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Abstract

To reveal the slurry diffusion mechanism of grouting in fractured media under dynamic water con-
ditions, a comparative study was conducted using visual flat plate fracture model tests and numer-
ical simulations, examining the diffusion patterns and seepage pressure evolution of silica sol slurry
in a single flat plate fracture during single-hole and dual-hole grouting. The test fracture zone di-
mensions were 400 mm x 300 mm with an aperture of 5 mm, under a dynamic water head of 1 m
and grouting pressure of 0.02 MPa. The results indicate: (1) The slurry diffusion pattern evolves
through three stages-“circular-flattened elliptical-U-shaped”, with dynamic water being the domi-
nant factor causing morphological distortion; (2) Single-hole grouting exhibits rapid initial diffu-
sion but slower progression in the middle and late stages, resulting in scattered patterns and low
filling efficiency. In contrast, dual-hole grouting achieves stable diffusion boundaries due to mutual
confinement of the two holes, significantly enhancing counterflow and vertical filling capacity, with
the filling area increasing from 45% (single-hole) to 90% at 14 s; (3) The pressure initiation se-
quence for both conditions follows the order: positive x-axis > bidirectional y-axis > negative x-axis,
with dual-hole grouting advancing the pressure initiation time at bidirectional y-axis measurement
points by approximately 7~9 s; (4) Numerical simulation can reproduce diffusion patterns, but due
to the limitations of two-dimensional modeling, there may be deviations in filling area and sealing
time compared to experimental results. The findings can provide a basis for designing pore grouting
in dynamic water-bearing strata.
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Figure 1. Viscosity fitting curves of NaCl solutions with different concentrations
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Figure 2. Main devices of the experimental system
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Figure 4. Slurry diffusion process of single-hole and dual-hole grouting
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Figure 5. Pressure-time curves of measurement points for single-hole and dual-hole grouting
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Figure 6. Slurry diffusion process of COMSOL numerical simulation
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