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Abstract:Ground motion simulation is a key component of earthquake engineering research. Ground motion
simulation research will provide theoretical basis for post-disaster rescue and reconstruction, and has
important engineering guidance significance for structural dynamic analysis and seismic design. It can also
provide ideas for probabilistic seismic demand analysis of structures based on scenario earthquakes. The
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characteristics of near-field ground motion are mainly controlled by three factors, namely the source, the path
and medium of seismic wave propagation, and local site conditions. Due to the complexity of seismic source
characteristics, propagation paths, media, and site conditions, ground motion is unpredictable and
nonreproducible. This study analyzes the development history of near-field ground motion simulation based
on these three complex physical processes, briefly introduces the development history of commonly used
numerical simulation methods for ground motion simulation, and discusses the advantages and disadvantages
of each numerical simulation method. In addition, this study also summarizes the research progress and the
simplified models used in engineering applications, and compares the seismic source models, energy, and
simulation accuracy estimated by different methods. Finally, the limitations of the current research on ground
motion simulation and future research needs were summarized. By continuously improving numerical
simulation methods and combining advanced computing techniques and data analysis methods, the accuracy
and reliability of earthquake ground motion simulation will be further enhanced, providing a more solid
scientific foundation for earthquake-resistant design and earthquake risk assessment.

Keywords:ground motion simulation; stochastic finite-fault model; Green’s function method; source effect;

hybrid simulation method
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Fig 1. The development history of earthquake ground motion

simulation technique

1 WRIFME SRR

1.1 JUMEHRE A BE

FET b R SRR, LI KCHE RS 1 5 T S
PESTREAEE SR v e B E R . MR A AR I
515 22 R s M UL B A B ) R R R 2 — .
AL R LIS, AT RESZ BRI E L LH
R AT ] 5 DR 2 )T, AN P AR D iR
o IXUEIR I BE A B RE AR AT R B UK,
N 5 10 10 55 5037 RS HERAASE A . D] T 2 v WL 25 4
(RS FE 5 75 BEAN IR ciradh b FE AN A% B BE TR HE R A,
DL/ R 2 FI R . eAh, BB Gir ngs
JiE TN M R WO, 1 1L X b A —
HAEME LR A 85008 A6 5 55 R0 i 3R U i e
SRAERE A, DREYE R SR A R, 7R ) BT
FHUEET, DR SRR S L, B
A3 AR P AR i TRV RE AL 285 TRy e S b 7
R, fEHLEAR AL R, W T T IR
TH PR FIIE R IR0 R, XSRS 5k
PR ER S IR 2 S N E M I 38 A% 3 AN
SRR E SRS 5 RS, TR
HRE SIS EI . T BRAR K Ab B i AR
AT E M, 2R 2R A B 7 V5 AT R T
T, DAUERR AR TR .

BB Rl A AR B LI B A AT T S A
HEFRZ —. B2 MONEEETRG, BT
DA S0 D B — B R R e v K R A RS B
5 P RBBEERA S, LRI A HhE 5
5, TR B SE SR AR P Bl &
AT DA A [R50 s A, 386 50T 1 RE SRR AT
(PR RN TR BE 77 o AR BB ARTE B i WL 254 ) o]
SEME AR AR . R I A
AT LATH B s/ 2R G iR 2 FBE LR 22 (5 . I
CUATH R I E NS, XEIEHR T,
A AR B 0 4% i P RN A 52 o 7 O D0 i
(kS R SEvERT b, Geit oM i) 2 N
TP Ak B (0 A 5 MR 22 AL R T8 s
BARHAT ST 00T, AT LR B AR AL B AT
SEVESRIR, AT A e 5 A BN IE T R A
i, HAEHESERh B EE N HME, A8
T R RO 45 TR (R P AT ]

LI HSCHE (1R P55 5 m] S 52 M 3 b RR B A
PR EE N ER . @ S B s
RO TTE S N EE RS IR R AR, AT DA 3R
P LI S (RS FE A RTS8 1 AR B AR
MR PE . X SERIF FORIAH G H AR iR TR FIBLRE
B AE T E R .

