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Abstract: In order to investigate the decision-making mechanism for operational safety risks in bridges
and mitigate major operational safety hazards, a three-stage theoretical framework comprising risk
perception, risk cognition, and risk decision-making for bridge operational safety was established. H-OWA

operator was employed to process expert evaluations, constructing an interaction matrix for decision factors.

# SCEESS :1003-3033(2025)09-0202-10; Wik H . 2025-04-27;  1&H H . 2025-06-30
s GEAEVER SMRSC(1995—) , o, HAREED A 5T A BF9 16 28 4 5 UG A8 R, — i — 5 [ s T AR P, E-mail ; peiwen_guo

@ stu. cqu. edu. cn,



494

1 98 PS5 « TSR DA RN PR AT 2 7 2 A KU DR SR 5 - 203 -

The meanings and structure of concept nodes within FCM were defined to elucidate the mapping

relationships between factors. Monitoring data collected during train passages on a specific railway bridge

on January 1, 2020, was utilized for conducting engineering application and validation analysis. The

results show that the weight importance ranking of bridge structure acceleration, strain, and displacement

is the highest among the iterative process importance ranking, indicating their critical roles in perceiving

bridge structure health. Moreover, the implementation effect of reinforcement strategies for the substructure

of the bridge is significantly higher than that of waterproofing and insulation and reinforcement of the

superstructure under low, medium, and high-risk scenarios, effectively enhancing the overall stability and

safety of the bridge.

Keywords: fuzzy cognitive maps ( FCM ) ;

Heronian ordered weighted averaging (H-OWA) operator;
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Table 1 Decision factors of bridge operational safety risks
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Fig.1 Bridge operational safety risk decision-making model
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Fig.2 Causal relationship between nodes in FCM model for bridge operational safety risk decision-making
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Table 3 Grading criteria for bridge operational risk levels
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Table 5 Simulation results of strategies under different risk scenarios
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Fig.4 Strategic simulation under risk scenarios
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