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6.0 RECOMMENDED TIME HISTORIES

Representative accelerograms were initially selected and modified to be compatible with
the 1,000-year and 10-year response spectra recommended in Section 5.0. Seven
recorded accelerograms were selected for the 1,000-year level and another set of seven
were selected for the 10-year level, as listed in Table 6-1. Each accelerogram, consisting
of two horizontal components and one vertical component, is representative of a scenario
likely to produce strong ground motion at the site.

Table 6-1
Accelerograms Selected for 1,000-Year Return Period
Earthquake Recording Station
Vs30
Name M Type Name m/sec Distance-km
1979 Imperial Valley 6.5 S SASOP — Casa Flores 339 10
1980 Mammoth Lake | 6.1 o Convict Creek 339 7
1983 Hawaii 6.6 0O Mauna Loa 341 21
1989 Loma Prieta 7.0 S Gilroy Array No. 3 350 13
1992 Landers 73 S N Palm Springs 345 27
1994 Northridge 6.7 R L.A.-UCLA 398 23
2006 Hawaii 6.7 N Mauna Kea Summit 401 62

Accelerograms Selected for 10-Year Return Period

Earthquake Recording Station
Vs30
Name M Type Name m/sec Distance-km
1979 Imperial Valley 6.5 S Plaster City 345 30
1986 Chalfant Valley | 6.2 S Convict Creek 339 31
1987 Whittier 6.0 R Sylmar — Sayre St. 339 41
1994 Northridge 6.7 R Glendora, N. Oakbank 466 54
1999 Chi Chi 6.2 R TCUO054 461 50
2006 Hawaii 6.7 N Mnt. View P.O. 436 102
2006 Hawaii 6.0 O Kailua-Kona Fire Station 491 57

Under Earthquake Type, R = reverse; S = strike-slip; N = normal; O = oblique.
Distance = Closest distance from station to fault rupture or hypocentral distance.

The selection of accelerograms was based primarily on the magnitude-distance
deaggregation of the 1,000-year and 10-year seismic hazard (Table 5-5) at a natural
period of 1.0 sec, the approximate fundamental period of the TMT structure. The
accelerograms in Table 6-1 reflect this deaggregation, and were recorded on stiff soil or
soft rock.

Another factor influencing the selection of accelerograms was the level and shape of their
5% damped acceleration response spectra. Accelerograms with response spectra similar
in level and shape to the 1,000-year and 10-year response spectra were selected to ensure
that the modifications to these records would be minimal.

Each accelerogram component representative of the 1,000-year or 10-year ground motion
was modified to meet the following criteria:
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1. The response spectrum of each modified component (horizontal and vertical)
was generally within approximately +/- 10% of the recommended response
spectrum over the period range, T = 0.04 — 2.0 sec.

2. The ground velocity and displacement time histories of each modified
component did not exhibit “baseline drift,” assuming initial conditions of zero
velocity and zero displacement.

3. The average of the response spectra of the 14 horizontal components of the
modified accelerograms was not less than 90% of the recommended response
spectrum at any period in the 0.04-sec to 2-sec band. A similar criterion
applied to the vertical component.

The procedure that was implemented to modify the original records to be compatible with
the recommended response spectra involved several steps. First, the original
accelerograms were scaled by factors to elevate their 5% damped response spectra to
roughly the level of the recommended response spectrum. Next, the amplitudes of the
Fourier Transform (FT) of these scaled accelerograms were modified (enhanced or
attenuated) at certain frequencies, such that the differences between the response spectra
of the modified accelerograms and recommended response spectrum were minimized.
For each accelerogram component, the modification consisted of scaling the amplitude of
the FT at each frequency (where adjustment was required) by a factor equal to the ratio of
the 5% damped recommended spectral value and the 5% damped response spectrum
value of the accelerogram component at that frequency. This procedure preserved the
phases of the original accelerograms. The inverse FT was then computed to obtain the
first trial estimate of the corrected accelerogram. The response spectrum of this record
was compared to the recommended response spectrum, and the process was repeated
until Criterion (1) was satisfied. Finally, the modified records were baseline corrected to
meet Criterion (2). After these corrections were made, the resulting acceleration time
histories were checked again against Criterion (1) and Criterion (3), and additional
corrections were made, as necessary, until all three criteria were satisfied.

