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The infiltration and physical and chemical effects of fissure water often have a degrading effect on the strength and bearing capacity
of the surrounding rock of the roadway. With the increase of the time of water infiltration, the roadway deformation increases
exponentially, resulting in a higher risk of roadway destruction. In this paper, targeting at the supporting and protection issues
associated with the main inclined shaft during the water-drenching, a numerical simulation method was established to evaluate
the impact of the fissure water on the deformation of the surrounding rock of the roadway, and a solution to control the top
water in main inclined shafts by grouting was proposed. Through the numerical simulation method, the effective penetration
range of the slurry in the surrounding rock and the variation of the tunnel deformation with the grouting timing were studied.
A method of combining numerical simulation with on-site monitoring to determine a reasonable grouting timing was proposed.
The field application suggests that grouting at a reasonable timing can effectively control the influence of seepage water from the
roof crack of the main inclined shaft on the deformation of the roadway surrounding rock, improve the integrity of the roadway
surrounding rock, increase the bearing capacity of the support, and maintain the safety and stability of the roadway surrounding
rock of the main inclined shaft. Furthermore, this study can provide insightful references to the grouting reinforcement adopted
by similar main inclined shafts.

1. Introduction

With the continuous increase in mining scale and mining
intensity, the threat of coal mine roof water hazards has
become increasingly prominent, resulting in serious safety
hazards to mine production [1, 2]. When the groundwater,
as a chemical solution with a complex composition, is
exposed to the rocks, complex physical and chemical reac-
tions often occur, resulting in damages to the mechanical
properties of the rock mass, such as the softening and
hydraulic erosion of rocks. Rock softening is a typical physi-
cal property of rock, and the strength deterioration severity
depends on the water content of the rock [3]. The hydraulic
pressure intensifies the development of the internal cracks
in the softened rock mass, gradually reducing the integrity
of the rock mass and changing the macromechanical proper-
ties of the rock mass [4]. The redistribution of chemical ele-
ments caused by water-rock chemistry and changes in rock

microstructure further exacerbate the deterioration of rock
mechanical properties [5].

During the roadway excavation, with the existences of the
fissure water in the surrounding rock, the physical and chem-
ical reactions between the water and the rock mass have a
degrading effect on the bear capacity of the roadway sur-
rounding rock, resulting in safety hazards and other risks,
which should be either drained or contained effectively to
prevent further damage [6]. Under the circumstance that
proper drain is not possible, grouting is often adopted to con-
trol the fissure water in the roadway surrounding rock and
strength the roadway accordingly. Many scholars have con-
ducted in-depth studies on the roadway grouting technolo-
gies. In terms of grouting materials, due to the engineering
needs and advances in material science, the common mate-
rials adopted in the grouting process include cement slurry,
loess, fly ash, and other chemical grouting materials [7–10].
In terms of grouting technologies, various grouting methods
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are developed such as the adoption of the grouting pipes,
grouting anchors, and grouting anchor cables [11–14]. In
terms of grouting mechanism, multiple grouting theories
have been proposed by different scholars such as porous
media grouting, continuous media grouting, and fractured
media grouting to study the diffusion law and influencing
factors of grouting slurry in rock mass [15–19]. In order to
evaluate the strengthening performances of the grouting,
article [20] sampled and tested the grouting body mixed with
coal and mudstone, respectively. The test results suggest that
the residual strengths of the rocks after cement grouting and
chemical slurry grouting can be increased by 0.7 to 2 times
and 1.5 to 6 times, respectively. According to New Austrian
Tunneling Method, the timing to add roadway support
should be determined based on “the premium compatibility
between the roadway surrounding rock release stress and its
self-bearing capacity,” which can fully release the deforma-
tion energy of the surrounding rock and appropriately reduce
the support intensity [21]. Based on New Austrian Tunneling
Method, some researchers proposed the timing determina-
tion methods of adding primary and secondary support to
the deep soft rock roadway, which greatly enriched the sur-
rounding rock grouting reinforcement theory [22–24]. How-
ever, the aforementioned studies focus on the single roadway
with severe deformation and overlooks the reinforcement
needs of the roadway under the influences of the fissure water
for an extended period of time. In this paper, studies were
conducted to focus on the supporting needed by the roadway
of the main inclined shaft. After the analysis to the impacts of
the fissure water on the mechanical properties and deforma-
tion of the roadway surrounding rock, through the strain and
softening structural model included in the FLAC3D numeri-
cal simulation software, numerical simulations were estab-
lished to determine the optimum timing for adding grouting
reinforcement to the main inclined shaft. Furthermore, the
methods and technical schemes for determining the reason-
able grouting timing of the main inclined shaft roadway
with fissure water were discussed, which can provide some
insightful references for the grouting reinforcement of sim-
ilar conditions.

