TECHNICAL MEMORANDUM

To: C. Kenley (PND) cc: J. Colonell (URS)
From: C.B. Crouse (URS)
Date: August 12, 2005

URS Project No.: 26219702

Subject: Determination of Response Spectra for the KABATA Project,
Anchorage, Alaska

INTRODUCTION

The purpose of this memorandum is to provide (1) a summary of the subject topic for use in the
project review meeting, scheduled for Anchorage on August 18, 2005, and (2) response spectra

for preliminary seismic design.

This week PND directed URS to proceed with the development of time histories. Guidelines for
their development were provided by Mr. J. Gobeli of PND in his e-mail dated August 10, 2005,
to C.B. Crouse, who initiated the process in his e-mail dated August 5, 2005, to C. Kenley.

Because the time-history task is just beginning, there is no progress to report.

CALCULATION OF RESPONSE SPECTRA

URS computed 5% damped, pseudo absolute acceleration response spectra, PSA, for four
average return periods (100-yr, 475-yr, 1,000-yr, and 2,475-yr). This calculation was performed
for two International Building Code (IBC) Site Classes: B - bedrock; and, D - stiff soil. For the
calculation, URS implemented an upgraded version of a probabilistic seismic hazard analysis
(PSHA) model that we used for the TAPS project (URS, 2003). For the KABATA project, the
seismicity-based recurrence rates for regional seismic sources were updated, and the 3-D

geometry of the seismic sources were revised, as necessary.
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URS also added a subroutine to our PSHA code to compute the percentage contribution to the
ground-motion hazard as a function of earthquake magnitude and distance. This new output
complements the standard output of percentage contribution by seismic source. Both sets of
outputs will enable URS to more easily select representative time histories for subsequent

dynamic response analyses.

The following seismic sources were included in our PSHA model:
1) Aleutian Interplate (Megathrust) Subduction Zone
2 Aleutian Intraplate (Benioff) Subduction Zone
3) Regional Shallow Crustal Zone
4) Wrangell Wadati-Benioff Zone
5) Castle Mountain Fault
(6) Denali Fault

Our recurrence model for the Aleutian Megathrust includes great earthquakes up to moment
magnitude, M 8.25. We did not include giant earthquakes of M~9, similar to the 1964 M 9.2
event, in the PSHA. Paleoseismic data and statistical analysis of these data that Dames & Moore
(19914, b) conducted for the Anderson Bay, Alaska, LNG project, indicated such earthquakes
were not credible during the next 50 to 100 years. Dames & Moore estimated that the annual
probability of such an event was extremely small, much smaller than the smallest annual
probability (0.004/yr) for which ground motions were computed for the KABATA project. Our
analysis demonstrated these events can be excluded from the PSHA without affecting the

ground-motion estimates. Therefore, we elected to exclude them.

Nevertheless, the provision for great intracycle earthquakes of M 8.25 has been included in our

PSHA model. These earthquakes can generate strong ground motions lasting more than 2
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minutes, as evidenced by strong-motion accelerograms recorded during M 8.2 to 8.4 subduction

earthquakes in Peru and Japan.

The Regional Shallow Crustal Zone, which is directly above the Aleutian Subduction Zone in
our PSHA model, includes those earthquakes that are not associated with known faults.

The uncertainty in the input parameters for the PSHA was captured through logic trees, a
common tool for treating parameter varaiability. Details of this treatment will be provided in our

final report.

RESULTS

The PSA values from the PSHA output are presented for various oscillator periods (T) in Table 1
for Site Classes B and D, and are plotted in Figures 1 and 2, respectively. Figure 1 presents the
URS response spectra only, while Figure 1a shows the comparison of these spectra with the
USGS spectral ordinates, which are around 15% lower than our PSA values at short periods
(T=0, 0.2, 0.3 sec), and similar to our PSA values at 1-sec period. According to J. Gobeli
(PND), intermediate periods around 1-2 sec are important for this bridge structure, and thus the

differences between our results and those of the USGS at short periods are of little concern.

