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The deformation and failure of the uphill roadway on the 3rd horizontal track in the No. 6 Mine of Pingdingshan Coal Group was
taken as the engineering background. The similar simulation material of the roadway surrounding rock with quartz sand as the
aggregate, cement as the cementing agent, and gypsum powder as the regulator was selected. Through mechanical tests on 25 sets
of specimens with different proportions, the best proportion of similar simulated materials for simulating the deformation and
failure of the surrounding rock of the roadway was obtained. Later, a large-scale deep mine roadway simulation test system
independently developed by the company was used to carry out the roadway deformation and failure test. First, load the test body
to the set initial stress state, and then carry out the full-face excavation and unloading of the roadway; finally, load it in the vertical
direction until the roadway wall is damaged. It can realize the actual effect of simulation of roadway deformation and failure under
the path of “high stress + internal unloading + stress adjustment.” The results showed that after the deep roadway is excavated with
preload and high stress, the surrounding rock deformation, failure, and instability of the roadway mainly experience 3 periods: the
first period is the period of uniform deformation of the roadway surrounding rock, the second period is the development period of
the roadway surrounding rock slab structure, and the third period is the period of instability of the roadway surrounding rock slab
structure. Combined with the time period of deformation and failure of the surrounding rock of the roadway, the damage scope of
the surrounding rock and the actual situation of the site engineering. A step-by-step combined roadway repair and support plan of
“bolt mesh + shotcrete + full-face hollow grouting anchor cable” with hollow grouting anchor cable as the core was determined.
The stability of the repaired roadway has been significantly improved, ensuring the long-term use of the roadway.

1. Introduction

Energy and mineral resources are important factors
restricting the development of the national economy of all
countries in the world. With the reduction and depletion of
shallow resources in various countries, the mining depth of
coal and other mineral resources in countries around the
world is increasing year by year, and the scale is getting
bigger and bigger. Various types of wellbore, roadway, and
cavern need to be excavated before mining. The smooth flow
and stability of the roadway engineering is the basic pre-
requisite to ensure the normal production of coal mines. At

the same time, roadway maintenance and disaster preven-
tion have become a key issue of mine economic efficiency
and production safety and even determine the feasibility of
resource development and the issue of sustainable devel-
opment [1-3].

