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Table 1 The estimation table of

Air

damage degree of obstacle

Charge  Depth of water Position of explosive  Damage degree

/(kg) /(m) x/(m) y/(m) /%)

3.6 3 0.0 0.4 35

. 5.6 3 0.0 0.4 50

Seabed
6.8 3 0.0 0.4 80
x
8.0 3 0.0 0.4 98
1 Ak Y mk o A Y
Bl fmsiEs 12.0 3 0.3 0. 4 98
Fig. 1 The simple model of
30.0 3 1.0 0.4 50

damaging obstacle

(a) n=200,t=0. 24 ms (b) n=4000,t=2.51 ms (c) n=6000,t=3. 46 ms (d) n=10000,z=5. 368 ms

2 RO R (24 12. 0 kg, XE 5O,

3m,0.4 m),BAGFRE 98%)

Fig. 2 The computation image of explosion damage

(Charge 12. 0 kg and explosion position(0. 3 m,0. 4 m) ,damage degree is 98%)
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(a) Charge 3. 60 kg, explosion position(0 m,0. 4 m) (b) Charge 5. 60 kg,explosion position(0 m,0. 4 m)
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Fig. 3 The pressure-time curve of the middle point(2. 13 m,1.4 m) of the side of the obstacle facing to the explosive
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2D Numerical Simulation of Explosive Damage Effect
on Obstacles in Water

HAO Li',NING Jian-Guo®, WANG Cheng’

(1. Beijing Institute of Civil Engineering and Architecture ,Beijing 100044 ,China;
2. State Key Laboratory of Explosion Science and Technology
Beijing Institute of Technology ,Beijing 100081 ,China)

Abstract: The physical and computational models of explosive damage effect of obstacles in water are
proposed. The conservation equations, the dynamic elastic-plastic constitutive relation and damaging
criterion of concrete are established,together with the yielding criterion subjected to large strains,high
strain rates and high pressures. Meanwhile, based on the multi-material Eulerian algorithm, the NM-
MMIC code, which is a general 2D multi-material elastic-plastic hydrodynamics code with C™" lan-
guage,is applied to simulate the damaging effects of obstacles in water by explosion with different
charges and at different positions. The whole process of underwater explosion are visualized by
VISC2D code. The pressure variation of the side of the obstacle facing to the explosive are demonstra-
ted quantitatively. The optimum damage charge is obtained. The damaging degree, and the damage
laws of the obstacle in water are evaluated. These results are valuable in designing and estimating am-
munitions against obstacles in water.

Key words: explosion mechanics;damaging effect;numerical simulation
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