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Abstract

This study focuses on the entire construction process of bridge and tunnel projects, systematically reviewing domestic and
international research on safety risk management and evaluation. It analyzes the causative mechanisms of typical accidents and
the evolution characteristics of major hazards through a four-dimensional framework encompassing human factors, machinery,
environment, and management systems. A comprehensive safety risk control system is established, integrating risk identification,
dynamic assessment, hierarchical management, hazard remediation, emergency response, and continuous improvement. By
leveraging next-generation technologies such as Building Information Modeling (BIM), digital twins, Internet of Things (IoT),
Al-powered recognition systems, advanced geological forecasting, intelligent robotics, and ultra-wideband (UWB) precision
positioning, the study develops digitalized, intelligent, and visualized safety management solutions while outlining future industry
trends. Research findings indicate that implementing dynamic dual-prevention mechanisms, promoting deep integration of smart
technologies with on-site management practices, and achieving closed-loop hazard governance can significantly enhance intrinsic
safety standards in bridge/tunnel construction. These findings provide theoretical references and practical insights for risk prevention,
targeted hazard mitigation, and intelligent management implementation under complex geological conditions.
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