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Experimental study of fine-scale changes in MICP-treated
calcareous sand before and after compression
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Abstract: MICP is an emerging environmentally friendly sand reinforcement technique in the field of
geotechnical engineering that can be used to improve the engineering performance of calcareous sands.
However, due to the complex structure of MICP-treated calcareous sand specimens, more work needs to be
carried out at the fine-scale to explain the macroscopic phenomena. This paper employs CT scanning to perform

three-dimensional reconstruction of MICP-treated calcareous sand specimens before and after triaxial
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compression, and analyzes the fine-scale changes of the specimens. The results show that the two-dimensional
grey-scale images obtained using CT scanning can demonstrate the pore distribution of the specimen, and the
non-local mean filtering algorithm has a good noise reduction effect in the reduction process of the 2D grey-scale
images. Based on this, 3D reconstruction was conducted on the MICP-treated calcareous sand specimens. The
results showed that before loading, the pores of the specimens mainly distributed at one-third, two-thirds, and
both ends of the specimens in the vertical direction, and the pores in these parts of the specimens would increase
after loading. It is indicated that the damage to the specimen during loading mainly concentrated in the existing
weak areas of the specimen itself. Segmentation of significant damage surfaces on the basis of 3D

reconstructions shows that the damage mode of the specimen at low stress levels is X-conjugate shear damage,

while at high stress levels the damage mode is of single bevel shear damage.

Keywords: MICP-treated calcareous sand ; fine-scale changes; pore distribution; failure mode

MICP(Microbially Induced Calcite Precipitation)
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Table 1 Physical parameters for calcareous sand

PIPRAE/mm RN T EE/ (g/em®) R T/ (g/em?)
0.75 1.06 1.24
2.33 1.34 2.79
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Fig. 1 Triaxial testing machine and CT scanner
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Fig.2 SEM photograph of calcareous sand sample after

biotreatment

Xof oA 0 s B 3 A4S R R RE UE AT CT H
i, 4 56 UG HEAT R 48 8 R i 4
HE e 45 4 B, B BUZE 0. 5.1.0.2. 0 MPa 3/l &
AKX R RESEAT =R R4 L L 1 h, B AE Rl
A% 5 ) 6 mm B &5 AR PR B & AR R
FEAR B0 B IR S A A L IR IR S R
Az 43 [ 5 (E A B B A W T A o A R
WG PRSI RS . BEJE , BUH =50 R 46 )5 193
FEFEAT CT H148 .

1.4 CTHBEIXKEFEIRE

CT 44 A H X 55 £ 11 28 38 1 % 9 o 1k 47
15, OB RAEVTZE CT Hl R4 L 5E . X 84k
B — LA R R R TR L R 1Y) 2R
fig 1, L 2E B e ) O T R R i M A B .
T 5 ) R 2 S, BE A ) A X Rk S 4R R
F18) W52 AT R 2 S5 R A A 2 531, TR Ok 2 5k ) O O O B Y
1128 N [ IS I o BV s O I A G R O G B
] 0 XS4, L 7= A A ) R B 1 Rl o 3 U T R
) 5 4R iR B A AE 22 5

fECT HI R G D X A5 5 & P8 A 3t
2R IR R B e b, 2 R S5 R DU g 422 WO
A OOLES MR R R AR A R AE S
RARBFHREBEBRESHEEN BT ES . X
Rk AT DAAS B3R 19 % 22 U0 v AR, AT = 4k
P, 3 ST ) T = A A O R AR A B R R
g R N O R SN R oS i o TR PU R ) | = A T
fR 320 R 20 ) AT o 2 1 XOG IR S 4, 15 31— R 5]

DI R PR IR RIS CT 148 B 45 1 0k i 2290 7 [
AT = Y TG, ST AR W T SRR R Y
HERERY o i i PR B Ak PR R 4R BORERE P A A
S AT R 4 0L AL B A ik 4T 23 BT

2 CTHMEAE XA E

2.1 CTH#ERRE

TR AT, T R R P R R
fEo B RS G AR B W IR L SRR AT I X
AR IPR R B R A B b AT R X 1
SRR A E . B TN, DL E SR
Bl [ B ) F PR fE O R B AR S R T R . RS
FE G E X U B K R T 1 B8 Bl X 2R,
B R G2 AN WG A 1 T 0 BIR . TR S 2R RS
Sl 5 1) (RIS B ) ) b, R 5K U0 R 9 40 4 a] R A
FE R 0.75 mmo 7S UG AT DU CT il 55 &
B 1) PG T A8 R A i — 2R 0 A R R R DA
HE— 25 43 BT FUBIE 58 B 5 o

[ 3 & B CT 94 e A5 % Sl A= o 131 465 Joit b 3k
FEO 2 R FE AR o i T %5 BE A [m] (9 49 o % XS5
2R W SRR AT AR 22 5, CT 4 nT LU 3 X R TR
DI X5 2 1 W WSO 0 R AT 2 B, DA T A5 B AN [] 25
JEE W) 5000 AR o ) BT 1) 4 R R, RO Y BRI
WOk 22, W) 35 2k g o e 1) 38 5k 2D, 2 il CT RASUIR
RS D R AR AR A

3 CTHHHW-H#KEER®%

Fig. 3 Two-dimensional grayscale image from CT scanning
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Fig. 4 Noise reduction processing effect of different

filtering algorithms
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Fig.5 Gray histogram and threshold segmentation

result of CT image
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Fig. 6 Three-dimensional reconstruction of biotreated

calcareous sand sample before loading
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Fig.7 Three-dimensional reconstruction of biotreated

calcareous sand sample after loading
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Fig. 8 Porosity of biotreated calcareous sand sample

before and after loading under different confining stress
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Table 2 Porosity of the sample before and after loading
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Fig.9 Three-dimensional reconstruction of MICP-

treated calcareous sand sample after loading
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