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1. Introduction 
 

The activity of the overlying strata in the cross mining 

roadway generally plays a key control role in the stability of 

the surrounding rock. Various theoretical hypotheses have 

been proposed regarding the characteristics of overlying 

rock activity in mining areas and the stress transmission 

mechanism of surrounding rocks (Wang et al. 2019, Wang 

et al. 2021, He et al. 2018, Zhang et al. 2023). The 

representative ones are the cantilever beam hypothesis, 

articulated rock block hypothesis, transfer rock beam 

theory, and masonry beam model, as well as the theoretical 

calculation methods for roof settlement and support load 

derived based on the above theoretical models. There are 

significant differences in the characteristics of rock pressure 

behavior between irregular roof stopes and long wall 

regular roof stopes, and research is needed on the 

determination method, combination effect, and mechanical 

model of key strata of irregular roof (Yang et al. 2019, Wu 

et al. 2023). The expression of stress distribution under 

different mining distances was obtained considered the  
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pressure in the goaf, the gravity of the overlying rock, and 

the constraint conditions (Ma et al. 2022). The 

identification method and fracture mechanism of key strata 

and combination key strata in shallow coal seams were 

studied, and the theory of shallow key strata was proposed 

(Zhang et al. 2021). The high-level thick and hard roof was 

simplified into a mechanical model of thin roof under 

different boundary conditions, and the ultimate span drop 

distance considering the influence of horizontal stress was 

obtained (Zhao et al. 2021). The irregular shape of the 

working face was proposed as the direct reason for the 

significant deviation between the measured value of the 

pressure step and the numerical simulation and theoretical 

calculation value (Xiong et al. 2024). 

The current research results mainly focus on simplifying 

the key strata in rectangular mining areas into long beams 

or thin plates, and on this basis, a relatively basic 

mechanical analysis has been conducted on the bending 

characteristics of irregular key strata. The dynamic 

prediction model was established for the stability of stope 

roof by combining on-site detection and similarity 

simulation methods with engineering geological conditions 

(Liu et al. 2021). A mechanical model was established for 

the distribution of roof pressure in inclined coal seam 

mining roadway (Shan et al. 2021). The thin plate theory  
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Abstract.  Influenced by the alternating effects of dynamic and static pressure during the mining process of close range coal 

seams, the surrounding rock support of cross mining roadway is difficult and the deformation mechanism is complex, which has 
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middle of the boundary. The cracks on the floor of the cross mining roadway gradually develop in an elliptical funnel shape from 

the shallow to the deep. The dual coupling support system composed of active anchor rod support and passive U-shaped steel 
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was used to analyze the fracture mechanism of the 

overlying strata in steep dip mining and the basic stress 

distribution characteristics of the overlying strata when the 

roof is fractured in upward mining (Yang et al. 2024). The 

existing research results have preliminarily established a 

mechanical model for the key strata structure of the roof, 

providing a preliminary reference basis for the safe mining 

of long wall working faces (Meng et al. 2023, Pan et al. 

2022, Liu et al. 2023). However, the theoretical research on 

inclined trapezoidal mining areas still lags behind the roof 

control in trapezoidal mining areas (Wen et al. 2023). 

Therefore, theoretical research on the fracture 

characteristics and stress transfer mechanism of irregular 

roof slabs still needs to be further explored. 

In order to solve the problem of stability control of 

surrounding rock of cross mining roadway, the design 

method of bolt support parameters was analyzed for 

structural stability of cross mining roadway by using fuzzy 

cluster analysis method (Wang et al. 2020). The instability 

characteristics of the roadway floor under high level stress 

conditions was studied through numerical simulation and 

proposed preventive measures for non-uniform support in 

key areas (Xu et al. 2019). The grouting U-shaped steel 

support anchor cable coupling support technology scheme 

was proposed (Tian et al. 2024). The range of roadway 

loosening zone was conducted in-depth research on, 

improving the bearing capacity of surrounding rock, and the 

coupling characteristics between surrounding rock and 

support, which played a positive role in the reasonable 

parameter design of anchor bolts and the stability control of 

surrounding rock (Chen et al. 2022). In order to reduce the 

deformation of the bottom bulge in deep underground soft 

rock roadways, the three-dimensional fast Lagrangian 

analysis method was used to analyze four support design 

modes (Wang et al. 2021). 

