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Analysis on Influencing Factors of Filling Pipelines Wearing in Deep Mine Based on DEMATEL-ISM
ZHANG Zhenhua' . DU Zhaowen®, CHEN Xuehua®
(1.Zhaojin Nonferrous Mining Co., Ltd., Yantai, Shandong 265400, China;
2.School of Energy and Mining Engineering, Shandong University of
Science and Technology, Qingdao, Shandong 266590, China;
3.School of Mining, Liaoning University of Engineering and Technology, Fuxin, Liaoning 123000, China)

Abstract:In order to better reveal the causes of filling pipelines wearing in deep mines, 12 risk influencing factors were
summarized and identified based on literature analysis, standard method and expert discussion method. Using DEMATEL
(decision-making trial and evaluation laboratory) and ISM (interpretative structural modeling) integrated analysis method,
through the processing of index factors data, the influence degrees of index factors and the characteristics of index causal
attributes were determined, and each influencing factor was decomposed according to three stages to construct a multi-level
hierarchical structure model. The results are drawn as follows. The DEMATEL-ISM method can comprehensively and
objectively reflect the correlation of index factors, and the corresponding hierarchical structure can be divided into 4 layers and 3
stages. The inner diameter of the pipeline and the filling times line are the fundamental causes and key influencing factors. The
absolute roughness of the pipelines, the proportion of coarse particles, the mass concentration of the slurry, the ratio of slurry
flow rate to critical flow rate, and the corrosivity of the filling slurry are the transitional causes. The deflection rate, the
weighted average particle size, the pipelines laying quality, the aggregate shape and so on are the direct causes. The research
results can provide a theoretical reference for formulating targeted measures to prevent and reduce pipelines wearing and failure.
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Table 1 Summary of influencing factors
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Table 2 Comprehensive impact matrix
EisR N X X X3 X, X5 X X7 X3 X9 X1 Xn X2
X\ 0.427 2 0.476 6 0.558 0 0.5657 0.5034 0.467 4 0.5866 0.529 1 0.487 1 0.5657 0.466 4  0.3915
X» 0.4393 0.3457 0.4835 0.5019 0.4567 0.4120 0.5142 0.4706 0.416 2 0.4946 0.4084  0.3355
X3 0.416 7 0.3836 0.3892 0.4943 0.4362 0.4031 0.4866 0.444 8 0.4146 0.4872 0.3894  0.318 4
X, 0.458 4  0.4232 0.4739 0.4333 0.4607 0.4503 0.5295 0.5001 0.4716 05120 0.4253  0.365 4
X5 0.5345 0.4837 0.6012 05983 0.4714 0.5260 0.6156 0.5931 05340 0.6121 0.5079  0.433 4
X 0.4379  0.400 3 0.456 3 0.4603 0.4126 0.3485 0.4856 0.4624 04417 0.4785 0.397 2  0.3327
X7 0.459 0 0.4242 04779 05047 0.4640 0.4404 0.4411 0.4902 0.4396 05076 0.4139  0.3851
Xs 0.5339  0.4945 05806 05727 0.5481 0.5036 0.5945 0.4780 05114 05956 0.4749  0.411 8
X, 0.464 3  0.426 2 0.500 6 0.5002 0.4837 0.4636 0.5237 0.504 0 0.3860 0.5191 0.4290  0.3527
