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Abstract

The article takes the construction of the Mopanshan Tunnel of the Liwan Expressway
through the monoclinic fissure section as the engineering background, and analyzes the
process of water inrush and collapse during the tunnel excavation process. In the
construction process, the geological disaster prediction of the tunnel construction
section is carried out by using the advanced geological prediction technology. The
geological causes of the tunnel construction section are analyzed. The results show that
the surrounding rock integrity of the construction section is poor, the rock mass is
broken, and the water inrush and collapse disasters are treated by comprehensive
technical means such as strengthening the surrounding rock support, hanging net spray
anchor, concrete plugging wall, and curtain grouting. It provides a reference for the
prevention and control of similar tunnels with water and mud inrush disasters.
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1. INTRODUCTION

Tunnel collapse water inrush accidents in engineering are often sudden, with strong
concealment and destructiveness. Because this is a multi-field complex system, the complexity
of geological environment, the uncertainty of disaster evolution and the limitation of existing
prediction technology make the prediction and management of accidents complicated and
difficult. Collapse is one of the common accidents in mountain tunnel construction. Engineering
practice shows that under different conditions, the manifestations of tunnel collapse are
different due to different influencing factors. Geological conditions, design, construction
technology and management factors are usually considered to be the main factors affecting
tunnel collapse [1-31 Wang Chengbing et al. [l pointed out that the collapse caused by poor
geological conditions or underground (surface) water accounted for about 74 % through the
statistical analysis of 108 cases of collapse. Water inrush and collapse accidents often occur in
mudstone and sandstone interbedded lithology. Among them, the analysis of the mechanism of
water inrush in mudstone sandstone interbeds proposes a typical disaster mode of water inrush
and collapse in tunnel surrounding rock, and the model of water inrush and collapse in
mudstone sandstone interbeds. However, there are relatively few analysis and research data on
the water inrush disaster of fissure collapse in monoclinic tunnel.

In this paper, combined with the construction of monoclinic fracture section of Mopanshan
Tunnel of Liwan Expressway, the disaster process of collapse and water and mud inrush during
tunnel construction is analyzed in detail. The post-disaster treatment of water inrush ensures
the construction safety of the tunnel through the monoclinic fracture section of the tunnel,
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which can provide engineering reference for similar monoclinic tunnel construction.2. project
profile.

2. PROJECT PROFILE

The Mopanshan Tunnel is located on the northwest side of Qiyue Mountain in Mudao Town,
Lichuan City, Hubei Province. It is designed as a separated tunnel. The left mileage pile number
is ZK22 + 605 ~ ZK25 + 005, with a total length of 2400 m. The surrounding rock of grade III
accounts for about 17.3 %, the surrounding rock of grade IV accounts for about 70.6%, and the
surrounding rock of grade V accounts for about 12.1%. The maximum buried depth is 414 m,
and the longitudinal line type is 2.2 % uphill. The right mileage pile number is : YK22 + 645~
YK25 + 002, with a total length of 2357 m. Among them, grade III surrounding rock accounts
for 17.2%, grade IV surrounding rock accounts for 74%, and grade V surrounding rock accounts
for about 8.8%. The maximum buried depth is 398 m, and the longitudinal profile is 2.2%
downhill. Tunnel clearance : 10.5m x 5.0m.

The topography of the Mopan Mountain Tunnel is shown in Figure 151. The tunnel area
belongs to the structural denudation low mountain landform and mountain terrain. The
proposed tunnel obliquely passes through the Mopan Mountain Mountains. The ground
elevation of the tunnel passing through the area is 1050~1420 m, and the surface topography
of the passing area is steeply undulating as a whole. The slope where the tunnel entrance is
located is a concave slope, with a slope angle of about 30° and a slope aspect of 132°. The slope
where the tunnel exit is located is a concave slope, with a slope angle of 40° and a slope direction
of 317°, which is located on the half-hill slope.

Lichuan Wanzhou

—

Elevation(m)
11080

1140
1100
1060 {7

1620 SAVUOIANVI
Mileage(m) @ @ ; ®| , @ _@ @_|
YE2HT00  YR2Z#00  YE2S4I0D  YEZ3:300  YE234A00  YEZNIOD  YE23ea00  TR2AHI0 YRMHIOD  YE2AROD  YERMTD0  YEZ4ONO

(©=T.b mudstone intercalated with argillaceous limestone@-T:b argillaceous limestone intercalated with mudstone®-T:xj shale
mudstone with sandstone®-Taxj sandstone with shale and mudstone@®@-T:xj mudstone sandstone with shale®-T.xj sandstone
intercalated with shale and mudstone(@-J..z mudstone, siltstone with limestone®-J.:z mudstone, siltstone with limestone
(T T lithic sandstone

Figure 1. Sketch of geological profiles of Mopanshan tunnel

Geological structure: The tunnel site is located in the northwest wing of the Qiyueshan
anticline, mainly in the monoclinic stratum, but it is located near the tectonic compression zone.
The inclination angle of the rock stratum is large, and the occurrence of the rock stratum is 312
~ 325°2£35 ~ 57°There is no interlayer fault crossing the tunnel area, but the rock mass is
broken.

