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Experimental study on mechanical properties of sandy clayey purple soil
cemented by a new EICP grouting method

LI Anjun, LIU Peng, ZHANG Jing, WANG Shiji, LI Xian, MEI Likui, NIU Zuopeng
(College of Engineering and Technology, Southwest University, Chongqing 400715, China)
Abstract: The purple soil is widely distributed in the Three Gorges Reservoir area of China. Influenced by the extreme
environmental and climatic conditions, its structure and mechanical properties deteriorate significantly. To address this issue,
the use of the biomineralization technology (MICP and EICP) for reinforcement is considered. However, due to its sandy-clay
nature and weak permeability, the conventional methods have limited effectiveness in cementation. Thus, a new EICP
technology for one-phase-low-pH negative pressure grouting is introduced. Through various means such as surface hardness,
unconfined compressive strength (UCS), calcium carbonate content, SEM and XRD tests, the solidification effects of
pre-mixing, one-phase-low-pH grouting, two-phase-low-pH negative pressure grouting and one-phase-low-pH negative
pressure grouting methods are compared and analyzed. The results show that the optimal concentrations for EICP grouting to
solidify the purple soil are 50 g/L urease concentration and 1.2 mol/L cementitious solution concentration. The
one-phase-low-pH negative pressure grouting method increases the surface hardness by 9.1%, achieving enhancements of
84.44% and 144.37% in the UCS and stiffness, respectively. The calcium carbonate content after one round of
one-phase-low-pH negative pressure grouting is 3.09%, which is the highest among the 4 solidification methods. The UCS
increases exponentially with the increase in the calcium carbonate content. The SEM analysis shows that the calcium carbonate
crystals obtained by the one-phase-low-pH negative pressure grouting method have the most uniform distribution, with a
substantial amount of contact cementation. The crystal types are calcite and vaterite. The results demonstrate that the new EICP

technology for the one-phase-low-pH negative pressure grouting method effectively improves the mechanical properties of the

E&WB: EXRARRFESTH (11972311); BT HRE IS
BH (2022NSCQ-MSX2206); PER K2 EGIHHFA 2035 & itk
(SWU-XDPY22003); Firg RSB AR AIH (SYJ2024014);
concentration; cementation method; unconfined compressive PRI 22 A B NI ZH R (S202310635104)

strength; cementation uniformity s HEA: 2023-08-17

*HEEHE (E-mail: shiwang@swu.edu.cn)

sandy clayey purple soil, showing potential application value in —
the reinforcement of fine-grained soil.
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Fig. 1 Grain-size distribution curve of purple soil
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Fig. 2 Relationship between urease activity and mass

concentration of soybean powder
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Table 1 Results of CCD response surface tests

H # K S
ETRs] IR Bt A 52 JRAWIRIE  PephE PR ER/

Cus/(gL)  Ce/ (mol'L'D) g %
1 50 (-1) 0.4 (-1) 0.23 58
2 150 (1) 0.4 (-1) 0.32 80
3 50 (-1) 12(1) 0.91 76
4 150 (1) 1.2 (1) 0.39 33
5 293(-1.41) 0.8 (0) 0.51 64
6 170.7 (1.41) 0.8 (0) 0.45 57
7 100 (0) 0.2 (-1.41) 0.14 72
8 100 (0) 1.4 (1.41) 0.67 48
9 100 (0) 0.8 (0) 0.39 48
10 100 (0) 0.8 (0) 0.35 44
11 100 (0) 0.8 (0) 0.38 48
12 100 (0) 0.8 (0) 0.40 50
13 100 (0) 0.8 (0) 0.40 50

HEe AT R .
XA RIS 15 B B 5 7 B AT A 0, 15

FIFH e R ARy

Reyeo, =0.042C,, ~2.169C,, ~0.813C, C,, +

us T cs

0.003C., +39.844C> +58.46 . (5)
BRI 7 2 AT AR 20 G558, i RIBI ALK
2 (P <0.000D) MRWAEZE (P> 0.05), R=
0.9790, R=0.9640, R>=0.9103, H. R’.5 R.JEAW#
(IR%-RLI=0.0537 < 0.2), FWIBHH AR, i
A 5 IME S A G Cos 5 Cos 1) PEI/NT 0.01,
FUNRBGAR L . A5 WK T S IR S 7 ZR A S 35 A
K, MR, RG5O RS20 BE 2 2
2 BRSSP E SRR E R IERN S E ST
Table 2 Variance analysis of regression model for calcium

carbonate production ratio and concentration of treatment solution

T PR HEE HWhE F P
R 2191.05 5 43821 6533  <0.0001™
Cus 119.35 1 11935  17.79  0.0039"

