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Abstract.   This paper proposes gob-side entry retaining by roof break and filling in thick-layer soft rock conditions 
based on the thick-layer soft rock roof strata migration law and the demand for non-pillar gob-side entry retaining 
projects. The functional expressions of main roof subsidence are derived for three break roof direction conditions: 
lateral deflection toward the roadway, lateral deflection toward the gob and vertically to the roof. These are derived 
according to the load-bearing boundary conditions of the main roadway roof stratum. It is concluded that the break 
roof angle is an important factor influencing the stability of gob-side entry retaining surrounding rock. This paper 
studies the stress distribution characteristics and plastic damage scope of gob-side entry retaining integrated coal 
seams, as well as the roof strata migration law and the supporting stability of caving structure filled on the break roof 
layer at the break roof angles of -5°, 0°, 5°, 10° and 15° are studied. The simulation results of numerical analysis 
indicate that, the stress concentration and plastic damage scope to the sides of gob-side entry retaining integrated coal 
at the break roof angle of 5° are reduced and shearing stress concentration of the caving filling body has been 
eliminated. The disturbance of coal mining to the roadway roof and loss of carrying capacity are mitigated. Field tests 
have been carried out on air-return roadway 5203 with the break roof angle of 5°. The monitoring indicates that the 
break roof filling section and compaction section are located at 0-45 m and 45-75 m behind the working face, 
respectively. The section from 75-100 m tends to be stable. 
 

Keywords:   thick-layer soft rock; break roof filling; gob-side entry retaining; filling support structure; 
break roof angle 
 
 
1. Introduction 
 

In recent years, the development of coal mining has tended towards increasing efficiency and 
economization. As one important technology in scientific and efficient mining, non-pillar gob-side 
entry retaining technology has been widely applied in long-wall mining systems. Non-pillar gob-
side entry retaining technology refers to re-supporting the previous Sectional Horizontal Roadway 
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along the gob side edge at the rear of the mining working face with certain technological means, so 
as to allow its continuous service at the next Sectional Horizontal Roadway. In comparison with 
the traditional long-wall mining system which includes some roadway protection methods to 
protect the coal pillar non-pillar gob-side entry retaining technology not only cancels the protective 
coal pillar to improve the resources recovery rate, reduce tunneling and maintenance costs of 
roadways, but also avoids disasters such as rock bursts and gas outbursts caused by protective coal 
pillars (Wang et al. 2015 and Ning et al. 2014). Furthermore, it reduces the discarded gangue 
accumulated on the ground and alleviates the environmental pollution. Accordingly, economic and 
social benefits have been achieved in mine production. 

To implement gob-side entry retaining, it is important to consider the impact of the structural 
evolution process of the overlying strata and stress distribution laws on rock deformation on the 
surrounding retaining roadway. Packaged gob-side entry retaining technology with roadside and 
roadin pack structures as the core has been formed gradually on the basis of research and practice 
by scholars and site technicians at home and abroad and has been widely applied. Such technology 
is complicated and has high requirements for site construction management. Its adaptability to coal 
seam geological occurrence conditions is low and its construction cost is high, restricting its 
application and development. The research in recent years indicates that the large-area hanging 
roof at the rear of the gob is the main factor affecting the stability of gob-side entry retaining. The 
implementation of break roof technology to the lateral roof of the roadway changes the structure of 
special rock masses by means of manual intervention. As a result, not only is the stress distribution 
is optimized, but also adverse factors, such as plastic damage and crack extension, are controlled. 
Based on the principle above, it is proposed to implement roof cut and pressure releasing gob-side 
entry retaining technology is proposed to be implemented in thin coal seams with solid roofs 
(Zhang et al. 2011), to conduct advance presplitting on the gob-side roadway to cut the connection 
of the gob-side roadway roof and immediate and main stope roof. Under the pressure effect of the 
mine, the stope roof cracks along the presplitting face. Such technology not only does away with 
the roadside and in-road filling wall to simplify the entry retaining and reduce the supporting costs, 
but also cuts the connection of the gob and overlying rock of the roadway, to transfer the stress 
concentration of roadway surrounding rock and improve its stress environment. Such technology 
is applicable to thin coal seams with solid roofs. Consequently, breaking a key pressure-bearing 
key layer in the roof of the roadway, the overlying rock migrates nonviolently and is not easily led 
to separation, and the roadway is easy to maintain. The collapsed rock is only used as a wall to 
block and isolate the gob side (Tan et al. 2015). Medium-thickness coal seams with thick soft roofs 
are distributed widely in China. The coal seam roof strata have loose and broken mechanical 
properties and low strength, so the fracture development easily causes collapse (Nguyen et al. 
2011). In addition, there is no evident key pressure-bearing layer, and the overlying rock migrates 
in a complex fashion. Consequently, it is difficult to control the roadway surroundings and apply 
gob-side entry retaining technology (Taheri and Tani 2010 and Zhu et al. 2013).This paper sets 
forth a technology to fill the gob-side entry retaining on the thick-layer soft roof break roof layer 
with respect to the geological occurrence features of coal seam 5# with a thick-layer soft roof in 
Changxing coal mine, China. With this technology, the collapsed rock filling the roadway gob side, 
not only forms a gangue wall, but also employs the bulking characteristics of the collapsed rock to 
come into contact with the overlying stable rock, and guarantee the stability of the soft rock 
roadway surrounding rock. 
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2. Proposal of technology to fill gob-side entry retaining on break roof layer 
 

