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Abstract. In order to further analyze the stability and control mechanism of surrounding rock in 
the gob-side entry retaining, the slip instability coefficient 𝑘  and compression failure coefficient 𝑘  are proposed by the mechanical analysis of the established filling body mechanics model, and 
when both 𝑘  and 𝑘  are less than 1, the roadside filling body can keep stable. The mechanical 
model of main roof is analyzed by the static equilibrium method, and the formula for calculating 
the maximum roof subsidence is deduced. Based on the data of haulage gateway of No. 21201 
coal face of Juncheng Coal Mine, using the formula to calculate the amount of roof subsidence at 
the junction point of filling body and the roof, and proposes two methods to reduce roadway floor 
heave by increasing the roadside filling width and transferring the surrounding rock stress to the 
gob. Finally, the corresponding surrounding rock control technology is proposed according to the 
surrounding rock deformation characteristics during roadway excavation, roadway retention and 
roadway reuse, and then carries out field monitoring and evaluation. The results show that after 
adopting the corresponding supporting technology, the surrounding rock of the gob-side entry 
retaining has been effectively controlled from the excavation to the reuse period with the coal face 
advancing, the roof-to-floor convergence of roadway solid coal side is less than 220 mm, the 
roof-to-floor convergence of filling body side is less than 280 mm, and the convergence on the 
both sides of the roadway is about 190 mm. At the same time, the calculated roof subsidence with 
the junction point of filling body and the roof is similar to the field monitoring results, which 
achieves the expected control effect, and the research contents provides a certain reference for the 
support technology of the gob-side entry retaining. 
Keywords: gob-side entry retaining, surrounding rock stability, mechanical model, filling body 
stability, surrounding rock control technology. 

1. Introduction 

The gob-side entry retaining is a special mining roadway, which needs to go through three 
stages, namely: roadway excavation, mining of first coal face and mining of second coal face. 
Generally, the deformation of surrounding rock caused by roadway excavation is small, and the 
deformation of surrounding rock of the gob-side entry retaining is mainly concentrated in the two 
stages of mining in the first coal face and mining in the second coal face. The surrounding rock 
deformation at these two stages can account for more than 90 % of the total deformation of the 
roadway, what is more, where the roadway is difficult to maintain or even fails in the second stage. 
The roof of the gob-side entry retaining is shared by the solid roadside and the roadside filling 
body, and the cutting form of the roof can be divided into three situations [1-4]. One is to cut into 
the solid roadside, and forming the internal stress field at the same time; second, cut off in the 
roadway; the third is to cut off directly above the roadside filling body [5-8]. A large number of 
studies have shown that [9-13]: only in the first case, the overlying strata along the gob-side entry 
retaining will form a relatively stable large and small structure. Under the protection of large 
structures, the maintenance of the gob-side entry is more advantage; In the second and third cases, 
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it is extremely difficult to keep the gob-side entry retaining and then should be avoided. Therefore, 
it is of great significance to study the stability of the “large and small structure” of surrounding 
rock in the gob-side entry retaining to ensure the success. The stability of the gob-side entry 
retaining of the large surrounding rock and small structures surrounding is determined by the roof 
of the roadway, coal rock mass of solid roadside and the roadside filling body and the surrounding 
rock of the roadway floor. Among them, the roadside filling body support is the key and difficult 
points of the gob-side entry retaining engineering. For this, many Chinese experts and scholars 
have done a lot of research work from different aspects, Han et al. obtained the characteristics of 
gob-area sequential roof collapse of overlying strata and superposed disturbance mechanism for 
gob-side entry retaining via physical simulation and theoretical analysis, in which the scope of 
disturbed strata is enlarged from main roof to fracture zone [14]. Gong et al., established a 
theoretical mechanical model for the floor of gob-backfilled GER was established, and studied the 
effects of the mechanical properties of floor strata, the granular compaction of backfilling area 
(BFA), the vertical support of roadside support body (RSB), and the stress concentration of the 
solid coal on the floor heave of the gob-backfilled GER [15]. Li et al., based upon the breaking 
off characteristics of overlying rock, the mechanical models of big and small structure were built, 
the formation conditions of low arch and high arch were analyzed, the formulas of their arch rise 
were derived, and the effect of horizontal force at arch foot on form evolvement and the stability 
of big and small structure [16]. However, these studies have not fully considered the relationship 
between the gob-side entry retaining deformation and the overall stability of the roadway. In view 
of this, based on the previous research results, this paper studies the overall stability of the gob-side 
entry retaining, and establishes the surrounding rock structure model of the gob-side entry 
retaining to study the interaction mechanism between the filling body and the surrounding rock, 
and the stability conditions of the filling body are determined; By establishing the basic 
mechanical model of the roof of the gob-side entry retaining, we can get the formula for 
calculating the maximum subsidence value of the roof of the gob-side entry retaining. Aimed to 
the deformation characteristics of surrounding rock in the three periods of roadway excavation, 
roadway retention and roadway reuse, we propose the corresponding surrounding rock control 
technology, and it verified by industrial experiments. 

