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Abstract: This study proposes a renovation technology, combining Metro Jet System (MJS) and micro-perturbation grouting,

aimed at improving the renovation effect of the convergence deformation in operating subway tunnels. This technique was applied

to a renovation project addressing convergence deformation in an active subway tunnel in Hangzhou. The effectiveness of this

combined renovation on operating tunnels was examined by analyzing the measured data of tunnel deformation both pre- and

post-renovation. In addition, the tunnel deformation patterns resulting from micro-perturbation grouting were summarized. Results

revealed that the combined MJS and micro-disturbance grouting renovation technique significantly improved the convergence

deformation of the subway tunnel. It effectively addressed the issues of secondary rebound of tunnel convergence after grouting
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and additional deformation during the grouting process. This work emphasizes the importance of ensuring the construction quality

of twice grouting and controlling the interval time of the same grouting hole during micro-disturbance grouting construction.

Keywords: subway tunnel; convergence deformation; joint renovation; effect of renovation; law of deformation; metro jetsystem;

microdisturbance grouting
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Figure 1 Renovation and reinforcement cross-section

and stratigraphic situation
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Table 1 Main technical parameters of MJS
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Figure 2 Distribution curve of tunnel convergence
deformation cumulative value
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Table 3 Statistics of tunnel deformation monitoring data
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Figure 4 Variation curve of tunnel convergence
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Figure 5 Distribution curve of tunnel diameter difference
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Figure 6 Layout of micro-disturbance grouting holes
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Figure 7 Convergence deformation duration curve of typical tunnel sections
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