The unexcavated rock mass of the underground mine
roadway is in a three-dimensional stress state. After exca-
vation and unloading, the surrounding rock of the roadway
close to the goaf is in a two-dimensional stress state, and the
rock mass after excavation and unloading will be subjected
to stress adjustment and other effects, which in turn induces
geological disasters such as large deformation, roof fall, and
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spalling rib in the surrounding rock of the roadway, which
seriously hinders the safe and efficient production of the
mine. Therefore, the entire force process of the surrounding
rock of the roadway can be described as “high ground
stress + excavation unloading + stress adjustment.” The key
problem of studying the deformation and failure mode of the
surrounding rock of the roadway and determining the
support parameters of the roadway is the problem of the
deformation and failure of the surrounding rock of the
roadway during the deep mining process. Many rock me-
chanics workers have carried out systematic research
through various methods and means such as theoretical
analysis, similar simulation, numerical calculation, and field
measurement [4-6]. Tang and Liang’s method of similar
material simulation is used to analyze the mining problems
of irregular coal roadways, the usability of the upward
mining method is studied, and the surrounding rock failure
mechanism is explored [7]. Xu et al. based on the related
theories of geological models obtained similar materials
suitable for tunnel lining through matching experiments.
Physical parameters such as uniaxial compressive strength
and cohesion of similar materials are studied, which pro-
vides theoretical guidance for tunnel lining [8]. Zhou et al.
used a roadway physical similar material model with circular
and different-sized straight-wall arched holes to study the
influence of the roadway section curvature radius on the
failure [9]. Liu et al. conducted a rockburst simulation test
on a cubic granite sample with cylindrical through-holes,
analyzed the fracture shape and energy changes of rockburst
under different lateral stresses, and discussed the acoustic
emission sequence during the rockburst process, time-fre-
quency, and space-time evolution characteristics [10]. Jing
et al. relied on the self-developed deep underground engi-
neering structure instability full process simulation test
system, conducted large-scale physical model tests on the
deformation and fracture evolution characteristics of the
surrounding rock of the roadway, and revealed the internal
stress and deformation and fracture evolution of the sur-
rounding rock law [11]. In addition, in the control of sur-
rounding rock of the roadway, Li et al. combined the finite
element method and elastoplastic mechanics to derive the
butterfly-shaped plastic zone of the surrounding rock of the
roadway and revealed the mechanism of the nonuniform
deformation of the deep rock mass [12]. Kang et al. proposed
the coordinated control concept of high-pressure anchor
note and shotcreting for the surrounding rock of a weak and
broken roadway in a thousand-meter deep well. The per-
formance of grouting bolts, anchor cables, and grouting
materials and the effect of grouting are studied. A coordi-
nated control technology of high prestress anchor rods,
anchor cable support-high-pressure split grouting modifi-
cation-surface shotcreting has been formed [13]. Xie et al.
proposed the supporting technology of anchoring and jet-
ting strengthened pressure-bearing arch, which integrates
dense and high-strength anchor pressure-bearing arch,
thick-layer steel mesh and shotcrete arch, and lagging
grouting-reinforced arch, and clarified the mechanism of
arching and strengthening support [14]. Yang et al. used
theoretical analysis to obtain the deformation mechanism of
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the surrounding rock of a large-section thick-top coal
roadway. And a large amount of data has been obtained
through a combination of field practice and numerical
simulation, and combined with the obtained data, a com-
bined support technology of “high prestressed anchor
cable + U-shaped anchor cable composite truss” is proposed
[15]. Yu et al. explored the method of controlling the roof
deformation of the inclined coal seam, numerical simulation
and theoretical analysis were used to establish mechanical
models of different zones, and different roof support re-
sistance and deformation conditions were obtained. And
according to the deformation characteristics of the roofload,
the function of the entire support system is analyzed [16].
Xiong et al. explored the asymmetric deformation and
failure characteristics of the surrounding rock of a right-
angle trapezoidal roadway, and numerical simulation
methods are used to conduct in-depth research on the
horizontal and vertical damage of surrounding rock, and it is
found that the symmetrical part along the dip of the coal
seam shows obvious uneven stress distribution [17]. Liu et al.
conducted multiple sets of indentation experiments on four
types of rocks with different materials by using the constant
section method. The main purpose of the experiment was to
study the overall crushing of rocks under different inden-
tations [18, 19].

At present, in terms of deep roadway stability and
control technology, although some large-scale test sys-
tems have emerged, due to the limitations of loading
capacity, simulation method, and measurement tech-
nology, they cannot fully meet the requirements of true
reproduction of the deep roadway excavation and stress
adjustment process. As a result, the research on some key
theoretical issues, such as the failure mechanism of sur-
rounding rock and the supporting mechanism under
complex conditions, is still greatly restricted [20, 21]. In
order to study the internal excavation unloading of the
surrounding rock of a deep arched roadway, and the
deformation and failure process and mechanism of sur-
rounding rock induced by stress adjustment in the later
stage, the self-developed large-scale deep mine roadway
simulation test system was used to carry out a similar
simulation test of “high ground stress+ excavation
unloading + stress adjustment.” The ways of deformation
and failure instability of the surrounding rock of the
roadway were analyzed; on this basis, a step-by-step
combined roadway repair and support program of “an-
chor mesh and shotcrete + full-face hollow grouting an-
chor cable” with the hollow grouting anchor cable as the
core was determined, and engineering verification was
carried out, and the surrounding rock control of the
roadway was in good condition.