2.1 Geological occurrence conditions 
 
The coal seam 5# at a mine has an average thickness of 2 m, belonging to medium-thickness 

coal seams. As shown in the geology columnar Fig. 1, the immediate roof stratum of the coal seam 
is black mudstone with the average thickness of 3.3 m, weak carrying capacity, and crushing, 
abscission layer are liable to occur. The main roof stratum is sandy mudstone with the average 
thickness of 3.1 m, good stability, having direct impact on the roadway pressure (Fan et al. 2010). 
The main roof stratum has sandy mudstone with the average thickness of 7.7 m at the top. The 
overlying rock of coal seam 5# is the thick-layer soft compound rock strata, mainly mudstone 
strata and sandy mudstone strata. It has low strength and weak carrying capacity. Under the effect 
of mining disturbance, fracture development and rock mass breaking may occur, so it is hard to 
maintain (Li and Li 2016). 

 
2.2 Strata structure analysis for filling gob-side entry retaining on break roof layer 
 
The rotary subsidence of the overlying rift block at the gob side will lead to continuous 

pressurization (Zhao 2015). The longer the rotary subsidence lasts, the longer the disturbance to 
the roadway lasts (Li et al. 2016a). Filling of gob-side entry retaining on the thick-layer soft break 
roof layer implements roof breaking on the gob side of the thick-layer soft rock roof to cut the 
connection of the roadway main roof and overlying rock at the gob side, It also shortens the 
hanging length of the roof rock beam at the roadway gob, expedites the roof breaking and 
subsidence at the gob, weakens the overlaying rock pressure caused by mining at the working face 
and significantly shortens the movement time of the roof and disturbance period of entry retaining. 
Meanwhile, under the effect of its own gravity, overlying rock pressure and mining disturbance, 
the soft rock strata will be broken and shattered. By using the bulking characteristics of the 
collapsed rock, the roadside gob is filled to form the first retained roadway of the gangue wall and 

 
 

 

Fig. 1 Generalized stratigraphic column 
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(a) Deflection toward the gob overlying strata structure 
 

(b) Deflection toward the roadway overlying strata structure 
 

(c) Vertically to the roof overlying strata structure 

Fig. 2 Overlying strata structure of gob-side entry retaining 
 
 

make contact with the overlying stable rock. Through compaction, the bearing structure is formed 
at the area of gob-side entry retaining to support overlying rock pressure and form the coordinated 
control structure of the roadway surrounding rock by “roof breaking and pressure releasing + 
filling with collapsed rock”. 
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As the working face advances, the hanging area of the roadway main roof will increase. The 
main roof will be bent and sink along the interface of the break roof layer and be compacted in 
contact with the caving filling structure of the break roof layer. At this moment, the main roof can 
be deemed a cantilever structure. The presplitting break roof layer angle can be divided into three 
roof breaking methods: deflection to the gob side of roadway, deflection to the roadway side 
deflection and vertically to the roadway roof. Different break roof layer directions and inclinations 
will change the boundary stress conditions of gob-side entry retaining and the subsidence 
functional expression ω of the roadway main roof obtained according to the boundary conditions. 
Fig. 2(a) deflection to the gob side of roadway, when 0 < x < l2, 
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When l2 < x < l1+ l2, 
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Where, q1 is the uniform load of main roof. From coal wall to loadimit equilibrum zone,the 

load reduce gradually, simplified to a linear change. q2 is the imit equilibrum load beside the 
roadway, l1 is width of roadway main roof, l2 is the width of integrated coal beside the roadway 
plastic zone, F is the force of roof break interface, α is the roof break angle. 