The above research simplifies roof collapse as an ideal 

overall cutting model, explores the impact, stress 

distribution, and stress transfer characteristics of roof 

collapse, and provides a theoretical basis for quantitative 

analysis of cross mining roadway support. However, the 

focus of its prevention and control is mostly on a single coal 

and rock mass medium, and there is no systematic 

establishment of a roadway support system under the 

 

 

dynamic activity characteristics of the overlying strata. This 

article focuses on the mechanism of overlying rock 

movement in trapezoidal mining areas under inclined coal 

seam mining face adjustment conditions and the support 

characteristics of close distance cross mining roadways. The 

correlation characteristics and mechanical criteria between 

overlying rock structure movement and roadway 

surrounding rock failure are studied. By revealing the 

disturbance mechanism of surrounding rock stress peak 

under mining influence, a segmented directional control 

method for cross mining roadways is proposed. 

 

 

2. Analysis of roof breaking in irregular stopes 
 

2.1 Mechanical model of trapezoidal key strata 
 

To analyze the deformation characteristics and support 

methods of cross mining roadways affected by right angled 

trapezoidal working face, takes the inclined longwall 

mining of the 10304 working face of Zhongheng coal mine 

as the engineering background (Fig. 1). Zhongheng coal 

mine is located in Liupanshui, China, with geographic 

coordinates of 104°29′51″-104°30′16″E and 26°02′22″-

26°02′59″N. The inclination angle of the 3 coal seam where 

the cross-mining face 10304 is located is 33° on average, 

which is an inclined coal seam (Fig. 2). The thickness of the 

3 coal seam where cross-mining face 10304 is located 

varies greatly, the coal thickness is 1.5-2.5 m. The direct 

roof is light greenish gray siltstone and fine sandstone with 

horizontal wave shape and intermittent horizontal 

lamination. The direct roof of the coal seam is siltstone, 

with hard, dense lithology and laminae development. The 

direct floor is gray mudstone, and the lithology has the 

characteristic of becoming soft when encountering water 

(Table 1). The failure forms of the surrounding rock are 

manifested as floor bulge, roof settlement, and cracking of 

the sides. The amount of floor bulge reaches 300-500 mm, 

and the amount of roof settlement reaches 100-200 mm. 

The working face of 10304 is a typical right-angle 

trapezoidal mining face, and the beveled edge is the 

advancing direction of the working face. the lower part of 

the working face of 10304 is the transport roadway, and the  

Theoretical analysis Numerical simulation 

The instability mechanism of 
key layers in right angled 
trapezoidal working face

   Mechanical model of right angled trapezoidal plate

   Expression of coal wall stress in working face

   The propagation law of support pressure in floor during mining

   The influence of mining support pressure on the stability of floor 

   The correlation law between mining and floor stability

   Design of dual coupling support for floor partition segments

   On site application of dual coupling support design
 

Fig. 1 Support ideas of cross mining roadways affected by right angled trapezoidal working face 
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upper part is the return roadway. the breaking step and 

stress distribution of the overlying rock layer of 10304 are 

affected by the irregular mining face. the transport roadway 

of 10304 intersects with the rock gate roadway being cross-

mined. As shown in Fig. 3, with the increase of excavation 

size, there is obvious stress concentration at the bottom of 

coal column. In order to reduce the degree of stress 

concentration in the surrounding rock of the proximity 

roadway, the stonegate roadway should be kept as far away 

as possible from the influence of the mining stress of the 

10304 working face. On this basis, quantitative research can 

be conducted on the location of stress concentration and 

coal wall location to calculate the evolution characteristics 

of the distribution of stress in the rock surrounding rock of 

 

 

 

 

the stone gate roadway and provide theoretical 

determination of the force source for the support of the 

stone gate roadway. 

As shown in Fig. 3(a), after 10304 working face is 

retrieved, the direct top of bubble falls, and part of the 

gangue slides or rolls downward along the inclination 

direction to the side of the coal wall near the unmined. As 

the coal wall side belongs to the solid support end, so there 

is no need to consider the joint action of the overlying rock 

layer and the gangue in the mining area. Assume that the 

total thickness of the overlying rock of the key layer is h1, 

its average modulus of elasticity is E1, the capacity is γ1, 

Poisson's ratio is μ1, the thickness of the hard basic top is h2, 

the modulus of elasticity is E2, the capacity is γ2, Poisson's 

  
(a) Top view of working face mining (b) Side view of working face mining 

 
(c) Schematic diagram of working face mining 

Fig. 2 Design diagram of 10304 working face 
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(a) Overburden strata structure model (b) Mechanical model of right angle trapezoidal stope roof 

Fig. 3 Roof structure model of right angle trapezoidal stope 

Table 1 Features of seam roof rocks of 10304 working face 

Type Layer Thickness/m 
Elastic 

modulus/GPa 

Tensile 

strength/MPa 
Poisson's ratio Density/(kg/m3) 

Siltstone 
Overburden 

strata 
20 36 8.2 0.23 2520 

Pelitic siltstone Basic roof 5 34 7.1 0.23 2480 

Mudstone 
Immediate 

roof 
6 19 5.6 0.26 2400 
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ratio is μ2, the thickness of the coal seam is h3, the modulus 

of elasticity is E3, the capacity is γ3, Poisson's ratio is μ3. 

