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Comparative study on methods of selecting earthquake ground motions for
nonlinear time history analyses of building structures

Qu Zhe Ye Lieping Pan Peng
( Key Laboratory of Structural Engineering and Vibration of the Ministry of Education
Tsinghua University Beijingl00084 China)

Abstract: Careful selection of earthquake ground motions forms the basis for performing nonlinear time history analyses
of building structures. Different methods of selecting earthquake ground motions should be used in accordance with the
purpose of the time history analyses. The applicability and applicable conditions of typical selection methods are
discussed. Features of the earthquake ground motion sets established by different methods are compared in terms of the
ground motion peak values frequency contents and nonlinear seismic responses of building structures. The results show
that the method based on design spectra and the method based on most-unfavorable earthquake may sometimes be unable
to fulfill the aim of the selection due to their dependency on the initial vibration period of the structures especially when
the structure suffers significant stiffness degradation during the earthquake. On the other hand the earthquake ground
motions selected by the method based on the station/earthquake information would not induce unacceptable scattering in
the nonlinear seismic responses of the structure given that appropriate earthquake intensity index is adopted. This method
is simple and widely applicable for its independency on the dynamic characteristics of the building structures which
makes it favorable in studying the seismic performance of building structures of various types and dynamic characteristics.
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Table 1 Selection based on station and earthquake information—Set A
ID
Vs_30 (m/s) ( km) PGA (g) PGV (emls) Tyls)
1 6.50 1976 Friuli Ttaly-01 424.8 14.97 A-TMZ270 0.31 30.78 4.9
2 6.53 1979 Imperial Valley-06 274.5 22.03 H-DLT352 0.35 32.99 50.3
3 6.54 1987 Superst Hills-02 207.5 23.85 BAVW360 0.21 34.51 28.7
4 6.93 1989 Loma Prieta 370.8 27.67 HSP0O0O 0.37 62.30 16.4
5 7.28 1992 Landers 353.6 23.62 YER270 0.24 51.40 17.6
6 6.69 1994 Northridge-01 450.3 20.10 ORRO090 0.57 52.54 9.1
7 6.90 1995 Kobe Japan 256.0 19.14 SHIO00 0.24 37.84 10.3
8 7.14 1999 Duzce Turkey 326.0 12.02 BOL090 0.82 62.07 9.4
9 7.62 1999 Chi-Chi 446.6 45.15 TCU095-E 0.38 62.02 13.2
10 8.00 2008 300.0' 18.76 UA0097 0.48 35.87 72.0
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Table 2  Selection based on design response spectrum—Set B (7, =1.40s)
ID
Vs_30 (m/s) ( km) PGA (g) PGV (em/s)  Ty(s)
1 6.53 1979 Imperial Valley-06 205.8 23.17 H-CAL315 0.08 13.30 23.3
2 6.53 1979 Imperial Valley-06 162.9 10.79 H-£03140 0.27 46.79 11.9
3 6.53 1979 Imperial Valley-06 348.7 12. 69 H-PTS315 0.20 16.05 16.9
4 6.54 1987 Superst. Hills-02 208.7 17.03 B-BRA225 0.16 13.90 13.5
5 6.54 1987 Superst. Hills-02 193.7 13.03 B-WSM090 0.17 23.46 19.6
6 6.93 1989 Loma Prieta 597.1 19.97 CY(C285 0.48 39.66 12.2
7 7.28 1992 Landers 345.4 62.98 FTIO%0 0.12 16.37 13.5
8 7.62 1999 Chi-Chi 272.6 37.48 CHY088-£ 0.14 20.95 33.9
9 7.51 1999 Kocaeli Turkey 274.5 51.98 ZYT090 0.11 15.23 38.9
10 7.90 2002 Denali  Alaska 376.1 126.40 PS11066 0.07 9.67 76.6
3 —B (T, =0.41s)
Table 3 Selection based on design response spectrum—Set B (7, =0.41s)
ID
Vs_30 (m/s) ('km) PGA (g) PGV (em/s)  Ty(s)
1 6.53 1979 Imperial Valley-06 162.9 10.79 H-£03140 0.27 46.79 11.9
2 6.53 1979 Imperial Valley-06 206. 1 3.86 H-£08140 0.60 54.20 6.8
3 6.53 1979 Imperial Valley-06 196.9 17.94 H-E12140 0.14 17.58 19.1
4 6.06 1986 N. Palm Springs 345.4 3.67 MVHO045 0.22 31.35 5.1
5 7.28 1992 Landers 345.4 21.78 DSP090 0.15 20.93 32.0
6 7.13 1999 Hector Mine 271.4 41.82 21081090 0.18 27.67 27.5
7 7.13 1999 Hector Mine 379.3 31.06 22170090 0.15 17.67 13.1
8 7.62 1999 Chi-Chi 442.2 24.11 CHY046-E 0.14 20.55 33.0
9 7.62 1999 Chi-Chi 475.5 9.35 TCU122-N 0.26 34.03 30.3
10 8.00 2008 100.0" 41.91 UA0034 0.14 17.52 89.5
11 I o
2.4 (2) 71 PGV =50cm/s
11 T]
; k,
(1) PGA.PGV.PGD.EPV CY( n=2.0), 71
T, 20 Cone Ep (1)
71 o D D 10



