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Abstract 
 

The stability control of mining roadways is crucial in ensuring the safe and efficient mining of deep coal resources. Given 
the effect of mining stress on the working face, the support scheme of such roadways, which is designed based on the 
original in-situ stress parameters, often presents support-related problems. A mining roadway on the 1131 working face 
of Zhujidong Coal Mine in the Huainan mining area, China was taken as the engineering background of this study. To 
explore the influence of mining stress on the stability control of this roadway, the 2-dimensional (2D) Particle Flow Code 
(PFC) numerical simulation software was used to perform a simulation study on the stress distribution characteristics and 
deformation failure laws of the surrounding rocks under the change in the roadway lateral pressure coefficient caused by 
the mining stress. An improved support scheme that considers the influence of varying lateral pressure coefficient on the 
mining roadway was then proposed. Results show that when the lateral pressure coefficient increased from 1 to 1.4, the 
maximum principal stress (61.2 MPa) is observed at 2.9 m inside the roof of the surrounding rocks in the roadway. When 
the lateral pressure coefficient decreases from 1 to 0.4, the maximum principal stress (46.2 MPa) is observed at 2.2 m 
inside the surrounding rock of sidewalls of the roadway, and failure occurs. These findings suggest that the deformation 
and failure of surrounding rocks are affected regardless of the lateral pressure coefficient increase or decrease. On this 
basis, the lengths of the anchor bolts in the roof and sidewalls in the original support method are increased from 2,200 
mm to 3,000 mm and 2,500 mm, respectively. The field monitoring results indicate that the improved support method 
mitigates the deformation and realizes the stability control of the roadway surrounding rocks. The findings of this study 
could provide a scientific basis for the parameter design of roadway support. 
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1. Introduction 
 
Bolt support is the main support method of the surrounding 
rocks in coal mine roadways. At present, nearly 10,000 km 
of roadways are supported by bolts in the newly excavated 
roadway engineering of Chinese coal mines every year. In 
terms of pre-stress, anchor bolts form a stress-carrying 
structure with the surrounding rock, which resists the static 
ground stress around the roadway by utilizing their self-
carrying capacity and results in the active support of the 
roadway [1, 2]. However, the stress field around the 
roadway near the working face changed due to the influence 
of mining work [3]. In most cases, only the original in-situ 
stress is used when designing the roadway bolt parameters. 
As a result, the supporting intensity may be insufficient, 
which will lead to the large deformation of the roadway 
surrounding rocks and cause hidden perils to safe and 
efficient coal mining. Therefore, realizing the stability 
control of the surrounding rocks in mining roadways under 
mining stress is important in achieving stable roadway 
support and safe mining in the working faces of deep mines. 

Previous studies on the deformation failure 
characteristics of mining roadways emphasized the 

mechanical properties and support structure of the roadway 
surrounding rocks. Various theories that define roadway 
crushing and plastic deformation characteristics (e.g., the 
theory of surrounding rock loose circle [4] and theory of 
plastic zone [5]) were proposed, along with related 
supporting theories based on the features of the supporting 
body [6]. Field monitoring and numerical simulation 
manifest that mining roadways undergo an obvious change 
in the surrounding rock stress field during the mining 
process, which consequently increases and then decreases 
the lateral pressure coefficient [7, 8]. According to related 
research, the stress distribution pattern of the roadway 
determines the rupture position of the surrounding rock [9]. 
Therefore, investigating the influence of the variation in 
lateral pressure coefficient triggered by mining disturbance 
on the surrounding rock stability in mining roadways is 
important in improving roadway support parameters and 
increasing the surrounding rock control efficiency. 

On basis of the above discussion, this study takes a 
mining roadway on the 1131 working face of Zhujidong 
Coal Mine in Huainan mining area, China as the engineering 
background to analyze the mechanical characteristics and 
fracturing behaviors of the rectangular roadway under 
different lateral pressure coefficients through numerical 
simulation. This work lays an experimental foundation for ______________ 
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the further investigation of surrounding rock control under 
mining disturbance. 
 