2. General Situation and Deformation
Characteristics of Roadway Engineering

2.1. Overview of Roadway Engineering. The cross section of
the uphill roadway on the third horizontal track of Pingmei’s
No. 6 Mine is a straight-wall arch; the width is 4.4 m and the
height is 3.5 m. The supporting scheme adopts the combined
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support of bolt, mesh, cable, and shotcrete. The side and roof
bolts adopt ®20 mm x L2000 mm ordinary threaded steel
bolts, and the spacing between rows is 700 mm x 700 mm.
The anchor adopts ®17.8 mm x L6000 mm steel strand, and
the spacing between rows is 1500 mm x 1400 mm; the steel
mesh is ©3.5 m x 50 mm; the cement used for shotcreting is
No. 32.5 ordinary Portland cement, and the volume ratio of
cement to sand is 1:2.5; the thickness is 100 mm, as shown
in Figure 1.

2.2. Deformation Characteristics and Mechanical Mechanism
of Surrounding Rock in Roadway

2.2.1. Deformation Characteristics of Roadway Surrounding
Rock. Through field investigation, the deformation
and failure of the roadway has the following character-
istics: the two ribs of the roadway are severely squeezed
inward, spalling rib is serious, and the maximum defor-
mation between the two sides is as high as 1900 mm. The
bolt of the gang part fell off, and the roadway section is
2-shaped. The roof of the roadway has a large amount of
sinking, a large number of net pockets appear locally, and
the top anchor cable appears to be trapped in the sur-
rounding rock and broken, and the maximum deforma-
tion of the roof and floor reaches 1200mm. The
deformation and failure form of the roadway is shown in
Figure 2.

2.2.2. Deformation Mechanics Mechanism of Surrounding
Rock of Roadway. In a high-stress environment, there is a
large deformation in the deep roadway, and the control of
the surrounding rock is more difficult. (1) After excavation,
the stability of the surrounding rock of the roadway becomes
worse, and a large number of joints and cracks are generated
in the surrounding rock. And as time goes by, small cracks
develop and expand, and the plastic zone quickly shifts to the
deep part. If the surrounding rock of the roadway is not
effectively controlled, when the damage and deformation of
the surrounding rock develops to a certain extent, spalling
rib and roof fall will occur. (2) Under the action of high
ground stress, the surrounding rock of the roadway will
continue to deform with the increase of time; that is, the
rheological properties of the surrounding rock are obvious.
The supporting structure is constantly subjected to high
loads brought by the surrounding rock, which eventually
causes the roadway supporting structure to exceed the al-
lowable bearing strength and fail. At the same time, the
surrounding rock has accelerated its deformation, the plastic
zone area has increased sharply, and the roadway has severe
slack and roof subsidence.

3. Large-Scale Similar Simulation Test of
Deep Roadway
3.1. Overview of Roadway Engineering

3.1.1. Selection of Similar Materials. Based on the devel-
opment principles and similar conditions of similar

materials, we have an in-depth understanding of the char-
acteristics of various similar materials in the current engi-
neering geomechanics model. For similar raw materials,
quartz sand is selected as aggregate, cement is used as
cementing agent, and gypsum powder is used as regulator.
Due to the adjustment of the ratio of the composition of
similar raw materials, the main mechanical parameters of
the composite material will be greatly changed. Therefore, 25
groups of different ratios were designed using the orthogonal
method (see Table 1). The composite material has the ad-
vantages of simple processing technology, low material cost,
reasonable aggregate gradation, fast drying, nontoxic and
harmless, and the like. Figure 3 shows similar raw materials.

3.1.2. Mechanical Strength Test of Similar Materials. The
main physical and mechanical parameters such as com-
pressive strength, Poisson’s ratio, elastic modulus, internal
friction angle, cohesion, and tensile strength can be tested by
the equipment RMT-150 rock mechanics test system.
Through the abovementioned standard specimen mechanics
test, the bulk density, compressive strength, tensile strength,
elastic modulus, internal friction angle, cohesion, and other
main physical and mechanical parameters of 25 groups of
different material ratio specimens were measured (see Ta-
ble 1). The damaged state of the specimen is shown in
Figure 4.

