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1. Introduction 
 

The gob-side entry retaining technology can effectively 

improve mine recovery rate, extend the service life of the 

mine, prevent the formation of the island working face and 

relieve the tension between mining and excavation (Oreste 

et al. 2005, Guo et al. 2014, Zhang et al. 2014, Zhao et al. 

2015, Ishwar and Kumar 2017, Yang et al. 2018). The gob-

side entry retaining is in the low pressure area, the 

probability of rock burst is greatly reduced (Deng et al. 

2014, Tan et al. 2015, Yang et al. 2016). In addition, it can 

achieve Y-type ventilation to effectively prevent gas 

accumulation in the upper corner of working face (Zhang et 

al. 2015, Jaouhar et al. 2018), and can reduce the labor 

intensity, which has the significant economic and social 

benefits (Venticinque et al. 2014, Guo et al. 2016, Chen et 

al. 2018, Fu et al. 2018). 

Based on the existing research, Maleki et al. (1986) 

considered that the small coal pillar of gob-side entry 

retaining can effectively control the floor heave and 

minimize the interaction between the two coal seams.  
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Haeamy et al. (1990) concluded that the application of 

small coal pillars in gob side entry can reduce the risk of 

impact and improve the recovery rate of coal resources, but 

the coal and rock properties, burial depth and mining height 

of working face affect the coal pillars width in gob side 

entry. Medhust et al. (1998) carried out the triaxial 

compression experiments on coal samples of different sizes, 

studied the mechanical characteristics and failure 

mechanisms of different coal pillar sizes and provided a 

basis for the technology of gob-side entry retaining. 

Deng et al. (2010) adopted a new attempt to pack 

roadside by pumping ordinary concrete and proposed a 

scheme that cable is used to reinforce roadside supporting 

and a single hydraulic prop is used as the temporary 

supporting in gob side. Zhang et al. (2015) and Liu et al. 

(2018) conducted a study on the gob-side entry retaining 

project in deep soft rock mine and effectively controlled the 

severe deformation of the roadway. Ning et al. (2017) 

established a mechanical model of the supporting structure 

for the gob-side entry retaining. Gao (2018) took the three 

rock layers of roof, floor and coal pillar as the bedded 

composite rock mass and analyzed the influence of the 

bedded composite rock mass on the elastic core of coal 

pillar of the gob-side entry retaining. Ma et al. (2018) 

further improved the design system of roof cutting seam 

parameters of non coal pillar gob-side entry retaining, 

proposed the second roof cutting scheme of the upper side 

gob-side entry retaining and achieved a certain effect.  
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Abstract.  With the increasing tension of current coal resources and the increasing depth of coal mining, the gob-side entry 

retaining technology has become a preferred coal mining method in underground coal mines. Among them, the technology of 

the gob-side entry retaining with the high-water filling material can not only improve the recovery rate of coal resources, but 

also reduce the amount of roadway excavation. In this paper, based on the characteristics of the high-water filling material, the 

technological process of gob-side entry retaining with the high-water filling material is introduced. The early and late stress 

states of the filling body formed by the high-water filling materials are analyzed and studied. Taking the 8th floor No.3 working 

face of Xin’an coal mine as engineering background, the stress and displacement of surrounding rock of roadway with different 

filling body width are analyzed through the FLAC3D numerical simulation software. As the filling body width increases, the 

supporting ability of the filling body increases and the deformation of the surrounding rock decreases. According to the 

theoretical calculation and numerical simulation of the filling body width, the filling body width is finally determined to be 

3.5m. Through the field observation, the deformation of the surrounding rock of the roadway is within the reasonable range. It is 

concluded that the gob-side entry retaining with the high-water filling material can control the deformation of the surrounding 

rock, which provides a reference for gob-side entry retaining technology with similar geological conditions.  
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In addition, lots of scholars have carried out the analysis 

on filling material and filling body of the gob-side entry 

retaining from the aspects of theory analysis, laboratory 

testing, numerical simulation. Karfakis et al. (1996) tested 

the backfilling materials produced from the Zonguldak 

Colliery coal mine, Turkey. The results obtained by 

experiments were related to the coefficient of uniformity of 

particle size distribution and the effective size. James et al. 

(1999) used waste glass as a substitute for Portland cement 

(SPC), which could be used for coal mine backfill. It is 

concluded that the Portland cement with 35% waste glass 

material has the best strength characteristics.  

