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Seawater

i

Fig. 1 FE-model for S-ALE: (a) dimensions of fluid
domain; (b) VLCC which floats on fluid domain.

Table 1 Material properties for seawater and air.

Seawater
*MAT NULL Density, p (kg/m3) 1025
Pressure cutoff, 100
P. (Pa)
Viscosity coefficient,
1.075%x103
u (Pa-s)
“EOS Nominal sound 1500
GRUNEISEN speed, C (m/s)
S1, S2, S3, GAMAO, 0.0
A, EO '
Vo () 1.0
Air
“MAT NULL Density, p (kg/m3) 1.1845
Pressure cutoff, 10
P, (Pa)
Viscosity coefficient,
1.850%x10%
u (Pa-s)
*EOS LINEAR
POLYNOMIAL Co, C1,C2,C3,C6 0.0
C4,C5 () 0.4
EO0 (Pa) 2.533%10°
Vo () 1.0
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Table 2 Principal particulars of VLCC.

Dimensions Value
Length, L,, (m) 333
Length, Ly, (m) 324
Breadth, B (m) 60
Draft, d (m) 20.5

Displacement, A (ton) 3.418x105

Struck ship

Striking ship

Fig. 2 FE-model for S-ALE between two ships in

collision.
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Table 3 Analysis condition.

Struck Striking

ship ship
Loading condition Full Full
Motion 6-DoF Surge
Velocity (kt) 0.0 3.0, 6.0, 9.0
Hull (including bow) Rigid Rigid
Tank Elastf)-

plastic

Coupling with fluid  Hull
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Table 4 Material properties for the tank (true
stress-strain) 19,

Steel grade MS HT32 HT36

Yield stress, g, (MPa) 235 315 355

Ultimate tensile stress,
450 530 560

o, (MPa)
itical fail trai
Critical failure strain, 020 0.167 0.15
Eer )
Density, p (kg/m?3) 7850 7850 7850

Young's modulus,
E (GPa)

Poisson's ratio, v (-) 0.3 0.3 0.3

206 206 206

Tangent modulus,
1085 1303 1385

E, (MPa)
Strain rate parameter,
40.4 3200 3200
c )
Strain rate parameter,
e 5.0 5.0 5.0
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Fig. 3 Force assumed in sine wave similar to

contact force during collision.
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Fig. 4 Sway velocity of VLCC obtained by FEA
with MCOL, S-ALE, and CAM. Equivalent added
mass coefficients in CAM are 0.28 (infinite
frequency), 0.40, and 0.60.
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Fig. 5 Hydrodynamics effects on sway velocity of
VLCC obtained by FEA with MCOL.
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Fig. 6 Sway motion of the struck ship and
disturbed fluid surface obtained by NLFEA with
S-ALE at final time of simulation. Surge velocity
of the striking ship is 6 kt.

(a) 3 kt

(b) 6 kt

(c) 9 kt
Fig. 7 Structural damage (deformation and

equivalent plastic strain) of the struck ship
obtained by NLFEA with S-ALE at final time of
simulation. Surge velocity of the striking ship: (a)
3 kt; (b) 6 kt; and (c) 9 kt.
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(a) Sway velocity
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(b) Contact force
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(c) Absorbed energy
Fig. 8 Sway velocity, contact force, and absorbed
energy obtained by NLFEA with MCOL, S-ALE
and CAM (Equivalent added mass coefficient is
0.4). Surge velocity of the striking ship is 6 kt.
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Table 5 Energy of the struck ship obtained by
NLFEA with MCOL and S-ALE.

Surge

velocity of Energy” Energy*

striking (MCOL/Eq. (6)) (S-ALE/Eq. (6))
ship (kt)

3.0 0.99 1.04

6.0 1.02 1.05

9.0 1.05 1.08

*Note: Energy represents the value of absorbed
energy obtained by NLFEA with MCOL or S-ALE
divided by Eq. (6) with equivalent added mass
coefficient 0.4.
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Fig. 9 AE, obtained by NLFEA with MCOL and S-
ALE.
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