PEMZE: BARRE 2026 &£ £ 56% 7531783 ~1795 CPIERRE ) Zekil
SCIENTIA SINICA Technologica techcn.scichina.com SCIENCE CHINAPRESS

TR ERESEHTRBEFREMBFEATET

FET- Oy BEAIL ] 4 e -V - TR -2 3
RFHE A

ol kA, 2o AR A

LA Tk R 2 TRE SR, bt 100124
2. iFERFKFIKE TR, b5 100084

* E-mail: wangjt@tsinghua.edu.cn

Wk I 39: 2025-12-18; 4352 H #H1: 2026-04-16; W28 iR &% 2% H 1#: 2026-07-13
% | R R & T H (kiS5 52339007, 52479114) % )

WE BETHFRAEREBEH-AR-BINKES, ZRMVENL2WIER TR YHARLRETRESN
B, BRI NERERR., WEAEE. BRARENRE NS EEWE S HEEIHAR, & BT
ERENBEUNG G ARBERA. RAFRMET & T B ALE B3 E -78 B -8 I8 K E 8 R A N3 A7 v S
SEM-FEM-SPH-FEM % R Z #t B WAE S, #8463 LiE(SEM). F IR Tik(FEM). XA Fi K30 /1 % (SPH) %
Tk VAEREEREEUTHS: (1) BERFE-FEHEN: ETETERTNERL G FILN T EEHSHE
Y, B EXEHAKFEM-SPHE) A8 65 A, SHNEBFERRAZ = EME DML BB BERERK
ARBEY, TREZHEBYENNABANBEERRBELEENAR,; Q) BHEEAEH 564 G TXALS
MBSk s, 57 & T Alpha-Shape L % 55 & FIER NN B KA EHN G5 7%, RIETBERILARES ST
NESHOEERE, TAERBA-BFHEERE-BREEERNEERN R, 3) EREH-BR-AINAEEEA
HEL: A 22 0 Y AR K- A MISPH-FEMAE A A5 AL 5 40 A% 30L78 B AR N\ A B & T VR R 5 01 485 A 9 U [ 48 6 2 L
AXREAEDEREREZAT NERBEE. FEHE AL B BEENKBLBR. BREFTFE A
MEMHRE/ AT BEEREEN. AXHE— PN AZES, X F LA EKBAEREEEREER TR ARE
R H bk R TR -E N AR HATT BRI, AF R A AR TR A E A 5% 4 R E R R
KEEAZHE.

XgE  REH®, BmANLAE, WERANEN, HEEE, BR, REES

1 3| SEGSIN . BN F WK B gp e i R, 1958
SE7 H 9 H Bl $L 3 N M, 8.3 2 3th 75 155 & ) 1R S R ik

SR RE AT RS R BRI S, WA 30003 m A A T TR 1 A ARV K, T BAN
BNKARBGRIR, IRATEARE I RO, vTRE Wi, 7EXT R AR S IR 524 mITEIRICE, DAL

SIRME: UL, koo, THEE, 4. JETHIFHUR] 0 M7 08 - IR IB I o S 1 SRR, RS R B, 2026, 56: 1783-1795
Jiang H, Zhang W J, Wang J T, et al. Physics-based modeling of the earthquake-landslide-surge-dam overtopping disaster chain scenarios (in Chinese).
Sci Sin Tech, 2026, 56: 17831795, doi: 10.1360/SST-2025-0419

©2026 (PERE) FEHL www.scichina.com


https://doi.org/10.1360/SST-2025-0419
http://www.scichina.com
http://techcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SST-2025-0419&amp;domain=pdf&amp;date_stamp=2026-07-06

TS T AL £ M 2 - - T VR - 12 0 5 T 5 1 S AL

160 km/h 13 FE (&35, J A 17 s 3t 7 SR ) e s i VL.

W it b S A Ml )t - 0 -V VIR -8 L o T
(A T BRI ¥ A0 i 72 HL A I 3 1 B =R 0 R 2% B &K
R T g A R B A, R LA
GSHUER FE S IR TR ¢ % 22 4 ARG VP 1 22 B2 T
2. AW AR 2 A0 1% K S5 A B — BB 40 3h
T, A5 U AE I RE T I B - TR A K AT
B, DES T BRI S B AR T
[, WFAE 2 KA ETUGEDEM). Gk Tk
B J1%(SPH) W5 L (MPM) 25T WA % J7 9271 Fe
WA, E TR R A R TR A T
MRz g R 5 A AL Sy L L SR, A
T M RE M b R B N K 2 R I i 7 5, it
TN U 0 PEE BB A PR R 35 it i 20 250 4 A7 1 b 7 o ok P
g R I R e A S i S M R A R LA R v L
W MU JRy s g v, ELAEAE TR g AL I, EI
THRE S R R R e R 7 B X R TR
WO, H SRR A RAAFEEVM) & SPHE 7710
Horp, A EATAE RS AR 5 )l R DG ERR FEAN 2
& A R YE. ML T, SPHEE T MM I iEfE B i E
4 H R MRS A A RS, O X TIEXE
IR BRI TR A AR 25 40 fT A W 5, AOORVE
YO R KB 1 FE T 2 WA ) J i ;- 55 RE
WA SRS TAER, (HETFERER S, 2
N TR A = AR, DAV B 2 1 R TR S
PARZE I 5 2 AE LA BT R = P A B R SR T
RFAE.