Tian et al. (2008) carried out experiments of different 

concentration and different additive dosage on the filling 

materials composed of fly ash and gangue. The results show 

that the early strength of the backfill composed of fly ash 

and coal gangue is very low, the later strength is increased, 

and it is still rising after 60 days. Guo et al. (2009) studied 

on the laws of the strata and surface movement with long 

wall fully mechanized gangue backfilling technology by 

similar material simulation and numerical simulation 

method, and pointed out that improving the filling rate of 

gangue backfilling in goaf and the initial density of filling 

body are the main technological way to enhance the 

controlling effect of strata movement. 

 

 

2. Engineering backgroud 
 

The Xin’an coal mine is located in Shuangyashan City, 

Heilongjiang Province, China. The buried depth of the 8th 

floor No.3 working face of Xin’an coal mine is 620 m. The 

average thickness of coal seam is 3 m. The immediate roof 

is the 4 m thick medium sandstone. The basic roof is the 8 

m thick siltstone. The direct bottom is 2 m thick gritstone. 

The roadway along goaf is the haulage roadway. After the 

haulage roadway is successfully retained, the haulage 

roadway will become the return air roadway for the next 

working face. The schematic diagram of gob-side entry 

retaining is shown in Fig. 1.  

To reduce mining costs and save the use of filling 

materials, the high-water filling material has been tested 

and used as a new mining technology (Liu et al. 2014, 

Doherty et al. 2015). According to the characteristics of 

high-water material, such as good fluidity, high early 

strength, and controllable setting time (Altunbas et al. 2017, 

Li et al. 2017), taking the 8th floor No.3 working face of 

Xin’an coal mine as the engineering background, the gob- 

 

 

side entry retaining with the high-water filling material is 

applied. The saved haulage roadway will be the return air 

roadway for the next working face. 

 

 

3. The technological process of gob-side entry 
retaining with high-water filling material 
 

The reasonable and efficient gob-side entry retaining 

technology can control the deformation of surrounding rock 

and isolate the goaf (Xu et al. 2014). The gob-side entry 

retaining can make workers dig one less roadway, and the 

mechanization degree of the gob-side entry retaining 

technology of high-water filling material is high, so that the 

labor intensity of workers is low. 
 

3.1 Mechanical properties of high-water filling 
materials 

 

The high-water filling material is made by mixing fly 

ash in the waste slag of power plant, fluidic agent, early 

strength agent and accelerator. The filling slurry is formed 

by adding a large amount of water into the high-water 

filling material (the water-cement ratio is greater than 3) 

and stirring it. The filling slurry begins to solidify gradually 

and form the filling body after reaching the filling site.  

According to the technical requirements of the gob-side 

entry retaining with the high-water filling material, the final 

strength of the filling body needs to reach 32 MPa. The Fig. 

2 is the relationship between the compressive strength and 

age of filling body determined by laboratory tests. As can 

be seen from the figure, the strength of the filling body can 

reach 4 MPa within 8 hours, and then increase gradually 

with the age. The strength of the filling body can finally 

reach 50 MPa, which meets the technical requirements for 

the gob-side entry retaining. The mechanical parameters of 

the filling body are shown in Table 1. 

It can be seen from Fig. 2 that there are three key 

periods of filling body and age: the rapid growth period (0~ 

7 days), slow growth period (7~28 days) and stable period 

(> 28 days).  
 
 

Table 1 Mechanical parameters of the filling body 

Lithology 

Bulk 

Modulus/ 

GPa 

Shear 

Modulus/ 

GPa 

Density/ 

(kg/m3) 

Friction 

Angle/(°) 

Cohesion

/MPa 

Tensile 

Strength/ 

MPa 

Filling 

body 
6.1~7.9 2.7~3.5 14~21 31~52 2.2~3.2 1.4~2.6 

 

Fig. 1 Schematic diagram of gob-side entry retaining 
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The compressive strength of the filling body increased 

rapidly within 7 days, and reaches 31 MPa after 7 days, and 

its strength reached 63%, which can basically resist the 

subsidence and deformation of the roof surrounding rock. 

The filling body still shows an increasing trend within 

28 days, and reaches 49.23 MPa after 28 days, and its 

strength can reach more than 98% of the maximum 

strength. 

