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Disaster-inducing Channels Based on Grey

Relational Analysis for Lining Cracks
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Abstract; 109 tunnels with lining cracks were summarized,
and characteristic distribution laws of lining cracks and
statistical probabilities of factors causing lining cracks were
attained; the fault tree model of lining cracks was established
based on identification of risk sources; furthermore, the main
disease-inducing channels were obtained by grey relational
analysis. In the analysis process, in order to get reliable
probabilities of bottom events, the method to combine
statistical probability and investigation probability by experts
was proposed. The research results show that the asymmetric
load, voids behind lining, water leakage, loosely pressure and
uneven settlement are main disaster-inducing channels for
lining cracks.
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Fig.1 Classification according to the direct reasons
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Fig.2 Classification according to the relationship

between the crack and tunnel axis
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Fig.3 Classification according to generation mechanism
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Fig.4 Fault tree model of lining cracks
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Tab.1 Symbol description and related calculation

TR A RE P; P
Xi JEMEIRE 0.082 57 0.150 70
Xz & AR — 0.024 51
Xs bosledlE 0. 045 87 0.086 73
X CO: VeI H — 0.094 92
X5 MRRELS 0. 027 52 0.100 35
X BRBERY — 0.091 29
X; FIRY — 0.004 33
X SEBkAR — 0. 046 39
X EHRBET SRR — 0.014 50
X1 YA e ] i 0. 009 17 0.024 53
Xn RB5IPLE 0.091 74 0. 096 62
Xz BAR R UL — 0.016 32
X1 BRK 0.119 27 0.114 01
Xu REESER — 0. 000 04
X5 R R 0.018 35 0.034 55
X6 TR 0.027 52 0. 040 95
X7 HhE 0.018 35 0. 030 92
Xas WREERY 0. 064 22 0.071 99
X Pl AT 0. 009 17 0.015 46
X2 MET8AbHR Y 0. 064 22 0. 069 27
Xn HEARR — 0.023 57
Xez BiEaH 0.110 09 0.116 67
Xos WHHEERRE 0.018 35 0.029 11
X RGEBTEE R A Y 0.018 35 0.025 49
Xos /NN A 0.091 74 0.105 69
X6 BBl A e 0. 045 87 0.041 06
Xor i E 0.155 96 0.146 86
Xog 126117 0.073 39 0.092 89
Xoo -7 e 0. 073 39 0.067 51
X3 [=3 AW 0. 027 52 0.040 95
X3 R — 0. 000 37
Xz HEEEZFER — 0. 004 60
X33 EiEESE X 0.009 17 0. 000 09
X kR 0.009 17 0. 006 04
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Tab.3 Calculation results of correlation degree

B/EISE REXE B/EISE REREE
Cos={Xzr} 0.707 835 Co2={ X3} 0. 678 463
Co={Xz} 0.697 710 Cos={Xo} 0.677 481
Ciz={Xa3} 0. 697 026 Co=1{X10} 0. 677 212
Cor={X2s} 0. 695 015 Co=1{Xn} 0. 676 939
Co={Xu} 0.692 991 Ci={Xs,Xr} 0. 674 825
Cor=1{Xa2s} 0.692 194 Cin={X2} 0. 674 750
C={Xs} 0. 690 913 Cis={X1o} 0. 674 475
Cir={Xs} 0.687 938 Ce=1{Xo} 0. 674 160
Civ=1{Xz} 0.687 393 Css={Xu} 0.671 130
Cos={Xz} 0. 687 040 Co=1{Xz2.Xs} 0. 670 762
Cr={Xs} 0. 682 621 Csi={Xs2} 0. 670 563
Cos={Xzs} 0. 681 414 Cyo=1{Xa} 0. 668 781
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Cis={X1r} 0.678 936
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