Through the analysis of the main physical and me-
chanical parameters of 225 specimens, it is found that the
physical and mechanical strength parameters of similar
materials with quartz sand as the aggregate have a wide
range of changes. For example, the bulk density of similar
materials is in the range of 18.1~19.9kN/m°, the com-
pressive strength is in the range of 0.53~13.71 MPa, the
cohesion is in the range of 0.08~0.17kPa, the internal
friction angle is in the range of 28.4°~33.8"°, and the
elastic modulus is in the range of 0.53~0.86GPa.
Therefore, the similar materials we have selected can sim-
ulate most of the deformation and failure of deep
roadways.

3.1.3. Selection of the Ratio of Similar Materials. The uphill
roadway of the third horizontal track in No. 6 Mine of
Pingmei Coal Co., Ltd. is a rock roadway with argillaceous
siltstone lithology, through the experimental determina-
tion of the physical and mechanical parameters of argil-
laceous siltstone. Table 2 shows the measurement results of
the main mechanical parameters of the surrounding rock
under actual working conditions. The select optimal sim-
ilarity ratio between mechanical parameters of similar
materials and mechanical parameters of surrounding rock
under actual working conditions is as follows [22]: the bulk
density similarity ratio is 1: 1, the strength similarity ratio is
1:6, the stress similarity ratio is 1:6, the force similarity
ratio is 1:216, and the internal friction angle similarity
ratio is 1:1.

Based on the main mechanical parameters of the sur-
rounding rock under actual working conditions, and
combined with the main mechanical parameters obtained
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FiGure 1: Original support plan.

FiGure 2: Spalling rib forms of surrounding rocks in deep
roadways.

from the abovementioned different ratio material test
specimens, the comparative analysis is carried out; it is most
reasonable to select similar materials with quartz sand as
aggregate with a ratio of 1:0.13: 0.2 as the simulation test of
argillaceous siltstone.

3.2. Similar Model Test System Composition. In order to
effectively simulate the deformation and failure character-
istics of deep roadway surrounding rock under high ground
stress environment, we have developed a large-scale deep
mine roadway simulation test system (Figure 5), and the
model is 1500 mm long, 1000 mm wide, and 1500 mm high.
The test system is mainly composed of a model reaction
bench device, a high-pressure water injection system, a
hydraulic loading system and a data collection device. The
up and down, left and right, front and rear pressurization
and safety and stability of the model are completed by in-
telligent hydraulic devices. Data collection is mainly com-
pleted by the cooperation of intelligent hydraulic control
device, grating micro multipoint displacement acquisition

and analysis system and stress and strain data collection
software (DHDAS2013).

3.3. Model Making and Roadway Excavation Loading Test

3.3.1. Model Making. The size of the model is 1 500 mm X 1
000mm x 1 500 mm, the internal filling of the model is
completed by layered paving and air-drying, and the specific
operation steps are as follows: perform layer-by-layer
weighing according to the ratio of similar materials deter-
mined above — stir evenly weighed similar materials with a
mixer — pave and compact materials in layers from
bottom to top in the internal space of the model — buried
test components around the simulated roadway elevation
and the cross section at a distance of 200 mm from the model
opening, and contains pressure cell and strain brick.

3.3.2. Excavation and Loading of Model Roadway. The ex-
cavation model of the roadway is a straight-wall arch, the
radius of the round arch is 150 mm, and the height of the
straight wall is 150 mm. Load a pressure of 1.0 MPa on the
top, bottom, left and right, and front and back of the model.
When the load is loaded to the predetermined value, keep
the load size unchanged, and simulate the excavation of the
roadway according to the full-section method. And the
excavation is carried out circularly along the axis of the
roadway, each excavation length is 50 mm, and a total of 20
excavations are completed. Pause the excavation after each
excavation step and record the stable data. After the exca-
vation of the roadway is completed, the original surrounding
rock stress state is maintained for 4 hours. After 4 hours,
keep the other pressures of the model unchanged, and
gradually load the pressure in the vertical direction until the
roadway surrounding rock spalling rib. The vertical stress at
which the surrounding rock of the roadway failed was
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TABLE 1: Main physical and mechanical parameters of different proportioning specimens.

