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Numerical Analysis of Calcium Ion Tracing in Microbial
Grouting of Desert Sand

JIAO Chenjiang', YOU Shuang"”, CHENG Xiaohui®*, WANG Hongtao'

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Based on the existing microbe induced calcium carbonate precipitation technology, a one-dimensional flow
grouting model was established by using Matlab. The sand column simulated grouting was analyzed and calculated
at the ion level, and the key factor affecting the strength of the sand column was tracked with emphasis on Ca”*" ion.
The numerical simulation was carried out with a view to further optimize the grouting effect from the theoretical
aspect. The results show that the grouting model can flexibly track the change of Ca*" ion content over time and
simultaneously detect Ca”" ion content at any position of the sand column. 0.75 mol/L and 1.00 mol/L. CaCl, source
perfusion have better effect. Finally, the validity of the numerical simulation is proved by experiment results, which
provides an effective reference and basis for the construction of desert highway roadbed by using high strength
materials formed by rapid consolidation of desert sand.
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Table 1 Basic physical indexes of desert sand

Index Result

Moisture content(by mass)/ % 0. 80
Dry density/(g-cm ™) 2.30
Coefficient of nonuniformity 1.73
Curvature coefficient 0.74
Effective particle size/mm 0.11
Limiting grain size/mm 0.19
pH value 8.77

RGBT L R 1 L aliid ok B 20 g BE R
¥y 10 g B2 €% .1 mL ¥ £ 24 0.01 mol/L By NiCL %
W, PEPE 5 minJ5 2.5 mol/L i NaOH I8 i ( K475
20 mL) W1 W pH(E % 8.5~9.0 Z [a] , 13 8 5 5%
SR KB SR B AR N, & B R R

(120 “C)IH 7, ¥ H 5 M A A (5 mL A +5 mL
Hh) 78 7% 7 B #2441 (30 °C, 180 r/min) P 15 3% 16 h
Je VR IARAE s e S, 4 55 3% 4 1) DRV PR VR S 48 3 03
FNVHEIE M 2K (B %€ 50 mL).

FEARPFERC A RN 2 LA R RV (i
1.50 mol/L By JRZE FVE F2 ) T 50 mL B . Hil4E
0 FE B9 B ELR N 4R 30X 100 mm 1 (8 A% JE 28 k)
B ORETE D O AR A R AR T AR T
250 2 5 5 AP AT AR JT HEAT R L R W,
Ja G S A B E 2 h, R FRE R AR
A I VE IR SR A I A A AR SRR AE T R
HE PR R i P A A ) T R A L TR B K TR R
HAEYE 2K AT A A TS IR EE+ Y
WFSE A B R IR g e 00 5, B )2 T A
VAT EY ) = R e U VAEL /b Y - R

IR 43 06016 BE TR I S WO BE O D fA
WSO B2 RO, B 5 A A s A P iR 2 A R Y
ODy fH H 2.620.

PSR H 2 P AT 508 5 WO il i SR AT TR D A
[ 45 5 PRI R AT JC M BR BT a8 B (U CS)
AR 2 AT LA™ A v o B A0 A %) 2 ) 0 U

CaCO, & 1 I 5 2R FH MR Pk 1% , WL Sl 470 e ik
I % R A AR A, FE 4l v K h ok T R 3R A T IR
A BE TN Fh R W FE 4 SNV i B & JE
PR B E BT I N RIS Y BT A 25, B AT A
CaCO, & & .
1.2 BHERELER

PSRBT R B R DR T R A E B R AR R 1.1
WA A TSR O T R D REAR AT 3.4 S IR,
U Y 50 0 (R A0 A ) A o e R A 2 F
WA 0 59 — i, AR SR HE 1, B0 1R S22 A v e
TR0 e B, 3 Fh 5 vk T DU RI0RE S i E A B T
CaCO, Iy [ 45 WL JE 7 B0M 3% %€ 3£ 2 0 3K
FERYPEfE . o ,HAS \HSB \HSC \HSD 43 | Fm &

R2 IRERWITMERE

Table 2 Properties of sand column after 3 times grouting

Serial No. NS o/ (grem™) f./MPa Serial No. NS p./(grem ) f./MPa
HSA 1 2.29 5.65 HSA3 2.12 3. 64
HSA-2 2.17 6.93 HSA-4 2.06 4.47
HSB-1 2.26 8.32 HSB-3 2.18 7.40
HSB-2 2.40 15.58 HSB-4 2.28 16. 09
HSC-1 cacls 2.46 13. 46 HSC-3 a0, 2.22 10.78
HSC-2 2.39 15.55 HSC-4 2.21 11.42
HSD-1 2.41 12.17 HSD-3 2.36 8. 42
HSD-2 2.11 4.00 HSD-4 2.27 3.03
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Fig. 2 Distribution of calcium carbonate cementitious substances

