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Study on ratio optimization and performance test of fly ash—based

impermeable grouting materials
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(1.Xi’ an Research Institute Co. Ltd. ,China Coal Technology and Engineering Group Corp., Xi’an 710077, China;
2.Shaanxt Key Laboratory of Coal Mine Water Hazard Control,Xi’ an 710077, China)
Abstract : Impermeable grouting is an important means to solve the problem of mud and water inrush under complex geological conditions
in engineering practice. The sealing effect of grouting largely depends on the basic conditions of target aquifer, the development character-
istics of water channel, the selection of grouting materials and grouting technology. As a bulk industrial solid waste, fly ash has special
physical and chemical properties. The utilization of fly ash as a resource can not only reduce environmental pollution, but also improve the
economic benefits of fly ash. In order to master the engineering properties of fly ash—based impervious grouting materials, the basic proper-
ties of fly ash—Portland cement mixed cementitious materials were tested by orthogonal experiment method. The influence law of water—sol-
ids ratio, cement—{fly ash ratio, activator and temperature on fluidity, density, concretion rate, water precipitation rate, initial setting time
and final setting time of fly ash based impermeable grouting materials is analyzed by means of range analysis and variance analysis. The re-

sults show that the water—solid ratio has great influence on the six performance indexes of the slurry. The solid ratio mainly affects the flu-
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idity and setting time of slurry. The setting rate of slurry can be accelerated by adding activator appropriately. The increase of temperature

is beneficial to shorten the setting time, increase the concretion rate and decrease the water extraction rate of slurry. The optimal solution

of slurry has been put forward by comprehensive equilibrium analysis method : the water—solids ratio is 0.8 : 1, the cement—{ly ash ratio is

30 : 70, the mixing amount of activator is 2%, and the temperature should be above 15 °C as far as possible. The optimal scheme has

been preliminarily applied in the research and demonstration project of underground curtain water interception technology in an open pit

coal mine in China. The results show that a continuous and complete curtain is formed after the slurry consolidation, which fundamentally

cuts off the groundwater seepage supply channel in the mining area, reduces the pressure of water transport and discharge in the mine, en-

sures the safety of the coal mine operation, and saves the engineering cost.

Key words:fly ash; grouting material; orthogonal experiment; slurry property; scheme optimization
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Table 1 Performance index of cement

H AR TR (S05) w(Mg0)/ ) et R BT B/ MPa PUE R/ MPa
. Pedkm/ % wEM N
(m* - kg™) /% % ff}/min [/ min 3d 28 d 3d 28 d
350 2.09 1.62 2.12 L 235 319 5.9 8.4 22.8 49.5
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Table 2 Factor level of the orthogonal test of grouting
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Table 3 Results of the orthogonal test of grouting material

BE KB MR WA g O B ESER dUkR PR

mn (geem®) % % s v
1 0.7 :1 40 : 60 0 5 289 1.570 95.1 9.2 40.3 50.0
2 0.7 : 1 30:70 1 10 285 1.560 95.8 7.2 32.0 34.9
3 0.7 :1 20 : 80 2 15 280 1.550 97.7 5.3 33.6 36.5
4 0.7 :1 10 : 90 3 20 279 1.545 97.2 4.2 36.4 47.5
5 0.8:1 40 : 60 1 20 301 1.535 92.5 11.5 8.7 12.2
6 0.8:1 30: 70 0 15 299 1.530 90.9 11.0 40.4 44.0
7 0.8:1 20 : 80 3 10 293 1.525 89.1 12.1 45.6 50.1
8 0.8:1 10 : 90 2 5 287 1.510 86.8 14.1 75.2 80.3
9 0.9:1 40 : 60 2 10 307 1.510 83.4 17.7 25.7 35.0
10 09 :1 30 : 70 3 5 301 1.500 81.8 19.6 55.6 64.2
11 0.9:1 20 : 80 0 20 298 1.490 91.6 14.9 48.8 55.0
12 09 :1 10 : 90 1 15 296 1.480 88.9 14.8 72.0 74.1
13 1:1 40 : 60 3 15 311 1.450 84.3 24.7 25.5 29.4
14 1:1 30: 70 2 20 309 1.440 86.3 24.5 17.5 25.6
15 1:1 20 : 80 1 5 302 1.420 77.3 26.9 84.0 88.1
16 1:1 10 : 90 0 10 298 1.405 81.2 24.7 89.3 102.4
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Fig.2 Influence of various factors on the mean value of density
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Fig.3 The influence of various factors on the mean value of concretion rate
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