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Fig. 1 Location of Zhongliangshan tunnel on the middle route
of Chengdu-Chongging
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Fig. 2 Hydrogeological profile of Zhongliangshan tunnel
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Fig. 3 Risk assessment index system of water inrush in

Zhongliangshan tunnel
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Table 1 Influencing factors and classification standards of water inrush disaster in karst tunnels
[T TAR(T90  BERRTZ  TEARMLE) SRRV B (V)
L I, 1~4 4~8 8~12 12~16 16~20
1, 1~4 4~8 8~12 12~16 16~20
L 1~4 4~7 7~12 12~17 17~20
I I 1~6 6~10 10~14 14~17 17~20
I L, 1~4 4~6 6~10 10~14 14~17
I3 20~16 17~14 14~10 10~4 4~1
I, 20~18 18~14 14~8 8~3 3~1
I 20~16 16~12 12~8 8~4 4~1
k2 HEABERRKYMERESEEREFHHE
Table 2 Digital characteristics of normal cloud model for influencing factors of water inrush in karst tunnels
R 1% % I3 V& V&
(Ex,En,He) (Ex,En,He) (Ex,En,He) (Ex,En,He) (Ex,En,He)
I, (2.5,0.5,0.01) (6,0.66,0.01) (10,0.66,0.01) (14,0.66,0.01) (18,0.66,0.01)
I, (2.5,0.5,0.01) (6,0.66,0.01) (10,0.66,0.01) (14,0.66,0.01) (18,0.66,0.01)
I (2.5,0.5,0.01) (5.5,0.5,0.01) (9.5,0.83,0.01) (14.5,0.83,0.01) (18.5,0.5,0.01)
Ly, (3.5,0.83,0.01) (8,0.66,0.01) (12,0.66,0.01) (15.5,0.5,0.01) (18.5,0.5,0.01)
L, (3.5,0.5,0.01) (5,0.33,0.01) (8,0.66,0.01) (12,0.66,0.01) (15.5,0.5,0.01)
L (18.5,0.5,0.01) (15.5,0.5,0.01) (12,0.66,0.01) (7,1,0.01) (2.5,0.5,0.01)
I, 19,0.33,0.01) (16,066,0.01) (11,1,0.01) (5.5,0.83,0.01) (2,0.33,0.01)
I (18,0.66,0.01) (14,0.66,0.01) (10,0.66,0.01) (6,0.66,0.01) (2.5,0.5,0.01)
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Table 3 Basic parameters of influencing factors of water inrush disasters in karst tunnels

pgip DKI14+720~ DK 15+630~ DK15+680~  DKI16+020~  DKI16+460~  DKI16+750~  DKI16+785~
DK 15+630 DK 15+680 DK 16+020 DK 16+460 DK 16+750 DK 16+785 DK 17+380
I, 19 5 19 8 18.5 8 18.5
I, 18 15 18 15 18 15 18
I, 18 8 17 12 17 8 17
I, 16 7 18 5 18 7 15
L, 6 2 2 4 2 4 2
I 6 12 12 8 5 3 14
I, 14 15 13 15 14 12 18
I 15 15 15 9 17 15 7
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Fig.4 Normal cloud model with single factor
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PEBUTS 5 K B=0.5, FEST K Fa =05, 456 IRE7E

K I3 S(x) FUE KL ) e W3 AR A ) i W(x) B,
2R

W,(x)=( 0.0628, 0.1150, 0.0516, 0.1467, 0.1763,
0.1939, 0.1595, 0.094 1)

W2(x)=( 0.0838, 0.1149, 0.0619, 0.1717, 0.1845,
0.1529, 0.1435, 0.0869)

W3(x)=( 0.0632, 0.1158, 0.0533, 0.1402, 0.2012,
0.1667, 0.1649 , 0.0947)

W4(x)=( 0.076 1, 0.1129, 0.0548, 0.1779, 0.1703,
0.1669, 0.1410, 0.100 0)

W5(x)=( 0.0625, 0.1129, 0.0520, 0.1367, 0.1962,
0.1955, 0.1566, 0.0877)

W6(x)=( 0.0748, 0.1110, 0.0598, 0.1659, 0.1674,
0.1872, 0.1500, 0.083 9)

