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Optimization Practice of Micro-disturbance Grouting Technology in
Remediation of Convergence Deformation in Subway Tunnels
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Abstract : Addressing the challenge of excessive convergence deformation in operating subway tunnels in Shanghai's
soft soil regions, this paper proposes and systematically optimizes a micro—disturbance grouting
remediation technique. By constructing a chain model of "soil loss, shield shell gap, and convergence
deformation," a quantitative relationship between formation loss rate and deformation is clarified.
Combining centrifuge tests with discrete element simulations, dual-control thresholds for grouting pressure
(=<0.15 MPa) and flow rate ( < 30 L/min) are established. Through orthogonal testing, a micro—expansive
grout with an initial setting time of 45 seconds and a 28-day strength of 0.8 MPa is optimized, and a flow—
pressure dual closed—loop control system is developed, enabling segment length refinement from 1.5 m to
0.6 m. Engineering applications demonstrate that tunnel convergence values rebound from 62 mm to 28
mm, with daily deformation rates decreasing to 0.05 mm/d, achieving "zero speed restriction" operation.
Costs and carbon emissions are significantly reduced, validating the technique's high controllability,
economic efficiency, and environmental friendliness.
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