Fig. 2(b) deflection to the roadway side, when 0 < x < l2, 
 

2 2
2 3 2 2 31 2

1 1 2 1 2 2 2 2
2

2

[ 6( ) 4( ) ] (10 10 5 )
24 120

sin

6

q x q x
x l l l l x l l l x x

EI EIl

x F

EI





        



 (3)

 
When l2 < x < l1+ l2, 
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When l2 < x < l1+ l2, 
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From the analysis above, the different deflection angles of the break roof layer decide the 

functional expression of the roadway main roof stratum subsidence and will affect the stability of 
the surrounding rock accordingly. The stress distribution and migration law of overlying rock are 
important factors affecting the stability of the roadway surrounding rock. As the working face 
advances, the roadway surrounding rock and overlying rock will be subject to the disturbance of 
mining at the working face over a long period. The angle of the break roof directly affects the 
overall caving support effect and pressure release effect of the thick-layer soft rock and is also a 
key factor affecting the stability of the surrounding rock. 
 
 
3. Establishment of discrete element model 
 

3DEC is a 3D discrete element computational analysis procedure for processing discontinuous 
medium and used to simulate the response of discontinuous medium, such as joint fissure, etc. in 
the rock mass under the effect of static load and dynamic load. The Lagrange solution method is 
used and the mechanical behavior of rock and joint surfaces is processed according to Newton’s 
second law and force-displacement law (Yang et al. 2015a and Rebello et al. 2014). The elastic 
nature of the rock mass is obtained through overlaying joint and rock deformation 
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Where, Crock is integrity of isotropic rock, Cjointing is rock joints. Deformation of the matrix 
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Where, s is joint spacing, kn is joint normal stiffness. Total Poisson ratio effect of joint rock 
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3DEC discrete numerical model is established herein according to the occurrence characteristic 

of thick-layer soft rock roof at coal seam 5#. As shown in Fig. 3, its dimensions are 100×105×40, 
and it includes coal seam 5#, the overlying rock and floor strata. The designed mining thickness of 
the coal seam is 2 m, the average inclination of the coal seam is 0°, the thickness of the overlying 
rock at the coal seam is 32 m, and the thickness of the floor stratum is 8 m. The sides of the 
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(a) Gob-side entry retaining roadway layout 
 

 
(b) 3DEC discrete numerical model 

Fig. 3 Establish a three-dimensional computing model 
 
 

calculation model are displacement boundaries restricting movement in the horizontal direction 
and its underside restricts vertical movement. Full-seam mining is applied and the working face 
advances 5 m in each mining cycle. 

After being broken, the rock stratum has a certain breaking coefficient and its volume will 
cause expansion, so the accumulation height will be greater than the original thickness of the 
caving overlying rock after caving. The height of rock stratum caving after compaction will 
depend on the bulking coefficient Kp of the rock. The rock caving at the roof soft rock caving zone 
in the working face is irregular. After re-compaction, the loosening coefficient is low and the 
residual breaking expansion coefficient Kp is taken as 1.1. When the caving thickness of the 
overlying rock rock stratum is Σh, the accumulation height after caving is KpΣh. The possible gap 
remaining with the overlying stable rock stratum is 

 
( 1)p ph M K h M h K          (11)

 
Where: M is the mining height, taken as 2 m; is the residual bulking coefficient of rock, taken 

as 1.2. 
According to Eq. (11), when M = Σh(Kp‒1), Δ = 0, i.e., the falling overlying rock will fill up the 

gob to support the load of overlying rock. Thus, the required thickness of the overlying rock to fill 
up the gob is 

201



 
 
 
 
 
 

D.W. Yang, Z.G. Ma, F.Z. Qi, P. Gong, D.P. Liu, G.Z. Zhao and R.R. Zhang 

Table 1 Physical and mechanical parameters of rock stratum 

Parameters 
Bulk 
(GPa) 

Shear modulus 
(GPa) 

Tension
(MPa)

Cohension
(MPa) 

Friction 
(°) 

Density 
(kg.m-3) 

