for Main Post Tunnels (deep) profile,
1999 Hector Mine Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 103: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Duzce Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 104: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Duzce Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 105: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1989 Loma Prieta Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 106: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1989 Loma Prieta Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 107: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Hector Mine Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 108: Acceleration time histories and response spectra for Main Post Tunnels (shallow)
profile, 1999 Hector Mine Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 109: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Duzce
Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 110: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Duzce
Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 111: Acceleration time histories and response spectra for RW8-R1 profile, 1989 Loma
Prieta Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 112: Acceleration time histories and response spectra for RW8-R1 profile, 1989 Loma
Prieta Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 113: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Hector
Mine Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 114: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Hector
Mine Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 115: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Duzce
Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 116: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Duzce

Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 117: Acceleration time histories and response spectra for RW8-R5 profile, 1989 Loma
Prieta Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 118: Acceleration time histories and response spectra for RW8-R5 profile, 1989 Loma
Prieta Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 119: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Hector
Mine Earthquake, fault normal component matched to FEE 3000 ft/sec.
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Figure 120: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Hector
Mine Earthquake, fault parallel component matched to FEE 3000 ft/sec.
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Figure 121: Peak shear strain profiles for East Battery Tunnels (deep) profile, SEE scenario.
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Figure 122: Peak shear strain profiles for West Battery Tunnels (shallow) profile, SEE scenario.
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Figure 123: Peak shear strain profiles for BTSB-R3 profile, SEE scenario.
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Figure 124: Peak shear strain profiles for Main Post Tunnels (deep) profile, SEE scenario.
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Figure 125: Peak shear strain profiles for Main Post Tunnels (shallow) profile, SEE scenario.
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Figure 126: Peak shear strain profiles for RW8-R1 profile, SEE scenario.
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Figure 127: Peak shear strain profiles for RW8-R5 profile, SEE scenario.
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Figure 128: Peak shear stress profiles for East Battery Tunnels (deep) profile, SEE scenario.
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Figure 129: Peak shear stress profiles for West Battery Tunnels (shallow) profile, SEE scenario.
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Figure 130: Peak shear stress profiles for BTSB-R3 profile, SEE scenario.
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Figure 132: Peak shear stress profiles for South Main Post Tunnel (shallow) profile, SEE scenario.
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Figure 135: Peak shear strain profiles for East Battery Tunnels (deep) profile, FEE scenario.
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Figure 137: Peak shear strain profiles for BTSB-R3 profile, FEE scenario.
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Figure 138: Peak shear strain profiles for Main Post Tunnels (deep) profile, FEE scenario.

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc

173



amec”

FILL

20

40 DUNE SAND 7]

60

80
COLMA SAND i

100

120

OLD BAY CLAY }
140 I

DEEP MARINE SAND

160

180 — —

Depth below ground surface (ft)

200 — —
220 — —
i FRANCISCAN ROCK 1
240 -

260 — —

280 — —

300 1 1 1 11111 “ 1 1 1 11111 “ 1 1 1 11111 “ 1 11111
0.001 0.01 0.1 1 10
Peak shear strain (%)

South MainPost Tunnel (shallow) Profile
Geomean

profile for each time history

Figure 139: Peak shear strain profiles for Main Post Tunnels (shallow) profile, FEE scenario.
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Figure 140: Peak shear strain profiles for RW8-R1 profile, FEE scenario.
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Figure 141: Peak shear strain profiles for RW8-R5 profile, FEE scenario.
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Figure 142: Peak shear stress profiles for East Battery Tunnels (deep) profile, FEE scenario.
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Figure 145: Peak shear stress profiles for North Main Post Tunnel (deep) profile, FEE scenario.
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Figure 146: Peak shear stress profiles for South Main Post Tunnel (shallow) profile, FEE scenario.
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Figure 147: Peak shear stress profiles for RW8-R1 profile, FEE scenario.
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Figure 148: Peak shear stress profiles for RW8-R5 profile, FEE scenario.
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Figure 150: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for West Battery Tunnels (shallow) profile, SEE scenario.
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Figure 152: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for North Main Post Tunnel (deep) profile, SEE scenario.
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profile used in site response analysis for South Main Post Tunnel (shallow) profile, SEE scenario.
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Figure 155: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for RW8-R5 profile, SEE scenario.
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Figure 156: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for East Battery Tunnels (deep) profile, FEE scenario.
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Figure 157: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for West Battery Tunnels (shallow) profile, FEE scenario.
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Figure 158: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for BTSB-R3 profile, FEE scenario.
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Figure 159: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for North Main Post Tunnel (deep) profile, FEE scenario.
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Figure 160: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for South Main Post Tunnel (shallow) profile, FEE scenario.
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Figure 161: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for RW8-R1 profile, FEE scenario
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Figure 162: Compression wave velocity measurements and average compression wave velocity
profile used in site response analysis for RW8-R5 profile, FEE scenario
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Figure 163: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1990 Manjil Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 164: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Kocaeli Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 165: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Chi-Chi Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 166: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1990 Manjil Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 167: Acceleration time histories and response spectra for West Battery Tunnels (shallow)

profile, 1999 Kocaeli Earthquake, vertical component matched to SEE 3000 ft/sec.