2. The Impact of Roof Fissure Water on the
Stability of the Roadway Surrounding Rocks

2.1. The Project Overview. The main inclined shaft of the
Gucheng has a total length of 2,019 meters with an inclined
degree of 15° and a penetration death of 92 meters under-
ground. The fracture surface of the roadway in the bedrock
section takes a shape of a straight wall semicircular arch with
a width of 6.4 meters and a height of 1.2 meters. The support
was constructed with anchor bolts, anchor cables, and
sprayed cement. The total thickness of the coated cement is
about 200mm. No water seepage is founded in the surface
soil layer of the main inclined shaft. On the other hand, in
the bedrock section, due to the skip of determining the water
contents and proper draining, water seepage occurred during
the layout of the anchor cables. Water seepage was observed
in the bolt holes. Some bolt holes suffered with severe water
seepage, as well as the surrounding area of the roof displace-

ment monitors. The severe water seepage has jeopardized the
support effects of the roadway and field construction. In
order to ensure the construction progress, no more anchor
bolt hole is drilled at the point of 580 meters. Instead, anchor
mesh and coating cement were installed. No anchor cable
was installed from 580 meters to 880 meters. Anchor cables
were installed after 880 meters. The supporting parameters
of the roadway section with water seepage and the appear-
ances of the roadway are provided in Figures 1 and 2 below.

Underground water is a complexed chemical solution.
Under the interaction between the underground water and
the rock, the physical and chemical properties of the rock
tend to change including the macrostructure and the
increased porosity, resulting in severe damages to the rock.
Simultaneously, the increasement of the permeability and
the water pressure at the pores lower the effective stress of
the rock, resulting in lower resistances of the surrounding
rocks to the deformation. The macrostrength and the rigidity
of the surrounding rock are further reduced accordingly. On
the other hand, under the pressure of the infiltration water,
the underground water enters the roadway surrounding rock
through the fissures developed dynamically and weakens the
bear capacity of the surrounding rock and the supporting
structure, resulting in failure of the bolting structure and
safety hazards. From the long-term perspective, the under-
ground water poses as a threat to the supporting structure,
especially to the metal anchor bolts and cables such as the
rust and erosion, increasing the failure risks of the sup-
porting structure and jeopardizing the safety of the main
inclined shaft.

2.2. The Numerical Simulation of the Roadway Surrounding
Rock Deformation. FLAC3D numerical simulation software
was adopted to build model to evaluate the impact of the
water seepage to the deformation of the roadway surround-
ing rock. The model was built based on the rock layer distri-
bution, and the physical properties of the main inclined shaft
obtained from the Gucheng coal mine. The parameters of the
rock layers are presented in Table 1 below. The size of the
model is 300 × 100 × 40m. The rock damage is estimated
based on the Mohr-Coulomb criterion and the strain-
softening model. 2.58MPa was applied to the top part of
the model with no restriction applied. Restrictions were
applied to both the left side and right side of the model. A
perpendicular restriction was applied to the bottom of the
model. According to relevant studies, the roadway with water
seepage was divided into two conditions including the road-
way with the short-term seepage (grouting was added within
half a year after the construction) and the roadway with long-
term seepage (no grouting after the construction). Strength
reduction was used to indicate the damage to the roadway
strength, until the strength was reduced to the 80% and
50% of the initial roadway strength [25].

Figure 3 shows the roadway displacement distribution
and statistics. Under normal circumstances, themain inclined
shaft roadway demands more to the deformation control of
the surrounding rock with a higher level of the support, which
often leads to limited roadway deformation. Comparing with
regular roadway, both the bottom and top deformations of the
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roadway exposed to the short-term water seepage were
increased by 2.63 times and 4.07 times for the lateral deforma-
tion. In contrast, both the bottom and top deformations of the
roadway exposed to the long-term water seepage were
increased by 11.8 times and 12.7 times for the lateral deforma-
tion. The test indicates that the short-term water seepage has a
limited impact on the roadway strength. However, the long-
term water seepage can severely degrade the roadway strength.
Most of the main inclined shaft often have a long service life,
as long as 50 to 60 years. The negative impact of the water
seepage on the strength of the roadway is mostly likely to
occur and last for an extended period of time, demanding
effectivemeasures to control the water seepage in the roadway.

