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Mechanism of grout-flowing water displacement in orthogonal rock fractures
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Abstract: Fractures are the primary pathways for fluid flow in rock masses, and they commonly occur as interconnected networks.
Rock grouting is a process in which flowing water is displaced by grout. Since rock fracture networks are formed by a large number
of crossed fractures, it is of great significance to study the displacement of grouts under the action of flowing water for designing
effective grouting schemes. In this study, a rough orthogonal fracture model was established using three-dimensional reconstruction,
and a laboratory visualization grouting test was conducted. We developed a numerical orthogonal fracture model using COMSOL
Multiphysics to investigate the effects of fracture roughness, the grout-to-water flow rate ratio, and inlet—outlet configurations on the
grout-water displacement process. After validation, the experimental and simulation results suggest that grout primarily fills
well-connected channels. Grouting pressure rises rapidly after injection and stabilizes once most water is displaced. Efficient mixing
at intersections yields more consistent grout volume fractions across branches. Displacement efficiency is governed by the dominant
flow channels. If the conventional parallel-plate model is used, which ignores fracture surface roughness, the grouting pressure may
be underestimated by more than 30%.
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Fig.1 Rough fracture surface morphology
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Fig.2 Surface morphology of each branch fracture
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Table1 Geometric parameters of each fracture branch

X 727 P /mm AR mm? AR R AL RC

A 0.50 1.82 8554.79 5.12
B 0.52 1.82 857532 5.57
C 0.61 1.82 8544.13 5.62
D 0.53 1.82 871131 5.58
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Fig.3 Three-dimensional crossed-fracture model
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Fig.11 Diffusion patterns of grout at different moments
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