 
2. State of the art 
 
To adapt to the high-intensity mining of coal resources, 
many mining roadways utilize rectangular cross-sections. 
However, the deformation and failure characteristics of these 
roadways greatly differ from those of other shapes and are 
mainly manifested by poor surrounding rock stability. The 
deformation and failure characteristics of rectangular 
roadways are studied by many researchers to reduce the 
number of instability accidents caused by deformation 
failure. Frith et al. [10] investigated the support properties of 
layered roof roadways by grouting bolts, which is a method 
that coordinates bolt pretension and grouting pressure. This 
technique can increase the load capacity and realize the 
stability of the roadway roof. By considering the New 
Shanghai Mine in Inner Mongolia as the study area, Li [11] 
simulated the deformation failure of a rectangular roadway 
by using the Cvisc viscoelastic–plastic model in FLAC3D 
and analyzing the stress distribution and surrounding rock 
crack form. Gong et al. [12] simulated the failure 
phenomenon on the side wall of rectangular tunnels under 
different lateral pressures by using a true triaxial 
compression testing machine and cubic specimens 
prefabricated with rectangular holes. They then proposed a 
support method for reducing the failure degree. The 
abovementioned studies mainly focused on the mechanical 
and deformation failure characteristics of rectangular 
roadways under a certain stress state. However, as the 
practical field experience continuously develops, researchers 
realize that the stress field of the roadways during the 
mining process is not constant. Mark [13] summarized the 
surrounding rock instability accidents in coal mines in 
America and argued that the change in the stress field of 
such rocks causes uncertainties to their stability. By 
analyzing the monitoring information of roadway 
deformation in Selby Coal Field in the United Kingdom, 
Kent [14] evaluated the influences of geological and stress 
changes on the anchor bolts that support the coal mine 
roadway and highlighted the importance of adjusting the bolt 
design in accordance with local conditions. Based on the 
investigation of the stability control of roadway surrounding 
rocks, the influence of the changing stress field on the 
stability of these rocks should be further examined. 

With regard to the influence of the lateral pressure 
coefficient on the roadway, Niedbalsk et al. [15] analyzed 
geomechanics, geological structure, and roadway mining 
technology and stated that the design of the coal mine 
roadway should be evaluated from the perspective of the 
stress influence on roadway stability. Xu et al. [16] analyzed 
the effects of lateral pressure coefficient on the plastic zone 
distribution around a circular tunnel and stress relief by 
using the conformal mapping method and complex variable 
theory. Vazaios [17] evaluated the rupture mechanism of 
rock tunnels and studied the evolution law of the excavation 
damage zone under high-stress conditions through the finite 
element method. Tian et al. [18] used the ANSYS software 
to investigate the influence of lateral pressure coefficient on 
the fillet stability of a rectangular roadway and then obtained 
the roadway plastic zone and surrounding rock deformation 
characteristics under the influence of the former. The 
existing research studied the difficulties in roadway support 
due to the tectonic stress-induced variation in lateral 

pressure coefficient, but the variation in this coefficient due 
to mining disturbance and its influence on the deformation 
failure of mining roadways are rarely explored. The 
surrounding rocks are regarded as a continuous elastomer in 
the finite element method. The crack distribution and post-
crack stress characteristics of roadway surrounding rocks 
cannot be observed. Therefore, the Particle Flow Code (PFC) 
discrete element software is utilized to study the cracks in 
roadway surrounding rocks at a considerably mature level 
[19-22]. 

To address the deficiencies in the existing research, the 
roadway of the 1131 working face in Zhujidong Coal Mine 
in the Huainan mining area, China was taken as the 
engineering background of the present study. A rectangular 
roadway model was established via the 2D PFC (PFC2D) 
software to investigate the influence of six different lateral 
pressure coefficients on the rectangular roadway, as well as 
the stress distribution laws, displacements, and crack 
propagation laws in the surrounding rocks at the roof, floor, 
and sidewalls of the roadway under such coefficients. An 
optimized support design plan was proposed for the mining 
roadway by incorporating engineering practice. The 
rationality of the numerical simulation model was verified 
through a comparative analysis with the application effect in 
practical engineering to provide a reference for the study on 
the influence laws of lateral pressure coefficient on mining 
roadway stability and validate the application effect of the 
proposed roadway support scheme. 

