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Analysis of safety evaluation model of headrace tunnel based on

fuzzy Bayesian network
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Abstract: In order to accurately predict the potential safety hazards of the Yellow River diversion tunnel, a
fuzzy Bayesian safety evaluation model based on fuzzy set theory and subjective Bayesian method is proposed.
Combined with the actual inspection data, this model uses Bayesian Network(BN) to process fuzzy information and
uncertain information, fuzzies polymorphic fault events from the inspection data, and then finds out logical
relationship among different fault events through conditional probability table of Bayesian network. Finally, the
overall evaluation of the headrace tunnel safety model is obtained, and the feasibility of this method is verified by
example analysis of the headrace tunnel safety evaluation model.
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Fig.3 Safety evaluation process based on fuzzy Bayesian network
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Tablel Event code, name and unsafe status score

event code event name
T safety hazards of tunnel walls
M, increased wall cracks
M, crack propagation
M, increased siltation in tunnels
M, wall peeling at crack location

newly added tunnel cracks
algae and plants on the wall

&S

crack length extension
increased crack width and depth

Fig.5 Bayesian network structure of safety evaluation
model for headrace tunnel wall
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Table2 Membership degree of fault status of each node Table3 M, conditional probability table
based on field inspection data
event code Ho Hos My X X P(M=0x,,x,) PM=0.5x,x))  P(M=1]x,,x))
X, 1 0 0 0 0 1 0 0
X, 3 3 0 0 0.5 0.2 0.3 0.5
X, 23 3 0 0 1.0 0 0 1.0
0.5 0 0.2 0.4 0.4
T ! 0 0 05 05 0.1 03 0.6
X5 23 13 0 0.5 1.0 0 0 1.0
X6 0 2/3 173 1.0 0 0 0 1.0
X, 1 0 0 1.0 0.5 0 0 1.0
1 0 0 1.0 1.0 0 0 1.0
T4 MIRIERR
Table4 M, conditional probability table
X X, M, P(M,=0}x,,x,,M,) P(M,=0.5[x,,x,, M,) P(M=1]x,x,, M,)
0 0 0 0.1 0.5 0.4
0 0 0.5 0.2 0.3 0.5
0 0 1.0 0 0 1.0
0 0.5 0 0.2 0.4 0.4
0 0.5 0.5 0.1 0.3 0.6
0 0.5 1.0 0 0 1.0
0 1.0 0 0 0 1.0
0 1.0 0.5 0 0 1.0
0 1.0 1.0 0 0 1.0
0.5 0 0 0.7 0.2 0.1
0.5 0 0.5 0.3 0.2 0.5
0.5 0 1.0 0.5 0.2 0.3
0.5 0.5 0 0.3 0.5 0.2
0.5 0.5 0.5 0.1 0.2 0.7
0.5 0.5 1.0 0 0 1.0
0.5 1.0 0 0.2 0.1 0.8
0.5 1.0 0.5 0.3 0.2 0.5
0.5 1.0 1.0 1.0 0 0
1.0 0 0 0 0 1.0
1.0 0 0.5 0.4 0.3 0.3
1.0 0 1.0 0.5 0.5 0
1.0 0.5 0 0.4 0.4 0.2
1.0 0.5 0.5 0.2 0.3 0.5
1.0 0.5 1.0 0.3 0.5 0.2
1.0 1.0 0 0.5 0.3 0.2
1.0 1.0 0.5 1.0 0 0
1.0 1.0 1.0 0.1 0.5 0.4
25 MR E 6 MR E
Table5 M, conditional probability table Table6 M, conditional probability table
X, x, P(M=0x,x)  PM=0.5]xx) PM=1]x,x,) X X, P(M,=0x,,x,) P(M=0.5[x,,x)  PM=1[x,x,)
0 0.5 0.2 0.3 0 0 0.6 0.2 0.2
0 0.5 0.2 0.5 0.3 0 0.5 0.5 0.3 0.2
0 1.0 1.0 0 0 0 1.0 0 0 1
0.5 0 0.4 0.2 0.4 0.5 0 0.4 0.3 0.3
0.5 0.5 0.3 0.6 0.1 0.5 0.5 0.1 0.3 0.6
0.5 1.0 0.2 0.5 0.3 0.5 1.0 0 0.5 0.5
1.0 0 0 0 1.0 1.0 0 0.3 0.5 0.2
1.0 0.5 0.8 0.1 0.1 1.0 0.5 0.5 0.2 0.3

1.0 1.0 1.0 0 0 1.0 1.0 0.1 0.7 0.2
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Table7 Conditional probability of leaf node T’

M, M, M. P(T=0[M,M,,M,) P(T=0.5|M,M, M) P(T=1|M ,M,, M)
0 0 0 0.2 0.4 0.4
0 0 0.5 0.5 03 02
0 0 1 02 03 05
0 0.5 0 03 0.6 0.1
0 0.5 0.5 0.5 02 03
0 0.5 1.0 0.8 0 02
0 1.0 0 0.6 02 02
0 1.0 0.5 0.4 05 0.1
0 1.0 1.0 0.7 0.2 0.1

0.5 0 0 0.5 0.2 03

0.5 0 0.5 03 0.4 03

0.5 0 1.0 0.4 03 03

0.5 0.5 0 0.2 0.5 03

0.5 0.5 0.5 0.7 0.1 0.2

0.5 0.5 1.0 0.5 0.1 0.4

0.5 1.0 0 0.8 0.1 02

0.5 1.0 0.5 0.5 0.2 03

0.5 1.0 1.0 0.8 0.1 0.1

1.0 0 0 0.2 0.6 02

1.0 0 0.5 03 0.4 03

1.0 0 1.0 0.5 0 0.5

1.0 0.5 0 0.2 0.4 0.4

1.0 0.5 0.5 03 0.2 0.5
1.0 0.5 1.0 0.1 0.5 0.4

1.0 1.0 0 03 0.5 0.2

1.0 1.0 0.5 0.4 03 03

1.0 1.0 1.0 0.4 0.1 0.5
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