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Abstract: China has many kinds of natural disasters and frequent occurrences. It is 

a country with serious disasters. It is an effective way and means to scientifically 

understand the impact of natural disasters on railways in difficult mountainous areas 

and to promote the prevention and control of natural disasters. From the perspective 

of disaster prevention and mitigation, this paper analyses the influencing factors of 

disaster prevention and mitigation design of railway tunnels in difficult mountainous 

areas. Taking the Hejiazhai Tunnel of the Shuibai Railway as an example, it studies its 

characteristic attributes, establishes a railway tunnel representation model based on 

characteristic attributes, and gives suggestions for disaster prevention and mitigation 

projects to prevent and mitigate disasters for China's difficult mountainous railway 

tunnels to prevent and reduce disasters. The design provides reference. 
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1. Introduction 

The area of Sichuan-Tibet railway is a typical difficult mountainous area. It has the 

characteristics of active geostress, significant terrain height difference, sharp climate 

difference, complex geological conditions and other characteristics. Mountain disasters 

are frequent and a wide variety of common railway disaster prevention measures are 

difficult to meet the requirements. Therefore, it should be targeted at the 

characteristics of Sichuan-Tibet railway disasters in many places. The section can only 

be passed by deep buried long tunnels. Therefore, it is urgent to study how to optimise 
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the disaster prevention and mitigation design of railway tunnels in difficult 

mountainous areas[1]. 

 

2. Selection of characteristics and attributes of railway tunnels in difficult 

mountainous areas 

The safety of the railway tunnel consists of two aspects, namely, internal and external 

factors. The internal factors include the topography, geomorphology, geology and 

hydrological factors in the tunnel site, and the external factors include meteorological 

and seismic factors. 

2.1 Meteorological conditions 

Meteorological conditions include temperature, air pressure, wind direction, wind 

speed, humidity, solar radiation and other meteorological factors, which are complex 

and affect each other. The climate in high-altitude areas is severe, and tunnels in such 

areas need to take a series of cold protection measures to avoid the occurrence of 

frost damage, such as setting up insulated trenches. Meteorological factors will lead 

to changes in the temperature field inside the tunnel, and the design of tunnel cold 

protection measures is generally based on the temperature field. A large number of 

engineering practises at home and abroad show that the degree of frost damage of 

the tunnel increases with the reduction of the temperature outside the cave. The 

average temperature of the coldest month is the characteristic value of the low 

temperature state, which can directly reflect the degree of coldness in the area where 

the project is located. Therefore, the average temperature of the coldest month can 

be used as the characteristic attribute of meteorological factors[2]. 

2.2 Terrain conditions 

The terrain conditions mainly refer to the maximum burial depth. With the increase of 

the maximum burial depth, the ground stress and bias of the tunnel will gradually 

increase, which is not conducive to the surrounding rock stability of the tunnel. 

Therefore, the maximum burial depth is used as the characteristic attribute to 

characterise the impact of the terrain on the tunnel. 

2.3 Hydrological conditions 

Groundwater has a great impact on the stability of the surrounding rock, which directly 

affects the difficulty of tunnel construction. Excessive water content of the rock mass 

can soften the rock mass, relax and reduce the strength of the soft rock mountain 

body; promote the mudisation of the weak sandwich in the surrounding rock; reduce 

the resistance between layers, which is easy to cause the rock mass to slide; dissolve 

and expand some rocks, causing additional stress in the mountain body; when there 

is a large amount of water inrush, dynamic water pressure will be generated, and 

there will be quicksand and penetration stress. 
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2.4 Stratosphere lithology 

The stability and integrity of the tunnel rock mass have a direct impact on the design, 

construction and operation of the tunnel, so the classification of the surrounding rock 

of the tunnel is used as the characteristic attribute of the formation lithology. Railway 

Tunnel Design Specification (TB10003-2005) divides the tunnel into I~VI levels 

according to the characteristics of the rock mass and soil characteristics of the tunnel. 

2.5 Geological structure 

Geological tectonic geological structure refers to the form left behind by deformation 

and deformation of the crustal movement of rock formations in the crust, mainly folds, 

joints and faults. In the above three geological structures, in view of the fact that the 

maximum amount of water inrush has been adopted as the characteristic attribute of 

the inrush, the oblique structure, which is one of the factors affecting the water inrush, 

is no longer regarded as the characteristic attribute, but only the number of crossing 

faults and the maximum angle of joints of the tunnel are selected as the characteristic 

properties of the two geological structures describing the fault and joints. 

