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Comprehensive Discrimination on Mined-out Area Through
ITOPSIS Coupled with PSF

JIA Nan WU Chao LUO Zhou-quan XIE Cheng-yu
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author JIA Nan E-mail jianan1989@ csu. edu. cn

Abstract A synthetic discrimination from global to local through improved TOPSIS technique
for order preference by similarity to an ideal solution TOPSIS coupled with point safety factors
PSF was proposed to enhance the objective of goaf stability analysis. Firstly the TOPSIS
method was introduced and improved for global stability analysis. The improved TOPSIS
ITOPSIS has the following merits (1) Quantitative description objectiveness of qualitative
indexes were enhanced through interval-valued intuitionistic fuzzy sets IVIFS ) Relative
closeness formula was improved to avoid the indiscernibility of TOPSIS (3)Absolute ideal point
and improved fuzzy analytic hierarchy process objective IFAHP were used to avoid the reverse
phenomenon caused by the change of ideal point and weights respectively (@) Stable grade
division was realized and ITOPSIS was applied on 10 groups mined-out area samples in a certain
mine. Thus PSF was used on 2 4" goaf for local stability discrimination and local stability state
can be reflected through PSF graph. The results provide a better comprehensive approach to goaf
stability analysis globally and locally.
Key words mined-out area stability comprehensive discrimination ITOPSIS interval-valued
intuitionistic fuzzy set point safety factor
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Fig. 1 Stability discrimination index system
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Table 1 Mined-out area global stability degree and indexes grading standards
Xll XIZ X]} XZI X3I X32 X33 X34 X 10 - X35 X36 X4l X42 X43
I 1~0.75 1~0.75 60~150 1~0.75 1~0.75 50~120 0.41 6.4~0 100~0 80~0 20~0 1~0.75 1~0.75
I 075~05075~0.550~60 0.75~0.50.75~0.530~50 0.29 24 ~6.4 200 ~100 1200 ~800 40~20 0.75~0.50.75~0.5
I 0.5~0.250.5~0.2540~50 0.5~0.250.5~0.25 3~30 40~65 81 ~24 300 ~200 2700 ~1200 50 ~40 0.5~0.250.5~0.25
1% 0.25~0 025~0 0~40 0.25~0 0.25~0 0~3 0~0.33150 ~81 600 ~300 8000 ~2700 120 ~50 0.25~0 0.25~0
I 2.2 ITOPSIS
v APIS  ANIS. IFAHP
APIS = 1111111111111 W= 0.0972 0. 146

