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Abstract  Gob-side entry retained with roadside filling (GER-RF) plays a key role in achieving coal mining 12 

without pillar and improving the coal resource recovery rate. Since there are few reports on the cyclic filling length 13 

of GER-RF, a method based on the stress difference method is proposed to determine the cyclic filling length of 14 

GER-RF. Firstly, a stability analysis mechanics model of the immediate roof above roadside filling area in GER 15 

was established, then the relationship between the roof stress distribution and the unsupported roof length was 16 

obtained by the stress difference method. According to the roof stability above roadside filling area based on the 17 

relationship between the roof stress and its tensile strength, the maximum unsupported roof length and rational 18 

cyclic filling length of GER-RF. Combined with the geological conditions of the 1103 thin coal seam working face 19 

of Heilong Coal Mine and the geological conditions of the 1301 thick coal seam working face of Licun Coal Mine, 20 

this suggested method was applied to determine that the rational cyclic filling lengths of GER-RF were 2.4 m and 21 

3.2 m, respectively. Field trial tests show that the suggested method can effectively control the surrounding rock 22 

deformation along with rational road-in support and roadside support, and improve the filling and construction 23 

speed. 24 

Key words  gob-side entry retained, roadside filling area, cyclic filling length, unsupported roof length, stress 25 

difference method 26 

1. Introduction 27 

1.1 Literature review of GER-RF 28 

In recent years, gob side entry retained (GER) without coal pillar mining technology has its advantages. 29 

These advantages include alleviating the contradiction of excavation replacement, improving coal recovery rate, 30 

and realizing working face Y-type ventilation, and solving corner gas accumulation. GER has been developed into 31 

one of the green, safe, and efficient mining technologies for coal resources (Kang et al. 2010; Han et al. 2019; 32 

Zhang et al. 2015; Yang et al. 2020). Since the 1950s, China and other major coal producing countries have carried 33 

out many industrial tests of GER. Ning proposed a GER case with a “coal-backfill-gangue” support system in the 34 

thin coal seam (1.3 m) of Binhu Coal Mine (Ning et al. 2018). Zhang proposed a GER case with thick and hard 35 

roof in the medium-thick coal seam (3.0 m) of Xinchao Coal Mine (Zhang et al. 2018). Luan proposed a GER case 36 

with thick and hard roof in the thin coal seam (1.25 m) of Dongtan Coal Mine (Luan et al. 2018). Tian proposed a 37 

GER case with soft roof, floor, and seam in the thin coal seam (1.3 m) of Heilong Coal Mine (Tian et al. 2020). 38 

Wang proposed a no-pillar mining technique with automatically formed GER in the thick coal seam (4.11 m) of 39 

Ningtiaota Coal Mine (Wang et al. 2018). Huang proposed a GER case using concrete-filled steel tubular column 40 

as roadside supporting in the thin coal seam (1.15 m) (Huang et al. 2018). Su proposed a GER case in 41 



fully-mechanized longwall with top-coal caving in the thick coal seam (6.3 m) of Yuwu Coal Mine (Su et al. 2015). 42 

Zhang proposed a GER case with supercritical retained entry width in the thick coal seam (4.0 m) of Liujiazhuang 43 

Coal Mine (Zhang et al. 2019). Zhang proposed a GER case in the medium-thick coal seam (2.8 m) of Xinyuan 44 

Coal Mine (Zhang et al. 2020). Therefore, GER engineering applications have developed from thin coal seam and 45 

medium-thick coal seam to thick coal seam mining. The GER technology with roadside filling is one of the widely 46 

used GER technologies. When the roadside filling is carried out, the roadside filling body generally lags behind the 47 

end support of the working face. The filling area near the roadway is often in the state of no support or simple 48 

temporary support, that is, the support strength of the area to be filled is low, which is called "lagging unsupported 49 

roof" (see Fig.1). Zhang and Zheng firstly proposed that roof stability in the filling area is one of the key factors 50 

for the success of GER (Zhang et al. 2018; Zhang et al. 2020; Zhang et al. 2012). The length of the lagging 51 

unsupported roof in GER-RF is mainly composed of the cyclic filling length and the width of the pedestrian 52 

passage behind the support. The width of the pedestrian passage is generally 0.8 m. Therefore, the cyclic filling 53 

length in GER-RF is the bottleneck to improve the construction speed of the roadside filling body. 54 

 55 

(a) plan view of GER-RF 56 

 57 

(b) section view of I-I 58 
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(c) section view of II-II 60 