JUE BT B — B 43 9 HE AT BRSO T O T
HEGRE, B EATIEh = e % THE R - -mIR- K
L B A 9 T A T AR A AR R B R AUAE S, M
ZAE LR T SR RERAE N GR VRG2S (B Hb R B3 fuk & i
ek . VRIR-HUAAR BAE A . KIS M AR L 1
By Ve N 2 A Ak o< E BRI AR, THIIN DA S X
(1) HbFE B4 N A3 B S 75 R R R Y B A e S 1)
BT R M R R ST RERIE M A
EEEAUR T P il S giit, e DL R E R
L3RR R BRI 2 4. SR TP ER ML 1 o2
PR A T V2R T A B 0 SR AE M 52 B se 25 18] 0 A 5
TEFMLE, Rm R FREFEAMLE RPN TRE 24
HEFE. Q) BRESZYHEG G E =t 5 4E
KEAS A B EMNEE REAABAN, NJLEAR

1784

DX S b R AL 1 0 B el g ads 35 50 g v 2 31
KGR GER, I 2 RPEES K, RIS, AS[FEA 5 (8]
TAAES MBI EAE R, QIS LA
(AL A (- R )~ 38 SR - /K -4 31 A ELAE
(I - - T AR5 ), M DAAE B — B 2 S B 48— 1y 2K
MRS SR, (3) BUE SRR A PE R i T
GEAN AT T SO ERALE 2 7K, EFRAN A 9 55
SRR FH 2 A8 2y B B & RIS 2 — N AT AT AR
AR, AH T & 9 E T B E AR BUE B S SR A
SR, DRI S B AR G S ST A AR R ] 2 T A HERA
MIREE T7, RIEID S SRS =1 — Bk f£ 3,
M ARE R FEFES) S R B e, (4) KA
05 BTSRRI S X IR B R R R
WAL 55 R B A AR SR . PEsK E
FETH I ZUAS T L B OR300 5 R e 45 5% 4 55 i = 26 42
N7 (1) 9 B Ak FE R A, R R R ER
¢, WEEETREKR, SEED SR T
K.

[l e IR 1), AHSCHIE 78 LIS — e it . B A
PAANMERR, RS JCYE(SEM)S V2 N A T X A
FIEAL, BEE 7R H FERRIENLH . AR IR R R
Hoe . Hee N R Wang s N R T 2 T4 o ik
1) B s L RE S HOE B T v, A AU RIS F
10 Hz. Jiang® A"k 42 ) T SEM-FEM-SPH#& &
HEZE, To75 TGIE R 1, mT S B M B R A 2 2110 35 v 30
A R, D Hh R S S AR At T A s
1. TR RS B TSGR n) i, I 4Fk, PAGPU
FRER E TR T EROR K s, BORHES) T
1 BUE T ERRES, BT GPUNNE 1 -8
PLF AR )1 TS Dual SPHysics 4% ) 72 B A
TR E MR ARSI Km0, e
Jiangs NP2Hi T —FhSPH-FEMAS & HELL, W] eIl 3
JET T B 503 R 5 1 Y-V YR - LA AE LA FH 40 M.

IR R gk F S T BB R A T A R R
J7iF, ARG B T B T BRI 1 R -
I - TR TR - 18 I 9 A S K INF) 70 B ) SEM-FEM-
SPH-FEM £ R FE S (B S AE 2. 1ZHESL R UL T4 B
ML B8 BB T, A T MRS sh A& FE
FISEMA AL, i3 e Fa 518 S B HU T FEM-SPHAR 2,
DL 3 IR -3 AE EAE B SPH-FEMAE Y, St
TR R B MR S R TR IR .



hEBNE: AR 2026 4E 56 % 7

AR B AR EAR AR, AR RE - S
IR IR- IR (1 P E — BT B 1), AR SCR B
T —Fp 3 F Alpha-Shape 575 Fl 2 & 57 18 J5 0] ) =k
PSR E A SRS IS HtE s ik, TR T SR
RS H &8 MR PE 53 1% A I sl . BT 1%
HEZE, A% 30 DASE 8 XA 2 g ROV PE M S AR e, T
T Hb RS- IR IS I A R R, VP T R R AR
NN SOEARRA

