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Research and application of maximum surface subsidence model under the

condition of repeated mining in weakly cemented strata

GUO Wenbing'?, HAN Mingzhen', YANG Weiqiang', MA Zhibao'
(1.S8chool 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)

Abstract: The characteristics of surface subsidence under the condition of repeated mining in weakly cemented strata are of great signific-
ance to the safe and efficient mining and ecological restoration of coal resources in weakly cemented mining areas in western China. The-
oretical analysis, similar simulation, numerical simulation and field monitoring are used to study the migration law of overlying strata and
surface subsidence model under repeated mining conditions in weakly cemented strata, and the model is applied in engineering. The bulk-
ing characteristics of weakly cemented rock and the influence mechanism of repeated mining overburden strata movement on surface sub-
sidence are discussed through theoretical analysis. The ‘maximum surface subsidence model under the condition of repeated mining in
weakly cemented strata’ is established. There is a linear relationship between the bulking coefficient of weakly cemented rock, the mining
thickness of lower coal and the maximum surface subsidence of weakly cemented strata. Through similar simulation and numerical simula-
tion, the characteristics of repeated mining overburden and surface subsidence in weakly cemented strata are analyzed. The research res-
ults show that the development law of the separation height of the initial mining and repeated mining of the weakly cemented strata is ba-
sically the same, and both show a step-like rise. The surface subsidence curve of repeated mining is asymmetrically distributed, and the

maximum subsidence value is biased towards the side of open cut. The maximum development height of overlying strata, the maximum
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surface subsidence value and the surface subsidence coefficient after initial mining and repeated mining are given. The established maxim-

um surface subsidence model is used to predict the maximum surface subsidence value on site. The predicted value of the maximum sur-

face subsidence model is similar to the measured value on site during the mining process of the working face, which verifies the rationality

of the ' maximum surface subsidence model under the condition of repeated mining of weakly cemented strata '. At the same time, the pre-

dicted value of the maximum surface subsidence after the mining of the working face can provide a reference for the actual work on site.

Key words: weakly cemented strata; repeated mining; bulking coefficient; surface subsidence; subsidence factor; subsidence model
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Table 2 Petro physical and mechanical parameters

HIF P (kgm™) IRER/GPa B YIH/GPa FEPEA A/ GPa Fi% J1/MPa FEEBES11/(%) PR3 B /MPa
FtE 1650 0.01 0.005 0.28 0.06 24.0 0.01
R 2 500 2.81 1.69 422 4.59 36.7 1.46
HURLRD 2 2500 8.48 4.14 10.68 10.54 414 1.04
o=t 2 460 3.30 227 5.54 16.22 26.0 1.29
HRLb S 2390 331 1.71 437 9.73 33.4 1.28
Wb 2440 4.54 3.26 7.9 8.45 35.0 1.58
YRR 2350 4.65 2.02 5.3 7.74 31.6 0.85
WA 2140 1.53 0.76 1.96 1.20 22.0 1.60
Pl 1 440 1.41 0.85 2.12 5.46 34.6 0.43
F 1490 0.90 0.59 1.46 11.46 22.1 0.25




FRICIRAE SHIRAS R R S AT MR U BRI 5 e 1o

2023 455 9 A

fif%/m
0.3
-0.5

- 15
-2.5

B 12 Ak E RS K
Fig.12 End of initial mining

WIVCR BN B (0 7 2 )2 e B R B R Al 13a
fim: By S TAET B A 247 3 IR ARE T,
BZRE SRR LT, Hm o 80 T2
B 1717 mib . BEE F R TAEm SR, EAECR
ST A B R R B IR SR S A —
2, Gl 13b R : 4 TAR T eS80 m i, 2
Tt & AEWIIR IS I, )2 17 44.5 m AR R BLES )=
([ 14a); #EdE R 200 m 1}, b5 A )2 — &R
HAEE, BEREN LEE, EHZE L) 724 m 4b
WL R (K 14b); BiE TAE R FF4ZE 240 m i, &
BRI ERE, R B 172.2 m AR BUR
B e 2 (K 14¢); 3F HAEFFZ 240 ~ 760 m i &, 25
EAREW ERE, BRI S, MR A7 78 1 22 4%
(E14d) . Wbz Ralgm, FEAZEZELEE Mk
FLE N 1722 mo LG 13 FE 14 5387l 15 &
BORBNE)Z K E N AR e 2 I ERR T
T LA R TR mZ, AEE RSG5
WG RWIR, I R R E 5 -

T 2 BT ASCADUR [ 00 2 B2 JBC S 114 58 A7 RS A,
22T M S [) 9 20 B s o R v SR TR 2R, WnfAl 15
FiR o

(c) LAETHHEE 240 m

180
| 72 O/ It 7
L BEKE
150 | O
o A E
g L
= 120
2
dr 90
X
M72.2 ---------------------
e 60
V5 P
30
Oc 40 80 120 160 200 240 280 320 360
TAETHERERE 25/m
(a) WK KB
180
1722~~~ """""""""""777Ttomooo
WEKE
150 BN
i E
g L
= 120
Iz H=WR sk
w90 QU\j(ﬁ*/\ SV
X
L
o 00r
44.5 S S
30 _%B?fé:gﬁ%: B !
WARWIK KEEUEE
BEYSR, L
0 40 80 120 160 200 240 280 320 36
T AR HIHEREEE 25/m
(b) EILKE)

H13 AEHRAHME
Fig.13 Development height of overburden separation
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Fig.14 Vertical displacement of overburden during working face propulsion
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Fig.16 Position layout map of working face observation station

0 -
Bl4
E
B 200 A10 -.
jind]
==Y
E F,11050
E TAET
= 400 F
52
600 1 1 1 1 ]
1000 800 600 400 200 0
WEE A1 77 [7)/m
@ HE1
0 -
£
= 200
=
=
=
ﬂ% 400 F
600 1 1 1 1 1 1
1000 800 600 400 200 0
W R J7 )/m
(b) HE2

—10— TFYlHE/mm

H17 kT H4L
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Table 3 Maximum surface movement deformation

KA/ (mm-m ™)

i3S T/ mm i/ (mm-m™) FKEE S /mm iR/ (mm-m ™)
hrff R4
yES 6977.2 63.2 23985 4273 -322 <0.05
WE 7058 65.5 2369.2 +32.8 -322 <0.05
TE: KPS 7 FORPIMASE . 7 RN RS .
x4 MWNEMHETFMESSELECE
Table 4 Surface subsidence value and contour position of observation points
LRSS Al A2 B6 B7 Bl1
HiZ% FULE/mm 1011 491 882 923 100
HHEL AL /mm 1000 500 850 900 140
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