The remainder of this study is organized as follows. 
Section 3 introduces the PFC numerical simulation principle, 
parameter determination, and model loading method. 
Section 4 analyzes the numerical simulation results under 
different lateral pressure coefficients, discusses the influence 
laws of this coefficient on the surrounding rock deformation, 
supports the parameter selection, and verifies the influence 
laws through practical engineering. Section 5 provides the 
conclusions. 
 
 
3. Methodology 
 
3.1 PFC2D numerical method 
The particle flow method, which is a computing method that 
regards a material as a particle aggregate, was proposed by 
Cundall [23] in 1971 and gradually developed into the meso-
analysis software PFC. In a PFC2D model, which is formed 
through random disk particle aggregation, the mechanical 
behaviors of the particles are calculated using the explicit 
time step method. The adhesion among the particles in the 
model follows the basic theories of force-displacement law 
and Newton’s second law, and the contact force among the 
particles is gradually updated via the force-displacement 
theorem. The model adjusts the contact relationship between 
the particles and the walls in accordance with Newton’s 
second law and performs the traversal operation of each 
particle based on time step until the model reaches 
equilibrium or an unstable state due to failure. The common 
contact form in geotechnical engineering is divided into two 
types: contact and parallel adhesions. As shown in Figs. 1 
and 2, the former only transfers force, whereas the latter can 
transfer force and moment. Therefore, contact adhesion is 
suitable for simulating sandy soil-type bulk granular 
materials, whereas parallel adhesion is ideal for simulating 
rock materials. This study adopts the latter. 
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Fig. 1. Contact bond (M=0) 
 

 
Fig. 2. Parallel bond (M¹0) 
 
3.2 Determination of the mechanical parameters of the 
surrounding rock 
The mining roadway of the 1131 working face in Zhujidong 
Coal Mine is a nearly horizontal roadway with a rectangular 
cross-section. The burial depth is 930 m, and the roof and 
floor have approximate lithology. The rock core was drilled 
on the site of roadway engineering and processed into 
standard specimens (Fig. 3a) in the laboratory for the rock 
mechanics experiment. The uniaxial compression and 
Brazilian split tests were performed using the RMT900 rock 
mechanics testing machine. The uniaxial compression failure 
mode of the specimen is shown in Fig. 3b, and the physical 
and mechanical parameters of the roadway surrounding rock 
are listed in Tab. 1. 
 

     
(a) Specimen                     (b) Failure characteristics 

Fig. 3 Uniaxial compressive test 
 

Table 1. Physical properties of surrounding rock 
Physical parameters Parameter values 

Rock types Sandy mudstone 
Deeps (m) 930 

Tensile strength (MPa) 2.179 
Compressive strength (MPa) 24.06 

Poisson's ratio 0.17 
Elastic Modulus of compressive (GPa) 3.58 

Elastic Modulus of tensile (GPa) 3.0 
Internal friction angle (°) 38 

 

3.3 Microparameter calibration of the model 
The selected mesoparameters for the model were calibrated 
using the rock uniaxial test parameters. In consideration of 
the size restriction of the standard specimen in the laboratory 
and particle diameter in PFC2D, a rectangular specimen 
model with length and height of 4 and 8 m, respectively, was 
used as the uniaxial specimen model in the parameter 
calibration. For the convenience of the calculation of the 
strain and Poisson’s ratio, biaxial test at low confining 
pressure is adopted in the calibration. 

The stress-strain curve generated through numerical 
simulation was obtained after the parameter calibration and 
compared with that generated through the uniaxial 
compression test (Fig. 4). Both curves were consistent in 
morphology, but the peak strain of the former was smaller 
than that of the latter because no original crack existed 
among the particles in the numerical model. Moreover, no 
crack compaction phase was observed in the obtained stress-
strain curve. The experimental and numerical test failure 
modes of the specimen are displayed in Fig. 5. The specimen 
failure mode in the simulation was in good agreement with 
that in the uniaxial compression test. On the basis of the 
calibration results, simulating the rock roadway via PFC2D 
is reasonable. The mesoparameters of the model were 
obtained through calibration (Tab. 2). 