. Material ratio . . Tensile . Elastic Internal .
Serial Volumetric weight Compressive - Cohesion
number Quartz sand: (kN/m?) strength strength (MPa) modulus fI‘lCthIol angle (kPa)

cement: plaster (MPa) (GPa) ©)
1 1:0.30:0.70 19.1 0.46 5.33 0.65 324 0.15
2 1:0.40:0.60 18.5 0.56 6.34 0.63 31.5 0.13
3 1:0.50:0.50 19.0 0.83 7.57 0.54 30.6 0.14
4 1:0.60:0.40 18.9 1.01 8.02 0.77 29.8 0.16
5 1:0.70:0.30 19.1 1.51 13.01 0.78 29.6 0.11
6 1:0.15:0.34 18.9 0.23 2.27 0.81 28.3 0.12
7 1:0.19:0.30 19.9 0.26 3.80 0.86 28.6 0.14
8 1:0.25:0.24 19.3 0.62 6.07 0.83 28.4 0.13
9 1:0.30:0.19 19.0 0.64 7.11 0.84 32.6 0.17
10 1:0.34:0.15 19.2 0.89 8.99 0.79 32.8 0.11
11 1:0.11:0.23 18.6 0.06 1.64 0.77 33.6 0.10
12 1:0.13:0.20 19.3 0.13 2.20 0.65 31.7 0.15
13 1:0.17:0.16 18.6 0.27 3.51 0.69 31.5 0.14
14 1:0.20:0.13 18.8 0.34 4.27 0.62 32.0 0.09
15 1:0.24:0.19 18.6 0.41 5.12 0.66 29.6 0.08
16 1:0.08:0.18 18.7 0.05 0.53 0.64 31.7 0.11
17 1:0.10:0.15 18.3 0.07 1.50 0.58 33.6 0.12
18 1:0.56:0.56 18.4 0.11 1.79 0.59 33.5 0.14
19 1:0.15:0.10 18.3 0.13 1.95 0.58 324 0.07
20 1:0.18:0.08 18.6 0.20 1.80 0.62 32.7 0.13
21 1:0.06:0.14 18.2 0.04 0.71 0.63 30.1 0.11
22 1:0.08:0.12 18.3 0.05 1.01 0.71 32.9 0.09
23 1:0.10:0.11 18.1 0.06 1.62 0.72 33.5 0.14
24 1:0.12:0.08 18.7 0.17 2.20 0.54 33.8 0.13
25 1:0.14:0.06 18.6 0.13 2.06 0.53 30.3 0.12

Note: The quality of water in the process of mixing different materials is always one-sixth of the total mass of the materials.

A e
: © 20~40 Mesh Quartz Sand-
Plaster. ‘-§

1z 3
70~120 Mesh Quartz Sand.

FIGURE 3: Similar raw materials.

2.4 MPa. The failure characteristics of the early, initial stages,
and late stages of roadway excavation are shown in Figure 6.

3.3.3. Analysis of Test Results. From the analysis of the failure
characteristics before and after the excavation of the roadway in
Figure 6, it is found that the surrounding rock of the roadway is
in a uniform deformation stage at the initial stage of the
roadway excavation, as shown in Figure 6(b). Later, as the
vertical pressure gradually increased, the cracks in the sur-
rounding rock of the roadway ledge formed a thin layer of rock
slab; however, the rock slabs are not completely separated,

FIGURE 4: Specimen deformation and failure.

forming a combined rock slab, showing a slab cracked
structure. This phenomenon is similar to the failure of sur-
rounding rock slabs in deep roadways, indicating that the
simulation test is reasonable and effective. When the vertical
pressure increases to 2.4 MPa, the slab cracking structure
further develops, and the slab cracking structure suddenly loses
stability as a whole, separates from the roadway wall, and
ruptures. The extent of cracking damage of the surrounding
rock slab at the roadway ledge gradually increases and runs
through the axial direction of the entire roadway, and the
roadway is damaged and unstable, as shown in Figure 6(c).
Figure 7 shows the surrounding rock deformation after the
excavation of the roadway. In the initial stage of unloading of
the surrounding rock of the roadway, the deformation rates of
the two sides of the roadway and the roof and floor are
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TABLE 2: Main mechanical parameters of surrounding rock under actual working conditions.
Mechanical Volumetric weight Tensile strength Compressive strength Elastic modulus Internal friction ~ Cohesion
parameters (kN/m®) (MPa) (MPa) (GPa) angle (°) (kPa)
19.3 0.78 13.2 3.9 31.7 32.4

EREABTEETATNES134006
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(a)

(b)

FIGURE 5: Similar model test system. (a) Positive. (b) Side.