BT TR 5 B 3K 26.09 MPa, it 8 T 3 4 RIS Hb AT
HURD A BE 03B 3R I 9 R, 8% 3L CaCo,
Jie Va0 I B 43 A L A SR P 2 o L fR TR 2 AT L R
Jei (AR SR 22 0] R % 1T B 2 — 2 B 1) CaC O, B ik
Y (C), 5 2 HHURE 19 KUBURD UKL (S )R 25 5 %5 .
b F3R 0.75 mol/L CaClL v 3 wb A% 198 51
Sy HTRE AT R WS, 3k 2 A O 50 R R 1 A
(2944 pm) , HU1~2 g #F 47 X P AT 5F (XRD) i,
g 3o R 3 AT UL A G A AE 06 s B A
29.55°.43.15° . 47.12° . 47.49° . 48.51° . 56.55° .57.40° .
60.68°F1 64.68", & W ¥ 5 b MICP [ 4L 5 B 4 i iy
CaCO, &K i it A .
5K CaCl i3 abH: Ay PEBE AN 26 3 TR
2 MEMFRWLPEETF
2.1 HEEER
TR O ZUEW, CaCO, & 7 5 0 FE sl B A

HHEZR B AR, H R EMKKR . CaCl 85 I 5
C.H,CaO, 85 I8 B A7 W R AL # . o (A0 HE P UL e /Y

[E——

(d) ¢(CaCl,)=0.75 mol/L, 5 times grouting

P (y_:_




FEIRUL, A5 VDD DA W TR RS 8 T8 B B 4 A

809

A58 1
1
1—Calcite
2—Si0,
1 1
1 1 1 1
1
L %JLA A 1 h M NN
20 30 40 50 60 70
26/(°)
El 3 0.75mol/L CaCl, i @4 () XRD &l 3%

Fig.3 XRD pattern of sand column after 0. 75 mol/L
CaCl, grouting

CaCO, & 2 e K, AT DL 2 (8] 322 38 55 1 2% i b A v
() Ca®' e B S FLBifi o [a] 9 28 Ak, DLBA o2 00 AT e 24 1)
CaCO, & ,Ca” 4 Xk B2 5 CaCO, 1y & it 5 1EAH

JELYT R TIE. S NG R L 4 &/ T OB T R4 ER. 7/ N A
CaCO, L ¥E 1 72 1 19 3 Wy Br i 47 #5101 Fauriel 45
AL T E AR EY T RSB R
8¢ ; Van Wijngaarden %55 it 5 75 $h 9 1 L 12 30 &
g5 A FE ST T B AR A EE A LR ] Matlab
B ok g ST A W R TR B R TR AR T AR O — 4
sl i

R3 5K CaClLERHER MR
Table 3 Properties of sand column after 5 times CaCl, grouting

Serial No. UCS/MPa Total mass/g Filter paper Sand block Total drying Calcium carbonate
mass/g mass/g mass/g mass/g

HSA-1 15.55 5.21 1.24 3.97 4.32 0.89

HSA-2 15.41 5.15 1.27 3.88 4.27 0.88

HSB-1 26.09 5.18 1.26 3.92 3.96 1.22

HSB-2 24.32 5.24 1.25 3.99 4.16 1.08

HSC-1 18.58 5.46 1.24 3.92 4.13 1.33

HSC-2 17.52 5.50 1.23 3.97 4.13 1.37

HSD-1 11.57 5.36 1.25 4.11 4.39 0.97

HSD-2 7.27 5.46 1.26 4.20 4.58 0.88
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Table 4 Initial parameters and variables

Parameter Set value
Grouting rate/(pm-s ") 28.4
ODy, 2.620
Initial soil pH value 7
Grouting liquid pH value 9
Initial porosity 0.378
Average grain size of soil particles/mm 0.165
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Table 5 Ca’ ion loss ratios in each CaCl, concentration after
5 h grouting
%

e(CaCl,)/(mol-1L. ")

Position
No. 0.50 0.75 1.00 1.50
1 0 0 0 0
41 8.2 3.5 1.6 4.2
71 15.2 6.3 3.0 7.9
101 22.9 6.7 4.7 9.5
151 37.2 7.6 5.0 10.1
201 30.3 3.5 6.4 6.5
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Table 6 Ca® ions concentration and perfusion percentage at mid-point position of grouting sand column
5 5
A(CaCl,)/ 5000 s 10 000 s 15000 s
. 1
(mol-1.7) «(Ca®")/(mol- L") k% c(Ca’)/(mol- L") k% e(Ca®")/(mol- L") k%
0.50 0.0353 7.0 0.3985 79.7 0.3849 77.0
0.75 0.088 5 11.8 0.727 8 97.0 0.726 3 96.8
1.00 0.2804 28.0 0.987 4 98.7 0.9533 95.3
1.50 0.2294 15.3 1.484 1 98.9 1.4870 99.1

x®7
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Table 7 Comparison table of CaCO, content between simulated grouting sand column and the fifth batch of experimental grouting

Numerical simulation of

Simulate the equivalent

Equivalent molar amount of Actual average

c(CaCl,)/ L . Simulate perfusion . . .
1 calcium ion concentration / calcium Carb()nate calcium ion in Sﬂnd column calcium carb()nate
(mol-L ") o slurry volume/L
(mol-L™ 1) content/g was tested/mol content/g
0.50 0.385 2.00 0.770 0. 008 85 0.885
0.75 0.698 2.00 1. 396 0.011 50 1. 150
1.00 0.942 2.00 1.884 0.013 50 1. 350
1. 50 1.357 2.00 2.714 0.009 25 0.925
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