The spectrum-compatibility of the modified accelerograms is shown in Appendix A,
which compares the response spectra of the modified accelerograms with the
recommended horizontal and vertical component response spectra. Seven figures are
provided, one for each modified accelerogram representative of the 1,000-year ground
motion; this set is followed by another similar set of seven figures for the 10-year ground
motion.

The modified acceleration, velocity and displacement traces are provided in Appendix B.
A total of 42 plots are presented, one for each component. The first set of 21 figures is
for the 1,000-year ground motion, and the second set 21 figures is for the 10-year ground
motion.

Figure 6-1 illustrates that Criterion (3) was met for horizontal and vertical components of
the modified accelerograms representative of the 1,000-year ground motion; Figure 6-2
presents a similar comparison for the 10-year ground motion. Over the 0.04-sec to 2-sec
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band in each figure, the difference between the average of the 14 horizontal components
(or 7 vertical components) is within a few percent of the recommended horizontal (or
vertical) component response spectrum.

For time-history analysis conducted for the 200-year and 2,475-year ground motions,
URS recommends that the ordinates of the 1,000-year accelerograms be scaled by 0.58
and 1.34 to represent the 200-year and 2,475-year ground motions, respectively. These
scale factors ensure that the average response spectra of the scaled accelerograms, similar
to the average spectra presented in Figure 6-1, will be at or slightly above the 200-year
and 2,475-year response spectra in the period band, 0.10 - 2.0 sec.
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APPENDIX A

RESPONSE SPECTRA OF MODIFIED ACCELEROGRAMS



Figure A-1. 1992 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-2. 1989 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-3. 1994 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-4. 1979 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-5. 1980 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-6. 1983 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-7. 2006 Time History Response Spectra and Recommended 1,000-yr Spectra
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Figure A-8. 1994 Time History Response Spectra and Recommended 10-yr Spectra
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Figure A-9. 1987 Time History Response Spectra and Recommended 10-yr Spectra
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Figure A-10. 1979 Time History Response Spectra and Recommended 10-yr Spectra
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Figure A-11. 1999 Time History Response Spectra and Recommended 10-yr Spectra
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Figure A-12. 1986 Time History Response Spectra and Recommended 10-yr Spectra
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Figure A-13. 2006 (Mountain View P.0O.) Time History Response Spectra and Recommended 10-yr Spectra
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Figure A-14. 2006 (Kailua-Kona Fire Station) Time History Response Spectra and Recommended 10-yr Spectra
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APPENDIX B

MODIFIED TIME HISTORIES
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Figure B-1: 1992 North Palm Springs-0 deg Time History, 1000 Yr Return Period.
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Figure B-6: 1989 Gilroy Array #3-UP Time History, 1000 Yr Return Period.
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Figure B-7: 1994 LA - UCLA Grounds-90 deg Time History, 1000 Yr Return Period.
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Figure B-8: 1994 LA - UCLA Grounds-360 deg Time History, 1000 Yr Return Period.
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Figure B-9: 1994 LA - UCLA Grounds-UP Time History, 1000 Yr Return Period.
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Figure B-10: 1979 SAHOP Casa Flores-FN Time History, 1000 Yr Return Period.
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Figure B-11: 1979 SAHOP Casa Flores-FP Time History, 1000 Yr Return Period.
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Figure B-12: 1979 SAHOP Casa Flores-UP Time History, 1000 Yr Return Period.
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Figure B-13: 1980 Convict Creek-90 deg Time History, 1000 Yr Return Period.
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Figure B-14: 1980 Convict Creek-180 deg Time History, 1000 Yr Return Period.
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Figure B-15: 1980 Convict Creek-UP Time History, 1000 Yr Return Period.
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Figure B-16: 1983 Mauna Loa-30 deg Time History, 1000 Yr Return Period.
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Figure B-17: 1983 Mauna Loa-300 deg Time History, 1000 Yr Return Period.
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Figure B-18: 1983 Mauna Loa-UP Time History, 1000 Yr Return Period.
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Figure B-19: 2006 Mauna Kea, Hawaii Is, HI - Summit-180 deg Time History, 1000 Yr Return Period.
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Figure B-20: 2006 Mauna Kea, Hawaii Is, HI - Summit-270 deg Time History, 1000 Yr Return Period.
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Figure B-21: 2006 Mauna Kea, Hawaii Is, HI - Summit-UP Time History, 1000 Yr Return Period.
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Figure B-22: 1994 Glendora - N Oakbank-80 deg Time History, 10 Yr Return Period.
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Figure B-23: 1994 Glendora - N Oakbank-170 deg Time History, 10 Yr Return Period.