2. Stability analysis of gob-side entry retaining surrounding rock 

2.1. Establishment of the surrounding rock structure model of the gob-side entry retaining 

With the advancement of the coal face and the gob area being filled with caving gangue, the 
roof of the gob-side entry retaining is swung and subsidence with the elastic-plastic boundary of 
the body of solid roadside as the rotating shaft. After reaching the tensile limit strength of the roof, 
the roof of the roadway is pulled down, forming large and small structures jointly carried by the 
solid roadside and the gob gangue. The large structure of the gob-side entry retaining refers to the 
relatively stable diagonal span beam structure formed by the caving of the main roof and above 
rock; the small structure refers to the single cantilever beam structure formed by the immediate 
roof. The stability of small structure is the premise and basis for the stability of large structure. 
The surrounding rock structure model of gob-side entry retaining is established as shown in Fig. 1. 

2.2. Stability analysis of roadside filling body 

In this paper, only the roadside filling body is taken as the research object, and the following 
is defined: the direction perpendicular to the roadway trend and parallel to the direction of the 
roadway floor is defined as the 𝑋 direction, the vertical direction is defined as the 𝑌 direction, and 
the roadway trend is defined as 𝑍 direction. The mechanics theory is used for analysis [17-20]. If 
the rotation angle of roadway roof is 𝜃, and the vertical stress that acting on the upper boundary 
of filling is 𝜎, then the stress can be decomposed into 𝜎  and 𝜎 , and, 𝜎 = 𝜎sin𝜃, 𝜎 = 𝜎cos𝜃, 
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while the stress that acting on the floor of the filling body is 𝜎 = 𝜎cos𝜃. According to the 
characteristics of roadside filling body construction and the law of roof movement, it can be 
considered that the displacement in the 𝑍 direction is 𝑤 = 0, which is the plane strain problem. 
The mechanical model of the roadside filling body is shown in Fig. 2. 

 
Fig. 1. The surrounding rock structure model of the gob-side entry retaining 

 
Fig. 2. The mechanical model of roadside filling 

As can be seen from Fig. 2 that the stress components 𝜎  has two functions, one is to cause 
transverse deformation of the filling body; the other is to cause the filling body to slip along the 
floor hard platform to the roadway as a whole, which is also the main function of the stress 
component. There are two main functions of the stress component 𝜎 , one is to make the filling 
body produce vertical compression deformation, and the filling body is transverse deformed under 
the Poisson effect; the second function is to limit the slip caused by the shear stress 𝜎  by the floor 
hard platform. 

(1) Slip instability determination. 
In order to avoid the slippage of the roadside filling body along the floor hard platform of the 

filling area, the request is 𝜇𝜎cos𝜃 > 𝜎sin𝜃, and define the following formula: 

𝐾 = 𝜎sin𝜃𝜇𝜎cos𝜃 = sin𝜃𝜇cos𝜃, (1) 

where: 𝐾  is the slip instability coefficient; 𝜎 is the vertical stress acting on the surface of filling 
body; 𝜃 is the roof rotation angle; μis the friction coefficient between the filling body and the 
roadway floor.  

When 𝐾 < 1, the roadside filling body will not slip; when 𝐾 = 1, the roadside filling body 
is in a critical stable state; when 𝐾 > 1, the roadside filling body will produce slip instability. 

It can be known that 𝜇 under the constant condition, the rotation angle 𝜃 of the roof is the key 
factor that affecting whether the filling body sliding or not. With increasing of the angle 𝜃, the 
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shear sliding force between the filling body and the floor hard platform increases, while the 
stability of filling body decreases. The control of the rotation angle 𝜃  can be controlled by 
increasing the filling body width of the roadway and increasing the stiffness of the filling body. 