2.6 Earthquake impact 

Among all kinds of natural disasters, earthquakes have the greatest impact on tunnel 

safety. In the tunnel design, the intensity of the earthquake mainly measures the 

intensity of the earthquake in a certain area. Generally speaking, the larger the 

magnitude, the smaller the epicentre distance, the shallower the depth of the focal 

point, and the greater the intensity of the earthquake. The earthquake damage of the 

tunnel and the intensity of the earthquake basically correspond to a certain 

relationship. Generally speaking, the greater the seismic intensity of the tunnel, the 

more serious the earthquake damage caused by the tunnel. In this paper, the basic 

seismic acceleration value is designed as the characteristic attribute to characterise 

the impact of the earthquake[3]- [5]. 

 

3. Quantification of the characteristics and attributes of railway tunnels in 

difficult mountainous areas 

At present, the research on the relationship between the safety and stability of tunnels 

and the specific quantitative values of each attribute is not enough. In the actual 

engineering application, the analysis of the impact of each attribute on the tunnel is 

still combined with quantitative analysis and qualitative analysis. In order to better 

describe the impact of each feature attribute on the tunnel, according to the relevant 

specifications and literature, combined with theoretical analysis and the statistical data 

of railway tunnels in the southwest region, 1 to 5 are selected as the characteristic 

values of each attribute to quantify each characteristic attribute. The numerical 

significance and final quantisation results are shown in table 1 and table 2. 
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Table 1 The significance of each eigenvalue of the tunnel 

Characterisation 

value 
1 2 3 4 5 

Safety situation safety 
basic 

safety 

potential 

insecurity 
insecurity 

extremely 

insecurity 

 

Table 2 Tunnel characteristic properties and their eigenvalues 

Number, feature attribute 
corresponding 

value 

characteristic 

value 

S1 
The average temperature of the 

coldest month (°C) 

＞0 1 

0～-10 2 

-10～-15 3 

-15～-20 4 

＜-20 5 

S2 Maximum burial depth (m) 

＜30 1 

30～50 2 

50～500 3 

500～1000 4 

＞1000 5 

S3 
Maximum amount of water 

swelling(m3/d·m) 

＜1.44 1 

1.44～3.6 2 

3.6～10.8 3 

10.8～18 4 

＞18 5 

S4 Surrounding rock level 

Ⅴ 1 

Ⅳ 2 

Ⅲ 3 

Ⅱ 4 

Ⅰ 5 

S5 Initial ground stress 

low 
1 

2 

high 
3 

4 

extremely high 5 

S6 
Design the basic seismic 

acceleration value 

0.05g 1 

0.10g 2 
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0.15g 3 

0.20g、0.30g 4 

≥0.40g 5 

S7 Number of crossing faults 

0 1 

1～4 2 

4～8 3 

8～12 4 

＞12 5 

S8 Maximum joint angle (°) 

0～5 

(or none) 
1 

5～30 2 

30～60 3 

60～85 4 

85～90 5 

S9 Gas danger 

none 1 

Tiny 2 

Low 3 

High 4 

outstanding 5 

S10 
Maximum ground temperature 

(°C) 

8～28 1 

0～8 or 28～37 2 

-8～0 or 37～50 3 

-16～-8 or 50～

60 
4 

＜-16 or ＞60 5 

S11 Maximum freezing depth (m) 

＜0.8 1 

≥0.8 and ＜1.8 2 

≥1.8 and ＜3.0 3 

≥3.0 and ＜4.0 4 

≥4.0 5 

 

4. A case study of Shuibai Railway Hejiazhai Tunnel 

4.1 Overview of the tunnel 

The Hejiazhai Tunnel of the Shuibai Railway, with a total length of 2335 metres, is 

located in the mountainous area of the Yungui Plateau in Liupanshui City, Guizhou 

Province. 
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The area where the tunnel is located is a humid climate area of the northern 

subtropical monsoon. Affected by low latitudes and high altitudes, the average annual 

temperature is 4.5°C. January is the coldest month, the average temperature is -4.4°C, 

and the average temperature in July is the highest, which can reach 11.9°C. The 

annual precipitation is 1200 to 1500 millimetres. The height of the tunnel is 1850m-

2300m, and the maximum burial depth is 280m. 

The karst development in the tunnel area is strong, and the maximum inrush of the 

tunnel in the rainy season is expected to reach 24.52 m3/d·m. 

The surrounding rock of the tunnel belongs to the four types of surrounding rock, but 

due to the impact of underground inrush, the surrounding rock level is reduced to 

category III to I. The affected surrounding rock totalled is 1501m, accounting for 60.8% 

of the total length of the tunnel. Among them, the section of class III to class IV 

surrounding rock is 1083m long (43.86%), to the the V-type was 266m long(10.71%), 

and to the the VI-type was 83m long(accounting for 3.36%)(the eigenvalue of the 

surrounding rock state is 4). The seismic Defence intensity is VI, and the basic seismic 

acceleration value of the design is 0.05g. 

The tunnel is between the two major faults, and NW and NE-oriented secondary faults 

have developed; geological history has been squeezed by near-SN direction. Small 

folds have developed a large number of folds, and the axis of the folds are dumping 

to the west, with an inclination angle of 75° to 82° of the two wings. It is squeezed 

by regional structures, with ductile deformation and late shear characteristics, which 

has little impact on the safety and stability of the tunnel. 