 61 

(d) section view of III-III 62 

Fig. 1 Sketch of lagging unsupported roof in GER-RF 63 

1.2 Literature review of the cyclic filling length in GER-RF 64 

At present, the daily mining length of high-efficiency fully mechanized mining working face in China is usually 65 

more than 4.8 m. Due to the early strength performance, solidification time, and resistance increasing speed of 66 

existing filling materials (Kang et al. 2010; Han et al. 2019; Zhang et al. 2018; Luan et al. 2018; Wang et al. 2018), 67 

the roadside filling body may not be constructed in time or the built roadside filling body cannot reach the designed 68 

support resistance in time, the length of the lagging unsupported roof will increase. When the length of the lagging 69 

unsupported roof is too large, the lower part of the immediate roof may lose stability under the action of tensile stress 70 

(Zhang et al. 2018). Therefore, how to determine the rational cyclic filling length in GER-RF is very important to 71 

match the daily mining length of high-efficiency fully mechanized mining working face. However, the cyclic filling 72 

length was manually determined previous, and there are no published reports at home and abroad on the 73 

determination method and theory of the cyclic filling length in GER-RF. 74 

This paper presents a method to determine the length of the lagging unsupported roof and the cyclic filling 75 

length in GER-RF. Firstly, the mechanical model of the immediate roof stability analysis above the roadside filling 76 

area in GER-RF is established. The relationship between the stress distribution of immediate roof above the roadside 77 

filling area and the length of the lagging unsupported roof is calculated by means of the stress difference method. 78 

Then, the stability of the immediate roof above roadside filling area in GER-RF is determined according to the 79 

comparison between the immediate roof stress and ultimate tensile strength. On the basis of this, the reasonable 80 

length of the lagging unsupported roof and the cyclic filling length in GER-RF are determined. Finally, the method is 81 

carried out in two different thickness coal seams (thin coal seam, thick coal seam) with high water materials roadside 82 

filling and GER engineering practice. 83 

2. Mechanical model of immediate roof stability analysis above roadside filling area in GER-RF 84 

It is very important to determine the length of the lagging unsupported roof during the construction of the 85 

roadside filling body. When the length of the lagging unsupported roof is too large, the roof above the roadside 86 

filling area is prone to collapse. When the length of the lagging unsupported roof is too small, the filling cycle times 87 

are more and the utilization rate of the filling body support is low. Under this condition, the construction speed of the 88 

roadside filling body is affect and the working efficiency of the high-efficiency fully mechanized mining working 89 

face is limited. The existing study show that the lower strata of the immediate roof are in the range of tensile stress, 90 

and with the increase of the rotation subsidence angle of the main roof (the process of increasing the support 91 

resistance of the roadside filling body), the scope of the tensile stress gradually decreases (Zhang et al. 2018). It can 92 

be seen that the roof of the area to be filled is mainly the tensile failure of the shallow immediate roof. The temporary 93 

support of the area to be filled and its surrounding is mainly to prevent the collapse of the immediate roof in the 94 
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lagging unsupported roof area to be filled. In reality, the immediate roof above the roadside filling area in GER-RF is 95 

affected by the abutment pressure in front of the hydraulic support of the working face. The subsidence of the 96 

immediate roof gradually increases until the built roadside filling body starts to support the immediate roof. As a 97 

result, the cumulative damage of the immediate roof rock increases gradually. Therefore, the immediate roof of the 98 

area to be filled is the key to control surrounding rock during the filling period of GER-RF. 99 

A large area of suspended roof will form at the end of the working face before the filling body is built along the 100 

goaf. The immediate roof in the area to be filled may be in the stage of no support or low support strength, as shown 101 

in Fig. 2a. The roof is supported by the coal wall in front of the working face, the hydraulic support at the end, and the 102 

newly built backfill. Therefore, a mechanical model of immediate roof stability analysis above the roadside filling 103 

area in GER-RF is established as shown in Fig. 2b. The main assumptions of the model are as follows :(1) the 104 

immediate roof can be regarded as a rock beam with the same support stress as the overburden pressure, roadside 105 

support force, end hydraulic support force, and abutment pressure in a certain range in front of the working face; (2) 106 

the pressure load above the immediate roof (including the weight of the immediate roof) is q, and below the 107 

immediate roof are the support loads provided or passively generated by the coal wall support section, the end 108 

hydraulic support section and the roadside filling body section of the retaining roadway, respectively, which are q1, 109 

q2 and q4, the length of each corresponding segment is L1, L2, and L4 respectively; (3) in the model, the sum of L3 and 110 

L4 is calculated according to the periodic weighting length of the main roof. (4) L2 is the total length of the top beam 111 

of the hydraulic support; (5) L1 is selected according to the position of the peak abutment pressure in front of the coal 112 

wall; (6) the main roof is assumed to be rigidity. 113 

 114 

(a) Section of GER-BB along the strike direction. 115 

 116 

(b) Immediate roof mechanical model in GER-RF along the strike direction. 117 

Fig.2 Mechanical model of immediate roof stability analysis above roadside filling area in GER-RF 118 