 
Fig. 4. Comparison of experimental and calibration result 

       
 (a) Uniaxial                 (b) PFC stimulation 

Fig. 5. Failure mode of specimen 
 

Table. 2. Micromechanical parameters 
Mesoscopic parameters Parameter values 

Density (kg/m3) 2700 
Radius (m) 0.02-0.03 

Porosity 0.16 
Stiffness ratio 0.4 

Particle friction coefficient 0.5 
Wall friction coefficient 0.5 

Linear contact modulus (GPa) 5.2 
Parallel bonding contact modulus (GPa) 3.85 

Normal bond modulus (GPa) 0.011 
Cohesion (GPa) 0.008 

Internal friction angle (°) 38 
Damping coefficient 0.7 
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3.4 Model construction 
The size of the roadway model was 40 m × 40 m, and 
parallel adhesion was adopted as the adhesion among the 
particles. To achieve acceptable calculation accuracy and 
satisfy the research requirements, the model was constructed 
using particles with minimum and maximum radii of 20 and 
30 cm, respectively. Multiple preliminary experiments 
indicated that the stress distributions at the roadway roof and 
floor, as well as those at the left and right walls, were 
symmetrical. Therefore, 10 measuring circles were arranged 
only at the roof and right wall. The arrangement of the 
measuring circles in the model is shown in Fig. 6. The 
maximum horizontal distance and maximum vertical 
distance from the measuring circles to the free face are 11.7 
m. 

 
Fig. 6. PFC2D roadway model and measuring circle layout 
 

The calibrated mesoparameters were applied to the 
model during the simulation. The wall position at the bottom 
of the model was fixed; constant speed was applied to the 
top, left, and right wall bodies through the servo mechanism 
in PFC until the loading to the vertical and horizontal 
stresses set by the servo; and the measuring circles were 
added for the post-excavation calculation. The change laws 
of the lateral pressure coefficient of one section of the 
roadway under disturbance should be determined to select 
the appropriate lateral pressure coefficient for the simulation. 
Under the influence of mining disturbance, the lateral 
pressure coefficient of the mining roadway gradually 
increased to the maximum value (approximately 1.35 times 
of that under no disturbance) before declining to the 
minimum value (0.7 times of that under no disturbance) [3]. 
According to the field monitoring of the ground stress on the 
1131 working face in Zhujidong Coal Mine, the lateral 
pressure coefficient under no disturbance was 0.95. On the 
basis of the maximum and minimum values under mining 
disturbance, the variation range of the lateral pressure 
coefficient in front of the working face under mining action 
was 0.67-1.28. To comprehensively investigate the stress 
and deformation characteristics of the roadway within this 
variation range, the simulation was conducted under lateral 
pressure coefficients of 0.4, 0.6, 0.8, 1.0, 1.2, and 1.4. 
 
 
4. Results and Discussion 
 
4.1 Stress distribution characteristics in the roadway 
under different lateral pressure coefficients 
 
The failure mode of roadway surrounding rock is divided 
into tensile and shear failures. The former is related to the 

maximum principal stress, whereas the latter frequently 
occurs on the plane with the maximum shear stress. The 
monitoring emphasis in this study was placed on the size and 
position of the maximum principal and shear stresses in the 
simulation, which are the bases for the evaluation of the 
failure-prone range of the roadway. 
 
