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Study on Two-Dimensional Seepage Diffusion of MICP-Reinforced Sandy Soil Media Considering Multiple Rounds of Grouting
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Abstract: Microbially Induced Carbonate Precipitation (MICP) technology shows remarkable potential in tailings pond ecological
reinforcement projects due to its environmental friendliness and sustainability characteristics. However, the quantitative study
of seepage diffusion during microbial grouting remains a key constraint to its application. Aiming at multi-round microbial
grouting reinforcement scenarios and systematically considering the synergistic effect of the sandy soil medium on the slurry
diffusion behaviour during the dynamic attenuation of permeability coefficient and the evolution of porosity gradient, a
permeability diffusion radius prediction model based on the column diffusion theory was constructed by combining the multi-
scale tests and theoretical modelling with a combination of one-dimensional sand column experiments, intermediate-scale 2D
planar physical model experiments, and FLAC3D numerical simulations of coupled flow and solidity. The results are concluded
as follows. The vertical dimension is dominated by gravity effect, and the slurry diffusion shows significant asymmetry.
forming a pagoda-like distribution with the bottom wide and the top narrow, and the final diffusion radius at the bottom is 3.91
times of the diffusion radius at the top. The horizontal dimension follows the radial attenuation law of diffusion effect, and the
reinforcement strength is inversely proportional to the centre distance of the slurry injection pipe. Validation of the theoretical
model shows that the relative errors between the maximum diffusion radius and the predicted value for the 2nd to 5th rounds of
grouting were 43.89%—63.72% , and the error ranges were within reasonable limits, The research results can provides a quantitative
theoretical framework for the optimisation of MICP process parameters and engineering-scale diffusion prediction.
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Fig.1 Quartz sand particle grading diagram
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Table 1 Physical parameters of quartz sand
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Fig.2 Permeability coefficient test device
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Fig.4 Schematic diagram of triaxial experiment
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Fig.5 Schematic diagram of 2D planar large model grouting
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Table 2 Parameters used for numerical simulation
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columns with different number of reinforcing times
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Fig.10 Permeability diffusion effect and numerical simulation effect of 2D planar lagel model
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Fig.11 Schematic diagram of slurry rise
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Table 3 Maximum error between theoretical radius of

grouting and actual radius of grouting
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