
Geomechanics and Engineering, Vol. 26, No. 1 (2021) 49-61 

https://doi.org/10.12989/gae.2021.26.1.049                                                                   49 

Copyright © 2021 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=gae&subpage=7                                                             ISSN: 2005-307X (Print), 2092-6219 (Online) 

 
1. Introduction 
 

A regenerated roof refers to the roof of a lower slice re-

compacted and bonded for a certain period under stratal 

stress due to rock bondability and addition of water and 

binders after roof caving of the upper slice during mining. 

When slicing is carried out, as part of mining operations, 

under a regenerated roof, due to influences of geological 

structure, tectonic stresses are large, so is the range of 

damage to coal seams, and the lower slice tends to show 

stress concentration (Zou et al. 2015, Zhang et al. 2021a). 

Meanwhile, weakly cemented masses forming the roof have 

a low strength and many fissures, so that accidents, such as 

caving of the regenerated roof readily occur, thus seriously 

affecting mine production safety. In addition, because of 

non-ideal conditions of the regenerated roof, the mining of 

the lower slice can severely damage overlying strata and the 

surface deformation can be large. Furthermore, surface 

subsidence occurs repeatedly when mining into deep areas, 

so that these, including surface buildings, railways and 

water bodies are severely damaged, which adversely affects 

the environment in mining areas (Li et al. 2020, Zou et al. 

2021). Therefore, it is of significance for the safety and  
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productivity of mines to build a theoretical mechanical 

model of the conditions under a regenerated roof to 

simulate and research instability processes and mine stress 

distributions. 

To solve safety problems caused by the regenerated 

roof, some scholars have conducted experiments and 

research in areas, such as structural form, movement and 

roof control methods, etc. After analysing the ground stress 

behavior of a steeply inclined top-coal caving face in 

Huating coal mine, Gansu Province, China, Zhang et al. 

(2016) investigated the flow and caving characteristics of 

top coal and roof rock, as well as top coal loss pattern in the 

fully mechanized top coal caving mining of extra thick coal 

seams. Latifi et al. (2016) posited that composite rock 

beams allow movement of the roof of a working face. 

Combining the key strata with other strata to form a unified 

rock beam and determining the discriminate criterion is 

widely applied when mining coal seams with high gas 

contents. Moreover, the theory of composite rock beams 

provides a new idea for studying mine stress distributions. 

Based on similar material simulation, numerical simulation, 

and field measurement, Alehossein and Poulsen (2010) 

developed a yield and caveability criterion based on in situ 

conditions in the top coal in advance of the mining face 

(yield) and behind the supports (caveability). Based on the 

strain energy balance in longwall coal mining is developed 

to determine the mining-induced stress over gates and 

 
 
 

Research on theory, simulation and measurement of stress behavior  
under regenerated roof condition 

 

Xuelong Li1,2,3,4, Shaojie Chen1,3, Qiming Zhang2, Xin Gao1 and Fan Feng1 
 

1State Key Laboratory of Mining Disaster Prevention and Control,  
Shandong University of Science and Technology, Qingdao, 266590, Shandong, China 

2State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology, Xuzhou, 221116, Jiangsu, China 
3College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao, 266590, Shandong, China 

4State Key Laboratory of Coal Mine Disaster Dynamics and Control, College of Resource and Safety Engineering, Chongqing University, 
Chongqing 400030, China 

 
(Received March 20, 2021, Revised June 18, 2021, Accepted June 21, 2021) 
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development of hazards on working faces and roadways caused by the widespread behavior of the roof. 
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pillars. In the proposed model, the height of the destressed 

zone above the mined panel, total induced stress, abutment 

angle, vertical component of induced stress, and coefficient 

of stress concentration over gates and pillars are determined 

analytically (Rezaei et al. 2015, Liu et al. 2021). 

After observations of numerous roadway stability cases 

behind longwall faces, Wilson et al. (1983) stated that the 

vertical stress in the goaf increases linearly from zero to the 

original overburden stress at some point within the goaf. 

Wang et al. (2013) studied the stress evolution 

characteristics of coal pillars on a working face in the upper 

slice during slicing. When the width of these coal pillars 

varies, roof stress characteristics of the working face in the 

lower slice also vary. A reasonable width of coal pillar not 

only improves resource recovery, but also ensures safe 

mining of the working face in the lower slice. The 

permeability distribution certainly will be non-uniform and 

changing in the lower slice as the floor of the top slice. 