3. Immediate roof stress component solution of roadside filling area based on the stress difference method 119 

Difference method is an approximate numerical solution of differential equations, including stress difference 120 

method and displacement difference method. Specifically, the difference method is to replace the differential 121 

equation with a finite difference, and the derivative with a finite difference quotient, so that the basic equation and 122 

boundary condition (generally differential equation) are approximately expressed by the difference equation 123 
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(algebraic equation), and the problem of solving differential equation is changed into the problem of solving 124 

algebraic equation. In elastic mechanics, the difference method and the variational method are used to solve plane 125 

problems. 126 

Take the 5 m thick immediate roof as an example, when L3 is 5.0 m, the periodic weighting length (L3+ L4) is 15 127 

m, and the top beam length of the end bracket (L2) is 5 m. L1 is assumed to be 10 m, namely, the total length (L) is 30 128 

m. The difference grid of the immediate roof is divided along the roadway strike and vertical direction, with each 129 

grid length of 0.5 m, as shown in Fig. 3. The boundary load of the model is applied. Then the stress difference 130 

method is used to solve the stress component of the immediate roof of the retained roadway. 131 

 132 

Fig.3. Finite difference elements of the immediate roof in GER-RF 133 

First of all, q1 and q4 are determined by the following formula according to the mechanical equilibrium. 134 

 （1） 

Secondly, the stress difference method and software programming are used to solve the stress function of the 135 

immediate roof along the goaf (Bai et al. 2011; Yan et al. 2020). Part of the model is taken for solution explanation 136 

(as shown in Fig.4). In Fig.4, the grid width in x and y directions is equal, A and B are nodes numbered, φ is the stress 137 

function, and φi represents the stress value with node number i. 138 

 139 

Fig.4 Schematic diagram of the stress difference method 140 

The stress difference method is used to calculate the stress component of the immediate roof of the retained 141 

roadway (Bai et al. 2011; Yan et al. 2020): 142 

1) Arbitrarily select A node on the boundary as the base point, 143 

 （2） 

Then the φ value of all nodes on the boundary and the necessary value and value of formula (3) are calculated by 144 

o
x

y
10m 5m 5m 10m

5m

q4 q2 q1

( ) ( )

0 1 1 2 2 4 4

2 22 2 2 2

0 1 1 2 1 2 1 4 1 2 3

1 1 1 1

2 2 2 2

q L q L q L q L

q L q L q L L L q L L L L

= + +ì
ï
í é ù é ù= + + - + - + +ï ë û ë ûî

12

4

0

2

10

1 9311

8 5

67

h

h

o

x

y

B

A
13

14

0
A

A A
x y

j j
j

æ ö¶ ¶æ ö
= = =ç ÷ç ÷¶ ¶è ø è ø



the sum of the moment and surface force of the surface force,  and . 145 

 （3） 

The left side of the equation is the imaginary node outside the boundary, and the right side is the real node. 146 

2) Formula (3) is applied to represent the φ value of each virtual node on the boundary with the φ value of the 147 

corresponding node within the boundary.  148 

3) At node 0, the difference equation is 149 

 （4） 

For each node in the boundary, such a difference equation can be established and solved simultaneously, so as 150 

to find out the value of each node.  151 

4) According to Formula (3), calculate the value of each virtual node in a row outside the boundary.  152 

5) Calculate the stress component according to Equations (5) ~ (7). 153 

 （5） 

 （6） 

 （7） 

Similarly, the stress components of other nodes can be obtained. Due to a large number of nodes, the 154 

simultaneous solution of multiple equations requires a large amount of computational work, which needs to be 155 

solved by programming software and in accordance with the above calculation steps. 156 

4. Determination method and realization process of cyclic filling length in GER-RF 157 

Based on the stress difference method, the method and realization process to determine the cyclic filling length 158 

in GER-RF is as follows: 159 

1) Firstly, according to the mining and geological conditions of the retained roadway, the mechanical model of 160 

immediate roof stability analysis above roadside filling area in GER-RF was established and grid division was 161 

carried out; 162 

2) Then, the relevant parameters required in Section 2 are selected according to the mining and geological 163 

conditions of the retained roadway and the rock mechanics parameters of surrounding rocks; 164 

3) In view of different length of the lagging unsupported roof schemes, considering that the difference of each 165 

level of the length of the lagging unsupported roof is less than shearer cutting depth, gradually increase the length of 166 

the lagging unsupported roof, calculate and solve respectively, and obtain the corresponding maximum tensile stress; 167 

