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Demonstration of Bridge-vessel Collision Risk and Fortification Criterion
against Vessel Collision Based on Target Failure Probability
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Abstract; In order to reasonably determine the vessel collision risk and design fortification criterion against
vessel collision for bridges cross navigable waterways, the risk assessment of a selected cross-channel bridge
is conducted by using the analysis method based on target failure probability. According to the vessel speed
adjustment model recommended by AASHTO vessel collision analysis specification, the collision speed of
vessel is modified, and the bridge-vessel collision probability is calculated by using the AASHTO empirical
mathematical model. According to the equivalent static method provided by Chinese Specifications for
Collision Design of Highway Bridges (JTG/T 3360-02—2020), the vessel collision forces under different
load tonnages and different speeds are calculated. The collision resistance of the bridge is calculated by using
sectional resistance method. The actual fortification criterion against vessel collision is obtained by the

comparison between the bridge anti-collision resistance and vessel collision load at each tonnage level. The
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fortification criterion for bridge against vessel collision is inversely calculated based on the of bridge target
failure probability (1X107* times/a) . The result shows that (1) Bridge-vessel collision risk mainly comes
from the piers close to the down-bound line of the waterway with low structural anti-collision resistance. (2)
The bridge-vessel collision probability after 5 years and 10 years increases by 1.4 times and 1.8 times
respectively, while the failure probability of the bridge increases by 1.8 times and 2.4 times respectively.
Since the proportion of large-tonnage vessels increases with the growth of vessel traffic, the failure probability
of bridge increases at a higher rate than that of bridge-vessel collision probability. (3) The adoption of the
designed bridge fortification criterion against vessel collision could ensure relatively uniform safety reliability
for all in-water piers within overall bridge, and the failure risk of bridge due to vessel collision is at a
controlled level. After adopting the designed anti-collision fortification criterion, the annual failure probability
of the bridge due to vessel collision could be reduced by 17.0 times and 14. 6 times respectively at present

and in the future compared with the adoption of actual fortification criterion.

Key words: bridge engineering; bridge-vessel collision risk assessment; target failure probability; cross

channel bridge; designed fortification criterion against vessel collision
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Fig. 2 Arrangement of bridge elevation and channel (unit; m)
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Fig. 4 Distribution of vessel traffic by tonnage
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Tab.1 Water flow velocities at different water levels at

each pier

KW/ (m + s7)

P 164.91m  167.67m  173.52m  179.4m  189.41 m

IKAL IRAL KA IKAL KA

3 — 0.73 0.75 0.91 1.71

4 — 1.25 1.79 1.63 1.79

5 — 1.89 2.15 2.05 2.1

6 0.15 2.29 2.35 2.35 2.3

7 0.2 2.55 2.44 2.51 2.43

8 0.3 2.74 2.8 2.7 2.54

9 0.56 2.89 2.91 2.54 2.36

10 — — 0.53 0.48 0. 69
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Tab.2 Vessel collision forces by different calculation methods

AASHTO  Pedersen o [
MR WEEiar BB MYEiE AR WitE
Wi {7/ DWT t (m-s™") MRS/ ey M/
MN {i J1/MN MN
2.78 10.77 17.20 10. 47
1 000 1 600
5.56 21.54 34.45 20.93
2.78 18. 65 32.50 19.59
3000 4 400
5.56 37.31 64. 99 39.19
3.33 28.84 48.04 30. 46
5 000 6 700
6.11 52.93 88. 14 55. 89
3.33 36. 49 58.24 38. 68
8 000 9 850
6.11 66.95 91. 67 70. 98
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Fig. 5 Comparative curves of resistance and vessel collision force of each pier at different water levels
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Tab.3 Probabilities of bridge-vessel collision and annual collapse in different years

2020 4F 2025 4F 2030 4F

i Fiv i AR/ AR IR/ AR/ AR AR AR/ AR AR
(K -ah) (& -a") (K -a") (K -a™t) (K -a") (&K -a)
3 1. 56E-08 7. 54E-09 3. 03E-08 1. 56E-08 3. 89E-08 2. 00E-08
4 6. 50E-07 3. 14E-07 1. 19E-06 6. 09E-07 1. 54E-06 7. 84E-07
5 1. 88E-05 1. 15E-05 3.26E-05 2. 17E-05 4. 19E-05 2.79E-05
6 3. 84E-04 2.01E-04 6.32E-04 3.53E-04 8. 12E-04 4. 54E-04
7 4.74E-03 1. 94E-03 7.39E-03 3.31E-03 9.51E-03 4.26E-03
8 6. 69E-02 2. 11E-02 1. 02E-01 3.33E-02 1. 31E-01 4.28E-02
9 1. 30E+00 1. 79E-02 1. 85E+00 3.87E-02 2.37E+00 4. 98E-02
10 6. 07E-01 6. 45E-04 8. 61E-01 1. 40E-03 1. 11E+00 1. 80E-03
BT 1. 98E+00 4. 18E-02 2. 82E+00 7.71E-02 3. 62E+00 9.91E-02
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Tab.4 Demonstration of fortification criterion against vessel collision for bridges
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Fig. 6 Demonstration of designed target fortification

criterion against vessel collision
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Fig.7 Bridge annual collapse probability under different

fortification criteria against vessel collision
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