(a)

FIGURE 6: Failure characteristics before and after roadway excavation. (a) Before roadway excavation. (b) Initial stages of roadway ex-

cavation. (c) Late stages of roadway excavation.

relatively low, and the amount of deformation is relatively
small. The deformation of the two sides is 8.6 mm, and the
deformation of the top and bottom plates is 7.0 mm. With the
gradual increase of vertical pressure, the deformation rates of
the two sides of the roadway and the roof and floor have
increased to varying degrees. However, the growth rate of the
two sides is greater than that of the roof and floor. The de-
formation of the two sides after 12 hours of roadway excavation
is 60.8mm, and the deformation of the roof and floor is
33.8 mm. In addition, by comparing and analyzing Figures 2
and 7, it can be found that under actual conditions, the serious
fragmentation phenomenon of the two sides of the sur-
rounding rock of the roadway echoes the large displacement of

the two sides in the conclusions of similar simulation exper-
iments. Through the comparison of the deformation charac-
teristics, it can be clearly found that the deformation and failure
characteristics of the surrounding rock of the roadway under
actual working conditions are very similar to the results ob-
tained by the similar simulation experiment, so it can be further
determined that the similar simulation experiment is effective.

Through further analysis in Figures 6 and 7, it is found
that the deformation and failure of the surrounding rock of
the roadway mainly experience 3 periods. The first period is
the period of uniform deformation of the surrounding rock
of the roadway, and the deformation rate and amount of
deformation are relatively small. This period of time is
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FIGURE 7: Deformation characteristic curve of roadway surrounding rock.

mainly due to the excavation and unloading of the sur-
rounding rock of the roadway, a large amount of elastic
strain energy stored in the surrounding rock mass is re-
leased, and a large number of meso cracks are generated in
the roadway surrounding rock, and it is distributed more
evenly around the roadway, and the surrounding rock shows
almost uniformly coordinated deformation as a whole, but
the duration of uniformly coordinated deformation is rel-
atively short. The second period is the development period of
the slab crack structure of the surrounding rock of the
roadway. As the unloading degree of the surrounding rock of
the roadway weakens, after that, it is mainly affected by the
deviator stress, and the deformation rate and amount of
deformation gradually increase. A large number of meso-
scopic cracks develop into macroscopic cracks, forming a
composite rock slab that is not completely separated, pre-
senting a slab cracked structure, and the rock block bulges
toward the empty surface of the roadway. This stage is the
main period of large deformation of the surrounding rock of
the roadway, and as it continues, it takes a long time. The
third period is the instability period of the slab crack
structure of the surrounding rock of the roadway. The en-
ergy accumulated by the deformation of the surrounding
rock exceeds the energy storage limit of the slab cracked
structure. The slab cracking structure suddenly loses sta-
bility, the slab cracked rock block instantly breaks into
blocks and separates from the roadway wall, and the strain
energy is suddenly released and converted into rock frag-
mentation dissipated energy and ejection kinetic energy,
thrown into the roadway space, and the damage area is along
the radial direction of the roadway, extending to form a
V-shaped groove on the roadway wall [23].

