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Abstract: To quantify and control the deformation of existing utility tunnels adjacent to deep foundation pits, a research
framework integrating intelligent monitoring, numerical simulation, and theoretical analysis is established. Full — process
deformation data of the utility tunnel are collected through an intelligent monitoring and early — warning system, and a three —
dimensional numerical model is developed to simulate multiple excavation scenarios and to identify key influencing factors and
deformation — response characteristics. Results indicate that the tunnel settlement exhibits a distinct spatial pattern, with greater
deformation in the mid — span and smaller deformation toward both ends. Implementing a " far — to — near" excavation sequence
reduces the maximum tunnel settlement by approximately 10% ~ 15% , contributing to improved stability of nearby structures.
Incorporation of the " three — zone deformation response" theory into the monitoring system enables quantitative determination of
settlement control thresholds and supports automated early warning. Moreover, optimizing excavation sequencing, adjusting the

relative position between the tunnel and the excavation, and installing isolation piles effectively mitigate settlement and enhance
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structural safety. The findings provide theoretical guidance and practical reference for the design and management of deep

excavation projects involving adjacent utility tunnels.

Key words: deep foundation pit engineering; utility tunnel deformation; intelligent monitoring; numerical simulation;

oplimization measures
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Fig. 1 Three — dimensional schematic diagram of the
utility tunnel and the foundation pit
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Table 1 Physical parameters of soil layers in foundation pits
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Fig.2 Plan view of the on —site monitoring point layout
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Fig. 3 Settlement curves after excavation
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Fig. 5 Deformation cloud map of foundation pit and utility tunnel
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Fig. 9 Settlement curves for Scenarios 1 & 2 (Line A)
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