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Experimental study on grouting diffusion mechanism
and influencing factors of soil-rock mixture
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Abstract: In order to study the diffusion mechanism of slurry in soil-rock mixture and its influencing factors, a reusable indoor
grouting model test system was developed with the Chongqing soil-rock mixture as the research object. Experimental study of
grouting model of soil-rock mixture under conditions of different stone contents, porosities, slurry viscosities and grouting pressures
was carried out. The results show that slurry diffuses mainly in the soil-rock mixture by means of osmotic and splitting. When the
stone content increases, the main diffusion mode of the slurry shifted from splitting to osmotic. When the medium contains stone, the
splitting diffusion is equivalent to the osmotic. On the basis of experiments, the grouting diffusion radius prediction model of
soil-rock mixture is established based on the theory of support vector machine. Based on the calculation results of the model, the
order of influencing factors for the infiltration diffusion radius and the splitting radius are obtained respectively. Which are: stone
content>slurry viscosity>porosity> grouting pressure; stone content> grouting pressure>slurry viscosity>porosity. The stone content
has the greatest influence on the diffusion form, and it domains the diffusion radius value. It is suggested that the engineering should
design the grouting parameters according to the stone content.

Keywords: soil-rock mixture; stone content; slurry diffusion mechanism; prediction model; influencing factors
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Table 1 Orthogonal table of grouting test program

T TR R
1% / MPa
1 30 0.30 0.6 0.4
2 30 0.35 0.8 0.7
3 30 0.40 1.0 1.0
4 50 0.30 0.6 1.0
5 50 0.35 0.8 0.4
6 50 0.40 1.0 0.7
7 70 0.30 1.0 0.7
8 70 0.35 0.6 1.0
9 70 0.40 0.8 0.4
10 0 0.30 0.6 0.4
11 100 0.40 0.6 0.4
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Table 2 Optimized cement slurry performance

KK HPMC B& o T 1 min #r/KZ%E 5 min HT7KZ 10 min #7KFE  BEHIKER B 7K s ]
wIC /% / (g/cmd) /(mPa * s) /% /% /% /% / min
0.6 0.000 1.81 1382 0.42 0.52 0.58 0.83 55
0.8 0.249 1.61 76.9 0.32 0.45 0.85 3.83 63
1.0 0.266 1.46 46.4 0.00 0.05 0.56 5.05 115
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Table 3 Injected media parameters of group #1-#11

AP el 73 T AL H " =X
H% dMite  FHAREC,  WRREC T OLEd, ﬁﬁi% WAEE ERG BERECL
1 0.30 37.00 1.32 0.23 7.491x107° 110 23.0 7.17
2 0.35 37.00 1.32 0.23 1.380x103 110 23.0 7.17
3 0.40 37.00 1.32 0.23 2.417x107° 110 23.0 7.17
4 0.30 56.43 2.93 0.61 8.166x107 148 15.3 7.35
5 0.35 56.43 2.93 0.61 1.001x107* 148 15.3 7.35
6 0.40 56.43 2.93 0.61 1.528x107* 148 15.3 7.35
7 0.30 29.17 3.72 2.50 1.850x107* 175 12.1 8.30
8 0.35 29.17 3.72 2.50 2.058x1073 175 12.1 8.30
9 0.40 29.17 3.72 2.50 3.022x1073 175 12.1 8.30
10 0.30 22.50 0.43 0.15 1.044x107* 107 374 7.12
11 0.40 29.17 3.72 8.00 2.150 180 — 5.51
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Fig.1 Soil grading curves of soil-rock mixture under
various contents in #1-#11
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Fig.4 Test flow chart
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Fig.5 Image acquisition method
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Fig.8 Concretion sections of group #10
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Fig.9 Concretion shapes of tests of group #7-#9 tests
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Fig.12 Concretion of low content groups
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Table 4 Penetration grouting diffusion
radius prediction results

I BB MO m
WG ORAR gy BEOERED e g
/% /(mPa « s) / MPa

1 30 0.30 138.2 0.4 0.0342 0.044 348
2 30 0.35 76.9 0.7 0.048 5 0.075379
3 30 0.40 46.4 1.0 0.0642 0.086 223
4 50 0.30 138.2 1.0 0.1315 0.141 373
5 50 0.35 76.9 0.4 0.1836 0.193 443
6 50 0.40 46.4 0.7 0.2536 0.212 546
7 70 0.30 46.4 0.7 0.2896 0.299 522
8 70 0.35 138.2 1.0 0.2864 0.242 899
9 70 0.40 76.9 0.4 0.3879 0.299 754
11 100 0.40 138.2 0.4 0.3975 0.393 857
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Table 5 Split grouting diffusion radius prediction results

HE % B HOE ) om
At AER g BRI
( /(mPa+s) /MPa

1 30 0.30 138.2 0.4 0.2905 0.238 164
2 30 0.35 76.9 0.7 0.3816 0.369813
3 30 0.40 46.4 1.0 0.3709 0.380295
4 50 0.30 138.2 1.0 0.1736 0.174 879
5 50 0.35 76.9 0.4 0.1005 0.141 968
6 50 0.40 46.4 0.7 0.1025 0.154297
7 70 0.30 46.4 0.7 0.0564 0.057 872
8 70 0.35 138.2 1.0 0.0442 0.040 803
9 70 0.40 76.9 0.4 0.0421 0.040 803
10 0 0.30 138.2 0.4 0.3550 0.353992
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Fig.14 Relationships between porosity and
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Fig.16 Relationships between grouting pressure
and permeation diffusion radius
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Fig.18 Relationships between viscosity
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