Lithology: The surface part of the tunnel area is covered with Quaternary residual slope silty
clay (Q4dl + el), and the underlying bedrock is the Middle Triassic Badong Formation (T2b)
mudstone with argillaceous limestone, Upper Triassic Xujiahe Formation (T3xj), J1z sandstone
with shale, J1-2z mudstone, siltstone, J2x sandstone.
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Hydrogeological conditions: within the area where the tunnel is located, there is no perennial
surface water passing through, and the surface water is mainly gully water flowing to the river.
The flow is obviously affected by the season, and the precipitation is mostly concentrated in
summer, and the precipitation in winter is the least. The average annual rainfall in this area is
about 1400mm, the maximum rainfall can reach 166.9mm, and the local can reach 324mm.In
summer, the microclimate characteristics of mountainous areas are obvious. Thunder showers
and rainstorms appear in this area almost every day. Groundwater is not well developed, and a
small amount of groundwater is mainly fissure water and loose pore water. The recharge of
groundwater is mainly recharged by atmospheric rainfall. The main discharge methods are
surface runoff, evaporation and discharge to rivers or slopes through small fissure spring water.
The statistics of rainy days in Lichuan are shown in Fig. 2.

Statistics of rainy days in Lichuan in 2015
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Figure 2. Statistical data of rainy day in Lichuan in 2015

3. ADVANCED GEOLOGICAL PREDICTION

At present, TSP, which is commonly used in advanced geological prediction of tunnels [6-11],
can be used for geological prediction in a long distance in front of the tunnel. The advanced
geological forecast layout is shown in Fig.3.Based on the analysis of TSP detection results and
geological data, the overall situation of the prediction section is poor, the surrounding rock is
broken, and the water content is high. The surrounding rock of the tunnel body, such as the
tunnel face, is medium and strong weathered sandstone with mudstone and shale. The integrity
of the rock mass is poor, the rock mass is broken, the mudstone is softened with water, the
overall strength of the rock mass is low, the sandstone cracks are developed, and there is more
fissure water. The water content of some mileage is high, and the YK23 + 832 ~ YK23 + 854
section in front of the tunnel face. In the range of YK23 + 858 ~ YK23 + 862, YK23 + 885 ~ YK23
+ 900, YK23 + 915 ~ YK23 + 920, YK23 + 920 ~ YK23 + 938, the strength and integrity of
surrounding rock are poor, the cracks are developed, the interlayer bonding is poor, and there
may be large water-bearing structures. Attention should be paid to the change of surrounding
rock before construction. The footage should be controlled during construction. After
excavation, the support should be strengthened to protect the bearing capacity of rock mass
and ensure the safety of construction.
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4. WATER INRUSH COLLAPSE SITUATION

During the construction of Mopanshan tunnel, water gushing and collapse disasters occurred
many times, which brought great difficulties to the construction. Taking the right hole as an
example, the water flow gushes out obviously near the tunnel face of YK23 + 698, YK23 + 722,
YK23 +814,YK23 + 855, YK23 + 864, YK23 + 910 and YK23 + 920, and the vault of some mileage
collapses to form a small collapse cavity, as shown in table 1 below. The photos of the water
inrush scene are shown in Figure 4.

(a) YK23+698 (b) YK23+722

(d)> YK23+855 (e) YK23+864 (f) YK23+910
Figure 4. Water inrush scene photos
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Table 1. Overview of collapse and water inflow in Mopanshan Tunnel