The faults are mainly NE and NW oriented, with a total of 22, of which 14 intersect 

with the tunnel axis and basically cross with the tunnel axis at high angle (the overall 

orientation of the tunnel is SW215°), the yield 90°~140°/180°～230°, the inclination 

angle is 60°~80°, extending from dozens to hundreds of metres; the width of the fault 

fracture band is dozens of centimetres, the large is more than ten metres, mainly 

divided by fracture rocks and keratolite, with fault mud. Its impact is mainly by cross-

cutting deformation. The deep fault cutting of the shaft of the tunnel may cause a 

collapse, and the cut river fault also includes water-guided fractures, which may cause 

water inrush. The joints are mainly shear joints, straight, smooth and closed without 

filling, mainly in the north direction, extending from a few centimetres to a few metres, 

which is generally the secondary structure of the fault. 

The tunnel hole is close to the vertical rock formation and the strata structure 

composed of carbonate rock and coal-based strata and basalt through coal and 

Permian. The middle and exit sections of the tunnel are coal-based strata. There are 

16 layers of coal in the two sections of coal-based strata, with a gas content of 8.7 to 

13.5 m3/t and a gas pressure of 2.1 to 2.3 Mpa, which has a prominent danger of coal 
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and gas. The ground temperature at the depth of the tunnel is 13-18 °C. There is no 

obvious phenomenon of rock explosion, and the initial ground stress is low. 

 

Table 3 Summary of characteristic attributes and characteristic values of Hejiazhai 

Tunnel of Shuibai Railway 

Attribute 

The coldest 

average 

temperature 

in the coldest 

month 

maximum 

burial 

depth 

water inrush 
surrounding 

rock level 

Initial 

ground 

stress 

design basic 

seismic 

acceleration 

value 

Corresponding 

value 
-4.4℃ 280 24.52 V Low VI 

Characterisation 

value 
2 3 5 5 1 1 

Attribute 
Number of 

crossing faults 
joint angle gas danger 

ground 

temperature 
  

Corresponding 

value 
0 80 outstanding 18   

Characterisation 

value 
1 4 5 1   

 

4.2 Engineering measures 

1.Treatment of karst caves, surges and surface collapses 

(1) Fill the surface collapse pit, and pave the possible leakage trench with slurry stone 

to intercept and prevent seepage, and reduce the water seepage pressure in the cave. 

(2) Extend the smooth guide of the exit along the slope. (3) Add a horizontal channel 

to connect to the main hole to expand the construction operation surface. A 

submersible pump is installed in the main hole, which is combined with the pump 

installed in the construction of the hole to form a relay pumping measures to pump 

water from the back slope of the positive hole to the smooth guide and discharge it 

along the slope. (4) Strengthen the lining structure. 

2. Cracking and deformation treatment of tunnel crumbing and support lining 

For the cracking deformation and intrusion section of the support or lining, enter the 

self-contained hollow grouting bolt to strengthen the surrounding rock, remove the 

intrusion part, and re-apply apply the initial support and secondary moulded reinforced 

reinforced lining of reinforced steel concrete; the pre-stage pipe shed is used for the 

demolition section. 

3. Gas prevention and control 

According to the "Technical Specification for Railway Gas Tunnel" (TB10120-2002), 

construction electromechanical equipment, instruments, lighting and blasting 

equipment are selected in accordance with the Coal Mine Safety Regulations. The 

tunnel design has measures to prevent coal and gas protrusion, such as pre-
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exploration holes, prediction holes, discharge holes and inspection holes, longitudinal 

ventilation of jet fans (wall cage type), coal metal skeletons and advanced support. 

The risk prediction of coal seam and gas is mainly carried out before the advanced flat 

guide to uncover the coal. The flat guide adopts the full section to remove coal once, 

and the main hole adopts the front step method to remove the coal twice in the upper 

and lower section, so as to reduce the amount of coal drop in the briquet and the 

danger of coal and gas protrusion, and it is conducive to construction ventilation[6]- 

[8]. 

 

5. Conclusion 

This article mainly studies the railway tunnel project in difficult mountainous areas 

from the perspective of disaster prevention and mitigation. Through extensive review 

of relevant literature, combined with multiple railway safety impact factors such as 

topography, geological formation, geological structure, meteorological hydrology and 

seismic impact, the characteristic attributes used to describe the difficult mountainous 

railway tunnel project were determined, and each characteristic attribute index was 

quantified and standardised, and the Shuibai Railway Hejiazhai Tunnel As an example, 

Tao has carried out empirical research and given suggestions for the optimisation of 

disaster prevention and mitigation design, which provides new ideas for disaster 

prevention and mitigation design of railway tunnels in difficult mountainous areas of 

China. 
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