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Abstract

Bridge pier protection device is the most direct and effective safety protection measure in ship bridge
collision accidents, which can consume the strong impact force during the collision process to achieve
the purpose of protecting the ship and bridge structure. This article conducts research on three com-
monly used anti-collision materials in engineering applications: rubber material, steel material,
and composite material. From the perspectives of material rigidity, impact force response, and an-
ti-collision performance, the advantages and disadvantages of these three materials are analyzed
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and compared. The results show that moderately reducing the stiffness of anti-collision facilities and
selecting anti-collision materials according to actual conditions can ensure that the pier protec-
tion device fully exerts its protective performance, protect the structure of the bridge pier body and
minimize damage to the anti-collision device.
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Figure 1. Dynamic analysis mechanical model
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Figure 2. Sample specifications. (a) Overall view; (b) Top view
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Table 1. Specimen parameters
=1 Wl
K (mm) % £ (mm) 71 (mm) HMRJE T (mm) RS T2 (mm)
300 300 300 10 5
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Table 2. Material properties
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Figure 3. Impact test equipments. (a) Testing machine; (b) Testing fixture
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Figure 4. Impact test process of concrete specimens. (a) Starting; (b) Contact; (c) Limit; (d) Unloading
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Figure 5. Impact test process of rubber specimens. (a) Starting; (b) Contact; (c) Limit; (d) Unloading
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Figure 6. Impact test process of steel structure specimens. (a) Starting; (b) Contact; (c) Limit; (d) Unloading
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Figure 7. Impact testing process of composite material specimens. (a) Starting; (b) Contact; (c) Limit; (d) Unloading
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Figure 8. Acceleration results of impact tests on specimens of different materials. (a) Concrete; (b) Rubber; (c) Steel struc-

ture; (d) Composite materials

E 8. FRMEHR IR MRELR. () BEL; ©) B () WMEH; (d) EaMH

AN TE A e 4k 6 ) i RO T B A IR 2 5 R U 3 s L, TR R g b s FE e K
PSR B I B fe /s, 0 B R AR AR e K o A AR AR R B G2 b BOR i AH L IR 4
el Eik 75.77%, JUT-PUARIEAER, BRI NI /)y, i BB FIVERE B . AN AR 44k
BRI R IR LR, HILRAE Lt fl /)y, S RIERIVERE IR, AR AR S AR B
B EEMEHECRIERZ D, RAELEGIHZA R, HAEREMS L T4 o

Table 3. Acceleration results of impact tests on specimens of different materials
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Table 4. Dimensions and speed of fortified ships
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Figure 9. Finite element model for operating conditions of bridge piers and impact
protection facilities. (a) Collision with bridge piers; (b) Collision protection facilities
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Figure 10. Finite element model of ships and protective facilities. (a) Bow; (b) Bow frame; (c) Protec-
tive facilities; (d) Framework of protective facilities
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Figure 11. Moment-rotation relationship of pile column structure
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Figure 12. Energy changes during ship impact on bridge piers
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Figure 13. Time history of ship impact force on bridge piers
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Figure 14. Collision resistance analysis of bridge piers; (a) Impact deformation; (b) Pier shaft bending
moment; (c) Pile foundation bending moment
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Table 5. Calculation of protection requirements
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Figure 15. Damage effect of ship collision with bridge pier. (a) Pier shaft bending moment; (b) Pile founda-
tion bending moment
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Figure 16. Damage effect of ship collision by preventing bridge pier. (a) Rubber material; (b) Steel; (c) Composite
material
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Figure 17. Damage effect of ship collision protection facilities. (a) Rubber material; (b) Steel; (c) Composite material
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Table 6. Statistics of damage under different working conditions
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Figure 18. Comparison of ship impact forces under different working conditions
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Table 7. Statistics of damage under different working conditions
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