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Abstract
The Smoothed Particle Hydrodynamics (SPH) method is used to simulate the dynamics of the underwater explosion

within the two-dimensional square metal vessel. The SPH particles well represent detonation gas of an explosive charge,
water confined in the vessel, or metal surrounding water as the vessel. The shock wave propagating in water impacts the
metal wall and deforms the vessel. Finally, the vessel is ruptured at the corner by the impact of the underwater explosion.
Furthermore, the impact passing through the metal wall is simulated and eventually causes the shock propagation in the
next room within the vessel. The present simulations clearly demonstrate the advantage of SPH method reproducing the
damage of the explosion accident including the coupled fluid-structure interaction.
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1.  Introduction
The SPH, as meshfree, Lagrangian and particle method,

was originally invented for modeling astrophysical phe-
nomena1). These features allow us to easily treat heteroge-
neous state which includes gas, liquid and solid simultane-
ously. The SPH method has been used for a simulation2) of
underwater explosion (UNDEX), which mainly focused on
the interaction between the detonation gas and the sur-
rounding water, or the high velocity impact (HVI)3). Once
UNDEX occurs in the closed space like a vessel, the strong
shock wave propagates in water and ruptures the surround-
ing walls of the vessel. Such coupled problem consisting of
gas, liquid and solid is one of the important topics to pre-
dict the hazards by the explosion accident. Especially, it is
desirable to predict the rupture of the building or solid
structure by means of the impact of the explosion, using the
simple and light-loaded simulations. In the present study, it
is investigated that the possibility of the SPH method repro-
ducing the damage of the explosion with coupled fluid-

structure problems. The subject of simulations is UNDEX,
which is exploded by TNT explosive and surrounded by
the iron walls as the two-dimensional square vessel. 

2.  Numerical setup
2.1 Governign equations

Following inviscid compressible equations simulate
UNDEX phenomenon.

(1)
r, e, s, v and t represent density, internal energy, stress
tensor, velocity and time, respectively. The stress tensor
appearing in Eqs. (1) is defined in terms of an isotropic
part which is the pressure P and the deviatoric stress S
(s=–PI+S). I represents an unit tensor. The following
equation is a constitutive equation of elastic material.
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S, ˙ , w, and m represent deviatoric stress tensor, strain rate
tensor, rotation tensor and share module respectively. The
plastic flow regime is determined by the von Mieses crite-
rion. 

2.2 Equation of state
Each equation of states for detonation gas, water and iron

are the JWL equation4), the polynomial equation for water5)

and the Mie-Gruneisen equation for solid3), respectively.
See references for each parameter of these equations.
The JWL equation:

(3)

The polynomial equation for water:

(4)

The Mie-Gruneisen equation for solid:

(5)

(6)

3.  Results and discussions
The SPH method is applied to UNDEX simulations in

two-dimensional space, which is exploded by TNT explo-
sive and surrounded by metal walls as a square vessel. Two
kinds of square vessels are simulated, one has single room,
and the other does two rooms, where one room is charged
with TNT explosive. 

3.1 Dynamics of UNDEX simulation in square
vessel

A square shaped TNT charge (0.1 m 0.1 m) explodes as
a high-density gas in a metal vessel, filled with water in
two-dimensional space, as shown in Fig. 1. Initially, 10201
particles located as 101 in each direction are distributed at
equal intervals. The outer 5 or 10 particles represent the
0.05 m or 0.1 m thickness of the walls of vessel respective-
ly and the other particles are used for water and TNT
charge. 121 particles represent the TNT charge and are
placed on center near the left wall of the vessel. The initial
conditions are listed in Table 1. 

Figures 2 show the pressure contour plots in water, the
TNT gas bubble as the black region and the deformation of
the vessel walls by the black particles at 0.29 ms. The gas
bubble expands in the surrounding water. The initial shock
wave propagating outwards and the reflected waves on the
metal walls are clearly observed as the round shape in the
pressure distribution. The shock wave impacts the left wall
intensively and deforms the vessel shape. The thickness of
the iron walls causes different features on the deformation
of the metal wall as shown in Figs. 2. 