The key layer breaking structure in Fig. 3(a) is simplified to 

a trapezoidal inclined elastic sheet with one side solidly 

supported and one side simply supported, and a mechanical 

model is established as shown in Fig. 3(b). Assume that the 

coordinate origin is located at O in the face of the model, x 

is the direction of pushing and mining, the length is a+ky, y 

is the direction of inclination, the length is b, and the z 

direction is the direction of vertical ground stress. k is the 

reciprocal of the inclination slope of the working face, 

k=1/tanβ. 

The overlying seam load P(y) = P0-γ1·y·sinα in the 

direction downward along the slope of the seam. P0 is the 

overlying seam load at the lower head of the working face. 

P(y) can be decomposed into the lateral load P1= P(y)·cosα 

perpendicular to the roof and the longitudinal load P2= 

P(y)·sinα parallel to the roof and downward along the y-axis. 

The action of gravity G = γ·2h2, horizontal constitutive 

force F1= λ1·γ2·h2, F2= λ2·γ2·h2 (λ1 and λ2 are lateral pressure 

coefficients) is decomposed into G1= G·cosα, F11= F1·cosα 

perpendicular to the roof and F12= F1·sinα parallel to the 

roof. Therefore, the key strata can be simplified as a 

rectangular trapezoidal thin plate under certain boundary 

conditions. 

The deformation of the right-angle trapezoidal plate is 

expressed by the first-order approximate displacement 

function, and the deformation in the horizontal direction is 

expressed by the generalized beam function. The variable 

coefficient ordinary differential equation corresponding to 

the vertical displacement function under different boundary 

conditions is established through the principle of minimum 

potential energy. Solve the differential equation based on 

boundary conditions to obtain an analytical solution for the 

bending of a right angled trapezoidal plate 

w(x, y)=u(x, y)·v(y) (1) 

The displacement function in the x-direction in formula 

(1) is a generalized beam function in the form of simple 

support at one end and solid support at the other end. 

u(x, y)=2x4-3x3·(ky+a)+x·(ky+a)3 (2) 

The displacement in the y-direction can be solved 

according to the principle of minimum potential energy, and 

the expression of the total potential energy of the right-

angle trapezoidal thin plate is 

dxdyqwdxdy
y

w

x

wD
Π

b akyb aky

  





















0 0

2

0 0 2

2

2

2

2

 (3) 

In formula (3), q is the transverse distributed load on the 

roof, D is the roof flexural stiffness. The formula (1) of the 

right-angle trapezoidal thin roof is substituted into formula 

(3) 
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(4) 

Substitute formula (2) into formula (4) to obtain the 
expression for the total potential energy of the right-angle 
trapezoidal thin plate 
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(5) 

Minimum potential energy when the elastic sheet is in 

equilibrium 

δΠ=0 (6) 

Substitute formula (5) into formula (6) 
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Further the variable coefficient ordinary differential 
equation for v(y) can be obtained 
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(8) 

Substituting the characteristic roots into formula (8) and 
calculating the general solution of the non-simultaneous 
formula (8), the bending deflection function of the right-
angle trapezoidal plate can be obtained 
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(9) 

Based on the conditions of long-side solid support and 
short-side simple support, the boundary conditions of right-
angle trapezoidal thin-slab rock formation 
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Substituting formula (9) into formula (10), the stress 
state at each point of the key strata of the right-angle 
trapezoidal thin plate is obtained 
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2.2 Key strata breaking characteristics 
 
The roof has two forms of damage, which are the overall 

shear damage along the coal wall and the tensile damage in 

the middle of the roof plate. In order to avoid the damage to 

personnel or equipment caused by the large incoming 

pressure strength of the roof shear damage, the roof should 

be as much as possible to show the progressive tensile 

breakage. According to the maximum shear stress theory of 

the top plate boundary damage judgment of the overall 

shear, the minimum value of the top plate boundary in the 

four limit push progress distance is the critical push 

progress distance of the top plate shear breakage. Based on 

the maximum tensile stress theory, the limit pushing 

distance of the trapezoidal top plate for progressive tensile 

damage can be calculated and compared with the critical 

pushing distance of the top plate for shear breakage, and the 

minimum value of the two is the limit pushing distance of 

the trapezoidal top plate for breakage. 

