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Discrete element analysis of MICP solidified coral sand with different

cementation degrees under unconfined compression test
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Abstract: The unconfined compression test model of biocemented coral sand was established by discrete
element software, The model simulates MICP cementation by generating tiny calcium carbonate particles on
the surface and contact of the coral sand particles, considering the contact of coral sand-coral sand
particles, coral sand-calcium carbonate particles and calcium carbonate-calcium carbonate particles. The

microscopic characteristics of biocemented coral sand with different cementation degrees, such as particle
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displacement, micro-crack development, and micro-crack distribution, were analyzed, which better
explained the macroscopic deformation and failure mechanism. Results show that in case of unconfined
compression, large displacement and failure occur at both ends of the material, while displacement in the
middle part is small. The micro-crack development during the sample loading process can be divided into
three stages, namely the compaction stage, the crack propagation stage and the rapid growth stage. With
increase of the degree of cementation, the failure of the sample change from large pieces to small pieces or
scattered particles, and the ratio of the number of tensile and shear cracks decreases, the difference of the
number of microcracks decreases in all directions, and the crack propagation is more uniform. The proposed
model can better simulate the cementation of MICP, and lay foundation for full understanding of the
macroscopic deformation and failure mechanism of biocemented coral sand.

Keywords: microbially induced carbonate precipitation (MICP); coral sand; discrete element method;

unconfined compression
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Fig. 2 Particle gradation curve
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Fig. 3 Microstructure photograph of coral sand
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Table 1 Compressive strengths of coral sand column

A TR/ (g om ™) BRIRESE /% HUEHREE/MPa

1% 1.762 5.5 5.76
2% 1. 806 8.1 6. 68
3% 1. 851 10. 8 7.70
41 1.903 14.0 14. 14




e T,

5. R Ik 4542 B MICP B LI 38 20 64 T An) IR R 48 3 #0057 21

5
T

i) B F3/MPa

=) S B o o
T T T T

" 1 J
2.0 2.5 3.0

1
0.5 1.0

15
i R/ %
B4 AE RS TR E AR Y B F1— R 3 fh 2%
Fig. 4 Stress-strain curve of coral sand column with

different cementation degree
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Table 2 Table of material meso-parameters
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Table 3 Table of contact meso-parameters

i Hs*ciéiﬁ b3 %%f]ﬂ!ﬁ PLAbsRpE  FhaiomE
BRE" /Pa Lk* pb_ten/Pa  pb_coh/Pa

W —RRIRES 3. 2X 10° 1.0 9.4X107  9.4X107
TR ES—BRIRES 5. 0X10° 1.0 2.2X107  2.2X107
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Fig.7 Comparison of unconfined compression curves between

numerical test and laboratory test for sample 2*
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of uniaxial compression test
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Fig. 9 Damage diagram of numerical samples
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