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Based on the systematic study on the characteristics of water and mud inrush during the excavation of Jingzhai tunnel, the
mechanism of water inrush seepage transformation caused by excavation disturbance is analyzed. By means of electromagnetic
geophysical prospecting, the potential water bearing area of the tunnel was analyzed. The constitutive model of rock mass and
grouting parameters are considered in the numerical simulation. The law of tunnel crack initiation and expansion under
different curtain grouting parameters is proposed. The characteristics of seepage water inrush caused by excavation are
described. It is considered that there are three stages in the seepage characteristics of tunnel: incubation, sudden, and stable.
Numerical simulation was used to analyze the crack propagation track and water inflow characteristics under the grouting
thickness of 3m, 5m, and 7m. When the curtain grouting thickness was 3m, the fracture field penetrated the curtain grouting
area. The dominant seepage channel is formed, which greatly increases the probability of water inrush. When the curtain
thickness is 5~7m, the expansion of the crack zone can be controlled basically, so that the fracture and water bearing rock layer
cannot form a seepage channel. At last, the grouting scheme of 6m thick grouting and 20m advanced grouting was selected,
and the water seepage was reduced by 83%.

1. Introduction

With the transfer of China’s tunnel construction to the cen-
tral and western regions, especially in the southwest region,
the geological structure is complex, the lithology is poor,
and the groundwater is rich, which brings a severe test to
the engineering construction. Based on the investigation
and analysis of water inrush and mud inrush cases, it is found
that the water rich fault fracture zone is a common geological
structure that causes water and mud inrush. At the same
time, excavation disturbance is also the main cause of this
kind of disaster. At present, many scholars have carried out
a series of research on the evolution mechanism of water

inrush and mud inrush in fault fracture zone tunnels. The
quantitative research on the parameters of grouting control
measures such as curtain grouting is also rich.

For example, Shao et al. [1] established an evolution
model of seepage characteristics with multifield coupling.
The model is used to study the evolution process of water
inrush in fault and the influence of water pressure, initial
effective porosity, and initial permeability on water flow.
Sun et al. [2] used the COMSOL numerical simulation to
analyze the formation and evolution of water inrush channels
in deep underground fault mines. The results show that with
the advance of the working face, the stress gradually concen-
trates near the hidden fault. The velocity inside the fault is
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much higher than that in the floor, which means that the bur-
ied structure is very important for lifting the confined water
and destroying the floor. When the failure area is connected
with the fracture of the hidden fault, a water injection chan-
nel is formed. Liu et al. [3] established the thermal nonlinear
hydraulic mechanical coupling model of fault water inrush,
studied the water-rock-water interaction, and predicted the
fault water inrush. The governing equations of coupled
THM model are established by coupling particle transport
equation, nonlinear flow equation, mechanical equation,
and heat transfer equation. The results show that the mining
stress and water flow velocity have great influence for fault
zone. Zhou et al. and Wang et al. [4, 5] thought that the fault
activity is generally caused by the stress concentration at the
fault tip and established a typical calculation model of under-
ground stope with hidden faults. The fault tip field is quanti-
tatively evaluated, the possibility of fault activation is
evaluated, and the stress intensity factor reflecting the degree
of stress concentration is obtained. Hu et al. and Zhen et al.
[6, 7] established a simplified mechanical model including
many factors related to the activation and evolution of con-
cealed water conducting faults. The influence of normal
stress and shear stress on fault activation and effective shear
stress distribution in fault plane are obtained. The factors
affecting fault activation include buried depth of buried fault,
friction angle of fault surface, advancing direction of working
face, and pore water pressure. In order to evaluate the risk of
water inrush, AHP and GIS are combined to put forward the
vulnerability index method. Six factors controlling the water
inrush are analyzed [8–11]. The dynamic process of inrush is
reproduced by numerical simulation. The coupling evolution
process of stress field, displacement field, and seepage field is
analyzed, and the characteristics of precursor information
are summarized [12–16]. Liu et al. [17] proposed a seepage
erosion-coupled water inrush model to study the seepage
erosion characteristics. Based on the classical theory of solute
transport, a hydrodynamic model of porous media is pro-
posed. In this model, the change of porosity relates the per-
meability to the accumulation of particle loss in the seepage
erosion process. The influence of curtain grouting thickness
on seepage erosion process is studied by using the seepage
erosion coupling model. The results show that with the
increase of thickness, the seepage erosion process gradually
weakens.

