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Abstract; In order to improve the accuracy and reliability of ship-bridge collision risk assessment for
navigable bridges, the causes of 248 ship-bridge collision accidents at home and abroad were statistically
analyzed and identified, thereby constructing the initial index system of ship-bridge collision risk factors,

including 23 risk causes. Based on the fault tree analysis method, the initial fault tree of ship-bridge
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collision risk was constructed. Boolean algebra operation was used to obtain the fault tree cut sets. By
merging and deduplicating the minimum cut sets, the number of causes in the initial fault tree was first
simplified. According to the calculation and analysis of the accident probability caused by residual risk
causes,, combined with Pearson correlation analysis of risk factors, the number of fault tree risk causes was
simplified in the second step, and then the main risk factors affecting ship-bridge collisions were

identified. The results show that factors such as "

navigational conditions and exceeding navigational
clearance height" , " poor working status" , " weak communication ability and poor crew ability" , " ship
equipment aging and psychological habit" should be incorporated into risk causes including " unfamiliarity
with navigational conditions" , "lack of navigation technology" , " mechanical equipment failure and fluky
psychology". Abnormal psychology did not cause accidents during the 8 — year period of accident
probability analysis, and its proportion in accidents over 10 years was only 0.21%, so it should be
eliminated. The correlation between ship density, management of navigational aids and other factors is
weak, and the probability caused by the two factors is low, so they can be removed from the main risk
factors of ship-bridge collision. Therefore, a ship-bridge collision risk evaluation index system for
navigable bridges is constructed, which is based on 14 main risk factors such as meteorological and
hydrological conditions, mechanical equipment failure, and weak professional navigation technology and

weak emergency response capability.

Keywords: collision probability;  navigable bridges; risk factors;  ship collision risk;  index
system; accident samples; correlation analysis
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Table 3 Accidents probability caused by basic events between 2015 and 2022
WA Ll
2015 2016 2017 2018 2019 2020 2021 2022
REKL X, LIx10™ | 6.1x107° | 4.7x107° | 2.1x107° | 1.5x107* | 6.9x107° | 3.9x107° | 1.8x107°
B ML X, 2.7x107° | 4.1x107° 0 4.2x107° 0 2.3x107° | 1.9x107° 0
HRRE X, 2.7x107° 0 2.3x107° | 2.1x107° | 2.5%x107° 0 0 1.8x107
A2 R X, 0 2.0x107° 0 0 0 0 0 0
P A T LA X 0 2.0x107° 0 2.1x107° 0 4.6x107° 0 0
U AR X, | 1.1x107 | 2.0x107° | 4.7x107° | 6.4x107° | 2.5x107° | 4.6x107° | 3.9x107° | 5.4x107°
EINNLIDE 8.0x107° | 2.0x107° | 4.7x107° | 6.4x10° | 7.6x107° | 9.2x10° | 1.9x10™° | 3.6x107°
FUHODFR X, 0 0 0 0 0 0 0 0
EHASN X, 2.7x107° 0 2.3%x107° 0 2.5x107° | 2.3x107° 0 0
BRZMATHAR X, | 1.1x107* | 1.4x107* | 9.4x107° | 2.1x10™° | 5.0x107° | 1.1x10™* | 3.9x10”° | 3.6x107°
BIAWAL X, | 2.7x107° | 4.1x107° | 7.0x107° | 2.1x107° | 5.0x107° 0 1.9x10” | 1.8x10°°
WHPRBLABT X, | 2.7x10™ | 1.6x107* | 2.1x107* | 1.5x10™ | 2.3x10™ | 1.8x107* | 2.1x10™* | 1.4x10™*
WS EARR Xy | 2.7x107 | 6.1x107° | 4.7x107° | 2.1x107° | 5.0x107° | 2.3x107° | 1.9x107° 0
Wit e X, 0 0 0 4.1x107° 0 0 0 0
RNXTRESIANTR X5 | 5.4%107 0 2.3%x107° 0 2.5%107° 0 0 0
TCUEZS ARG X g | 5.4x107° | 4.1x107° | 7.0x107° | 8.5x107° | 1.3x107* | 4.6x107° | 1.9x10”° | 3.6x107°
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Table 4 Relationship between correlation

coefficient and degree
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Table 5 Correlation calculation and analysis for various factors
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Fig.5 Evaluation index system for ship-bridge collision risk factors of navigable bridges
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