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Abstract: Tunnel collapse risk assessment is a multi—attribute decision problem due to many influencing
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factors. It is difficult for the assessment method of a single information source to fully consider all risk factors,
leading to bias in the prediction results. To assess the tunneling collapse risk and provide a more accurate risk—
controlling strategy, this research proposes a new multi—source information fusion approach that combines cloud

model (CM) ,

information were analyzed to obtain different collapse risk assessment models (where classification probability values

support vector machine (SVM) , and evidence—based reasoning (ER). Multiple sources of

for visual inspection data are obtained from SVM, and probability values for monitoring data are obtained from the
cloud model). The quality of each model is evaluated by reliability and importance weights. The ER theory is then
applied to fuse the results of each assessment model to give an overall collapse probability risk assessment.
Compared with the D=S theory, the ER rule has more advantages in dealing with high—conflict information. When
the risk assessment results of different single information sources are inconsistent, the fusion by the ER rules
considers the importance weight and credibility of the assessment results, which is more suitable for the high—
conflict information fusion. The novel approach has been successfully applied in the case of Yutangxi tunnel of Pu—
Yan Highway (Fujian, China). The results indicate that the proposed multi—source information fusion method has an
evaluation accuracy of 87.5%, while the single—source information method has an accuracy of less than 70%.
Furthermore, the fusion model has excellent performance even if the risk result of different models has high conflict.

Key words: tunneling collapse ;risk assessment ; cloud model ; support vector machine ; evidential theory
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Fig. 1 Flow chart of the tunnel collapse risk assessment model based on ER
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Fig. 5 Monitoring point layout diagram
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Tab.5 Cloud model parameter values of two monitoring indicators

. 1 I 1 v
EELD
Ex En He Ex En Ex En He Ex En He
B HARTE R 1 0.333 0.002 3.5 0.5 0.002 7.5 0.833 0.002 12.5 0.833 0.002
VAN 5= 25 8.333 0.002 75 8.333 0.002 150 16.777 0.002 250 16.777 0.002
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Tab. 6 Training results of the classifiers BT AR R R s R *Rgﬂ]ﬂfﬁ‘ 53
PEALAR A 24 Precision  Recall ~ F,—score  Support Xﬁ%ﬁ:ﬁ%%%%iﬁﬁ@‘ﬂf Y\ {M iiﬂﬁézli No.4 %iﬁ
SVM I 0727 0800  0.762 10 W T8 R 3], — A ABE A5 380 (8 P35 JRUBS: ABE 2% 0 331 A B =
I 0.714 0.625  0.667 8 [0.10,0.20,0.70,0];E,=[0,0.56,0.44,0] ; E,=[0.99,
083 0S8 060 1T 0 01,0,0] ARAFMER LIS, LUK BER 60 ALK %
Vooooseseosse PR GER EE R A T IR IR FR . A
IR 1 0.684 0.650  0.667 20 . .
I oesr 063 o068 6 i w=[0.561;0.648; 0.571] ; IE 4 7] 15 FF r=[0.422;
Il 0.682 0750  0.714 20 0.795;0.985 ). M3 N
I\ 1.000 1.000  1.000 4 m,, 0.0561 0.1122 03927 0
KEWMBE 1 0.800  0.800  0.800 20 me,|=| 0 02851 03629 0|
I 0714 0556 0.625 36 My 3 0.8693 0.0017 0 0
mm 0.500 0.667 0571 20 1-r 0.578
v 0500  1.000  0.667 4 XN R R| 1 -, |=]0.495 |
1-r, 0.015
7 ANMAFEANREER
Tab. 7 Fusion results of five test samples
WRGEWTE TR XA | AR KU SR AR USSR AR S SRIVIEER TN SR E
No.1 E, 0.75 0.25 0.00 0.00 I I
E, 0.08 0.92 0.00 0.00 1 I
E, 0.99 0.01 0.00 0.00 | I
w=1[0.561;0.648;0.5711; r=[0.594; 0.799; 0.960]
ER 0.97 0.03 0.00 0.00 | I
D-S 0.95 0.05 0.00 0.00 | I
No.2 E, 0.00 0.15 0.83 0.02 Il I
E, 0.00 0.60 0.40 0.00 Il 1
E, 0.00 0.92 0.08 0.00 1 1
w=[0.561;0.648;0.5711]; r=[0.660; 0.515; 0.799]
ER 0.00 0.75 0.25 0.00 || Il
D-S 0.00 0.62 0.38 0.00 || Il
No.3 1 0.70 0.14 0.16 0.00 I I
E, 0.52 0.48 0.00 0.00 I I
E, 0.41 0.53 0.00 0.00 | I
w=1[0.561;0.648;0.5711; r=[0.410; 0.501; 0.494]
ER 0.59 0.41 0.00 0.00 I I
D-S 0.65 0.35 0.00 0.00 I I
No.4 E, 0.10 0.20 0.70 0.00 Il I
E, 0.00 0.56 0.44 0.00 I I
E, 0.99 0.01 0.00 0.00 I I
w=1[0.561;0.648;0.571]; r=[0.422; 0.795; 0.985]
ER 0.96 0.02 0.02 0.00 I I
D-S 0.00 1.00 0.00 0.00 1 |
No.5 E, 0.00 0.15 0.85 0.00 Il 1
E, 0.86 0.14 0.00 0.00 | il
E, 0.12 0.88 0.00 0.00 1 il
w=1[0.561;0.648;0.571]; r="[0.695; 0.711; 0.740]
ER 0.20 0.73 0.07 0.00 1 Il
D-S 0.10 0.90 0.00 0.00 1 I
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Fig. 7 The classification results of the different model
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