44 7 . e 15
“c 0.41s . C,
1.40s 4 5. CyzF},/mg Fy 2.0
D = 1 ( C, N E, ) (1) m 0
4 —C (T, =1.40s)
Table 4 Selection based on most unfavorable earthquake—Set C (T, =1. 40s)
ID
Vs_30 (m/s) ( km) PGA(g) PGV (em/s) Ty(s)
1 6.54 1987 Superst. Hills-02 348.7 0.95 B-PTS225 0.45 111.89 10.3
2 6.69 1994 Northridge-01 336.2 17.28 STM090 0.88 41.69 8.8
3 6.90 1995 Kobe Japan 312.0 0.94 KJM000 0.82 81.55 8.4
4 7.62 1999 Chi-Chi 553.4 0.11 CHYO080-E 0.97 107.50 21.8
5 7.62 1999 Chi-Chi 305.9 0.59 TCU065-N 0.60 78.74 28.5
6 7.62 1999 Chi-Chi 433.6 0.64 TCU067-E 0.50 79.52 21.7
7 7.62 1999 Chi-Chi 549.4 0.00 TCU074-E 0.60 73.33 11.7
8 8.00 2008 300.0' 42.78 UA0030 0.15 17.71 91.1
9 8.00 2008 100.0' 42.73 UA0193 0.25 16.08 94.4
10 8.00 2008 100.0' 13.74 UA0285 0.58 60.98 78.5
11 ;100.0 111 ;300.0 1I °
5 —C (T, =0.41s)
Table 5 Selection based on most unfavorable earthquake—Set C (T, =0.41s)
ID
Vs_30 (m/s) ( km) PGA (g) PGV (em/s)  Ty(s)
1 6.53 1979 Imperial Valley-06 223.0 0.47 H-BCR230 0.77 45.89 9.8
2 7.01 1992 Cape Mendocino 311.8 7.88 RIO360 0.55 42.04 10.9
3 6.69 1994 Northridge-01 257.2 0.37 TAR090 1.78 116.49 10.5
4 6.90 1995 Kobe Japan 312.0 0.94 KJMO000 0.82 81.55 8.4
5 7.62 1999 Chi-Chi 664.4 1.84 TCU129-E 1.01 59.96 27.3
6 8.00 2008 100.0* 11.28 UA0001 0.24 27.52 78.0
7 8.00 2008 300.0' 28.68 UAO0148 0.33 21.55 78.6
8 8.00 2008 100.0' 42.73 UA0194 0.22 28.78 94.3
9 8.00 2008 100.0' 13.74 UA0285 0.58 60.98 78.5
10 8.00 2008 300.0' 9.59 UAO0316 1.02 47.87 50.8
11 ;100.0 111 ;300.0 11 o
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Fig.1 Pseudo spectral accelerations of selected ground motions