First, when the upper slice face is mining, the stress re-

distributions lead to stress concentration in the lower slice 

in front of the face. Then, the floor is exposed to the goaf, 

and stress is relieved. Leśniak et al. (2020) presented the 

results of applying the collapsing method in mining 

seismology using a cloud of located events recorded during 

mining activity at one of the coalfaces in the Bobrek hard 

coal mine. Through theoretical analysis and simulation 

testing, Cheng et al. (2009) revealed mechanical equations 

and criteria for fracturing different roof structures and 

analysed the relationship between the range of influence of 

mining-induced stress and advancing length of the working 

face. Varela et al. (2021) evaluated the best combination of 

three different modular extensive green roof structures and 

two types of local substrates (compost and soil + biochar) 

for Lactuca sativa L. var. crispa (lettuce) gowth. The 

breaking angle and the shearing angle of the overburden 

strata can reflect the compaction characteristics in the floor 

within the goaf (Smart and Whittaker 1987, Li et al. 2021). 

Based on many site investigations, collection of field data, 

and by using numerical simulation and similar simulation 

methods, Deng et al. (2016) studied coal slicing and mainly 

focused on fracturing of overlying strata of a roof during 

slicing. and found that the height of the caving zone of a 

roof in slicing increases with the number of slices. By 

employing methods, such as numerical simulation, 

electromagnetic geophysical prospecting, and seismic 

monitoring, Choi and Lee (2015) used PFC-3D numerical 

analysis of the optimum cutter spacing and failure aspects 

of Korean Busan tuff, and found that PFC-3D can easily 

represent macroscopic rock specimens containing micro 

cracks. 

Based on the special geological conditions prevailing at 

Xinji No. 2 coal mine, Huainan city, Anhui Province, China, 

by theoretical analysis and numerical simulation, we 

assessed the movement of coal and rock strata and the 

distribution characteristics of overlying strata in 

backstoping under a regenerated roof. The research also 

analysed the evolution and distribution of stress fields in 

stope based on movement of coal and rock strata and found 

the ways to prevent roof caving and surface damage. In 

addition, a method of roof control was proposed to achieve 

the goal of reducing and controlling the influences of 

backstoping as far as possible on mine safety under a 

regenerated roof. This not only enriches theories of ground 

stress behavior and movement of coal and rock strata, 

which supplements theoretical predictions of subsidence 

when mining (Singh et al. 2002, Zhang et al. 2021b), but is 

also necessary for coal mining under buildings, railways, 

and water bodies and the practice of sound environmental 

governance in mines. 

 

 

2. General situation in the mine and at its working 
faces  
 

For Xinji No. 2 coal mine in Huainan city, the working 

face 210108 in the upper slice of the coal seam #1 and the 

working face 210107 in the lower slice is being mined. 

Located in the mining area 2101 in the east wing of the coal 

seam #1 in the second level in Xinji coal mine, the 

elevations of upper and lower limits separately are -601.2 m 

and -648.5 m in the backstoping working face. The distance 

to the belt transporter tunnel of the working face 210108 in 

the north is about 5 m, the overlying working face 210108 

in the coal seam #1upper had been mined out in December 

2013, and open-off cut of the working face 210107 is 

staggered outwards for 10 m relative to that of the working 

face 210108. Within the working face, the coal seam #1 is 0 

to 1.6 m (average, 1.0 m) from the overlaying coal seam 

(coal seam #1upper used hereafter) (basically mined out), 

while the distance from the underlying Taiyuan formation 1 

is 15.7 m to 19.4 m (average, 17.2 m).  

An analysis was performed according to geological data 

revealed by the mining of the working face 210108, as well 

as the air way, the belt transporter tunnel, and the open-off 

cut of working face 210107. The layout of mining area 

21010 is shown in Fig. 1. 

Coal seam #1 is dominated by powdery coal and is 

 

 

 

Fig. 1 Layout of mining area 21010 
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mainly composed of semi-bright coal with a simple 

structure. The roof close to the coal seam mainly contains 

argillaceous inclusions, while the floor shows sand-shale 

interbedding. The average thickness of the roof and floor 

changes from 1 m to 3 m. The roof of the working face 

210108 had caved and collapsed, and formed a regenerated 

roof under the effects of its geology. 
 