The compressive strength of the filling material 
gradually reached the maximum value 50 MPa and  

 

 

 

 

remained unchanged after 28 days. 

 

3.2 The technological process of gob-side entry 
retaining with high-water filling materials 

 

According to the characteristics of high-water materials, 

the gob-side entry retaining technology with high-water 

filling material is shown in Fig. 3. The key parts of gob-side 

entry retaining technology are stirring chamber, the filling 

pipeline, filling frame and filling bag. 

 

Fig. 2 The compressive strength- age curve 

 

Fig. 3 The technology of gob-side entry retaining with high water material 

   
(a) Stirring pool (b) Stirring blade (c) Filling pump and filling pipeline 

Fig. 4 Equipment in the stirring chamber 

0 5 10 15 20 25 30 35
0

10

20

30

40

50

Age/d

C
o
m

p
re

ss
iv

e 
st

re
n
g
th

/M
P

a

0

20

40

60

80

100
Stable periodSlow growth

R
at

io
 o

f 
st

re
n
g
th

 t
o
 m

ax
im

u
m

 s
tr

en
g
th

/%Rapid growth

Stirring pool

Agitator

Stirring motor

543



 

Tan Li, Guangbo Chen, Zhongcheng Qin, Qinghai Li, Bin Cao and Yongle Liu 

 

 

 

 

(1) Stirring chamber 

The stirring chamber is composed of the stirring pool, 

filling pump and the filling pipeline, as shown in Fig.4. The 

filling slurry is made by mixing the high-water material and 

water. The agitator is used to evenly stir the filling slurry, 

there are two layers of stirring blades on the agitator, the 

bottom stirring blade and the upper stirring blade. When the 

agitator is running, the bottom stirring blade can lift up the 

high-water material in the bottom of stirring pool to prevent 

high-water material from accumulating at the bottom of 

stirring pool, the upper stirring blade can prevent the filling  

 

 

 

 

slurry from overflowing the stirring pool. The filling pump 

adopts horizontal pump, the flow and head of the filling 

pump should meet the requirements of the filling 

engineering. 

(2) Filling pipeline 

The filling site is connected with the stirring chamber 

through the filling pipeline. The filling pipeline should meet 

safety requirements of coal mine. The laying of filling 

pipeline should be stable, and the laying position of filling 

pipeline should avoid collision with mining vehicle and 

other equipment. The filling pipeline is shown in Fig. 5. 

  
Fig. 5 Filling pipeline 

 
Fig. 6 Filling frame 

 

Fig. 7 Process of gob-side entry retaining with high-water filling materials 
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(3) Filling frame and filling bag 

Because the filling site is adjacent to the goaf, the 

temporary supporting should be taken at the filling site to 

ensure the safety of person and equipment. The temporary 

supporting is shown in Fig. 6. 

The filling frame is fixed on the temporary supporting to 

ensure the flatness of the filling frame. The filling bag is an 

anti-leakage and anti-static special bag for filling slurry. It 

has a slurry inlet and an air outlet. The slurry inlet is the 

hole that the filling material enter the filling bag. The air 

outlet is the hole that the air is discharged from the filling 

bag when the filling slurry enters the filling bag to ensure 

that the filling bag is filled with the filling slurry and the 

filling body is in close contact with the roof. 

 

3.3 Process of gob-side entry retaining with high-
water filling material 

 

Because the high-water filling material have the 

characteristics of good fluidity, high early strength, and 

controllable setting time, the process of gob-side entry 

retaining with high-water filling material should follow the 

steps in Fig.7. 

Before adding the high-water filling material, the 

tightness of the filling pump and the filling pipeline should 

be inspected with the clean water. When the tightness of 

filling pipeline and filling pump reaches the requirement, 

the high-water filling material can be stirred and pumped. 

When the filling work is finished, the stirring pool and the 

filling pipeline should be flushed again with the clean water 

to avoid clogging of the filling pump and the filling 

pipeline. 
 

 

4. Force analysis of filling body 
 

The stability of surrounding rock of gob-side entry 

retaining is determined by filling body, coal body and 

supporting structure (Yin et al. 2017). 

According to the force state of the overlying strata 

acting on the filling body, the force on the filling body can 

be divided into the initial stage and the late stage. The 

overlying strata in the initial stage did not collapse, and the 

overlying strata in the late stage was failed. Therefore, it is 

necessary to analyze the mechanical characteristics of 

filling body in the initial and late stages respectively. 