The breaking sequence of the overlying rock layer on 

the roof depends on the number of breaking steps of each 

rock layer, independent of the inclination length of the 

working face. Calculate the load of the key layer based on 

the deformation characteristics of the key layer 

 
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According to formula (12), q11 = 0.055 MPa, q12 = 0.18 

MPa, and q13 = 0.079 MPa. Since q11 < q12 > q13, the 

siltstone of the first layer and the siltstone of the third layer 

can be judged as critical layers. Considering the mechanical 

model of 10304 right-angle trapezoidal quarry roof in which 

the long side is the solid support end and the short side is 

the simple support end. Therefore, the tensile breakage 

criterion of the critical layer can be used to calculate the 

ultimate breakage step and ultimate overhanging area of the 

first layer of siltstone and the third layer of siltstone 

respectively, and then determine the main critical layer and 

sub-critical layer. 

According to the calculation results of the key layer 

breakage step counted in Table 2, the breakage step of the 

third siltstone is smaller than that of the first siltstone, 

which indicates that the third siltstone and the first siltstone 

will form a composite key layer and move together. 

Due to the slanting advance of 10304 working face, the 

peak of over-support pressure affects the surrounding rock 

deformation of cross-mining roadway in sections, avoiding 

the concentration of over-support pressure acting on cross-

mining roadway in the same time. According to the field 

 

 

 

 

 

 

 

 

 

 

 

measurement results, the initial collapse step during the 

working face advance is 52 m, and the periodic collapse 

step is 18 m, the peak of overrunning support pressure is 

located about 10 m in front of the coal wall of the working 

face, and the bottom plate of the roadway is in the periodic 

pressure stage during the cross-mining. 

 

 

3. Transmission characteristics of mining stress in 
floor 
 

In the process of coal seam mining, the stress balance 

around the quarry is broken and leads to the dynamic 

evolution of the surrounding rock stress, while forming 

stress-raising and stress-lowering areas, which in turn 

affects the stability of the surrounding rock of the roadway. 

In order to reduce the impact of mining stress on the 

roadway and protect the safety of personnel and equipment 

inside the roadway, the analysis should focus on the 

characteristics of mining stress distribution and 

transmission law to avoid the cross-mining roadway is 

located in the peak impact area of mining stress. Therefore, 

by studying the distribution characteristics of mining stress 

in trapezoidal quarry and its transmission mechanism in the 

surrounding rock, it can provide a theoretical basis for 

realizing the active control of the roadway. 

 
3.1 Distribution characteristics of mining stress 
 
The over-supported mining dynamic stress is formed in 

front of the working face during coal seam mining and is 

parallel to the mining face after adjusting the slope. 

Therefore, getting the shear stress distribution of the top 

plate boundary of the quarry can determine the load borne 

by the coal column, and then obtain the stress distribution  

 

 

 
Fig. 4 Schematic diagram of boundary stress distribution 

of right angle trapezoidal key strata 

y
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Table 2 Statistical results of key strata breaking steps 

Key strata The first strata of siltstone The third strata of siltstone 

Breaking parameter 
Breaking step at the end 

of the upper surface/m 

Breaking step in the 

middle of the lower 

surface/m 

Breaking step at the end 

of the upper surface/m 

Breaking step in the 

middle of the lower 

surface/m 

First breaking 49 58 39 49 

Second breaking 51 57 38 47 

Third breaking 52 53 39 44 
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characteristics of the roadway envelope that changes with 

the distance from the mining face. The load distribution of 

the right-angle trapezoidal key seam boundary is shown in 

Fig. 4. 

The bending moments Mx and My and the torques Mxy 

on the right-angle sides are 

 


























































yx

w
DMM

x

w

y

w
DM

y

y

x

w
DM

xyxy

y

x

2

2

2

2

2

2

2

2

2

1 




 

(13) 

The shear force Fsx and Fsy are 
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Further find the bending moment Mn, torque Mnt, shear 

force Fsn 
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With the distance from the working face shortened, the 

peak load above the coal and its increasing rate both 

showed an increasing trend. Among them, at 100 m from 

the working face, the load on the oblique side of the coal 

column of the right-angle trapezoidal quarry is 43 MPa, the 

load on the short side of the coal column is 33 MPa, and the 

load on the vertical side of the coal column is 13 MPa, 

which indicates that the right-angle trapezoidal thin plate 

solid support boundary is more prone to surrounding rock 

stress concentration compared with the simple support 

boundary. In addition, with the pushing of the working face, 

the peak coal load position gradually shifts to the interior of 

the quarry (Fig. 5). 