Sand mudstane 6.5 8.6 2.1 1.2 32 2600 

5# Coal seam 1.5 2.0 1.2 0.9 24 2450 

Mudstone 4.1 8.6 1.7 1.4 30 2200 

Fine sandstone 36 12.6 7.2 1.45 31.5 2600 

Silstone 25 4.6 3.6 1.0 33 2500 

2# Coal seam 1.5 2.0 1.2 0.9 24 2450 
 
 

1p

M
h

K


  (12)

 

The parameters are entered into Eq. (12) to obtain Σh, i.e., the required caving height of the 
break roof layer for the gob-side entry retaining at working face 5203 is 10 m. In the same mesh 
model, the embedding depth of the coal seam is200m, the average density of the rock stratum is 
2500 kg/m3, the initial vertical stressp = 5 MPa is applied at the top of model, and the pressure 
measuring coefficient is λ = 1.1. During analog computation, the Mohr-Coulomb’s failure criterion 
is employed 
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Where, σ1, σ3 are the maximum and minimum main stress, respectively. C, φ are the bonding 

force and frictional angle of the rock. Respectively, when fs > 0 , the material will experience shear 
failure. The Mohr-Coulomb’s failure criterion can reflect the strength characteristics of rock 
comprehensively and it is widely applied in underground engineering. When the rock reaches the 
yield limit, plastic flow will be generated. See Table 1 for the physical and mechanical parameters 
of rock stratum. 

 
 

4. Analysis of numerical simulation result 
 

4.1 Stability analysis for integrated coal beside the roadway of gob-side entry retaining 
 
If the overlying rock of the roadway can form a stable composite beam structure after roof 

breaking, the deformation of the surrounding rock of the roadway is low; on the contrary, the 
deformation of the surrounding rock will become stable after a long period and will be increased 
remarkably (Yang et al. 2016). When the integrated coal beside the roadway of gob-side entry 
retaining is subject to the violent mining influence of the working face, as the distance between the 
retained roadway section and working face is increased, the high stress generated by movement of 
overlying thick-layer soft rock stratum will be transferred to the deep part of the integrated coal 
beside the roadway gradually, causing the deformation migration of deep surrounding rock in a 
large scope (Yang et al. 2015b). The integrated coal beside the roadway will be forced to migrate 
into the roadway violently. Meanwhile, the shallow surrounding rock of gob-side entry 
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Fig. 4 Monitoring lines layout 
 
 

retaining is deformed and damaged in a large scope, and the carrying capacity is low. The 
integrated coal beside the roadway will show shallow fracture development and then become a 
loose broken body, leading to the inclined subsidence of the roadway roof (Nikadat and Marji 
2016). As shown in Fig. 4, monitoring points are set at the side of the integrated coal in the model, 
roadway roof and at both sides of the roadway. This paper specifies that the break roof layer 
deflection angle to the roadway side is negative and the deflection to the gob side is positive. At 
the break roof layer angles of -5°, 0°, 5°, 10° and 15°, the stress distribution curve within 20 m to 
the side of the integrated coal beside the roadway at gob-side entry retaining at 10 m, 30 m, 50 m 
and 70 m behind the working face of gob-side entry retaining mining system is shown in Fig. 5. 

Figs. 5(a), (b) and (e) show the stress curves at the side of the integrated coal beside the 
roadway of gob-side entry retaining at the break roof layer angles of -5°, 5°, 10°. At 10 m behind 
the working face, the roadway roof is at the initial hanging state. The supporting peak stress is 
located at 4.5-5 m from the roadway edge, the peak stress is 8.5-9 Mpa and the stress 
concentration factor is 1.48-1.57. At 30 m behind the working face, the surrounding rock of the 
integrated coal body has good integrity. The peak stress of the integrated coal beside the roadway 
is transferred to the deep part, and its bearing capacity is increased rapidly. The supporting peak 
stress is located at 6.25-7.25 m from the roadway edge, the peak stress is 9.65-10.1 Mpa and the 
stress concentration factor is 1.68-1.75. At 50 m behind the working face, the stress of the 
integrated coal body is increases rapidly. The integrated coal body serves as the supporting point 
of the main roof, and its vertical stress will be increased continuously. The maximum vertical 
stress at the side of the integrated coal body will be increased to 11.1-12.8 Mpa and the stress 
concentration factor reaches 1.93-2.22. At 70 m behind the working face, the main roof is 
gradually supported by gangue from the gob, so the roof activity tends to be stable. The 
surrounding rock stress will be transferred further to the deep part. The vertical stress of the 
integrated coal body is reduced to some extent. Accordingly, the integrated coal body, filling body 
and gangue from the gob jointly maintain the stability of the roof. 