Li et al. [18] reviewed the current situation of water and
mud inrush prevention and control at home and abroad
and introduced the latest development of relevant theories,
grouting equipment, and key technologies. According to the
constitutive relation of typical fast setting slurry, the time-
varying equation of slurry viscosity at different volume ratios
is obtained. Zhang et al. [19] proposed the key-hole grouting
method and applied it to the treatment of high-pressure
water inrush in fractured rock mass. Jiang et al. and Liu
et al. [20, 21] established a simplified model to simulate the
whole process of water inrush and carried out a series of
large-scale geomechanical model tests. The influence of for-
mation pressure, water pressure, and thickness of waterproof
board on water inrush is studied. Saleh et al. and Liang et al.
[22, 23] investigated the chemical composition of polyure-

thane and other chemical grouting materials and discussed
the grouting methods, grouting materials, advantages and
disadvantages, and the application in the field and laboratory.
Xu et al. [24] developed a complete set of physical simulation
system to study the grouting of high-pressure fissures in deep
underground rocks such as deep coal mines. In order to
improve the sealing efficiency and dynamic flow resistance
of cement slurry, Yang et al. [25] added carbon fiber into
cement slurry to develop a new type of flowing water envi-
ronment slurry. Li et al. [26] simulated the radial transient
flow of variable density polymer slurry in a plane fracture.
The flow of polymer slurry mainly depends on the secondary
pressurization caused by its own expansion, which is differ-
ent from the diffusion mechanism of constant pressure
driven equal density slurry. In order to improve the early
strength and grouting effect of flowing water-grouting slurry,
Li et al. [27] mixed nano-calcium carbonate and fly ash into
cement-based slurry. Through a series of physical simulation
experiments, the viscosity test results show that the viscosity
of the slurry decreases with the increase of nano-calcium car-
bonate content. The results show that with the increase of
yield stress, consistency index, and flow index, the expansion
rate of cement slurry decreases. The nonuniformity of frac-
ture pore size has an important influence on its propagation
process [28].

It can be seen from previous research results that many
water inrush prevention and control work is in the explora-
tion of continuous progress. Because of the great difference
of disaster pregnant mode under different karst environment
conditions, different expert teams pay attention to different
points, so the research on comprehensive prevention and
control measures of tunnel water inrush disaster under com-
plex karst environment conditions is worthy of further study.
In view of the phenomenon of crack propagation caused by
excavation, the law of crack propagation under different
grouting thickness is analyzed in this paper. According to
the fracture development law and seepage flow, the appropri-
ate grouting parameters are determined and finally applied to
the engineering practice.

2. Background of the Jingzhai Tunnel

2.1. Geological Conditions. Jingzhai tunnel is located on the
middle line of Pan Asian Railway from Kunming to Bangkok,
which is the administrative region of Jinghong City in Yun-
nan Province, as shown in Figure 1. This item is a single-
track railway tunnel with a cross-section width and height
of 10.05m and 8.16m, respectively. The tunnel entrance
mileage is DK405+615, the exit mileage is DK415+124, the
total length is 9509m, and the maximum buried depth of
construction tunnel is 711m. The surface water and ground-
water of the tunnel are relatively developed, and the ground-
water is mainly bedrock fissure water and karst water. The
normal water inflow of the tunnel is 44100m3/d, and the
maximum water inflow in rainy season is 66150m3/d. In
the original project construction scheme, the New Austrian
Tunneling Method (NATM) and three-step excavation were
adopted. In the process of tunnel construction, serious
adverse geological conditions were encountered, and three
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outburst events occurred. At present, the remaining work is
about to cross the Manmo Xiaozhai-Jiabutuo fault. It is nec-
essary to take prereinforcement measures to ensure the con-
struction safety in the process of crossing the fault. Curtain
grouting technology is adopted for prereinforcement.

The tunnel site is located in the middle and low moun-
tains. The underlying bedrock of the tunnel is sandstone,
slate with shale, limestone, mudstone, siltstone and coal line,
basalt, and dacite porphyry. There are strong tectonic move-
ments in the tunnel site, including Guanhan syncline and
Manmo Xiaozhai-Jiabutuo. The axis of Guanhan syncline is
about N22°W, and it intersects with the line at about 61°

and is supposed to intersect with the tunnel body at DK414+
440+490. The Manmo Xiaozhai-Jiabutuo fault strikes N10°

to 30°W, and its angle with the line is about 58° and intersects
with the tunnel body at DK409+180~+200, which is a com-
pressive reverse fault. The strike of the strata is generally par-
allel to the fault line. The width of the fault fracture zone is
about 20m. The fault breccia is mainly composed of breccia
and mudstone with a small amount of mylonite.

