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Table 1 Safety thickness of the goaf roof

under different safety factors m
g ET*EL?Z%EE ;
K=11 K=1.2 K=1.3 K=14 K=15 K=1.8
4 2.2 2.4 2.6 2.8 3.0 3.6
6 3.3 3.6 3.9 4.2 4.5 5.4
8 4.4 4.8 5.2 5.6 6.0 7.2
10 5.5 6.0 6.5 7.0 7.5 9.0
12 6.6 7.2 7.8 8.4 9.0 10.8
14 7.7 8.4 9.1 9.8 10.5 12.6
16 8.8 9.6 10.4 11.2 12.0 14.4
18 9.9 10.8 11.7 12.6 13.5 16.2
20 11.0 12.0 13.0 14.0 15.0 18.0
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Fig.1 Schematic diagram of the load

transfer intersection method
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Table 2 Safe thickness of goaf roof

under different diffusion angles m
w5 o AR 2 42 J5

B=30° p=31° p=32° p=33" p=34" B=35°
4 3.46 3.33 3.2 3.08 2.97 2.86
6 5.20 4.99 4.8 4.62 4.45 4.28
8 6.93 6.66 6.4 6.16 5.93 5.71
10 8.66 8.32 8.0 7.70 7.41 7.14
12 10.39 9.99 9.6 9.24 8.90 8.57

14 12.12 11.65 11.2 10.78 10.38 10.00
16 13.86 13.31 12.8 12.32 11.86 11.43
18 15.59 14.98 14.4 13.86 13.34 12.85
20 17.32 16.64 16.0 15.40 14.83 14.28
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Table 3 Safe thickness of roof in empty area

under different tensile strength m
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0.1 MPa 0.2 MPa 0.3 MPa 0.4 MPa 0.5 MPa 0.6 MPa

2.4 Mathews Ef# %
Mathews £ 5E &l 1 DL AR & BURIK J) 242y K&
Bt B2 BUIR SR B AR AE 45 78 N ) 451 N AR FFFR 2 1
[EDARY IR S A SN D2 N LY R L S8
PR BRL -2 o A6 T R DXV E AR RS X VK
DX A P b R s A ) DX e XU R
KIPEREITTEWMT .
S=Syu /Ly (5)
S AR I AR m; S pw N FF I3 BT B BE BUR 25
T (14 488 A TR A s ™ 5 £ g SR 57 0 BT 0 BBE IR 25 IXC 1Y ]
K.m,
Bt E AT .
N=Q XAXBXC (6)
XN RRBEHGA WA A b 280 WTE N
()R 23 TH i B¢ b B TR R B S 5 AR B RN ) =2
L AR 5 e SR SRR R IR B S5 E A RN ) Z KT
10,6 A (HHC 1;B A7 BRI R B TR
PR35 B R B, MR JLF JC 8 R 19 #1434 il B {H
B1:C hE MR 5EEMNT Rk
AP WIAB A TR E % R RE T A
KRR Ry 0%, C EH 1; Q" Iy A A it it
febr Q 1B 1E J5 WA & B L g 4 sl 28 £ A 19 B2
KT REIE N 1 a0 T i EARR0 Q H ., 7855
B 2B 7 i, SRR R 1 32 02 LUK L AN [A] i A7
DX 43, BV [ J I B A 5 R IR A AR Ak 25
A 0T 2 5 A AR 4R R 4 % 30 37 A7 IBOES BB 2 AT
L AR RYOR ARSI U E
il 0.5~2, T5ERZ A By BCR G54, 5 JURLARS B2
REUEHC 1, 7 E AR IR JE T AR O BT Bk
Jo B i BR  W BE EE AE L  BE R AU 2~4,
K12 IR G5 S HO ¢ AN TRl R 3 15 2
KT R R 4,
x4 AEAEHSHETRBAEA N FE

Table 4 Hydraulic radius of stope roof under

4 3.46 3.33 3.2 3.08 2.97 2.86
6 5.20 4.99 4.8 4.62 4.45 4.28
8 6.93 6.66 6.4 6.16 5.93 5.71
10 8.66 8.32 8.0 7.70 7.41 7.14
12 10.39 9.99 9.6 9.24 8.90 8.57