At the roof breaking inclination angle of 0° and 15°, the stress level at the side of the integrated 
coal is high, and the peak stress is further transferred to the deep part of coal body, as shown in 
Figs. 5(b) and (d). At 10 m behind the working face, the supporting peak stress is located at 5-6.25 
m from the roadway edge, the peak stress is 9.5-10.05 Mpa and the stress concentration factor is 
1.65-1.75. At 30 m behind the working face, the supporting peak stress is located at 6.5-7.5 m 
from the roadway edge, the peak stress is 10.05-11 Mpa and the stress concentration factor is 2.17-
2.35. At 70 m behind the working face, the peak stress is transferred to the deep part of the coal 
body continuously, and is located at 7.5-8.75 m from the roadway edge. The peak integrated coal 
body stress is 12.5-14 Mpa and the stress concentration factor is 2.17-2.43. 
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(a) -5° vertical stress distribution curve (b) 0° vertical stress distribution curve 
  

(c) 5° vertical stress distribution curve (d) 10° vertical stress distribution curve 
 

(e) 15°vertical stress distribution curve 

Fig. 5 Integrated coal beside the roadway vertical stress distribution curve 
 
 
At 50 m behind the working face, the pressure of the integrated coal beside the roadway 

appears to be the most violent. The sink rate of its roof is the highest, and is mainly reflected as 
tension fracture damage and shear slip damage. Its shaping scope is shown in Fig. 6. At the break 
roof layer angles of -5°, 5°, 10°, the pressure-releasing loose area is 0-1.25 m from the roadway 
surface. Subject to the supporting pressure, the coal body will suffer deformation and yield 
damage, and its supporting capacity will be reduced significantly; the shaping bearing zone is 
1.25-4.5 m from the roadway surface. The coal body destruction is weak and the supporting 
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Fig. 6 Integrated coal beside the roadway plastic zone distribution 
 
 

Fig. 7 Integrated coal beside the roadway roof subsidence curve 
 
 

pressure is transferred to the deep part of the coal body. The elastic deformation area is 4.5-8.75 m 
from the roadway surface. The coal body has good stability and can bear high stress and maintain 
an elastic state. At the break roof layer angles of 0° and 15°, the supporting stress at the side of the 
integrated coal beside the roadway and stress concentration factor are high, so the plastic damage 
is severe, and the pressure-releasing loose area is expanded, 0-2.5 m from the roadway surface. 
The shaping bearing zone is 2.5-5 m from the roadway surface and the elastic deformation zone is 
5-8.75 m from the roadway surface. 

Fig. 7 is the subsidence curve of the roof at the side of the integrated coal. At 10-60 m behind 
the working face, the displacement tends to present linear change. At the roof breaking inclination 
angles of -5°, 10° and 15°, the slope of the curve is great. During the extraction at the working face, 
the roof deformation at the side of the integrated coal beside the roadway is acute; at more than 60 
m behind the working face, the roof settling tends to be stable. At roof breaking inclination angles 
of -5°, 0° and 5°, the roof subsidence is below 300 mm. At break roof layer angles of 10° and 15°, 
the roof subsidence is above 350 mm with the increase rate of 16%. Thus, the roof settling is 
evident. 
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4.2 Stability analysis of roadway roof 
 
The integrated coal body is located at one side of the gob-side entry retaining, and the filling 

body is located at the other side. The roof deformation is asymmetric. At the rear of the working 
face, the roof rotates and sinks toward the gob. The large-scale shear failure is caused on the roof 
above the gob (Bai et al. 2015 and Ma et al. 2016). As the fracture of overlying rock at the side of 
gob sinks, the disturbance on the roadway roof will be increased, the scope of shear slip and 
tearing crack growth will be enlarged, and the abscission layer between layers at the same position 
will be widened, which will significantly reduce the carrying capacity of the rock stratum, thus, the 
stability of surrounding rock is seriously threatened (Li et al. 2016b). Fig. 9 shows the midpoint 
vertical displacement and stress curve of the immediate roof and main roof of the roadway behind 
the working face at the roof breaking inclination angles of -5°, 0°, 5°, 10° and 15°, respectively. 
The red-dot distribution area indicates a tensile damage state between rock strata. 

