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Abstract .

Plastic theory and numerical simulation were used to discuss deformation patterns and collapse

mechanism of longitudinal web girder attached stiffeners in a shoal grounding scenario of a double bottom tanker.

Numerical simulation code LS_DYNA was used to calculate the deformation patterns and energy dissipation, and a

mathematical model of a progressively deforming stiffener was built. With the plastic theory, the deformation energy and

the mean grounding resistances were solved, and these results were verified with the numerical simulation method. The

analytical calculation formulas obtained could be used to calculate and assess the crashworthiness of a ship during its

design phase.
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Fig. 1 A typical double bottom structure with stiffeners
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Fig.2 The arrangement of longitudinal girder attached tiffeners
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Fig. 3 The deformation patterns
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Fig. 4 The arch-shaped deformation of

longitudinal girder stiffeners ( edge mode)
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Tab.1 The deformation cycle length of

longitudinal girders in numerical simulations

s e IR
20_3 20 30 4.08
20_5 20 50 4.10
20_8 20 80 4.13
26.5_4 26.5 40 3.99
26.5_6 26.5 60 3.96
26.5_9 26.5 90 4.06
453 45 30 3.56
45_6 45 60 3.81
45_8 45 80 3.92
60_3 60 30 3.42
60_5 60 50 3.63
60_8 60 80 3.83
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Fig.5 Hong and Amdahl’s theoretical

model of longitudinal girders
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Fig. 6 Hong and Amdahl’s stiffened longitudinal
girder deformation model by paper folding
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Tab. 2 Transverse extent verification of Hong and Amdahl’s

longitudinal girder model by numerical simulations

Bl B/ m HHERU/m
26.53 0.33 0.49
26.5_4 0.34 0.64
26.5_5 0.36 0.80
26.56 0.38 0.95
26.5_7 0.42 1.10
26.5_8 0.44 1.25
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Fig.7 A new theoretical model for longitudinal

girders during shoal grounding scenario
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Fig. 8 Folding process of a typical cross section of the girder
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Tab. 3 Transverse extentvalidation of the new

longitudinal girder model by numerical simulations

B BUA D F/m B LR/ m
26.53 0.33 0.201
26.5_4 0.34 0.268
26.5_5 0.36 0.335
26.5_6 0.38 0.402
26.5_7 0.42 0.469
26.58 0.44 0.536
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Fig. 9 Theoretical model of the deformed stiffener
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Fig. 10 Grounding resistances on the indenter ( Hong 2011)
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Fig. 12 Finite element model of the double bottom tanker
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stiffeners in vertical direction on a girder
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20_5 8.6E +06 6.0E +06 1.3E +06
20_8 8.3E +06 8.6E +06 5.4E +06
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60_5 2.2E +07 1.5E +07 1.4E +06
60_8 2.4E +07 2.3E +07 1.8E +07
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