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A new fender system for bridge pier protection against vessel collision
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Abstract; Bridge physical protection systems are typically used to reduce vessel impact loads to non-destructive

levels or to redirect aberrant vessels away from bridge piers. An efficient physical protection system is critical for safe

operation of bridges and vessels. Here, a performance evaluation of a new floating fender system used for a five-span pre-

stressed concrete bridge was performed by utilizing LS-DYNA. This new floating fender system could protect both bridge

piers and vessels. It was composed of FRP box modules filled with rows of FRP tubes with advantages of low initial cost,

modular construction/repairing, and low maintenance cost. The vessel-bridge collision analysis was conducted using an

orthotropic FRP composite material model defined with the results of strength tests including tension, compression,

bending, and shear tests of FRP specimens. It was shown that this new fender system has excellent energy absorbing

capabilities and significantly reduces collision forces imposed on bridge piers and colliding vessels.
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Fig. 1 Elevation view of an application bridge
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Fig.2 FRP fender system for bridge

pier protection against vessel collision
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Tab.1 Mean strength and elastic

modules of FRP composite materials

=] G A D N 3 (O & e N
Fi{fiafEE/MPa 351.2 210.4 290.6 127.5
Rrfpfig/GPa 2.78 1.82 2.53 1.51
JE4E30 B/ MPa 98. 8 87.4 47.4 31.4
JE4iMEE/GPa 5.4 5.5 4.9 4.2
25 aE A/ MPa 317.6 257.4 201.8 89.8
R /GPa 10.3 8.9 7.0 5.1
BYIREE/MPa 1044 57.6 102 67.8
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Fig.3 FE Model of vessel collision new fender system
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Tab. 2 Contact used in the course of
barge-fender system-bridge collision
KA MERE I A JGAE SRST Tubes HREL
i 1 2 2 — — —

%t 2 1 2 — — 2
H4e 2 2 1 2 — 2
G4 Box  — 2 2 1 — 2
e 2

1 30m A SR 2 27 A S T il — Fn 0
Fefib e L

R3 EMEEZERY

Tab. 3 Friction coefficients for contact surfaces

FHEE i FRP REEL
PWAF 0.3 0.25 0.25
FRP — 0.23 0.22
&4 FRP EGMBIEREERIERE
REMBIYIEE ( B6:GPa)
Tab. 4 Parameters of orthotropic
elastic model for FRP composite
%’gﬂ E,\ EB EC GAB GBC GCA

15 mm g 10.3 8.9 89 4.2 3.6 3.6
10 mm #g 5.5 5.4 54 22 22 2.2
5% 7.0 51 51 28 2.1 2.1
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Tab. 5 Erosion strain for FRP composite
| AaTeHE Mg AESEME ARSI
BOREMAS  0.1263  0.1156  0.1149  0.0844
/N AR 0.0183 0.0159 0.0097 0.007 5
R FNAE 0.0308 0.0289 0.0288 0.0176

F6 C50BETHEERSH(HA:KN,m)

Tab. 6 Parameters of concrete model for C50 concrete

a 0 A 8 X, D, D,
14.97 0.32708.14640.0240 108. 149.50E — 041. 675E - 06

o 6, A B 14 S A”
0.83 0 0.24070.0083 0.067 2.0 1.0

o, 0, A B, B- A* B*
0.76 0 0.25610.0071 0.1 1.0 0.3

x7 ERE AR RIS E
Tab.7 Material parameters for barge bow

and reinforcements in bridge pier

/ E/ E./ o,/
Pl p r y 2 IS
7~ (kg -m™) GPa GPa g GPa KA
MM 7850 200 1.5 0.3 235 3.5
S A7 7850 200 1.2 0.3 235 3.5

WA 7850 210 1.2 0.3 340 3.5
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Fig. 4 Numerical simulation results for

vessel collision bridge with fender system
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Fig. 6 Energy conversion in the three protected

cases (I =internal energy, K = kinetic energy)
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Fig. 7 Energy conversion and conservation: head-on collision
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Fig. 8 Energy Transformation for Head-on Collision
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