4) The maximum tensile stress under each scheme is recorded, and the relevant maximum tensile stress is 168 

compared with the immediate roof tensile strength above roadside filling area under this scheme, so as to determine 169 

whether the maximum tensile stress under this scheme exceeds the immediate roof tensile strength, and then 170 

determine the maximum length of the lagging unsupported roof in GER-RF; 171 

5) According to the maximum length of the lagging unsupported roof in GER-RF and the minimum width of the 172 
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pedestrian passage, determine the reasonable cyclic filling length in GER-RF. 173 

Fig. 5 shows the realization process of determining the cyclic filling length in GER-RF based on the stress 174 

difference method. 175 

 176 
Fig.5 Calculation flow of the cyclic backfill length of GER-BB based on the stress difference method. 177 

5. Engineering Analysis 178 

5.1. GER of #1103 working face in Heilong Coal Mine (thin coal seam)  179 

5.1.1. Project Overview 180 

The #1103 working face in Heilong Coal Mine in Puxian County of Shanxi Province has an average thickness 181 

of 1.3 m and a buried depth of 210 m. The coal seam dip Angle is 0~20°, an average 10°. The coal seam contains no 182 

gangue, simple structure, and stable layer. #1103 working face as the low gas face, the self-ignition orientation of 183 

coal is classified into level II. #1103 working face mining engineering plan is shown in Fig. 6 (a), and comprehensive 184 

column chart of coal seam and roof and floor of #1103 working face is shown in Fig. 6 (b). 185 



 186 
(a) Mining plan of #1103 working face. 187 

 188 

(b) Comprehensive column chart of coal seam and roof and floor of #1103 working face. 189 

Fig.6 Geological conditions of production at #1103 working face in Heilong Coal Mine. 190 

The designed length of #1103 working face is 150 m, and the #1103 transport roadway opening is in the main 191 

transport roadway of No. 2 coal seam, with a designed length of 531.4 m. The #1103 transport roadway is used as the 192 

air-return roadway of #1105 working face after GER. The #1103 transport roadway section is a rectangular section 193 

with width × height 4.0 m × 2.3 m. It is tunneled along the roof of the coal seam and supported by rock bolts, anchor 194 

cables, and metal meshes. The roof in the roadway is supported by left-hand screw thread steel bolt of Φ18 mm × 195 

L2.0 m, the row spacing of anchor bolts is 0.9 m × 1.0 m. The pre-stressed anchor cable of Φ17.8mm × L6.3 m is 196 

used for roof support, and the row spacing between anchor cables is 2.0 m × 3.0 m. Three Φ18mm × L2.0 m 197 

deformed steel bars are arranged on both sides of the roadway, and the spacing between rows is 0.9 m × 1.0 m. 198 

The end hydraulic support of the #1103 working face is ZT4000/14/30, the length of the top beam of the 199 

hydraulic support is 5.5 m, and the supporting strength is 0.6 MPa. The cutting depth of the coal cutter is 0.6 m, and 200 

the working face periodic weighting length of the main roof is 15m. The thickness of the immediate roof is 4.5 m, the 201 

tensile strength is 0.35 MPa, and the compressive strength is 16.1 MPa. The roadside filling body of #1103 transport 202 

roadway is constructed with high water quick-setting materials and water-cement ratio of 1.5:1, with a width of 1.2 203 

m. In order to facilitate the construction of the roadside filling body, the minimum pedestrian width behind the end 204 

hydraulic support is 0.8 m. 205 

At the same time, a row of Φ18.9 mm × L6.3 m anchor cables are added in the middle of the two rows of 206 

roadway roof bolts without anchor cables, and the row spacing is 2.0 m × 1.0 m. A row of Φ8 mm × L2.0 m bolts are 207 

added in the middle of the two rows of roadway rib bolts. The single hydraulic prop and type steel beam are used to 208 
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reinforce the retained roadway within the 80 m range behind the working face, and the column row spacing is 1.2 209 

m×1.0 m. 210 

5.1.2 Determine the cyclic filling length in GER-RF of #1103 working face 211 

According to the above comprehensive column chart, the overburden thickness can be determined to be 14.5 m 212 

(4.5 m+10 m), and the average bulk density is 2.5 t/m3, the load of the overburden rock layer is 0.3625 MPa. 213 