 

3. Theoretical analysis of ground stress behavior 
under a regenerated roof 
 

Under the special geological conditions of this 

regenerated roof, the movement of the roof and floor is 

complex and mine stress are distributed in a non-uniform 

manner, so that coal and rock dynamic disasters readily 

occur. To study ground stress behavior, we established a 

mechanical model of an elastic thin plate for the roof of the 

lower slice for calculation purposes, aiming to obtain a 

deflection equation of the roof of the lower slice after 

mining and to set critical conditions for avoiding fracturing 

under the regenerated roof. 

 

3.1 Theory of the elastic thin plate 
 

In the theory of an elastic thin plate, a plate with much 

thickness h much less than its length and known width is 

defined as an elastic thin plate. In accordance with 

Kirchhoff’s theory (Bacciocchi et al. 2020), the basic 

assumptions for the elastic thin plate include: 

(1) Before deformation, a straight line perpendicular to 

the middle plane remains perpendicular to the deformed 

middle plane and the length is unchanged, that is, the 

assumption of straight line in the theory of plates and shells. 

(2) Points in the middle plane of the plate do not show 

displacement parallel to the plane. 

(3) Strain caused by normal stress δz perpendicular to 

mid-plane of the thin plate is εz=0. 

The bending moment and torque equations of the thin 

plate are: 

, ,

 

(1) 

where, D represents the flexural rigidity of the plate and D=
3

212 1-

Eh

（ ）
. E and μ indicate the elastic modulus and 

Poisson’s ratio of the plate, respectively. 

The plane stress component of the plate is shown as: 

, ,  

(2) 

Suppose that the plate is located on a continuous elastic 

foundation and bent by load q(x,y) perpendicular to the 

plate. When the deflection is much less than the thickness 

of the plate, the sub-grade reaction R at any point of the  

 

Fig. 2 Model of a rectangular cantilever plate 

 

 

plate is directly proportional to the deflection of the plate at 

this point according to Winkler’s assumption, that is, 

 (3) 

where k is the elastic foundation coefficient, so the strength 

of each point acting on the plate is 

 (4) 

Therefore, the differential equations for curved surface 

of the elastic foundation plate can be obtained as follows: 

 

(5) 

 

3.2 Establishment of model of rectangular cantilever 
plate under a regenerated roof 

 

At working face 210107 in the Xinji No. 2 coal mine, 

the length of the working face is about 130 m and the 

advancing length is about 600 m. Moreover, the layer 

thickness of main roof in overlying strata is 1.1 m on 

average. According to the theory of an elastic thin plate 

(Bacciocchi et al. 2020), the ratio of thickness h to width a 

is about 1/110, so it can be regarded as thin. 

Assuming that the hydraulic supports can ensure that the 

main roof is not fractured, then the main roof can be 

considered as an elastic thin plate with a fixed side and 

three free sides. The load from overlying strata on the top 

can be equivalent to a uniformly-distributed load q, and the 

working resistance of the front hydraulic support can be 

simplified as uniformly-distributed force p. Due to the large 

size of the plate, the other parts are considered 

unconstrained. Therefore, in view of the roadway and roof 

after mining, it can be modelled as a rectangular cantilever 

thin plate with the upper part bearing load from overlying 

strata while the lower part has a fixed side and three free 

sides supported by hydraulic supports (Fig. 2). 

Taking an inner-corner of the plate as the origin, the 

coordinate system is established along the advance direction 

of the working face as the y-axis and the direction along 

length of the working face as the x-axis (Fig. 2). Where, l, 

L, L', q and p indicate the length of the working face, 

advancing length of the working face, the roof-control 

distance of the coal mining face, the uniformly distributed 

load from overlying strata and the support strength of  
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Fig. 4 Distribution of each zone in the regenerated roof 

 

 

hydraulic supports, respectively. 

 

3.3 Establishment of the improved model with an 
arcuate structure 

 

In fact, the real data pertaining to thickness and load on 

the immediate roof of working face 210107 (the lower 

slice) were not detected before mining. This is because the 

roof of the working face 210108 (the upper slice) in Xinji 

No. 2 coal mine caved during mining and was re-compacted 

and bonded into the roof of the lower slice after a period 

under stratal stress due to bondability of rock or addition of 

water and binder. At present, it is thought that we should 

consider the structure of the regenerated roof as an arch in 

equilibrium after the roof collapses, thus stabilising the roof 

and a new roof is formed due to compaction and 

cementation in later stage (Lomax et al. 2019, Xue et al. 

2020). The better to analyse the ground stress behavior 

under a regenerated roof, a mechanical model with an 

arcuate structure representing the regenerated roof was 

established to analyse the thickness of the regenerated roof 

in combination with the above model of the rectangular 

cantilever plate, as shown in Fig. 3. 