Date Mileage Lithology situation Description of the situation
The surrounding rock integrity is poor, the rock mass is broken,
the rock mass strength is low, and the surrounding rock is
The tunnel face is loose ; joint fissure development, poor bonding between
August 11 exposed as medium- layers ; the fissure water is developed, and the arch is a stream
5 ! YK23+698 strongly weathered of water ; during the excavation process, the working face is
2015. . . . : .
argillaceous limestone constantly falling, forming a small collapse cavity. The collapse
and shale. cavity exceeds the vault contour line by about 2 ~ 2.5m, the
longitudinal length is about 3.5 ~ 4m, and the circumferential
length is about 5 ~ 5.5m.
The integrity of surrounding rock is poor and the rock mass is
. . broken. Joint fissure development, poor bonding between
The working face is ) .
. layers; karst fissure water development ; there is a large water
exposed as medium- . . .
strongly weathered inrush on the right arch waist of the tunnel face, and the water
August 20, YK23+722 : . volume is about 500m3/h. After several days of observation, the
limestone with shale, . . .
2015. water volume has no obvious attenuation. The surrounding
and black coal appears ;
: . rock near the water flow collapses and forms a collapse cavity.
on the right arch waist, . .
which is fragile bv hand The collapse cavity exceeds the vault contour line by about 1.5
& y ’ ~ 3.5m, the longitudinal length is about 6 ~ 6.5m, and the
circumferential length is about 5.5 ~ 6.5m.
The strength of rock mass is high, the joint fissure is developed,
and the integrity of surrounding rock is poor. The fissure water
. is developed, flowing out in the form of strands, and the
The face of the tunnel is .
amount of water is large; from the vault of the tunnel face to the
October 25, revealed to be . . . .
YK23+814 right arch line, block falling and collapse occur, and in the
2015. moderately weathered . .
. subsequent excavation process, block falling occurs one after
sandstone with shale. : ;
another, forming a collapse cavity. The collapse range exceeds
the tunnel contour line by about 3m, the longitudinal length is
about 6m, and the circumferential length is about 8m.
Joint fissures are developed and rock mass is broken; fissure
water development ; the surrounding rock strength is low, the
The left side of the rock mass integrity is poor, the right side excavation is easy to
November tunnel face is exposed as fall, and it is easy to soften in water. During the excavation
17 2015 YK23+855 moderately weathered process, the arch of the tunnel face to the right side of the arch
’ ' sandstone, and the right line within the scope of the block, collapse, the formation of
side is shale. collapse cavity, collapse range more than the tunnel contour
line radial height of about 1.0m-2.5m, longitudinal length of
about 3.0m-3.5m, circumferential length of about 4.4m-5.0m.
The tunnel face is Joint fissures are developed and rock mass is broken; fissure
November YK23+864 revealed to be strongly water development ; the strength of surrounding rock is low,
22,2015. weathered shale with the integrity of rock mass is poor, the excavation of vault is
mudstone. serious, and it is easy to soften in water.
The bedding is developed, the occurrence development is
The working face is irregular, the layer is smooth, and the interlayer bonding is
December 24 exposed as moderately  poor ; joint fissures are developed and rock mass is broken ; the
2015 ’ YK23+910 weathered sandstone, surrounding rock strength of the vault is low, the integrity of
' partially intercalated the surrounding rock is poor, and the falling block is serious
with shale. after excavation. The fissure water develops, and the right arch
waist exposes a large flow of water.
Joint fissures are developed and rock mass is broken ; the
. . bedding is developed, the occurrence development is irregular,
The working face is . : L
the layer is smooth, and the interlayer bonding is poor ; the
December 29 exposed as moderately integrity of surrounding rock is poor, and the block is serious
" YK23+4920 weathered sandstone, !

2015.

partially intercalated
with shale.

after excavation ; the fissure water is developed, and the right
arch waist exposes the large flow of water, which is like a
waterfall. The palm surface has a large area of scattered water,
which is linear.

5. WATER GUSHING AND GEOLOGICAL GENESIS OF COLLAPSE

Taking the right hole mileage pile YK23 + 722 as an example, the disaster mechanism of water
gushing collapse in surrounding rock of tunnel face is analyzed. The surrounding rock of this
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section is medium weathered argillaceous limestone with mudstone and shale (T2b). Mudstone
rainwater is easy to soften, argillaceous limestone fissures are well developed, and small
dissolution fissures are locally developed. The strength of surrounding rock is poor, [BQ] = 275.
There is no surface water, and the groundwater is mainly bedrock fissure water and interlayer
karst water. The water volume is less affected by seasonality, and the phenomenon of dripping
and seepage can be seen in the cavern. The integrity of surrounding rock is good.

On August 22,2015, the tunnel face was excavated to this mileage, which was exposed as
medium-strong weathered limestone with shale, and black coal appeared on the right arch
waist, which was fragile by hand. The integrity of surrounding rock is poor and the rock mass
is broken. Joint fissure development, poor interlayer bonding; karst fissure water development;
there is a large water inrush on the right side of the tunnel face, and the water volume is about
500m3/h. After several days of observation, the water volume has no obvious attenuation. The
surrounding rock near the water flow collapses and forms a collapse cavity. The collapse cavity
exceeds the vault contour by about 1.5 ~ 3.5m, the longitudinal length is about 6 ~ 6.5m, and
the circumferential length is about 5.5 ~ 6.5m.

