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Abstract: The microbially induced calcite precipitation is a promising technology to improve ground, and the treated soil can
be regarded as the structural one. In this study, firstly, based on the three-dimensional (3D) contact model for granulates
incorporating rolling and twisting resistances and 3D bonds failure criteria, and considering both the slight plastic deformation
of particles during collisions and the rate-dependency, a cyclic bonded contact model is established. A time-dependent
relationship is then proposed to describe the denitrification reaction in reinforced sand. Next, the mechanical responses of
microbially treated sands at different cementation and bubble contents are investigated by the coupled CFD-DEM in
undrained-consolidated cyclic triaxial tests. The effects of biological bond and biological bubbles on the liquefaction resistance
of sands are analyzed in link with the mechanism from macroscopic and microscopic scales. The results show that the
coexistence of cementation and bubble does not increase the liquefaction resistance as expected in the form of “1+1=2". The
presence of cementation enhances the liquefaction resistance of unsaturated sands evidenced by the decrease of excess pore
water pressure ratio and axial strain, and the increase of coordination number. However, the presence of bubbles reduces the
liquefaction resistance of cemented sands, where the number of cycles to the initial liquefaction decreases, the axial strain
increases significantly in the tensile direction, and the coordination number decreases significantly.

Key words: microbially induced calcite precipitation; coupled CFD-DEM; undrained cyclic triaxial test; ground liquefaction;
distinct element method
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Table 1 Microscopic parameters of model for bond grains
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Fig. 3 Flow chart of coupled CFD-DEM method
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Table 2 Time-dependent characteristics of microbial processing of numerical simulation samples

SR T /d TE MDA Rl 4 E AL FA SR
i 485 A fmm? Jie g 2 AR L) 25 WA /mm® MR S/% FLBRRARES BB C
0 0 0 0 100 45%107
2 0.718 0.231 2.46 98.3 3.87%X10°

13 IR PR R R I ST )y R
B, Blx EA, PR ST Ry
e AN
n—1
b, VNN SRR, VR R
el .

BEAb, K SCI) CFD K 14 FLBRHE H 57 e
BRI, A AR BRI 5 T %5219
i BRI AMEIE TR B
FLBR LT o

3 WEMLIEHIERYIMITE

HANTRERS . NTERNSIEMAL, e
HI AR IR A SO ) A A 75 A B [ ) S i
I [A] A BEAS B BAR I IR 4 S E AR S & . RT3
R4 van Paassen 2PV He Al 78, B3 7 E W
36 b SR A S5 SRR 45 1 A G R A 91 mmol/de HF
R R BRI, AT S NIRRT B AR
WA N 2 d JE RS 5 RS R, JRE Bl
REFO S B S AU E AT R, N T 2 5 AHEK
PR BT .

Al Qabany"*sifiid SEM %6, W L% MICP 4%
W A AR AE , RN T A DLvE o e 56
TERD R R, SRJE PRI R MER R B S5 7 — kS 1
NS F AR AR P P 5 243 B R B R R SR R
FE R S5 10 B B BT A DUTE IMERY . IR (7]
MM T I I L TR ¢ A ok RN 2
t
1000

3 4 5 6
(4147j —«123393(4f47j +w111172(4454j —4103258(4f47) +
1000 1000 1000 1000

t Y t Y t Y
0.00561| —— | —0.00052| —— | +0.00002| —— | »
1000 1000 1000

(23)

S F SR AR I 455 AR SR BRATS Js 485 (1 A

R K %N 0.359 mm’/d, B2 d JE IR EE &8N

0.718 mm’, X 2 d Xt AR 4SS AR LB B2 5y N
0.231,

X T AR AR R, A SC B AR R

2 d RIS Ry 2.46 mm®, R LRI

98.3%. N T VFEEIE, Kz SRR S AN A

(22)

2
n=-0.00118+0.23802 L —-0.27795 +0.30913-
1000

RBUERA A IR B 48 R 5L Cs
Schuurman 2 H 7 — AN IZ AT B9A IR
FUBR A B R 48 250 551

173171
— 1 (Vao + VS)LiaO _Z_QL Q , (24)
VitV | V) 3 VoLV,

X, TR 0 ARAIIRIRES, v, WA, u, AR
Wk,

XL A L Dorsey ™ i 56 45 NS % , ¥
T T K ARARAE  BEAR T R T 4 R BOE & .
FEABERIMIKAIITEIT, 238 7L
i B RIE AN

-1

1 V

= T {Vag (uy +pa)} +5,C, > (25)
a0 w0 a

Ao, S, NMIRIE,  C, NI R IR 4 R AL
HL45%107, BRI (25) Btk 2 et
AbFE 2 d SRS 250N 3.87X 107,

Z il 19 B ARSCEE AL A B A A Ak B T
R RIS BANSEOT R AR WE 2 Fios.

4 MEILBY L AHKBEIRFEY]

CFD-DEM 3B & 1= #1

AATHRYEIE F T MICP JR&5HD 1 =4 ovl e 45
B, 454 CFD-DEM # &2, Bt A R &5
TEULAFRSHEESET, WAEYGE R E A
HeAKIG B U] J45 1 A7 3 MBS HRA DEM
e, PRI EIYIN BERH CFD-DEM #i 4 .
4.1 RS

TUAE DAL BRRD AN HE KA A =i BT )56 (1) 45540
WIRAFERRFE . BUE. [E45. 76850 4 N B,

(1) JFE

A% I SCHR[30]1K) Ottawa 50-70 W ALY CH
HEAT MICP J BT ik I TE e 4508 ), 2 e i 2 1]
4 . KR ERIEEPS 10 Ehl4 B oot
WIEFLEREL A 0.73, RIEECIERL 1.1,

(2) ik

GHIEES SRRV ES S IINE e o8 BT e 2o I IESIRFY
P, SRS e DUE g, sl AR R g0 B
Wt N 12.5 kPa N ) T

(3) [flgh



%13

FIBE, S EVIACERD HANHEK G =485 §) CFD-DEM A4 25

® 3 MEVMAEN L EF = MmBEREN TR S ERTIR

Table 3 Simulation program and main results of cyclic triaxial compression tests on different microbial treatment time on sand
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