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Simulation of input ground motion and seismic
response of fault-crossing structure
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Abstract; In order to solve the problem of input ground motion of fault-crossing structure and reveal its seismic
response law, based on the physical model of the fault and the equivalent pulse function, this paper constructs a
matrix considering the spatial variation characteristics of ground motion. A hybrid simulation method of high and low
frequency superposition is proposed to simulate the input ground motion on both sides of the fault. Firstly, based on
the established bridge site fault model, the stochastic finite-fault method is used to generate high-frequency ground
motion at the target location. Secondly, according to the characteristics of pulse effect and permanent displacement
of ground motion on both sides of the strike-slip fault, different equivalent pulse models are used to simulate the
parallel and normal low-frequency pulse components of the fault respectively. The Butterworth filter is used for
high-pass and low-pass filtering at the cut-off frequency. According to the drilling data, site model and the spatial
coherence of ground motion on both sides of the strike-slip fault, a transformation matrix is established to simulate
its spatial variability. Finally, the high and low frequency components after matched filtering are superimposed in

time domain to obtain the input ground motion on both sides of the fault. The rationality of results is examined in
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three aspects including time history, response spectrum and structural response. 3D dynamic finite-element model of
the actual fault-crossing suspension bridge is established using OpenSees to analyze the seismic response under the
simulated ground motions. The results show that the angle and position of the fault-crossing and the amplitude of the
permanent displacement have a significant influence on the seismic response of the fault-crossing bridge. The large
residual internal force and residual displacement are the important reasons for the damage of the bridge.
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spatial variation of ground motion

0 5|5

F T 2 Sl Rt Fe i 2L SL R VE 6 T 2 R R 1) TR HA BRI R WU, [ 1999 4F +
HH: Kocaeli Duzce #1752 LA S 3K [E] Chi-Chi 172 8 S BT A7 52 7 F A IR AR, 355 W S22 A7 02 114 i 553 A s A
Z R TR ISR BEIT I, BI85 005 5 0 2 9 00 b 7 5 i1 23 () A8 AR LA B AN S v ot
BB O MR R W I 22 SRS 0 A, WS A 14 JK RS0 R A A A 2 s 5 T 2
ZEREIR I EE S AR TR P R ASOR R s L1 S L E T g3 R ) 7 A B
ST AN 7 5 B 2 M S I BR T B g S Tk

FUR, B35 W)= TARAIHUREOTIE A, X2 DX Sl 7 3 B A 00 R 5 DB J2= 45 4 3t 5 e 17 R AR 58 0,
REPTRBT I R MANGEH A PR A BRSO 50 15 W72 25 K b R e L B2 ol T H AT A R
PRAROME I 5 b S DRI 228 T 0 6 G B 8 19— X B T S, T BT ) T2 A SRAE R T BEZR MR I, SR i i
W2 BB AN RS SEARITRAAE ™ A, Hh T B0 SR 15 0 IR S B AT R A2, S ) 5 3 ) T DB J2 1 S R
RE A R0 22 4 00 340 752 5l 14 2 1) A S

N TR AR S A, DFTE N R R T 2 T2 R S R vk . o e TR 5 EE R
HUA AR 52 Sl (5 12 (EL PR LA 1 0 e R AR B T T T2 R sh L) Aok, — 4
BFFEN SR G5 75 b 5 LA SR RUDK R AT 2 i = 3l R 005 A K iR 244 DAy b 7 s ) (4393
A I SR T SR R AT A3 v BUES S I i R S W A T T BT X AR g A S X
PO IE T E IR MR B i e S SR, OGS H T B0E 1 sl 2 53 4 A i E M T2 ) A, PARK 451 il
YANG %5 4 SEPR A8 377 10 S T 3 10 57 14 8 435 IR R AR 28 45, ) PRIV e 2 £ 1 )22 b 7% 5
A JE T RS, A IS 2R T 22 B T ) FE AT HBRR Bl R A BT S B A B AR Y A R A o
P, K653 14 20 D 2 M2 Bl 0 D0 -5 R0 7 UL 9 S AUk R R 7 e sl o, S B A A= S O BEAEL £
TR IC 3 A BE = FBADIT 2 B (0 — | BRI AP IR BT Dt BIFFE N B3 2 T IR J= ) B R 4
T SR Ry TR e LR RIRE, UCAK 55 SR 8 1O K0 A B AL AT FIR U722 TR A0 15 T )2 A 22
(i AL RZ Bl I FEA T R RS . LIN A5 B 1 U 2 0 SR 110 2 AR S LIRS , 53105 FHRS b ok
TR RIBERLA FR BT J5 55 s = sl i AR ABUR w534k, 9K FLAE 7 R 0 40 A0 e L BT V2 S22 14 7 i 7
R A R RT3 1 W BSR4 B HR Bl 102 () AR R 50 43 A5 D T I8 2% e 24 0 3o R (TR 45 0 2 A
W JZ PN 5 R ARSI SET AR B . XA D7 EE DD B L A, 25 IERR IR AL B AR R M A 1 2 el R R
M, 58 Ay LS b J2 WL T 22 0 2 1 A b R (RURSADL 8 ARt A BT P o 1

