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Abstract

In order to explore the large-scale application of microbial grouting technology, this paper conducted
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a large-scale model test of silt solidification based on Microbially Induced Carbonate Precipitation
(MICP) technology. In the experiment, the typical silt in the middle and lower reaches of the Yellow
River was used as the reinforcement object, and the microbial liquid and nutrients were injected into
the silt at low pressure through the peristaltic pump. The relationship between the diffusion radius of
the silt surface, the height of the bulge around the grouting pipe, and its radius under different grout-
ing amounts was studied and analyzed, and the change of pH value along the grouting pipe after silt
reinforcement was observed. The strength and deformation characteristics of the reinforced silt were
analyzed using a direct shear test and a static triaxial consolidated undrained test. At the same time,
the relationship between calcium carbonate formation and strength change was described by the hy-
drochloric acid dissolution test. The test results show that the microbial diffusion effect will not con-
tinue to increase with the increase of grouting amount. In addition, the pH value of the soil after MICP
treatment increased slightly, indicating the effective precipitation of carbonate. With the increase of
grouting amount, the amount of calcium carbonate precipitation in soil samples increases, which fur-
ther promotes the improvement of internal friction angle and cohesion and enhances the shear
strength of soil samples. At the same time, the unconfined compressive strength is also significantly
improved due to the increase in calcium carbonate production. When the grouting amount reaches
3200 ml, the unconfined strength of the treated soil is 86.8 % higher than that of the soil without MICP
treatment. Under low confining pressure (100 kPa), the plain soil exhibits strain-softening character-
istics, while it exhibits strain-hardening under high confining pressure (200 kPa and 300 kPa). Under
the same confining pressure, with the increase of grouting amount, the strength of reinforced soil in-
creases faster in the elastic stage, the peak strength increases significantly, and the axial strain at the
peak point also increases significantly. The research results can provide some reference value for the
application of biological grouting to reinforce silt.
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Table 1. Basic physical indexes of test soil
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Figure 1. Soil gradation curve for testing
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Figure 2. Grout PVC pipe
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Figure 3. Model box
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Figure 4. Microbial grouting system
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Figure 5. Relationship between grouting amount and diffusion radius
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Figure 6. Diffusion radius of each grouting pipe surface
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Figure 8. Changes of pH value around different grouting pipes
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Table 4. Direct shear test parameters
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Figure 9. Shear strength of MICP treated specimens
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Figure 10. The relationship between the percentage of calcium

carbonate formation and cohesion and internal friction angle
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Figure 11. Unconfined compressive strength of soil after grouting
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Figure 12. Relationship between unconfined compressive strength
and mass percentage of calcium carbonate formation
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Figure 13. The stress-strain relationship curve of plain soil
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Figure 14. Relationship between confining pressure and stress-strain under different grouting amounts
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