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Optimal selection test of material ratio in the top of Ordovician

limestone grouting reconstruction
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Abstract: It is an effective method to reduce the risk of floor water inrush by grouting reconstruction and sealing of water channel on top
of Ordovician limestone before deep confined water mining in Huabei type coal mine in China. The basic properties of fly-ash cement ma-
terials with different ratios were tested using the orthogonal test method, in accordance with the requirements of deep medium to strong
pervious limestone grouting project in Zhuozishan coal field. Subsequently, the influences of three factors, water-solid ratio, solid ratio and
temperature, on six indexes of slurry density, viscosity, water extraction rate, setting rate, setting time and mechanical strength were ana-
lyzed. The results show that the ratio of water to solid has a relatively prominent effect on 6 indexes of slurry. The solid ratio has great in-
fluence on the viscosity, setting time and mechanical strength of the slurry. The effect of temperature on the performance of the slurry is
relatively small. The pressure boosting process of ground grouting holes is divided into three stages: low-pressure filling, medium-pres-
sure diffusion, and high-pressure fracture extension and reinforcement. The grouting material ratio varies across different stages of grout-
ing. The comprehensive balance method yielded three material ratio schemes tailored for various grouting stages. The optimal grouting
material ratio is applied for the grouting renovation of medium-strong pervious limestone. Engineering practice demonstrates that the
slurry effectively diffuses and fills cracks in the formation, essentially intercepting the vertical water channel exposed at the top of the Or-

dovician limestone. It reduces the risk of water inflow on the working face and provides technical support for regional grouting treatment
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projects targeting the top of the Ordovician limestone.

Key words: grouting material; orthogonal test; slurry ratio; regional control of water damage; floor water damage control
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Fig.1 Outline of geological structure and stratigraphic column of Zhuozishan Coalfield
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Table 1 Statistics of crack opening of borehole core in the top of Ordovician limestone

] JZ57/m 0~20 0~20 0~20  20~35 20~35 20~35  35~50 35~50 35~50
ZBRIF S /mm <0.1 0.1~0.5 >0.5 <0.1 0.1~0.5 >0.5 <0.1 0.1~0.5 >0.5
BEESY sEk hEREK EREK ESIEUK PERRUK RIEK 85K PAREK SRIBK
Hrht/ %% 27 38 12 19 47 9 24 28 5
T14L NIRRTV EE o5 /% 13 18 6 9 23 4 12 13 2
S3Btdi tb/% — 37 — — 36 — — 27 —
HBoht/ 5% 19 17 9 16 12 4 17 8 3
T24L NIRRTV EE o5 /% 18 16 9 15 11 4 16 8 3
a3BLb /% — 43 — — 30 — — 27 —
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Fig.2 Development of crack (solution) gap in borehole core
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Fig.3 Statistical comparison of the number of cracks and the
proportion of permeability grade at different layers in the top of
Ordovician limestone
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Fig.4 In-situ segmented water injection test system for

