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Fig.1 Risk assessment process for filling pipeline wear
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Tab.2 Assignment of indicators for each mine
w144 FR X, X, X3 X, X5 X X7 Xs Xy X 10 X1 X2
K, 56 1.98 2.72 300 3.8 0.58 2.71 199 38 1.3 1 2
K 24 1.68 1.65 200 6.8 6.51 0.56 82 52 1.6 2 3
Ks 52 1.94 1.27 200 5.8 0.11 1.27 107 33 3.5 4 3
K,y 58 1.86 0.98 500 9.6 0.05 1.32 160 35 3.1 1 2
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Table 3 Directimpact matrix

RN X1 X, X3 X, Xs X5 X7 X3 X X0 Xn X2
X 0.0 2.3 3.1 3.3 1.8 2.4 3.5 2.8 2.3 3.5 2.4 2.5
X2 1.8 0.0 2.8 2.1 2.5 1.8 2.6 2.5 1.5 2.8 2.1 1.8
X3 1.5 2.4 0.0 3.8 2.6 1.2 2.8 2.2 1.8 2.4 1.5 1.5
X, 2.1 2.5 1.2 0.0 2.5 1.5 2.3 3.1 3.6 2.9 2.1 2.8
X5 2.5 1.4 0.8 1.5 0.0 0.6 0.5 0.9 0.4 0.3 1.2 0.5
X 1.2 1.8 2.3 1.8 0.6 0.0 2.7 2.5 3.2 1.6 1.8 0.4
X7 2.8 2.5 1.8 1.5 0.6 1.5 0.0 2.9 2.3 2.1 1.8 1.1
X3 3.6 3.1 3.5 2.7 1.5 2.8 3.2 0.0 2.8 2.5 2.1 0.8
Xy 2.3 2.1 1.8 1.5 0.6 3.2 2.8 3.4 0.0 2.5 2.1 0.5
X0 2.8 2.4 3.2 3.5 2.2 2.6 2.3 1.9 1.6 0.0 1.3 0.7
X 1.8 1.3 2.7 2.5 1.2 2.7 2.4 3.2 2.8 1.8 0.0 0.4
X1z 0.6 0.3 1.8 2.3 1.1 1.5 2.7 1.8 0.8 0.5 0.5 0.0
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Table 4 Normalization of impact matrix

*ﬁ@]‘ Xl X2 Xi% X’l XS X6 XT X8 X‘) Xl() Xll XIZ
X, 0.0000  0.0769  0.1037  0.1104  0.0602  0.0803  0.1171  0.0936  0.0769  0.1171  0.0803  0.0836
X 0.0602  0.0000  0.0936  0.0702  0.0836  0.0602  0.0870  0.0836  0.0502  0.0936  0.0702  0.0602
X3 0.0502  0.0803  0.0000  0.1271  0.0870  0.0401  0.0936  0.0736  0.0602  0.0803  0.0502  0.0502
X, 0.0702  0.0836  0.0401  0.0000  0.0836  0.0502  0.0769  0.1037  0.1204  0.0970  0.0702  0.0936
Xs 0.0836  0.0468  0.0268  0.0502  0.0000  0.0201  0.0167  0.0301  0.0134  0.0100  0.0401  0.0167
X 0.0401  0.0602  0.0769  0.0602  0.0201  0.0000  0.0903  0.0836  0.1070  0.0535  0.0602  0.0134
X 0.0936  0.0836  0.0602  0.0502  0.0201  0.0502  0.0000  0.0970  0.0769  0.0702  0.0602  0.0368
X 0.1204  0.1037  0.1171  0.0903  0.0502  0.0936  0.1070  0.0000  0.0936  0.0836  0.0702  0.0268
X 0.0769  0.0702  0.0602  0.0502  0.0201 0.1070  0.0936  0.1137  0.0000  0.0836  0.0702  0.0167
X1 0.0936 0.0803 0.1070 0.1171 0.0736 0.0870 0.0769 0.0635 0.0535 0.0000 0.0435 0.0234
X1 0.0602  0.0435  0.0903  0.0836  0.0401  0.0903  0.0803  0.1070  0.0936  0.0602  0.0000  0.0134
X2 0.0201 0.0100  0.0602  0.0769  0.0368  0.0502  0.0903  0.0602  0.0268  0.0167  0.0167  0.0000

