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Experimental study on microbial solidification of soil based on low pH one-
phase grouting method

CUI Guanggin, ZHANG Hang " , ZHU Gongshuo, ZHANG Chengzhi, GONG Yande
(College of Civil Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, Inner Mongolia, China)

Abstract: In order to solve the problem of uneven distribution of calcium carbonate in the process of soil solidification by microbial
induced calcite precipitation (MICP) , low pH one-phase grouting method was used to study the distribution of calcium carbonate in
soil samples solidified by microorganisms. The optimal culture conditions were determined as pH=3.0, Opq,, =4.0 and ¢, =2.00 mol/L
by orthogonal test. Based on the optimal grouting scheme, the distribution of calcium carbonate and the strength of soil samples were
studied, and the microstructure of soil samples was observed by SEM. The results indicated that the low pH single-phase grouting
method helped promote the uniform distribution of calcium carbonate during microbial reaction processes. Compared to the two-phase
grouting method, the low pH single-phase grouting method resulted in a 17.9% increase in the internal friction angle, a 46.3%
increase in cohesion, and a 22.4% increase in compressive modulus of the solidified specimens.
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Fig.1 Cumulative particle size curve
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Fig.3 Schematic diagram of grouting solidified sample
N b AN
2 W7k

21 KFKXE

PR =P ZR | DU K- ) 1F AR 560 T 58 A [R) 52 1
2Rk W05 5 AR iU R 25 R RE 7, IE 38 i
W 16 ZFATIES, AR ES 1A R B i PE
TR , 38 3 [T U5 43 B B 5 i) [R] 2R A e e R R
B S . ERIRAEK P SEEREWME 1R,
IEAZIAE BT INER 2 P

#1 IEZRABKFSHRER

Table 1 Orthogonal test levels and factors table
7K Open ¢,/ (mol-L™") pH
1 0.5 0.75 3.0
2 1.0 1.00 4.0
3 2.0 1.50 5.0
4 4.0 2.00 6.0

*2 IR R

Table 2 Orthogonal experimental design table

RIS Opso c./(mol-L™") pH
A, 0.5 0.75 3.0
A, 0.5 1.00 4.0
A, 0.5 1.50 5.0
A, 0.5 2.00 6.0
A 1.0 0.75 4.0
Aq 1.0 1.00 3.0
A, 1.0 1.50 6.0
Aq 1.0 2.00 5.0
A, 2.0 0.75 5.0
A, 2.0 1.00 6.0
A, 2.0 1.50 3.0
A, 2.0 2.00 4.0
A, 4.0 0.75 6.0
A, 4.0 1.00 5.0
A 4.0 1.50 4.0
A, 4.0 2.00 3.0

2.2 K pH —#EiE R B HEIRIE
ARG B pH — A0 33 5 325 [ A b A 4 6 A
AR 25 02 WA AR 1 0 0 A7 X6 B 20



120 W R R ol (T % W) $55%
221 A% pH — ML [E AR A1 25 +Tim

(1) it 7 i 3 2 R vl A 2 K B
AL HEHREE IR A (2) BRI B 40 mL {§ pH
— HHHETR, PRI A 35 S B[] A P g B85 (3) fif
FHIGShZE LA 60 mL/h I EETR A 1.2 FEAbAE IR FR Y
W (4) TR AP HRFEAE 26 C IR IR 40
FE 12 h, RISERE WS (5) ER Eid IR Rt
HEAT 3 A0 LR AR B RCR 45 R iR e e
TRAR P REFE 24 h PR,

222 PAHTEES L AL AR IR 50

(1) A FH 05 30 2% 1) 304 o 38 A 25 88 7K 2 AR
R AR AU (2) B 0.5 mol/L CaCl, ¥
T0R [ RE BRRTR B T AR R R AR (3) il
FEESZELA 60 mL/h B3 EEZEA 1.2 AR Y
e 45 Wi (% FH B BT MICP 5% 3 % pH, B pH =
8.5) 5 (4) HIKEE AR PR FELE 26 CIEIRE =46
FE 12 h, RISER W3 (5) ER LR Rt
PEAT 3 Ao AR AR AR 45 R # R e e
IRAE TP RS I% 24 h IFPREE,

2.3 WHEHSERE

R T, R 40T 1 26 1m0 iy 1k ATt Y
TRIRES AR TP I 25 L . W D AR 43 o 46 o
I R 3 0y, a3 i HOHS A B S o AN A O
53 o X T B4 5 43 10 = AT Bk R 5 A i 2
FE N HGA M IS 235 T R A 45 0 o7 A T 5 A A, 1
W AP AE Bk R 5 (0 24 5 M, T AR A BRURE 1
BANE 4 iR,

htE

PRSI
K4 BRI R 1A

LN

Fig.4 Schematic diagram of sampling of solidified sand column
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Table 3 Results of orthogonal test V. g
RIS G5 my RIS G = 1y
A, 0.053 A, 0.054
A, 0.069 A 0.091
Ay 0.099 Ay, 0.133
A, 0.171 A, 0.204
A, 0.055 A 0.075
Ag 0.065 Ay, 0.085
A, 0.108 A 0.157
Aq 0.169 A 0.356

4 IEIRE 2

Table 4 Range analysis of orthogonal experiment

EY Opeoo ¢,/ (mol-L7") pH
k, 0.098 0.059 0.152
k, 0.099 0.078 0.121
k, 0.121 0.124 0.102
k, 0.168 0.225 0.111
R 0.070 0.166 0.050
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Fig.5 Mean effect diagram of different factors on calcium carbonate production
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Table 5 Calcium carbonate content in different parts of

the test specimen $1ﬁ:g

HBAL [0 N S v = o S v = 2 i
I pH iR 51 7.41 6.97 7.00
K pH 08 P I 6.75 6.50 6.24
AR TR S 7.72 7.20 6.51
WA RE PN R 7.76 7.10 6.63
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