rock mass
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Table 2 Measured values of the permeability index of the top of Ordovician limestone
) T1 T2 T3
JEAR 2z /m
Kfem+s™") WAL+ (min+m*m")) Kfem-s") WAL+ (min+m-m") Kfem-s") WAL+ (min-m-m")
5 9.2x10™* 0.7 7.9x107° 0.06 9.2x10°7° 7
10 6.6x107 5.0 9.2x107° 0.07 2.2x107 17
15 8.6x107 65.0 2.6x10°7° 2.00 3.7x107 28
20 4.6x107° 35.0 9.2x10°7° 7.00 1.3x10™" 102
25 3.0x107 23.0 1.3x107° 10.00 7.5x107° 57
30 6.5x107 49.0 1.1x107 8.00 3.3x107 25
35 3.0x107 23.0 1.5x107° 11.00 2.2x107 17
40 2.0x107 15.0 9.2x107 7.00 4.5x107 34
45 9.2x10°7° 7.0 4.0x10°7° 3.00 2.9x107? 2
50 1.5x10°72 11.0 6.6x10°° 5.00 2.0x107 15
= 60 o T1 fLiZi&E % g 60 -a-T1 }L("%}:
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Fig.5 Permeability test curves of the top of Ordovician limestone
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Table 3 Primary material composition and performance parameters of cementitious materials
WS TSP RU % L ‘ \
WERMAY(m® « kg™ FIEERA/min  AEEFA/min - 28 dBTYTHRE/MPa 28 dBUIEHEE/MPa
Ca0 Si0, ALO, Fe,0, SO, MgO
50.1 184  7.05 329 232 051 340 185 250 7.4 44.5
x4 BRIV EEYRA SR IERESE
Table 4 Primary composition and performance parameters of fly ash material %
- Eii)i K TP AL Pkt
SiO, ALO, Fe,0O, MgO CaO Na,O K,O
44.95 32.56 4.03 0.56 4.05 0.52 1.03 1.8 0.1 74 3.9
32 EXHBERH R; = max Ty} - min{T,} (1)
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Fig.6  Slurry performance testing equipment
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Table 5 Levels of factors in the orthogonal test
SES
KF KB W @ (C+F) BEAHC - F) IR/ C
H=RA =B H#C
1 0.8:1 30 : 70 10
2 09:1 40 : 60 15
3 1:1 50 : 50 20
4 2:1 60 : 40 25
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Table 6 Results of orthogonal testing for the grouting material ratio
WY OKEI WL M SEGeom?) RS BKRe Hokm AR VP
YIgE 2t 7d 14d 284d
@® 08:1 30:70 10 1.46 29.16 12 88 9.50 9.81 3.37 4.69 8.61
@ 0.8:1 40:60 15 1.47 27.57 14 86 9.33 9.67 4.58 6.74 10.62
® 08:1 50:50 20 1.48 26.67 15 85 8.67 9.25 6.64 9.15 14.47
@ 08:1 60:40 25 1.51 24.96 16 84 8.33 9.33 8.82 12.56 18.54
® 09:1 30:70 15 1.43 23.96 14 86 9.50  10.09 2.81 3.77 7.88
® 09:1 40:60 25 1.43 22.94 15 85 8.50 9.05 3.54 5.09 9.65
@ 09:1 50:50 20 1.46 22.17 15 85 8.02 8.58 4.45 6.67 12.13
09:1 60:40 10 1.48 21.25 16 84 8.05 8.52 6.87 9.36 15.79
© 1:1 30:70 20 1.42 20.93 17 83 10.67  11.33 2.02 2.90 5.40
@ 1:1 40 : 60 10 1.42 19.95 18 82 9.42  10.16 2.53 3.71 6.80
@ 1:1 50 : 50 15 1.44 19.77 19 81 9.16  10.00 2.83 4.38 7.59
@ 1:1 60 : 40 25 1.45 19.63 19 81 8.33 8.83 3.46 5.47 8.60
(B) 2:1 30:70 25 1.25 16.60 52 48 12.07  12.52 0.80 1.02 1.61
2:1 40 : 60 15 1.25 16.58 50 50 11.06  11.53 0.88 1.57 2.80
® 2:1 50 : 50 10 1.26 16.46 49 51 10.60 11.24 2.17 2.80 4.21
2:1 60 : 40 20 1.26 16.38 49 51 10.75  11.25 2.32 3.27 5.60
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Table 7 Analysis of variance for each index in grouting material ratio test
. R -
BN
B SFHHS H S ¥y F & LB F, AT
A 0.124 3 0.041 184.850 * % /1
B 0.002 3 0.001 3.467 o2
Foo1(3,3)=29.46
i c 0 3 0 0.477 Foos (3,3)=9.28 o/3
e F =5,
s 0.001 6 0 013,3)=5.39
BIE5 it 0.128 15
A 237.578 3 79.193 95.742 * % %k /1
B 7.435 3 2478 2.996 o2
Foo1(3,3)=29.46
FhpE c 1.872 3 0.624 0.754 Foos (3,3)=9.28 o/3
. F =5,
W 4.963 6 0.827 01(3,3)=5.39
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Fig.7 Impact of different factors on the density of slurry
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Fig.12 Curve depicting the pressure variation during surface hole grouting undergoes a step change
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