At 1-sec period, the deaggregation by seismic source shows that the Aleutian Subduction Zone
(Interplate and Intraplate) and the Regional Shallow Crustal Zone (which contains the site) are
the significant contributors to the PSA for the four average return periods of interest. The
magnitude-distance (M-R) deaggregation plots for the PSA values at 1-sec period in Table 1 for
Site Class D are presented in Figures 3 through 6. Each of these plots shows that the M-R bin
with the largest contributionisM =7.5-8and R =0 - 50 km.

C:\DOCUME~1\mardul\LOCALS~1\Temp\notesFFF692\Technical Memo - KABATA Response Spectra.doc



Technical Memorandum
August 12, 2005
Page 4

RECOMMENDATIONS

URS recommends that the horizontal-component PSA for Site Class D in Table 1 and Figure 2
be used for preliminary seismic design at this stage of the project. Vertical-component response
spectra equal to one-half (¥2) the corresponding horizontal-component spectra, are also

recommended.

The recommended response spectra represent the free field surface ground motion and are to be
applied at each abutment and bent foundation location of the bridge. However, given the lack of
geotechnical data at each foundation location, URS suggest applying these spectra as input to

rigid-base dynamic analysis models of the bridge structure at this preliminary stage.

Site Class D appears to be a reasonable selection for the foundation soils based on limited soil
boring data obtained by Shannon & Wilson in the vicinity of the bridge site. These data reveal
stiff soil conditions, although the soil profiles for each boring location vary to some extent. The
preliminary Vs survey conducted by Shannon & Wilson at the Boring B-1 location (Pt.
MacKenzie) indicates this site is in Site Class C but close to the boundary between this site class
and Site Class D.

REFERENCES

Dames & Moore, 1991a. Geologic and Seismic Studies, Trans-Alaska Gas System, Anderson
Bay LNG Terminal, Port Valdez, Alaska, Prepared for Yukon-Pacific Corporation, D&M
Job No. 14930-018-128, 2 volumes, July.

Dames & Moore, 1991b. Seismic Hazard Studies for the Anderson Bay Terminal of the Trans
Alaska Gas System: Report prepared by N. Donovan for Yukon Pacific Corporation,

July.

URS, 2003. Seismic Hazard Analysis of Trans Alaska Pipeline System: Final report to Alyeska

Pipeline Service Company through D.J. Nyman & Associates, January.

C:\DOCUME~1\mardul\LOCALS~1\Temp\notesFFF692\Technical Memo - KABATA Response Spectra.doc



Response Spectral Accelerations from PSHA. Horizontal Components, 5% Damping Ratio.

Table 1

Site Class B
100yr A75 yr 1000yr 2475yr
T PSA PSA PSA PSA
(sec) @) (9 )] )]
0.00 0.256 0.472 0.609 0.807
0.05 0.345 0.640 0.827 1.100
0.10 0.478 0.889 1.150 1.531
0.20 0.507 0.943 1.223 1.635
0.30 0.430 0.799 1.037 1.388
0.50 0.331 0.612 0.792 1.057
0.75 0.219 0.405 0.526 0.706
1.00 0.156 0.290 0.376 0.507
1.50 0.099 0.186 0.243 0.330
2.00 0.070 0.134 0.177 0.241
3.00 0.037 0.074 0.098 0.136
Site Class D
100yr A75 yr 1000yr 2475yr
T PSA PSA PSA PSA
(sec) @) (9 )] 9
0.00 0.330 0.571 0.725 0.952
0.05 0.436 0.768 0.981 1.295
0.10 0.632 1.130 1.447 1.912
0.20 0.759 1.318 1.670 2.184
0.30 0.640 1.143 1.465 1.936
0.50 0.450 0.812 1.044 1.389
0.75 0.324 0.589 0.760 1.017
1.00 0.241 0.444 0.574 0.768
1.50 0.136 0.266 0.350 0.479
2.00 0.092 0.189 0.253 0.349
3.00 0.053 0.115 0.157 0.222
4.00 0.032 0.072 0.100 0.142
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