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Discrete element analysis of uniaxial compression test of EICP
cemented sand soil
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Abstract: Enzyme-induced calcium carbonate precipitation (EICP) is a soil solidification and improvement
technique with broad prospects. In order to study the mechanical fracture mechanism and meso-properties of
EICP stabilized sand, this paper, based on PFC2D, studies the mechanical parameters, particle displacement
and microcrack development process of cemented sand samples with different cementation levels and different

calcium carbonate distributions in uniaxial compression tests to explain their deformation and failure mechanisms
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and failure evolution laws. The results indicate that discrete element simulation considering the content,
distribution, and particle contact model of calcium carbonate can better reflect the mechanical and deformation
characteristics of the cemented sand specimens compared with laboratory tests. Specimens with a low level of
cementation undergo local shear failure, and the failure surface emerges in areas with lower calcium carbonate
content in the middle. With an increase in cementation level, average particle displacement in sandy soil
becomes smaller, and the direction of particle displacement is closer to the axial compression direction of the
specimen, leading to splitting failure with better global stability. The higher the level of cementation is, the
more uniform the distribution of particle contacts in specimens is observed, resulting in slower extension rates
for both crack growth and zones experiencing cementation failure.

Keywords: enzyme-induced calcium carbonate precipitation (EICP); sand soil solidification; discrete element

simulation; uniaxial compression test
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Fig.1 Grain gradation curve of test sand

1.2 KZHERESR SRS &

SR FH 5 5 Ry TRt U, 7 w5 L R S R g 5
o R 2R W = Ry, 3 75 H i 5 & T 50 “Cry At
TAH h EAT 48 h b T AR BT 4 &8 o ARG 1 1
TOBHR A R R B K R RE T B FEALRE R i
£ 30 min, B A E N 20 /LI ERIEEY .. ¥

(e) Mt
2

o LN
 EERREE

(d) HET
ERRE

FEAWIEERREGYE T 4 CHRIKA T E2h,
- HBJE i S AT R 0 (% 4 500 r/min . YR
4°C), 4t 15 min B0 J5 $ B _E 3 R R i 7 1Y)
R K 2 R T VAR

IR Tt 355 4 SR FH Whiffin 252245 1 i o 5 o vk )
& (5 AL N T R DDB-303A K1) |, 28032, #L Ik
il 43 % DR 2 B0 3% E N 7. 45 (mmol/L)/min. 7€ I B
WAk AR v, e 25 AT Sy IO T 75 - Ok TR 8 T U L
PRAEFE MR K . S A MIEN , 7E EICP # fk i
R, 0. 75 mol/L Ay JiE 45 W e B i R 5 % b 2% B
F AR L 0. 75 mol /LAY R 2 FIE AL A5 1E N 5
U 5 V5 YA VR - T 0 D B RS AN WO BB o IR L
Fl:1,
1.3 EICPELTRE

TR E N 4R 39. 1 mm . 55 100 mm (4 B JE
PV C WU RS 20 B, 6 3 47 b5 HE 10 B 4R B SR g
SR T CE —HeE K A, I — IR AU S R S K
A 5L o 3RS RS HEARRHERD o bR D HE T 58
BUE TR 5 — e S AE AR+ T A .
FE I 7E 58 UG L R FH AR 548 40 WO 25 mL iR i
VA VBRI S 45 W T) s DT 3 A JEC S IAE 1, 9 R
REEHIA 5 mL/min, 4% 8 ER R, AR 12 hik 1T
— R IR Tt RIS A R TR, A AR FE 206,10
W, LAARAS AN [ Ji2 45 /K S AN [) B R 55 43 A RS 1
A 4 B A URE B HAR IR TE 2 15 28 F1 3%,
Il /0 6 2 R B AR M L g O HEAT 3R A i
5, 6 B PR 5 5t RN 5 R e 4 30 S 4 18 1Y) i

FEREAT = AR B 45 350 A, AR A A 2 B
L) <
waE |k

(c) PFisL

Fig.2 Flow chart of grouting



24 T RKREx¥E L FROPE % 48 %
1.4 ERRBERSH o]

K2R G B PVC XUR 4> 5, B [ 4k
Ja WD AE A B 2588 T K ik 2 R O 28 1k IR B B
T o BE G B H B T 50 CHEAS o 48 h, 58 T
PR RE R T ARAS B A AR R 0 3 A 7] Ak R 45 .

o AR 15~35, 185~ 38 i B 1Y Bk R 45 4 A
18 00 S T M BR Bt T ik B2 e S 8ok 1R . 1
e, 2R 0 T 00 FIR 0 T B8R B A, 1 R A T
BIR A0 s 5 B8 AR, 1~ 31 19 J0 M R ¢ 1 i BE
Ul 264,649 .1 695 kPao R F 2 U 5 T Bt X4 A9
B PR AT 5 ik, 15~ 3 45 1A 1) B R 5 55 k2300l
1.917% .3.847% F14.396 % .
F1 FRKSEKEREHNINSE
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Fig. 3 Schematic diagram of numerical sample
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Table 3 Contact meso-parameters
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