RS5 EZE¥WMERITELER
Table 5 Calculationresults of comprehensive impact matrix

fahn X, X, X3 Xy X5 X X7 X Xy X0 X X2
X, 0.0000  0.0769  0.1037  0.1104  0.0602  0.0803  0.1171  0.0936  0.0769  0.1171  0.0803  0.0836
X 0.0602  0.0000  0.0936  0.0702  0.0836  0.0602  0.0870  0.0836  0.0502  0.0936  0.0702  0.0602
X3 0.0502  0.0803  0.0000  0.1271  0.0870  0.0401  0.0936  0.0736  0.0602  0.0803  0.0502  0.0502
X, 0.0702  0.0836  0.0401  0.0000  0.0836  0.0502  0.0769  0.1037  0.1204  0.0970  0.0702  0.0936
X5 0.0836  0.0468  0.0268  0.0502  0.0000  0.0201  0.0167  0.0301  0.0134  0.0100  0.0401  0.0167
X 0.0401 0.0602  0.0769  0.0602  0.0201 0.0000  0.0903  0.0836  0.1070  0.0535  0.0602  0.0134
X, 0.0936  0.0836  0.0602  0.0502  0.0201 0.0502  0.0000  0.0970  0.0769  0.0702  0.0602  0.0368
X 0.1204  0.1037  0.1171  0.0903  0.0502  0.0936  0.1070  0.0000  0.0936  0.0836  0.0702  0.0268
X 0.0769  0.0702  0.0602  0.0502  0.0201  0.1070  0.0936  0.1137  0.0000  0.0836  0.0702  0.0167
X1 0.0936  0.0803  0.1070  0.1171  0.0736  0.0870  0.0769  0.0635  0.0535  0.0000  0.0435  0.0234
X1 0.0602  0.0435  0.0903  0.0836  0.0401  0.0903  0.0803  0.1070  0.0936  0.0602  0.0000  0.0134
X1 0.0201  0.0100  0.0602  0.0769  0.0368  0.0502  0.0903  0.0602  0.0268  0.0167  0.0167  0.0000
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Table 6 Calculation results of influence degree,affected degree,centrality degree and causal degree

ik an RWE  wEHY  dogmE gopmEHY b0 E o EHY O REE RBEE/EREHEY REREHE
X, 4.2543 1 3.3853 7 7.6396 2 0.8689 Ji1 JREEER
X, 3.4571 5 3.3056 9 6.7627 8 0.1515 J5t 4 J B R 2
X 3.3912 7 3.5982 4 6.9895 5 —0.2070 %53 L NSRS
X, 3.7622 3 3.7753 3 7.5375 3 —0.0131 41 EENSES
X5 1.6415 12 2.5278 11 4.1692 11 —0.8863 455 ERFFR
X5 2.9868 10 3.1636 8 6.1505 10 —0.1768 452 HREER
X 3.1591 9 3.9717 1 7.1309 4 —0.8126 454 ZER R
Xs 4.1746 2 3.9086 2 8.0832 1 0.2660 i3 J R R 2
Xy 3.4187 6 3.4121 6 6.8307 7 0.0066 5t 7 J B R #
X 10 3.5652 4 3.4142 5 6.9795 6 0.1510 Ji 5 J B R
Xn 3.3877 8 2.8081 10 6.1957 9 0.5796 J5t 2 JREEER
X1 2.0330 11 1.9607 12 3.9938 12 0.0723 J5t 6 Ji B R 2
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Fig.2 Causal relationship of evaluation indicators
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Table 7 Weights of indicators

b w) hj w; w
BHEHBE X 0.0974  3.011  0.0473  0.0732
BHEEEE X, 0.0862  0.646  0.0102  0.0333

