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Abstract: Microbially Induced Carbonate Precipitation (MICP) technology has demonstrated promising
applications in rock fracture repair, yet comparative studies on different MICP schemes remain limited. This
study conducted a comparative analysis of the repair effectiveness of five MICP schemes—one-phase grouting,
two-phase grouting, bioslurry, rock particle filling, and rock powder improved nucleation—for rock fracture
repair. The evaluation was based on chromatic aberration detection, calcium carbonate precipitation mass
measurement, and direct shear tests. Furthermore, scanning electron microscopy (SEM) and Energy Dispersive
X-ray Spectroscopy (EDS) were employed to investigate the remediation mechanism of MICP repair in rock
fractures. The results indicate that the rock particle filling scheme can cement the original rock particles within
the fractures, minimizing chromatic aberration between the MICP-repaired fractures and the original rock. The
bioslurry scheme achieved the highest calcium carbonate precipitation mass within the fractures, while the one-
phase grouting and rock powder improved nucleation schemes exhibited the lowest precipitation mass. The two-
phase grouting and rock particle filling schemes demonstrated the highest shear strength, whereas the bioslurry
scheme provided the lowest shear strength. Microstructural analysis indicates that MICP technology can form a
dense calcium carbonate cement layer on rock fracture surfaces, with shear failure of specimens occurring within
the pores of the calcium carbonate cement matrix. Based on the comprehensive results, the two-phase grouting
and rock particle filling schemes demonstrate the best performance in rock fracture repair.

Keywords: microbially induced carbonate precipitation (MICP); rock fracture; grouting; bioslurry; rock

particle filling; rock powder improved nucleation
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Fig.3 Biomineralization repair schemes
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Fig.4 Comparison of chromatic aberration, calcium carbonate precipitation mass and shear strength of specimens under

different biomineralization repair schemes
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Fig.5 Shear failure surfaces of rock fractures under different biomineralization repair schemes
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