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Strength and microstructure characteristics of
MICP-modified cement soil in Nansha District of Guangzhou
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Abstract: The feasibility of using microbial induced carbonate precipitation (MICP) to improve the
strength of cement soil in Nansha District of Guangzhou is studied. The unconfined compressive
strength of the bacteria solution group cement soil, made by the mixed solution of bacteria solution and
urea, is compared with the control group and the medium group. The effect of bacteria on the micro-
structure of cement soil is studied by ion concentration monitoring, XRD, SEM and mercury intrusion
test, and the mechanism of strength improvement is discussed. The experimental results show that the
compressive strength of 7 days, 14 days and 28 days in the bacteria solution group is 91. 3%, 53. 4%
and 45. 3% higher than that in the control group respectively, and the improvement range decreases
with the increase of curing time. The medium and urea have negative effects on the strength of cement
soil. Sporosarcina pasteurii hydrolyzes urea and provides nucleation site in the bacteria solution group
cement soil, which promotes a large number of free Ca™ to transform into calcium mineral precipita-
tion, generates more calcite and hydrated calcium silicate (C-S-H) , reduces the pore volume and pore

size, makes the internal particle connection and spatial structure of cement soil more compact, thus
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improving the strength of cement soil.

Key words: cement soil; MICP; urea hydrolysis; microstructure

JIN RSV XA T BRIV = A B S ey,
BN BRIV =AU AR R, Tz o A A 2 )2
1 R R )RR 20 m B, RETER
AREOAL, TR, 2K TR ESH
5500 A B X G B H T K YR A B R
PR FNMEE /N, T R v R AR H H K
PEFEE SR T o SR AL 3 . A4 T, AEAER EAR
K JEAR S T BUE K e T DL K
SR, BOREHE N AR AR B W e 2, A
FI T LT SHEN LR, AULEIFRBNE
IR 1 7K U8 5 B 2 Ty

UTAEk, BFFE N D1 & A ] G 0 0 1 w3
TSR FRES Y, TR R BT, X AL
AR FR R A YT Bk R 85 UL TE (MICP,
microbial induced carbonate precipitation) , % £ K
REFEAR, XIRBEAUF, BAT RN A& .
HT T B R 55 5 7K e (R K A 7 W) A 0 B AR 281
MICP HI TS /K e He b bt 2L4E | 4 Sk U St
BHEYBREE 7, B R T ARG AR AN . A
G ORI, AN BN 2K e B A R, g
AR KA AR TGS SR . Achal 55
MK YR 53 B B Bk Bacillus sp. CT-5, FZ R AR
Bkt vE K Jerb ikt , 7675 bR R B B IR IR VA T
IR 9 28 d 5, PSR EE L Ak Je b I R 36% -
Bundur S5 1[G 27 A B B TR B HE48 AKIERD SR,
I 330 dJE B K PR I TS AT HR 0 20 R DR AR T A
FEARAS ", TR EFEAT T L R A B T R B RS
P TOKIERP I PR SREE " DL B R AR
U AN T mT DA K e LA R, (HAFSY
X FEIRIREE T OKR+b ) FKJebd Ok
Je+ih), FXSKJELMBTTEHAZ W, KL
IKPEFFKAR TIEL AL, TR A . A
AR, T EA R Z R YT 5K kAR
=) B g N HOXE MICP 3SR AE T — Y
Mg 220 MICP H AR X K g L5 BE s, K LA
MRARFRRAE , 2T MICP B /K Y8 4 iF 5% A0 27 22
LT3

AU M FE U XK e + R aT 42, EE
B R ZEHFTF B (Sporosarcina pasteurii) M SE 55 7
B, E B AR J7 v il 4 U P K 8 R,
(7] i 2 X BRAL AN IR B 4L, R 5T MICP Blcag K ¢

SRR B AT REE o IR T I . SEM
XRD . s 7R 7 B 28 552 96 73 Bt 40 81 0] 7K 9¢ £ 19 Al 2
BGOSR . FLBRES R 5o o AR A 5T Ry el
)N VD XK e i BE AR B TR A 7 1 AR B

1 ARSI ik

1.1 MR

IR 0 X TRV = A vh B IR (i
DURLIX), BURES B EE ( )2 FEE N . B A
R (Q). FHMWAMATIERE Q). Wiz
AR . P Q) . wht e . )2
(Q, ") Hp, EHTHAZ L. Wiz HAHZ
Q) R =AW)Z, /R RIRTe . VRt .
VT D . SEES AR AT N R U X T B VD R
MR HA (Q") MYl + .

+ORE S K R N 42.26%, KK T E N
1. 61 g/em®, ik % B Ry 2. 58 g/em’, LB EE R
1.28, MUHIEEHN 85%, AHLE ST ENO.51%, +1Y
91 R T R 43 591 M 17. 09% H131. 15%, ¥8 145 %1
14,06, FIEPESE, WPERE RO 1. 79, % (Y
TR EFRUE) (GB/T 50145-2007) 432, A+
FEJE TGRS+ (CL).o A X LA i 4 it
WAFERE AL, SRME IR, LRGN
ARMEE LY (GHRA . & A, gika) 4
B, AU T A RRE I

F1 LAY A

Table 1  Mineral composition and proportion of soil samples
R A gHRG mies gl KA kT
ditk/%  29.5 24.6 22.7 17.6 3.9 1.6

2 (4 TRE T 4n i) (GB/T 50123-2019)
WA LR b g . gy, SR E2, H#F
SUE EE Cl . HCO, . SO,7 . Mg™ Fl Ca™ 55
¥+, LCO . LHEpHIE R T. 56,

P A AR AT R B 1 mm A3, F T4
oKt o XA e R UEAT ORI o AT, kL
(A WS R U ES I W5 N ol S TR e o 4
0~75 pm, BB R KL S 97%, RIEIREC, N
4.9, AR C H0.72, LRI, R
N



%4 ZHTE, SF: BET MICP PR MR Vb XK U 4 958 B K ORIk 135
#2 MRS EH SRR
Table 2 Total amount and composition of soluble salts in soil samples mg/kg
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Fig. 1 Particle size distribution curve of soil sample
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Fig.2 The average compressive strength of each group

of samples after curing for 7, 14 and 28 days
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Fig. 3 Changes of Ca®™ and NH," concentration in curing solution within 28 days
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Fig. 4 Mineral composition of cement soil samples of culture medium group and bacterial solution group
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Fig.5 Microstructure of cement soil in bacterial solution group and culture medium group
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Fig. 6 Pore structure characteristics of bacterial solution group and culture medium group after curing for 7 and 28 days
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