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Numerical simulation of stoping sequence among ore

block based on pressure arch theory
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(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, P.R.China;
2. Yinshan Mining Co.,Ltd, Jiangxi Copper Group, Dexing 334200, Jiangxi, P.R.China)

Abstract: Rational stoping sequence can effectively improve the stress distribution state of rock mass and
ensure the stability of the stope. To determine a reasonable stoping sequence among ore block of Xingqiao
Mine — 300 m middle section, three schemes of stoping sequence among ore block were put forward
according to mine existing conditions, including parallel stoping, Pin-pillar stoping and inverted Pin-pillar
stoping, and by Midas finite element software, the numerical simulation models of the shemes were
established. Considering the tensile stress, compressive stress and displacement, pressure arch theory was
applied to analyze the simulation results. The results show that after the excavation of the ore body, the
pressure arch will be formed around the goaf, and with the increase of the goaf, the outer boundary of the
pressure arch moves to the deep part of the rock mass; during Pin-pillar stoping process, central part and
both sides of goaf form a larger arch to bear its own and overlying rock load. The maximum tensile stress

and compressive stress are respectively 2.288 MPa and 23.24 MPa with a maximum displacement of 55.71 mm,
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which are smaller than those of the other two options. In contrast, the program is more reasonable. The
mining practice shows that the production process of Pin-pillar stoping sequence applied in the mine has
achieved good economic and social benefits.

Keywords: pressure arch theory; numerical simulation; stoping sequence; ore block
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Fig.1 Pressure arch hypothesis around the working face
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Fig.2 Pressure arches in surrounding rock near the double tunnels
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Table 1 Mechanical parameters of ore rock

o BRI/ BUESRIE/  PUBLRE/ . wig )1/ N JEE 4 A1/ R/
Fagich MEE/NE 3 .
GPa MPa MPa MPa ) (kg * m™*)
RN 12.600 26.40 3.44 0.19 2.72 45.1 2 810
s 9.920 35.20 7.05 0.26 4.54 35.5 2 640
T s 7.260 31.60 5.85 0.15 3.46 40.4 2 640
T A 0.458 2.08 0.75 0.25 0.62 28.0 1760
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Fig.7 Diagram of the pressure arches formed by each program
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Table 2 Stoping sequence of each option

FZ2 07 0
IR
uES HEIN FE

1 FF3% 1.3.5.7 — 40 )2 T2 3.5 —410 )2 FHI2 1.7 —5 )2

2 FEHL1.3.5.7 — )2 FH 3.5 —4r )2 I 17— 2

3 FF4% 1.3.5.7 —40 )2 FHZ 3.5 2402 M 1.7 — 4 )R FFIE 1.7 250 2R 3.5 — 4R
4 54 1.3.5.7 2 FIE 3.5 ML —0 2 FI 1.7 23R 3.5 — 4 R
5 FF4% 1.3.5.7 =40 )2 FHZ 3.5 =402 M 1.7 Z 43R F4Z 1.7 =43)2 R 3.5 4 )%
6 T 1.3.5.7 =4 )2 FEI 3.5 ZATRM 1T )R FH 1.7 =43)R M 3.5 4R
7 FFi5 2.4.6 — 43 )2 T2 1.7 =02 FF% 3.5 =0 )2

8 FH 2.4.6 — 52 FH 1.7 =402 FI 3.5 =42

9 JHZ 2.4.6 Z 02 HZ 4 —5)E F% 2.6 =50 )2

10 FH 2.4.6 Z 52 FI 4 —5 )R FI 2.6 —40 )2

11 JHZ 2.4.6 =02 HAZ 2.6 —4r )2 M 4 Z 502 HIZ 4 —3EM 2.6 42
12 FH 2.4.6 =02 FIH 2.6 4 2H 4 52 FI 4 —3E 2.6 42
13 FHZ 2.6 Z4p)2 M4 =513 24 Z 3R M 2.6 =42
14 FIH 2.6 Z 4 EH4 =02 FI 4 R 2.6 =02
15 4z 2.6 =41 )2 Tz 4 =02

16 I 2.6 =02 I 4 =40 )R
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Table 3 Numerical simulation results of each option

o it R 7/ MPa 18K FE i 1/ MPa AR /mm
. FEL FEL RN FEL RN FEN FEL AEL FEN

— 2 1.315 1.244 1.385 13.52 13.25 13.61 5.748 5.309 6.159

) 1.370 1.304 1.307 13.79 13.78 14.03 7.147 6.826 7.341

—ER =42 1.393 1.343 1.394 13.78 13.73 13.80 8.446 8.040 8.551
FEIHSE TR 1.281 1.236 1.312 13.80 13.77 13.80 8.775 8.761 8.781

—n )z 2.190 2.189 2.200 23.66 23.01 24.16 44,08 40.19 47.51

e = 2.207 2.191 2.218 24.91 23.24 26.88 51.38 50.85 54.07
R =42 2.358 2.289 2.345 20.34 18.57 20.15 55.91 55.37 55.51
FEIE4E 2.216 2.214 2.286 19.22 18.58 19.03 56.47 55.71 55.83
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Fig.11 The maximum tensile stress curve
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