At 20 m behind the working face, the overlying strata at the side of gob collapse along the roof 
breaking line, and bend and sink when the gob side of the roadway is at the initial hanging state. 
The vertical stress is reduced dramatically. Meanwhile, the caving filling body gradually makes 
contact with the roof at the side of the roadway gob and supports it. Then, the vertical stress will 
be increased. The subsidence of the immediate roof and main roof shows little difference, forming 
the characteristic coordinated movement. 

 
 

 
(a) -5° subsidence and stress curve (b) 0° subsidence and stress curve 

Fig. 8 Roof subsidence and stress curve 
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As shown in Fig. 8(a), at the break roof layer angle of -5°, the shear stress concentration 
appears on the immediate roof at the side of the integrated coal beside the roadway, and the slip 
breakage occurs on the partial rock stratum, leading to a low-angle abscission layer at the side of 
the integrated coal beside the roadway. At 20-40 m behind the working face, the immediate roof 
and main roof sink and gradually start separating. The vertical displacement curve starts separating 
to show the abscission layer tendency. At 40-80 m behind the working face, such separation is 
evidently enlarged, and a large-scale abscission layer appears between the immediate roof and 
main roof. At 60-70 m behind the working face, the vertical stress of the immediate roof rises and 
then declines sharply. The rock strata lose stability and sink at acceleration to form the dynamic 
load acting on the caving accumulation body, and the yield damage is transferred to the rock strata 
at the lower part of roadway. 

As shown in Fig. 8(b), at the break roof layer angle of 0°, at 30-70 m behind the working face, 
the changes of the vertical stress curve and subsidence curve of the immediate roof and main roof 
rock strata are not coordinated. The layer contact stress between the immediate roof and main roof 
is reduced evidently, and the slip is liable to be generated on the contact layer, causing shear 
failure of the contact layer. Figs. 8(c), (d) and (e) indicates the break roof layer angles of 5°, 10° 
and 15° respectively. Due to the supporting role of the caving filling body on the rock stratum at 
the roof breaking end, the normal stress is increased and the shear strength between rock strata is 
enhanced remarkably, effectively preventing the expansion of the abscission layer between rock 

 
 

 
(c) 5° subsidence and stress curve (d) 10° subsidence and stress curve 

Fig. 8 Continued 
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(e) 15°subsidence and stress curve 

Fig. 8 Continued 
 
 

strata. At 40 m behind the working face, the roof sinks quickly with great subsidence. At 80 m 
behind the working face, the roof sinks with a gradual reduction of speed. At more than 80 m 
behind the working face, the roof settling tends to be stable. At the break roof layer angles of 10° 
and 15°, the hanging area of the roadway roof is large. At 20-40 m behind the working face, the 
vertical displacement of rock strata on the immediate roof and main roof significantly increases. 
The slope of the subsidence curve is increased, and the roadway roof sinks acutely, causing an 
intense dynamic load effect; as shown in Fig. 8(c), at 20 m behind the working face, the pressure 
of the immediate roof and main roof is stable, weakening the dynamic pressure effect of overlying 
rock during the subsidence. Meanwhile, the vertical displacement curve tends to coincide, forming 
coordinated movement, so the abscission layer is not liable to appear. 

 
4.3 Stability analysis of roadway at the filling side 

 
The roof contact of the break roof layer caving and overlying stable rock greatly restricts the 

activity space of the roadway roof, eliminates the hanging roof, reduces the overlying cantilever 
load and rotational deformation force, effectively reduces the disturbance roof activity has on the 
surrounding rock of the roadway and optimizes the stress environment of the roadway (Zhang et al. 
2012 and Małkowski 2015). As the working face advances, the roof will be bent, broken and sink 
rotationally at the side of the roadway gob (Li et al. 2016c and Yong et al. 2015). The rotational 
deformation will occur on the thick-layer soft overlying strata structure along the roof 
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Fig. 9 The side of roof break and filling horizontal displacement curve nephogram 
 
 

breaking interface above the entry retaining to the gob side. The stress on the roof above the filling 
body close to the gob side will be increased continuously. The filling body is not only subject to 
the vertical pressure, but also to the increasing horizontal thrust (Chen et al. 2016 and Yoo 2016). 
Frictional resistance will be generated between the caving filling body and the coal seam floor. 
When the horizontal thrust is larger than the frictional resistance, the caving filling body will lose 
stability, endangering the stability of the surrounding rock of the roadway. 