For the regenerated roof with its arcuate structure, as the 

working face advances, the span of the arch changes from 

expansion, to shrinkage, and expansion again. This causes a 

loss of stability and weighting of the arch-like structure. 

Owing to the cemented layer of the regenerated roof having 

a low strength, poor stability, and suffering large plastic 

deformation, the damaged rock blocks on the roof cover the 

cemented layer in the form of an arcuate structure. Although  

 

 

 

Fig. 5 Analytical model of the regenerated roof 
 

 

the periodic instability found therein can result in the 

increase of the working face weighting, because of small 

damaged rock blocks therein, the maximum span Lmax 

leading to instability of the arcuate structure is small. In 

addition, the plastic buffering effect of the underlying 

cemented layer results in negligible weighting when 

instability occurs, a small step distance, and a low intensity 

failure. Therefore, the thickness of cemented layer of the 

regenerated roof is an important factor influencing the 

stability of the regenerated roof. Therefore, the approximate 

minimum thickness of any required cemented layer is 

calculated by using soil mechanics theories based on known 

structural characteristics of the regenerated roof. The 

specific mechanical model is shown in Figs. 4 and 5. 

Supposing that the regenerated roof is well formed, both 

sides of the roof-control area are compacted walls, and in 

case of a small caving height, when the load-reducing arch 

is in equilibrium, the thickness of the cemented layer is 

determined by the maximum shear stress τmax. In other 

words, taking the derivative of the general b value of the 

span of the arch with respect to τ and setting it to 0, the 

minimum thickness hmin of the cemented layer is obtained  

  

(a) (b) 

Fig. 3 Arcuate structural model of the regenerated roof: (a) Before instability and (b) After instability 
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Fig. 6 The simplified mechanical model of the 

rectangular cantilever plate 

 

 

as follows: 

 
(6) 

where, K represents the correction coefficient and is 

selected according to different coal and strata parameters; φ 

indicates the internal friction angle and values φ = 37° 

based on the optimum moisture content (7%); b' is the 

unsupported roof distance, namely, a+b and generally a = 

0.2 m; and b denotes the row spacing of working face 

supports (m). 

 

3.4 Comprehensive analysis of the structural model 
of the regenerated roof and simplified model of the 
elastic rectangular cantilever thin plate 
 

Based on the above analysis, by using the principle of 

equivalent replacement (Lydzba et al. 2019), this model of a 

rectangular cantilever thin plate is simplified to a model of a 

plate with thickness hmin, one simply supported side and 

thee free sides. Each side is affected by bending moments 

M(x) and M(y). The bending moment M(x) is distributed on 

both sides y = 0 and y = l and changes with location x of a 

point. The bending moment M(y) acts on both sides x = 0 

and x = L and varies with location y of a point. The 

simplified model is displayed in Fig. 6. 

When the rectangular cantilever plate bears load on its 

free sides, the boundary and corner conditions are as 

follows: 

 (7) 

 
(8) 

 

(9) 

 

(10) 

 
(11) 

In accordance with the generally used methods for 

solving plate problems in mechanics, the double sine series 

proposed by Navier can be selected as the governing 

equation describing the curved plane of the plate: 

 
(12) 

where, 

0

0
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Thus the general solution to Eq. (5) is: 

 

(13) 

Based on formulae (9) and (13), (7) and (10), as well as 

(8) and (11), the deflection of the free sides and bending 

moment of the fixed side of the rectangular cantilever plate 

are separately given by: 

 

(14) 

 

(15) 

By combining this with Formula (13), the equation for 

the maximum tensile stress on the regenerated roof can be 

obtained: 

,  

(16) 

When the stress in Eq. (15) is less than, or equal to, [σt], 

the roof does not fracture. 

It is extremely difficult to solve the plate problem and it 

is difficult to obtain Fourier coefficients by using a 

successive approximation method. For these reasons, the 

first two terms of the Fourier coefficient representing the 

bending moment of the fixed side during calculation are 

selected and MATLAB™ software is used to obtain a 

solution. The relationships between the maximum tensile 

stress with advancing length and thickness of the 

regenerated roof are obtained based on data from the Xinji 

No. 2 coal mine (D=0.5, Cm=C1+C2, a02=0.5, a012=0.5, 

α=pi/4, a02=0.5, a012=0.5, μ=0.3 are known or can be 

calculated) (Lazopoulos 2009). On this basis, the following 

Eq. (17) and curve (Fig. 7) are obtained: 
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Fig. 7 Influences of thickness of the regenerated roof on 

vertical stress during mining 

 

 

As shown in Fig. 7, as the working face advances, the 

vertical stress on the roof changes, that is, it increases in the 

initial stage, then shows a sharp decrease followed by stable 

decrease, and finally stabilises (This is reflected by the 

colour darkening from left to right in the figure and then 

becoming stable), however, with the reduction of thickness 

of the regenerated roof, vertical stress from overlying strata 

rises and the thinner the roof, the greater the stress increase. 