AMEC Geomatrix, Inc.
\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc 202




Acceleration (g) Acceleration (g) Acceleration (g)

Acceleration (g)

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6

88

0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

Spectral Acceleration (g)

2.8
2.6
2.4
2.2

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

0.01

10

25 30 35 40 45 50 55 60 65 70
Time (second)

3ft below ground surface
11.5ft below ground surface
35.5ft below ground surface
Top of Rock

Vertical Target

0.1 1 10
Period (sec)

Figure 168: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Chi-Chi Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 169: Acceleration time histories and response spectra for BTSB-R3 profile, 1990 Manijil
Earthquake, vertical component matched to SEE 5000 ft/sec.
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Figure 170: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Kocaeli
Earthquake, vertical component matched to SEE 5000 ft/sec.
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Figure 171: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Chi-Chi

Earthquake, vertical component matched to SEE 5000 ft/sec.
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Figure 172: Acceleration time histories and response spectra for North Main Post Tunnel (deep)

profile, 1990 Manjil Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 173: Acceleration time histories and response spectra for North Main Post Tunnel (deep)

profile, 1999 Kocaeli Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 174: Acceleration time histories and response spectra for North Main Post Tunnel (deep)

profile, 1999 Chi-Chi Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 175: Acceleration time histories and response spectra for South Main Post Tunnel
(shallow) profile, 1990 Manjil Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 176: Acceleration time histories and response spectra for South Main Post Tunnel
(shallow) profile, 1999 Kocaeli Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 177: Acceleration time histories and response spectra for South Main Post Tunnel
(shallow) profile, 1999 Chi-Chi Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 178: Acceleration time histories and response spectra for RW8-R1 profile, 1990 Manjil

Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 180: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Chi-Chi

Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 181: Acceleration time histories and response spectra for RW8-R5 profile, 1990 Manjil
Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 182: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Kocaeli
Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 183: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Chi-Chi

Earthquake, vertical component matched to SEE 3000 ft/sec.
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Figure 184: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Duzce Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 185: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1989 Loma Prieta Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 186: Acceleration time histories and response spectra for East Battery Tunnels (deep)
profile, 1999 Hector Mine Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 187: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Duzce Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 188: Acceleration time histories and response spectra for West Battery Tunnels (shallow)

profile, 1989 Loma Prieta Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 189: Acceleration time histories and response spectra for West Battery Tunnels (shallow)
profile, 1999 Hector Mine Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 190: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Duzce

Earthquake, vertical component matched to FEE 5000 ft/sec.
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Figure 191: Acceleration time histories and response spectra for BTSB-R3 profile, 1989 Loma

Prieta Earthquake, vertical component matched to FEE 5000 ft/sec.
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Figure 192: Acceleration time histories and response spectra for BTSB-R3 profile, 1999 Hector
Mine Earthquake, vertical component matched to FEE 5000 ft/sec.
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Figure 193: Acceleration time histories and response spectra for North Main Post Tunnel (deep)

profile, 1999 Duzce Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 194: Acceleration time histories and response spectra for North Main Post Tunnel (deep)
profile, 1989 Loma Prieta Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 195: Acceleration time histories and response spectra for North Main Post Tunnel (deep)
profile, 1999 Hector Mine Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 196: Acceleration time histories and response spectra for South Main Post Tunnel
(shallow) profile, 1999 Duzce Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 197: Acceleration time histories and response spectra for South Main Post Tunnel
(shallow) profile, 1989 Loma Prieta Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 198: Acceleration time histories and response spectra for South Main Post Tunnel

(shallow) profile, 1999 Hector Mine Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 199: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Duzce

Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 200: Acceleration time histories and response spectra for RW8-R1 profile, 1989 Loma

Prieta Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 201: Acceleration time histories and response spectra for RW8-R1 profile, 1999 Hector
Mine Earthquake, vertical component matched to FEE 3000 ft/sec.

AMEC Geomatrix, Inc.

\\Oad-fs1\doc_safe\14000s\14450.000\3000 REPORT\Doyle Drive\Part 2\Part 2 Site Response Report.doc

236



0.4

0.2

-0.2
84

0.2

Acceleration (g) Acceleration (g)
o o

Acceleration (g)
o

-0.2

-0.4
0.4

0.2

Acceleration (g)
o

0
0.01 0.1 1
Period (sec)

10

70

l l l l l l l l l l l l l
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time (second)
12 T T T T 1T TT | T T T T T TTT | T T T T 1T TT
i Ground surface i
1+ —— 20ft below ground surface | —|
i 40ft below ground surface | |
@ Top of Rock
= 0.8 Vertical Target —
.g i |
<@
8 06 - -
<
= i
2 04 _|
o
N
0.2 —

Figure 202: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Duzce

Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 203: Acceleration time histories and response spectra for RW8-R5 profile, 1989 Loma
Prieta Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 204: Acceleration time histories and response spectra for RW8-R5 profile, 1999 Hector

Mine Earthquake, vertical component matched to FEE 3000 ft/sec.
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Figure 205: Ratios of vertical to horizontal acceleration response spectra, Battery Tunnels profiles for SEE criteria.
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Figure 206: Ratios of vertical to horizontal acceleration response spectra, BTSB-R3 profile for SEE criteria.
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Figure 207: Ratios of vertical to horizontal acceleration response spectra, Main Post Tunnel profiles for SEE criteria.
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Figure 208: Ratios of vertical to horizontal acceleration response spectra, RW8-R1 and RW8-R5 profiles for SEE criteria.
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Figure 209: Ratios of vertical to horizontal acceleration response spectra, Battery Tunnels profiles for FEE criteria.
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Figure 210: Ratios of vertical to horizontal acceleration response spectra, BTSB-R3 profile for FEE criteria.
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Figure 211: Ratios of vertical to horizontal acceleration response spectra, Main Post Tunnel profiles for FEE criteria.
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Figure 212: Ratios of vertical to horizontal acceleration response spectra, RW8-R1 and RW8-R5 profiles for FEE criteria.
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