2 HiRR-TEY-THIR-IR B

AHEFEE T SEM-FEM-SPH-FEM A & HEZSE, i
Tk BT WAL B T BB RN T, SR T b -
T - O T B S KIN B g m  A i FEEUE AL, 1%
HEZRALHE = #0701, Bkt T,

(1) FEIEBEZ-TE B T SEMAS A X I R
Hh R 37, I R A AL, B SRS bk A 1) Hh RE B
IR AN N ST R 2, i 3 1 EXFEM-SPHAR
G EATRAE, SRR 2 2 2% 6] Hh R B ik
WA, BRI AR, HONE S
TRBLL R LA N S 4L

(2) AR R H A S TR 4 B B R
W, VR - IS TR IR AN BB B A AE
RN e A DS VA Y [ ) R LN SR A RS ML LN
H1BHUL STk, HET Alpha-Shape A% 38 i SPHE 1
ZRREU LA TH, FFE AR — b A HEA TR LA
— P, RIS T gl s 1 R K AR T RIS B L
LRNIARIBEh S H, SIS AL I R Bh 11 2 v
38, PRAIE 9 R B 0 B2 1 P B SR

(3) W HE-TRIR-RHUME EAE FREAL: SR LIg -

| BFEEEE —— SERERE —— AR |

1]
\W%ﬁ%ﬁ%||%ﬁ%ﬂ%ﬁ%ﬁﬁﬁﬁ%*|é@@%ﬁ\

| W ) |

§ |FENL-SPHF A 4 0 L §

\ o | | mBE \!@@%EI

BEREN | AR T AR

| [ R TRSEE |

r——ﬁ%%mmmm?ﬁﬁmﬁiiﬁll%ﬁ%?%%%@%%%#
7

§ Ak, A

| =] T i

NEEd i 2 ﬁgﬁ;ftfﬂﬁﬁl P=mv L=rXmv
£ =
BTV UCETN =iy
;Eﬁ-iﬁ;ﬁ-jtﬂ! ‘ j(j?ﬁl H $7K H (E’ﬁi |

| LR | -G E R AR [ ESPHABAT |

| M-k EFEMER | A AENS |
}

e L e

B 1 (12 RROR P jH A - T -V TR -1 00 5 T B B U 7 ik

Figure 1 (Color online) Numerical simulation framework for earthquake-landslide-tsunami-dam overtopping hazard chain.
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Figure 2 (Color online) Schematic diagram of earthquake-landslide-tsunami-dam simulation.
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Figure 8 (Color online) Earthquake-induced landslide simulation results.
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Figure 10 (Color online) Generation and propagation process of landslide surge waves.
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Physics-based modeling of the earthquake-landslide-surge-dam
overtopping disaster chain scenarios

JIANG Hui', ZHANG WenJie', WANG JinTing’, ZHU JingJing' & DU XiuLi'

: College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China
2 Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China

Strong earthquakes can induce a disaster chain involving reservoir bank landslides, surges, and dam impacts, representing an extreme
catastrophic process that threatens the safety of high dams. Current research predominantly focuses on individual stages of this
disaster chain, lacking direct physical and numerical simulations of the entire process—from the seismic source and landslide-
generated surge to the dam response—which hinders the understanding of evolution mechanisms and dynamic coupling effects. To
address this gap, this study develops a physics-based, multi-scale numerical simulation framework coupling the spectral element
method (SEM), finite element method (FEM), and smoothed particle hydrodynamics (SPH). The framework first utilizes SEM to
obtain the spatially non-uniform ground motion field from the seismic source to the local site, and establishes a local slope FEM-SPH
dynamic coupling model to simulate the full process of landslide initiation, sliding, and accumulation, thereby overcoming the
limitations of uniform input assumptions and preset slip surfaces. To facilitate the staged simulation strategy, a landslide body
reconstruction and mapping method based on the Alpha Shape algorithm and momentum conservation is established to ensure the
precise transfer of geometric and dynamic parameters between models. Subsequently, a coupled landslide-reservoir water-dam
SPH-FEM model is constructed to simulate the surge generated by landslide and the fluid-dam structure interactions. This framework
achieves, for the first time, a comprehensive scenario-based numerical simulation of the entire disaster chain, spanning from source
rupture, landslide, surge induced dam impact. The framework is further applied to analyze the instability, sliding, and subsequent
surge-overtopping process of a potential landslide in a typical reservoir under seismic loading, providing critical scientific support for
the risk assessment of earthquake-induced cascading disasters in cascade hydropower projects.

disaster chain, dam safety, seismic motion simulation, coseismic landslide, reservoir surge, fluid-structure
interaction
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