As shown in Fig. 9, at 20 m behind the working face, the roadway roof does not reach the limit 
breaking distance. The caving filling body does not play a supporting role and no evident lateral 
displacement occurs at the side of the roadway gob. At 20-50 m behind the working face, the 
lower rock stratum at is fragmented, and the rotational subsidence is great for a short period. An 
acute disturbance is caused to the lateral caving filling rock. At the break roof layer angles of 0°, 
10° and 15°, the roof has an evident inclined downward thrust effect on the caving filling body. 
Meanwhile, multiple longitudinal and crosswise splitting failures appear, and the displacement of 
filling body gangue into the roadway is increased rapidly. The caving gangue is liable to swarm 
into the roadway. At the break roof layer angles of -5° and 5°, the connection of roadway and roof 
strata at the gob side is cut to weaken the horizontal displacement; at 50-85 m behind the working 
face, the higher rock stratum will break the subsidence, mainly to apply pressure to the caving 
filling body through slow sinking. Subject to the compression of overlying strata, the deformation 
will continue. At this moment, the slope of the lateral horizontal displacement curve is reduced; at 
more than 85-90 m behind the working face, the influence of mining ends and the horizontal 
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displacement ends. At the break roof layer angles of 0°, 10° and 15°, the horizontal displacement 
after stabilization is evidently larger than that at the break roof layer angles of -5° and 5°. 

At 50 m behind the working face, the shaping distribution of the caving filling body at the side 
of the roadway gob is shown in Fig. 10. At the break roof layer angles of -5°, 10° and 15°, partial 
shear stress concentration appears at the end of the roadway break roof layer and moves toward the 
center position above the filling body. At the break roof layer angle of 0°, shear stress 
concentration distributed along the break roof layer interface will be generated. At the break roof 
layer angle of 5°, the shear stress concentration of the caving filling body is weakened. When there 
is a great load on the filling body, the roof and floor close to the rock stratum also assume a 
corresponding load. When the stress concentration scope is large, the lateral slip is liable to occur 
on the filling body and its load-carrying properties can’t be fully utilized. 

 
 

 

Fig. 10 The side of roof break and filling plastic zone distribution 
 
 

Fig. 11 The side of gob roof subsidence and stress curve 
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The subsidence curve of the roof at the side of roadway gob is shown in Fig. 11. At 0-50 m 
behind the working face, the slope of the subsidence curve is large. The subsidence of the roof at 
the break roof layer angles of -5°, 0° and 15° is the most severe. During the rotation of the 
breaking roof, squeezing action is generated to the side of roadway gob to some extent. The caving 
filling body at the roof break layer angle can’t effectively support the roof strata at the side of 
roadway gob. The displacement slip occurs on the roadway roof and the immediate roof is 
separated and damaged. The vertical displacement is acute. At the break roof layer angle of 5°, the 
intensity of roof subsidence is mitigated, effectively maintaining the stability of the surrounding 
rock of gob-side entry retaining. 
 
 

 
(a) Field monitoring data 

 

 
(b) The field test in 5203 roadway 

Fig. 12 Field test and monitoring data 
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5. Field test 
 

At the air-return roadway at the section of 5203 working face Changxing coal mine, deflection 
of 5° to the side of the roadway gob is used as the break roof layer inclination angle to implement 
the filling of gob-side entry retaining on the break roof layer with the height of 10 m. Meanwhile, 
the displacement and pressure monitoring stations are allocated every 2.5 m at the side of roadway 
gob. 