The mileage of the water gushing collapse is at the junction of grade IV surrounding rock and
grade V surrounding rock. The lithology of the surrounding rock transits from moderately
weathered argillaceous limestone with mudstone and shale to moderately weathered shale and
local thin coal seam. It has two characteristics of surrounding rock lithology. Among them, the
shale strength is low, and the phenomenon of layering is obvious. It contains many thin-page or
thin-sliced joints, which are also broken into pieces under high stress. Shale is impermeable and
often becomes an aquiclude in groundwater distribution. In front of the mileage pile number
YK23 + 722 is a shale aquiclude of about 90 meters thick. The fissure water flows along the
interface of the aquiclude. The tunnel is excavated to this mileage to provide a drainage channel
for the fissure water flow.

The strength of mudstone is low. Under the action of water, the macroscopic cracks increase
and expand obviously, the internal structure is destroyed, and its structure is lost. As a result,
the main physical and mechanical parameters of rock, such as internal friction angle and
cohesion, decrease sharply, resulting in the decrease of rock mass strength. The mudstone
exposed to the tunnel floor for along time is trampled to form a layer of mud layer on the surface,
which is like the soil in the pond. Where there is more fissure water in the mudstone tunnel, the
deformation and failure of the surrounding rock is significantly higher than that of the dry
surrounding rock. As shown in figure 5 (a), the massive mudstone taken from the tunnel site
has a mud layer on the surface of the mudstone, a smooth touch, and residual fine-grained soil
on the hand. As shown in figure 5 (b), the mudstone is soaked in water for 24 hours, completely
losing its structure and becoming loose clay.

(a) field sampling (b) After soaking for 24 hours
Figure 5. Comparison of mudstone before and after soaking
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The argillaceous limestone is composed of clay particles and carbonate particles, showing a
granular or muddy structure. It is a transitional sedimentary rock between clay rock and
carbonate rock, and thus has the characteristics of both types of rocks. In places where
groundwater is developed, the CaCO3 component in argillaceous limestone is easily eroded by
water flow to form dissolution fissures, which in turn forms groundwater migration and
dissolution channels. After the tunnel excavation exposes the dissolution channels,
groundwater flows or gushes into the tunnel.

The underlying rock stratum of the geological structure of the construction section is shale,
and the upper part is sandstone layer. Due to the large porosity, strong water permeability and
interlayer fracture development, it provides channels and space for groundwater migration and
storage. Groundwater accumulates inside the sandstone and the groundwater level rises. The
dip angle of rock stratum is 45 ° ~ 50 °, which is beneficial to the supply of surface water source.
Shale and sandstone are subjected to weathering and denudation, forming negative terrain such
as valleys and depressions, which is conducive to the collection of surface water. The rainfall in
this area is large, the rainfall period is long, and it is easy to collapse and deform under the
excavation disturbance.

6. TREATMENT MEASURES

Considering the special treatment of the later stage of the effluent influence section (YK23 +
855 ~ YK23 + 920), the initial support of this section is strengthened. And the grille steel frame
is adjusted to 118 steel frame, the thickness of shotcrete is adjusted to 24 cm, and the excavation
section is increased accordingly. In order to ensure the safety and progress of construction, a
variety of construction techniques are used to carry out emergency treatment of water inrush.
The overall construction scheme of water inrush and collapse construction treatment process
is to strengthen the surrounding rock support, hanging net spray anchor, concrete plugging wall,
curtain grouting and other comprehensive technical means for treatment. The monitoring and
measurement work should be strengthened, the reserved deformation should be dynamically
adjusted according to the monitoring results, and the construction should be carried out in
strict accordance with the construction method to ensure the construction safety.

7. CONCLUSION

The process of water and mud inrush in Mopanshan tunnel is systematically analyzed. The
hydrogeological conditions of Mopanshan tunnel, advanced geological prediction, the causes of
water and mud inrush and the prevention and control measures after tunnel collapse and water
inrush disaster are analyzed. The main conclusions are as follows:

(1) Surface rainfall and rock fragmentation in tunnel engineering are necessary factors for
water inrush and collapse.

(2) Through the advanced geological forecast technology forecast, the forecast results show
that the overall situation of the construction section is poor, the surrounding rock is broken, the
water content is high, the surrounding rock of the tunnel is medium and strong weathered
sandstone with mudstone and shale, the integrity of the rock mass is poor, and the rock mass is
broken.

(3) The geological causes are analyzed. The results show that the surrounding rock of this
section is moderately weathered argillaceous limestone with mudstone and shale. It is easy to
soften when encountering water. The argillaceous limestone cracks are more developed, and
small dissolved pores are locally developed. The strength of surrounding rock is poor. It is very
easy to cause water inrush and collapse accidents. After the occurrence of mud and water inrush
accidents, the post-disaster treatment measures should be taken in time, the surrounding rock
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support and shotcrete should be strengthened, and the monitoring and measurement analysis
should be strengthened to avoid the occurrence of secondary accidents.
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