The main influencing factors of cross-mining roadway 

stability include safety distance, inclination angle of coal 

seam, coal seam thickness and quarry size. In order to 

achieve safe and efficient cross-mining, the influence of 

mining stress on the stability of the roadway must be 

studied in detail to provide a theoretical basis for the 

proposed cross-mining roadway support method. The 

process of calculating the fracture depth of surrounding 

rock affected by mining stress during the pushing of 

trapezoidal working face is shown in Fig. 6. 

According to the calculation process in Fig. 6, the 

overlying rock transport characteristics of the quarry are 

taken as the carrier of the coal body, and the load  

 

Fig. 5 Load evolution characteristics of coal pillar in front of working face 

Structural judgment of overburden strata 

and calculation of shear stress in coal pillars
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Fig. 6 Flow chart for calculating the rupture depth of surrounding rock affected by mining 
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Fig. 7 Schematic diagram of floor failure depth and 

zoning support 

 

 

transferred to the bottom plate of the roadway is obtained 

by calculating the shear stress of the coal body, and the 

minimum safety distance is determined according to the 

elastic-plastic partition of the surrounding rock and the 

influence range of the mining stress. At the same time, 

according to the vertical distance of the quarry floor from 

the roadway and the stress state of the surrounding rock, the 

roadway is divided into different sections and the stability 

analysis is carried out separately. 

As shown in Fig. 7, the damage depth of the roadway 

bottom slab can be determined according to the ultimate 

bearing formula of the taishaji foundation (Zhou et al. 

2002). 

1 3

3

  




m ( m )sin
r arcsin

sin




 (18) 

2 45 2

L
s

cos( / )



 (19) 

In formula (18), m is the intermediate principal stress 

parameter, m=2σ2/(σ1+σ3), φ is the internal friction angle of 

the rock, S is the length of ab, and L is the distance between 

the peak support pressure and the coal body. 

The boundary bc can be expressed as a logarithmic 

spiral curve 
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In formula (20), s1 is any vector diameter, s is the 

starting vector diameter, and θ is the angle between s1 and s. 

Combined formulas (18)-(20) can determine the depth of 

damage of the bottom plate caused by the support pressure 

at the working face V1 

1
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3.2 Analysis of floor failure characteristics 
 

Taking the mining of 10304 cross-mining face of 

Zhongheng coal mine as the engineering background, the 

numerical simulation method of granular flow is used to 

establish the mining field model, to study the breaking law 

of the right-angle trapezoidal thin plate key layer under  

 
(a) Numerical model 

 
(b) Particle microstructure 

 
(c) Particle bonding state 

Fig. 8 Numerical model for rock parameter calibration 

 

Table 3 Microproperties parameters of rock 

Element Parameter Value 

Ball 

Minimum radius/m 6.7×10-2 

Particle size ratio 1.5 

Density/(g/cm3) 2.63 

Contact 

Contact modulus/GPa 37 

Stiffness ratio 2.46 

Friction coefficient 0.5 

Bond 

Average normal strength/ 

Standard deviation(MPa) 
30/0 

Average tangential strength/ 
Standard deviation(MPa) 

40/0 

Elastic modulus/GPa 37 

Stiffness ratio 2.46 

Radius multiplier 1 

 

 

different advancing distance conditions and its influence 

characteristics on the coal body bearing, and to compare 

with the theoretical analysis results, and then to provide a 

reasonable basis for the design of the field section. 

In order to ensure that the particle flow simulation 

procedure can be applied efficiently in engineering 

problems, a direct tensile test model at large particle size is 

established with the help of PFC2D software and the built-

in FISH language and its algorithm to realize the calibration 

of rock parameters for this simulation. A cylindrical 

specimen is used for the direct tensile test, and its test 

model and numerical model of particle flow are shown in 

Fig. 8. 

L
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Fig. 9 Numerical model for rock parameter calibration 

 

 

In Fig. 8, A is a rock specimen with height H and 

diameter D, and B is a resin cementation layer, which is 

replaced by a high adhesive strength (adhesion of red and 

yellow parts) in the numerical model. Table 3 counts the 

numerical model fine view parameters, where the value of 

end bond strength is 10 times of rock bond strength, and the 

rest parameters are the same as rock. Table 4 counts the 

fine-view parameters of the overlying rock layer of 

Zhongheng coal mine 10304. 

The structure of the numerical model is shown in Fig. 9, 

which mainly simulates the stress distribution 

characteristics of the top and bottom slab of the roadway 

after mining the coal seam above the roadway, where the 

thickness of the coal seam is 3.5 m and the thickness of the 

key layer above the coal seam is 28 m. The upper rock layer 

of the key layer is replaced by a uniform load q = 3.5 MPa. 