 

 

4.1 The force analysis of filling body in the initial stage 
 

In the initial stage, the overlying strata will not 

immediately bend, sink or break. The overlying strata is 

mainly supported by the coal body, the filling body and the 

supporting structure. The mechanical model of the filling 

body in the initial stages is shown in Fig. 8. 

The force in the vertical direction should satisfy the 

equation: 

 
(1) 

where P1 is the compressive strength of the filling body; P0 

is the compressive strength of the coal body; L is the length 

of the force; γ is the bulk density of the overlying roof; H is 

the thickness of the overlying strata. 

According to Fig. 7, Eq. (1) can be expressed as: 

 
(2) 

where D is the length of working face; L1 is the length of 

effective force on coal body; L2 is the roadway width; L3 is 

the filling body width. 
 

4.2 The force analysis of filling body in the late stage 
 

When the working face advanced a distance, the 

immediate roof behind the working face was sank and 

broken. The broken immediate roof rock filled the goaf. 

And the basic roof was rotated and sank, with one side 

acting on the coal body and the other side acting on the goaf 

gangue. The mechanical model of the filling body in the 

late stage is shown in Fig. 9. 

The force of coal body on roof F1 is: 

 
(3) 

where F1 is the force of the coal body on roof, kN; q1, q2 are 

the loading strength inside coal body and the loading 

strength of the coal body at the roadway when the basic 

roof is broken respectively, kN/m; L1 is the length of 

effective force on coal body, m. 

Assuming the loading of the filling body on the 

immediate roof is trapezoidal distribution, the equivalent 

loading strength in the middle of the filling body is q3, then 

the force of the filling body on roof F3 is: 

1 0P P L H 

 1 0 1 2 3P P D L L L H    

 1 1 1 2

1

2
F L q q 

 

Fig. 8 Mechanical model of filling body in the initial stage of mining 
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(4) 

where the F3 is the force of the filling body on roof beside 

the roadway, kN; q3 is the equivalent loading strength in the 

middle of the filling body, kN/m; L3 is the filling body 

width, m. 

When the sank roof was contacted with the goaf gangue, 

the force will be produced on the goaf gangue. With the 

continuous subsidence of the roof, the scope and the force 

on the goaf gangue continued to increase. 

Assuming the loading of the goaf gangue on the 

immediate roof is linear distribution, and the force of goaf 

gangue on roof F4 is: 

 
(5) 

where the F4 is the force of goaf gangue on roof, kN; L4 is 

contact length between goaf gangue and roof, m, q4 is the 

maximum loading at the contact point of roof and goaf 

gangue, kN/m. 

In order to ensure the stability of the overlying strata, 

the strong layer force [F3] of the filling body should be  

 

 

 

satisfied the following equation: 

 
(6) 

where the [F3] is the force on strong layer of the filling 

body; L2 is the roadway width, m; hZ is the thickness of 

immediate roof, m; γZ is the bulk density of immediate roof, 

kN/m3; L0 is the length of hard roof, m; hj is the thickness of 

hard basic roof, m, γj is the bulk density of hard basic roof, 

kN/m3. 

The relationship between the strong layer of the filling 

body and the filling body width can be obtained as follows: 

[σ]L3≥[F3] (7) 

where the [σ] is the strength of the strong layer acting on the 

filling body, kPa. 

Based on the above analysis, the force on the filling 

body is related to the filling body width, the roadway width, 

the mining height, the thickness of the immediate roof and 

the basic roof. 
 

4.3 Filling body width calculation 
 

The filling body width should be reasonable to reduce  

3 3 3F q L

4 4 4

1

2
F q L

   3 1 2 3 0 1 4Z Z j jF L L L h L h F F      

 

Fig. 9 Mechanical model of filling body in the late stage of mining 

 

Fig. 10 Filling body width calculation 
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the influence of the supporting stress, comprehensively 

consider the deformation of the roadway and reduce the loss 

of coal resources. 

Therefore, the reasonable filling body width B should be 

calculated by the limit equilibrium theory, as shown in Fig. 

10 (Xie et al. 2011, Wang et al. 2016). 