0.1

acceleration (g9)
o
o

©
[EEN

10

velocity (cm/s)
o

=
o

displacement (cm)
o

1
(&)

0 5 10 15 20 25 30
time (seconds)

0 5 10 15 20 25 30
time (seconds)

10 15 20 25 30
time (seconds)

o
62

Figure B-24: 1994 Glendora - N Oakbank-UP Time History, 10 Yr Return Period.
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Figure B-25: 1987 Sylmar - Sayre St-45 deg Time History, 10 Yr Return Period.
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Figure B-26: 1987 Sylmar - Sayre St-315 deg Time History, 10 Yr Return Period.
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Figure B-27: 1987 Sylmar - Sayre St-UP Time History, 10 Yr Return Period.
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Figure B-28: 1979 Plaster City-45 deg Time History, 10 Yr Return Period.
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Figure B-29: 1979 Plaster City-135 deg Time History, 10 Yr Return Period.



0.1

acceleration (g9)
o
o

©
[EEN

10

velocity (cm/s)
o

KN
o

displacement (cm)
o

1
(&)

S
0 5 10 15 20
time (seconds)
S
0 5 10 15 20
time (seconds)
L \ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \
0 5 10 15 20

time (seconds)

Figure B-30: 1979 Plaster City-UP Time History, 10 Yr Return Period.
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Figure B-31: 1999 TCUO054-E Time History, 10 Yr Return Period.
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Figure B-32: 1999 TCUO054-N Time History, 10 Yr Return Period.
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Figure B-33: 1999 TCUO054-UP Time History, 10 Yr Return Period.
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Figure B-34: 1986 Convict Creek-0 deg Time History, 10 Yr Return Period.
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Figure B-35: 1986 Convict Creek-90 deg Time History, 10 Yr Return Period.
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Figure B-36: 1986 Convict Creek-UP Time History, 10 Yr Return Period.
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Figure B-37: 2006 Mountain View P.O. -0 deg Time History, 10 Yr Return Period.
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Figure B-38: 2006 Mountain View P.O. -90 deg Time History, 10 Yr Return Period.
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Figure B-39: 2006 Mountain View P.O. -UP Time History, 10 Yr Return Period.
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Figure B-40: 2006 Kailua-Kona Fire Station -0 deg Time History, 10 Yr Return Period.
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Figure B-41: 2006 Kailua-Kona Fire Station -90 deg Time History, 10 Yr Return Period.



01 [——

acceleration (g9)
o
o

©
[EEN

10

velocity (cm/s)
o

=
o

displacement (cm)
o

1
(&)

0 5 10 15 20 25 30 35 40 45 50 55 60
time (seconds)

0 5 10 15 20 25 30 35 40 45 50 55 60
time (seconds)

LA\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\;

10 15 20 25 30 35 40 45 50 55 60
time (seconds)

o
62

Figure B-42: 2006 Kailua-Kona Fire Station -UP Time History, 10 Yr Return Period.