According to the above, L1= 10 m, L2 = 5.5 m, L3+ L4= 15 m. By substituting the above data into the calculation, the 214 

immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of the lagging 215 

unsupported roof is obtained, as shown in Fig. 7. 216 

 217 

(a) Length of the lagging unsupported roof is 2.0 m.  218 

 219 
(b) Length of the lagging unsupported roof is 2.5 m.  220 

 221 
(c) Length of the lagging unsupported roof is 3.0 m.  222 

 223 
(d) Length of the lagging unsupported roof is 3.5 m. 224 

 225 
(e) Length of the lagging unsupported roof is 4.0 m. 226 
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 227 

(f) Length of the lagging unsupported roof is 4.5 m. 228 

 229 
(g) Length of the lagging unsupported roof is 5.0 m. 230 

Fig. 7 Immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of the lagging 231 

unsupported roof. (unit:Pa).  232 

According to Fig. 7, the horizontal stress distribution of the immediate roof of the retained roadway with 233 

different length of the lagging unsupported roof is as follows: 234 

1) When the length of the lagging unsupported roof is no more than 2.5 m, the upper immediate roof rock is 235 

subjected to the tensile stress, while the lower immediate roof rock is subjected to the compressive stress. The 236 

maximum compressive stress occurs in the middle of the immediate roof bottom boundary of the end hydraulic 237 

support section and the maximum tensile stress occurs in the middle of the immediate roof boundary of the end 238 

hydraulic support section. 239 

2) When the length of the lagging unsupported roof is greater than 2.5 m and less than 4.5 m, the upper 240 

immediate roof rock above the unsupported area is subjected to compressive stress, and the lower immediate roof 241 

rock above the unsupported area is subjected to tensile stress. The upper immediate roof rock above end hydraulic 242 

support is subjected to compressive stress, and the lower immediate roof rock above end hydraulic support is 243 

subjected to tensile stress. 244 

3) When the length of the lagging unsupported roof is greater than 4.5m, the upper immediate roof rock is 245 

subjected to compressive stress, and the lower immediate roof rock is subjected to tensile stress. The maximum 246 

tensile stress occurs in the middle of the lower boundary above the unsupported area and the maximum compressive 247 

stress occurs in the middle of the upper boundary above the unsupported area. 248 

With the increase of the length of the lagging unsupported roof, the maximum tensile stress at the lower part of 249 

the immediate roof above unsupported area gradually increases, and the detailed results are shown in Table 1. 250 

Table 1 Maximum tensile stress of the lower immediate roof in GER-RF with respect to the length of the lagging unsupported roof 251 

and cyclic filling length. 252 

Length of the lagging unsupported roof /m Cyclic filling length /m Maximum tensile stress /MPa 

2.0 1.2 -0.095 (in this case, compressive stress) 

2.5 1.7 0.12 

3.0 2.2 0.32 

3.5 2.7 0.52 

4.0 3.2 0.72 
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4.5 3.7 0.9 

5.0 4.2 1.08 

According to the aforementioned immediate roof tensile strength of 0.35 MPa, when the length of the lagging 253 

unsupported roof is no less than 3.5 m (cyclic filling length is no less than 2.7 m), the lower immediate roof rock 254 

above the roadside filling area is subjected to the tensile stress. Taking integer times of the coal cutter cutting depth, 255 

the rational cyclic filling length is 2.4 m. 256 

5.1.3 Model validation and implementation effect  257 

No caving or other instability failure occurred in the filling area during the implementation of GER-RF. This 258 

indicates that the cyclic filling length and the length of the lagging unsupported roof are appropriate and the 259 

proposed model is rational. The in-situ monitoring results show that the surrounding rock deformation of the retained 260 

roadway tends to be stable 80 m behind the #1103 working face, the maximum displacement of the roof to floor is 261 

1429.6 mm, and the displacement of two ribs is not more than 490.1 mm.  262 

Fig. 8 shows the implementation effect of GER-RF in Heilong Coal Mine. The above monitoring shows that the 263 

surrounding rock of the retained roadway is basically intact after GER-RF, which meets the expected requirements, 264 

and the cyclic filling length of the roadside filling body determined by the study meets the requirements for ensuring 265 

safe construction of GER-RF. 266 

  267 

Fig. 8 GER implementation effect of #1103 working face in Heilong Coal Mine 268 

5.2 GER of #1301 working face in Licun Coal Mine (thick coal seam)  269 

5.2.1. Project Overview 270 

Licun Coal Mine is located in Changzhi City, Shanxi Province, with a designed production capacity of 3.0 271 

million tons per year. There are three coal seams in the mine, of which No.3 and No.15 coal seams are the main coal 272 

seams. No.3 coal seam is the high-gassy coal seam with outburst. #1301 working face is the first mining working 273 

face of the mine, without mining activities all around. The average coal thickness is 4.2 m, and the average dip angle 274 

is 3°, and the buried depth is 597 m ~ 561 m. Fig. 9(a) shows the excavation plan of #1301 working face. Fig. 9(b) 275 

shows the comprehensive column chart of coal seam and roof and floor of #1301 working face. 276 