The particle range is 0.6-0.7 m, the particle size values obey 

Gaussian distribution, and a total of 251801 particles are 

generated. The red dashed line in Fig. 8 shows 463 

monitoring points arranged in the top and bottom of the 

roadway, the coal seam above the roadway and the key 

layer, and the profile of the cross-mining roadway is within 

the blue solid line below the monitoring points. 

Fig. 10 shows the fracture development characteristics 

of the surrounding rock under different pushing distance 

conditions. The red color represents that the rock is under 

pressure and the blue color represents that the rock is under 

tension. After pushing 45 m, the development of fissures in 

the surrounding rock of the roadway is obvious, indicating 

that the location of the roadway is affected by the adopted 

stress. When the working face was pushed to 90 m, the 

development of fissures in the surrounding rock of the 

roadway further increased, indicating that the mining stress 

disturbance can accelerate the development of fissures in 

the surrounding rock. When the cross-mining is finished,  

 

 
(a) Mining 45 m 

 
(b) Mining 90 m 

 
(c) Mining 135 m 

Fig. 10 Characteristics of surrounding rock fracture under 

different mining lengths 

 

 

the direct top collapse, the surrounding rock fissure area 

continues to develop to the deep on the original basis, and 

the channel surrounding rock fissure area is on the rising 

trend, forming a typical interlaced fissure zone. The 

comprehensive study found that the fissure expansion speed 

is faster at the early stage of mining, and the fissure 

expansion speed slows down gradually with the increase of 

pushing mining distance. In addition, the laminar structure 

of fissure expansion is obvious, all of them develop from 

the mining place to both ends. 

As shown in Fig. 11, the influence range of mining 

stress moves with the change of pushing mining distance. 

After pushing 45 m, the stress in the surrounding rock of the 

roadway rises rapidly, which means that the overrun mining 

stress is transferred to the location of the roadway through 

the coal seam, and at this time, the range affected by mining 

stress is the smallest, but the concentration of stress in the 

surrounding rock is the highest. When the working face is  

Cross section of roadway

Monitoring scope of mining site

Table 4 Meso-parameters of overlying stratum of 10304 workface 

Strata 

Microscopic parameters Macro parameters 

Ec 

/GPa 
Kn/Ks μ 

σc 

/MPa 

τc 

/MPa 

E 

/GPa 
v 

σc 

/MPa 

τc 

/MPa 

Coal 20 2 0.6 5 8 23.7 0.21 17.43 3 

Siltstone 40 1.5 0.5 10 16 54.1 0.17 18.93 14 

Mudstone 35 1.8 0.4 12 15 76.7 0.21 10.8 13 
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pushed to 90 m, the peak stress in the surrounding rock of 
the roadway decreases and the influence range of mining 
stress expands. The peak stress decrease is mainly caused 
by the increase of vertical distance between the working 
face and the roadway and the gradual decay of stress 
transmission. The main reason for the expansion of the 
influence range of mining stress is the continuous transport 
of the overlying rock layer. The mining stress influence 
range at the end of cross-mining is the largest, and the stress 
concentration in the surrounding rock is the lowest. In 
addition, the range of mining influence in different sections 
of the roadway varies, but the trend of the change of the 
surrounding rock stress is basically the same, and the 
overall evolution of the surrounding rock stress with the 
change of the pushing distance is slowly rising and then 
slowly decreasing, which indicates that the mining stress at 
the working face and the cross-mining roadway mine 
pressure is not positively correlated. 

 

 

4. Support method for overhead mining roadway 
 

According to the numerical simulation results of cross-

mining roadway, there are three main factors affecting the 

 

 

 

stability of cross-mining roadway, one is the excessive 

development of fissures in the surrounding rock of cross-

mining roadway, which reduces the bearing capacity of the 

surrounding rock itself, the second is the formation of 

pressure relief space in the cross-mining roadway section, 

which easily causes the expansion and deformation of the 

top and bottom plates and the two helpers, and the third is 

the periodic fracture of the overlying rock layer with the 

pushing of the working face, which gradually releases the 

stress of the surrounding rock to the roadway and forms a 

fracture zone. In view of the above influencing factors, it is 

necessary to propose different support methods based on the 

principles of overall design, timely support, high-strength 

support and coupling support, according to different 

locations of the cross-mining roadway, and control the 

deformation of the surrounding rock of the cross-mining 

roadway through the double coupling of active support 

structure and surrounding rock, and active support structure 

and passive support structure coupling (Fig. 12). 