No major strata behavior was noticed within a short
period of time. However, the main inclined shaft located at
the Gucheng coal mine is required to have a long service life,
demanding a high level of support. The anchor cables play a
vital role in the supporting system of the main inclined shaft.
During the survey, a large amount of mudstone with low
strength were detected, which can easily crack during the
excavation due to the original stress of the rocks. The cracks
will allow the water seepage developed, jeopardizing the sup-

porting, and the construction progress. Often, the preferred
solution is to drain the water from the roof. However, due
to the large amount of water and tight schedule, the support
of combining the grouting and the anchor cables were
selected for the roof section with water seepage of the main
inclined shaft.

3. The Numerical Simulation of the Timing to
Grout in the Roadway Section with Water
Seepage of the Main Inclined Shaft

The grouting timing refers to the time interval between the
second support of the grouting anchor cable and the installa-
tion of the anchor bolts and the sprayed cement. The field
experiences suggest that newly excavated roadway is not suit-
able to grout within a few days after the excavation. After the
excavation, the roadway is still in the process of stress distri-
bution, exposing the surrounding rock to the easy develop-
ment of the damage and deformation. If the grouting is
conducted too early, the fissures are too small to accept the
grouting. Also, the continuous release of the stress and defor-
mation of the surrounding rock can possibly damage the
solidified grouting. If the grouting is conducted too late, the
deformation of the surrounding rock has been developed
excessively. Despite the good diffusion of the grouting slurry
in the fissures, the surrounding rock has lost its bear capacity,
resulting in a limited effect of reinforcement. Therefore, a
good timing for the grouting is critical for the effectiveness
of the supporting system.

3.1. The Impact of the Grouting Time on the Thickness and
Stability of Effective Permeation Circle of Grouting Slurry in
Surrounding Rock. Essentially speaking, the deformation of
the surrounding rock is a process of stress release and trans-
fer, as well as a strength reduction process. The grouting is
designed to solidify the broken and fractured rocks after the
peak. FLAC3D numerical simulation software was adopted
to simulate the solidifying process of the grouting of the
roadway with water seepage. A strain and softening model
is used to simulate the after peak damage suffered by the rock
[26, 27]. The fracture degree of the rock after the peak is
indicated with equivalent plastic shear strain [28–30]. As
the equivalent plastic shear strain increased, the rock
strength after the peak reduced drastically. The general cohe-
sion was reduced significantly, while the general fraction
angles experienced less changes. Assuming that the grouting
was carried out when the rocks were still in the process of
fracture development, the grounding can spread to the frac-
ture areas of the rock, achieving a highly effective permeation
status. The fracture area achieved effective permeation status
is labeled as an effective permeation circle. To evaluate the
impact of grouting timing on the solidifying effect of the
grouting, the grouting was carried out at the following
equivalent plastic shear strain including 0.01, 0.08, 0.16,
0.24, 0.32, 0.40, 0.48, 0.56, 0.64, and 0.72. Considering that
different damage levels in various locations within the rock,
the maximum value in the fracture area was selected as the
equivalent plastic shear strain. The impacts of the grouting
time on the effective permeation circles of grouting slurry,

Bolt length: 2400 mm
Bolt diameter: 22 mm
Bolt strength: 335 MPa
Row spacing: 800 mm
Column spacing: 800 mm
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Figure 1: The supporting parameters and appearance of the
roadway.

Figure 2: Roadway appearance (without anchor cable).
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the deformation, and the damage were analyzed through the
calculation. In the numerical simulation, the internal cohe-
sion and the internal fraction angles were increased to simu-
late the grouting effect. According to the relevant researches,
the strength of grouted rocks was assumed as 1.8 times of that
before the grouting.