compared with design spectrum (7, =1.40s)
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Table 6 Mean values and dispersions of the pseudo spectral
accelerations of the selected ground motion at

fundamental period 7, of the structures

S.(1)
A B C A B C
8 0.39 0.28 0.43 0.36 0.15 0.24

3 0.93 0.77 1.90 0.35 0.18 1.35
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Fig.2 Pseudo spectral accelerations of selected ground motions

compared with design spectrum (7, =0.41s)
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Table 7 Mean values and the dispersions of the pseudo
spectral accelerations of the selected ground motions at
equivalent period T, of the structures
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/
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Fig.7 Mean values and the dispersions of pseudo acceleration
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Table 8 Correlation coefficients between maximum roof
displacements and pseudo spectral accelerations i
S.T) Su(Tey) . .
3 0.15 0.78 (4) T,
8 0.35 0.81
(B ) ° TC‘I
(¢ ) ~ °
T, 0
T, S.(T)
s . M . 2
g S.( Toq) 2006: 93404
GB 50011—2001 S .
’ 2001 ( GB 50011—2001 Code for seismic
design of buildings S . Beijing: China Architecture &
Building Press 2001( in Chinese) )
° Teq The building standard law of Japan S . 4th Edition. Tokyo:
o 3 Teq /T, =1.97, 8 The Building Center of Japan 2004
Teq /T, =1.5 o ATC-63 Quantification of building seismic performance factors
Teq . S . Redwood City: Applied Technology Council 2008
(B ) (C

I 2009 29(4):
922( Ye Lieping Ma Qianli Miao Zhiwei. Study on
earthquake intensities for seismic analysis of structures J .
Earthquake Engineering and Engineering Vibration 2009
29(4) : 922( in Chinese) )
ASCE/SEI 7—05 Minimum design loads for buildings and
other structures S . Reston: American Society of Civil
Engineers 2005
Bazzurro P Cornell C A. Disaggregation of seismic hazard

J . Bulletin of the Seismological Society of America

1999 89(2): 501520

J . 2000 33(6): 3337
(Yang Pu Li Yingmin Lai Ming. A new method for
selecting inputting waves for time-history analysis J .
China Civil Engineering Journal 2000 33(6): 3337(in
Chinese) )
FEMA 356 Prestandard and commentary for the seismic
rehabilitation of buildings S . Washington DC: Federal



44

¢« 21

10

11

12

13

Emergency Management Agency 2000
NZS 1170. 5 Structural design actions S . Wellington
New Zealand: Standards New Zealand 2004
I
2003 25(3): Zhai Changhai.
Study on the severest real ground motion for seismic design
and analysis J . Acta Seismologica Sinica 2003 25(3):

250-261( in Chinese) )

250261 ( Xie Lili

. J.
2005 38( 12) : 51-58( Zhai Changhai Xie
Lili. The severest design ground motions for seismic design
and analysis of structures J . China Civil Engineering

Journal 2000 38( 12) :51-58( in Chinese) )

J . 2002 22(5): 19
( Zhai Changhai

estimating and comparing the damage potential of strong

Xie Lili. A comprehensive method for

ground motion  J Earthquake Engineering and
(1983 -) o
(1960 -) o

(1976 -) .

14

15

16

17

Engineering Vibration 2002 22(5): 19( in Chinese) )
D . : 2010 ( Qu Zhe. Study on
seismic damage mechanism control and design of rocking
wall4rame structures D . Beijing: Tsinghua University
2010( in Chinese) )
Bazzurro P Cornell C A Shome N et al. Three proposals
for characterizing MDOF nonlinear seismic response J .
Journal of Structural Engineering ASCE 1998 124( 11) :
12811289
Miranda E  Ruiz-Garcia J. Evaluation of approximate methods
to estimate maximum inelastic displacement demands J .
Earthquake Engineering and Structural Dynamics 2002 31
(3) :539-560
Kwan W P Billington S L. Influence of hysteretic behavior
on equivalent period and damping of structural systems
J . Journal of Structural Engineering ASCE 2003 129
(5): 576-585

FRP o