4. Roadway Support Principle and Support Plan

4.1. Roadway Support Principle. The high ground stress
environment and roadway excavation unloading are the
root causes of large deformation and failure instability of

the deep roadway surrounding rock. According to the 3
periods of deformation and failure of the deep roadway
surrounding rock in the large-scale similar simulation
test, the roadway surrounding rock support is also needed
to start from 2 time points: O The support at the first time
point is mainly the initial support during the unloading
period of the surrounding rock of the roadway. Active
support should be carried out immediately after the ex-
cavation of the roadway, timely restrain the occurrence of
discontinuous expansion phenomena such as separation,
slippage, crack opening, new cracks, etc., of the sur-
rounding rock of the roadway inside and outside the
anchorage zone, and prevent the roof falling and spalling
rib of the roadway surrounding rock. @ The support at the
second time point is mainly to strengthen the support of
the surrounding rock of the roadway, design reasonable
support structure and support parameters, and carry out
high-pressure grouting. The weak and broken sur-
rounding rock is filled and cemented, the loose structure
and mechanical properties of the surrounding rock mass
are improved, the integrity and continuity of the sur-
rounding rock are enhanced, and the permanent stability
of the roadway is realized.

4.2. Calculation of Failure Range of Surrounding Rock of
Roadway. The damage range of the surrounding rock of the
roadway is the key to the design of the roadway support. The
formation and expansion of the plastic zone is always ac-
companied by the deformation and failure of the sur-
rounding rock of the roadway. Therefore, the design of
surrounding rock support can be carried out in accordance
with the theory of plastic zone. According to the existing
research results [24], the mechanical model of the plastic
zone of the nonisobaric circular roadway surrounding rock
with 7 and 6 is shown in Figure 8. The implicit equation of
the plastic zone boundary of the surrounding rock of the
roadway is
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FIGURe 8: Fore model of rock surrounding circular roadway in an inhomogeneous stress field.
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For noncircular roadways, the calculation of plastic zone of
surrounding rock of noncircular roadways can be replaced by a
virtual circle of equal area with “equivalent radius” as the
characteristic size. The “equivalent radius” formula is

- K\E. )
T

In the above formula, P; is the original rock stress in the
vertical direction of the roadway; P; is the original rock stress in
the horizontal direction, and the supporting strength at the
empty surface of the roadway is P; ¢ is the cohesion; ¢ is the
internal friction angle; A is the lateral pressure coefficient, that
is, P;=APy; r, 0 are the polar coordinates of any point on the
boundary of the plastic zone of the surrounding rock of the
roadway; S is the actual roadway section area; and K is the
roadway shape correction coefficient, reflecting the shape effect
of the underground roadway; K uses the parameters in Table 3.

Input the parameters measured on-site into MATLAB
software, calculate the output to get Figure 9, and find out by
analyzing Figure 9 and the calculation results, and the maxi-
mum depth of the plastic zone in the surrounding rock of the
3rd track uphill roadway is 7.4 m, which exceeds the length of
the bolts and cables in the original support plan. That is to say,
the anchoring sections of the bolt and the anchor cable are all
within the plastic zone of the surrounding rock of the roadway,

1)

r2

4c”.

2P, (A - 1)a’ cos 20] 5
_ . _

and the anchoring capacity is not fully utilized, which leads to
large deformation of the roadway surrounding rock and failure
anchoring. Therefore, in the design of roadway support, the
length of the anchor cable must be greater than 7.4 m to ensure
that the anchoring section of the anchor cable is in the complete
rock body to avoid the occurrence of anchor failure problems.

4.3. Roadway Surrounding Rock Support Plan. Based on the
analysis of the deformation characteristics of the sur-
rounding rock of the track uphill roadway and the large-
scale similar simulation test, combined with the actual sit-
uation of the site engineering, expand the construction of
this roadway section. After reaching the original design size,
the step-by-step combined support technology of “anchor
mesh spray + full-face hollow grouting anchor cable” is
adopted; namely, use metal nets, bolts, and shotcretes in the
initial support. Full-face hollow grouting anchor cables are
used for the second reinforced support. The specific support
parameters and construction technology are as follows:

(1) For the initial support, the left-handed threaded steel
bolts with a specification of ®22 mm x L2800 mm
are equipped with two 2535 resin coils, the distance
between rows is 700 mm x 700 mm, and the anchor
rods are connected by ladder beams; the metal mesh
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FIGUure 9: The distribution of plastic zone in roadway section.

uses 12 # iron wire diamond-shaped net; the grid is
not larger than 40 mm. Spray 100 mm thick concrete
to cover the metal mesh, as shown in Figure 10.