Based on a comparison in the figure, the effects of thickness 

of the regenerated roof are far greater than those of 

advancement of the working face. The vertical stress 

changes about three-fold and its maximum value is about 6 

MPa, therefore, the main factor influencing stress changes 

in coal and strata can be determined as the thickness of the 

regenerated roof. To ensure safety when mining the lower 

slice (as far as possible), the stability after slicing the upper 

slice should be of paramount concern. When the thickness 

of the regenerated roof is set, it is important to study the 

changes in mine stress during mining process. 

 
 

4. Numerical simulation 
 

4.1 Introduction to software 
 

FLAC-3D uses the explicit finite difference method and 

the basis of the algorithm is the fast Lagrangian calculation 

method. This method is most suitable for solving non-linear 

large-deformation problems. FLAC-3D solves the 

governing differential equations of a field and applies a 

discrete model of mixed elements, so it can simulate the 

yield, plastic flow, softening and large deformation of 

materials (Parmar et al. 2019). 

The use of automatic inertia and automatic damping 

coefficient can overcome limits of a small time step and 

damping problem that exist in explicit formula. 

Furthermore, it provides interface or simulation elements 

known as slip-planes to simulate weak surfaces, such as 

faults, bedding planes, joints, and friction contact surfaces. 

Meanwhile, FLAC-3D also offers structural simulation 

elements to simulate support structural bodies, such as 

roadway linings, pile linings, anchor rods, and piled 

foundations. 

 

Fig. 8 Model of the mining area in Xinji No. 2 coal mine 

 
Table 1 Physical parameters of each coal stratum 

Coal and strata 

Bulk 

modulus / 

GPa 

Shear 

modulus/ 

GPa 

Internal 

friction angle/ 

° 

Tensile 

strength

/ kN 

Cohesion / 

MPa 

Upper strata 10.83e9 8.13e9 38 2.75e6 1.84e6 

Roof 2.91e9 1.5e9 32 7.8e6 4e6 

Coal seam 
#1upper 

0.63e9 0.145e9 30 0.34e6 0.12e6 

Coal seam 

#1lower 
0.63e9 0.145e9 30 0.34e6 0.12e6 

Floor 6.27e9 5.19e9 44.5 11.5e6 6.5e6 

Lower strata 10.83e9 8.13e9 38 2.75e6 1.84e6 

 
 

4.2 Model establishment 
 

Based on prevailing geological conditions in coal seam 

#1 in the Xinji No. 2 coal mine, the FLAC-3D numerical 

simulation software was used to simulate and analyse 

distributions of mine stress and deformation of coal and 

rock in the presence of the regenerated roof. The geometric 

model measured 500 m × 300 m × 400 m and downhill 

mining was simulated on the working face. Moreover, the 

inclination angle of the coal and rock was 4°. The model is 

shown in Fig. 8. 

In this model, the working face 210107 was taken as a 

research object. Model parameters, and layout of roadways 

and working faces are demonstrated in the figure. Working 

face 210107 measuring 390 m × 120 m with thickness of 

3.6 m, and a burial depth of 800 m, is used to simulate the 

equivalent gravitational force of the coal and rock. 

According to the actual situation of the coal mine, working 

face 210108 should be mined first, so that the roof of the 

working face caves after mining, and crushed blocks and 

binder are subjected to high stresses to form a body acting 

as the roof to working face 210107. To obtain the 

distribution of mine stress in the presence of the regenerated 

roof of working face 210107, reasonable boundary 

conditions are selected for numerical simulation. The 

horizontal displacement of four vertical planes on the model 

is constrained in the normal direction and the bottom of the 

model is subjected to fixed constraints. On the top of the 

model, a vertical stress (P = γH) of 23 MPa is used to 

simulate the weight of the covering layer. In accordance 

with in situ stress data collected in Xinji No. 2 coal mine, 

stress coefficients in x and y-directions are set to 1. An  
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elasto-plastic Mohr-Coulomb model with a non-associated 

flow rule is selected as a failure criterion for modelling the 

coal as well as the roof and floor strata. Physical parameters 

of each coal stratum in the model are presented in Table 1. 