2.2. Analysis of Survey Results by Magnetotelluric Method.
The principle of audio frequency magnetotelluric method
(AMT) is based on the principle of magnetotelluric sounding
(MT). The apparent resistivity frequency curve is used to
obtain the distribution of underground resistivity, so as to
distinguish lithology and structural bodies, and identify the
spatial distribution and properties of underground geological
bodies. In this survey, V8 magnetotelluric instrument is used,
the transmitting and receiving distance is 12000m, and the
transmitting dipole distance is 1500m. The receiving dipole
distance is 40m, the point distance is 40m, the working fre-
quency is 1Hz-8192Hz, and the transmitting current is not
less than 3A in high-frequency band and 16A in medium-
and low-frequency band. The Mtsoft 2D magnetotelluric

two-dimensional processing and interpretation software is
used for processing and interpretation. The original data
are preprocessed by overlapping time series, manually select-
ing time series, robust processing, and other methods, so as
to highlight the useful signals, suppress the interference,
and improve the signal-to-noise ratio of the data. After pre-
processing, the data are processed by denoising, static correc-
tion, and spatial filtering, and then one-dimensional and
two-dimensional inversions are carried out. According to
the resistivity values, the low-resistivity anomalies can be
roughly divided into four types: I (more than 2500ΩM),
II (1000~2500ΩM), III (200~1000ΩM), and IV (less than
200ΩM). They are relatively complete rock mass, relatively
broken rock mass, weak or water-bearing rock mass, and
extremely weak or water-rich rock mass. As shown in
Figure 2, the results of comprehensive geophysical and
electrical geological section are drawn. On this basis, a com-
prehensive interpretation of the geological structure and
lithology of the tunnel survey line section is made. The
surface-weathering layer in the survey area corresponds to
the low resistivity characteristics of electrical structure.

The resistivity of DK408+900~DK409+700 section
shows very low characteristics, which is strip reflection, and
the inversion resistivity gradient value nearby is large, corre-
sponding to the fault fracture zone. It is inferred that the area
is Manmo Xiaozhai-Jiabutuo fault. The resistivity of
DK410+100~DK410+300 section shows low characteristics,
which indicates that the area is a fold structure. The resis-
tance value of surrounding rock of tunnel body is below
2200ΩM, so attention should be paid to prevent water gush-
ing, mud bursting, and collapse during construction.

2.3. Geological Disasters and Countermeasures. During the
construction of DK408+900~DK410+300 section with low
resistivity, three water inrush, mud inrush disasters, and

Gansu Province

Jingzhai tunnel

Beijing

Figure 1: Location of Jingzhai tunnel.

3Geofluids



shutdown accidents occurred. Some water and mud inrush
photos are shown in Figure 3. The total amount of ground-
water and mud is more than 190000m3 and 3000m3, respec-
tively, and the water pressure is as high as 0.3MPa. The
disaster caused 96 days of construction stagnation and large
deformation of surrounding rock. In the construction pro-
cess, in view of the actual problems such as water gushing
and mud bursting, the full-section curtain-grouting technol-
ogy is proposed. This technology can effectively reduce the
water pressure of the water bearing geological body ahead
and strengthen and improve the rock mass to prevent the for-
mation of water seepage channel, so as to ensure the safety of
tunnel construction. The key indexes of this method are the
length of longitudinal grouting reinforcement and the range
of circumferential reinforcement.

3. Optimization on the Safety Thickness for
the Tunnel

3.1. Tunnel Seepage and Constitutive Model of Rock Mass. In
order to simulate the nonlinear dynamic behaviors of water
inrush and mud inrush during the construction of carbona-
ceous slate tunnel, based on the discrete element method
and cubic law theory, a coupling model of excavation distur-
bance crack propagation seepage was established. The model
is based on the assumption that primary joints and secondary
joints are the dominant seepage channels of tunnels with
well-developed fracture fields.

In the process of tunnel excavation and advance, the
development of surrounding rock fracture field is a continu-
ous expansion, and when the fracture field intersects with the

tunnel water rich area, the water gushing channel will be gen-
erated. Under the influence of water, the strength of the sur-
rounding rock decreases sharply, which leads to large-scale
deformation of rock mass and influx into tunnel space.
Therefore, the most important thing to distinguish the grout-
ing area is to study the development and evolution law of
fracture field under different grouting parameters.