(2) The secondary reinforced support adopts full-face
hollow grouting anchor cable, the specification of the
anchor cable is ®22 mm x L12000 mm, the row dis-
tance between the anchor cables is 1500 mm X
1400 mm, and each anchor cable is equipped with 4
pieces of 2535 resin cartridges. The installation method
is exactly the same as the ordinary resin anchor cable.
The full-face hollow grouting anchor cable construction
is carried out 30-40 m behind the heading face, and the
grouting pressure is maintained at 8-10 MPa, as shown
in Figure 11.

4.4. Support Effect. In order to verify the effect of “anchor
network spraying + full-section hollow grouted anchor cable,”
the deformation of the surrounding rock was monitored. After
the implementation of the support program, the top and
bottom plates of the roadway and the two gangs were effectively
controlled, and the deformation of the top and bottom plates
was controlled within 217 mm, and the deformation of the two
gangs was controlled within 301 mm, as shown in Figure 12.
During the service period, no breakage of anchor cable and
anchor rods was found, and no geological disaster such as roof
and piece of the roadway surrounding rocks were found, which
shows that the broken surrounding rocks form a good integrity
under the action of slurry, which makes the anchor rods and
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FiGure 11: “Hollow grouting anchor cable + spray” support.

hollow grouting anchor ropes arranged in the roadway play a
good role and have a better control effect, and can meet the
safety production requirements.

5. Discussion

Through the above calculation results of the plastic zone and
combined with the actual working conditions of the site, the
control ideas under different support methods can be
summarized in the following points: @ No matter what kind
of support method is adopted, the fundamental purpose of
its support is to strengthen the strength of the surrounding
rock and improve the stability of the surrounding rock by
controlling the expansion of the plastic zone. @ The “anchor
mesh shotcrete + full-face hollow grouting anchor cable”
combined support scheme proposed in this paper can be
divided into two stages of support. Among them, the “an-
chor mesh shotcrete” is used in the first stage of support. The
main purpose is to simply support the surrounding rock by
anchoring and shotcreting and to provide certain help for
the initial conditions of the second stage of support. The
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“full-face hollow grouting anchor cable” used in the second
stage of support, and its main purpose is to “strengthen the
roof and solidify” to carry out full-section strengthened
support for the surrounding rock. ® The biggest advantage
of using hollow grouting anchor cable for grouting support
is that the anchor cable is longer than the bolt, and it is easier
to penetrate deeper rock formations. During grouting, the
grout can be injected into the deep rock formations, so that
the broken rock formations can be “connected” with the
relatively stable deep rock formations, thereby controlling
the expansion of the plastic zone and strengthening the
stability of the surrounding rock.

6. Conclusions

(1) Mechanical tests were carried out on 25 sets of
specimens with different proportions designed by
the orthogonal method, and the best proportion of
similar simulated materials for simulating the de-
formation and failure of the surrounding rock of the
roadway was obtained.

(2) Using the large deep mine roadway simulation test
system, a full-section excavation and unloading test
of straight-wall arch roadway was carried out to
realize the practical effect of roadway deformation
and damage simulation under the path of “high
stress + internal unloading + stress adjustment.”

(3) After the deep roadway is excavated with preloaded
high stress, the deformation and destabilization of
the roadway surrounding rock mainly go through
three periods: the first period is the period of uni-
form deformation of the roadway surrounding rock,
the second period is the period of development of the
roadway surrounding rock slab crack structure, and
the third period is the period of destabilization of the
roadway surrounding rock slab crack structure.

(4) Combined with the actual situation of the site
project, the core of the hollow grouting anchor cable
“anchor net spray + full-section hollow grouting
anchor cable” step-by-step joint roadway repair
support program was determined, and the stability of

Advances in Civil Engineering

the repaired roadway was significantly improved to
ensure the long-term use of the roadway.
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