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Characteristics of Spectral Matched Ground Motions Time Histories
According to Seed Ground Motion Selection
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/] ABSTRACT /

According to several seismic design standards, a ground motion time history should be selected similar to the design response spectrum,
or a ground motion time history should be modified by matching procedure to the design response spectrum through the time-domain
method. For the response spectrum matching procedure, appropriate seed ground motions need to be selected to maintain recorded
earthquake accelerogram characteristics. However, there are no specific criteria for selecting the seed ground motions for applying this
methodology. In this study, the characteristics of ground motion time histories between seed motions and spectral matched motions were
compared. Intensity measures used in the design were compared, and their change by spectral matching procedure was quantified. In
addition, the seed ground motion sets were determined according to the response spectrum shape, and these sets analyzed the response
of nonlinear and equivalent linear single degrees of freedom systems to present the seed motion selection conditions for spectral matching.
As a result, several considerations for applying the time domain spectral matching method were presented.

Key words: Design response spectrum, Spectral matching, Single degree of freedom system, Nonlinear response, Equivalent linear
response, Energy dissipation
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Fig. 1. S1 site, 1,000 year return period standard design response
spectrum and interest period in this study
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Table 1. List of seed motions for each set
Set Number Event Year Earthquake Name Magnitude Station Name ) Rupture
Number Distance (km)
1 1968 Borrego Mtn 6.63 San Onofre - So Cal Edison 129.11
2 1979 Imperial Valley-06 6.53 Calexico Fire Station 10.45
3 1983 Coalinga-01 6.36 Parkfield - Cholame 4W 46.35
4 1983 Coalinga-01 6.36 Parkfield - Fault Zone 7 31.21
Set BE 5 1983 Coalinga-01 6.36 Parkfield - Stone Corral 3E 34
6 1990 Manijil_ Iran 7.37 Tehran - Building & Housing 174.55
7 2000 Tottori_ Japan 6.61 OKYH14 21.22
8 2000 Tottori_ Japan 6.61 OKYHO09 26.51
9 2007 Chuetsu-oki_ Japan 6.8 Kawaguchi 29.25
10 2007 Chuetsu-oki_ Japan 6.8 NIG024 25.33
1 1952 Southern Calif 6 San Luis Obispo 73.41
2 1967 Northern Calif-05 5.6 Ferndale City Hall 28.73
3 1971 San Fernando 6.61 Fairmont Dam 30.19
4 1973 Point Mugu 5.65 Port Hueneme 17.71
Set UND 5 1979 Coyote Lake 5.74 Gilroy Array #2 9.02
6 1980 Mammoth Lakes-03 5.91 Long Valley Dam (L Abut) 18.13
7 1987 Whittier Narrows-01 5.99 San Gabriel - E Grand Ave 15.2
8 1989 Loma Prieta 6.93 Coyote Lake Dam - Southwest Abutment 20.34
9 1994 Northridge-01 6.69 LA - Sepulveda VA Hospital 8.44
10 2007 Chuetsu-oki_ Japan 6.8 Joetsu Yasuzukaku Yasuzuka 25.52
1 1968 Borrego Mtn 6.63 Pasadena - CIT Athenaeum 207.14
2 1971 San Fernando 6.61 Cholame - Shandon Array #2 218.13
3 1971 San Fernando 6.61 Maricopa Array #3 110.18
4 1971 San Fernando 6.61 Tehachapi Pump 63.79
Set OV 5 1979 Imperial Valley-06 6.53 Brawley Airport 10.42
6 1979 Imperial Valley-06 6.53 El Centro Array #11 12.56
7 1979 Imperial Valley-06 6.53 Parachute Test Site 12.69
8 1979 Imperial Valley-06 6.53 Plaster City 30.33
9 1992 Cape Mendocino 7.01 Fortuna - Fortuna Blvd 19.95
10 2007 Chuetsu-oki_ Japan 6.8 Joetsu Ogataku 17.93
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Fig. 4. Response spectrum for 1 sec period scaling & matched per each set
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Table 2. Ground motion intensity measures of the time histories for each set

Fig. 6. Acceleration, velocity, displacement of time histories before and after matched

Set Number Event Scal.ing Spectrum Matching Ground motion intensity measures
Number | Period PGA (g) CAV Al Al 05-75 (sec)
. Scaling 0.241 0.537 0.003692 4.84
Set BE 5 Scaling & Matched 0.291 (21% 1) 0.516 (4% |) 0.003275 (11% 1) 5.01(4%1)
083 Scaling 0.255 0.569 0.004140 484
Scaling & Matched 0.291 (14% 1) 0.539 (5% | ) 0.003494 (16% | ) 5.06 (5% 1)
. Scaling 0.180 0.453 0.002777 358
Set UND 3 Scaling & Matched 0217 21% 1) 0473 (5% 1) 0.002788 (0.4% 1) 398(111)
083 Scaling 0.361 0.907 0.011164 3.58
Scaling & Matched 0.192 (47% 1) 0.778 (14% ) 0.005879 (47% | ) 8.65(142% 1)
. Scaling 0.191 0.599 0.005644 450
Set OV 5 Scaling & Matched 0211 (11% 1) 0.512 (15% ) 0.003646 (35% | ) 479 (6% 1)
083 Scaling 0.961 0.302 0.001428 4.49
Scaling & Matched 0.102 (89% 1) 0.361 (20% 1) 0.002492 (75% 1) 446 (1% 1)
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Fig. 7. Strong motion duration and Al change as the result of
matched at 2.83 sec period (Set UND event no.3)
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Table 3. Equivalent linear and bi-linear analysis responses for each set

Event Scalin . Displacement Dissipation Energy
Set Number . 9 Spectrum Matching - - — —
Number | Period Equivalent linear Bi—linear Bi—linear
1 Scaling 2.024 2.186 2.291
Scaling & Matched 1.961 (3% | ) 2235 (2% 1) 2.085 (9% 1)
Set BE 5 :
283 Scaling 2143 2192 2.520
’ Scaling & Matched 1.978 (8% 1) 2.190 (0.06% | ) 2178 (14% )
1 Scaling 1.054 0.977 0.921
Scaling & Matched 2.090 (98% 1) 1.651 (69% 1) 1.348 (46% 1)
Set UND 3 :
283 Scaling 2113 4115 3.070
' Scaling & Matched 2.022 (4% 1) 2.181(47% 1) 2.040 (34% )
1 Scaling 3.707 3.925 3.320
Scaling & Matched 1.875 (49% |, ) 1.772 (55% | ) 1.967 (41% | )
Set OV 6 :
283 Scaling 1.864 0.891 0.942
’ Scaling & Matched 2.076 (11% 1) 1.010 (13% 1) 1419 (51% 1)
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Fig. 10. Displacement Response by input motions scaled at 1 sec and 2.83 sec period, and matched input motions set
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Fig. 11. Standard deviation of SDOF result by each set
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