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Parameter Optimization for Shaft Support Based on
Combined Weighting and Response Surface Methodology
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(1. North Mining Co Lid, Beijing 100053, China; 2.School of Civil and Resources Engineering , University of Science and
Technology Beijing , Beijing 100083, China)

Abstract; For determining support parameters in an advancement project of the secondary shaft of Comica Mining’s
Kamoya copper-cobalt mine in the DRC, 25 sets of testing schemes were designed by using Box-Behnken based on the
engineering geological conditions. After numerical analysis with FLAC™ | the mechanical response characteristics under
various support conditions were obtained. In combination with technical and economic requirement, analysis hierarchy
process and principal component analysis were adopted for the combined weighting of nine selected indices, including
advancement cost, maximum tensile stress among others, and then a comprehensive evaluating model was established for
the parameters of shaft support. A multivariate second-order regression prediction equation was then obtained with the
comprehensive scores as response indicators, and shaft support parameters as the variables. It is found that shaft is
supported with 35 anchor bolts with thread length of 2.5 m arranged in horizontal direction, with spacing of 1 m in
vertical direction, as well as the concrete lining with strength grade of C35, and the best comprehensive benefits can be
obtained.
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Y, 0.348 0.232
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*2 BETESH 2.4 Box-Behnken Design Mg Rz E{E 4L iR 38 15& 1T
o RE/ NSy A PORREE, BAERERL e MR DX Hb o 1 D0 6 - 454 S s ) B 20 2
B S| (kg-m™>) MPa (°) MPa GPa 54

B R T 4 IHE 3 KRR, Wk 4,

AMRATNS  2450.00  0.500 26.62 0.037 0.380  0.33
fARAVYL 2250.00 0.200 21.62 0.024 0.326  0.40

BMEbE 267000 1103 3866 0548 4728 022 x4 WHEESTIBEEKEER
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VS A B C D Y,/(Jt-m?) Y,/MPa Y;/MPa Y,/MPa  Yy/m Y¢/m Y;/m Yo/m?  Yo/(m-d7h)
1 -1 -1 0 0 2100 21.85 0.30 10.10 0.58 0.25 1.03 140 2.00
2 1 -1 0 0 2900 21.95 0.30 10.13 0.54 0.25 0.98 110 1.00
3 -1 1 0 0 1700 21.82 0.31 10.09 0.60 0.25 1.05 130 3.00
4 1 1 0 0 1 500 21.91 0.36 10.12 0.59 0.26 1.04 170 2.00
5 0 0 -1 -1 1 400 18.31 0.30 8.50 0.58 0.23 1.03 80 3.00
6 0 0 1 -1 1 600 18.27 0.29 8.47 0.57 0.23 1.00 90 3.00
7 0 0 -1 1 2 400 27.55 0.49 12.93 0.52 0.24 0.91 110 3.00
8 0 0 1 1 2 600 27.44 0.45 12.90 0.50 0.24 0.88 110 3.00
9 -1 0 0 -1 1300 18.20 0.30 8.44 0.60 0.24 1.05 80 3.50
10 1 0 0 -1 1 900 18.22 0.30 8.45 0.57 0.23 1.02 110 1.50
11 -1 0 0 1 2300 27.74 0.55 13.02 0.52 0.24 0.91 90 2.50
12 1 0 0 1 2700 27.42 0.43 12.87 0.51 0.24 0.97 100 1.50
13 0 -1 -1 0 2400 21.76 0.30 10.06 0.57 0.25 1.01 100 1.50
14 0 1 -1 0 1 800 21.76 0.38 10.06 0.59 0.26 1.04 100 3.00
15 0 -1 1 0 2 600 21.70 0.31 10.04 0.55 0.25 0.99 130 1.50
16 0 1 1 0 1900 21.77 0.33 10.06 0.58 0.25 1.02 110 3.00
17 -1 0 -1 0 1 800 21.82 0.35 10.09 0.59 0.26 1.05 120 3.50
18 1 0 -1 0 2100 21.76 0.39 10.06 0.58 0.25 1.03 130 1.50
19 -1 0 1 0 1 800 21.78 0.36 10.06 0.59 0.24 1.03 150 3.50
20 1 0 1 0 2300 21.80 0.30 10.08 0.56 0.25 1.00 150 1.50
21 0 -1 0 -1 2100 18.21 0.29 8.45 0.56 0.24 1.00 70 1.50
22 0 1 0 -1 1300 18.26 0.30 8.47 0.59 0.24 1.04 50 3.00
23 0 -1 0 1 3000 27.34 0.44 12.84 0.49 0.24 0.87 110 1.50
24 0 1 0 1 2300 27.28 0.47 12.83 0.52 0.24 0.91 70 3.00
25 0 0 0 0 2000 21.78 0.33 10.06 0.58 0.25 1.03 80 3.00
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izt FRIE(E UK/ % Rt ik R/ %
Y, 5.005 3 0.556 0.556
Y, 1.765 5 0.196 0.752
Y, 1.354 6 0.151 0.903
Y, 0.508 0 0.056 0.959
Y, 0.2126 0.024 0.983
Yo 0.091 8 0.010 0.993
Y, 0.045 4 0.005 0.998
Y, 0.0169 0.002 1.000
Y, 0 0 1.000
7 FEERMNBTERE
izt For 1 FHG 2 F Y3
Y, 0.363 0.257 0.32
Y, 0.421 0.068 -0.253
Y, 0.377 -0.123 -0.349
Y, 0.424 0.049 -0.245
Y, -0.424 0.091 -0.219
Y -0.061 0.577 -0.371
Y, -0.419 0.159 -0.104
Y, 0.002 0.614 -0.183
Y, -0.104 -0.411 -0.650
%8 IWHBHRITUEESES
FES FRS L ERGF2 ER 3 GEMS MBS
1 77527  627.14  636.65  349.36 0.49
2 1065.81  814.73  898.77  474.51 0.94
3 629.92  517.79  509.83  284.68 0.26
4 557.58  491.37  439.11  256.24 0.15
5 518.78  409.66 42427  232.20 0.07
6 591.39  467.19  486.47  264.87 0.18
7 887.76  685.88  735.31  395.59 0.66
8 960.30  737.27  799.37  427.45 0.77
9 48234  383.76  391.98  216.18 0.01
10 700.45  557.19  579.79  314.49 0.36
11 851.61  648.12  707.21  378.12 0.59
12 996.67  757.46  834.18  442.73 0.82
13 884.10  679.88  740.33  393.93 0.65
14 666.16  525.06 54731  298.15 0.30
15 956.75  749.68  798.86  428.25 0.77
16 702.47  556.90  577.51  314.90 0.36
17 666.17  537.15 54332 299.73 0.31
18 77529  621.19  638.80  348.60 0.49
19 666.21  555.55  537.85  302.18 0.32
20 847.94  684.88  699.17  382.10 0.61
21 772.97  584.03  651.12  343.08 0.47
22 48238  365.54  397.77  213.79 0.00
23 110560 840.68  928.39  491.35 1.00
24 851.21  635.60 710.73  376.34 0.59
25 738.71  564.18  614.99  328.38 0.41
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o 1 0.033 0.033  16.44  0.001
B2 1 0.033 0.033  16.44  0.001
WHFZEEH 1 0.077 0.077  38.54 0
AB 1 0.077 0.077  38.54 0
W2 20 0.040 0.002
PR 18 0.040 0.002 * *
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At 26 1.853
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R? 0.972 1
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