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Earthquake Failure Analysis of High Gravity Dam Under

Action of Main Aftershock Sequence
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Abstract: To reveal the influence of aftershocks on the failure process of gravity dams, the Jinangiao gravity dam is
chosen to perform the investigation. The impact of reservoir water was simulated by using Westergaard additional mass.
The elastoplastic damage model was adopted to simulate the nonlinear characteristics of the concrete material of the dam
body, and the nonlinear failure process of the dam body under the action of a single main shock and main aftershocks was
calculated. The results show that the failure pattern of the dam body under the main aftershock is consistent with that un-
der the single mainshock. The failure areas are mainly concentrated at the dam heel, the upstream and downstream folded
slope, and the downstream dam surface. The aftershock effect will cause the further development of the main earthquake
damaged area and significantly increase the cumulative plastic dissipation energy of the dam body. The cumulative plastic
dissipation energy caused by aftershocks gradually increases with increase of the PGA. After the PGA reaches 0. 45g , the
contribution of aftershocks to the cumulative plastic dissipation energy gradually stabilizes at around 30%. In terms of
seismic performance, the ultimate seismic bearing capacity of the dam body is in the range of 0. 50g and 0. 55g under the
action of a single main shock, while under the action of the main aftershock, it decreases to 0.40g-0. 45g.
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Fig. 1 Stress-strain relationship of concrete material
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Fig.2 Finite element model and materials in the dam body
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Tab.1 Parameters of the dam-foundation system

- L R EEMERCE BURSRIE YRR
/(kg+m ") L /GPa /MPa /MPa
1 2 600 0.186 28.0 1.78 16.7
I 2 630 0.215 39.3 2.58 25.8
I 2 630 0.211 41.2 2.97 29.7
I\ 2 600 0.198 43.1 3.25 32.5
\ 2 660 0.186 25.5 1.54 13.4
b K 0 0. 200 25.0
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Fig.3 Time-history of mainshock and aftershock sequence and response spectrum
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Fig. 4 Stress and damage distribution of gravity dam

under static load
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Fig.5 Failure areas of gravity dam under mainshocks

and aftershocks with different PGA

Kl 5Ca) o B AE AT U 0 i 38 XK Ji it
T LPGA /NI (0. 30g .0, 35g) , B IR X AL H 31
TE I A 1 i 00T H O IR 9 B s PGA L
0.40g B, 30U Ko 1 i JLAnf 58 748 Ab 1) B8 3R IXC 1]
Ui 2 8 o TR BT Ui 37 3 R0 T 9t 400 AF 4 B IR
P = N L N T A Y VA 27 N R A ) B O R
IOUTAT (8 R IR DX KT ] 304K P 3 & R 5 S B B
PGA BJHEMINC0. 45g 0. 50g ) » WA 3 187 #4153 X
T[] 0P R R . A BUUUA RS 2800 R ] L T i 3
TET (8 B A IX 0L ) 300 PN K i, e 4 E 0. 55¢
B R BB A IR, & 5(b) S 4 AR T Sk
MR X Kk, HE S RTAL, ERBEHT
WA IA X kB S EEEAN A -5, 5
FREAM M, EARE TR B IR X 2 A i B A
WK, H D8 I8 3 B X5 0 1) PGA B/,

Zr L iR 5 3 R AR TR 3 AR AR TR SR



. 136 Ko HE

bR = S 2026 4E

P4 5 i P B DA XM [ 27 2R S 90 A B B IR I ]
R HE A R A LU IO R A B I . R R
B 52 M = 2R B AE P 5 1 . D FE AH W) PGA AR H
T AR 2 0 R IR 0 IR DX R R L ©
2 PR R A B, UK BT AR S B PGA B/,
PAERAE R MUALE 0. 55¢ IR AR BEE AR IR, &
AEBAER T IUATE 0. 45 iFH B0 STE B IR
42 WIFXBEREE RIS

& 6 & PGA BL 0. 50g ) 3452 7 5 4F it
WA 305 S b FE . PR AL 6 AT, SOU4A 8 Ml
AR FHIRE B8 R DX e 70 30U 30, B 5 8 3R XA
IR H LA B G0 i I A Ll R AR AL R
AT 3R T e LI AR AR A . H TP R Wi AT 3 R R Ui
IOUTET ) 0 IR DX R R, 7E B RR A R B AR &
JEZE Fipiim, BEERENEZNE T, S HHn
6 R DX i A T e o JF v T i 300 I A 5 O IX B
A I

2

(a)3.72s

2

(b)3.92s

2

(c)4.26s

5

N A N
(d)6.45s (e) EFBRBR (H RELBR

El6 PGAEO0.50¢ MEREFIMERT
AOWIFRERITE
Fig. 6 Failure process of dam body under mainshock
and aftershock with PGA=0. 50g
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Fig. 7 Time-history and proportion of cumulative
plastic dissipation energy under mainshock and

aftershock with different PGA
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Fig. 8 Calculation of failure index
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Fig. 9 Change of dam body failure index with PGA
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