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Strength characteristics and mechanism of modified imitation ruins

soil of Qicheng site with glutinous rice slurry
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Abstract: The ruins soil of Qicheng is silty clay, typically linked with unfavorable characteristics such as
loose structure, low strength, strong capillary action and poor hydraulic property. How to improve the
performance of the soil in the restoration site is of great concern. In this study, glutinous rice slurry,
quartz sand, alumina and calcium fluoride were added to the silty clay in Qicheng site for improvement.
The imitation ruins soil was prepared by this method. The mechanical properties, microstructure and color
difference of the imitation ruins soil modified with different glutinous rice slurry contents (of 0%, 1%,

3%, 5%, 7%, and 9% concentrations) were studied. The results show that with the increase of the
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glutinous rice slurry concentration, the strength and internal friction angle of soil samples increase first and

then decrease, and the cohesion shows a linear increasing trend; Imitation ruins soil improved by 3%

concentration of glutinous rice slurry had the largest shear strength, unconfined compressive strength and

internal friction angle, and its microstructure is dense; The color difference analysis of the soil sample

shows that the color difference between the imitation ruins soil, imitation ruins soil improved by 3%

concentration of glutinous rice slurry and the ruins soil are all small; Furthermore, using glutinous rice

slurry to improve the MICP technique, it is found that glutinous rice slurry can increase the activity of

bacteria and promote the production of calcium carbonate. With increasing of maintenance days, the

strength of modified MICP soil has an increasing tendency, and the biological mineralization time is longer.

Keywords: imitationruins; silty clay; glutinous rice slurry; Qicheng site; biomineralization
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Fig. 1 Sampling location of ruins soil and surrounding soil
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Fig. 2 Chemical composition of ruins soil

and surrounding soil
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Table 1 Content of oxides in different soils

sy Mmt/% whkt/% Pt t/ %
SiO, 62. 603 65. 089 65. 087
Al Oy 13.132 12.517 12.523
CaO 10. 466 8. 802 9.615
Fe: 05 5. 407 5. 261 4. 966
K,O 3.184 3. 006 2.925
MgO 2.075 1. 881 1. 906
Na, O 1.471 1.818 1. 352
Mt 98. 334 98. 374 98. 374
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Table 2 Particle size distribution of ruins soil

and imitation ruins soil

BERE AR D / %
+ Ay
<2 <1 <0.5 <C0.25 <<0.05 <<0.01
fizs il 93.49 91.93 85.26 82.42 50.84  3.66
fidhk £ 94.04  92.37 85.32 82.30 60.48 4,94
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Table 3 Basic physical properties of ruins soil and

imitation ruins soil

Iy B IR MME EfEEK BRRTEE
A W/ % W/ BL/ % BW/ Y% pame /(g cm )

1. 690

bkt 30. 682 17. 140

fhsht 1 29.820 16.520

16. 360  14. 322

13.300  16.940 1.671
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Table 4 Sample preparation of improved

imitation ruins soil

JERIRRN Sar s Jomm R IR B R
K Fk T+ Rk ++
WHE/ %
Fiit/g Bt /g Fitd/g Bt /g
0 16. 32 96. 00 23.44 137. 91
1 16. 48 95. 84 23.67 137. 68
3 16. 82 95.5 24.16 137.19
5 17. 18 95. 14 24. 67 136. 68
7 17.55 94. 77 23. 20 138. 15
9 17.93 94. 39 25.71 135. 64
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Fig. 3 Shear stress-strain curves of soil samples with

different concentrations of glutinous rice slurry
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Fig. 4 Relationship between shear strength and glutinous

rice pulp concentration and vertical stress
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Fig. 5 Relationship between shear strength parameters

and glutinous rice pulp concentration
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Fig. 6 Axial stress-strain relationship of glutinous rice

slurry soil samples with different concentrations
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Table 5 Relationship between compressive strength of soil

samples and 7-day curing of glutinous rice slurry concentration

RRI s/ Y0 TEOPRPURRIREE/KPa iCREEAR Rl s / %6
0 33.41 1.18
1 39. 86 1.32
3 53.62 1.58
5 46. 86 1.71
7 43.71 2.10
9 44.14 1.68
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Fig.7 SEM pictures of glutinous rice slurry soil

samples with different concentrations
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Table 6 Color difference analysis results of soil samples

T AL Na Ab AE

JH —0.50  —0.16  —0.42  0.68
fatht + 0.11  —0.75  —0.19  0.79
R stk + 0.32  —0.64  —0.43  0.96
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Fig. 11 Relationship between vertical pressure and shear stress-strain of soil samples under different curing days
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