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Abstract: Collapse is one of the common disasters in the process of drilling and blasting tunnel
construction. In order to effectively prevent the collapse accident and provide decision-making basis for
safety risk analysis and management of tunnel construction, the T-S fuzzy fault tree and Bayesian network
were combined, and an evaluation method based on both of them was proposed to calculate tunnel collapse
possibility. According to the transformation of T-S fuzzy fault tree to Bayesian network, the Bayesian
network model and conditional probability table were determined. In addition, fuzzy number and fuzzy
subset were used to describe the fault state and probability of nodes respectively, and the bidirectional

reasoning algorithm of Bayesian network was used to calculate. This method can use two different forward
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inferences to calculate the possibility of tunnel collapse, including the fuzzy subset of root node fault
probability and the actual fault state in construction. At the same time, it can check the fault according to
the result of importance analysis of root nodes, and can calculate the posterior probability of fault diagnosis
of root nodes by back inference. Finally, the application of two engineering examples shows that the
method can scientifically evaluate the possibility of tunnel collapse and determine key risk factors. This
method can be used as a decision-making tool for tunnel construction safety assurance and management.

Key words: construction tunnel by drilling and blasting; collapse possibility; T-S fuzzy fault tree;

Bayesian network; fuzzy number; fuzzy subset; importance
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Fig.2 A simple Bayesian network
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Fig. 3 Directed acyclic graph of Bayesian network
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Fig. 4 Flow chart of Bayesian network construction based

on T-S fuzzy fault tree
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Tab. 1 Intermediate events correspond to intermediate nodes
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2

[24]

Tab.2 Grade standard of risk possibility*]

I [0.1,1]
11 [0.01.0. 1)
111 [0.001,0.01)
v [0.0001,0.001)
A% [0,0.000 1)
3 : ~ ’
0.0. 5.1
3.1 N s
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K163+320 F18 . Ap'=Ap =
, 0. 15p™ s
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, 4) Vo
X24 ~L26
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Tab.3 Fault probability fuzzy subset of root nodes
P(x;=1) P(z;=1)
x {0.000 42, 0.000 50, 0.000 58} X4 {0.005 52, 0.006 50, 0.007 48}
3 {0.000 68, 0.000 80, 0.000 92} 15 {0.006 80, 0.008 00, 0.009 20}
x3 {0.000 51, 0.000 60, 0.000 69} X16 {0.000 34, 0.000 40, 0.000 46}
x4 {0.003 40, 0.004 00, 0,004 60} 17 {0.000 60, 0.000 70, 0.000 80}
x5 {0.006 80, 0.008 00, 0.009 20} 18 {0.005 10, 0.006 00, 0.006 90}
e {0.000 09, 0.000 10, 0.000 11} X9 {0.000 07, 0.000 08, 0.000 09}
x7 {0.004 25, 0.005 00, 0,005 75} Z20 {0.020 65, 0.024 30, 0.027 95}
x5 {0.006 80, 0.008 00, 0.009 20} a0 {0.127 50, 0.150 00, 0. 17250}
X9 {0.000 09, 0.000 10, 0.000 11} X22 {0. 08500, 0.100 00, 0.11500}
X0 {0.000 09, 0.000 10, 0.000 11} x23 {0.000 05, 0.000 06, 0.000 07}
x1 {0.021 25, 0.025 00, 0.028 75} X4 {0. 680 00, 0.800 00, 0.920 00}
x12 {0.110 50, 0.130 00, 0. 149 50} X25 {0.170 00, 0.200 00, 0.230 00}
x13 {0.005 95, 0.007 00, 0.008 05} X26 {0.000 07, 0.000 08, 0.000 09}
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