B=X1+X2+X3 (8) 

where B is the filling body width; X1 is the width of the 

plastic zone produced in the filling body; X3 is the effective 

width of filling body, taking 1.2 m (According to the final 

strength of the filling body and the calculation results of 

Eqs. (1)-(7), the effective width of the filling body is 1.2 

m); X2 is filling body stability coefficient, which calculating 

as (X1+X3)(30%~50%). 

According to field experience, the X1 can be expressed 

as: 

 

(9) 

where m is the mining thickness, A is the lateral pressure 

coefficient, φ0 is the internal friction angle of the filling 

body C0 is the cohesion of the filling body, K is the stress 

concentration coefficient, γ is the average bulk density, and 

H is the buried depth of the roadway, pZ is the support 

resistance of the bracket to the coal wall. 

The above parameters are from the actual coal mine site 

and laboratory, and have been verified accordingly. 

 

 

 
 
5. Numerical simulation 
 

5.1 Simulation scheme 
 

Based on the above analysis, the filling body width play 

an important role in the stability of surrounding rock. When 

the filling body width is small, the stress concentration 

caused by the rotation and subsidence of roof strata can lead 

to the rupture and instability of the surrounding rock. When 

the filling body width is large, the surrounding rock of the 

roadway will be effectively controlled. However, the 

consumption of the filling materials will increase as the 

filling body width increase, which will lead to the increase 

of the cost of gob-side entry retaining. Therefore, it is 

necessary to simulate and analyze the influence of different 

filling body width on the stress and displacement of 

surrounding rock. 

FLAC3D numerical simulation software is a software 

specially developed for the analysis of geotechnical 

engineering mechanics. It can simulate various complex 

engineering mechanical behavior by relying on the 

powerful analysis function. 

In this paper, the FLAC3D numerical simulation software 

is used to analyze the influence of different filling body 

width on the deformation and stress of surrounding rock. 

The length × width × height of the model is: 250 m × 100 m 

× 107 m. The model includes 3m thick coal seam, 82 m 

thick overlying strata and 22 m thick bottom strata. The 

pressure coefficient is 0.8. The simulation model is shown 

in Fig. 11. 

Based on the mechanical test of the filling body, it is  
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Fig. 11 Simulation model 

Table 2 Mechnical parameters of the various strata 

Lithology Bulk Modulus/GPa Shear Modulus/GPa 
Density/ 
(kg/m) 

Friction Angle/ 
(°) 

Cohesion/MPa 
Tensile 

Strength/MPa 

Siltstone 5.2 2.8 2300 36 3.7 1.9 

Medium Sandstone 4.1 4.2 2000 35 2.8 2.6 

Coal 1.6 1.5 1400 24 1.2 1.3 

Gritstone 5.2 5.3 2400 34 2.3 2.7 

Mudstone 8.1 3.2 3000 24 2.7 1.6 

Table 3 Schemes of different coal pillar width 

Scheme 1 2 3 4 5 6 7 8 9 

Filling body width/m 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
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concluded that the mechanical parameters of the filling 

body are as follows: the bulk modulus is 6.9 GPa; the shear  

 

 

 

 

modulus is 3.1 GPa; the bulk density is 15 kN/m3; the 

friction angle is 49°; the cohesive force is 2.4 MPa; and the 

 

Fig. 12 Stress distribution of surrounding rock 

 
Fig. 13 The maximum stress on coal wall and filling body 

 

Fig. 14 Displacement of roof and floor 
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tensile strength is 2.35 MPa.  

The mechanical parameters of various strata are shown 

in Table 2. 

The simulation schemes with different filling body 

width are proposed, as shown in Table 3. 
 

5.2 Result analysis 
 

According the simulation results, the stress distribution 
characteristics and deformation characteristics of 
surrounding rock with the different filling body width were 
analyzed. 

(1) Stress distribution of surrounding rock 
The stress distribution of surrounding rock with 

different filling body width is shown in Fig. 12. It can be 
seen that the stress of surrounding rock has a significant 
variation with the increase of the filling body width. When 
the filling body width is in the range of 1.0 m~2.0 m, the 
stress on the coal body is large, and the stress on the filling 
body is small. The filling body have no effective supporting 
capacity on the roof. When the filling body width is in the 
range of 2.5 m~5.0 m, the stress on the coal body decreases 
gradually, and the stress on the filling body increases 
gradually. With the increase of the filling body width, the 
filling body can not only support the more overlying loads, 
but also make the stress concentration area gradually 
transfer to the deep. It can be seen from the stress cloud 
diagram that the larger the filling body width is, the greater 
the distance of the stress concentration area moving to the 
filling body is. When the filling body width is 3.5 m, the 
width from the stress concentration area to the edge of the 
filling body can meet the needs of the project site. 