 277 

(a) Excavation plan of #1301 working face. 278 

 279 
(b) Comprehensive column chart of coal seam and roof and floor of #1301 working face. 280 

Fig. 9 General mining and geology conditions of #1301 working face in Licun Coal Mine. 281 

The section of the #1301 transportation roadway is a rectangular section with width × height = 5.5 m × 4.0 m. 282 

The roadway is driven along the roof of the coal seam and supported by bolts, metal meshes, and anchor cables. The 283 

width of coal pillars in the section is 25 m. The roof of #1301 transportation roadway consists of seven Φ22mm × 284 

L2.4m screw thread steel bolts with a row spacing of 0.8m × 0.9m; the row spacing of anchor cables at the roof is 2.0 285 

m × 1.8 m, the length of anchor cables is 7.3 m. The anchor cables are arranged symmetrically along the center line 286 

of the roadway. Two ribs are supported by Φ22mm × L2.4m high-strength deformed steel bolts with a row spacing 287 

of 0.9 m × 0.9 m. 288 

In order to further meet the needs of mining replacement and gas treatment, and improve the recovery rate of 289 

high-quality coal, the #1301 transportation roadway is retained as the mining roadway of #1303 working face. The 290 

end hydraulic support of #1301 working face is ZY13000/28/62D, the length of the top beam of the hydraulic 291 

support is 5.5 m, and the support strength is 1.1 MPa. The periodic weighting length of the main roof is 20 m, the 292 

immediate roof thickness is 3.5 m, the tensile strength is 1.5 MPa, the compressive strength is 12.8-33.6 MPa, and 293 

the cutting depth of the coal cutter is 0.8 m. 294 

The roadside filling body #1301 transport roadway is constructed with high water quick-setting materials and 295 

water-cement ratio of 1.5:1, with a width of 2.5 m. The minimum pedestrian width behind the end hydraulic support 296 

is 0.8 m. Two rows of Φ18.9 mm × L7.3 m anchor cables are added in the middle of the two rows of roadway roof 297 
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South main air return roadway
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anchor cables, and the row spacing is 2.0 m × 1.8 m. Two rows of Φ18.9 mm × L4.3 m anchor cables are added in the 298 

middle of the two rows of roadway solid coal rib bolts, and the row spacing is 1.5 m × 0.9 m. The single hydraulic 299 

prop and type steel beam are used to reinforce the retained roadway within the 100 m range behind the working face, 300 

and the column row spacing is 1.0 m×1.0 m. In order to prevent roof falling and layer separation above the roadside 301 

filling area, polyester fiber mesh is laid in front of 5 hydraulic supports in the end area. At the same time, a row of 302 

Φ22 mm × L2.4 m bolts are installed with a row spacing of 0.8 m × 0.8 m. Φ18.9 mm × L4.3 m anchor cables are 303 

drilled every two rows of bolts behind the end hydraulic support, with a row spacing of 1.5 m × 1.6 m. 304 

5.2.2 Determine the cyclic filling length in GER-RF of #1301 working face 305 

According to the above comprehensive column chart, the overburden thickness can be determined to be 23.6 m 306 

(3.5 m+4 m+9.9 m+6.2 m), and the average bulk density is 2.5 t/m3, the load of the overburden rock layer is 0.59 307 

MPa. According to the above, L1= 10 m, L2 = 5.5 m, L3+ L4= 20 m. By substituting the above data into the calculation, 308 

the immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of the 309 

lagging unsupported roof is obtained, as shown in Fig. 10. 310 

 311 

(a) Length of the lagging unsupported roof is 2.5 m. 312 

 313 

(b) Length of the lagging unsupported roof is 3.0 m. 314 

 315 

(c) Length of the lagging unsupported roof is 3.5 m. 316 
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 317 

(d) Length of the lagging unsupported roof is 4.0 m. 318 

 319 

(e) Length of the lagging unsupported roof is 4.5 m. 320 

 321 

(f) Length of the lagging unsupported roof is 5.0 m 322 

 323 

. (g) Length of the lagging unsupported roof is 6.0 m. 324 

 325 

(h) Length of the lagging unsupported roof is7.0 m. 326 

Fig. 10 Immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of the lagging 327 
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unsupported roof. (unit:Pa). 328 