(2) Compression failure determination. 
The size of 𝜎 is closely related to the strata number of forming large structures and the length 

of cantilever beam. When the strata number of forming large structures remains unchanged, and 
when the filling width is constant, the bigger the length of cantilever beam, and the 𝜎 is greater; 
when the length of cantilever beam is constant, the filling width is large, then 𝜎  is small.  
Therefore, in order to avoid failure to the roadside filling body, it is required to: 𝜎 > 𝜎cos𝜃, and 
define the following formula: 

𝐾 = 𝜎cos𝜃𝜎 . (2) 

where: 𝐾  is the compression failure coefficient; 𝜎  is the compressive strength of the filling body. 
When 𝐾 < 1, the roadside filling body will not cause failure; when 𝐾 = 1, the roadside 

filling body is in a critical failure state; when 𝐾 > 1, the roadside filling body will produce 
compression failure. Therefore, in order to prevent the failure of filling body, it can be controlled 
by increasing the filling body width of the roadway and increasing the stiffness of the filling body. 

According to the comprehensive analysis, in order to ensure the stability of the roadside filling 
body, both 𝐾  and 𝐾  should be less than 1, and in order to prevent the failure of filling body, it 
can be controlled by increasing the filling body width of the roadway and increasing the stiffness 
of the filling body. 

3. Deformation analysis and control of roof and floor of gob-side entry retaining 

3.1. Analysis of roof subsidence of the gob-side entry retaining 

Since the main roof of gob-side entry retaining acts on the coal and rock mass below in a given 
deformation manner, when the solid roadside, the roadside filling body, and the gob gangue can 
balance the load of overlying strata, the roof of gob-side entry will no longer subsidence, and the 
establishment that the mechanical model of main roof in the gob-side entry retaining is shown in 
Fig. 3. 

 
Fig. 3. The mechanical model of main roof in the gob-side entry retaining 

x0 a b

x

y

O

sy
D

B

L

FA
A

FC

f t

f g

f c

F
△h

C

Gob-side
Entry Filling

Body

Floor

Goaf

Immediate Roof

Main Roof

Solid Coal
Mass



DISCUSSION ON STABILITY ANALYSIS AND SUPPORT TECHNOLOGY OF SURROUNDING ROCK OF GOB-SIDE ENTRY RETAINING.  
WENXIANG ZHENG, HUIQIANG DUAN 

1062 JOURNAL OF VIBROENGINEERING. JUNE 2019, VOLUME 21, ISSUE 4  

Assuming that the main roof is pulled off at the point A of elastic-plastic boundary in the solid 
roadside and takes it as the rotation axis to gyrate and subsidence [21-24], after immediate roof 
caving in the gob, and the vertical displacement of contact with gangue at point D of main roof is: 𝑠 = 𝑚 − 𝑚(1 − 𝜂)𝐾 + 𝐻 (𝐾 − 1) . (3) 

At point B, the subsidence of gob-side entry retaining is: Δℎ = 𝑠 × 𝑥 + 𝑎𝑥 + 𝑎 + 𝑏 + 𝐿, (4) 

where, 𝑚 is the mining height, m; 𝜂 is the mining rate of coal face; 𝐾  is the crushing expansion 
coefficient of coal body, which is taken as 1.15-1.25; 𝐻  is the caving roof thickness, m; 𝐾  is the 
crushing expansion coefficient of caving roof, and it is taken as 1.15-1.25; 𝑥  is the plastic zone 
range of solid roadway coal body, m; 𝑎 is the width of gob-side entry retaining, m; 𝑏 is the width 
of roadside filling body, m; 𝐿 is the length of main roof cantilever beam, m. 

From Eq. (4), it can be seen that the mining height and the thickness of main roof are the key 
factors to affect the subsidence movement of main roof. Under the condition that the thickness of 
main roof is constant, when the mining height is small, the movement space of main roof is small, 
and the roadside support resistance is also small. In the case of mining height is constant, if the 
thickness of main roof is large and the roof can fully fall, the movement space of main roof is 
small, and the roadside support resistance is also small. 