ANIS = 0000000000000 . 0.0488 0.125 0.0686 0.0311 0.0938
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0.0563 0.0439 0.0814 0.104 0.0693 T, Ty ¢ Toyg Tyv Toy
0.0347 ". ITOPSIS
T, e 00.1040
T, € 0.1040 0.1570 T, € 0.1570
ITOPSIS 0.2146 Ty e 0.2146 0.3030 .
T.,=11150111205000011 2.3 ITOPSIS
T, ,= 075 0.75 60 0.75 0.75 50 1 ITOPSIS
6.4 100 800 20 0.75 0.75
Ty u= 0.50.550 0.50.5 30 0.5 24 D,d,
200 1200 40 0.5 0.5
Tyvyv= 0.250.2540 0.25 0.25 3 0.33
81 300 2700 50 0.25 0.25 10
T.,= 0000000 150 600 8000 120 2 3
00 .
2
Table 2 Qualitative indexes statistical table of mined-out area global stability
X, X, X, X, X, X,
0.50.6 0.50.6 0.6 0.7 0.50.8 0.6 0.7 0.6 0.8
R 0.10.3 0.10.2 0.20.3 . 0.20.3 0.20.3 0.30.5
! X, X Xy 2 X, X, X,
0.4 0.9 0.50.7 0.7 0.9 0.50.7 0.50.6 0.6 0.9
0.10.3 0.103 0.30.4 0.2 0.4 0.10.2 0.30.5
X X X X X, X5
0.4 0.5 0.50.6 0.6 0.8 0.7 0.9 0.6 0.9 0.4 0.8
3 0.10.2 0.10.3 0.2 0.4 4 0.4 0.5 0.304 0.20.3
Xy Xo Xu Xy Xo Xu
0.50.6 0.4 0.7 0.50.7 0.30.5 0.7 0.8 0.6 0.7
0.20.3 0.20.3 0.2 0.4 0.10.2 0.2 0.4 0.20.3
Xll X]Z X21 X]l X]Z XZI
0.30.6 0.6 0.9 0.4 0.6 0.3 0.5 0.30.5 0.4 0.5
5 0.102 0.20.4 0.103 o 0.10.3 0.104 0.20.4
X, X Xy X, X Xy
0.2 0.5 0.30.6 0.50.8 0.50.6 0.30.5 0.50.7
0.102 0.20.3 0.30.4 0.30.4 0.20.3 0.10.4
X X, X, X X X,
0.6 0.9 0.30.8 0.6 0.7 0.4 0.7 0.7 0.8 0.30.6
¢ 0.30.4 0.10.2 0.20.5 g 0.2 0.3 0.105 0.105
X31 X42 X43 X31 X42 X43
0.50.7 0.7 0.8 0.20.6 0.4 0.6 0.2 0.5 0.4 0.5
0.10.5 0.30.5 0.20.3 0.2 0.4 0.103 0.10.2
Xll XIZ X21 X]l XIZ XZI
0.4 0.8 0.30.7 0.6 0.7 0.6 0.7 0.50.6 0.7 0.8
ot 0.2 0.5 0.10.5 0.30.5 10* 0.20.3 0.10.4 0.30.6
X X0 X X5 X0 X
0.2 0.5 0.4 0.6 0.20.8 0.7 0.9 0.50.7 0.50.9
0.10.3 0.2 0.6 0.20.5 0.2 0.5 0.2 0.4 0.3 0.4
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Table 3 Quantitative indexes of mined-out area global
stability 3 PSF
X13 X32 X33 X34 X35 X36 X41 8-9
¥ 129 9 0.8 55 128 230 15
2 129 30 048 8.3 58 610 20
3 828 26 029 1033 182 2450 65 ITOPSIS ITOPSIS Il
4" 828 30 0.48 1283 585 1550 20 2" 4
5 8.8 26 0.5 1283 476.5 710 30 PSF
6" 536 22 0.25 9.7 643 2980 76
7" %6 0 05 8 529 510 35
8 9.6 70 0.56 1183 524 710 45 XY Z 200 m x
o' 9.6 0 071 883 40 50 40 200 m x 200 m 259 200 272 363
10" 464 67 0.45 883 405 530 50 R .
2 4 81 102
#
ITOPSIS 102 120 2
4. :
2 2*
4
Table 4 Closeness and stability classification
-32.14 ~ - 0.56 MPa
¥ 0.097997 6 0.226222 —17.21 ~1.47 MPa
2 0.148611 7*0.146716 1. 47 MPa
3* 0. 142 396 8" 0.176 336 2.37MPa. 5 2% 4

4* 0. 152 747
5" 0. 153 682

9* 0.182712
10*  0.146 069

HEeEEE -
=EE==

Flac*
PSF
PSF

2#
4#

Fig. 2 Principal stress distribution
b —

a —

FISH Mohr-Coulomb
3 2 4
X
PSF
PSF
PSF 1.56
PSF 1. 44.

5

Table 5 Numerical indexes of different scheme

/MPa /MPa /cm /cm
2* 32.34 1.47 3.81 2. 68
4" 36.52 1.96 5.33 3.74
4 28 4 PSF
PSF
PSF 4*
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1.8+ based on the improved FRBFNN ] . International Journal of
ﬁl ; Mining Science and Technology 2013 23 6 821 —826.
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1.5+ government bond funds J . Omega 2014 49 1 -17.
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X/m selection J . Applied Soft Computing 2014 21 194 —209.
3 ot g4t 4 Wang Y Yeo G T Ng A K Y. Choosing optimal bunkering
Fig. 3 Point safety factor graphs of 2 & *4 gob roof ports for liner shipping companies a hybrid Fuzzy-Delphi -
centerline TOPSIS approach J . Transport Policy 2014 35 358 —361.
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SRS R
2.6 %#%%%ﬁ%%%ﬁé measures J . Information Sciences 2014 283 1 55 -69.
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' —— AR XU TR R 2R . . .
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A 2.0 environment J . Computers & Industrial Engineering 2015
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gt
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