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Abstract [ Objective] To effectively perceive and assess
safety risks during tunnel construction process, a tunnel safety
risk assessment method based on multi-source information fu-
sion is proposed. [ Method] A tunnel safety risk assessment
method is introduced, with a total of 20 tunnel safety risk influ-
encing factors selected from four categories: geology, design,
environment, and construction management. Then a tunnel
safety risk assessment index system is established, and safety
levels are determined. The basic probability assignment of the
safety risk assessment index is constructed and calculated based
on fuzzy matter-element method. Fusion calculations of the
multi-source data are performed based on Dempster-Shafer evi-
dence theory, and the safety levels are classified according to

the principle of maximum membership degrees. Taking Nan-

ping Sta.-Houba Sta. interval ( Nan-Hou Interval ) of

Chongqing Rail Transit Line 10 Phase II project as example,
the effectiveness of the proposed method in practical engineer-
ing is verified. [ Result & Conclusion] Tunnel construction
safety risk levels can be classified from low to high into five
levels: the geological risk level of Nan-Hou Interval tunnel
project is Level II; the design risk level is Level III; the envi-
ronmental risk level is Level IV ; the construction management
risk level is Level II; the overall tunnel engineering risk level is
Level II. The overall tunnel project is in a relatively low-risk
state. Through verification in actual projects, it is found that
the tunnel risk assessment results are consistent with the actual
risk situation on-site.

Key words metro; tunnel; safety risk assessment; multi-

source information fusion
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Fig.1 Diagram of tunnel construction safety risk assessment process based on multi-source information fusion
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Tab.1 Tunnel risk assessment indexes and their values
ANTR] 22 4 AR ST 1 4% H A L E
AR R 3 EiEta
I % 4 1IR3 \3 Vi
R KEREE Dy /m >80 ~ 100 >60 ~ 80 >40 ~60 >20 ~40 >0 ~20
JE4S i D,/ MPa >40 ~60 >20 ~40 >10 ~20 >5~10 >0~5
bR 2 iR J1 Dy/kPa >20 ~25 >15~20 >10~15 >5~10 >0~5
WEESES D,/ (°) >25 ~45 >15 ~25 >10 ~15 >5~10 >0 ~5
AR Ds >0.4~0.5 >0.3~0.4 >0.2~0.3 >0.1~0.2 >0~0.1
BRI Dg/m >28 ~40 >18 ~28 >12~18 >6~12 >0~6
. BEE L Dy >3.0~5.0 >2.0~3.0 >1.0~2.0 >0.5~1.0 >0~0.5
i W i FH Dy /m? >0-~3 >3~10 >10 ~50 >50 ~100 10 >0 ~300
W& i Dy/m >0 ~500 >500 ~1 000 >1 000 ~3 000 >3 000 ~10 000  >10 000 ~50 000
JAL B R D,y >80 ~ 100 >60 ~80 >40 ~60 >20 ~40 >0 ~20
785 JAAE LS Dy, >80 ~ 100 >60 ~ 80 >40 ~ 60 >20 ~40 >0 ~20
JHHAEEFE N Dy, >80 ~ 100 >60 ~80 >40 ~60 >20 ~40 >0~20
it TAE AR Dy >80 ~ 100 >60 ~80 >40 ~60 >20 ~40 >0 ~20
EWANAZY D, >15 ~20 >10 ~15 >5~10 >3-~5 >0~3
HARNRALL D5 >15~20 >10 ~15 >5~10 >3 ~5 >0~3
N EZY g 2 >15 ~20 >10 ~15 >5~10 >3 ~5 >0~3
it T A ER
N AFE T Dy >80 ~ 100 >60 ~80 >40 ~60 >20 ~40 >0 ~20
LR ALNE Doy >80 ~100 >60 ~80 >40 ~60 >20 ~40 >0 ~20
Ji L5 234 Dy >80 ~ 100 >60 ~80 >40 ~60 >20 ~40 >0 ~20
Wi BN Dy >80 ~ 100 >60 ~ 80 >40 ~60 >20 ~40 >0 ~20
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10 S 2 1 T RE (2% 44 B sl —foL £ 3t 385 [XC 1] )
T TR R ORI R X, R T R PR A
ZHA RO B2 Al 10 52kl s R E 2 fr
MNo LRPRSK LY 9. 86 km, Hirb R Be KB
8.10 km; ALK K 1.76 km,
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Tab.2 Normalized tunnel risk assessment indexes and their values
ANT) 2 2 R S5 2T 1Y 48 HE bR AL
IR R R bR
| I m v \
1 >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
P >0~0.33 >0.33 ~0.66 >0.66 ~0.83 >0.83~0.92 >0.92 ~1.00
H BT = D, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
D, >0~0.44 >0.44 ~0.67 >0.67 ~0.78 >0.78 ~0.89 >0.89 ~1.00
Ds >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
Dy >0 ~0.30 >0.30 ~0.55 >0.55~0.70 >0.70 ~0.85 >0.85~1.00
D, >0~0.4 >0.4~0.6 >0.6~0.8 >0.8~0.9 >0.9~1.0
wit
Dy >0~0.01 >0.01 ~0.03 >0.03 ~0.17 >0.17 ~0.33 >0.33 ~1.00
D, >0 ~0.01 >0.01 ~0.02 >0.02 ~0.06 >0.06 ~0.20 >0.20 ~1.00
Dy, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
B79:3 Dy, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
Dy, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
Dy, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
Dy, >0~0.25 >0.25~0.50 >0.50 ~0.75 >0.75~0.85 >0.85~1.00
D5 >0~0.25 >0.25 ~0.50 >0.50 ~0.75 >0.75~0.85 >0.85~1.00
Dy >0~0.25 >0.25 ~0.50 >0.50 ~0.75 >0.75~0.85 >0.85~1.00
Jite T HE