Since the gob gangue has a certain compressibility, the actual subsidence of main roof Δℎ is 
larger than the value expressed by the Eq. (4). It is assumed that the horizontal force 𝐹  acting at 
the main roof point A is equal to the horizontal force 𝐹  at the main roof point C, while the 
direction is opposite. There is no horizontal displacement of main roof fractured and no moment 
influence, but only there is the vertical displacement. It is analyzed by the limit equilibrium 
method, and when the support resistance provided by the solid roadside support, the roadside 
support and the gob caving gangue can balance the weight of overlying broken rock strata, the 
main roof no longer moves [3, 25-27], at this time there are: 

𝐹 = γ ℎ 𝐿 = 𝑓 𝑑𝑥 + 𝑓 𝑑𝑥 + 𝑓 𝑑𝑥, (5) 

where: 𝐹 is the gravity of the unit width of overlying fractured rock strata, N; 𝑛 is the number of 
caving strata; 𝑓  is the support resistance of per unit width of solid roadside along the roadway 
direction, Pa; 𝑓  is the support resistance of per unit width of roadside filling body along the 
roadway direction, Pa; 𝑓  is the support resistance of per unit width of caving gangue in the gob 
along the roadway direction. 

For the convenience of calculation, it is assumed that the equivalent elastic modulus of the 
solid roadside, the filling body, and the gangue is 𝐸 , 𝐸 , 𝐸  [28-30] then: 

𝑓 𝑑𝑥 = 𝐸 𝑥 2⁄𝐻(𝑥 + 𝑎 + 𝑏 + 𝐿) = 𝐸 𝜀 𝑥 , (6) 𝑓 𝑑𝑥 = 𝐸 𝑏(𝑥 + 𝑎 + 𝑏/2)𝐻(𝑥 + 𝑎 + 𝑏 + 𝐿) Δℎ = 𝐸 𝜀 𝑏, (7) 𝑓 𝑑𝑥 = 𝐸 𝐿(𝑥 + 𝑎 + 𝑏 + 𝐿/2)(Δℎ − 𝑠 )𝑚(1 − 𝜂)𝐾 + 𝐻 (𝐾 − 1) (𝑥 + 𝑎 + 𝑏 + 𝐿) = 𝐸 𝜀 𝐿, (8) 

where: 𝐸 𝜀  can be expressed by the residual compressive strength 𝜎∗ of coal body; 𝐸 𝜀  and 𝐸 𝜀  
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can be represented by 𝜎∗  and 𝜎∗
 
respectively, and the specific values can be determined by 

laboratory test. By substituting Eqs. (6), (7) and (8) into Eq. (5), the static equilibrium calculation 
formula for the final roof subsidence position of gob-side entry retaining is obtained as follows: 

𝐹 = 𝛾 ℎ 𝐿 = 𝜎∗𝑥 + 𝜎∗𝑏 + 𝜎∗𝐿. (9) 

Assuming no subsidence and slip at point A, the gob gangue can be completely compacted, 
and the number of floor heave of gob gangue is 0, it can be considered that the maximum 
subsidence of the roof at point D should be equal to the height of coal face minus the thickness of 
floating coal, that is: 𝑠 = 𝑚(1 − 𝜂). (10) 

At this time, the amount of roof subsidence of gob-side entry retaining at point B is: 

Δℎ = 𝑠 × 𝑥 + 𝑎𝑥 + 𝑎 + 𝑏 + 𝐿 = 𝑚(1 − 𝜂)(𝑥 + 𝑎)𝑥 + 𝑎 + 𝑏 + 𝐿 . (11) 

It can be seen from the Eq. (11) that when mining height and the width of the retaining roadway 
are constant, the longer the cantilever beam of main roof is, the smaller the roof subsidence will 
be. But with the increasing of cantilever beam length of main roof, the load acting on the filling 
body also increases, and at the same time, the stress transmitted to the surrounding rock of roadway 
floor increases accordingly, if the stress acting on the floor exceeds its compressive strength, the 
floor surrounding rock will cause damage, causing the floor heave of roadway. 

The following data were obtained from the field surrounding rock of haulage gateway of 
No. 21201 coal face of Juncheng Coal Mine and the laboratory: 𝑚 =  3.3 m; 𝜂 =  0.78;  𝑥 = 2.1 m; 𝑎 = 3.8 mm; 𝑏 = 1.5 m; 𝐿 = 8.9 m. We can obtain the amount of roof subsidence at 
the point B of filling body by the Eq. (11) about is 138 mm. 

