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Figure 1 (Color online) Diagram of the source-scale global model
with special geological or engineering structures.

Q+

Bl 2 (MR E B3 IR RS 4 5 i i A

Figure 2 (Color online) Diagram of free-field source-scale global
model.

AR X 2, R EAROR B B B oA [F 1) 222
. d ik, AT R E H R RS A PR oA AR s
B 155, Wal(6)w:

0 0
M M3 0 |[a?
Q0 Qo ot of|]=0
My M, +M,, Mg |1,
+ +| |0
0 MS, M| (Y.
0 0
Ki  Kj 0 |[uf
Q° foud ot ot 0
K, K, +Ky, K |14
+ + 0
0 K¢S K2 | [
P!
=P, EQ'UQ'A. (6)
P{f
EER s
ot 0 ot 0 ot o ot o
Pe=Mbeub+Meeue+Kbeub+Keeue' (7)

(BB 46 1) ) S A u 2R v i B 34k

S A7 B O SRR i) e S TR A B A AR A AL
w, i, B
u,= u2+wg. (8)

B XDM@YRAI(S), A2 T 3h J157 05

M7 M 0 |(a,
M2 M +MP M|,
0 M2 Mo W
Ki Kj 0 |y
K K3 +K2 K2 |{u,
0 KS: Kij W,
P;
—1p,- M2’ K2u’l, QUQN. )
Mgﬁg-&Kgﬁ

TR, 3(9) 5 ()M ELALSMERAL F2 K
AR A, R )RR SN R u B S AR AR A W, 1%
FRARALAE B AR IE B I RAE SIS, AUAEAE T 3
JEIFEL, Tz B S AN s T L AR IS B S %
J1. B, B3R, AT AGEIR MR B QT #7 )R
PR, BIRTERAS 5 A6 0] AR [R] ) A 8 B R AL

Gy 4k, J7REAT OB A R R A P, o P,
PR T WIQMIA ST Er k. i30T
N, HE RIS R KR AEBEM,,, M,y Ko, KX
54N 5 5 AL RTI A iR oA, 101
JERRICH) 5 — ML FOAT,, BRI RAERIERER A
3SR SR T JC T, A %, B Ao 5 HH 0 ek A
T o BB SN A 3P

g b, ASCHE R 2 TR R R - A R
RSN T VE R B N LR PR, AR & 4
Jis.

H—D BRIFERE A R, mE TR, R
Pz B RIS, TSR B ER A, L LAB) i
FEAFTE(P, PPN, A BN Z i 72
TR 4 R M R 3

FP RIGRIERE B i i ST T, b
5 A R u Bou i B2, B E IRQATI AT E 2
WP, P, HETTHRE 20(9) i+ 5P,

S TS, W3R, KPR

2209



B SE: J W AR R R - B & R sh i A Tk

o~ [\ h

______________________________________________________

Bl 3 (P8RRI ) 25 R TR o 50 T 45 ) ) 45 k8 ) A
H

Figure 3 (Color online) Diagram of DRM local model with special
geological or engineering structures.
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Figure 4 Flowchart of seismic input method coupling ground motion
and fault dislocation for near-fault engineering sites.
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Table 1 Material parameters of fault fracture zone and strata
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Figure 10 Schematic diagram of valley and mountain local models and grid division. (a) Diagram of valley model; (b) diagram of mountain model.
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Seismic input method coupling ground motion and fault dislocation for
near-fault engineering sites

YU HaiTao', XU HuaLin’ & YUAN Yong'

" State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China;
2 Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China

Accurate seismic response analysis of near-fault engineering sites requires precise coupling loads of ground motion and fault
dislocation. However, current studies tend to rely on excessive assumptions about fault movement behavior, leading to a failure in
accurately representing the coupled effects of seismic activity and fault slip. To address this issue, this paper proposes a seismic input
method considering the coupling of ground motion and fault slip in the near-fault engineering sites. Firstly, the seismic source scale
global domain is divided into the internal domain where the engineering site is located, and the external domain beyond the site.
Secondly, the seismic wave field is obtained at the source scale through the kinematic source model. Subsequently, an Extended
Domain Reduction Method (XDRM) is established for models featuring non-continuous internal domains with active faults. This
method transforms the seismic wave field propagating to the internal domain into dynamic loads, which are then applied to the fault
boundaries and internal truncation boundaries. This achieves the seismic response analysis of near-fault engineering sites under the
coupled effects of ground motion and fault dislocation. Finally, three topographical scenarios—flat terrain, mountainous terrain, and
valley terrain—are designed to validate the reliability of this method. Results indicate that The XDRM calculation results exhibit a
good agreement with the kinematic source model, demonstrating high accuracy. Moreover, the proposed method can effectively
capture the coupling distribution features of ground motion and fault dislocation, as well as near-fault effects, including velocity
pulses, hanging-wall effects, and vertical effects. Through the analysis and comparison of seismic responses in different terrain
features, the broad applicability of the proposed method has been validated. This can provide a scientific basis for seismic design
analysis in practical engineering.

near-fault, strong motion-dislocation action, seismic input method, domain reduction method, seismic response
analysis
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