As shown in Fig. 12, the caving filling section is located at 0-35 m behind the working face. 
The connection of the roadway and overlying rock of the gob is cut to form large-area hanging 
roof without fracturing. The weight of the lateral residual main roof is fully assumed by the 
integrated coal body of the roadway. The lower rock strata at the rear of the working face have 
weak resistance to disturbance. After small-area exposure, the overlying rock at the side of the gob 
collapses in layers from bottom to top. The roadway roof is not broken and doesn't sink. The roof 
at the side of the gob comes into contact with the caving filling body and is squeezed and fixed 
into the entry under the pressure effect of the overlying rock. This section is located at the pressure 
reduction zone behind the working face, and the subsidence of the roadway roof is 200-250 mm. 
The compaction section is located 35-75 m behind the working face. The pressure of overlying 
strata at the side of the gob on the filling body of the break roof layer is increases as the distance 
from the coal wall of the working face increases. After collapse, the soft rock strata are broken, 
and the skeleton structure formed is small, further accelerating the closing of the gaps between 
rocks. The caving filling body is continuously compacted and the carrying capacity is gradually 
recovers, coming close to the stress of primary rock. The vertical displacement of the roof at this 
stage is 80-100 mm. The section with a tendency to stability is located at 75-100 m behind the 
working face. As the stress is increased, the caving filling rock starts breaking in a greater amount, 
and irreversible compression deformation is caused. The broken granules are filled into the hole. 
The porosity in the gravel is reduced, the deformation resistance of the gravel structure is 
gradually enhanced and the subsidence of the roadway roof is sharply decelerated (Komurlu and 
Kesimal 2015). The vertical displacement of the roof at this section is 30-50 mm. The filling body 
of the break roof layer gradually reaches a supporting force which tends stabilizes in the end. 

As shown in Fig. 13, the deformation law of the main roof rock stratum located on the 
 
 

Fig. 13 Main roof subsidence curve 
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immediate roof has a direct impact on the stability of the roadway. The monitoring points for the 
main roof in the numerical simulation model and the deep hole displacement meters for the 
roadway roof on site are monitored. Relevant parameters are brought into Eqs. (1)-(2) to plot the 
subsidence curve of the roadway main roof from the integrated coal side to the roadway gob side. 
As shown in Eq. (13), the variation tendency is basically consistent. At the range of 0-1m at the 
side of the integrated coal beside the roadway, the subsidence of the main roof is mainly due to the 
plastic deformation of shallow integrated coal, and the subsidence is small; at 1-3.5 m, the curve 
slope of the main roof rock stratum has a great change under the combined effect of rotational 
subsidence and bending deformation, and the subsidence speed is increased; the caving filling 
body of 3.5-5 m plays a supporting role for the main roof, and its curve tends to be stable. 

 
 

6. Conclusions 
 
(1) With respect to the occurrence characteristics of thick-layer soft rock roof coal seam strata, 

such as low strength, fracture development, weak carrying capacity and no key pressure-
bearing layer, etc., the new technology of filling gob-side entry retaining on the break roof 
layer is proposed with the core of “roof breaking and pressure releasing + filling caving 
with rock”. Meanwhile, the vertical displacement distribution function of the main roof for 
gob-side entry retaining is obtained for different directions of the break roof layer on the 
basis of different boundary conditions of the roadway main roof as per the direction of the 
break roof layer. 

(2) The 3D discrete element calculation model is established at the break roof layer angles of -
5°, 0°, 5°, 10° and 15° to analyze the vertical stress distribution features and plastic 
damage scope at the side of the integrated coal beside the roadway. At the break roof layer 
angles of 0° and 15°, the roadway lateral supporting stress acutely changes, the scope of 
plastic damage is large and the subsidence of the roadway roof at the side of the integrated 
coal is greatly subsides. At the break roof layer angles of -5° and 0°, the changes of 
vertical displacement and vertical stress of the immediate roof and main roof are not 
coordinated, and shear stress concentration is formed partially. Slip failure occurs between 
rock strata, which are liable to cause large-scale separation of roadway overlying rock. At 
the break roof layer angles of 10° and 15°, the large-area shear stress concentration is 
generated on the interface of the break roof layer, and the subsidence of the roadway gob 
acutely subsides. At the break roof layer angles of 5°, the stress concentration at the side of 
the integrated coal beside the roadway is reduced to mitigate the disturbance to the 
roadway roof and loss of carrying capacity caused by mining. The caving filling body 
effectively supports the overlying rock at the side of the roadway gob. Accordingly, the 
stress environment of the gob-side entry retaining area is optimized. 

(3) The filling of quick gob-side entry retaining on the thick-layer soft roof break roof has 
been implemented at the air return roadway of working face 5203 at the mine in 
Changxing, Shanxi Province, China by application of the gob-side entry retaining scheme 
at the break roof layer angle of 5°. The difficulty of gob-side entry retaining at the thick-
layer soft rock stratum has been solved effectively and a good application effect has been 
achieved. Meanwhile, the monitoring data from the roof pressure and displacement 
monitoring points allocated on site indicates that the caving filling section is located at 0-
35 m behind the working face, the compaction section is located at 35-75 m and the stable 
section is located at 75-100 m. 
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