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Study on the Response and Damage Characteristic of Concrete
Gravity Dam Subjected to Contact Explosion

XU Qiang, CAO Yang, CHEN Jian-yun', LI Jing, LIU Jing

(Faculty of Infrastructure Engineering, Dalian Univ of Technology, Dalian, Liaoning 116024 ,China)

Abstract; In this study, an explicit non-linear analysis program of LS-DYNA was employed to simulate
a concrete gravity dam with either normal or empty reservoir under contact explosion. Considering the
effect of high strain rate of concrete under the contact explosion, HJC (Holmquist-Johnson-Cook) consti-
tutive model was adopted to simulate the damage characteristic and plastic deformation of the dam. Firstly,

” model was constructed and verified. “Explosive-Air-Water

“Explosive-Air-Water-Concrete Test Cube
Storage-Dam-Foundation” dynamic full coupled model was then developed to evaluate the dynamic response
and damage characteristic of the concrete gravity dam under the contact explosion denoted by TNT explo-
sive on both normal water level dam and empty dam. The test shows that the analytical method is reliable
to study the contact explosion of the concrete gravity dams, and it also covers the shortage of experimental
study. In the case of the normal water level, the dynamic response and the damage of the dam are greatly

affected by the explosion points in upstream. Therefore, the study of anti-explosion properties for the con-

* W B #I:2015-08 —20
HEEWB - EFARP¥E4ESRIHHE(51138001,51178081) , Key Program of National Natural Science Foundation of China
(51138001,51178081) 5 [ 5 T s FE Al BF 75 & J&& 1% (973 34D ¥ Bh 35 H (2013CB035905) 5 H 9 185 1 3L A RFBF Al 55 9% & 301 % 4 W% Bf
Bt H (DUTISLK34, DUTI4QY10) 5 il 745 B i 55 B & AL Al F 55 100 H (1.22015022)
EEE A AR RA982—) AL T RE N RE I TR ¥R B2 11
T 38 B & A, E-mail: eerdool@dlut. edu. cn



5739 TR BRSO T 0 KA Y R SO B IR A 0 A 63

crete gravity dam should focus on the damage measurement when the explosion points are disposed in up-

stream under the normal water level.

Key words: concrete gravity dams; HJC constitutional model; underwater contact explosion; re-

sponse; damage characteristics
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Tab.1 The state equation and material parameters of emulsion explosive
Al B, R R Eo. Ve 25 % i g T Chapman-Jouget v
/MPa /MPa ! ? ¢ /(G +m ) p./(kgem™®)  /(mes D) J£ 41 /GPa
214. 4 0.182 4.20 0. 90 0.15 4.192 1 300 4 000 6.93 1
x2 KOREFERMBIEXSH
Tab. 2 The state equation and material parameters of water
00 Ca2 . . .
S S Ss [ E V
/(kg+ m™*) (mes™1) ! : ’ 7 v 0
1 000 1484 1. 979 0 0 0.11 0 0
®3 FEPIRSHFERMBHEXSH
Tab.3 The state equation and material parameters of air
Co,Ci,Cy,Cy C, Cs Cs Vo E./(MJ + m %)
0 0.4 0.4 0 1 2.5
x4 BELT HIC AHERRSE
Tab.4 The material parameters of HJC constitutional law models of concrete
0 » G/GPa A B C N F./MPa T/MPa Epso EF min
/(kg+m ®)
2 400 14. 86 0.79 1. 60 0. 007 0.61 48 4 1 0.01
SF.max pe/MPa e p1./GPa L D, D, p1/MPa p2/MPa p3/MPa
7 16 0. 001 0. 80 0.1 0. 04 1.0 85 —171 208
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Fig. 4 Failure mode of experimental results and numerical simulation
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Tab.5 The state equation and material parameters of TNT explosive

Ay B, R R Eq. 2 % - 30 Chapman-Jouget v
/GPa /GPa ! : ¢ /(GIem™®)  p/(kgem™)  /(mes D IE /1 /GPa

42 0. 44 3.55 0.16 0.41 3.15 1 860 6 718 18.5 1

F6 BUBURAMMSE
Tab. 6 The material parameters of plastic kinematic model
or Eo Eun o0 c P Ost
/(kg+ m™?) /GPa /GPa K /MPa - /MPa

2 700 23 7 0.22 24 2.5 4 5.6
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