3.1.1. Constitutive Model of Rock Mass. The Hoek Brown cri-
terion [29, 30] comprehensively considers the influence of
rock mass structure, rock mass strength, and mining in rock
mass failure analysis, which makes up for the deficiency of
the Mohr Coulomb criterion in rock mass failure analysis
to a certain extent. Therefore, the Hoek Brown model is used
to study the deformation characteristics and behavior of
rock mass. The calculation method is shown in formulas
(1) and (2).

σ1 = σ3 + σc mbσ3/σc + sð Þa, ð1Þ

mb =mi exp
GSI − 100
28 − 14D

� �

s = exp GSI − 100
9 − 3D

� �

a = 1
2 + 1

6 e−GSI/15 − e−20/3
� �

9>>>>>>>>=
>>>>>>>>;

: ð2Þ

In the formula, GSI is the geological strength index, mi is
the rock material index, D is the impact index of blasting
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Figure 2: Magnetotelluric inversion results.

(a) (b) (c)

Figure 3: Water gushing and mud inrush in tunnels. (a) Mud inrush in tunnel. (b) Water inrush from advance probe hole. (c) Tunnel water
gushing.
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damage on rock mass, mb ,s, and a are the empirical param-
eters of H-B criterion.

3.1.2. Coulomb Slip Joint Model. The failure modes of joints
are mainly shear failure, tension fracture failure, compression
shear failure, and tension shear failure. These failure modes
can be simulated and analyzed by the Coulomb slip joint
model. The calculation principle is as follows [31, 32]:

Fn = f n − knΔU
nAc,

Fi
n = f i

n − knΔUi
nAc:

ð3Þ

In the formula, kn, ks is the normal stiffness and tangen-
tial stiffness of the joint surface; ΔUn, ΔUi

n are the contact
normal and tangent displacement increments, respectively;
and Ac is the contact area.

When the joint is in the elastic stage and there is no slip,
the maximum tensile force and shear force on the joint sur-
face are as follows:

Tmax = −TAc,
Fs
max = cAc + Fn tan φ:

ð4Þ

In the formula, T is the tensile strength of the joint, and C
is the cohesion of the joint.

The cohesion and tensile strength of the joint surface
decrease to 0, when the joint is subjected to tensile or shear
failure. At this time, the maximum tensile strength of the
joint is 0, and the maximum shear strength is Fn tan φ.

3.1.3. Cubic Law of Seepage. If the fracture width between the
two blocks is a, the relationship between the flow through the
fracture q and the fracture width a is as follows:

q = ga3

12v J: ð5Þ

In the formula, q is the flow rate (m2/s), g is the gravity
acceleration (m/s2), a is the fracture width (m), J is the
hydraulic gradient, and v is the viscosity coefficient of fluid
movement (m/s2).

According to the formula, the water flow through the
fracture is directly proportional to the cubic power of the
crack width.

3.2. Grouting Materials. In Jingzhai tunnel, curtain grouting
was carried out with cement water glass double-liquid grout-
ing material. The concentration of sodium silicate is 30-35° B
é, and volume ratio of cement and water glass is 3 : 1. The
strength characteristics of the interface between grout and
rock are shown in Table 1.

3.3. Problem Description and Model Setup. The advanced dis-
tance and grouting radius of deep-hole grouting are the key
parameters to prevent water and mud inrush disasters in
water-rich areas. Through the 3DEC numerical simulation
software, the development law of fracture field in Jingzhai
tunnel is studied by using the treatment method of equivalent
joints, and the disaster mechanism of water and mud inrush
is revealed. Using the above constitutive model and seepage
model, the evolution law of tunnel seepage channel and water
inrush characteristics under different safe thickness are sim-
ulated. The size of the model is 40m × 40m, the simulation
strategy of uniformly distributed joints is adopted, and the
joint length is 0.3m as shown in Figure 4.

According to the results of in situ stress test, the vertical
principal stress is 13MPa, the maximum horizontal principal
stress is 15MPa (parallel to the tunnel strike), and the mini-
mum horizontal principal stress is 6MPa, which is perpen-
dicular to the tunnel strike. The study stratum is mainly
carbonaceous slate. Seepage monitoring point A is set at the
boundary of the tunnel. It should be noted that the joint sur-
face parameters of the grouting area are different from those
of surrounding rock. Under the action of grouting, the joint
parameters will be significantly improved. The permeability
is related to the original fracture width and the disturbed
fracture width.

