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Abstract : With the extension of China's expressway network to mountainous areas and complex geological
regions, tunnel engineering, as a key control node, has seen a significant increase in construction
difficulty and quality and safety risks. This paper, in light of the current demands for expressway
tunnel construction, systematically analyzes the application scenarios and core technological points
of mainstream construction technologies such as the New Austrian Tunneling Method (NATM),
shield method, and TBM method, and focuses on discussing the adaptive selection of construction
technologies under different geological conditions. Meanwhile, in response to common quality and
safety hazards in tunnel construction such as collapse, water inrush, and failure of support structures,
a full-cycle and three—dimensional quality and safety control strategy has been proposed from four
dimensions: geological advance prediction, dynamic monitoring during the construction process,
personnel and equipment management, and emergency system construction. The research results
can provide theoretical references and practical guidance for the standardized construction and risk
prevention and control of expressway tunnel projects, and help improve the construction quality and
operational safety level of tunnel projects.
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