As shown in Fig. 13, based on the numerical simulation 

results of the stress distribution in the surrounding rock of 

the cross-mining roadway, the cross-mining roadway is 

divided into three zones, such as ordinary support, enhanced  

  
(a) Mining 45 m (b) Mining 90 m 

  
(c) Mining 135 m (d) Stress distribution curve of surrounding rock 

Fig. 11 Characteristics of surrounding rock stress under different mining lengths 

 

Fig. 12 Main characteristics of coupled support 
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(a) Convention 

 
(b) Strength 

 
(c) High strength 

Fig. 13 Schematic diagram of roadway cross-section 

support  

 

 

support and key support, etc. Based on active support, the 

corresponding passive support method is selected according 

to the different surrounding rock stress conditions. The 

basic parameters of active support structure are statistically 

presented in Table 5. 

(1) Active coupling support structure with non-grouted 

anchor cables is used in the general support area. The 

anchor cable diameter is 21.6 mm, the length is 5300 mm, 

and the inter-row distance is 700 mm × 2000 mm. 

(2) The active coupling support structure of non-grouted 

anchor cable + passive support structure of U-shaped steel 

shed is adopted in the reinforced support area. Among them, 

the U-shaped steel shed is U29, and the spacing of U-

shaped steel shed is 2000 mm. the diameter of anchor cable 

is 21.6 mm, the length is 5300 mm, and the distance 

between rows is 700 mm × 1500 mm. 

(3) The key support area adopts the active coupling 

support structure of grouted anchor cable + passive support 

structure of U-shaped steel shed, forming a linkage double 

coupling support system. Among them, the U-shaped steel 

shed is U29, and the spacing of U-shaped steel shed is 1000 

mm. the diameter of slurry anchor cable is 22 mm, the 

length is 6000 mm, the inter-row distance is 700 mm × 

1000 mm, and the maximum slurry depth is 7000 mm. 

Cross-mining roadway deformation is mainly affected 

by the mining stress of irregular working face, so it is  

Table 5 Characteristics of basic suppor 

Type Size/mm Spacing/mm 

Bolt 
Ф28×L2800(roof) 700×900 

Ф28×L2800(sides) 800×900 

W-shaped steel 

strip 
3800×183×5 750 

Steel mesh 2400×900 100×100 

Cable 
Φ21.6mm×L5300 

(Non grouting) 
1500×1500 

 

 
(a) Schematic diagram of monitoring location 

 
(b) Section monitoring 

Fig. 14 Layout diagram of stress and deformation 

monitoring monitoring 

 

 

necessary to monitor the amount of surrounding rock 

deformation as well as the force of the supporting structure 

in the cross-mining roadway after the support of zoning 

section. As shown in Fig. 14, measurement points are 

arranged at 100m from the working face respectively. The 

deformation of the surrounding rock in the measurement 

point is monitored by the cross-point method, while the 

anchor cable and anchor rod forces are monitored by the 

mine MSJ-202 vibrating string anchor cable force gauge 

and the mine SDMG-75 anchor rod force gauge, 

respectively. 

The monitoring results of the deformation of the 

roadway surrounding rock are shown in Fig. 15, and the 

monitoring results of the anchor rod and anchor cable force 

are shown in Fig. 16. The amount of top and bottom slab 

shifting in the section of ordinary support, reinforced 

support and key support is significantly larger than the 

deformation amount of the two gangs. Among them, the 

maximum amount of top plate sinking is 170 mm, and the 

maximum amount of bottom plate bulging is 50 mm, the 

deformation is within the allowable range of cross-mining 

roadway. In addition, the force of anchor cable and anchor 

rod increased with the decrease of distance from the 

working face. The maximum force of top plate anchor cable 

in the key support section was 170 kN, the maximum force 

of anchor cable in the gang was 155 kN, and the maximum  
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(a) Bolt 

 
(b) Cable 

Fig. 16 Support stress at different distances from the 

working face 

 

 

force of anchor rod was 98 kN, which were all within the 

anchorage range. It means that the anchor rod and anchor 

cable are selected appropriately and the double coupling 

support method achieves the expected goal. 

 

 

5. Discussion 
 

Considering that the top plate breaking has an important 

influence on the stress transfer of the surrounding rock, it is 

important to study the destabilization process and breaking 

law of the right-angle trapezoidal thin plate to guide the 

support of the cross-mining roadway. As shown in Fig. 17, 

the shear stress evolution characteristics of the right-angle 

trapezoidal roof slab boundary are illustrated by pushing 

150 m of the working face as an example, and the selected 

shear stress values are all located at the middle face of the 

rock layer. 

