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Abstract: To enhance the effect of Microbially Induced Carbonate Precipitation (MICP) in reinforcing

sandy soil, this study optimizes theparticle gradation of standard sand with natural gradationusing both
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uniform design and continuous design schemes based on previous studies. The solidification mecha-
nism of the MICP-treated sand under different particle gradation optimization schemes was evaluated
by integrating macroscopic physical and mechanical tests and microscopic detection. The results
showed that: (1)Both optimization schemes were able to increase the density of the standard sand, de-
crease the porosity of the specimens, and improve the pore structure to varying degrees. The calcium
carbonate yield increased by 11.19% and 24.95% under the uniform design and continuous design
schemes, respectively; the permeability coefficient decreased by 28.07% and 38.07% , respectively;
and the porosity after solidification was reduced by 9.23% and 11.86% , respectively. The above re-
sultsindicated that a more significant improvement in overall density and impermeability. (2) Under the
continuous design, the maximum failure stress and strain reached 3.15 MPa and 2.86 %, respectively.
This result represented an improvement of 16.11% and 15.32% compared to the uniform design, re-
spectively, indicating that the continuous design scheme more effectively enhanced the strength and de-
formation resistance. (3)Both schemescould increase the coefficient of nonuniformity and reduce the po-
rosityof standard sand. Compared to the uniform design, the continuous designresulted in a higher de-
gree of the coefficient of nonuniformity, a larger average pore sizeand a more reasonable pore struc-
ture. The structure ensured the infiltration of bacterial and cementation solutions, provided a better en-
vironment for calcium carbonate deposition, and had better effects on improving thedensity, calcium
carbonate production, mechanical performances and impermeability. The related research approach can
provide a reference for the reinforcement of sandy soil foundations.
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Fig.1 Grading Curve of ISO Xiamen Standard Sand
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Table 1 Uniform design table U,,(11*)

4320 G B C, C, C,
1 9/22 13/22 21/22
2 19/22 3/22 19/22
3 5/22 17/22 17/22
4 15/22 7/22 15/22
5 1/22 21/22 13/22
6 1/2 1/2 1/2
7 21/22 1/22 9/22
8 7/22 15/22 7/22
9 17/22 5/22 5/22
10 3/22 19/22 3/22
11 13/22 9/22 1/22
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Fig.2 Gradationchart of four sand particle sizes
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Fig.3 Gradationchart of threesand particle sizes
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Fig.4  Optimized gradation curves for different particle size

combinations in the uniform design scheme
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Fig.5 Optimized gradation curves for different particle size

combinations in the continuous design scheme
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Fig.6 Typical standard sand samples after reinforcement
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optimization schemes
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Fig.11 Failure photos and crack development diagrams of

typical samples under different optimization schemes
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