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Development, Evolution, and Operation and Maintenance Risk Management of Urban
Underground Utility Tunnels: A Literature Review
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Abstract: As lifeline projects ensuring urban operations, urban underground utility tunnels (UUUTs) have seen their
development paradigm gradually shift from a large-scale "construction period" to an "operation and maintenance
(O&M) period" centered on safety and efficiency. Based on a curated selection of 10 core domestic and international
literature pieces, this paper conducts a systematic review from four dimensions: the evolution of governance paradigms
for utility tunnels, the identification and correlation mechanisms of O&M risk factors, the deepening and innovation of
risk assessment methodologies, and the risk evolution and targeted prevention and control in typical disaster scenarios.
The research indicates that tunnel governance exhibits a trend of transitioning from single engineering management
to diversified collaborative governance; risk identification has evolved from linear causality to complex networks and
accident knowledge graphs; and risk assessment methods have undergone a leap from static subjective weighting to
dynamic probabilistic reasoning and data-driven approaches. This paper aims to clarify the theoretical context and
technological frontiers in the field of UUUT safety O&M, point out the limitations of current research regarding cross-
disaster coupling mechanisms, multi-source data fusion, and system resilience assessment, and provide theoretical
references for the future intelligent and refined development of utility tunnels.
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