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Research on simulation of cross-fault ground motion
based on broadband hybrid method

CHEN Heyu', CHEN Libo', LI Huaiguang’, JIN Yang', GU Yin'
(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China;

2. College of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China)
Abstract; There is a significant difference between the spatial distribution of ground motion along cross-fault
regional areas ( Ground motion in the area of the extreme proximity to the fault where the cross-fault engineering
structures are located, referred to as cross-fault ground motion) and near-site ground motion. The lack of records on
cross-fault ground motion poses challenges to studying the seismic resistance of cross-fault structures. This paper
aims to outline the basic theory of the broadband hybrid method for simulating ground motion, and examines the
distribution pattern of cross-fault ground motion using the Zemu River fault as a case study. The results indicate that
the simulated cross-fault ground motion aligns with the fault sliding mode, displaying significant directional,
up-disk effect, and slip-impact effect. Generally, the intensity of the simulated cross-fault ground motion follows a
certain attenuation law. However, it is influenced by fault rupture, which can result in irregularities or even a
counter-law phenomenon. Furthermore, the actual location of surface rupture and the zone of large slip along the
fault have a substantial impact on the distribution pattern of cross-fault ground motion. By employing the broadband
hybrid method, artificial cross-fault ground vibration time series can be generated to address the lack of recorded
cross-fault ground motion. This methodology provides substantial support for research on the seismic resistance of
cross-fault structures.
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Fig.1 Technical roadmap for waveform simulation
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Table 2 Similarity calculation results

TN 2% EIRAZIL B3| *£H e EKEMNEL

R 2L S g5 ) : | 2 P 7
Jxﬁliﬁﬁ: @ﬂ{l %”%:ﬁ :HSJJIU‘H j][]d'l‘lrh:r}lg EIZIKIT'F!IZ [JJH]T(@%B jéli‘dx n{g j][]q‘—j(/h ;;,IZ EIZIKEDK
R B 20.42 19.81 21.03 20.16 18.40 14.80 14.16 13.53 13.15
o I I 160.56 151.80 167.02 170.52 130.08 118.00 104.80 100.96 97.88
*ngéﬁ 0.61 0.60 0.60 0.61 0.62 0.63 0.68 0.64 0.65

H13% 2 T BRI S | 5 e i ) IR S 2R 2 XT38 Hh AR BLE B R LA 1 9 A3 E AR F) A5G
FRAE S E 22 5 AN K, Herb B A DA i) e g 0 S T (A /D, AR T 5 P P s X — 4 P R 2
PRI HAR VYR — 4k P s B SRR R AR, 255 18] 2 Z505 5 08, B2 e H A PY i — 2k 32 25 g A5
TN A 4D 7 M 1) — Ak T B 25 A R

3 RSN ESERER

3.1 HESMNEACE

AT LAA T 2 A 5 15 5t , HEAAEL S AT -l BB 0 56 WL A5, fr) B (4 b 72 8l LA K% 5 i J22 X0
W5 S IETZ RS, aniE 3 B,

5 7 SIASAUL H ) RN e A R FH A = A s AT Z B (R 8 .8 4 4 8 .8 km [
PLE ARICHN A~G,7ETE ELWHZE 7 AR AN IR A B ARiC ok 1 ~4 F1 18 ~21 K i fr 240 A1~ G21, 3%
56 MWLM AT, GnEl 3 (a) TR,

FEREARBPI R B A ~ G 41 D 4IRS I TR hE, IRy T it — A5 5 5 W 2 b 5% 30 20 A5 B
B KAE D ZAMMAS 1 km J L BD 2 kmx2 km (09 XEGHEAT 25 W7 )2 b m2 S REA0L I I8 J2 5 ] 5[] SR FH 4[] B
A R B E N 500 m,, 7R3 ELITZE 7 0], b 250005 285 WK )2 i T30 7 b 3 48 50 4 (A SCHp H B A 17 2 2
R IEE 25) 50,100,200 ,300 500,700 ,1 000 m A4 {57 A5 B LI A, 5 20 85 K 22 b R 3l 43 il a 44 H 4 14,
DA JAM KA, ME 3(b) iR,



