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Study on Anti-collision Performance of Rotary Cylinder Typed Steel

Composite Boxed Cofferdam
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2. Chongging Transportation Research and Design Institute Co. LTD, Chongging 400067, China)

Abstract: The rotary cylinder steel typed composite boxed cofferdam is a new kind of anti-colli-
sion device. The software PATRAN was included to build the refined finite element model of
the anti-collision device and ships. In addition, the software LS-DYNA was adopted to conduct
dynamic response analysis. The parameters of the device were optimized based on the optimal
theory of layer dissipation. In addition, two collision scenarios including front crash and oblique
crash were analyzed in this paper. A typical ship of 3000DWT with an initial speed of 4.0 m/s
was involved in the numerical simulation. Results show that the boxed cofferdam has a better an-

ti-collision performance when the vertical spacing and transverse spacing of the inner stiffening
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rib are both 0.8m and the thickness of the steel plate is 8.0mm. At that time, the reduction rate
of the collision force on the boxed cofferdam is 47.3% and the damage deformation is 1.42 cm.
The working conditions with different thickness rates of the outer fender layer and the inner steel
structure were conducted. Results indicate that the boxed cofferdam achieves optimal anti-colli-
sion performance with the thickness rate is 1 to 1 at the lowest cost of 1.85 million yuan. At this
time, the reduction rate of the boxed cofferdam is 48.9% and the damage deformation is 1.27 m.
The initial kinetic energy transfers totally to other types under the condition of front crash colli-
sion while there is still 50% of the initial kinetic energy in the ship under the condition of oblique
crash. The damage deformations at the vessel bow under the two conditions are 3.8 m and
0.4 m, respectively. This new kind of anti-collision device can greatly reduce the vessel bow
damage by self-rotation.
Keywords: rotary cylinder typed steel composite boxed cofferdam; parameter optimization; numeri-
cal simulation; reduction rate of the collision force ; damage deformation; adjusting vessel

bow
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Table 1 Constitutive parameters of kinematic hardening

elasto-plastic material"”
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Table 2 Constitutive parameters of HJC damage'""
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Table 3 Experimental values of FRP composite constitu-

tive parameters """/
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Table 4 Size of ship
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Table 5 Size of boxed cofferdam
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Table 7 Impact contact setting
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Table 8 Friction coefficients of the contact surface"” "
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Fig.4 Finite element model of the crash
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Table 9 Statistics of different vertical distances
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Fig.5 Trend of vertical distance
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Table 10 Statistics of different transverse distances
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B/m  {H/MN  BECR/% 0 BE/MT /% JE/m
0.6 10.1 45.7 9.4 26.5 1.25
0.8 9.8 47.3 11.6 33.1 1.42
1.0 9.0 51.6 12.3 35.1 1.95
1.2 8.7 53.2 12.9 36.9 2.00
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Fig.6 Trend of transverse distances
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Table 11 Statistics of different steel plate thickness
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Table 12 Statistics of different fender thickness
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4 7.5 59.7 14.20 40.6 2.00
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Fig.7 Trend of steel plate thickness
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Table 13 Total cost of composite boxed cofferdam
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Table 14 Statistics of compression ratio

PZZE  BERR PEZEE WAWE PRZE
E/m  ABBHE/m JEE/m BEE/m #HERE/ %
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2.1 1.48 1.48 0 70.5
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Fig.8 Trend of fender thickness
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Fig.11 Time-history of energy transformation
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Fig.12 Time-history of ship impact force and bow damage
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