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Table 1 Causes of subway construction collapse accidents
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Table 2 Association rules for accident factors
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Table 3 Node states of the Bayesian network model

for collapse accidents ( partial)
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Fig.1 Initial-state Bayesian network of causal factors in subway construction collapse accidents
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Table 5 Node posterior probability values for Bayesian network models of collapse accidents
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Table 6 Variation ratios of causal factors

TG B R L IR L
M, -0.522 6 -0.423 1
M, -0.624 2 -0.4828
M, -0.7375 -0.673 2
H, -0.554 4 -0.3000
E, -0.5322 -0.414 0
E, -0.602 1 -0.4527
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M, -0.583 3 -0.4757
M 1.031 6 2.3617
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M, 0.010 5 1.773 1
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Table 7 Sensitivity analysis of node A in the Bayesian

network model
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Analysis of subway construction collapse accident based on data
mining and Bayesian network

Deng Yongliang' | Zhou Qi', Liu Zedong®, Li Kewei', Lin Lingna'

(1 School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215009, Jiangsu, China;
2 School of Mechanics and Civil Engineering, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China)

Abstract: Subway construction is characterized by high dynamism, technical complexity, and significant environmental coupling,
making collapse accidents one of the most critical safety challenges in underground engineering. To enhance safety management in
subway construction and reduce the likelihood of collapse events, this study proposes an integrated accident analysis approach that
combines data mining with Bayesian Network ( BN) modeling. We collected a dataset of 120 collapse cases that occurred in China
between January 2001 and September 2025. Within a four-dimensional framework—comprising human factors, equipment/material,
management, and environment—we identified 27 causative factors. Using SPSS Modeler and the Apriori algorithm, we extracted 37
association rules to reveal the interdependencies among these factors, which subsequently informed the construction of a Bayesian
network model for subway collapse accidents. The Netica platform was then utilized to conduct probability evaluations, sensitivity
analyses, and reverse inference. Additionally, the Ratio of Variation (ROV) was applied to quantify the influence strength of different
factors under various levels of accident severity. The findings demonstrate that data mining effectively uncovers the associative
mechanisms underlying collapse causation. Key root causes of mild collapses were identified as improper construction methods,
inadequate safety training, and managerial negligence. In contrast, excessive soil disturbance, inaccurate monitoring, and flawed design
schemes significantly increased the likelihood of moderate and severe collapses. Under the assumption of collapse occurrence, the
posterior probabilities of most factors progressively rose from minor to major levels. Specifically, factors such as unfavorable geological
conditions, insufficient supervision, unsafe behaviors, and inadequate survey accuracy exhibited large absolute ROV values, confirming
their dominant roles in collapse causation. The system was found to be most sensitive to adverse geology, unsafe operations, and
groundwater erosion. These results provide valuable insights for formulating targeted prevention and control strategies aimed at reducing
both the frequency and severity of collapse accidents in subway construction.
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