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Ship Collision Analysis Technique considering Surrounding Water
Sang-Gab, Lee™ and Jeong-Dae, Lee™
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Daewoo Shipbuilding & Marine Engineering Co., Ltd., Ship & Marine Structure R&D Team™

Abstract

Collision analysis problems between ship to ship can be generally classified into the
external mechanics{outer dynamics) and internal mechanics(inner dynamics). The former can
be also dealt with the concept of fluid-structure interaction and the use of rigid body
dynamic program, depending on the ways handling the hydrodynamic pressure due to
surrounding water. In this study, full scale ship collision simulation was carried out, such as
a DWT 75,000 ton striking ship collided at right angle to the middle of a DWT 150,000
struck ship with 10 knots velocity, coupling MCOL, a rigid body mechanics program for
modeling the dynamics of ships, to hydrocode LS-DYNA. It could be confirmed that more
suitable damage estimation would be performed in the case of the collision simulations with
consideration of surrounding water through the comparison with the collision simulation
resutts of fixed struck ships without it. Through this study, the opportunity could be
obtained to establish a more effective ship collision simulation technique between ship to
ship.

#Keywords: Collision analysis between ship to ship(&gf 2t &E06H4), External mechanics or
outer dynamics(2& &R 2H), Internal mechanics or inner dynamics(Lis st =2X),
Ship motion program MCOL(&% & Z 273 MCOL), Full scale ship collision simulation{&!
& FEE X AIEW014&), Surrounding water(Z=H S /)
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H=8  #:B(hydrostatic restoring matrix), £
JI1E ItetMiENbouyancy reference parameter),
SOt #F(added mass: matrix), A 2
2 20 (viscous damping and lifting surface)

S XUp2A S (wave dampirig-matrix)).
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Fig. 2 Total configuration of finite element
mesh

Fig. 3 Deformable body configuration of
finite element mesh
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Table 1 Finite element numbers of each
ship model

Type .
Element Striking | Struck
Nodes 18,314 | 38,301
Deformeable Shell elements | 20,066 | 41,766
body

Beam elements| 7,591 | 16,101
Rigid Nodes 1,512 16,382
body Shell elements | 2,006 16,382

Table 2 Material properties

Property Mild steel High tensile steel
Young's modulus §206.0 GPa 206 GPa
Density 7.83x10% kg/m® |7.83x10° kg/m’
Yield stress 235.0 MPa 315.0 MPa
Ultimate stress  1445.0 MPa 525.0 MPa
Failure strain 0.2 0.2
Oynamic yield  |0=40.4 s [D=3200.0 5™
stress constants |p =5 p=>5

Table 3 Stress & plastic strain relationship

Property Mild steel
Plastic strain 0.000 | 0.0158 | 0.198 | 0.300
Stress (MPa) 235.0 | 2450 | 445.0 | 4450
Property High tensile steel
Plastic strain 0.000 | 0.0158 | 0.198 | 0.300
Stress (MPa) 315.0 | 325.0 | 525.0 | 525.0
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Fig. 4 Damage configuration of
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w/o surrounding fluid (t=4.8 sec)
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