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Dynamic Response of Single-Tower Cable-Stayed Bridge Under Ship
Impact and Corresponding Anti-Collision Design
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Abstract: First, based on the finite element software ANSYS/LS-DYNA, the finite element model of ship-bridge
collision was established with the fluid effect being taken into account by an additional mass model, and the validity
of the concrete constitutive model under impact was verified by a drop hammer impact test. Second, numerical simu-
lations of a cable-stayed bridge under the impact of a ship at different impact angles and different ship speeds were
carried out, so to analyze the differences in changes in the bridge tower damage, collision force, bridge tower dis-
placement, bridge deck displacement and cable force. In addition, the simulated value of collision force was com-
pared with those calculated using the standard formulas both at home and abroad. Third, the instantaneous collapse
process of the bridge tower at a ship speed of 30.0 knots (1 knot=0.514 4 m/s) and the collapse mechanism under
long-term load after the bridge tower damage were studied. Finally, an anti-collision device with FRP and rubber as
its main materials was designed for the bridge tower, thus simulating its anti-collision effect from the perspective of
reducing the dynamic response of the bridge tower. Results show that when the ship collides with the cable-stayed

bridge tower at high speeds, the overall dynamic response of ship-bridge collision will increase with both the growing
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impact angle and the growing ship speed. The values of collision force calculated using the standard formulas both at

home and abroad are inclined to be unsafe. The cable force will rapidly go up after the ship-bridge collision, and its

rate of change near the bridge tower is the largest. At a ship speed of 30.0 knots, the bridge tower will collapse after

the collision, with its leg being misaligned at the impact point. In comparison, the tower column will have significant

damage and openings at a ship speed of 25.0 knots, and the bridge tower tends to tilt towards the impact side after the

collision. Under the continuous action of gravity and bridge deck load, the lateral displacement of the bridge tower

will gradually rise and eventually lead to the collapse of the bridge tower. The ani-collision device designed in this

paper can effectively avoid damage to the bridge tower and reduce the peak value of the collision force, the lateral

displacement of the tower top, the bridge deck displacement and bridge tower energy while protecting the cable-

stayed bridge and the ship.

Keywords: ship-bridge collision; numerical simulation; additional mass; dynamic response; anti-collision device
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Tab.1 Main parameters of ship
BR/m | BOKEK/m | B5E/m | A /m | Z2K/m | {ikER
126.43 121.46 17.97 9.44 7.01 12 733.08
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Fig.1 Model of bulk carrier of 1 x 10" t
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Tab.2 Main dimensions of bridge tower

EiES K/m $E/m &/m
FANEE 6.0 13.0 146.0
8= 21.0 13.0 6.0
KB 31.3 22.5 7.0
e 17.5 13.0 3.0
G 28.2 13.0 6.0
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Fig.3 Finite element model of cable-stayed bridge
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Tab.4 Material parameters of bow steel

pof (kg/m®) E/Pa v 0y/Pa E/Pa |CIs'| f
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pof (kg/m®) E/Pa v 6 /rad c/Pa
1 890 2.1x10° 0.35 0.253 1.8x 10
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Tab.8 Material parameters of rubber
pof (kg/m®) v C,o/Pa Co1/Pa
1200 0.499 7% 10° 3.5x 10°*
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Fig.4 Schematic of test device and finite element model
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Fig.6 Schematic of working condition at impact angle
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Fig. 7 Damage stress nephogram of bridge tower at different impact angles
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Tab.9 Peak values of collision force at different impact angles

TR | e | sy | S Xl WEE] il B
BETHE/MN BETHE/MN BEHE/MN BEHHE/MN BEFHE/MN
1 15 183 198.6 38.30 141.5 169.8 100.0
2 30 190 185.8 34.30 141.5 169.8 100.0
3 45 207 165.4 28.00 141.5 169.8 100.0
4 60 210 138.9 19.80 141.5 169.8 100.0
5 75 222 108.0 10.26 141.5 169.8 100.0
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Fig.8 Schematic of measuring points on bridge tower
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Fig.9 Peak displacement curves for measuring points on

bridge tower at different impact angles
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Fig.11 Peak vertical displacement curves for measuring
points on bridge deck at different impact angles
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placement at a quarter span position of bridge
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