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Abstract: This study starts from the analysis of the microbial induced calcite precipitation (MICP) re-
action environment and bacterial metabolism process, NH,Cl and NaHCO, were selected as additives
for microbial modification and reinforcement of sandy soil. The results showed that: (1) when the con-
centration of NH,Cl and NaHCO, was 0.1mol/L, the amount of calcium carbonate increased signifi-
cantly, which was 68.30% more than that before adding. The reason is that the adding of NH,CI and
NaHCO, adjusts the pH value of the reaction system to make it closer to the alkaline environment re-
quired for the optimal activity of urease, and at the same time promotes bacterial activity and metabol-

ic processes, which thereby increases the amount of calcium carbonate precipitation; (2) The results
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of nuclear magnetic resonance show that the porosity of the solidified sand column decreased by
15.93% and the permeability coefficient decreased by 2-3 orders of magnitude after adding NH,CI and
NaHCO,. Compared with the conventional MICP curing results, the permeability coefficient de-
creased by more than 50% ; (3) In the analysis of the seepage model, on the one hand, the filling ef-
fect of CaCO, precipitation on the pores was considered, and it is equivalent to the small particles
filled between the sand particles. The MICP solidification effect coefficient was proposed to express
the changes in the average particle size of sand particles before and after grouting reinforcement. On
the other hand, according to the microscopic inspection and analysis results after solidification, the
change in the surface morphology of sand particles caused by the precipitation of CaCO, was consid-
ered, and the value of the shape coefficient a of the granular material in the model was adjusted. Com-
bining these two aspects, the Kozeny-Carman seepage model was revised. The verification analysis
shows that the revised Kozeny-Carman seepage model can better describe the seepage characteristics
of solids, which also provides information for the analysis of the seepage characteristics of MCP-solidi~

fied sand. A convenient way of thinking is that only by testing the amount of CaCO, produced at differ-

ent stages, the permeability coefficient of the solid can be more accurately estimated.

Keywords: additive; microorganism; sand solidification; seepage coefficient; seepage mode
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Fig.1 Particle size distribution curve
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%1 AERENaHCO, NH,Cli& & & pH &
Table 1 pH values of NaHCO; and NH,CI solutions with

different concentrations

VW R 2
NH,Cl& NaHCO., %
WpE/(moll.™)) 01 02 03 01 02 03
pH 18 59 57 55 85 87 89
*x2 RBEFE
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Hif7 :mol/L
M5 G MK NH,Cl  NaHCO,
Al-1.A1-2 .A1-3 NG 0.1 —
A A2-1.A2-2 .A2-3 N 0.2 —
A3-1,A3-2 A3-3 N/ 0.3 —
B1-1.B1-2.B1-3 NG — 0.1
B B2-1.B2-2.B2-3 NG — 0.2
B3-1.B3-2.B3-3 NG — 0.3
C1-1.C1-2.C1-3 NG 0.1 0.1
C C2-1.C2-2.C2-3 NG 0.2 0.2
€3-1.C3-2.C3-3 NG 0.3 0.3
D D1-1.D1-2.D1-3 N — —
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Fig.3 Photographs of typical reinforced specimens
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Fig.6 MacroMR12 Nuclear Magnetic Resonance System
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Table 3 The ratio of different pore sizes and porosity changes HAT
W FE4 5 W TONLAR) W 20 fLAR) WE3CRALAR)  InBEATALBEER S AL AL Bt ek 2
T i 10.01 17.31 72.68 31.14 — -
Cl1 19.63 18.09 62.28 31.14 15.21 15.93
D1 19.98 16.75 63.27 30.54 17.60 13.94
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Fig.8 Two-dimensional NMR cross-section scan of a typical sample
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Fig.9 Calcium carbonate precipitate particle size
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Table 4 Calculation results of correlation permeability coefficients before and after curing
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