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Tank test study on elastoplastic response of large opening ship model
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Abstract: [ Objective ] This study investigates the dynamic motion and structural response characteristics of
ships with large openings in the middle under wave conditions. [ Methods ] Referring to the characteristics
of cargo loading and large openings in the middle of container ships, a stiffened plate ship model is designed
and manufactured. A series of linear and nonlinear operating condition tests are then conducted in a wave-
making tank to measure the elastoplastic deformation of the ship model under the combined action of ballast
and waves, as well as stress changes in the deck area. [ Results | The results indicate that the appearance of
structural plasticity slightly reduces the growth amplitude of the overall pitch motion and prolongs the occur-
rence time of sagging deformation; the larger the wave amplitude, the more significant the high-frequency vi-
bration of the structure it causes. [ Conclusions | For ships with large openings in the middle, the high-fre-
quency stress generated during sagging is greater than that during hogging, and the superposition of low-fre-
quency stress poses a greater threat to ship safety, which needs to be considered in ship design. The proposed
ship model can provide valuable references for the study of the plastic collapse of ships in waves.
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Table 1 Main dimensions for ship model
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Fig. 1  Ship test model diagram
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Table 2 Plate thicknesses of the ship model structure
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Fig. 3 Layout diagram of the test equipments
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Table 3 Values of parameters for different test conditions

T WK L/m W E H/m TRIA1/(°) 3% /kn
H-1 5.60 0.04 180 0
H-2 5.60 0.06 180 0
H-3 5.60 0.08 180 0
H-4 5.60 0.10 180 0
H-5 5.60 0.12 180 0
H-6 5.60 0.14 180 0
H-7 5.60 0.18 180 0
L-1 2.80 0.08 180 0
L-2 4.48 0.08 180 0
L-3 6.72 0.08 180 0
L-4 8.40 0.08 180 0
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Fig.4 Photoes of four-point bending pre-test
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Fig. 5 Rotation-moment curves of the midship compartment un-

der ultimate strength
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Fig. 6 Time series of the pitch motion for case H-3 and H-7
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Fig. 7 Relationships between pitch amplitudes and wave parameters
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Fig. 8 Rotational deformation of the midship compartment in case
H-3 (L=5.6 m, H=0.08 m)



JiEt 2 1 55 KT 1 A A0 558 08 P w7 £ 7t 5 5 36 F 145

0 2 4 6 8 10 12 14
I ] /s
K9 T H-7(L=5.6 m, H=0.18 m)FLfIftEH: A

Fig. 9 Rotational deformation of the midship compartment in case
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