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Response of Cylindrical Floating Structure Subjected to an Underwater Explosion 

 by Akihiko Imakita, Member Akihiro Yasuda 

Summary 

 This paper describes numerical simulations and experimental results of dynamic response of a cylindrical floating structure 
subjected to an underwater explosion. An explosion was generated by wire explosion method under the center of bottom plate. 
Responses of the cylinder were recorded in the experiments with three different offset conditions. Nonlinear explicit finite element
method and finite volume method were used for the structural analysis and the fluid analysis respectively. Compressibility of fluid
and fluid structure interaction were taken into account in the numerical simulation. Explosion bubble shape was observed with a
high speed camera and were compared with the numerical simulation results. Experimental results of time histories of bottom 
surface pressures and displacement of the bottom plate were also compared with the numerical simulation results. Numerical 
simulation results regarding to dynamic response of the cylinder corresponded well with experimental results. Discussions are given 
to boundary effects on behavior of explosion bubble and offset distance effects on response of the cylinder.  
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Fig.1 Wire explosion circuit 

Fig.2 Schematic view of test apparatus 

Fig.3 Wire explosion setup 

Fig. 4 Test structure 
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CASE 2 Fig.8

Fig.9
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Table 1 Test condition

cond.
No. 

offset distance 
(m)

cylinder 

CASE 1 depth 0.3 none 
CASE 2 0.1 fix 
CASE 3 0.1 free 
CASE 4 0.12 free 
CASE 5 0.14 free 

Fig.5 Experimental result of pressure time history 
(0.3m from explosion center, CASE 1) 

Fig.6 Bubble shape (CASE 1) 
(Left side : experiment, Right side : numerical simulation) 

(i):1msec,(ii):5msec,(iii):10msec,(iv):15msec,(v):20msec

21.3msec 21.2msec

CASE 1 18.5msec

CASE 3 CASE 5 Fig.10

Fig.12

Fig.10( 0.1m)

Fig.7 Time history of bubble radius (CASE 1) 

Fig.8 Experimental result of pressure time history at the bottom 
plate center (CASE 2) 

Fig.9 Bubble shape (CASE 2) 
(Left side : experiment, Right side : numerical simulation) 
(i):1msec,(ii):5msec,(iii):10msec,(iv):15msec,(v):21msec

近接水中爆発を受ける円筒浮体の応答 381



Fig. 10 Experimental result of displacement time history 
 (CASE 3) 

Fig. 11 Experimental result of displacement time history 
 (CASE 4) 

Fig. 12 Experimental result of displacement time history 
 (CASE 5) 
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Fig. 13 Simulation model 
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Fig.14 Pressure time history at 0.3m (CASE 1) 

Fig.15 Pressure time history at 0.3m (CASE 1) 

Fig.16 Pressure time history at bottom plate center 
(CASE 2)
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Fig.16 CASE 2
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Fig.17 Numerical result of velocity vector distribution at 
21msec (CASE 2) 

1 21.4msec CASE 
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6) CASE 1 0.3m

Fig.18 Numerical result of displacement time History 
(offset 0.1m, CASE 3)

Fig.19 Numerical result of displacement time History 
(offset 0.12m, CASE 4)

Fig.20 Numerical result of displacement time history 
(offset 0.14m, CASE 5)
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Table 2  Max. displacement (CASE 3) 

 max. displacement (m) 
 1st period 2nd period 

experiment 0.0079 0.0037 
simulation 0.0084 0.0046 
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1

0.06m

0.1m

1

2

Fig.22 Fig.23

Fig.22 Fig.23

Fig.21 Offset effect on displacement (numerical result)

Fig.22 Offset effect on distribution of impulse due to incident 
shockwave (numerical result)

Fig.23 Offset effect on distribution of impulse due to bubble 
collapse (numerical result) 

Fig.24 Numerical result of bubble shape at 19msec  
(offset 0.12m, CASE 4)

Fig.25 Offset effect on impulse due to bubble collapse 
(numerical result)
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