R LR PIZETTIEAN WP AR T 3T bR L 8% 9 FE 2R AL T J7 VAR 52 A0 W J2 98 3% A8 K K52 A% AL o
B4, JIA %520 X5 Chi-Chi HbRE W72 P90 ) 3 T2 30 53 AR 6] 1 AR L B A5 BEZR R OE, OB T B 1 b 7
T DR ot 5 T R R R MR AT Bh S AR A3 T . ZHANG %R LIN A5 fifi 7 A ) B A 1 vk 4 ik
ARG MR AR R 5 W Z AR R U= PR RE AN . FEEACIE Y TR 18 T K AL RS BYSE N, 2200 1 W7 = 0] 3t
R AR, B BE AR S IE %

ASSCHE TR J7 B R BEA b 5 11— ol 7 U S22 ) BRSO R S5 S8 VK S A TR 5 AU 5 1, 5 0 T R IR
REE TR TR AN, R KSR A i 7 gy s ) 28 S PR SRR, ELAN RS T B2 = A )2 e 57 . AR A
RRAPLZE 0 5 W 2B s’ A T 3l IR e T , 78 LM 2 i o A



F1 WBEZE A5 5 TR T R A LR ShAR AL S Hb R i 1 3

1 RM=E RN

15 I Bl = ) T ARG 22 2 B 77 1) 1
RONE T RON L By bR RO i s T ]
I, TS B 287 A 19 K A2 L Bl 23ty 7 0
FRE B 14 2% [H) AR S P 2 X6 L R o 1 7 £ o 5
MO0 g A B DR A SR P AP 1 R
ARSI A M B B8 R 22 PR A7 A A
SEAFHEAR BB R A SR T BEAILA BR I8 = 75 i

SRR AL 43 AR DL R B ) = IR oy i, I 1 ENEFINEERREE
a3 1l 72 5 ) A8 S M 1) B A i , U8 5 Y Fig.1 Schematic diagram of the seismic
o AR AR SN, e 5 A 2 W2 effect for fault-crossing bridge
PR s A LR 5

1.1 E T EER RS 5 E sl
AR SC LAY R b DX — 5 T 2 B R AT IS G W Tk 57 T ) 36 1% 2l iR B A W A R R T2 DA e 7Y
R KRR M, 7.0, i H BT ORI E B2 K B2 R 40 km, 2E 7] 330°, b4k iR 700, i
P2 s T LA S b 2 Gkl g Sy I E RS i A SRR BB AN 1 PR
*x1 HERESH

Table 1  Fault model parameters
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Fig.2 Simulation results of high frequency ground motion
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Table 2 Selected strike slip fault pulse-type ground motions

WRH W M, Gl O SR o AR 2 P20
Coyote Lake 1979 5.7 Gilroy Array #6 3.1 1.16 49.6 246
Imperial Valley-6 1979 6.5 Agrarias 0.7 2.34 53.5 53
Westmorland 1981 5.9 Westmorland Fire Sta 6.5 1.22 52.9 56
Morgan Hill 1984 6.2 Coyote Lake Dam 0.5 1.07 76.8 114
San Salvador 1986 5.8 National Geografical 7.0 1.13 92.2 231
Superstition Hills-02 1987 6.5 Parachute Test Site 0.9 2.39 143.9 242
Landers 1992 7.3 Lucerne 2.2 5.12 132.3 270
Kobe 1995 6.9 Port Island 3.3 2.83 103.0 332
Kocaeli 1999 7.5 Arcelik 13.5 7.79 40.3 80
Duzce 1999 7.1 Duzce 6.6 5.94 78.9 131
Parkfield-02 2004 6.0 Parkfield-Cholame 1E 3.0 1.33 51.6 58
Darfield 2010 7.0 GDLC 1.2 6.23 128.5 295
El Mayor-Cucapah 2010 7.2 Westside Elementary School 11.4 7.08 60.7 311
Yountville 2000 5.0 Napa Fire Station #3 11.5 0.73 42.4 66

Bam 2003 6.6 Bam 1.7 2.02 124.2 271
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Fig.4 Simulated ground motions in the normal and parallel directions on both sides of the fault
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Table 4 Selected near-fault ground motion information
& A i ] /4 Bl HHM, WiZBE R, /km Jok o ) Ty /s
Landers 1992 Lucerne 7.3 2.2 5.12
Darfield 2010 DSLC 7.0 8.5 7.83
Chi-Chi 1999 TCU049 7.6 3.8 10.22
Chi-Chi 1999 TCU103 7.6 6.1 8.69
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Table 5 Materials and element characteristics

Hf PRI e S| PR i/ Pa HEE/NEE W/ (kg/m®)

F A Tt WPE AT 2.06x10" 0.3 7850

B TARh e AT 3.45%10'° 0.2 2549
THBR Tl Mot 2.00x10" 0.3 8005
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Fig.8 Structural response of different crossing angles and positions
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Table 6 Internal force of tower bottom under different fault-crossing conditions

THAR LR A 5 4/N LH/(N - m) A/ (N - m)
T8 A 1#H7F3% 7.45%10' 2.74x10" 5.21x10°
28I 4.06x10" 1.21x10" 1.16x107
T4 B 1#17 5 5.36x10' 1.29x10" 3.19x10°
241 I 3.25x10" 5.57x10" 6.67x10°
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