According to the characteristics of floor heave deformation, the following two methods for 
controlling the floor heave are proposed: 

(1) Increase the roadside filling width. 
The increase of roadside filling width is beneficial to the decrease of stress in the surrounding 

rock of roadway floor; however, from the economic point of view, the roadside filling width 
should be as small as possible, therefore, the compromise plan is that the economically reasonable 
roadside filling width should not exceed 80 % of the cost of roadway drivage, and does not affect 
the normal advancement of coal face. 

(2) Transfer the surrounding rock stress to the gob. 
Due to the fact that the gob caving gangue has the characteristics of higher compression 

bearing capacity, it is advantageous to control the roadway floor heave by allowing certain 
deformation of the coal and rock mass in the solid roadside and the filling body beside the roadway 
to transfer the stress of overlying strata to the gob. This kind of roadside support method requires 
the yield to be the main stage in the early stage and the pressure resistance as a supplement, in the 
latter period, the opposite is true. Although this method will increase the amount of roof 
subsidence and the plastic zone of solid roadside in the early stage, but it fully utilizes the bearing 
capacity of the gob caving gangue, which is beneficial to reduce the roadway floor heave. 

4. The surrounding rock control technology of gob-side entry retaining 

The gob-side entry retaining needs to go through three stages, namely: roadway excavation, 
mining of the first coal face and mining of the second coal face, the corresponding supporting 
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technology should also fully consider the deformation characteristics of surrounding rock in these 
three stages. 

4.1. Surrounding rock control during roadway excavation 

During the roadway excavation, the surrounding rock deformation of roadway is relatively 
small, the plastic zone is small, and the required support resistance is also small. However, after 
the gob-side entry retaining, due to the strong dynamic pressure, the plastic zone of surrounding 
rock is expanding rapidly, and the separation between roof strata is easy to occur. At this time, the 
control effect of reinforcement support on surrounding rock becomes very limited, therefore, the 
basic support design in the roadway should be based on meeting the support requirements during 
the retaining roadway period. 

As an active support method, bolt support can effectively improve the peak strength and 
residual strength of anchor solids and increase the bearing capacity of surrounding rock. At the 
same time, the bolt itself has a large elongation rate (not less than 15 %), which allows and can 
adapt to large deformation of surrounding rock while maintaining high resistance. Especially, the 
elongation of the left-turning bolt can reach 25 %, and the corresponding bearing capacity is 
increased by more than 10 % compared with other bolts of the same specification. Therefore, the 
left-turning bolt should be used as the basic support form in the gob-side entry retaining, and the 
anchor cable should also be reinforced. In addition, reasonable pre-stress should be applied to the 
anchor cable and the bolt to realize the synchronous bearing of both, so as to maximize the 
supporting capacity of the whole support system. 

4.2. Surrounding rock control during retaining roadway 

(1) Roadside support. 
Roadside support is the key support technology for surrounding rock control of gob-side entry 

retaining, the roadside support must ensure the integrity of immediate roof above the filling body 
and the strata separation from the main roof, and at the same time, the cutting roof can be realized 
in the gob, it should also have an appropriate amount of shrinkage to accommodate the roof 
subsidence and rotation. The roadside support is divided into two parts: the roof support and the 
roadside filling support. 

1) Filling area roof support. The main function of the roof support in the filling area is to 
improve the integrity and damage resistance of immediate roof, so that avoiding the separation 
strata between the immediate roof and the main roof, and achieve the coordinated deformation of 
the same strata in the roadway, so its support form should be consistent with the basic support 
form in the roadway, and the left-turning bolt with mesh belt should be adopted. 

2) Roadside filling support. As the support body on the side along the gob-side entry retaining, 
it is the most important influencing factor to ensure the shape of the final roadway section, and 
also is the key factor for the formation of stable large and small structure of the gob-side entry 
retaining. 

For the gob-side entry retaining under the condition of hard roof, the flexible supporting 
roadside filling method is adopted. Through the early yield action, the roof will rotation and 
subsidence with the coal body at the elastic-plastic boundary of solid coal mass, and the internal 
stress field is easily formed, and the formation of internal stress field avoids the influence of the 
high-level roof to the gob-side entry retaining. At this time, the support object is only the large 
and small structure of the surrounding rock within the range of internal stress field, which is 
beneficial to maintenance. 