To reflect operational mining reality as far as possible, 

goaf of the working face 210108 was first simulated (Fig. 

9(a)), and then goaf of the working face 210108 was 

backfilled according to the geological parameters of the 

regenerated roof of working face 210107, reaching an 

equilibrium state (Fig. 9(b)). Finally, working face 210107 

was mined. Therefore, the distribution of mine stress under 

the regenerated roof was obtained. 
 

4.3 Stress evolution in the regenerated roof during 
backstoping 
 

The stress change in stope is generally the forerunner of  

 

 

 

dynamic disasters, and the evolution and final distribution 

of stress exert different triggering effects on coal-rock 

impacts on working faces. Therefore, the distribution of 

mine stress was studied and simulated results were 

analysed. Moreover, the stresses in each backstoping 

process were plotted (Fig. 10). In this way, the influence 

range and magnitude of stress of overlying strata movement 

can be quantified, thus providing bases for disaster 

assessment and disaster control research. 

Based on analysis of the data in Fig. 10, after 

backstoping of the working face, stresses in the coal and 

rock are released, so that stress accumulates in both ends of 

the goaf. At this time, the peak stress is about 70 MPa and 

concentration coefficient reaches about 2.8. The distribution 

of advance support stress on the working face first 

increases, decreases, and finally stabilises. The stress  

 

Fig. 9 Simulation of formation of the regenerated roof: (a) FLAC-3D model of working faces 210107 and 210108 and (b) 

Layout of working face 210107 before mining 

 

Fig. 10 Distribution of mine stress during backstoping 
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concentration is generally 50 m to 100 m across and peak is 

generally within 20 m to 40 m in front of the working face. 

This area gradually decreases as the working face advances. 

Meanwhile, with the constantly advancing working face, 

peak stress gradually decreases to stable values, while 

several fluctuations of peak stress are found in local mining 

processes because periodic weighting of the mine results in 

periodic increase in peak stress (Meggiolaro et al. 2016, 

Meneghetti and Campagnolo 2020). 

 

4.4 Displacement evolution in the regenerated roof 
during backstoping 

 

Overlying stratal movement is an essential reason for 

stress changes in the stope and the occurrence of dynamic 

disasters. In mining, based on the physical properties of 

coal and rock, roof hanging structures can be easily formed 

and complex overlying stratal structures can be formed with 

coal-rock masses in stope. For this reason, when a roof 

hanging structure of overlying strata reaches a certain scale, 

or a limiting span, and bearing capacities are exceeded, roof 

strata fracture, thus inducing mine earthquakes through 

instability and movement. To analyze overlying strata 

movement of the mine, the cloud pictures for the changes in 

plastic zone and displacement of the working face in the  

 

 

 

lower slice were obtained through simulation and analysis 

(Fig. 11). 

According to these cloud pictures, the working face is 

subjected to damage caused by shear stress and tensile 

stress in the initial stages of mining, while the area of shear 

failure is smaller than that of tensile failure. At this time, 

caving and collapse of the regenerated roof mainly results 

from roof caving caused by tensile failure of the 

surrounding rocks, and correspondingly roof displacement 

reduces slightly. As the working face constantly advances, it 

is shearing action that mainly causes the failure of the 

regenerated roof. While mining the corner of the working 

face, there are many types of force and stress there that are 

higher than in other locations, so it is most likely to suffer 

roof caving. As shown in Fig. 11, when mining to the 

junction with the zone of influence of working face 210108, 

backstoping is mainly subjected to shear failure, because of 

the staggered location of the upper and lower slices at the 

junction resulting in a non-uniform stress distribution. 

Therefore, roadway support in the lower slice should be 

strengthened to maintain roof stability, especially at the 

staggered location of the upper and lower slices (Mahdevari 

et al. 2021, Najafi et al. 2011). 

