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Abstract  [Objective] In order to rapidly curb the
convergence deformation of damaged tunnel lining segments in
Shanghai Metro, eliminate potential structural safety hazards,
and ensure the structural stability and operational safety of

Shanghai Metro tunnels, and in view of the practical situation

of tight availability of rolling stock resources and the large
number of lining segments requiring reinforcement on a single
line, the large steel ring reinforcement process can no longer
fully meet the required remediation speed. Therefore, it is
necessary to study a new type of small steel ring reinforcement
process. [Method] The convergence deformation status of
existing Shanghai Metro tunnel lining segments, historical
reinforcement processes for lining segments, remediation rates,
and key difficulties are analyzed. The feasibility of small steel
ring reinforcement is studied through full-scale laboratory
experiments. A construction design scheme for the small steel
ring reinforcement is introduced. The characteristics of this
process are summarized, including its ability to save rolling
stock resources, enable multiple working faces, and provide
high process flexibility. Case studies are used to verify the
effectiveness of the small steel ring reinforcement method.
[Result & Conclusion] The small steel ring reinforcement
process can increase the ultimate vertical earth pressure bearing
capacity of the tunnel structure from 570 kN to 690 kN, thereby
improving tunnel stiffness. It can reduce the use of rolling stock
resources by 90%, significantly improving construction
efficiency. It allows simultaneous multi-face construction
operations, which helps to rapidly complete the remediation of
convergence deformation in lining segments. The process is
flexible, allowing different construction schemes to be adopted
depending on the severity of the convergence deformation of
the lining segments. The small steel ring reinforcement process
provides a new solution for the rapid and minimally disruptive
implementation of convergence deformation remediation in
metro tunnel linings.
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Fig. 1  Drawing of 2-rib small steel ring reinforcement
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Fig.2  Drawing of 3-rib small steel ring reinforcement
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