The seepage boundary is hydrostatic pressure, and 30m
head pressure is applied on the top of the model. The tunnel
excavation face is set as a free surface boundary, on which the
water flows freely. The relevant parameters used in numerical
calculation are shown in Table 2. When the fracture does not
contact with the water bearing rock layer, water propagates
through the pores, and the relevant permeability parameters
are shown in Table 3.

3.4. Result Analysis. On the premise of the advance grouting
distance of 20m, three working conditions of safety thickness
of 3m, 5m, and 7m are set, respectively. Numerical simula-
tion was carried out, and the attention duration of each
working condition was set as 12 h. There was a detailed anal-
ysis, in each case of crack propagation, as well as water
inflow.

As shown in Figure 5(a), when the safe thickness is 3m,
the maximum settlement of tunnel vault is 0.19m. There
are many layer separation phenomena above the tunnel.
Under the influence of tunnel excavation disturbance, the
cracks of tunnel surrounding rocks are produced. The initia-
tion of cracks will produce a dominant flow channel. Under
the influence of water pressure, water flows into the tunnel
through cracks. As shown in Figure 5(b), the fracture devel-
opment passes through the safe thickness range of the grout-
ing area, and the top exceeds the grouting boundary by
1.35m. The bottom is 0.6m beyond the grouting boundary.

Table 1: Shear strength parameters of slurry rock interface.

Elastic shear
modulus

Yield stress Peak intensity
Residual shear

strength
Shear stiffness Cohesion

Internal
friction angle

Peak friction
coefficient

Residual friction
coefficient

G/MPa τs/KPa τm/KPa τt/KPa Ke/ kNmm−1� �
c/KPa φ° f f ′

5.12 231 332.91 331.27 0.119 96.22 33.3 0.582 0.576
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At the same time, the fracture developed ahead of the tunnel
face, and the lead distance was about 2.8m. It can be consid-
ered that when the safe thickness is 3m, it cannot meet the
requirements of tunnel construction, and water inrush and
mud inrush are easy to occur in the construction process.

As shown in Figure 6(a), when the safety thickness is 5m,
the maximum settlement of tunnel vault is 0.1m. The distur-
bance range caused by excavation is significantly smaller
than that in condition (1). Tunnel separation occurs in the
shallow surrounding rock. As shown in Figure 6(b), the frac-
ture development has two dimensions of advance and cir-
cumferential. The fracture development is 1.2m ahead of
the working face. The circumferential development of frac-
tures does not cross the grouting area. The depth of the top
crack is 1.1m away from the grouting boundary. The dis-
tance between the deepest part of the crack and the grouting
boundary is 1.3m. The water rich rock layer itself has a cer-
tain permeability, and even after grouting, there is a certain
amount of permeability in the grouting area. However, the
risk of water inrush is small, especially when the grouting
area is stable and the protective shell is formed.

As shown in Figure 7(a), when the safety thickness is 7m,
the maximum settlement of tunnel vault is 0.07m. At this
time, the development of fracture zone is similar to the safe
thickness of 5m.

As shown in Figure 8, the curve shows the change of seep-
age flow with time at point a. When the grouting thickness is
3m, the water inflow does not increase greatly in 0-6 h, but
increases rapidly after 6 h. The volume size of monitoring
point A is 0:5m × 0:5m × 0:5m, and the final hourly flow
rate reaches 12.8m3/h. It shows that when the grouting thick-
ness is 3m, it cannot meet the construction requirements,
and there is a greater safety risk. When the grouting thickness
is 5m, the water inflow increases slightly with the increase of
time. When the final monitoring point flow increases to
1.8m3/h, it tends to be stable. When the grouting thickness
is 7m, the water inflow is basically stable and finally main-
tained at 0.7m3/h. Considering the construction cost and
the effect of seepage control, the grouting thickness should
be within 5-7m.

4. Engineering Application

The full-face advanced grouting technology is generally used
to detect the situation of large water inflow or poor geological
conditions in front of the water exploration hole. After dril-
ling for water exploration, the water yield of each hole shall
be measured. When the total water output of 6 holes is more
than 5m3/h, the construction shall be carried out according
to the design drawing of full-section advance pregrouting.

Tunnel excavation area Advance grouting distance

Advance grouting thickness

Surrounding rock of tunnel

Seepage monitoring point A

Figure 4: Numerical model of grouting geometric parameters.

