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Abstract: As lifeline engineering in modern cities, when disasters occur during the operation of
urban rail transit systems, they induce secondary disasters through the incubation of the disaster
environment, forming disaster chains. To better grasp the risks brought by disaster chains in urban
rail transit systems, based on 457 accident cases of urban rail transit systems in China, 17 categories
of typical primary disaster events were summarized, and combining the spatial structural
characteristics of the line layer, platform layer, and concourse layer of urban rail transit systems, a
multi-layer disaster chain network model of urban rail transit systems was constructed.
Furthermore, degree centrality, betweenness centrality, closeness centrality, and clustering
coefficient were selected as evaluation indicators, and the analytic hierarchy process was used to

Wi BEA: 2025-10-27
EE&WME: BERAREAHETH(72461019)



PN 45 FET A AR IR LB S R G R A 2SR R BRI

determine the indicator weights to evaluate the comprehensive importance of nodes in the multi-
layer disaster chain network. The results show that the constructed disaster chain network model
can reflect the propagation relationships of disaster events, among which nodes such as equipment
failure, unsafe passenger behavior, large-scale power outage, flood, and fire have high
comprehensive importance and are key nodes in disaster chain propagation, which should be
regarded as priority targets for operational safety management and emergency prevention and
control. The research results can provide a reference for hierarchical and regional risk
identification, key node control, and system resilience improvement of urban rail transit systems.
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Tab.1  Set of primary disaster chains
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Tab.2  Co-occurrence matrix of disaster events in urban rail transit systems

V1 V2 V3 V4 V5 V6 Vi V8

V9 Vio VIl Vi2 V13 Vi4 V15 V16 V17

V1 2 - - = = = = =
e
V3 2 — 9 3 - = = 2
Vi — = = 19 - = = 2
Vs — 5 - - 1 = = —
Ve o — I 2 - =
Vi o — = = = = = 2 —
V8 1 - - 1 = = = 7
Vo - = = = = = = =
vio  — 6 — - = = =
Vi —  — = = = = = =
vie, —  — = = = = = =
Vi3 1 — 1 4 = = = 5
via  — — 2 3 - = = =
vis —  — = = = = = =
vie — 9= = = = = = =
viz, - —  — = = = = = =
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Tab.3  Adjacency matrix of disaster events in urban rail transit systems

Vi V2 V3 Va4 Vs V6 V7 V8
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Vi —  — = = = = = =

V2 = = 1 - - - = =
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v - - - - - - -  —
vio  — 1 — 1 - - = =
Vi — — = = = = = =
Ve — — = = = = = =
Vi3 1 — 1 1 - - = 1
via  — = 1 1 - - = =
vis — - = = = = = =
vie — 9 9- - = = = = =
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Fig.1 Propagation relationship network of disaster events in urban rail

transit systems
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Tab.4 Triggering probability matrix of disaster events
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Fig.2 Network diagram of disaster event propagation relationships in
urban rail transit systems
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Fig.4 Multi-layer network model of urban rail transit systems
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Fig.5 Calculation results for degree centrality, betweenness centrality, closeness centrality, and clustering coefficient
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Tab.5 Judgment matrix for weight determination
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FEue 1 1 0.5 0.5 0.17
L Aol MY 1 1 0.5 0.5 0.17
P N 2 2 1 1 0.33
REZRE 2 2 1 1 0.33
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Tab.6  Calculation of comprehensive importance of nodes

P KEF R T B RERE LRt
V13 LA 11 0.257 0.64 0.6 2.323
V3 PeBEMNGRATH 7 0.155 0.593 0.444 1.559
V4 PNTIE AL 6 0.026 0.552 0.238 1.285
V14 kR 6 0.088 0.5 0.222 1.273
V8 KK 5 0.038 0.485 0.278 1.108
V2 ZER R 5 0.102 0.471 0.059 1.042
V10 PUEREIEN 5 0.052 0.457 0.071 1.033
Vi MAE 4 0.083 0.457 0.176 0.903
V6 #HR 2 0 0.356 0.167 0.513
V9 Je NIeyah Ze s i e & 1t 2 0.033 0.444 0.056 0.511
V17 LN 2 0 0.444 0 0.487
Vi2 BN 2 0.033 0.421 0 0.485
Vi5 - AR R e T 2 0 0.34 0.059 0.472
V16 EReg PN 2 0.008 0.381 0 0.467
V7 TAEN GBS R 1 0 0.4 0 0.302
V5 CiR IS RSIES 7 N 1 0 0.327 0 0.278
V11 LI 1 0 0.302 0 0.270
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