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Shock response analysis to underwater explosion

using Hydrocode

Lee Sang~Gab*, Park Chung-Kyu*, Kweon Jung-Il*, Jeong Sung-Min#*

ABSTARCT

In recent years, the structural shock response to underwater explosion has been studied as much, or
more, through numenical simulations than through testing for several reasons. Very high costs and
sensitive environmental concerns have kept destructive underwater explosion testing to a minimum
Increase of simulation capabiliies and sophisticated simulation tools has made numerical sirmulations
nore efficient analysis methods as well as more reliable testing aids.

Far the simulation of underwater explosions against stnface ships or submerged structures one has to
include the effects of the explosive shock wave, the motion of the gaseous reactive products, the local
cavitation collapse, the different nonlinear structural properties and the complex fluid-structure interaction
phenomena. In this study, as benchmark step for the validation of hydrocode LS/DYNA3D and of

technology of fluid-structure interaction problems, two kinds of cavitation problems are analyzed and
structural shock response of floating ship model are compared with experimental result.
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Fig. 2 Finite element mesh configuration of
one dimensional plate problem
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Table 1 Plate characteristics

Thickness 1Tin

Dimensions 15in X 15m
Moduliss of elasticty 300E06 psi ]
Poissors ratio () 03 T
Mess Density (7.} 5.32986E4 Ibyin’

Table 2 Fluid characteristics

Fluid depth 15000 m

Dimensions 15 mx15 inX1.5 m
Number of element 1000 Solid elnt. (8 node)
Sound speed in liquid (Cy) 5712E+4 in/sec

Sound Speed in cavitated region (C;)]0

Mass Density (7.,) 9.3455E-5 b S/in’

Table 3 Incident pressure characteristics

Peak pressure 103 psi

Decay time 9.958E4 sec

Charge depth 1.0E7 in (on the center of the plate)
Atmospheric pressure 14.7 psi

Gravity 322 fisec’

Cavitation presswe |0 ]
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Fig. 5 Arrangement of cylindrical shell under
underwater explosion

Table 4 Material prgperties of Aluminum alloy 6061-T6

| Density (p) ___ [2,700 kefm’

Modulus of elasticity (E) 70 GPa

jf}{)isson‘s ratio (vy) ) 033

Yield stress (6.0) 270 Mpa B

| Ultmate stress (5.) 317 Mpa ]
Failure plastic strain ( & f)” loar o
Dynamic vield stress constants | D=1288E6 s p=4

Symametric
Symmetric Pla
Plane:

'

p:

Fig. 6 Finite element mesh configuration of cylindrical
shell under underwater explosion

Table 5 Parameters of BOS-JWL and linear
polynormial of fresh water

Pentolite type a Fresh Water (x<0.8)
p. |880 kg/m’ po 11,000 kg/m’
A |3486E1l Pa a, |2.002E9 Pa
B |1.1288E9 Pa a; |8432E9 Pa ]
» 1024 a; (8.014F9 Pa
R, |7.00 bo |0.4934
Ry |2.00 b 1.3937
d [5.170 mss b, [0.0000
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Fig. 10 Deformation of shell at 20 msec
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Table 6 Material properties of steel plate

Density (o) 7.800 kg/m’

Modulus of elasticity (E) 160 GPa

Poisson's ratio (v) 03

Yield stress (6 ,) 190 Mpa

Ultimate stress (d) 316 Mpa

Failure plastic strain ( £ ) 0.378

Table 7 Parameters of BOS-JWL of Emalsion
p. | 1,100 kg/m’
A 2.26E11 Pa
B 6.461E9 Pa

@ 0.36
R, 5.19
Ry 1.46
d 3,390 m/s
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Fig. 13 Propagation of shock wave by explosion
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Fig. 16 Stress distribution (1.6 ms)
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