According to the analysis of shear stress distribution 

characteristics, the reverse shear stress is distributed at the 

endpoints of the right-angle trapezoidal quarry boundary. 

The analysis of its principle is mainly due to the stress 

concentration at the endpoints of the trapezoidal roof 

boundary, when subjected to lateral load, there is a tendency  
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(a) Convention 

 
(b) Strength 

 
(c) High strength 

Fig. 15 Deformation of surrounding rock at different distances from the working face 
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of upturning at the endpoints, but affected by the vertical 

downward reaction force. oB side and AC side and BC side 

and OA side, the shear stress distribution on the opposite 

sides is basically opposite, indicating that the top plate is in 

balance. peak shear stress on OA side (7.2 MPa) > peak 

shear stress on BC side (4 MPa) > peak shear stress on OB 

side (1.3 MPa) > peak shear stress on AC side (0.8 MPa). 

OB side peak shear stress (1.3 MPa) > AC side peak shear 

stress (0.8 MPa), analyze the reason, BC side and OA side 

length is much larger than OB side and AC side, BC side 

and OA side bear more load, but BC side is simple support 

structure, OA side is solid support structure, therefore, OA 

side peak shear stress is higher than BC side. In addition, 

the peak shear stresses at the boundary of the trapezoidal 

top slab are all located near the middle of the boundary, 

indicating that the peak support pressure on the coal body is 

also located near the middle of the boundary. 

With the above analysis, when the key layer of right-

angle trapezoidal sheet breaks, the damage occurs first from 

the solid support edge of the upper surface of the rock layer, 

and with the pushing of the working face, the tensile 

damage occurs in the middle of the lower surface of the 

rock layer and leads to the crack penetration of the upper 

and lower surfaces of the rock layer, and the key layer 

breaks and destabilizes as a whole. Therefore, the limit 

pushing progress distance of the quarry should be the 

quarry pushing progress distance when tensile damage 

occurs in the middle of the lower surface of the rock 

formation. 

As shown in Fig. 18, the slope k of the right-angle 

trapezoidal slope is set in the range of -0.9 - 0.9, and the 

effect of k on the maximum tensile stress in the middle of 

the lower surface of the rock formation is studied. When k <  

0, the maximum tensile stress of the formation increases 

exponentially with the decrease of the slope, and the 

formation breaks and destabilizes after exceeding the tensile 

strength. When k > 0, the maximum tensile stress of the 

 

 

Fig. 18 Curve of maximum tensile stress changing with k 

 

 

rock layer increases exponentially with the increase of 

slope, and the growth rate is greater than when k < 0. When 

k > 0.6, the rock layer breaks and destabilizes because it 

reaches the tensile strength. It means that when the slope of 

the right-angle trapezoidal roof slope exceeds its limit, the 

rock formation breaks and destabilizes, so k should be set in 

the stable range when adjusting the mining parameters. 

 

 

6. Conclusions 
 

(1) The model of key layer of right-angle trapezoidal 

thin plate is established by using elastic thin plate theory, 

and the analytical solution of bending and sinking of key 

layer of right-angle trapezoidal thin plate with two sides 

solid support and two sides simple support is obtained by 

using Kantorovich method, and the criterion of shear and 

tensile rupture instability of key layer is given, according to 

which the limit pushing progress distance and limit 

overhanging area of right-angle trapezoidal quarry are 

calculated. 

(2) The fissures in the surrounding rock of the roadway 

gradually develop from shallow to deep and approximately 

develop in an elliptical funnel shape in all directions, within 
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the range of rock layers pushed by the trapezoidal quarry, 

the dominant direction of the fissures in the surrounding 

rock is horizontal development along the rock layer, and the 

fissures in the non-mining rock layer are mainly vertical 

development. The fissure development in the non-mining 

rock layer is mainly in vertical direction. 

(3) Based on the theoretical calculation of the maximum 

depth of surrounding rock failure and the minimum safe 

coal rock column spacing, the cross mining roadway is 

divided into key support areas, strengthened support areas, 

and ordinary support areas. Through the proposed dual 

coupling support method of active and passive combination, 

the maximum force of the roadway anchor cable is 170 kN, 

and the maximum force of the anchor rod is 98 kN. 

(4) This stdy focuses on the overlying rock layers and 

size distribution of the working face, simplifying the key 

layer into thin plates for research. But the thickness of the 

overlying rock layer is not constant, but shows dynamic 

changes. Subsequent research should focus on the overall 

movement of the impact range of the key layers of the 

irregular plate in real-time state. 
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