As the working face constantly advances, the 

displacement of the regenerated roof gradually increases 

 

Fig. 11 Changes in plastic zone in the lower slice 

 

Fig. 12 Cloud pictures of displacement changes in the lower slice 
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and finally stabilises. Due to deviation of the locations of 

the upper and lower slices, displacement on both sides of 

the roadway exceeds that in coal and rock. It can be seen 

from displacement cloud pictures (Figure 12) that 

displacement of the lower slice first rises, then reduces, and 

finally stabilises from the roadway to the deeper areas of 

coal and rock strata. The change evinced by the cloud 

pictures demonstrates that the maximum deformation 

appears in the centre of the goaf. It can be observed that the 

roof of the working face changes from V-shaped to U-

shaped, showing a saddle-like shape overall. This indicates 

that advancement of the working face significantly affects 

the rebalance of mine stress. 

During mining, the floor heaves to form an arch shape. 

After mining, floor heave-induced displacement presents an 

elliptical distribution, and the heave increases from the 

middle of the working face to the four sides within 0.05 m 

to 0.3 m, mainly showing hemispherical variations in space. 

The reason is as follows: because of the constant 

advancement of the working face, continuous accumulation 

of stope length damages coal and rock and the maximum 

subsidence caused by backstoping of the working face 

gradually increases. When the cumulative length of the 

mining area reaches a point where the area is sufficiently 

mined, the maximum subsidence induced by backstoping of 

the working face reaches a maximum and stabilises. 

 

 

5. Evolution of mining-induced stress under a 
regenerated roof 
 

By mainly observing the range of influence when 

mining working face 210107 on the two gate roadways, we 

obtained the influence range and intensity of the advance 

support stress along the working face. On this basis, this 

research assessed the stress changes in front of the working 

face, as it was advanced, to provide guidance for 

determining the advance support range and strength of the 

working face. By observing support stress on the side of a 

coal pillar, the distribution of lateral abutment stress of the 

coal pillar was obtained. In addition, we analysed whether, 

or not, the setting of a coal pillar between the two working 

faces is reasonable and described the changes in stress on 

the coal pillar as the working face advanced. 
 

5.1 Test equipment and arrangement of monitoring 
points 

 

To monitor changes in mine stress, the KJ821 stress 

monitoring system (Fig. 13) was selected, which can 

monitor stress in the coal-rock mass and their distribution 

and evolution in real-time, provide intelligent, remote, real-

time monitoring and early warning of accidents. In 

comparison with other methods, it has higher sensitivity, 

stronger anti-interference ability and reliability, which 

provides bases for mastering mine stress changes and 

preventing dynamic disasters, such as impact stress 

incidents. Furthermore, it can be used for monitoring stress 

changes in a coal-rock mass in areas affected by mining, 

fractured areas, and zones of high rock stress, giving early 

warning of coal and gas outbursts, observation of mine  

 

Fig. 13 The KJ821 stress monitoring system 

 

 

stress, and testing broken rock zones of tunnels or roadways 

and assessing stress states therein. 

In combination with cloud pictures showing 

distributions of mine stress, the main influence range of 

mine stress is within 15 m to 35 m to the north and 5 m to 

15 m to the south of the working face. The stress reaches its 

peak during initial mining of the working face because there 

are certain regional differences between mining the upper 

slice and backstoping the lower slice of the working face, so 

that mine stress vary at the edge of the working face. It is 

necessary to observe the range of influence of mining 

activities at the working face (its lower slice) on the two 

gate roadways, giving the range of influence and intensity 

of advance support stress along the working face and 

assessing changes in stress in front of the working face as it 

advances to assist design of supporting works (Stockmann 

et al. 2013). Aiming at these, four stress monitoring points 

were arranged in the air-return roadway and the belt 

transporter tunnel some 100 m from the front of the 

working face in the lower slice (avoiding areas influenced 

by mining). Moreover, holes were drilled in the inner coal 

walls of the coal seam along the inclination direction of the 

coal seam. The diameter of the drill was 75 mm and the 

hole-spacing was 10 m. Holes with depths of 8 m and 15 m 

were separately arranged (Fig. 14). 

 

5.2 Analysis of test results 
 

According to the corresponding eight groups of data  

57



 

Xuelong Li, Shaojie Chen, Qiming Zhang, Xin Gao and Fan Feng 

 

 

 

obtained through field monitoring, time-stress curves were 

drawn (Fig. 15). 

Based on the above figure, the stress in working face 

210107 is distributed uniformly and changes only slightly  

 

 

 

during mining. This is because the monitoring site is 100 m 

from the working face. Furthermore, under the regenerated 

roof, dynamic loads are small, roof weighting steps are 

short and the roof strength is low. Besides, it can be found  

 

Fig. 14 Distribution of monitoring points 

 

Fig. 15 Changes in mine stress during mining 
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Fig. 16 Simulated stress changes at monitoring points 

 

that mine stress mainly stabilises at between 7 MPa and 10 

MPa, which is smaller than that in situ rock stress. An 

overall decreasing trend is shown, while mine stress at some 

points closer to the working face first rise and then stabilise. 