Meanwhile, the filling body can effectively isolate the 

goaf and prevent the toxic and harmful gases from entering 

the roadway. 

(2) The maximum stress on the coal body and filling 

body 

The maximum stress on coal body and filling body with 

the different filling body width is shown in Fig. 13. With 

the increase of the filling body width, the maximum stress 

on the coal body presented a decreasing trend and the 

maximum stress on the filling body first increased and then 

decreased. When the filling body width was in the range of 

1.0~3.5 m, the maximum stress on the filling body was 

higher than that on the coal body. When the filling body 

width was in the range of 3.5~5.0 m, the maximum stress 

on the filling body was lower than that on the coal body. 

When the filling body width was 3.5 m, the maximum stress 

of the coal body and the filling body was approximately 

equal. 

(3) Displacement of roof and floor 
The displacement of roof and floor are shown in Fig. 14. 

With the increase of the filling body width, the 
displacement of the roof and floor gradually decreases. 
When the filling body width increased from 1 m to 5 m, the 
reduction rate of roof displacement of filling body was 
76.7%, the reduction rate of the roof displacement of coal 
body was 86.3%, the reduction rate of the middle 
displacement of the roadway roof was 90.8%. Among them, 
when the filling body width was 3.5 m, the middle 
displacement of the roadway roof was 14 cm, the roof 
displacement on the side of filling body was 17 cm, and the 

roof displacement on the side of coal body was 16cm, 
which met the requirements for deformation of the 
surrounding rock. 

 

5.3 Determination of filling body width 
 
This paper comprehensively analyzes the stress 

distribution of surrounding rock, the maximum stress on the 
coal body and the filling body and the displacement of 
surrounding rock. The filling body can not only meet the 
requirements of strength, but also ensure the isolation of 
goaf. 

Therefore, the parameters of 8th floor No.3 working 
face of Xin’an coal mine are substituted into the Eq. (8), the 
filling body width is 3.25~3.75 m. Combined with the 
simulation results of different filling body width by 
numerical simulation, it is comprehensively determined that 
the reasonable filling body width of the gob-side entry 
retaining was 3.5 m. 
 

 

6. Field tests 
 

6.1 Field tests 
 

According to the field engineering practice, it is 

determined that the periodic weighting distance of the No. 3 

working face is 18 m, and the supporting capacity of the 

roadway side is 11 ~ 14 MPa. From the advancing speed of 

the No. 3 working face and the filling technology of high-

water material, it is known that the periodic weighting will 

occur on the 9th day, and the uniaxial compressive strength 

of the filling body reaches 12.01 MPa after 3th day, so the 

temporary support can be withdrawn after 3th day. 

The filling body with the filling frame is shown in Fig. 

15. The filling body without the filling frame is shown in 

Fig. 16. 
 

 

 

Fig. 15 The filling body with the filling frame 

 

 

Fig. 16 The filling body without the filling frame 
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6.2 Monitoring 
 

The displacement of surrounding rock was monitored in 

order to verify the effect of gob-side entry retaining with the 

high-water material. The monitoring station was set up 

behind the working face. The location of the monitoring 

station is shown in Fig. 17. 

When the filling body reached the required strength, the 

filling frame can be removed. The displacement of 

surrounding rock was measured with the advancement of 

working face. The monitoring results are shown in Fig.18. 

The roof displacement of the filling body was the largest, 

the roof displacement of the middle of the roadway was the 

second, and the roof displacement of the coal body was 

minimum. 