4.1.1 Stress distribution characteristics on the roof 
The maximum principal and shear stresses of the 
surrounding rock at different depths on the roof of the 
mining roadway under different lateral pressure coefficients 
are presented in Figs. 7a and 7b, respectively. As the lateral 
pressure coefficient increases from 0.4 to 1.4, the maximum 
principal stress at different depths of the roadway roof 
increases. The degree of increase in the shallow part is 
significantly greater than that in the deep part. The 
maximum principal stress increases from 25 MPa to 40.3 
MPa, whereas the maximum principal stress position 
decreases from 10.1 m to 4.1 m. When the lateral pressure 
coefficient is 1.4, the maximum principal stress at the 
roadway edge is 0 MPa, and a maximum stress value of 61.2 
MPa is generated at 2.9 m inside the roadway surrounding 
rock. As shown in Fig. 7b, the maximum shear stress at the 
shallow part of the roadway roof (0.5 m) increases from 0.5 
MPa to 15.6 MPa as the lateral pressure coefficient increases 
from 0.4 to 1.4. When the lateral pressure coefficient is 1.4, 
the maximum shear stress at the roadway edge is 0 MPa, and 
a maximum stress value of 17.8 MPa is observed at 2.9 m 
inside the surrounding rock. In summary, when the lateral 
pressure coefficient is large (1.4), the maximum principal 
and shear stresses is observed at 2.9 m inside the 
surrounding rock at the roadway roof where failure can 
easily occur. 

 
(a) Maximum principal stress 

 
(b) Maximum shear stress 

Fig. 7. Stress distribution of the roof of the roadway  
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4.1.2 Stress distribution characteristics on the roof 
The maximum principal and shear stresses of the 
surrounding rock at different depths on the right side of the 
mining roadway under different lateral pressure coefficients 
are shown in Figs. 8a and 8b, respectively. As the lateral 
pressure coefficient increases from 0.4 to 1.4, the depth of 
the position of the maximum principal and shear stresses 
exhibits no evident change. However, the maximum 
principal stress at the shallow part of the roadway roof (1.7 
m) decreases from 46.2 MPa to 35.2 MPa, and the maximum 
shear stress at the same position also declines from 17.2 
MPa to 11.8 MPa. In conclusion, at small lateral pressure 
coefficient (0.4), the maximum principal and shear stresses 
are high at 1.7 m inside the surrounding rock at sidewalls, 
which is an area that is prone to failure. 
 

 
(a) Maximum principal stress 

 
(b) Maximum shear stress 

Fig. 8. Stress distribution of the right side of the roadway  
 
4.2 Change rules of the roadway displacement under 
different lateral pressure coefficients 
The displacement distribution nephogram of roadway 
surrounding rocks under different lateral pressure 
coefficients is presented in Fig. 9. When the lateral pressure 

coefficient is 0.4, the displacements demonstrate a semi-
elliptical distribution on the roof and floor. The maximum 
displacement ranges between 10 and 20 mm, but the 
increase in the displacement of the middle part of the 
sidewalls exceeds this range (greater than 40 mm). As the 
lateral pressure coefficient increases from 0.4 to 1.4, the 
displacement and scope of displacement at the roadway roof 
decrease, whereas those at the sidewalls gradually increase. 
When the lateral pressure coefficient is 1.4, the maximum 
displacement of the sidewalls ranges between 20 and 30 mm, 
whereas that of the roadway roof exceeds this range (greater 
than 40 mm). This result indicates that the sidewalls easily 
fail under small lateral pressure coefficients, whereas the 
roadway roof and floor clearly undergo caving failure under 
large lateral pressure coefficients. On the one hand, from the 
above analysis, the wall support should be strengthened 
when the lateral pressure coefficient is small. On the other 
hand, the roof support should be reinforced when the lateral 
pressure coefficient is large. 
 
4.3 Crack development characteristics in the roadway 
under different lateral pressure coefficients 
 Fig. 10 shows the crack distribution laws in the surrounding 
rock of the rectangular roadway under different lateral 
pressure coefficients. When the lateral pressure coefficient is 
0.4, the crack development depth on the sidewalls is 2.16 m. 
As the coefficient increases from 0.4 to 1.4, the crack 
quantity and development depth on the sidewalls decrease, 
whereas those on the roadway roof increase. When the 
lateral pressure coefficient is 1.4, the crack development 
depth on the roadway roof is 2.86 m. Tension cracks are 
distributed near the surface of the roadway, whereas shear 
cracks are distributed in the tension crack area. This finding 
suggests that roadway failure is the result of tension and 
shear failures. On the basis of crack development 
characteristics, the cracks on the two sidewalls develop 
when the lateral pressure coefficient is small, and thus cause 
the failure of the walls. When the lateral pressure coefficient 
is large, roof and floor cracks appeared, and cause the failure 
of the roof of the roadway. 