The flow and penetration range of the slurry in the sur-
rounding rock depends on the crack development within
the surrounding rock. Therefore, the grouting performed dif-
ferently under different damage states after the peak and so
was the effective penetration range of the slurry. Meanwhile,
due to the different fracture state of the surrounding rock
during grouting, the residual strengths of the rock in the
effective grouting circle varied, affecting the strength of
grouting and resulting in different reinforcement effects to
the roadway surrounding rock. Figure 4 shows the distribu-
tion characteristics of the grouting slurry effective perme-
ation circle in the surrounding rock under different
grouting timings. The thickness of the slurry effective perme-

ation circle and the deformation of the roadway surrounding
rock at various grouting timings are presented in Figure 4
as well.

The simulation results indicate that the permeation range
of the grouting slurry was increased along with the delay of
the grouting. At the early fracture stage, the increasing of
the equivalent plastic shear strain led to the fast development
of the fractures, resulting in more fracture space. The thick-
ness of the slurry effective permeation circle was increased
from 0.3m to 1.4m. At the middle fracture stage, the fracture
space increased at a lower rate. The thickness of the slurry
effective permeation circle was increased from 1.4m to
2.8m. At the residual deformation stage of the surrounding
rock, the stress redistribution was complete, and the fracture
area expanded slowly, resulting in a stable thickness of slurry
effective permeation circle. The thickness of the slurry effec-
tive permeation circle stands for the permeation and diffu-
sion effect of the grouting slurry. A higher thickness of the
slurry effective permeation circle indicates a wider range of
permeation and diffusion of the grouting slurry. However,
the range of grouting slurry permeation and diffusion is not
the sole deciding factor in the strength of the slurry solidifica-
tion, which also depends on the strength of the surrounding
rock during the grouting process. Normally, a higher
strength of the surrounding rock during the grouting process
leads to a stronger grouting body. An early grouting timing
leads to a smaller range of permeation and diffusion and a
stronger grouting body. On the other hand, a delayed grout-
ing timing leads to a wider range of permeation and diffusion
and a weaker grouting body. Therefore, a turning point was
observed in the deformation curve of the roadway surround-
ing rock corresponding to the grouting time. A U shape was
developed as the grouting timing was postponed, suggesting
a reduction followed by an increase in the deformation of
the roadway surrounding rock. This change suggests that
an optimum timing range does exist to strive for a balance
between the effective permeation range and the strength of
the grouting slurry, resulting in an effective control to the
deformation of the roadway surrounding rock.

3.2. The Determination of the Optimum Support. Based on
the analysis mentioned above, the optimum grouting timing

Table 1: The physical parameters of the rock layers.

Rock layer Thickness/m Density/kg.m3 Bulk
Modulus/GPa

Shear
Modulus/GPa

Tensile
strength/MPa

Cohesion/MPa
Internal friction

angle/°

Overlying rock 30 2300 2.65 1.47 3.81 4.69 32

Sandstone 4 2350 16.24 11.15 4.69 6.79 35

Mudstone 3.5 2150 2.32 1.09 1.81 2.19 30

Sandstone 2.5 2350 16.24 11.15 4.69 6.79 35

Mudstone 5 2150 2.32 1.09 1.81 2.19 30

Sandy mudstone 6.5 2300 2.66 1.46 2.11 2.49 33

Mudstone 13.5 2150 2.32 1.09 1.81 2.19 30

Siltstone 3 2450 15.72 9.81 3.62 5.91 33

Mudstone 2 2150 2.32 1.09 1.81 2.19 30

Underlying bed 30 2300 2.65 1.47 3.81 4.69 32
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Figure 3: The roadway displacement distribution and statistics (RG
represents for routine group, SG represents for short-term water
seepage group, and LG represents for long-term water seepage
group).
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is between 0.16 and 0.32 (εps = 0:16 ~ 0:32). However, the
maximum equivalent plastic shear strain could not be
obtained from the field measurement. The roadway deforma-
tion can be measured easily, which is a frequently needed
parameter in the field, which can be used as an indicator to
determine the grouting timing of the roadway. According
to the simulation results, when the maximum equivalent
plastic shear strain of the surrounding rock is between 0.16
and 0.32 (0:16 < εps ≤ 0:32), the roadway roof deformation
(Ur), the lateral deformation (Ul), and the bottom deforma-
tion (U f ) were 48:5mm <Ur ≤ 65:2mm, 54:8mm <Ul ≤
70:6mm, and 12:1mm <Uf ≤ 15:4mm, respectively, sug-
gesting an optimum timing range for grouting.