For the gob-side entry retaining with soft roof, the roof cantilever beam length is short. In order 
to ensure that the roof is not cut off in the roadway, the roadside filling body must have higher 
bearing capacity in the initial stage of filling, and its stiffness can meet the requirement of 
synchronous deformation with the roadside for coal and rock mass. Therefore, under the condition 
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of soft roof, a greater rigidity roadside filling method such as concrete pouring should be adopted. 
(2) Strengthening support in the roadway.  
Due to the continuous movement of surrounding rock of gob-side entry retaining, it is difficult 

to ensure that the roadway roof is not separated strata and fall by relying solely on the basic support 
in the roadway. Therefore, the role of strengthening support in the roadway is to prevent the 
separated strata and fall of roof, and ensure the stability of roadway roof, single hydraulic prop 
with articulated top beam are preferred for strengthening support in roadways. 

4.3. Surrounding rock control during roadway reuse 

After one mining impact, the surface of gob-side entry retaining has become soft and broken. 
When the mining is carried out at the next coal face, the deformation of surrounding rock near the 
peak of speed-up support pressure is extremely large, and almost lost self-supporting ability. 
Therefore, the maintenance at this time to ensure that the roadway does not roof fall and can meet 
the most basic ventilation and pedestrian conditions required for the production of coal face, 
without excessive emphasis on the overall control of the deformation of the surrounding rock. The 
support measure is to increase the strength and density of the speed-up support pressure for the 
mining roadway within the affected area. The support form can be selected as single hydraulic 
prop with articulated top beam or the Π type steel beam. 

5. Field monitoring and evaluation 

In order to reasonably evaluate the supporting reliability of the gob-side entry retaining, a 
measuring station is set at every intervals of 5 m in the roadway retaining section to observe the 
deformation of roof-floor and both sides of roadway. Fig. 4 shows that the variation of surrounding 
rock deformation with the advancing of working face after roadside filling of gob-side entry 
retaining. 

 
Fig. 4. The surrounding rock deformation with the advancing of  

working face after roadside filling of gob-side entry retaining 

It can be seen from Fig. 4 that the roof and floor approaching rate of gob-side retaining roadway 
decreases gradually with the advancing of working face. When the coal face is advanced over 
350 m, the deformation rate is significantly reduced and enters a slow creep state. In the initial 
stage of gob-side entry retaining, the both sides were basically free of deformation. After the coal 
face was advanced over 50 m, the deformation rate of both sides increased, while after the coal 
face was advanced over 350 m, the deformation rate of both sides began to decrease again. The 
deformation of both sides showed the characteristics of smooth, accelerated and creep. When the 
measured station is 560 m away from the coal face, the roof-floor convergence on one side of the 
solid coal roadway is less than 220 mm, the roof-floor convergence on one side of the filling body 
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is less than 280 mm, and the shrinking of two sides is about 190 mm. The shape of roadway section 
is relatively regular, which can meet the requirements of next coal face mining. At the same time, 
the amount of roof subsidence at the junction of filling body and the field monitoring is close to 
the calculated result. 

6. Conclusions  

1) By establishing the mechanical model of filling body, the slip instability coefficient 𝑘  and 
the compressional failure coefficient 𝑘  are proposed, when both 𝑘  and 𝑘  are less than 1, the 
roadside filling body can be kept stable, to prevent the failure of filling body, it can be controlled 
by increasing the width of roadway filling body and increasing the strength of filling body. 

2) By establishing the main roof mechanical model of gob-side entry retaining, the roadway 
roof subsidence is analyzed, then the formula for calculating the roadway roof subsidence is 
derived, and an example calculation is carried out. 

3) Proposed the method of increasing the filling width of roadway and transferring the 
surrounding rock stress to the gob to reduce the roadway floor heave, and the control technology 
of gob-side entry retaining in three stages of roadway excavation, roadway retention and roadway 
reuse was proposed. 

4) Through field monitoring, from the initial stage to the reuse after the gob-side entry 
retaining, the roof-floor convergence on one side of the solid coal roadway is less than 220 mm, 
the roof-floor convergence on one side of the filling body is less than 280 mm, and the both sides 
convergence is about 190 mm, and the amount of roof subsidence at the junction of filling body 
and the field monitoring is close to the calculated result. 
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