The effects of lateral pressure coefficient on the crack 
quantity of the roadway are depicted in Fig. 11. A total of 
187 cracks are generated in the roadway when the lateral 
pressure coefficient is 0.4, among which 129 are tensile 
cracks and 58 are shear cracks. As the coefficient increases 
from 0.4 to 1.4, the amount of tensile and shear cracks 
decreases, and then increases. Eighty-two cracks are 
generated in the roadway when the lateral pressure 
coefficient is 1.2. When the coefficient is 1.4, 636 cracks are 
generated; the number of tensile cracks (421) is still higher 
than that of shear ones (215). The result implies that the 
crack quantity in the roadway is greatly affected by the 
lateral pressure coefficient. The crack quantity around the 
roadway is at minimum with good stability when the lateral 
pressure coefficient is close to 1. Regardless if the lateral 
pressure coefficient increases or decreases, cracks develop in 
roadway surrounding rocks and pose threats to roadway 
stability and support. 
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(a) λ=0.4                                       (b) λ=0. 6                                         (c) λ=0.8                                           (d) λ=1.0 

                  
(e) λ=1.2                                   (f) λ=1.4 

Fig. 9. Displacement distribution nephogram under different lateral pressure coefficients 
 

       
(a) λ=0.4                                        (b) λ=0. 6                                        (c) λ=0.8                                          (d) λ=1.0     

          
(e) λ=1.2                                        (f) λ=1.4 

Fig. 10. Fracture distribution under different lateral pressure coefficients 
 
 

 
Fig. 11. Distribution of the number of fractures under different lateral 
pressure coefficients 

 
4.4 Rectangular roadway support technology under 
different lateral pressure coefficients 
The bolt-mesh-cable coupling support is adopted for the 
initial roadway support method of the 1131 working face of 
Zhujidong Coal Mine. Four bolts (Ф20 × 2200 mm) are 
arranged per section in the roof and sidewall of the roadway 
at intervals of 1 m. Similarly, two cables (Ф17.8 × 6300 mm) 
are arranged per section in the roof of the roadway at 
intervals of 2 m (Fig. 12a). The deformation of the roadway 
affected by mining stress is shown in Fig. 12b. The sidewall 
of the roadway does not exhibit significant deformation, 
whereas the roof does. 

The roadway lateral pressure coefficient when no mining 
effect is present is approximately 1. The simulation results 
reveal that the maximum principal (33.6 MPa) and shear 
(12.5 MPa) stresses respectively appear at 4.1 and 0.5 m 
above the roof of the roadway. Similarly, the maximum 
values of the two stresses (35.2 and 13.1 MPa, respectively) 
are observed at 2 m of the roadway sidewall. Meanwhile, the 
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crack development depths on the roof and sidewall are 1.45 
and 1.52 m, respectively. In summary, when the lateral 
pressure coefficient is 1, the 2.0 m range inside the roof and 
sidewall of the surrounding rock is prone to failure. 
Therefore, the original roadway support scheme (with 
support depth of 2.2 m), which is not affected by mining 
stress, can provide a stable support to the roof and sidewall 
of the roadway.  
 