W7(x)=( 0.0637, 0.1151, 0.0530, 0.1508, 0.2000,
0.1573,0.1437,0.1163)

F4 ERBEFRKREZMEARSHER—UER
Table 4 Normalized parameter values of influencing factors of water inrush disasters in karst tunnels
B% it DK14+720~ DK15+630~ DK15+680~ DK16+020~ DK16+460~ DK16+750~ DK16+785~
DK 15+630 DK 15+680 DK16+020 DK 16+460 DK 16+750 DK16+785 DK17+380
I, 0.95 0.21 0.95 0.37 0.92 0.37 0.92
I, 0.89 0.74 0.89 0.74 0.89 0.74 0.89
L 0.89 0.37 0.84 0.58 0.84 0.37 0.84
I 0.79 0.32 0.89 0.21 0.89 0.32 0.74
I, 0.31 0.06 0.06 0.19 0.06 0.19 0.06
L 0.26 0.58 0.58 0.37 0.21 0.11 0.68
1, 0.68 0.74 0.63 0.74 0.68 0.58 0.89
Is 0.74 0.74 0.74 0.42 0.84 0.74 0.32
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Table 5 Assessment of comprehensive membership grades of water inrush disasters in karst tunnels

Wit DK14+720~ DK15+630~ DK15+680~ DK16+020~ DK16+460~ DK16+750~ DK16+785~
DK15+630 DK15+680 DK16+020 DK16+460 DK16+750 DK16+785 DK17+380

12 0.000 5 0.0105 0.007 0 0.0929 0.041 8 0.059 6 0.0131

IES 0.104 5 0.2256 0.098 8 0.0919 0.062 8 0.174 2 0.070 4

1%% 0.0129 0.122 4 0.086 5 0.059 8 0.006 6 0.098 9 0.007 1

IV 0.098 6 0.047 4 0.006 8 0.1104 0.029 6 0.043 5 0.092 1

V4 0.147 2 0.000 5 0.1547 0.000 4 0.1720 0.058 7 0.1256
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Risk assessment of water inrush disasters of karst tunnels based on variable weight-
cloud model: A case study of Zhongliangshan tunnel

LI Hui', WEI Xingping"?, LIU Cheng’, LI Liangxin'
(1. School of Geography and Tourism, Chongqing Normal University, Chongqing 401331, China; 2. Chongqing Key Laboratory of
Wetland Science Research in the Upper Reaches of the Yangtze River, Chongqing 401331, China; 3. College of
Computer Software, Chongqing Normal University, Chongqing 401331, China )

Abstract In order to solve the uncertainty and complexity of risk factors and the subjectivity of risk assessment of
water inrush disasters in karst tunnels, the risk of water inrush disaster has been scientifically assessed. According to
the Zhongliangshan karst tunnel project on the middle route of Chengdu-Chongqing, the study constructed a risk
assessment model of water inrush disasters in karst tunnels based on variable weight-cloud model. First of all, referring
to the research methods of Wu Xin, Liu Dunwen and others, and consulting professors in the field of geological
disasters and engineers from tunnel construction and inspection units, a total of 8 experts determined the grade and
classification standard of each influencing factor on water inrush disasters of karst tunnels, and clarified the parameter
value of each influencing factor of Zhongliangshan tunnel on the middle route of Chengdu-Chongqing.

In this study, five influencing factors were selected to construct an index system of risk assessment of the water
inrush in karst tunnels. These five factors include formation lithology (calcium carbonate content in strata and rock
structure), geologic structures (water-conducting fault structure, water-blocking fault structure and fold structure),
surface catchment conditions, tunnel spatial locations and alternating conditions of groundwater circulation. In
addition, the grading standards of water inrush disasters were determined, and accordingly the disasters were divided
into five risk levels, low, mild, moderate, high and highest.

