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Abstract: The plastic theory and numerical simulation method are used to discuss the deformation patterns and
collapse mechanisms of stiffeners on the outer bottom plate of a double bottom tanker in a shoal grounding
scenario. Numerical simulation technique is used to calculate the deformation patterns and energy dissipation. A
mathematical model of the progressively deformed stiffeners is built. With the employment of plastic theory, the
analytical expressions of the energy dissipation and the mean resistances are obtained. The analytical results were
compared and verified with the numerical simulation results. These analytical expressions can be incorporated to
assess the crashworthiness of a ship double bottom during its design phase.
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Fig.1 Seabed topology with reference to bottom sizes
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Fig.2 The grounding scenario of the stiffened bottom plate
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Fig.3 The deformation pattern of stiffeners during sliding
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Fig.4 The deformation process of stiffeners
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Fig.5 Periodicity exhibited in the deformation process
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Fig.6 The plastic rolling process at the contact surface
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Fig.7 Grounding at the first roller
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Table 2 Case definitions

A A AE /(%) % D/m D/H/(%)
M21 20 0.268 10
M23 20 0.804 30
M24 20 1.072 40
M29 20 2412 90
M31 30 0.268 10
M32 30 0.536 20
M33 30 0.804 30
M34 30 1.072 40
M35 30 1.34 50
M36 30 1.608 60
M37 30 1.876 70
M38 30 2.144 80
M39 30 2412 90
M41 45 0.268 10
M43 45 0.804 30
M44 45 1.072 40
M49 45 2412 90
M61 60 0.268 10
M63 60 0.804 30
M64 60 1.072 40
M69 60 2412 90
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Table 3 Numerical results of total grounding resistance P

T KF FEH S P

M21 2.1x10* 42x10* 4.7x10*
M23 3.7x10* 5.4x10* 6.5%10*
M24 4.5%10* 6.4x10* 7.8x10*
M29 8.1x10* 1.0x10° 1.3x10°
M31 2.1x10* 3.0x10* 3.7x10*
M32 3.0x10* 3.8x10* 4.8x10*
M33 3.8x10* 4.5%10* 5.9x10*
M34 4.5%10* 5.4x10* 7.0x10*
M35 5.3x10* 6.4x10* 8.3x10*
M36 6.3x10" 7.6x10* 9.9x10*
M37 7.1x10* 8.5x10* 1.1x10°
M38 7.7%10* 9.1x10* 1.2x10°
M39 8.3x10* 1.0x10° 1.3x10°
M41 2.5x10* 2.7x10* 3.7x10*
M43 4.6x10* 3.3x10* 5.7x10*
M44 5.5x10* 4.1x10* 6.9x10*
M49 1.1x10° 7.3x10* 1.3x10°
M61 2.7x10* 2.8x10* 3.9x10*
M63 4.9x10* 3.0x10* 5.7x10*
M64 6.1x10* 3.7x10* 7.1x10*
M69 1.2x10° 7.4x10* 1.4x10°
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Table 4 Comparison of the distortion energy
T LR e
RN JiE HUE DT A R E/(%)

M21 5.5x10* 4.6x10* 19.6
M23 6.0x10* 6.3x10* 4.8
M24 6.4x10" 6.3x10* 1.6
M29 7.5x10* 7.4x10* 14
M31 8.0x10" 6.2x10* 29.0
M32 8.3x10" 8.2x10* 12
M33 8.7x10" 8.6x10* 12
M34 9.2x10* 8.9x10* 34
M35 9.9x10* 9.3x10* 6.5
M36 1.1x10° 1.0x10° 10.0
M37 1.2x10° 1.1x10° 9.1
M38 1.2x10° 1.1x10° 9.1
M39 1.2x10° 1.2x10° 0.0
M41 1.2x10° 8.2x10* 463
M43 1.3x10° 1.5x10° -13.3
M44 1.4x10° 1.6x10° -12.5
M49 1.7x10° 2.1x10° -19.0
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M 64 1.9x10° 1.9x10° 0.0
M 69 2.3x10° 2.4x10° —42
R4 PIRERE XN :
error =(R,—R,)/ R, -100% (28)
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T ERA A T T A G B 7
HAREIERA R, JFHER e 228
RERE T B B A MERE I SC &R o /NMEIR T T b
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