X1 0.4831 0.4414 05262 05468 0.5157 0.4622 0.5385 0.5121 0.4624 0.458 3 0.4325  0.377 1
Xn 0.450 2 0.4141 04797 04866 0.4397 0.4327 0.4924 0.4834 0.4420 04878 0.3443  0.334 7
X1z 0.428 4  0.3927 04876 0.4886 0.4461 0.3988 0.5003 0.4463 0.3978 0.4780 0.3834  0.2857
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Table 3 “Four degrees” calculation results of DEMATEL model
NS B F, RmEHY  WEWE H, BURmEHDY PO M, JEINEE N, o BE Y % s
X 6.024 7 3 5.532 8 7 11.557 5 0.491 8 6 RS
X 5.278 6 9 5.106 1 10 10.384 7 0.172 4 10 S
X 5.064 0 12 6.014 6 4 11.078 6 —0.950 7 7 SR %
X4 5.503 9 6 6.153 6 3 11.657 5 —0.649 7 5 iR
X 6.511 3 1 5.638 2 6 12.149 5 0.873 0 2 S
X5 5.114 0 11 5.308 6 9 10.422 6 —0.194 6 9 ZERH
X7 5.447 8 7 6.308 7 1 11.756 5 —0.860 9 4 iR
X3 6.299 6 2 5.914 1 5 12.213 7 0.385 6 1 EEESES
X, 5.553 2 5 5.404 6 8 10.957 8 0.148 6 8 JEUH A 2
X 1o 5.756 3 4 6.196 4 2 11.952 7 —0.440 1 3 iR
Xn 5.287 4 8 5.072 8 11 10.360 2 0.214 6 11 JEEESES
X1z 5.133 8 10 4.324 0 12 9.457 8 0.809 8 12 Ji R R 2
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Table 4 Comprehensive impact matrix
?E*’f“ Xl XZ X3 X'l Xf) XG X7 XS XF) XlO Xll XlZ
X, 1.427 2 0.476 6 0.558 0 0.565 7 0.503 4 0.467 4 0.586 6 0.529 1 0.487 1 0.565 7 0.466 4 0.391 5
X, 0.439 3 1.345 7 0.483 5 0.501 9 0.456 7 0.412 0 0.514 2 0.470 6 0.416 2 0.494 6 0.408 4 0.335 5
X 0.416 7 0.383 6 1.389 2 0.494 3 0.436 2 0.403 1 0.486 6 0.444 8 0.414 6 0.487 2 0.389 4 0.318 4
X, 0.458 4 0.423 2 0.473 9 1.433 3 0.460 7 0.450 3 0.529 5 0.500 1 0.471 6 0.512 0 0.425 3 0.365 4
X5 0.534 5 0.483 7 0.601 2 0.598 3 1.471 4 0.526 0 0.615 6 0.593 1 0.534 0 0.612 1 0.507 9 0.433 4
X 0.437 9 0.400 3 0.456 3 0.460 3 0.412 6 1.348 5 0.485 6 0.462 4 0.441 7 0.478 5 0.397 2 0.332 7
X7 0.459 0 0.424 2 0.477 9 0.504 7 0.464 0 0.440 4 1.441 1 0.490 2 0.439 6 0.507 6 0.413 9 0.385 1
X 0.533 9 0.494 5 0.580 6 0.572 7 0.548 1 0.503 6 0.594 5 1.478 0 0.511 4 0.595 6 0.474 9 0.411 8
X 0.464 3 0.426 2 0.500 6 0.500 2 0.483 7 0.463 6 0.523 7 0.504 0 1.386 0 0.519 1 0.429 0 0.352 7
X0 0.483 1 0.441 4 0.526 2 0.546 8 0.515 7 0.462 2 0.538 5 0.512 1 0.462 4 1.458 3 0.432'5 0.377 1
X 0.450 2 0.414 1 0.479 7 0.486 6 0.439 7 0.432 7 0.492 4 0.483 4 0.442 0 0.487 8 1.344 3 0.334 7
X1 0.428 4 0.392 7 0.487 6 0.488 6 0.446 1 0.398 8 0.500 3 0.446 3 0.397 8 0.478 0 0.383 4 1.285 7
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Table 5 Hierarchical division results of indicator factors
H#E XD MAEE R(X) TIHES QXD E4E C(X D %
X] X11X27X157X15X77X87X]() X]qXEvXSvX]O X]vXSle() 3
X3 X% X1~X37X39X37X109X12 Xg 1
X X4, Xy XX X5.X5.X10:.X12 X 2
X:'v Xl7X37X17X39X67X77X37X‘)’X1(]9XH X39X8 X59X8 /1
X7 X7 XX, X4, X5, X7, X8, X0, X10:X12 X7 1
X5 X1.X2,X3.X4,X5.X7,X5,X 10 X1.X5,X5 X1.X5,X5 4
X X7.Xy X5,Xo Xy 2
X1 X1, X3, X0, X7, X9 X1.X5,X8:X10 X1.X10 3
X Xn Xs5.Xn Xn 1
X2 X3, X0, X7, X012 X2 X2 3
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Fig.3 Herarchical structure of influencing factors
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