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Scheme optimization of supporting in deep underground roadway
based on GRA-TOPSIS with optimal combination weight
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(School of Resources and Environmental Engineering, Jiangxi University of Science and Technology,

Ganzhou 341000, Jiangxi, P. R. China)

Abstract: In order to determine the best support scheme for deep well roadway in the mine, the GRA-
TOPSIS comprehensive evaluation model of deep roadway support was constructed based on the optimal
combination weight. With a deep mine as an example, 14 evaluation indicators were selected as the
discriminative indicators of the GRA-TOPSIS comprehensive evaluation model. The analytic hierarchy
process ( AHP) and entropy weight method were used to determine the combined weights, and the
principle of minimum discriminant information was introduced to optimize the combination weighting. The
GRA-TOPSIS comprehensive evaluation method was used to quantitatively analyze the comprehensive
superiority of the alternative support scheme based on the evaluation index to determine the optimal roadway
support scheme. The results showed that the comprehensive superiority of the five alternative support schemes
were: 50.4%, 49.0% ., 56.6%, 42.7% , 55.8% respectively, and the combined support with anchor bolt anchor
rope used on the roof and both sides, shotcrete, floor anchor rope and grouting was the optimal scheme. In
conclusion, the evaluation model proposed can quantitatively evaluate the support scheme with its robustness.
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Fig. 1 Index relationship of comprehensive evaluation system of support scheme
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Table 1 Dimensionless data of the indicator system

7k 2k T FAR A7

Vg S

X, X, X, X, X X X X X X Xuo X X Xu
FED 0.810 0.002 0.665 0.996 0.996 0.614 0.830 0.996 0.318 0.333 0.623 0.665 0.002 0.499
ViE3O) 0.499 0.499 0.333 0.532 0.499 0.308 0.333 0.598 0.454 0.665 0.499 0.333 0.499 0.499
TEQ 0.996 0.996 0.996 0.002 0.002 0.002 0.002 0.002 0.996 0.996 0.996 0.996 0.996 0.002
HED 0.002 0.002 0.002 0.797 0.416 0.996 0.665 0.598 0.002 0.002 0.002 0.002 0.002 0.996
VESD) 0.748 0.499 0.665 0.333 0.830 0.461 0.996 0.797 0.237 0.333 0.251 0.499 0.499 0.996
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Table 2 Classification criteria for qualitative evaluation of roadway support evaluation
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Table 3  Analytic Hierarchy Process (AHP) indicator weights

&N
RN & FEAn BN
GAE 017 ZutE o042 TWIME 014 HARWATHE 0.27
X, 0.54 0.00 0.00 0.00 0.092
X, 0.30 0.00 0.00 0.00 0.051
X, 0.16 0.00 0.00 0.00 0.027
X, 0.00 0.31 0.00 0.00 0.130
X 0.00 0.49 0.00 0.00 0.206
X 0.00 0.20 0.00 0.00 0.084
X, 0.00 0.00 0.60 0.00 0.084

X5 0.00 0.00 0.40 0.00 0.056
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Table 4 Euclidean distance and grey correlation degree of support scheme to ideal solution

BRI S IEFARCICRE S AR IR RS K (OCER 7R AR A R 0 S TR

0.988 0.913 1.000 0.893

0.714 0.649 0.838 0.836
©) 0.700 1.000 0.978 0.815
@ 1.000 0.677 0.815 1.000
® 0.634 0.864 0.933 0.791
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Table 5 Evaluation results of support schemes

a=0 a=0.5 a=1
Ggpopze  ERUEUR SRR ORAPME ESAAE GURE RIXE EEURL GO A
W BE W BE G WiEE M E & fwMAE WA i
©) 1.000 0.893 0.528 0.956 0.940 0.504 0.913 0.988 0.480
©) 0.838 0.836 0.501 0.743 0.775 0.490 0.649 0.714 0.476
©) 0.978 0.815 0.545 0.989 0.758 0.566 1.000 0.700 0.588
() 0.815 1.000 0.449 0.746 1.000 0.427 0.677 1.000 0.404
® 0.933 0.791 0.541 0.899 0.713 0.558 0.864 0.634 0.577
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