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Identification of Key Causal Chains of Ship Collisions

Based on Cascade Failure
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Abstract: In order to reveal the evolution pattern of ship collision causes and effectively prevent ship col-
lision accidents, this paper proposed a key causal chain identification method based on the cascade failure the-
ory. Firstly, the causal factors of ship collision are abstracted into a network model. Secondly, the causal chain
identification method based on the cascade failure theory is designed. Finally, 100 ship collision accidents are
used to analyze this method in a case study. The results of the case study show that this method can effectively
identify the key causal chains of ship accidents. It can provide some theoretical basis and decision support for
ship demand priority management.
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Tab.1 40 accident causal factors extracted from 100 ship collision reports
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Tab.2 Downlink node states after the first dangerous load propagation
T ek D, wemEc  KRKEI T RN D, weEfic REE
P9 0.1419 0. 1511 0. 6264 M1 0.0104 0. 0064 0. 5026
P10 0.0417 0. 0408 0.5922 M2 0. 0242 0.0215 0.5767
P11 0.1210 0. 1281 0. 6348 M3 0. 0048 0. 0003 0.5613
P12 0. 1866 0.2002 0. 5548 M4 0. 0064 0.0019 0.5313
P14 0.0410 0. 0400 0.5867 M5 0. 0046 0. 0000 0. 4842
P17 0.0416 0. 0407 0. 5309 E2 0. 0057 0.0013 0. 4455
P2 0. 0046 0. 0000 0.4813 E4 0.0222 0.0193 0.5384
P5 0.0222 0.019%4 0. 5967 P3 0. 0050 0. 0005 0.4284
S3 0. 0046 0. 0000 0. 4271 P22 0. 0498 0. 0498 0.5709
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Tab.3 Downlink node status after the second
dangerous load propagation
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Fig.4 t=3 causal chain forming process Fig.5 t=4 causal chain forming process
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Tab.4 Downlink node states after the third dangerous load propagation

T ERAE D,  weEc R T kD, waemEc  REEI

P2 0.0102 0. 0000 0. 4980 P17 0. 0472 0. 0407 0. 6399
P3 0.0106 0. 0005 0. 4940 P22 0. 0683 0. 0498 0. 5299
P6 0.0191 0.0149 0.4579 4 0.0178 0.0135 0. 5599
P9 0. 1604 0. 1511 0. 6098 M1 0. 0288 0. 0064 0. 5959
P10 0. 0472 0. 0408 0.6578 M2 0. 0426 0.0215 0.5279
P13 0. 0217 0.0177 0.5539 E2 0.0113 0.0013 0. 5099
P14 0. 0465 0. 0400 0.5179 4 0. 0277 0.0193 0. 4940
P15 0. 1003 0. 1042 0. 6238 C 0. 0835 0. 0857 0. 6438
P16 0. 0070 0. 0016 0. 4899
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Tab.5 Downlink node states after the fourth dangerous load propagation

T EkRRE D, waemEc  RKEL || Ffrwa ElRfdkD,  #emEce RERE
P6 0. 0273 0.0149 0. 5497 P17 0. 0554 0. 0407 0. 5946
P9 0. 1685 0.1511 0.5719 C 0.0917 0. 0857 0. 7045
P13 0. 0298 0.0177 0.5972 P19 0. 0095 0. 0014 0.5273
P14 0. 0547 0. 0400 0. 5897 El 0.0195 0.0013 0.4873
P15 0. 1085 0. 1042 0. 6245 E5 0. 0096 0. 0016 0.5199
P16 0. 0152 0. 0016 0.5273
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Tab.6 40 key causal chains in the network

P R B i gk RS B
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Fig.6 The number of times of each node appears in the causative chain
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