Dy, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
Dy >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
D,y >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0
D,, >0~0.2 >0.2~0.4 >0.4~0.6 >0.6~0.8 >0.8~1.0

3.2 ROIXKIFGITE

WA i B g i DX ] B G TR A AH DG B R, 4R
FRHAHOC 8 A BUOHE a0 3% 3 iR, AR R (6) —=X
(9) ,BPA JTHZ5 R UK 4 FiR,
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Tab.3 Risk indexes data of Nanping-Houbao Interval

febr SOOI ARUEE SR || EbF SCME ARMEIE SR
D,/m 76 0.24 m | Dy 38 0.62 IV
D,/MPa 26.8  0.55 I | Dp 45 0.55 I}
Dy/kPa 23.6  0.056 | | D 82 0.18 I
D,/(°) 31.8  0.29 I || Du 11 0.45 1
D; 0.33  0.34 I | D 0.65 m
Dg/m 29 0.275 I || D 0.75 I\
D, 1.26  0.748 1l | Dy 82 0.18 |
Dg/m? 51 0.17 IV || Dis 85 0.15 I
Dy/m 997 0.02 I | Dy 65 0.35 I
Dy, 32 0.68 IV || Dy 72 0.28 1

T R BB & AT T
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HAT B8 (Y PSS o #7 INEEZ BPA HHER
*4 BPATEHZR Tab.7 Calculation results of environmental factors BPA
Tab.4 BPA calculation results 2SS S BPA f§
BPA i m(A;) 0
AEEHE  Habx
m(A;) m(Ay) m(A3) m(Ay) m(As) m(@) m(A;) 0
D, 0.013 0.448 0 0 0 0.539 m(Ay) 0.086
D, 0 0.779 0 0 0 0.221 m(Ay) 0.857
WEKEE Dy 0.650 0 0 0 0 0.350 m(As) 0.057
D, 0.797 0 0 0 0 0.203 m(O) 0.261
Ds 0 0.700 0.003 O 0 0.296 %8 HISIEES BPA HEER
D 0210 0.038 0 0 0 0.752 Tab. 8 Calculation results of construction management
‘ D, 0 0 0.599 0 0 0.401 factors BPA
Bt
Dy 0 0 0.106 0.102 0.007 0.785 i T A 2 BPA (i
Dy 0 0.101 0.104 0.004 0.009 0.782 m(A,) 0.044
Dy 0 0 0.001 0.915 0 0.084 m(A,) 0.769
H D, 0 0 0.040 0.240 0 0.719 m(Ay) 0.171
D, 0 0 0.573 0.007 0 0.420 m(A,) 0.002
Dy; 0.240 0.040 0 0 0 0.719 m(As) 0
Dy 0 0.445 0.012 0 0 0.543 m(@) 0.014
T pemmmasnsn
i T A B Tab.9 Calculation results of Nanping-Houbao Interval
7 0.2400.040 0 0 0 0.719 tunnel engineering overall BPA
Dy 0.573 0.007 0 0 0 0.420 B BPA fii
Dy 0 0.573 0.007 O 0 0.420 m(A,) 0.037
D,, 0.001 0.915 0 0 0 0.084 m(Ay) 0.902
#5 HREZBPATEER m(Az) 0.051
Tab.5 Calculation results for geological factors BPA m(Ay) 0.010
LSS BPA f} m(As) 0
m(A;) 0.325 m(O) 0
m(A,) 0.651
) ’ 4 iE
m(Ay) 0
m(As) 0 Wi T A — T R 2 B 2 T 25 1
m(0) 0.024 S TR, IHCTE XU PEAL S R vh i K B AR 22 5 2%
T FOASHIE PN 26 . A SCHE AT SE R0 360 1 B
Tab.6 Calculation results of design factors BPA — P T 2 URE R BRI 22 A U PR Ik
SIS BPA {f 1) FIHBSHY o0 D-S UEHE #Ie K 284515
m(A,) 0.073 BHATRVG A RUHDE T 515 B S8 B I PP 48 5
m(Ay) 0.049 PR AN S P o) A R X I T, 75 ) 2 2R
m(4s) 0.577 T AHE M, [RII, Fr g 07 6 Z 18 bl BT
A 0.033 A, N I 2 T 5 DA XU, LA e 1
m(As) 0.005 Rl
m(0) 0.261
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