Table 2: Mechanical parameters.

Lithology
Rock mass parameters Joint parameters

Density (kg/m3) K (GPa) G (GPa) Cb (MPa) φb σbt (MPa) Kn (MPa) ks (MPa) Cj (KPa) φj

Carbonaceous slate 2550 13.3 8.4 13.3 31 2.2 2.31 0.56 42.11 23

Grouting carbonaceous slate 2550 13.3 8.4 13.3 31 2.2 5.12 1.27 96.22 33

Table 3: Pore permeability parameters.

Permeability coefficient in carbonaceous slate 5:2 × 10−6 m/s
Permeability coefficient in grouting zone 4:8 × 10−7 m/s
Porosity in carbonaceous slate 0.33

Porosity in grouting zone 0.15

Coefficient 4.2m-1
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Figure 5: Tunnel displacement and crack propagation when safety thickness is 3m. (a) Displacement nephogram. (b) Fracture field
distribution.
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Figure 6: Tunnel displacement and crack propagation when safety thickness is 5m. (a) Displacement nephogram. (b) Fracture field
distribution.
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Figure 7: Tunnel displacement and crack propagation when safety thickness is 7m. (a) Displacement nephogram. (b) Fracture field
distribution.
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As shown in Figure 9, the large-section advanced curtain
grouting in the broken zone and water rich section of the tun-
nel is 6m beyond the tunnel excavation contour. The effec-
tive diffusion radius of single-hole grouting is 3.6m. The
center distance of grouting hole bottom is 15m, and the
grouting pressure is 1.7MPa. The grouting length is 20m,
and 3m is reserved for excavation after each grouting section
is completed. The thickness of grout stop wall is 20 cm. The
grouting material is cement water glass double slurry. The

fineness modulus of sodium silicate is 2.4~3.4, the concentra-
tion is 35° B é, and the volume ratio of cement and water glass
is 3 : 1. Disodium hydrogen phosphate was used as retarder,
and its content was 2~2.5% of the weight of sodium silicate.
Figure 10 shows the actual implementation of the project.

After grouting, the water inflow was measured by dril-
ling, and most of the holes were basically without water, as
shown in Figure 11. The water yield of the hole with the larg-
est water inflow was 0.2 L/min, which met the requirement of
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Figure 8: Evolution of water inflow in different grouting thicknesses.
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water inflow less than 0.3 L/min. From the perspective of
excavation. The stability of the tunnel face is obviously
improved, and the excavation process is smooth. After grout-
ing in the whole face, the slurry diffuses in the rock stratum in
a dendritic manner, the permeability of surrounding rock
decreases, and the water inflow decreases from about
7500m3/day to 1300m3/day, which has a significant decrease.

5. Conclusion

In this paper, the mechanism of water inrush in water rich
stratum and the optimization scheme of curtain grouting
parameters are taken as the main research object, and the
water and mud inrush disaster of Jingzhai tunnel is taken as
the engineering support. Through geological exploration,
theoretical analysis, numerical calculation, and other
research methods, combined with engineering application,
the mechanism of tunnel mud and water inrush under the
influence of excavation disturbance is deeply carried out.
The development law of tunnel cracks under different grout-
ing parameters is analyzed, and the beneficial conclusions
with certain theoretical value and engineering significance
are obtained.

(1) Through the magnetotelluric method, the distribu-
tion range of the water rich area of the tunnel is
obtained. There is a large range of fault fracture zone
near the fault, and the water source in the fracture
zone is rich

(2) The parameters of grouting are determined by
numerical simulation. The development law of tun-
nel surrounding rock crack under different curtain
grouting parameters is studied. When the grouting
thickness is less than 3m, the cracks will run through
the grouting area. According to the analysis, the

thickness of curtain circumferential grouting should
be 5-7m. The advance influence range of the tunnel
caused by excavation is 2-3m, so 3m advance grout-
ing protection area is selected

(3) When the curtain thickness is 3M, the tunnel water
inflow has two processes: incubation and explosion.
When the curtain thickness is 5m and 7m, the
appearance of water gushing is obviously improved,
and the gushing process shows three stages: incuba-
tion, growth, and stability. According to the results
of numerical simulation, the grouting thickness is
6m, the advance grouting range is 20m, and the
slurry is cement water glass double slurry. The actual
situation shows that the grouting scheme can effec-
tively restrain the water gushing from the tunnel
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