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Refined numerical model analysis of the influence of adjacent foundation pit
excavation on shield tunnel structure

WU Bing', CHEN Keji', WENG Tianci’, XIONG Yonglin®
( 1.State Grid Zhejiang Economic Research Institute, Hangzhou 310008, China;
2.School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China )

Abstract: During the excavation of the foundation pit near the shield tunnel, the unloading effect caused by
excavation operations will disrupt the original stress balance between the tunnel and the soil, thereby generating
additional stress in the tunnel structure. This may cause damage to tunnel segments, opening of joints,
misalignment, and water leakage. In this study, the ABAQUS finite element analysis software is used to
construct a three-dimensional refined model to analyze the mechanical behavior of shield tunnel structures under
the influence of nearby excavations, where the discontinuous characteristics of shield tunnel segments and their
interaction with bolts and soil layers are taken into full account. The focus of the research is on analyzing the
response of existing shield tunnel structures to different tunnel burial depths and distances between the tunnel
and the foundation pit. The research findings indicate that: Firstly, through comparative analysis with
experimental and on-site monitoring data, the accuracy and applicability of the established shield tunnel model
are confirmed. Secondly, the unloading effect caused by foundation pit excavation results in non-uniform and
discontinuous horizontal displacements of the shield tunnel longitudinally, especially within the influence range
of the excavation, where the horizontal displacement of the tunnel is more significant, and considerable
misalignment may occur at the edges of the pit. Thirdly, a correlation model between the lateral and longitudinal
deformations of shield tunnels is established, for which numerous working condition simulations and parameter
fitting techniques were employed. Finally, based on the design specifications and control standards of shield
tunnels, it is determined that the maximum horizontal displacement of the tunnel should be controlled within
17.39 mm, while the maximum convergence rate laterally should not exceed 0.237%, to ensure the stability and
safety of the tunnel structure.
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