14 12.12 11.65 11.2 10.78 10.38 10.00
16 13.86 13.31 12.8 12.32 11.86 11.43
18 15.59 14.98 14.4 13.86 13.34 12.85
20 17.32 16.64 16.0 15.40 14.83 14.28

different structural parameters m
T bR VIR S
WE W=8m W=10mW=12mW=14 mW=16 m W=18 m
8 2.00 2.22 2.40 2.55 2.67 2.77
10 2.22 2.50 2.73 2.92 3.08 3.21
12 2.40 2.73 3.00 3.23 3.43 3.60
14 2.55 2.92 3.23 3.50 3.73 3.94
16 2.67 3.08 3.43 3.73 4.00 4.24
18 2.77 3.21 3.60 3.94 4.24 4.50
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Table S5 Calculation results of roof stability number of

filling body with different cement-sand ratios

FEBUBHKR A b Q'fH REM N FHKIERE/m
1:25 85.24 85.24 13.15
1:3 63.97 63.97 11.95
1:4 24.05 24.05 8.13
1:6 20.18 20.18 5.65
1:8 6.03 6.03 4.38
1:10 4.46 4.46 4.02
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Fig.2 Strength test results of filling slurry

with different proportions
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Table 6 Collapse test results

WD I 1 /mm P HUE /mm
1:2.5 76 209
1:3 124 254
14 186 322
1:6 211 481
1:10 246 442
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Table 7 The thickness of each section filling

body under different stope spans m
P AR R

5 43 B 53 B a3 B 53 B

15 m M 20 m 25 m 430 m
6 3.65 3.77 3.85 3.91
8 6.23 6.49 6.66 6.79
10 9.38 9.83 10.13 10.36
12 13.05 13.75 14.23 14.59
14 17.21 18.21 18.92 19.45
16 21.83 23.19 24.17 24.91
18 26.88 28.66 29.95 30.93
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DL A2 TOUAR 5 8 R YR S 85 R 12 m B B b
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T T 5 B LK
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Table 8 The thickness of each layer of filling body m

Y FEHLTAR FEHLTUR FEHLUR
5 T2 R il )2 )5 JKJZ R
6 2 16 2

8 2 13 5

10 4 10 6

12 5 6 9

14 6 2 12
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Fig.3 Schematic diagram of the mining model
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Table 9 Ore and rock mechanical parameters
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SR JH e 5 BE LA — IR T
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o W/ iﬁf i EIIE VAN -5 N JEE

ok (t/m) 1‘%;/ A mE/ Ji/ T@ﬁa/
GPa MPa  MPa )

Sk R 2.69 34.98  0.20  10.12  24.07  30.22

AN 2.90 60.00  0.20  17.13  20.86  55.00

TR 2.62 58.72  0.20  21.95 37.19  29.75

R B X 52 B ] SR Py 2 A7 TF A2 A8 40 45 3 O
FZIG WY N7 AL L BB XA A i O DL 4 =
7.

R F1/Pa R F1/Pa

I - 3.354E+03 1.634E+04
- 2.000E+06 —~ 1.500E+06
~ 4.000E+06 — 3.500E+06
- 6.000E+06 I —~ 5.500E+06

I —~8.000E+06 — 7.500E+06
~ 1.000E+07 I ~9.500E+06
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Fig.4 Maximum principal stress cloud diagram
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J% f1/Pa J H1/Pa
I 5.974E+05 5.959E+05
2.000E~+05 ~ 2.000E+05
| -2000E+05 — 6.000E+05
| - 6.000E+05
— L.OOOE+06 :
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~ L.742E+06 ~ 1.618E+06
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Fig.5 Minimum principal stress cloud diagram
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Fig.6 Displacement change cloud diagram
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Fig.7 Plastic zone distribution cloud diagram
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Analysis and Research on the Stability of Filling Roof in Wide and Large Stope
LIAO Ning"*, WANG Wei®, LI Jinliang®, ZHANG Haiyun'?, ZHANG Pengfei®*, ZHOU Li'*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.National Engineering Research Center for Metal Mining, Changsha, Hunan 410012, China;
3.Xi Ujimqin Banner Yinman Mining Co., Ltd., Xi Ujimqin Banner, Inner Mongolia 026217, China)

Abstract: The popularization and application of the filling mining method have innovated the underground mining mode and
pillar mining mode of metal mines, and improved the safety and recovery rate of resources. However, for the mining of the top
pillar resources in the wide and large stope, it is often necessary to set a certain thickness of the top pillar to maintain the
stability of filling body, resulting in resources waste. Therefore, the stability of filling roof in wide and large stope was studied.
Through the theoretical calculation of roof stability, combined with the slurry ratio test of filling body, the roof structure
optimization and strength design were studied. The roof structure and strength requirements of filling body under different
spans at 20 m sublevel height were obtained, and FLAC3D was used for simulation verification. The simulation results show
that using the designed filling body as the direct roof of the medium-deep hole stope has a good stability and can meet the
strength requirements. The research results can provide a reference for the design of filling roof in wide and large stopes.

Key words: Filling roof, Safe thickness, Backfill strength, Numerical simulation