By analysing the simulated results, same monitoring points 

were simulated (Fig. 16). 

By observing changes in stresses at each monitoring 

point, the effect distance to the working face during mining 

is seen. The initial stress on the working face varies in 

different areas. After mining for a certain period, the initial 

stress gradually stabilizes (Wc et al. 2020, Konicek et al. 

2013), while small-amplitude fluctuations therein persist. It 

can be found that the stress closest to the middle of the coal 

seam remains stable at between 7 MPa and 12 MPa, while 

the mine stress near the two side walls of the roadway 

ranges from 0 to 4 MPa. The mine stress in front of the 

working face increases progressively from two sides of the 

roadway to the middle of the coal seam, and the further the 

monitoring points are from the coal mining face, the smaller 

the stress thereat. 

 

5.3 Control technology for the regenerated roof 
 

Based on the above analysis and discussions, the main 

causes of accidents in the regenerated roof are the damage 

to the integrity of the regenerated roof and the non-uniform 

distribution of stress during mining, so that some areas 

show a marked stress concentration. Moreover, according to 

the stress state, accidents, such as caving or rock burst in 

the regenerated roof occur readily (Brunton et al. 2010). 

Therefore, the following suggestions are proposed for the 

management of the regenerated roof: 

(1) Geological analysis of the mine. After mining and 

caving of the upper slice, a regenerated roof is formed. 

Before mining the lower slice, information relating to the 

regenerated roof should be gathered, so as to understand 

specific changes and rock properties of the regenerated 

roof. Furthermore, before mining, the integrity and stability 

of the regenerated roof should be determined as far as is 

possible. 

(2) Support management. The regenerated roof 

inevitably changes during mining. For this reason, to ensure 

stability of the roof, effective support measures should be 

taken and detection of changes in surrounding rocks should 

be improved. 

(3) Timeous stress relief. Supporting works may lead to 

the gradual accumulation of mine stress and eventually 

result in rockburst accidents. Therefore, changes in mine 

stress should be monitored during mining, and stress should 

be relieved timeously in areas experiencing stress 

concentration. 

(4) Education about safety management. Coal mining 

enterprises should train their employees regularly. Coal 

mining enterprises should formulate a safe production 

system in-line with the development of other enterprises in 

accordance with nationally-accepted good practice and 

norms (Jena et al. 2016). 

 

 

6. Conclusions 
 

The mining of the working face in the lower slice 

includes two processes: fracturing of the regenerated roof of 

overlying strata and stress release and transfer which have a 

certain correlation. In terms of evolution of vertical stress in 

stope, by analysing the relationship between movement and 

transformation of the regenerated roof of overlying strata 

and load transfter under continuous mining, the following 

conclusions are drawn: 

(1) Based on theoretical analysis of the regenerated roof, 

the thicker the regenerated roof, the greater the vertical 

stress applied thereto. With the advancement of the working 

face, the vertical stress of the roof changes, mainly showing 

an increasing trend in the initial stages of mining; however, 

on the whole, the vertical stress first rises sharply, then 

gradually reduces in a stable fashion, before finally 

stabilising. 

(2) With continuous backstoping of the working face, 

the area of goaf constantly increases and the regenerated 

roof of the lower slice fractures from the bottom to the top 

in a layer-by-layer manner. Overlying stratal movement is 

the primary cause of stress changes in stope and the 

occurrence of dynamic disasters: the former is generally the 

forerunner of the latter. With the constant backstoping of the 

working face, the peak stress on the working face in the 

lower slice gradually decreases until stabilising (albeit with 

small-amplitude fluctuations). In addition, the advance 

support stress on the working face first increases and then 

decreases with distance from the working face. 

(3) Under the special conditions prevailing in a 

regenerated roof, the roof has a lower strength than that of 
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an intact roof and it is easily fractured when backstoping the 

working face in the lower slice, so that weighting of the 

working face is frequent while the weighting strength is 

relatively low. To avoid these potential disasters, it is 

necessary to control the regenerated roof as best possible, 

monitor the movement of the regenerated roof, and test the 

properties of the surrounding rocks. Furthermore, effective 

support methods are expected to be taken and stress is 

relieved timeously. 
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