 
(a) Origin support method 

 
(b) Deformation fo roadway 

Fig. 12. Origin support method and roadway deformation of Zhujidong 
mine 
 

Given the influence of mining activities, the lateral 
pressure coefficient of the roadway in the 1131 working face 
of Zhujidong Coal Mine increased from 1 to 1.28 and then 
decreases to 0.67. To ensure the stability of roadway support, 
the safety factor is set 1.1. The maximum and minimum 
lateral pressure coefficients of the roadway are 1.4 and 0.6, 
respectively. As shown in Figs. 7 and 8, when the lateral 
pressure coefficient increases to 1.4, the maximum principal 
(61.2 MPa) and shear (17.8 MPa) stresses appear at 2.9 m 
above the roof of the roadway, and the cracks are quite 
developed. When the coefficient decreases to 0.6, the 
maximum principal (35.2 MPa) and shear (13.9 MPa) 
stresses are observed at 2.0 and 1.7 m above the sidewall of 
the roadway, respectively, and the cracks are quite 
developed at 2.12 m. During the mining process, cracks 
occur at 2.9 and 2.12 m on the roof and sidewall of the 
roadway, respectively. Given this condition, the original 
support method (with bolt support depth at the sidewall and 
roof of 2.2 m) cannot provide sufficient support under 
varying lateral pressure coefficients. Therefore, the 
improved support method is proposed. Four bolts (Ф20 × 
3000 mm) and three cables (Ф17.8 × 6300 mm are arranged 
per section in the roof the roadway at intervals of 1 m. The 
sidewall support is improved using bolts with diameter of 20 
mm and length of 2,500 mm. The improved support method 

is illustrated in Fig. 13a. After applying the improved 
roadway support scheme, the deformation at the roof and 
sidewalls is minimized, and the fracture phenomenon of the 
bolt is reduced. The field support effect of the roadway is 
shown in Fig. 13b. The sidewalls and roof are well-
controlled, and no failure accident occurs during the mining 
process. 

 

 
(a) Improved support method 

 
                  (b) Deformation fo roadway 

Fig. 13. Improved support method and deformation of Zhujidong mine 
 
 
5. Conclusions 
 
A simulation calculation model is constructed based on the 
PFC discrete element method to study the stress distribution 
rules and failure characteristics of roadways due to the 
change in the horizontal stress in deep mines. The stress 
distribution rules (for the maximum principal and shear 
stresses), fracture, and displacement characteristics of the 
surrounding rock at the roof and sidewalls of the roadway 
are analyzed. This study combines the onsite monitoring of 
the roadway with the result of the theoretical analysis to 
improve the original support approach. The following 
conclusions are drawn. 

(1) As the lateral pressure coefficient increases from 0.4 
to 1.4, the maximum principal and shear stresses at the roof 
increase, whereas those at the sidewall decrease. When the 
lateral pressure coefficient is 1.4, the values of the two 
stresses at 2.9 m inside the surrounding rock of the roadway 
roof are 61.2 and 17.8 MPa, respectively. When the lateral 
pressure coefficient is 0.4, their values at 1.7 m inside the 
surrounding rock of the roadway sidewall are 46.2 and 17.2 
MPa, respectively.  

 (2) As the lateral pressure coefficient increases from 0.4 
to 1.4, the scope and amount of displacement and at the roof 
increase, whereas those at the sidewall decrease. The 
maximum displacement amount is obtained in the 
displacement superposition zone at the roof or sidewalls. 
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With the increase in this coefficient, the crack quantity and 
development depth at the sidewalls decrease, whereas that at 
the roof increase. The maximum crack development depths 
on the roadway sidewalls and roof are 2.16 and 2.86 m, 
respectively.  

(3) The numerical simulation results reveal that when the 
lateral pressure coefficient of the roadway is changed by the 
mining process, the failure depths at the sidewall and roof 
are 2,120 and 2,900 mm, respectively. In addition, the length 
of the bolt in the original support method increases from 2, 
200 mm to 2, 500 and 3, 000 mm, respectively. A cable is 
then added to the roof to reinforce the support. The 
optimized support method based on the numerical results 
significantly reduces the surrounding rock deformation and 
relieves the fracture of the bolts. Moreover, no deformation 
instability accident happens in the roadway.  

In this study, the discrete element simulation of 
rectangular roadways under different lateral pressure 
coefficients is assumed to be unaffected by the geological 

structure. However, the boundary conditions may require 
further optimization under the influence of such structure in 
other engineering fields. Therefore, further studies are 
necessary to determine the accurate influence of the 
geological structure on the lateral pressure coefficient and 
optimize the support for the mining roadways of deep mines. 
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