When the working face advanced 30 m, the roof 

displacement of the filling body was 0.6 cm, the roof 

displacement of the coal body is 0.3 cm, and the roof 

displacement of the middle position of the roadway was 

0.3cm. This was mainly because the temporary supporting 

that had not been removed played a role in supporting the 

roof. When the working face advanced 80 m, the roof 

displacement of the filling body was 7.7 cm, the roof 

displacement of the coal body was 3.8 cm, and the roof 

displacement of the middle position of the roadway was 5.5 

cm. And in the range of 30-80 m behind the working face, 

the roof displacement of the filling body, the roof 

displacement of the coal wall and the roof displacement of 

the middle position of the roadway all rapid increase. This 

is mainly because the temporary supporting had been 

removed, the filling body was in contact with the roof and 

supported the roof. When the working face advanced 100  

 

 

 

m, the displacement of the roadway surrounding rock was 

stable, the roof displacement of the filling body was 8.9cm, 

the roof displacement of the coal body was 4.3cm, and the 

roof displacement of the middle position of the roadway 

was 7.3 cm. The deformation of roadway tended to be 

stable. 

Meanwhile, the filling body height at the monitoring 

station was measured every day and the monitoring data 

were analyzed and processed. It is concluded that the 

deformation of the filling body can be divided into four 

stages: 

The first stage (Ⅰ): 0 m-30 m away from the working 

face. Because the temporary supporting was arranged 

around the filling body, it played a certain supporting role 

for the roof. The force acting on the filling body was small, 

the deformation of the filling body was small and the 

deformation velocity was slow. 

The second stage (Ⅱ): 30-80 m away from the working 

face. Because the temporary supporting was removed, the 

force of roof was mainly concentrated on the filling body. 

The roof rock settled violently and the loading of the filling 

body increased rapidly. The deformation rate of the filling 

body was big. 

The third stage (Ⅲ): 80-100 m away from the working 

face. Because the strength of the filling body had reached 

the expected level. The rotary subsidence of the roof was 

slow, the force acting on the filling body increased slowly, 

and the deformation rate of the filling body became small. 

The roof can be effectively controlled. 

The fourth stage (Ⅳ): 100 m away from the working 

face. The deformation of the surrounding rock remained in 

a stable state. 

 

Fig. 17 Location of the monitoring station 

 
Fig. 18 The displacement monitoring of roadway surrounding rock 
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7. Discussions 
 

The high-water materials have the characteristics of 
good fluidity, high early strength and controllable setting 
time. The system of gob-side entry retaining with the high-
water material is simple and easy to operate. The filling 
body formed by the high-water materials can not only 
effectively isolate the goaf, but also effectively control the 
deformation of the surrounding rock. According to the state 
of the overlying strata acting on the filling body, the force 
on the filling body can be divided into the initial stage and 
the late stage. And the influencing factors of the initial stage 
and the late stage of the filling body were analyzed and 
studied respectively. Through the theoretical analysis, the 
force on the filling body is related to the filling body width, 
the roadway width, the mining height, the thickness of the 
immediate roof and basic roof. 

Taking the 8th floor No.3 working face of Xin’an coal 
mine as the engineering background, the stress and 
displacement of surrounding rock with the different filling 
body width are analyzed through the FLAC3D. Based on 
the field observation of the surrounding rock deformation, 
the filling body can ensure that the deformation of 
surrounding rock is within the reasonable range. 

However, the long-term monitoring of filling body still 

needs further tracking and monitoring, which is also the 

main direction of future research. 
 
 

8. Conclusions 
 

• The mechanical models of the filling body in the initial 

stage and late stage are established respectively. Through 

the theoretical analysis, the stability of surrounding pressure 

of the gob-side entry retaining with the high-water material 

is related to the width of filling body, roadway, mining 

height, direct roof and basic roof thickness. 

• Based on the geological conditions of the 8th floor 

No.3 working face of Xin’an coal mine, the stress and 

deformation of the surrounding rock with the different 

filling body widths is studied by using FLAC3D simulation 

software. The greater the filling body width, the smaller the 

effect of stress on the surrounding rock, and the smaller the 

deformation of the surrounding rock. Through the 

theoretical calculation and numerical simulation, the filling 

body width of gob-side entry retaining is 3.5 m. 

• In the mining process of the working face, the 

deformation process of the filling body is divided into four 

stages. The first stage is 0 m-30 m away from the working 

face, the deformation of the filling body is small and the 

deformation speed is slow. The second stage is 30 m-80 m 

away from the working face, the deformation of filling body 

is large and the deformation rate of filling body is fast. The 

third stage is 80 m-100 m away from the working face, the 

deformation rate of the filling body becomes small, and the 

deformation of the filling body is still increasing. The fourth 

stage is 100 m away from the working face, the deformation 

rate of the filling body is about 0. 
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