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Effects of rupture forward directivity and fling step of
near-fault ground motions on seismic performance
of base-isolated building structure
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(Department o f Engineering Mechanics s Dalian University of Technology , State Key Laboratory
for Structural Analysis of Industrial Equipment . Dalian, 116023, China)

Abstract: Near-fault ground motion records from two different earthquakes, the
21 September 1999 Jiji (Chi-Chi), Taiwan, earthquake and 17 January 1994 Northridge
earthquake, are selected as seismic input, and the influence of velocity pulse of near-
fault ground motions with rupture forward directivity and fling step on the seis-
mic performance of single degree of freedom (SDOF) system and base-isolated
buildings with lead rubber bearings are examined. The response spectrum ana-
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lysis illustrates that the effects of rupture forward directivity and fling step of
ground motions on the seismic responses of engineering structure are period-
dependent. In the range of short and medium period, the spectral acceleration of
ground motions with forward directivity is larger than that with fling step. In
the long period range, the spectral acceleration of motions with fling step is
generally larger than that with forward directivity. Furthermore, compared
with the non-pulse ground motions, the dynamic responses of base-isolated
buildings under the ground motions with rupture forward directivity and fling-
step pulses are increased significantly. Moreover, the velocity pulses from the
effect of fling step remarkably amplify the interstory drift and shear force of
base-isolated building at lower stories. This implies that the fling-step pulse
causes more severe damage to long-period buildings than the forward directivity

pulse does.
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AL JLYGE KT Z R AR . 10 1994 4F S EALIE 2 . 1995 4F H A P iR . 1999 4F 3k
HEEEHE . 1999 4 + HIH Kocaeli Hu 5 Al 2008 4F PUJI| 31| b 5% 25 Al 4 (9 32 Bl 51k
NI TREEE R ) 7™ TR IR 5 | T b 8 TR 24 A %5 V) G 3 (Somerville ez al s 19975 fT &
£, BEE, 2001; Wang et al , 2002; Bray, Rodriguez-Marek, 2004 ; X8 774E, 2006;
%, 2006 M EFESF, 20075 2238, WHALSZ . 2007). Somerville 45 (1997) By WF5E KM, 1Bt
J2 1R R 28 o) 17 5 o) M 2007 5 3 v 0 58 30 DA ) b R Sl B A T g R RS RS bk e, AT TE
PR A AR I =7 T S AR S A W R i 25 ). ROk I T )2 Dk v R b 52 Bl 1Y
T R | RE A B I AR R (R s AR i R R R A A K 5 3 I R 5 ) A 1 Y
1] 43 5 RIS AT 43 1 0 i RR B R A SR B 22 00 1B 2 (Somerville ez al, 1997; Wang et al
2002; Bray, Rodriguez-Marek, 2004).
AL b BB T I M AR R R K o B AR T e TR A T
T T 500 5 | 1 3 R Ik o DU S A AT T BT 2 W s i 5 ey DR X T E T WL, )
5 1o P Pk o 5 v g R 0 Rk ol BRAE S [ ) M RR B 4 b b, 1l A ] 1 Ik
SR IR BT W E 0 0y o0& b 3 woOn g | Y R Dk v 2R BLAE P AT T 2 E 1)
L0l D I R T S AT N Y VA DY R V-9 QUIRS R = R kA 2 2 B YE- 97 @ik <
RATEREE TW)ZE m 0ok, Kk, PR BE Bk vb 7T DL & I AE — 2 (Somerville er al .
19975 X Jig3 75 5 . 2006). 17 H. o Iz B J2 52 2l i b 285 35007 0 8w Jon s B 280 e 4K
(ELAR I R I o Bl 25 08 B 2R i) T 1o A S50 07 e 285 1 9 e o % S B0 T 2 3 7R B A
b AN [i] K 3 30 13 8 Jhk o ( Somerville ez al . 1997). 3 JE bk i 76 b 52 50 (4 900 46wt 45 45 74
EARE M GER, WMol 4S5 ™ E SR (Hall et al, 1995; Malhotra, 1999; Liao et al,
2001; Mavroeidis et al, 2004; Alavi, Krawinkler, 2004; Akkar et al, 2005; 4% 45,
2007). Hall % (1995) 45 Hi . ok vl AL 3T 1K )22 b 52 20 4F T 45 44 Bt 752 75 oK 0] B iz g 8 2o & 12
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R R SO SRR . RV & PGV/PGA (WA b 1T 2K B2 /04 F 3t 18 i B LU (17 3t 7%
B AE BN b BAT T8 B R R BE . X R R R B R R A AR IR Y g | 2 R AT A
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Table 1  Characteristic parameters of three sets of near-fault ground motions
L E 5h £ B W )2 1 3 PGA PGV PGD PGV/PGA Tpv tq
HrE sy - /km KA /emes 2 Jemes ! /cm /s /s /s
TCUO051-EW 6.95 D 160 51.53 124.52 0. 27 6.6 24.18
13 TCUO054-EW 4. 64 D 146 45.69 121.47 0.32 8.1 23.98
%2 TCU082-EW 4,47 D 226 51.54 152. 35 0.23 7.6 23.28
1"l TCU102-EW 1.19 D 304 87.16 163.13 0. 29 2.6 14.93
B TCU120-EW 9. 87 C 228 62.58 107.63 0. 28 2.0 32.35
7[': JEN-022 5.43 D 424 106. 22 43.06 0. 26 2.8 12.42
e RRS-228 6.50 D 838 166. 05 28.78 0. 20 1.0 7.03
ik SCE-288 5.19 D 493 74.58 28.69 0.15 2.2 7.53
il SCS-052 5.35 D 612 117. 45 53.47 0. 20 3.0 15.10
SYL-360 5.30 D 843 129. 71 32.68 0.16 2.6 5.32
TCU052-NS 1. 84 D 488 220. 64 723.27(676.90) 0.46 7.9 15.92
TCU052-EW 1. 84 D 356 182. 96 506. 73(—443.10) 0.52 5.6 16.78
s TCU065-EW 2.49 D 789 132. 29 194. 31(134. 20) 0.17 4.4 28.78
h TCUO067-EW 1.11 D 499 97.26 186.16(102. 95) 0.20 2.3 21.71
=% TCUO068-NS 3.01 D 365 291. 94 867.76(619.30) 0. 82 10.0 13.21
A TCUO068-EW 3.01 D 505 279. 88 709.11(—567.30) 0.57 9.4 12. 36
Jik TCUO075-EW 3.38 D 332 116. 05 171.07(120. 00) 0. 36 4.2 26.92
i TCUO076-EW 3.17 D 343 69. 29 108. 55(87. 56) 0.21 3.7 29.68
TCUO087-NS 3.42 C 113 45. 20 93.09(—81.23) 0.41 4.5 24. 10
TCU128-EW 9.08 C 144 60. 58 145.39(118. 80) 0.43 7.4 19. 20
TCUO071-EW 4,88 D 528 69. 83 170. 60 0.08 1.5 24.56
TCUO072-EW 7.87 D 476 85.51 223. 86 0.18 0.8 21.92
R TCU078-EW 8. 27 D 442 42. 14 98. 88 0. 10 0.7 25.95
\jl: TCUO079-EW 10. 95 D 589 64. 49 173. 20 0.11 0.8 24.24
:;i TCU089-EW 8.33 C 354 45.43 194. 62 0.13 5.7 24.11
};;( KAT-090 13.42 D 640 37.84 5.09 0.06 0.5 6.57
i PKC-360 7.26 D 433 51.49 7.21 0.12 0.6 9.82
SPV-360 8. 44 D 939 76. 60 14. 95 0.08 0.9 8. 20
STC-180 12.09 D 477 61.48 22.06 0.13 1.3 10. 61
TAR-360 15. 60 D 990 77.62 30. 45 0.08 0.7 12. 66

