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Comparative study on MICP-treatment schemes for sands
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Abstract: Microbially induced calcium carbonate precipitation (MICP) is a new green ground improvement
technique in geotechnical engineering and has a promising prospect in reinforcing granular soils. The uniformity
and the mechanical performance of MICP-treated sands are important issues in the MICP method. To optimize
the MICP-treatment scheme and improve the overall performance of MICP-treated sands, a comparative
experimental study on different MICP-treatment schemes for sands was carried out. Firstly, the MICP-
treatment schemes, including the conventional two-phase method, the pH method and the temperature-
controlled method, were introduced in detail. Then, a series of MICP-treatment experiments on sand columns

were conducted, following the three different schemes, respectively. Finally, the three different schemes were
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compared in terms of the distribution of CaCOj; in the post-treatment specimens, the utilization rate of reaction
solutions and the unconfined compressive strength of the post-treatment specimens. Under the testing conditions
in this paper, the conventional two-phase method has the worst performance in the three aspects; the pH method
and the temperature-controlled method generally perform well; in comparison with the pH method, the
temperature-controlled method has a higher utilization rate of reaction solutions and a higher strength under high-
treatment conditions; the temperature-controlled method has the best overall performance.

Keywords: microbial reinforcement; unconfined compressive strength; utilization rate of reaction solution;

temperature-controlled method
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Table 1 Main physical parameters of the testing sand

Dgy/ D,/ Dyo/ :0(1/

mm mm mm

c, C,

111111

(g/cm?)

0.83 0.51 0.22 0.13 0.17 1.687 1.69 1.01

1.2 iXER&

W5 T R 8 BLA% 40 mm & B 80 mm [ P
FE R G 25 52 B R 80 %6 o i 36 T FH BT bk Ay I 3K T v
] 8 A ) R A DR P O IR RS
BRI (Sporosarcina pasteurii) , M g5 1. 3687, iR
5 T B W (CS) Hh PR 3R W5 A0 5 195 A2 1A
FULE 121 B0 A, B B9 e 35 R 0.5 mol/L;
B (BS) e i 8 4 ~107 cells/mlL.
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Fig. 1 Experimental setup for the two-phase MICP

treatment
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Fig.2 Experimental setup of the pH-based MICP

treatment
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Fig.3 Experimental setup of the temperature-controlled

MICP treatment
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Table 2 The MICP treatment conditions

I REE O RNRHE Vi, Ves/ I BRERAS &
ik iy (mol/L) mL ml  ®E  ®/%
Al 0.5 60 100 1 1.5
A2 0.5 60 200 2 2.9
WA
A3 0.5 60 400 4 5.8
A4 0.5 60 600 6 8.7
B1 0.5 20 100 1 1.6
pH#¥ B2 0.5 60 300 3 4.7
B3 0.5 100 500 5 7.9
C1 0.5 20 100 1 1.7
missk Cc2 0.5 60 300 3 5.0
C3 0.5 100 500 5 8.3

2 ER51TE

2.1 KHEHSH

S5 MICP Jin [ A= R i i 1 5 15 /00 A3 il 1 43
A5 (R 35 50 P e 9 AR B R T vt A [) B Ak 78 B v
JEZ50.5 cm 3R HEAT IR Uk , 38 0 R U A S A T
ZE A5 BN [F) A7 B 1) ke R 45 7 o, B PR S it it

CHIENSN
e 45 75 ik —
BB L — BURERIR T o
WHE RS T
(1)

B 45 545 T 3 A AS [R) MICP fin [ 07 32 i [#1
8 A0 A R e e TR 6 e P R T oy B ) A
R, & 4Ca) BT LA SR FA 6 AR 2 n 8 i /0
R R | T B R 5 5 o I A O i B %) 348 K T
ATV /N s MICP o [ 8% J32 6 w8, HG PN 350 26 i 114 e TR
5 22 | AN [ DX 38 ) B R 5 4 o 22 SRl ok . X T
TR A4, HT0HR 55 0 0 Bk R 5 7 i 25 S B A B
TOU R 22 30T JICHB Y 2 4%, 40 A0 R B B (R 1)
Mo INIEL4 () AT LU L 2R A pH 2 i B 9 B0 A it
B MICP Jin 8 R B % s 12 45 5 5t 40 A 1) 52 1 55/
Tei) B i TR 65 2 - o 1 e T 50 B4 85 1 88 A W ol ok
JIN SRR JEG S A4 T i A5 S s Yk T B | 3 2 BH pH ik
Jon 45 2] 04 10 A URE B R 5. NIEL 4 (c) AT LU

A SR A ] B 0 A R L R A Y
G AT KL AR A0 o T R R Y A A M S pHL TR T T Y
R AR — 2, R 0 o 3 3 2 1 — ) A4 Jon T
BRIV A T 0 10— 3 ) Mg 22, G v il R C3 IS
TS B Bl PR T 5 i O THURTS 19 91 %% ¢

3 -o- Al
F -0=A2
L A3
12 |- o -0- A4
s |
| s
@ g | o
® L o
g | -0
® L
4-© =~ 0=
[ o= 0=
B- = -m- oo L °
= = 0= ==0
1 1 1 1
0 2 4 6 8
BRI 25 /em
(a) MAHZ:
16 —
= %= Bl
B2
=-0=B3
12 -
C,\\°
]
® R
=
Al
%= i S N R
1 1 I 1
0 2 4 6 8
PRI S /om
(b) pH &
16 —
=%=Cl
c2
-0-C3
12
S L
il [
g;ﬂ' 8__0---0_--_0_"'0-—-0
8
®
4|
o e T
1 1 1 1
0 2 4 6 8
PRI T 5/ om

(c) W=
4 MICPMEMFXFEPHRBREEESHER
Fig. 4 The distribution of CaCO,; in MICP-treated

sand columns
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