According to Fig. 10, the horizontal stress distribution of the immediate roof of the retained roadway with 329 

different length of the lagging unsupported roof is as follows: 330 

1) When the length of the lagging unsupported roof is no more than 3.0 m, the upper immediate roof rock is 331 

subjected to the tensile stress, while the lower immediate roof rock is subjected to the compressive stress. The 332 

maximum compressive stress occurs in the middle of the immediate roof bottom boundary of the end hydraulic 333 

support section and the maximum tensile stress occurs in the middle of the immediate roof boundary of the end 334 

hydraulic support section. 335 

2) When the length of the lagging unsupported roof is greater than 3.0 m and less than 7.0 m, the upper 336 

immediate roof rock above the unsupported area is subjected to compressive stress, and the lower immediate roof 337 

rock above the unsupported area is subjected to tensile stress. The upper immediate roof rock above end hydraulic 338 

support is subjected to compressive stress, and the lower immediate roof rock above end hydraulic support is 339 

subjected to tensile stress. 340 

3) When the length of the lagging unsupported roof is greater than 7.0 m, the upper immediate roof rock is 341 

subjected to compressive stress, and the lower immediate roof rock is subjected to tensile stress. The maximum 342 

tensile stress occurs in the middle of the lower boundary above the unsupported area and the maximum compressive 343 

stress occurs in the middle of the upper boundary above the unsupported area. 344 

With the increase of the length of the lagging unsupported roof, the maximum tensile stress at the lower part of 345 

the immediate roof above the unsupported area gradually increases, and the detailed results are shown in Table 2. 346 

Table 2 Maximum tensile stress of the lower immediate roof in GER-RF with respect to the length of the lagging unsupported roof and 347 

cyclic filling length. 348 

Length of the lagging unsupported roof /m Cyclic filling length/m Maximum tensile stress /MPa 

2.5 1.7 -0.72 

3.0 2.2 -0.03 

3.5 2.7 0.59 

4.0 3.2 1.25 

4.5 3.7 1.87 

5.0 4.2 2.503 

5.5 4.7 3.114 

6.0 5.2 3.7 

6.5 5.7 4.2993 

7.0 6.2 4.8897 

According to the aforementioned immediate roof tensile strength of 1.5 MPa, when the length of the lagging 349 

unsupported roof is no less than 4.5 m (cyclic filling length is no less than 3.7 m), the lower immediate roof rock 350 

above the roadside filling area is subjected to the tensile stress. Taking integer times of the coal cutter cutting depth, 351 

the rational cyclic filling length is 3.2 m. 352 

5.2.3 Model validation and implementation effect 353 

No caving or other instability failure occurred in the filling area during the implementation of GER-RF. This 354 

indicates that the cyclic filling length and the length of the lagging unsupported roof are appropriate and the 355 

proposed model is rational. The in-situ monitoring results show that the surrounding rock deformation of the retained 356 

roadway tends to be stable 100 m behind the #1301 working face, the maximum displacement of the roof to floor is 357 

710 mm, and the displacement of two ribs is not more than 530 mm. 358 

 Fig. 11 shows the implementation effect of GER-RF in Licun Coal Mine. The above monitoring shows that the 359 



surrounding rock of the retained roadway is basically intact after GER-RF, which meets the expected requirements, 360 

and the cyclic filling length of the roadside filling body determined by the study meets the requirements for ensuring 361 

safe construction of GER-RF. 362 

  363 

Fig. 11 GER implementation effect of #1301 working face in Licun Coal Mine 364 

6 Discussion  365 

In reality, GER-RF support includes road-in support and roadside support. The determination of the cyclic 366 

filling length in GER-RF belongs to roadside support problems. At present, there are no published reports at home 367 

and abroad on the determination method and theory of the cyclic filling length in GER-RF. Consequently, a 368 

theoretical calculation method to determine the cyclic filling length of GER-RF is firstly provided in this paper. 369 

According to the theoretical calculation method, the main influence factors to determine the cyclic filling length of 370 

GER-RF include the immediate roof tensile strength, roadside filling body strength, support strength of the end 371 

hydraulic support and production rates. 372 

6.1 Relationship between the immediate roof tensile strength and the rational cyclic filling length of GER-RF 373 

For Heilong Coal Mine, according to the calculated results shown in Table.2, the relationship between the 374 

immediate roof tensile strength and the rational cyclic filling length of GER-RF is shown in Fig.12a. For Licun Coal 375 

Mine, according to the calculated results shown in Table.2, the relationship between the immediate roof tensile 376 

strength and the rational cyclic filling length of GER-RF is shown in Fig.12b. 377 

 378 
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 380 

(b) Licun Coal Mine 381 

Fig. 12 Relationship between the immediate roof tensile strength and the rational cyclic filling length 382 