. PGD N IE(EHHE LS, $55 BT AR & v oh s b A T2 e B sl i o . S EEMEShid R 5| B Wang
25(2002) , & G 3 72 Bhid sk 51 A KT 7 TR 58 0 (PEER) 58 5% 304 ).

2007
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Velocity (a) and displacement (b) time histories of near-fault ground

motion of RRS-228 with forward directivity pulse
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Fig. 2 Velocity (a) and displacement (b) time histories of near-fault

ground motion of TCU052-NS with fling-step pulse
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Fig. 3 Acceleration spectra of near-fault ground motions with rupture directivity,
fling-step and without pulses. (a) x=1; (b) x=4
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Fig. 4 Normalized acceleration spectra of near-fault motions with rupture directivity,

fling-step and without pulses. (a) p=1; (b) x=4
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F 2 EERLmIwG Iy 1) M R AR Ik v % 3 T U2t RE BN TS B S ST )y P 34 A LA
Table 2 Comparison of average seismic responses of base-isolated structure under near-fault

ground motions with rupture forward directivity and that with fling-step pulses

Hi 7% B R AT f 7% R A #% /cm T K ) 4% f T00J2 I/ cmes 2 JEIEEY )y /kN
T 24 i) 7 77 1] 44 ik o 21.8 0.68% 353 13435
HERUIEN A <UL 31.8 0.74% 329 15678
Tehkup 6.6 0.42% 242 7262
6F 6 6F
5F \ 5F 5F
4t \ ar 4r
3 3l 3 L
. AS 2F
Z,
n / 1t 1t
(a) ok (b) ok (e
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Fig. 7 Comparison of average floor responses of base-isolated building along height under near-fault
ground motions with rupture directivity and fling-step effects, and without pulses
(a) Interstory drift of base-isolated building; (b) top acceleration of base-isolated

building; (c¢) shear force of base-isolated building
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