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Abstract: This study focuses on high-pressure construction conditions with pressure exceeding 0.36 MPa, investigating
safety issues arising from mud film instability caused by seepage flow disturbances. By integrating laboratory high-pressure
permeability tests, COMSOL multi-field numerical simulations, and field monitoring data, a coupled seepage-stress model
for high-pressure mud films was developed based on seepage theory to examine the evolution of their microstructure and
the patterns of macroscopic performance degradation. Twelve control experiments demonstrated that the initial permeability
coefficient of the 0.36 MPa formed high-pressure mud membrane was as low as 2.1x107° cm/s, exhibiting significantly
superior impermeability performance compared to medium-and low-pressure mud membranes; when the hydraulic gradient
exceeds 45°, the mud membrane experiences piping damage with a substantial increase in permeability coefficient.
Experimental data were fitted to derive an empirical formula linking the critical hydraulic gradient of the mud membrane to
clay particle content. The established classification control criteria provide a theoretical and quantitative basis for stabilizing
the mud membrane during high-pressure shield tunneling operations in deep burial conditions.
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