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Fig.1 Risk assessment index system for wharf construction
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Table 4 Expert scores and cloud digital characteristics of secondary indicators
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Fig.2 Cloud map of secondary index evaluation
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Safety risk assessment of wharf construction based on
combined weighting and cloud model

HU Shaohua, ZHANG Yongwei, SHENG Xuebo, MAO Xiaoxuan

(School of Safety Science and Emergency Management, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To optimize the safety risk assessment model for wharf construction, accident causation was analyzed based on major accident
types using the System Theoretic Process Analysis ( STPA) method. The Consequence Reverse Diffusion Method ( CRDM) was then
used to screen and structure key risk factors. Based on this, a safety risk assessment index system for wharf construction was
established, consisting of three hierarchical levels: four first-level indicators—construction technology, human factors, environmental
conditions, and management level—and nineteen basic indicators, such as dredging works and waterside facility construction. The G1
order relation analysis method and the Improved Criteria Importance Through Intercriteria Correlation (ICRITIC) method were applied to
determine subjective and objective weights, respectively. Game theory was introduced to integrate these weights, thereby overcoming the
limitations of using a single weighting method. To improve assessment accuracy, a Cloud Model was incorporated to transform qualitative
indicators into quantitative descriptions and to determine the corresponding risk levels. Using these methods, a wharf construction safety
risk assessment model that integrates combined weighting and the cloud model was developed and applied in a case study of Z Wharf
construction. The results show that the comprehensive risk cloud digital characteristics of the project are (28.67, 0.62, 0.06) , which
corresponds to a “general risk” level. Among the first-level indicators, human factors present the highest risk, with cloud digital
characteristics of (38.08, 1.12, 0. 14) , approaching a “moderate risk” level, highlighting that human factor management is crucial for
effective risk control. At the basic indicator level, pile foundation construction, safety awareness, hydrological conditions, and safety
management system development show relatively high expectation values of 44. 80, 63.20, 46. 10, and 42. 20, respectively, indicating
that these factors are the primary contributors to safety risk in wharf construction and should be prioritized in future safety management
efforts. The assessment results align well with those reported by a third-party safety assessment agency, confirming the accuracy and
applicability of the proposed method and providing a reliable reference for quantitative safety risk assessments in wharf construction.

Key words: safety engineering; wharf construction; risk assessment; combined weighting; cloud model
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