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Shear characteristics of biostimulated MICP-treated soil based
on large-scale triaxial tests
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Abstract: As a novel environmentally friendly reinforcement method, the microbially induced carbonate precipi-
tation (MICP) reinforcement technique has developed rapidly in recent years. The traditional MICP reinforce-
ment method is limited by high reinforcement cost, poor environmental adaptability of exogenous mineralizing
bacteria, and potential risks associated with the introduction of exogenous bacteria. The biostimulated MICP
method using indigenous urease bacteria contained in soil can effectively reduce reinforcement cost and potential

risks. In this paper, the biostimulated MICP method was used to reinforce the soil, and large-scale triaxial con-
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solidation drained shear tests were carried out on specimens before and after treatment to compare and analyze
the shear characteristics of the treated and untreated specimens. Moreover, the distribution and reinforcement
mechanism of calcium carbonate in the biotreated soil specimen were also investigated. The results show that
the biostimulated MICP treatment primarily generates rhombohedral-shaped calcium carbonate, which is depos-
ited in the soil, leading to a significant increase in strength and stiffness, as well as a significant reduction in vol-
umetric strain. The content of calcium carbonate in the soil specimen decreases with the increase of specimen
depth, which leads to shear failure at the bottom of the specimen.

Keywords: microbially induced carbonate precipitation (MICP); soil reinforcement; biostimulation; large-scale

triaxial test; shear characteristics; calcium carbonate distribution
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Table 1 Main physical parameters of the test soil

KRB KFw /% Be/NTEE pgn/ (g/cm?)
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4.0 1.27 1.58

0.15 2.71 1.34 2.67




% 34

Fra 5 R TRAEZXE G RALEA M AN T mE L R R 43

B BN, Xt SR R A A ARk 5w AL
MICP Jin [ 32 i 32 22 X i) .
1.3 AEHESRABEZMEDME

W 1(a) B , R F WA EL A A i i, 4 [
20 AT 5L B i8R R SRR B R4 8 RS
ARG R R H A2 300 mm . & o 600 mm, FI
PEA L B R 800 mm, A A+ T AR (M 5k MR 47
4k HAK £ 100 g3 2530 FL 42 2 0. 06~0. 2 mm; TH % J1
J& :5.6 kN/m”; 52 i J J& : 820 N) 8 35 il A T 5
JIE S, TO0HR B b AR B b R B R R R
AT, JV 98 094 = T A5 Bl 1k b R BE VA 2R

SR FH 31012 35 1k 6 R R AT IR B A T
S, wy e, AR B A A 1.5 45 LB A AR
(32. 422 LYMAW M R EW , MAE I HEE A+
FEFLBR . 2% Cheng "M B 5E 4 UFE B T A &
WL 5d. BT, AR R TS A 1. 5 4%
FLBR R B IR 45 5 W, e /R R B3 n i, 3k
Jon & Ab 33K
1.4 KRE=HEZEHKF TR

K55 R FH YS30-3B AU 7 % 4% =l B 1) i 50
HLCE 1(h) ), IZAL A B 5 Kl 1w far 2800 1 500 kN,
B K JE Bl 510 4 MPa, it K J1 0 1 MPa, il
6] B U147 A2 o0 125 mmo A FE I 58 65 | R %
) A5 L — R 8% 22 e LN, e R B P e . RS
SR FH K Sk A R ik e 32 RE 2 AT 10 AN A B S 3R RE 1Y
BAE (FLBR R 51 280551 0. 9 K LA i 4 4 5
Ao R I R i A SR R 300 kPa, ff R ]
4552 WS L LL 0.5 mm/min B9 18 G2 B 3 E 4T 85 1)
B

(a) JEUOLYE A [
B1 FEAHEMEEESKE=ZMHMLEN
Fig. 1 Biostimulated MICP treatment process and

(b) KA = HhL 5Bl

large-scale triaxial testing machine

1.5 HmEBESENIE

SR R G DAL IR AR AR T AR R B Y 2
SV BT ORI 45 S 4 BRI A 8 2 L B
JZ U3 e R T R 8% 1 R U A, 0 R 7 R A

FRVETE . BRI G R P A B R T eI e 4
S XF AR AT R R Ak B S & B, kb B TR AR
14 I TG B G AR Ak TR Ok T U Ok TR A A A L
P BN f AR ST S BRI s BT
T REE TR I A R R A R R S, 2
AL B E IR AR AL L 12K e, R AR Y
TR A W8 U8 48 5 08 5 o 08 5 K U8 4R At A At
T T E B E R e R A R S
Fra Com (D HHEM,
co=mTm e (1)
m,
1.6 HMMFEIMKRIA
T 56 2R FH 5 ] B8 BR R JR 28 H] i 19 Quattro
S AUR 55 4 L T 2 B (ESEMD) LI I 07 8 & fik
A T R SO SR . 1 SR U [ S 0 R
FH 258 F K23 24 h, W5 B T 55 CHLRT LT,
DATE T R 2210 o K V8 T S 0 R — T T S O 8
PSR E e THEMG L. BT EFEA S
A2 S e 003X X S A W S B A Ak B

2 REHERSITIR

2.1 BRERBEE

Je A7 385 K AR o [ A A e R A it A3 A
ME 2PR. 5B EFERRIR TS & KT 0,89
Ji AL U8 K A A= i [ e T A R P A Al TR A
X LG AN [ A7 B 1) Al 2 465 25 £ ) R, R TOUT A ik R
B N R TR, e K 22 MH Gk 24. 5% 0 AR
A 5 20 LW A MICP ¥ 38 5 32 /0 i 9% 45 S —
X0 T B R R R S R S A R
TR IR o (A 15 =AY 02, PR AR 29 35 em &b
T TR 465 25 o 5 i ME 0 K, ELHE BURE T0 30 em LAY
- RE B BRI A S R AE 21 % L b I BRE R R
WISk F 3 100 ¥ 385 vk R A7 RS2 80 A 1 o T i
FEBE R TH 30 em 3 Bl Y H A R4 9 m [ 808 .

35

281

K3
Mn- 3 x
&1 kS
w \

st
& \\‘\
7t
T

010w w0 w0 w0
BB T BE 5 cm
2 RUMRBEVMETHENRRBRSAE

Fig. 2 Calcium carbonate content of biostimulated

MICP-treated soil specimen
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