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Performance of microbial induced carbonate precipitation
(MICP) for reinforcing cohesive purple soil in the Three Gorges
Reservoir Area

XIA Zhenyao®*®, DONG Xinhui®, HU Huan®, ZHANG Lun®, ZHU Zhien®,

YAN Rubing®, LIU Chang®, XU Mengran®, XIAO Hai"®
(a. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, Ministry of Education; b. College of Civil

Engineering & Architecture; c. Engineering Research Center of Eco-environment in Three Gorges Reservoir Region,
Ministry of Education, China Three Gorges University, Yichang 443002, Hubei, P. R. China)

Abstract: Three Gorges Reservoir Area is prone to natural disasters; microbial induced carbonate precipitation
(MICP) is a soil consolidation technique with the advantages of low energy consumption, less pollution and
great sustainability. The clayey purple soil is the main soil type in the Three Gorges Reservoir Area with small
soil pores, and the effect of MICP on its reinforcement is unclear. in this study, the MICP-cured soil
specimens, which conformed of different Bacillus bacterium concentrations (ODg,=0, 0.5, 1.0, 1.5) and curing
fluid concentrations (0, 0.5, 1.0, 1.5 and 2.0 mol/L) were subjected to unconsolidated undrained triaxial shear
tests to examine the stress-strain relationship, elastic modulus and shear strength index (cohesion and internal
[riction angle) while their microstructures were analyzed by SEM tests. The results indicated that the shear
strength, elastic modulus and cohesion increased and then decreased with the increase of the bacterium
concentration or the curing fluid concentration under the same curing fluid concentration or the same bacterium
concentration. The best combination existed when bacterium concentration 1s OD4,,=1.0 and the concentration
of cement solution is 1.5 mol/L. The average internal friction angle was characterized as increase followed by
decrease with the increase of curing fluid concentration, the highest value of internal friction angle was obtained
at the bacterium concentration with ODg,=0.5 or ODy,=1.0 under the same curing fluid concentration.
Compared with no treatment, the maximum values of the cured specimens were increased by 62.59%,
50.18%, 119.50%, and 10.33% (226.00 kPa, 6.44 MPa, 48.30 kPa and 26.70°), respectively. The SEM
revealed that the MICP-reinforced purple soil formed a large number of spherical and flaky calcium carbonate
crystals, which distributed on the surface and in the interstices of soil particles. The crystals present on the
surface of soil particles increased the surface roughness and soil particle size, which in turn increased the friction
angle of the soil, while the crystals present in the interstices of soil particles produced cementation, contributing
to the cohesion. The MICP can effectively improve the strength of cohesive purple soil, and the optimal
reinforce performance occurred at the combination of the bacterium concentration with OD4,=1.0 and curing
fluid concentrations with 1.5 mol/L.

Keywords: microbial induced carbonate precipitation (MICP); soil reinforcement; cohesive purple soil;

microstructure; Three Gorges Reservoir Area
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Fig. 1 Microbial growth process curves
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Fig. 6 Variation of modulus of elasticity of each specimen at different concentrations and bacterial solutions
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