555 # WRATASE , 25 - 26T SEMIU TR 5 0 A0 5 1B J2 L 2 S AU 5 131

. 102°3p'E ) 102°4}2'E , 102°|54'E ) 103"106'E
27°18'NA - 27°18'N Kéﬁ ¢ ¢ G eeevwWYY V vV v o
| 30 20 20 100100505 P
27°12'N- F27°12N 14 -
. ¢ ¢ G ooV YY V vV v
27°06'N 7 - 27°06'N S
z
D4
27°00'N A L 27°00'N S ¢ ¢ seeswyy v v v
S
°54' - 26°54'N 4 o
26°54N FE14) I'Eo ¢ ¢ s oeelyvvYY VvV v v
l[@f EW&% .
0AQN [X_Ja| - 48" 3
26°48'N — 2 26°48'N =
f:(}/‘?i [13])1 Hgg‘ * * ® GO0 VVY VY v v v
- N Illl- P
26°42’N'z Jﬁgiﬁldu, - 26°42'N 4 5 6 7 891012131415 16 17 18
102°30E 102°42E 102°54E 103°06E Hifiikm Az m
(a) BB i A (b)) BSITZRAPOULI £ AL
3 UNACEREE
Fig.3 Location diagram of observation points
3.2 MURENMEILEER
RSCRMIBT 6 R AR IR s, i
AT W7 J2 AR 2.1 5 2.2 T 6 RO KT )2 5 25 e O —— 7 e
. " N S b — — S < ~ | 555
RURSEL, HARWLIN 5 00 0 B s e 3 fros, 3 = ;(5)@ - :
BEBORAERE T 2.3 00 HA I3 — A KL 2 00) JE T2 © Breesx-y 39 (17
MRy Jf{di Ff GRAVES Il PITARKA ' 48 I Ay Se i 1254 % y - 4 = - 185
\ AN y He L y = 1y N 15.04% > - v *
R G BT R AR TS W 2 M52 5l W2 1 T ———u— [ o
20 A W 4 Fios T B _— -
ot I’;j ‘Fﬁﬂ?o A B4 HEBBSE
F Bt B B A UL AL M B A 40 s A Fig.4 Distribution of fault slip

Arias T8 A REREIAH] 100% , LR BLLY 200 s Hiik
SNTE 45 s ALEUBT, T8 i AR AR SR AT BT IR Z E [6] (FP) IS ELBTZ (FN) 77 1] A4 gt B2 i E) e 300, A S 0L
SRS TSR RS TG A FLIE AT TR TR KA MR S 03 L RS0 5 B3, R P A EN
75 16) )3 BE RIS RS I [R] 41

S5 D13 ) FP FN 1 [ 4 J5k (0 011l FEE R 38 RV B R P S 9 725 , ASE40L 10 5 D2 M 7 9 e s
i) 9171 5 kol 52 B P97 2 W) K A ML T 365

600
— 400} F
é 200} g r
S 0 = [
=) 200} = I
= -400} L
-600f o o=
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
s ) /s it ) /s ) /s
(a) DIZWLI 5 FP A J3F i (b)) D3RI 5 F P43k B s A () DI3WLI 5 FPAH v B i
800 100
a 600 80|
E 400r Q = 60}
< 200t £ ]
= < S 40}
= i " = 20f
= 200t = =i
= 400} 0
—600 -40 -20
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
sl /s s ) /s [} [ /s

(d) DI S FNSM s B i 72 (e ) DIV 5 FNSy i B i 7 (f) DI3IEM S FNSHE A BB



132 o T B 5 T & #& 3 44k

200 15
150} 10}
& 100} z 57
£ sof i 0 e sl
= 0 é’/ -5t 2 L
% =50} B _jof % 0
= -100} B s} -
= 150} 20t L
200 O e B0
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
i ] /s B I /s i 1) /s
() DIBVLI 5 1 i 43 i ok e 7 (h) D3I £ i 43 8 P i R (i) DI3WEI e w43 o B% s

Es5 Mills D13 HEFERE

Fig.5 Ground motion time history of observation point D13
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Fig.6 Peak values of acceleration for the overall simulation
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Fig.7 Comparison of cross-fault ground motion with near-fault and near-site ground motion
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Fig. 10  Comparison of three-component peak acceleration and velocity of hanging wall and footwall in group D
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Fig. 11  Comparison of three-component peak acceleration of hanging wall and footwall in group H, I, J, K
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Table 3 Permanent ground displacement at each observation point

BB/ m WM FP43it/em  FN3it/em  miJrdt/em | FEES/m WIS FP4r&E/em  FN 0&/em  B[m158/cm
-1000 D4 57.1 66.3 -16.2 50 D12 60.7 82.8 -16.2
=700 D5 58.0 67.3 -15.6 100 D13 59.7 89.0 -24.6
=500 D6 57.1 69.5 -14.7 200 D14 -21.3 15.5 30.7
=300 D7 56.0 70.9 -12.5 300 D15 -113.7 55.1 83.3
=200 D8 54.3 73.9 -13.2 500 D16 -85.3 21.7 70.0
-100 D9 55.4 78.6 -13.8 700 D17 -87.9 27.0 70.9
=50 D10 55.1 717.5 -13.4 1000 D18 -97.2 32.6 72.4
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Table 4 Relative permanent ground displacement of each observation point

BB/ m 25 FP 43#/cm  FNZrE/em B0 E/em | FHE/m 20 51 FP /3H/em FN 3&/em B 50/ em
50 D10 F1 D12 5.6 5.3 -2.8 500 D6 F1 D16 -142.4 -15.0 84.7
100 D9 #1 D13 4.3 10.4 -10.8 700 D5 1 D17 -145.9 -40.3 86.5
200 D8 #1 D14 -75.6 -58.4 43.9 1000 D4 1 D18 -154.4 -33.7 88.6
300 D7 1 D15 -169.7 -15.8 95.8
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Table 5 Variation pattern of permanent ground displacement in the cross-fault region
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