As the immediate roof tensile strength increases, the rational cyclic filling length increases. When the 383 

immediate roof tensile strength increases, tensile failure is more difficult to occur in the immediate roof above the 384 

filling area. In addition, the immediate roof maintains integrity before the end hydraulic support moves forward, the 385 

rational cyclic filling length would be greater, and the GER-RF operational efficiency would be higher. 386 

6.2 Relationship between the roadside filling body strength, the support strength of the end hydraulic support 387 

and the cyclic filling length of GER-RF 388 

Consequently, with the increase of the roadside filling body strength, the tensile failure is more difficult to 389 

occur in the immediate roof above the filling area. Research results have shown that the greater the roadside filling 390 

body strength, the fewer the main roof rotation angle and the less tensile stress action range above the filling area 391 

(Zhang et al. 2018). Moreover, the relationship between the support strength of the end hydraulic support and the 392 

cyclic filling length of GER-RF presents the same pattern. 393 

6.3 Relationship between the production rates and the cyclic filling length of GER-RF 394 

In reality, during the implementation of GER-RF, the rational daily cyclic filling length is greater than the daily 395 

working face mining length (production rates). In order to match the daily mining length of high-efficiency fully 396 

mechanized mining working face, the rational cyclic filling length is adjust to the daily production plan and the daily 397 

cutting depth of the coal cutter. 398 

7 Conclusion  399 

The construction of the roadside filling body is the key to match the GER-RF speed with the mining speed of 400 

the high-efficiency fully mechanized working face. How to determine the rational cycle filling length of roadside 401 

filling body not only affects consumption of building and removing the formwork of the roadside filling body but 402 

also affects the mining process of the fully mechanized working face. At present, there is no theoretical approach to 403 

determine cyclic filling length in GER-RF. In this paper, we establish a plane strain calculation model between the 404 

immediate roof and the below support elements based on the GER-RF surrounding rock structure and stress 405 

characteristics. Then, a detailed stress difference method is proposed to calculate the stress analytic value of the 406 

immediate roof. Finally, according to the relationship between the tensile stress of the immediate roof and its 407 

ultimate tensile strength, the rational cyclic fill length of the roadside filling body in GER-RF is obtained. The main 408 

conclusions include: 409 

1) The relationship between the distribution of tensile stress in different areas of GER-RF and the length of the 410 

lagging unsupported roof are obtained by using the stress difference method to solve the immediate roof stress of 411 

GER-RF. Then, the stability of the immediate roof in the area to be filled are determined by comparing the 412 

immediate roof stress with the ultimate tensile strength, and the safe length of the lagging unsupported roof and the 413 

reasonable cyclic filling length are obtained. 414 
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2) Engineering trial tests carried out in different thickness coal seam (thin coal seam of Heilong Coal Mine and 415 

thick coal seam of Licun Coal Mine) indicate that the proposed method to determine the cyclic filling length is 416 

rational and validated. This research is beneficial for developing a practical approach to obtain the cyclic filling 417 

length in GER-RF, and also provides a practical approach to determine the unsupported roof length in the roadway 418 

drivage. 419 
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Figures

Figure 1

Sketch of lagging unsupported roof in GER-RF
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Sketch of lagging unsupported roof in GER-RF



Figure 2

Mechanical model of immediate roof stability analysis above roadside �lling area in GER-RF
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Mechanical model of immediate roof stability analysis above roadside �lling area in GER-RF



Figure 3

Finite difference elements of the immediate roof in GER-RF
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Finite difference elements of the immediate roof in GER-RF



Figure 4

Schematic diagram of the stress difference method
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Schematic diagram of the stress difference method

Figure 5

Calculation �ow of the cyclic back�ll length of GER-BB based on the stress difference method.
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Calculation �ow of the cyclic back�ll length of GER-BB based on the stress difference method.



Figure 6

Geological conditions of production at #1103 working face in Heilong Coal Mine.
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Geological conditions of production at #1103 working face in Heilong Coal Mine.



Figure 7

Immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of
the lagging unsupported roof. (unit:Pa).
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Immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of
the lagging unsupported roof. (unit:Pa).



Figure 8

GER implementation effect of #1103 working face in Heilong Coal Mine
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GER implementation effect of #1103 working face in Heilong Coal Mine



Figure 9

General mining and geology conditions of #1301 working face in Licun Coal Mine.
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General mining and geology conditions of #1301 working face in Licun Coal Mine.



Figure 10

Immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of
the lagging unsupported roof. (unit:Pa).
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Immediate roof horizontal stress distribution cloud map of the retained roadway with different lengths of
the lagging unsupported roof. (unit:Pa).



Figure 11

GER implementation effect of #1301 working face in Licun Coal Mine
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Figure 12

Relationship between the immediate roof tensile strength and the rational cyclic �lling length
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