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ABSTRACT

In recent years, the structural shock response to UNDEX (UNDerwater EXplosion) has been studied as much, or more, through
numerical 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 capabilities and sophisticated simulation tools has made
numerical simulations more efficient analysis methods as well as more reliable testing aids. In this study, the main issue is the
fluid-structure interaction. Here, appropriate relations between the acoustic pressure on the fluid surface and displacements on the
structure surface are formed internally. The analysis was carried out using ABAQUS/Explicit and the results have been visualized in
ABAQUS CAE. The shock loading history, acoustic pressure, stress of stand-off point, the velocity and strain energy time histories
were presented.
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Fig. 1. Shock Wave Profiles From a 136kg TNT Charge
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2. Intermediate Depth Explosion
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Table 1. The Parameter of the Underwater Explosion Event Model

Water Depth (m) D Stand-off Distance (m)
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L Depth
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TNT 18.3 kg

Fig. 3. Arrangement of Cylindrical Shell under Underwater Explosion

12 Journal of the Korean Society of Civil Engineers



o
oX,
ot

Table 2. TNT Underwater Explosion Parameters

Variable Value
K 52.12
K, 0.0895
A, 1.180
A, -0.185
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Fig. 4. Finite Element Model of Pipe Structure

z

Fig. 5. Cutaway View of Fluid Surrounding Pipe (Finite Element
Model)

Table 3. Properties of Steel

Density (p) 7,860 kg/m’
Modulus of elasticity (£) 210 GPa
Poisson's ratio (v) 0.24
Yield stress (o) 276 MPa
Ultimate stress (o, ) 758 MPa
Table 4. Properties of Water
Property Value
Fluid Density (p;) 1,027 kg/m®
Fluid Speed (¢) 1,533 m/s
Bulk Modulus (& = p,¢’) 2414 GPa

kg of TNT)o] Flsh= Zlo 2 7Pgeitt & el TN/}
2% e wpL WS W) o] ZF fA|9) o] Lo
)X gkl et arefsteick
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Fig. 6. Design Underwater Explosion Event

Table 5. TNT Underwater Explosion Parameters

Variable Value
K 52.12
K, 0.0895
A, 1.180
A, -0.185

w 18.3 kg
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Fig. 7. Comparison of Pressure Profile about one meter of
Stand-off Distance (Theory vs. ABAQUS)
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Fig. 8. Behavior of the Pipe Center subjected to UNDEX
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