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Abstract: Bridges spanning high—grade inland waterways generally feature large spans, large navigational vessel
sizes, and high traffic density. As a result, these bridges face a particularly high risk of ship collision. However,
previous bridge anti—collision designs often failed to comprehensively account for key factors, typically relying on
simplified static calculations or neglecting environmental coupling effects, particularly the complex interactions
among water flow, vessel motion, and structural response. This can lead to significant discrepancies between design

assumptions and actual dynamic collision conditions. To more accurately assess the anti—collision performance
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requirements of newly built bridges and systematically optimize their design, this study uses a newly constructed
large—span inland river bridge as the engineering background and develops a refined fluid—structure interaction
numerical model that incorporates hydrodynamic effects to simulate realistic ship—water—bridge interactions.
Specifically, HyperMesh was used for high—precision finite element meshing and preprocessing; LS-DYNA was
employed to perform transient nonlinear simulations of ship collisions, capturing contact behavior, large
deformations, and energy dissipation; and Midas Civil was applied to assist in analyzing and validating the global
structural response of the bridge under impact loads. Key performance indicators were systematically quantified,
including the time histories of ship impact forces, the resistance responses of critical bridge components, and the
extent of structural damage to the vessel.The results show that hydrodynamic effects significantly influence ship—
bridge collisions, with distinect mechanisms observed in ship—bridge and ship—anti—collision—bridge models.
Therefore, hydrodynamic effects should be explicitly considered in bridge anti—collision research. Bridge anti—
collision measures should focus on both enhancing the inherent impact resistance of the bridge structure and
installing passive protective systems. The findings elucidate the mechanisms by which hydrodynamic effects act on
vessels and protective facilities, demonstrating that proper consideration of hydrodynamics can significantly improve
the design of anti—collision systems.

Key words: bridge collision protection devices; fluid—structure interaction; finite element analysis; risk assessment
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Fig.1  Overall layout of the bridge
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Tab.l  Parameters of design vessel types
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Fig.2 Finite element mesh model of the vessel

i RSB ERE e
I/ (kg-m™) 1.1845
BT F1/Pa -10
Fitk R %/ (N-s-m™) 1.844x107°
2R C, 0.4
Cs 0.4
E,/Pa 2.533%10°
v, 1
1 (kgem™) 998.21
Wi Ty /Pa -100
K B R/ (N-sm™) 8.648x107
C,/Pa 1.013x10°
C,/Pa 2.25%10°

ALE WA i 5T & 30 & 5708 K F 2 8 7 F2 A1
YN k-6 7E W (N-S) T FE R IR, FE 1S R /RABFR R R
o S E TR A
9 ___ O 9P
ot = P oy T 2
Horpep NIRRT 5 o0 AW IR] s 00 NIRRT SE 3 ox N
K FERER 5 ou NIRRT
TR Ak R SF 9 120 mx30 mx15 m, P k&
K02 m, @ VRN E X EHS5m TR, T
#B 15 m 7K, 1000 M2 M A Z 7K 2.5 m, AR N IE 78

- 155 -



202642 A

o om A

F44E F1H

TAALE MR o 7 I B Alf A DX IR K A e Bl T
ilf 4 3ot 2 7= AR 1 ) SR B s e ] 2 AT, R G
R 215 S A 6 TG BRI AR B 71 AT itk AT BUE
AL o
A oy S A RE RORE B, AR AE R MAT_
PLASTIC_KINEMATIC %) 7 % 1 7 74 A5 754 Sk A5 40
FHAR AR AN A KL, 15 F Cowper—Symonds 155 78 3k sz B
PRAN AL B AR T3 AR RN o B DR I8 2 A i (X3, 5
NI LR 3 T % .
], ®

o= 0'0{1 +(g

o, NN IR ) o NV JE IR J) 5 6 A
N.AZ 2 5 €, P A Cowper—Symonds A% & Z 4, %
BRI C=40.4, P=5.

SR A S [ 7 240 SR 5 S A RS ADL R A 11 9 I 25
JS2 , £ M AA 5 A7 48045 A 18] ¢ B 20 m BT 46 1] #R DA £/
KR 787 K& B S A AT BE 155 3 /K 3h 1 1 5)
M LSS R (R s e L o R Ak R FH T T B B4
filt B35, Bh BE 4 R N 0.15, § EE IR R AR 0.2, M-
M=K UL ] A8 & 30 A LA R L 3

BB 07 H 5 R R, VR & B2 (FSTD 5 filf
73 BT AR CCAND 72 i A - M S3R f 2 ) 247 9y B &
PR 72 5 Bl 4 vh PSR RY [ Al 42 415 2 1) [R) KT
CAM 7Y, FSTASE Y fifs— 4 Al 48 1 A2 v i 0 52 BUROK
(197K BHL 77 , 4 o 7 B 2 il 2 AH X S 2% , 1 CAM 7 v
R T AR PR S . AR LB A 4 T
Tt R A RN 51 R 2 W B S AR B, CAM AR Y
D] 2 AR A 55 WD 5 - UM AA — A7 S o J S )
B9 5 T FSTAR A vy, 7K A Tk FRCIR R A i 47 77 A 1 3
[ei) s 76 52 5 B o o 8 AR, S 3 SE K T AT Rk f
I 1), kb 7 4 o g i 2 R D S R A

2 THEMMET AN

2.1 FRABIRATIE E

52 [ AASHTO S 1511 7 MR AR A2 138 o 3 5 1)
JIVEN AEMUTE TG P, A A DL R R AT s 7E A
T 28 2 = A AR LA AL S AR DAZK 0 FE A
KL BE R 4 T BT PE AL 1 22 AP S8 R A 8 L
PR 2 1] ) DX, 150 S T 4 B 6 N A 1 O o (A B
M R P B H S ) r 2 SR P Ik 7 92 R A o S A
P o

- 156 -

Ve, X<X,,
XLVL_XcVL_X(VT_ VL)
X —-X.

VL(Vmin ) ’

A VIR A AR s B 5 VO MR LR AT Y
AT B FE 5V, A AR B/ Vo 4 o R BT
FITAE K30 22 41 BT A E 5 X O P 2
FULAE o £ PR PR s X, T o 2R ATIE T S
PR X, U NTE 0 2 B 3 A M A I BE R .
AR R A P RUBE S Wl o v 8 T 7K 82 4 o
PERIEE N 3.9 mis, 1 AL 1T N 2.8 m/s.

3

V= . X.<X<X,, (4)

X>X,,

Wit
1000 M A AN

E3 REBAHNEEERKRE

Fig.3  Fluid-structure interaction dynamic model
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Fig.5 Ship—induced hydrodynamic disturbances
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Tab.3  Calculation of ship impact forces (head—on collision)

HEE/DWT Frig B/ (m-s™) AASHTO/MN EUROCODE/MN ONFERF PR E/MN BUEBU/MN
1000 R 3.9 14.8 8.7 10.2 10.6
3000 T 3.9 25.6 15.1 24.8 25.1
1000 S 2.8 10.6 6.3 7.3 7.5
3000 BTARE: 2.8 18.4 10.8 17.8 18.2
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Fig.8 Finite element model for internal force analysis of the entire bridge
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Tab.4  Crashworthiness verification of the bridge structure
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Fig.9 Impact flexural performance analysis
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Tab.5 Comparison of ship impact forces
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1000 39 10.6 6.5 38.7 37.1
3000 39 25.1 16.2 355 19.4
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