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Fig.2 FLAC®® model of orebody environment and diagram of goaf excavating
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Table 1 Rock material mechanics parameters

Rock type o/MPa o/MPa wl/(°) o/(°) K/Pa G/GPa plkgm )
I 0.001 0.002 1 10 0.00139 0.00104 1800
I 0.620 0.760 16 39 9.25000 6.94000 2700
il 0.300 0.300 12 27 4.35000 2.36000 2700
vV 0.780 0.830 16 41 11.29000 8.82000 3600
\4 0.320 0.390 13 28 4.49000 2.44000 2700
VI 0.015 0.015 8 24 0.21700 0.11800 2500

o—Tensile strength; 0—Cohesion; w—Dilatancy angle; g—Internal friction angle; K—Bulk modulus; G—Shear modulus; p—

Density.
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Table 2 Parameter values of affecting factors

Level H/m h/m D/m d/m
1 20 8 5 2
2 50 11 8 3
3 80 14 11 4
4 110 17 14 5
5 140 20 17 6
6 170 23 20 7
7 200 26 23 8
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Table 3 Combination of affecting factors and analysis of numerical simulation
Simulation Simulation
No. Hm AWm D/m dm Wmm F No. Hm hm Dm dm Wmm F
1 20 8 5 2 5.95 1.867 26 110 11 20 6 7.85 1.721
2 20 20 20 3 8.95 1.755 27 110 23 14 7 8.79 1.634
3 20 11 14 4 5.52 1.964 28 110 14 8 8 6.58 1.864
4 20 23 8 5 3.44 2.304 29 140 11 8 2 26.54 1.462
5 20 14 23 6 11.21 1.522 30 140 23 23 3 13.66 1.354
6 20 26 17 7 5.87 1.964 31 140 14 17 4 14.35 1.424
7 20 17 11 8 4.16 2.013 32 140 26 11 5 8.55 1.632
8 50 14 11 2 15.54 1.769 33 140 17 5 6 10.21 1.496
9 50 26 5 3 4.21 2.102 34 140 8 20 7 24.54 1.241
10 50 17 20 4 6.51 1.864 35 140 20 14 8 5.64 1.847
11 50 8 14 5 1834 Destroyed 36 170 17 14 2 8.87 1.684
12 50 20 8 6 3.25 2.318 37 170 8 8 3 18.54 1.348
13 50 11 23 7 14.68 1.601 38 170 20 23 4 19.66 1.295
14 50 23 17 8 5.14 1.874 39 170 11 17 5 19.41 1.294
15 80 20 17 2 16.11 1.792 40 170 23 11 6 13.54 1.341
16 80 11 11 3 13.54 1.574 41 170 14 5 7 6.84 1.754
17 80 23 5 4 4.14 2.172 42 170 26 20 8 17.74 1.317
18 80 14 20 5 18.41 1.427 43 200 23 20 2 2415 Destroyed
19 80 26 14 6 5.41 1.947 44 200 14 14 3 3108 Destroyed
20 80 17 8 7 5.44 1.964 45 200 26 8 4 21.89 1.241
21 80 8 23 8 15.65 1.536 46 200 17 23 5 2563 Destroyed
22 110 26 23 2 2132 Destroyed 47 200 8 17 6 2241 Destroyed
23 110 17 17 3 9.54 1.635 48 200 20 11 7 23.47 1.201
24 110 8 11 4 8.97 1.741 49 200 11 5 8 23.54 1.192
25 110 20 5 5 6.47 1.867
WIS 11, 220 43, 44, 46, 47; MM AWE 5 A,

fH 0 1834, 2132, 2415, 3108, 2563. 2241 mm, %%
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Table 4 Calculation analysis of simulation results

Level W(1) F(1) W(2) FQ2) W3) FQ3) W@) F@)
1 644 1913 1743 1293 8.77 1.779 16.33 1.303
2 731 1.836 1444 1344 10.81 1.786 13.22 1395
3 811 1.773 13.70 1.394 11.54 1.610 10.95 1472
4 993 1.673 10.68 1.522 11.80 1.485 10.03 1.506
5 1336 1494 922 1.625 12.92 1.426 932 1.578
6 1655 1.433 832 1.685 16.29 1.332 8.11 1.623
7 2699 0519 801 1.736 18.03 1.222 8.03 1.663
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Fig. 3 Displacement and safety factor of corresponding monitoring points in single factor: (a) Height of tailing gangue; (b) Roof

height; (c) Goaf area span; (d) Column thickness
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Table 5 Fitting results of factors and displacement of monitoring points

Variable L ) Fitting formula of Correlation Correlation
Fitting formula of displacement ) )
relation safety factor coefficient of W coefficient of '
H-W,F W=0.0008H°—0.0818H+8.5776 F=—6X10"H*+0.006 H+1.7408 0.972 0.952
h-W,F W=0.020847—1.242h+26.045 F=0.0267h+1.0604 0.982 0.981
D-W,F W=0.0177D-0.0191D+9.0301 F=—0.0329D+1.9805 0.957 0.973
d-Ww,F W=-6.0311n d+19.993 F=0.2587In d+1.1139 0.977 0.991
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Table 6 Results of range analysis

Recorded data H/m h/m D/m dim
Minimum value 3.66 421 532 3.12
Maximum value ~ 29.41 21.89 23.54 24.81

Range value 25.75 17.68 18.22 21.69
Wy>W,>Wp>W,

Susceptibility

RT OTTEIMNE

Table 7 Variance analysis table

Variable factor H/m h/m D/m d/m
Sum of squares 2292.633 516.257 585.459 1504.235
Degree of
7 7 7 7
freedom
Mean square  327.519  73.751 83.637  214.893

F-value 12.626 4.658 4.165 6.211
Jo.os 3.94 3.94 3.94 3.94
Significant
Hkskok * * EE3
level
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Table 8 Parameters of goaf and surrounding

Goaf H/m h/m D/m d/m
83-04, 83-06 43.52 17.54 9.87 5.43
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Fig. 5 Plastic zone distribution (a) and vertical displacement

of simulation stope (b)
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Deformation prediction and reliability analysis of underground
mining shifted from open-pit based on orthogonal experiment

CHEN lia-yao, SHI Xiu-zhi, ZHOU Jian, QIU Xian-yang

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

Abstract: The stability of underground mined-out area is the key technology for Tong-lii-shan underground mining
shifted from open-pit of safely and efficiently stoping residual ore was analyzed. The orthogonal experiment and
simulation software FLAC3D based on four influence factors including column thickness (d), gob area span (D), roof
thickness (%) and height of tailing gangue (H) were estimated. The test results of 49 groups were analyzed by the means
of range, variance and regression analysis, meanwhile using factor of safety and reliability index to assess the safety and
efficiency of the recovery. The results indicate that the degree of fit between 4 factors and displacement (W) or safety
factor (F) is good, and the correlation coefficient (R®) is more than 0.952. A mathematical forecasting model of
displacement under 4 factors is obtained, which is proved effectively during the engineering practice. The significant
degree of influence on the stability of mined out area during the 4 factors meets the relationship of H>d>h>D. The
importance degree ranking meets H>d>D>h by the comparison of confidence interval f; os and F, all of these 4 factors
can’t be ignored. The optimal degree of safety and reliability can be reached when safety factor is more than 1.7 and the
reliability index begins to converge.

Key words: orthogonal experiment; reliability index; numerical simulation; tailings discharge into open-pit; boundary
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