A% X 0.0891 4.689  0.0737  0.0879
BB A XA X 0.0961  4.599  0.0723  0.0901
FIAGL X5 0.0531  3.953  0.0621  0.0621
JIEF- SRR X 0.0784  20.371  0.3201  0.1717

b w1 hj ws w
FHEM A TREE X, 0.0909  5.722  0.0899  0.0973
BHEHNE X 0.1031  3.572  0.0561  0.0822
HIBURE (5 L X 0.0871  2.541  0.0399  0.0631
B SRR EZ L X 0.0889  4.498  0.0707  0.0859
FIERIEAR X1 0.0791  7.428  0.1167  0.1041
FEHURHE E it X o, 0.0506  2.606  0.0409  0.0493
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Table 8 Digital characteristics of clouds

TS : i RIS = 1R AR : :
C1 % Cz: 9 Cs 9 Cy %

X, (15,5.000,0.01) (35,1.667,0.01) (45,1.667,0.01) (65,5,0.01)
X, (0.75,0.250,0.01) (1.6,0.033,0.01) (1.8,0.033,0.01) (2,0.033,0.01)
X3 (0.5,0.167.,0.01) (2,0.333,0.01) (4,0.333,0.01) (6,0.333,0.01)
X4 (50,16.667,0.01) (200,33.333,0.01) (400,33.333,0.01) (600,33.333,0.01)
X5 (8.5,0.600,0.01) (6,0.333,0.01) (4,0.333,0.01) (1.5,0.600,0.01)
X (6.25,1.250,0.01) (1.6,0.133,0.01) (0.5,0.067,0.01) (0.15,0.050,0.01)
X7 (0.5,0.167,0.01) (2,0.333,0.01) (4,0.333,0.01) (6.5,0.500,0.01)
Xs (250,16.667,0.01) (175,8.333,0.01) (125,8.333,0.01) (50,16.667,0.01)
Xy (10,3.333,0.01) (30,3.333,0.01) (50,3.333,0.01) (70,3.333,0.01)
X 10 (0.5,0.167,0.01) (1.1,0.033,0.01) (1.35,0.050,0.01) (3.25,0.583,0.01)
Xn (3.5,0.167.,0.01) (2.5,0.167,0.01) (1.5,0.167,0.01) (0.5,0.167,0.01)
X2 (3.5,0.167.,0.01) (2.5,0.167,0.01) (1.5,0.167,0.01) (0.5,0.167,0.01)
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Fig.3 Typical single indicator cloud map
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Table 9 Single Indicator cloud correlation degree of K,
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Table 10 Evaluation results and comparison

— : : ﬁ%ﬁj&ﬁk)ﬁ : _ ‘ ﬁ@éﬁ% S .
C % Cy % Cs % Ci % 73 A I AT T AR ARy £ L0 b

K; 0 0.265 78 0.090 28 0.041 26 C: % C % C: % C %
K, 0.112 82 0.215 29 0.153 77 0.014 82 Cy % Cy % Co % Cy %
K; 0.154 11 0.231 28 0.191 26 0.091 69 C: % Co % Co % Cy %
K, 0.030 12 0.134 42 0.087 58 0.020 28 Cy % C: % C: & Cy %
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Extension Cloud Model for Risk Assessment of Filling Pipeline Wear Based on DEMATEL Method
XIANG Yun
(Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China)

Abstract:In order to scientifically and reasonably determine the risk level of filling pipeline wear, DEMATEL method and

extension cloud theory were introduced, and DEMATEL-improved CRITIC-extension cloud model for risk assessment of filling

pipeline wear was established. On the basis of constructing the evaluation system, the DEMATEL method was used to study

the influence relationship between the index factors, and the DEMATEL centrality-improved CRITIC method was used to

obtain the comprehensive weight of the index. According to the principle of extension cloud theory, taking four mines as an

example, the wear risk status was evaluated by calculating the cloud comprehensive correlation degree. The results show that

the pipe diameter and slurry concentration are the key factors of deep well filling pipelines wear. The risk of pipeline wear in

four mines is at a large risk level, which is completely consistent with the evaluation results of unascertained measure and

variable fuzzy set theory, indicating that the DEMATEL-improved CRITIC-extension cloud model is applicable and effective in

pipeline wear risk assessment.

Key words: Filling mining method. Pipeline wear, DEMATEL method, Extension cloud, Risk assessment





