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Structural Finite Element Simulation and Evaluation Method for Ship Collision
Damage and Residual Strength of the Jacket

REN Hao'"™, FANG Hui*, WEI Xinze®
(1. China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd., Guangzhou 510663, China;
2. Shandong Province Key Laboratory for Ocean Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: [Introduction] The vessel collision of jacket foundation in an offshore wind farm in the South China Sea happens
frequently. Under this circumstance, the accurate assessment of the residual strength after structural damage has become an
important technology of the safety of wind farm operation and maintenance. [ Method ] Based on the actual jacket structure of a wind
farm in the South China Sea and considering the actual ship operation situation in the sea area, this paper used the finite element
software ABAQUS to simulate the ship collision damage process of jacket foundation under different combinations of ship mass,
initial velocity and collision angle. [Result] By using the quasi static method, the time interval of the collision forces and the plastic
strain contours of the key nodes under different working conditions are concluded. Besides, the relationship between the maximum
impact forces and impact factors and typical characteristics of the damage are concluded. [ Conclusion | Based on the analysis, the
typical change laws of the residual strength after the ship collision of the jacket are concluded to provide technological support for
rapid assessment of the collision damage of related structures in the actual engineering process.

Key words: jacket; collision forces; ultimate strength; residual strength
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Fig. 1 Finite element model diagram of the jacket
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Tab.1 Statistical table of the size of each part of the jacket

mm
#FR KE HAE JEBE
il FEOE g B B8R E
YY-1 2323 1029 2700 800 55 26
KK 3250 1029 1458 634 55 26
X 1970 1970 634 634 26 14
YY-2 3000 1029 1458 634 55 26
L-1 - 1400 26
L-2 - 634 14
T 10829 9638 4500 1500 55 26
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Tab.3 Proposed average parameters of steel properties in the
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Tab.4 Proposed average parameters of steel properties in the
mild steel S255 specification
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Tab. 5 Statistical table of calculation conditions
we mamae R )
(m-s™)
1 500 3 90
2 500 4 90
3 1 000 2 90
4 1000 3 90
5 1000 4 90
6 1000 5 90
7 2000 2 90
8 2000 3 90
9 2 000 4 90
10 2 000 5 90
11 3 000 3 90
12 3 000 4 90
13 1 000 3 50
14 1000 3 70
15 2 000 3 50
16 2 000 3 70
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Fig. 3 Curves of collision forces under different combined working conditions
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Fig. 4 Curves of collision forces under different variables
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Tab. 6 Statistical table of jacket residual strength in
different damage states
(v represents ship impact speed, m represents ship mass,
a represents the impact angle)

AAREHRE (F R iE B IR GRIAY) &

T Kk /%
KA ) /MY # J1I/MN
E it — 19.3 —
m=500 t 2.36 16.7 13. 47
m=1 000 t 4.73 16.3 15. 54
v=3 m/s
m=2 000 t 9.45 16. 1 16. 58
m=3 000 t 14.18 15.6 19.17
m=500 t 4.2 16. 4 15.03
m=1 000 t 8.4 16.0 17.1
v=4 m/s
m=2 000 t 16. 8 15.2 21.24
m=3 000 t 25.2 14.2 26. 42
y=2 m/s 2.1 17.0 11.92
v=3 m/s 4.73 16. 4 15.03
m=1 000 t
v=4 m/s 8.4 16.1 16.58
v=5m/s 13.13 15.8 18.13
v=2m/s 8.4 16.5 14.51
v=3 m/s 9.45 16.3 15. 54
m=2 000 t
v=4 m/s 16. 8 15.2 21.24
v=5m/s 26.25 13.7 29. 02
a=50° 4.73 16.2 16. 06
m=1000t  a=60° 4.73 16.2 16. 06
v=3 m/s a=70° 4.73 16.2 16. 06
a=90° 4.73 16. 4 15.03
a=50° 9.45 16.0 17.1
m=2000t  a=60° 9.45 16. 0 17.1
v=3 m/s a=70° 9.45 16.0 17.1
a=90° 9.45 16.3 15. 54
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