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Abstract

Soft-rock roadways are widely distributed in coal mines. Due to their pronounced creep, rheological, and plastic yield characteristics,
these roadways are prone to deformation phenomena such as convergence, arch collapse, and floor bulging. This study, based on
mechanical analysis of soft rock properties and geostress environment, reveals the multi-field coupling mechanism of deformation.
It identifies three primary influencing factors: weakening of surrounding rock structure, hydration-induced softening, and support
durability. Through numerical simulations and field monitoring, the paper compares different support schemes and proposes an
optimized system featuring “strengthened support—multi-stage pressure relief—active control—information-based feedback.”
Results demonstrate that this system effectively reduces deformation rates and enhances long-term stability, providing scientific basis
and practical guidance for deep soft-rock roadway support design and construction.
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