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Safety Thickness of Interval Layers for the Transition from Open Pit to
Underground Mining

ZHANG Qinli, CHEN Qiusong, HU Wei, ZHOU Denghui

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract Interval layers are a key to ensure the safety of the transition from open pit to underground mining. Through simulation, finite
element software is used to get the safety thickness of interval layers for Gushan Iron Mining. Firstly, a numerical simulation is carried
out by using the software of ANSYS on several regular goaf models which have the same span (27.5m), but different thicknesses of ore
pillar and different heights of goaf, optimally selecting the goaf height as 16 meters. Then, numerical simulation are created on other goaf
models with different spans and thicknesses of interval layers and safety thickness of interval layers are obtained for these cases. Then
five typical theoretical calculation methods are chosen to calculate its safety thickness. The result is similar with the former one. At the
last, by making a combination of these two results, a consequence for different spans is got. And it is recommend 18 meters as safety
thickness of interval layers for Gushan Iron Mining.
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Table 1 Mechanical properties of rock specimen

A ROFS PURRE/MPa  HUPIRE/MPa  #PERR/GPa B E/(kg-m™) HER/ 4 B
VORLE K Kx-1 121 3.060 9.079 2906.2 0.325 v AH
BRI Xy-2 221 4.580 6.895 2670.3 0.384 Fls e a
FrE AR Xy-4 104 14.200 5.610 2866.4 0.304

Ao R Xy-5 36 3.742 2.355 27222 0.231
SR A Dy-1 40 3.525 9.407 27214 0.220
AR WK Dk-1 150 4.037 24.106 26923 0.327 Fo e hgi
RRAE Dy-3 77 7.292 8.796 2599.8 0.440
KBA Dy-5 165 5.440 20.335 2840.2 0.430 Fo e b
LB E Dy-7 128 6.592 9.033 2699.7 0.438
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Table 2 Mechanical parameters of rock after reduction

SRR PURMRE P WA WA MEEEA
/GPa /MPa /MPa ) /MPa 1(°)

8.21 53.90 3.56 0325 8.04 48.33
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Table 3 Maximum tensile stress of pillar with the different
roof heights of goaf (unit: MPa)

Rz R i 852 i /m
91 12 /m 18 20 2 24
12 2.29/8.01  2.34/8.51  2.42/9.11  2.5/9.10
14 2.52/891  2.57/9.40  2.63/9.94 2.72/10.00
16 2.76/9.86  2.81/1020  2.87/10.80 2.95/10.90
18 3.01/1080 3.06/11.10 3.11/11.70 3.18/11.70
20 327/11.80  332/12.10  3.36/12.50 3.42/12.60
3T, PR 2R R RS P T 2 7 3 [
BF A 0 7 ERAE A A LN BT AR R ) 5 R A XA T i
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B1 THRAED (REEEE 10m)
Fig. 1 Tensile stress of roof (thickness of 10m)

B2 THREND(REEEE 10m)
Fig. 2 Compressive stress of roof (thickness of 10m)
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Table 4 Maximum stress of different thickness pillar with the
span of 25m (unit: MPa)

WA fm
10 12 14 15 16 18
SN AN 4.28 394 318 286 332 348
S YNNI 7.53 1280 13.00 1220 15.70 17.40
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Table 5 Pillar thickness corresponding to the maximum
safety factor

RAEXEE /m /NI JI/MPa BEREE/m EERK

5 290 3 1.23
10 3.29 5 1.08
15 2.39 12 1.49
20 248 12 1.44
25 2.86 15 1.24
30 3.00 16 1.19
34 3.38 20 1.05
40 3.70 22 0.96
45 4.05 24 0.88
50 4.08 24 0.87
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Table 6 Security barrier thicknesses of theoretical
calculations and numerical simulations
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Fig. 3 Relation curves between the security thickness
of interval layer and goaf span
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Table 7 Recommended values for the security thickness of
interval layer and goaf span
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10 6.5 7.1 2.3 6.41 4.8 5
15 9.75 10.7 3.9 9.6 6.8 12
18 — — 5.2 11.5 8.2

20 13.0 14.3 6.1 12.8 9 12
25 16.25 17.9 — 15.5 114 15
26 — — 9.4 — — —
30 19.5 21.4 12.0 16.8 13.6 16
34 — — — — — 20
35 22.75 25.0 159 18.1 15.2 —
40 26.0 28.6 20.3 19.4 17 22

45 2925 321 253 228 186 24
48 — — — — — —
50 325 357 308 262 202 24
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