Figures 3 show the features at 0.9 ms. The left wall is
ruptured by UNDEX and separated form the other walls in
both cases because the TNT is charged near left wall. 
There is less deformation in the case of the thick walls.
The simulations demonstrate the dynamics of UNDEX,
such as shock wave propagation, gas bubble expansion
and metal deformation including the metal thickness. 

3.2 Dynamics of UNDEX simulation in vessel 
divided into two rooms

The vessel divided into two rooms by an iron wall is uti-
lized to observe the feature of impact passing through the
metal wall. A square-shaped TNT charge (0.1 m 0.1 m)
explodes as a high-density gas in the right room as shown
in Fig. 4. 

Figure 5 shows the pressure contour plots in water, the
TNT gas bubble as the black region and the deformation of
the vessel walls by the black particles at 0.14 ms. As
observed in Figs. 2, the gas bubble expands in water. The
shock wave roundly propagates in water in both rooms
although the shock wave in the left room obviously weak-
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Fig. 1 Initial distribution.

Table 1 Initial condition.
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er than that in the right room. It can be said that the shock
wave in the left room is caused by the impact passing
through the iron metal wall. See the center wall, it is
deformed by the impact as observed in Figs. 2.

Figure 6 shows the features at 1.5 ms. The right wall in
the right room is almost ruptured by UNDEX although the
TNT is charged near left wall. This simulation clarifies the
dynamics of shock wave passing through the metal wall
from water to water by UNDEX. We can say that the pre-
sent simulation results indicate a potential of the SPH
method for a prediction of the UNDEX damage.

4.  Conclusions
A series of simulations was carried out to clarify a poten-

tial of the SPH method for reproducing the damage of the
explosion accident including the coupled fluid-structure
interaction. The SPH method was applied to UNDEX simu-
lations in two-dimensional space, which was exploded by
TNT explosive and surrounded by metal walls as a square
vessel. The simulations were performed using two kinds of
vessels. The dynamics of UNDEX, such as shock wave
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Fig. 2 Pressure distribution and deformation of the vessel walls at 0.29 ms.

(a) Thin wall                                          (b) Thick wall

Iron wall

Bubble

Fig. 3 Pressure distribution and rupture of the vessel walls at 0.9 ms.
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propagation, gas bubble expansion and metal rupture, were
well reproduced in consideration of the metal thickness. The
simulation presented that there was less deformation for the
thicker walls. The shock propagation in water caused by the
impact passing through the metal wall was also simulated.
In conclusion, we are confident that the SPH method is one
of the leading methods for the dynamics of explosion simu-
lation.

References
1) L. B. Lucy; ‘A Numerical Approach to Testing the Fission

Hypothesis’, Astronomical Journal, Cvol. 82, (1977), 
pp. 1013-1024.

2) M. B. Liu, G. R. Liu, K. Y. Lam, and Z. Zong, ‘Smoothed
Particle Hydrodynamics for Numerical Simulation of
Underwater Explosion’, Computational Mechanics, vol. 30,
(2003), pp. 106-118.

3) L. D. Libersky, A. G. Petschek, T. C. Carney, J. R. Hipp,
and F. A. Allahdadi, ‘High Strain Lagrangian
Hydrodynamics’, Journal of Computational Physics, vol.
109, (1993), pp. 67-75.

4) B. M. Dobratz, LLNL Explosive Handbook. UCRL-52997,
Lawrence Livermore National Laboratory, Livermore, CA,
(1981).

5) Y. S. Shin, M. Lee, K. Y. Lam and K. S. Yeo, ‘Modeling
Mitigation Effect of Water Shield on Shock Waves’, Shock
Vib., vol. 5, (1998), pp. 225-234.

424 W. Kobashi and A. Matsuo

Iron wall Shock wave

Bubble

Fig. 5 Pressure distribution and deformation of the 
vessel’s walls at 0.14 ms.
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Fig. 6 Pressure distribution and rupture of the vessel’s 
walls at 1.5 ms.


