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Multi-bed separation grouting in “three soft” thick coal seams mining and

its application
GUO Wenbing'*, WU Dongtao'”, GUO Mingjie', HU Yuhang', YANG Weigiang', WANG Bibi'
(1.School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China; 2. State Collaborative Innovative Center of Coal Work

Safety and Clean-efficiency Utilization, Jiaozuo 454000, China; 3.School of Mining and Geomatics Engineering, Hebei University of
Engineering, Handan 056038, China)

Abstract: Accurate identification of the grouting position in overburden isolated grouting and the reasonable determination of the protect-
ive layer thickness are of significant importance for preventing surface subsidence and protecting surface buildings and infrastructures. In
order to realize the accurate grouting and reduce subsidence in multi-bed separation grouting. By improving the method for determining
separation positions based on the composite beam theory, the filling positions for multi-bed separation grouting were determined. Using
the theory of elastic thin plates, a structural mechanical model of the protective layer for overburden isolated grouting was established. An
equivalent model for the grouting filling space of overburden isolated separation was constructed, and the minimum and maximum total
volumes of the grouting filling space were determined according to the breaking law of the upper and lower rock layers in the grouting
space. The effect of multi-bed separation grouting in “three soft” thick coal seams was evaluated through the use of probability integrals,
combined with actual surface monitoring results. Additionally, 22151 working face of Peigou Coal Mine in Zhengzhou mining area was

analyzed as case study. The results show that field borehole observation validated the accuracy of the bed separation positions. Multi-bed
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separation grouting was successfully implemented between the bottom of medium grained sandstone 152.6 m away from the coal seam and

the bottom of fine-grained sandstone 168.6 m away from the coal scam. When the mining thickness of the working face is 7.1 m, a protect-

ive layer thickness of 25.2 m ensured the safe implementation of overburden isolated grouting. Theoretical grouting volume calculations

range from approximately 9.5 x 10* to 14.7 x 10* tons while the actual engineering grouting volume for multi-bed separation grouting is

approximately 13.3 x 10* tons, with a grouting-to-mining ratio of about 0.41. The maximum surface subsidence is 649.8 mm, and the max-

imum horizontal deformation value of the surface at most residential buildings is within the I degree of damage. The surface subsidence

control effect of mining with multi-bed separation grouting was remarkable, and the subsidence reduction rate was about 77.91%.

Key words: “three soft” thick coal seams; alternate overburden of soft and hard; bed separation; multi-bed separation grouting; protect-

ive layer; subsidence control
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Table 1 Empirical formula to calculate the height of
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Fig.3 Installation of grouting floral tube on site
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Fig.10 Map showing the location of No0.22151 working face in Peigou Coal Mine
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Table 2 Position of roof bedding separation

HE FE EEm O AE/(N-m?)  BMERE/GPa  (g,)/kPa E%E;Z (¢)/kPa ﬁ%’iﬁ;; (¢.)s/kPa ﬁ%i;g
#+7 24 15.6 18.6 0.05 0.01 — 306.70 — 595.35 &
PokRibE 23 22 24.3 8.60 80.20 — 280.52 — 537.79 w5
A 22 7.6 225 2.50 79.10 — 275.89 — 527.58 g
WERE 21 8.4 23.5 4.80 76.27 — 263.58 — 500.19 g
sy 20 10 225 2.50 74.28 — 253.97 — 478.06 w5
WERE 19 3.8 23.5 4.80 71.18 — 239.75 — 445.59 g
s 18 3.6 22.5 2.50 69.28 — 231.59 — 42735 &
wEes 17 52 23.5 4.80 67.43 — 223.77 — 409.94 i
PRPE 16 11.6 243 8.60 65.04 — 213.35 — 386.44 g
s 15 13.8 22.5 2.50 69.89 — 225.09 — 404.09 &
WEE 14 6.4 23.5 4.80 67.49 — 208.94 — 360.62 i
A 13 22.8 225 2.50 63.98 — 192.45 — 320.62 g
WEE 12 3.8 23.5 4.80 94.44 — 267.95 — 433.21 g
MEEbE 11 3.0 25.0 13.40 89.35 — 242.11 — 353.42 4
A 10 12 225 2.50 85.41 — 221.29 — 286.92 g
ElipIRiE e 9 10.4 25.0 13.40 83.61 — 212.48 b 260.00 —
W e 8 3.6 23.5 4.80 138.35 — 363.15 ES — —
ARRD A 7 2.8 25.0 13.40 128.50 — 291.99 = — —
HRCb 6 9.6 24.3 8.60 121.08 = 233.28 — — —
s 5 4.4 22.5 2.50 203.76 7 — — — —
LR TRy 4 2.8 243 8.60 176.35 i — — — —
s 3 3.4 22.5 2.50 157.49 i — — — —
HRLRb S 2 72 243 8.60 131.63 7 — — — —
WA 1 7.4 23.5 4.80 173.90 i — — — —
e — 4.4 Sk s — — — — — — —
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Table 3 Calculation parameters for the protective layer thickness

2 P/MPa Hym 7/(KN + m™)

L/m C/MPa o/(°) u i

42 1.1 152.6 15
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Fig.11 Drilling hole peeping

RPE(18) ., (19). K(20) . & 2, 45 G iZ M5
SRS 22151 TAEHR )G 200N A]
TE R e K FE LSRR FE ([  6.3x10% m’. 4R
=X (2D), 4543 2 B RUTEAT 22151 TAEERG
TEIZ O AT B e K e B R B 9.8%10* m,
i B AR BUE T KT 70%, p: N 15 kKN/m?’,
2 Bl T T ok T AR R K 4 0 20 O 9.5x10% ¢
14.7x10% t, 17 SEhR 32 290 13.3x10% t, R
R 0.41, PRI R VAR B AR S 00 2 s T AR AR T
S5 TR R TR B T, ] A BT AR
FRAEHRTR . ORI S S R R AR R
NPT SR B AR R R RO R B)E
T TR A e N R B AR R
44 BEMUBETRbRTFEEFIZE

S HRESRFRME X 22151 TAE TR K17
MRS B AT, AR 2 A AT R R
DURE AL AR ST, A58 T B X 2 AR AR
MBS EP), f4 50 EIE A 22151 TAE
T AR A AT S8, WAk 4, B 12 S FUTAEE
2 MR EAE R, B 22151 TAERITEA R BUE &
BZERAEOT, MR A KT DR 2 941.5 mm, Hh

F4 ITEEHRBIFEERSEITESH

Table 4 Parameters for probability integration method in

surface movement calculation for No.22151 working face
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Fig.12 Contour map of surface subsidence for normal mining
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Fig.13  Fitting results of surface strike observation values for
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