During the field application, the specific engineering geo-
logical conditions should be included to obtain the roadway
surface deformation corresponding to the best grouting tim-
ing of the roadway, followed by the field monitoring of the
deformation of the roadway surrounding rock. When the
deformation of the roadway surrounding rock reaches the
deformation corresponding to the optimum grouting timing,
the grouting should be carried out.

4. The Field Application and
Reinforcement Effect

According to the analysis above and the filed monitoring to
the roadway deformation of the main inclined shaft, grouting
should be conducted 4 to 5 months after the excavation to
achieve the effective control to the roadway deformation.
Without disruption to the construction progress, the main
inclined shaft should be reinforced with the anchor bolts
and the sprayed concrete. The secondary reinforcement
should be added 4 months after the excavation by the adop-
tion of the latest hollow grouting anchor cables which was
fabricated with eight wound 7mm-diameter metal tubes.

The sealing package includes seal clamps, expandable flexible
hoses, and hard plastic tubes.

The dimension of the hollow grouting anchor cable is
8300mm at length and 22mm at diameter, as shown in
Figure 5. Each row was installed with three grouting anchor
cables with a distance of 2000 × 1600mm in-between. The
sprayed slurry was mainly cement (#42.5 standard Portland
cement with a water and ash ratio of 1 : 1.5). ACZ-1 agent
was also added to the slurry, which contains 8% cement.
The sealing clamp has been assembled on the anchor cable
body when the anchor cable was delivered from the factory.
When installing the anchor cable, the expansion soft rubber
tube shall be sleeved first, and then, the plastic hard tube shall
be sleeved. It shall be confirmed that the hard tube is
50-80mm away from the hole opening. After that, the plastic
hard tube shall be pushed through the special pushing device,
until the soft rubber tube can be pressurized and expanded to
seal the hole. The layout of grouting cable anchor is shown in
Figure 6. Before grouting, multiple prayed cement spots had
been permeated with water. After the installation of the grout-
ing anchor cables, fissure water was drained along the anchor
cable holes, as demonstrated in Figure 7. After the grouting,
thefissurewatermigrated beyond the area of the grouting area
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and no more water seepage was detected. After a while, the
permeated water in the sprayed cement was evaporated, and
no water seepage was observed visually, as demonstrated in
Figure 8.

As shown in Figure 9, the maximum deposition in roof
was 8mm with a maximum of 6mm bulging at the bottom.

The roof displacement was about 14mm. The roof deposi-
tion was slightly higher than the bulging at the bottom; which
suggests that due to the roof fissures under the water impact,
the roof rock was weakened, resulting in more deposition
than the bottom. The maximum displacements of the road-
way at the left and right were 4mm and 7mm, respectively.

2000

Cable length: 8300 mm
Cable diameter: 22 mm
Row spacing: 2000 mm
Column spacing: 1600 mm
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Figure 6: Layout of grouting cable anchor.

Left (before grouting) Middle (before grouting) Right (before grouting)

Left (after grouting)  Middle (after grouting) Right (after grouting)

Figure 7: Comparison of water flow in anchor hole before and after grouting.

6 Geofluids



The total lateral displacement reached a total of 11mm. The
limited roadway deformation occurred 9 days after the instal-
lation of the grouting anchor cables, suggesting that a quality
reinforcement provided by the grouting anchor cables to the
roadway roof.

5. Conclusion

(1) The permeation effect and the physical and chemical
effect of the flowing water tend to degrade the
strength of the roadway surrounding rock and bear
capacity. The degrading effect increases exponentially
as the water penetration extends, resulting in the
increased risks of roadway failures

(2) The effective permeation range increases as the
grouting timing delays, but not the strength of the
grouting body, which leads to the decreasing of the
roadway deformation, followed by the increasing
deformation. Therefore, an optimum grouting timing
should be selected to achieve a preferred grouting
slurry permeation range and the strength of the
grouting body, resulting in effective control of the
surrounding rock deformation

(3) Combining the numeric simulation and the field
monitoring, a grouting timing determination method
based on the surrounding rock deformation of the
roadway is proposed for the main inclined shaft.
The field application demonstrates a proper grouting
time can effectively control the roof fissure water
permeation effect on the deformation of the roadway
surrounding rock in the main inclined shaft, improve
the integrity of the roadway surrounding rock,
increase the bearing capacity of the supporting struc-
ture, and maintain the safety and stability of the road-
way surrounding rock of the main inclined shaft
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