Ces 495.20 1 49520  73.82  <0.0001*
CusCes  1056.25 1 1056.25 157.47  <0.0001™
C2 305.33 1 30533 4552 0.0002*
C2 282.72 1 28272 42.15  0.0003"

KIIF 22.95 3 7.65 1.28 0.3961

H: *RNEE, P<0.05: *NREE, P<0.01.
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Table 3 EICP cementation solutions

G . v i e ik b
e [ 44,72 WA AR P A FR AR W W
MO o HEZH . ENEL x 0
Ml A 50 g/L IREFR+1.2 mol/L IR&5 28.26 mL IREFE S 28.26 mL XA LS HIRE <

M2 BAME pHIER 50 o/L IREFR+1.2 mol/L Ji 45
M3 R pH fEVES 50 g/L IREFE+1.2 mol/L i 457
M4 FUNMEpH SRS 50 g/L IREE+1.2 mol/L iR 45

FEVE 60 mL IRBES—i7 B 2 h—#E7E 60 mL I8 J
W

1
60 mL JIREE S 60 mL Jke 45 R4 v x 1
1

60 mL JIREE S 60 mL Jke 45 R4 v N 1
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Fig. 4 Negative pressure grouting devices and mold
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g), W7 G IR EA E E IR B 2,
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o E R IV P br 2 — o ASAIE A 7 VR A B AR
TRF P 2 10 RS 22 55 R WL B) 5.5 LR 1 24 26 T A K
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T Ma R EAXHIE pH SRR LRI 2t
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3.2 UCS

B PR TE TG M BR B0 050 1) B B R T 25 L,
Kl 6. FTLAUKIL, MO R L — 2% ST BT D120,
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HIRFE BRI AARAIS pH A IRE (1 A
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PEIT IR 45 e 58 IR B AR e 81290, [ A vk 2 5 T IR 5 7
JEE M 5 b 1) 9 55 DX S AV L, e 2% S B[R 1)
RS . Bk mT DA A A AR pH 7R T
FEARE 1) S5 B de

Kl 7 A &R S R 2. T RLRE, [
MR IR L) AR R e S IEPEBIRRFAE , AT AR

Lk

[+, JComFEAINIEE A B W AR T, Horb M4 [l ik
ORI AT Wk 8 Fow, B ERFE I UCS KNI
J¥N M4>M1>M3>M2, 4338 1348.48, 1106.95,
1050.72, 814.47 kPa. Eso [ K/ Ty Ma> M3> M1>
M2, Z5HliEF] 96.13, 82.03, 57.49, 5531 MPa. .
P pH AU 2R [ AR A SR UCS A Eso,
52K T B R AE LG, i R ORT 0 R ST B 4 R v A
84.44%, 144.37%, MR T EZE, Caikd|aukid
BB BT AR, Blan: 02 5T 0 A 1t
St AT ROK R HES AL, UCS Al Eso B 70 B4R
T 77%, 331%; HEGHESEPR B E v B S T
WAL+, UCS f e Tt 61.8%; #28hS P R &
JEERAFEA NS LK UCS RFIERE N 47.3%~
370.3%; Soon 25BNy + AT EHESR AL FE, T
UCS 1 69%. EAERE M, AREACH 1 # R
SE, AT OLEARAS pH AR VE SR TR R A
NI R THTS A 1R K3 11 P96 T UCS 7t
RO, N 51.4%. SUARAK pH R K AT Eso 32
Tt 108.51%. 1 HAHME pH E 3% UCS Fl Eso IR T
BN, AN 11.40%, 40.6%, BEBCRER. A
ik pH fURERIE R I B RS R IR A 2 2 T
FOR T P A T A B R 7 K v J 0, D A3
FEREME LA BRI N B T S P S AR 0O, T it n i)
-80 kPa 41 AT {ig ik A B AE IR0FE P BB PRI T S 3
B)o3A, SN EE AT, R R B S TR R
AT ASE A i B2 5 D91 B 3 — 2 4 e U4,
3.3 MKER{SEESHH

BACRFE IR S S B A L. . FEESTTE
BUULEEL 9o AREEII 15 A [B 10 58 60 P X R IR A &
N 0.93%. % 2H AL FE 1) T S BRIRES & & /NI T

N M4 (3.09%) >M1 (2.84%) >M3 (2.75%) >M2
(1.41%). M2 MRS &K, M M4 2H 1.14
o M3 [PIRRIRES & S UK 28 B2 RN SV HE v
MW I AR A, FLBR A8 2 IR A sl ) Foike
EIE BRI T AR pH 57 R VE R %

6 HBIRRRS
Fig. 6 Typical failure patterns
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