Firstly, the cloud model was used to determine digital characteristics of the risk level of each index. The diagram
of membership cloud of each influencing factor was drawn by MATLAB. The single factor membership degree (1))
of each influencing factor was calculated according to parameter values of water inrush disasters in karst tunnels.
Secondly, the analytic hierarchy process (AHP) was used to determine the constant weight. In order to avoid the
situation that the constant weight does not change with the state value of the index to be evaluated, the punitive
variable weight method was used to determine the variable weight vector (W(x)) and the comprehensive membership
degree (U). Finally, according to the principle of maximum membership degree, risk levels of water inrush disasters in
karst tunnels were calculated, and water inrush disaster situations of 7 sections in Zhongliangshan Tunnel on the
middle route of Chengdu-Chongqing were determined. The results show that water inrush disasters in Zhongliangshan
tunnel are between level III and level VI, with a high risk. Among them, DK15 + 630-DK15 + 680 and DK16 + 750-
DK16 + 78 are the sections with a moderate risk; DK16 + 020-DK 16 + 460 are of high risk; DK14 + 720-DK15 + 630,
DK15 + 680-DK16 + 020, DK16 + 460-DK16 + 750 and DK 16 + 785-DK17 + 380 are the sections with a highest risk.
Water inrush disasters of karst tunnels can be attributed to a variety of influencing factors. The parameter value of each
influencing factor of the high-risk section is higher than that of the low-risk section, and the risk of water inrush
disasters in a transition zone between a karst area and a non-karst area is the highest. With the large porosity, the

developed karst, and active groundwater, the soluble rock stratum is a three-medium system of pores, fissures and
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several changes in the direction of the surface water system and the repeated scouring and burying of the paleochannel,
which has contributed to the complexity of today's paleochannel in terms of its direction, burial depth and stratigraphic
structure, over these seven hundred years.

In this paper, the characteristics of changes, erosion, identification, depth and stratigraphic structure of the
Xuzhou paleochannel are analyzed through data collection, field exploration, drilling, geophysical exploration and
other geological methods, and the influence of alluvium formed by the paleochannel on karst collapse and engineering
construction has been studied. It is concluded that since the late Pleistocene, a total of 5 rivers have flowed through
Xuzhou. Among them, there are 2 paleochannels in late Pleistocene, both originating in Shandong and entering
Xuzhou City from north, and 3 in the Holocene, namely, the ancient Sishui river, the ancient Bianshui river and the
ancient Yellow River. Besides, the strata of the Xuzhou paleochannel were firstly formed by the flood of the Bianshui
river and the Sishui river, and then by the alluviation of the Yellow River. Therefore, the strata are characterized by
"new" (The age is young, mainly formed by the flooding of the Yellow River.), "soft" (Many strata present the large
compressibility with high water content), "miscellaneous" (The strata contain bricks, tiles, stones and pottery of the
underground ancient city.), "changing" (The large area of cover caused by the flooding of the Yellow River not only
buried the ancient city, but also changed the landform). Furthermore, the paleochannel has created favorable geological
structure for the formation of karst collapse because the formation of superimposed silt and silt deposits as well as the
scouring to the old clay that is steadily distributed formed a replenishment skylight of underlying karst aquifer. This is
also the main reason why the collapse points are densely distributed near the paleochannel. Finally, due to the strong
water abundance near the paleochannel, the construction of the subway shield is subject to the sand inrush caused by
silt and mealy sand. At the same time, the special stratigraphic structure and engineering geological characteristics of
the paleochannel will have a great influence on the stability of foundation pit engineering and shallow foundation
buildings, and hence corresponding engineering measures should be taken during the project construction.

Key words paleochannel, karst collapse, engineering properties, influence
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pipelines, which provides conditions for the occurrence of water inrush disasters and thus increases disaster possibility.
The assessment result is in consistency with the actual situation of water inrush and tunneling. The consistency
indicates that the risk assessment index and its system are applicable to water inrush assessments in karst tunnel areas.
The cloud model intuitively reflects a fuzzy membership of risk; the variable weight theory constructs an equilibrium
function, and each index is weighted according to the specific situation. It is a good solution to the problem of mutual
neutralization between the indexes in the risk assessment of water inrush in karst tunnels, which is conducive to
observing the change range and relative importance of each index. The risk assessment method of water inrush
disasters of karst tunnels constructed in this paper can realize the objectivity of risk classification of water inrush
disasters in tunnels from a multiple decision-making perspective, which is applicable to the risk assessment of karst

tunnels and provides reference for the tunnel quality control and life assessment in the future.

Key words normal cloud model, variable weight theory, karst tunnel, comprehensive membership degree, water

inrush disaster
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