1.2 BRI A HE M

i FE FEIR S H AN E PR T 3 b FE B A
N CBE R, B BB R RE B () TN RS FE A A]
FEEVSSI L RN AN E M AR TR T2 1
JURITEAS « B 20T b (103 Bl 2 A IR 4% 78 T P 25
J7 253, TR AR ) 52 i A 1510 75 B (KA 5
A BRI 2 Y. 5] 40 2 1RV B 49 A ]
DT W72 I A B A S A Rk IK, T
ARSI 5]k 2 S BUMFE SRR (1 2 35 A5 (L B35 5T,
FEVRIR FE FOASTA 52 Tk PR b FE S A0 45 S = A

S, PRORIX S ST 6l B R S R
PG RRVRVR BE (1738 1 2 oS0 b 75 8 (1 45 1 i 4 AN
A SR TEURRT P, T 5 M b 7 5 P 8 R AT 1 AT o
BEAh, W72 0 LART FREHR R 4 ) 7 0 b 7R R
SULFEROWTZ 1073 B, AT Uk SR A% 3 I 1 it vy
PRPAEHT®, XL SRR B HI T, M

LML SR A Hf

T 24T | 1 A% A IR S S S i RS Bl A
B 5 — AN EEER RO, W RIS S A4
P 4> 5 B0 7E B 5 IR A 45 A A AR B 3 AR
(U] 388 3o oF U A [ b R S W 2 W R B, T



FCEL A (0 AT R A X AU 2 SR A 5 i 2 I 2 1Y
G231,y 7 BRARIX LR BsE M, AR TE SR
I O R S B A T R e R B AR
FEo fltn, RAEERNIFEE RIS H AR A
BSETE, JFSINSRRAE X S, SR AF A
SRR [ ASHf 2 1T

FEM R BRI, RIS K e U M T
J73 5 M R PO WL B0 R b e P00 i, ik
s LG A S AFEATEYE . N T I
REEAHENE, I H R 2 A R RS
frfltiito it MRS A 2R IR S B
LU R R A A B R B R 2 A g
LRI AR, JFIENE T RER K RIENE it
FEBN IR TG O, YR 2 B AN 52 MEIE 7T B
M A ADLAN [7] 72 YA TR £ M 72 B0 R AE SR AT PR A
W1, T Sy T B FH 928 A48 5 A ) S Pt FE N

R IR S AN R VEASDURE i 3t 2 3 (R R 4
R, AR G A BT, 7ESRGE
P&, R E M= R EBt R a5
Bra R 2. ik, fEIT R E R ko
i, S8 SR 2 RRER AT R G VR, DA
AR 2 X SEALL 45 B (KB I Dang %710 ™22 4y
T T IR A R AL B M R AR A R s, K

ST/ eg R van Y=y & ST SRV VA= A4 i pli N

A LMS R BOURE RIS R . IR0, AR
Fa T H br = B NEE A A LA R A H
INSAR ClInterferometric Synthetic Aperture Radar) <
T )RR VSR TS B T LA RO IR AN e A ), AT RES
FURIRAE R I ERARX AL B M A S AN (&
2) o tln 2021 £ 5 A 22 A EER Ms7.4 %34
L 5E, Deng 5UAgh i W 2 T LA 4 15
140kmx15km,Song % %V 44 i) Wy B R <) A
105km><L7km, Wang UM ) 35 2 b 75 (1) R AL
BRST N 160km><10km 45 (£ 1) . B EES
HOAHEERNRABTTT, 7T LR ST A =2
JE R BT $R At B D9 B AN P S B BRI B, AT
REPUR BRI REA R R, deAlh, 7R
i, MR

(@)

K /km
61

1 11 21 31 41 51

7 81 91 101 #EEem
600

500

400

300

200

100

HH/cm

0 80 le0 24{0 320 400

g70 2 T g
(d)
K ft/km
100 -80 -60 -40 -20 0 20 40 60 80

O T 3B . 420

. =

5 10 [ g 300

] 220

= [ = [{180

20 120

60

30 0
(e)

®



wkl® - - 276° 80° 4°

&= ___.,4..”&,: TR

o

K km
P 2 2021 4 [E H D 2 R T AL 0 A . TR AL )
Hi(a) Song %1%, (b) Deng 25174, (c) Wang %171, (d) Li 20",
(e) Wang %™, (f) Wang 25131Fi1(g) Hua 25177153 i 4t

Fig 2. The slip distribution for the 2021 Madoi earthquake in
China. Slip model estimated by (a) Song et al. ), (b) Deng et
al.'"3 (c) Wang et al. [, (d) Li etal. ", (e) Wang et al. /™ (f)

Wang et al. [®!, and Hua et al. ['"), respectively
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Table 1 Source mechanism solutions of the 2021 Maduo,

Qinghai, earthquake by different scholars or institutions
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