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1. Introduction 
 

As shown in Fig. 1, China is the largest producer and 

consumer of coal in the World, who accounts to about half 

of the total coal production and consumption of the World, 

especially in recent years (BP, 2018). In the explored coal 

seam storage, the thick coal seam (thickness ≥3.5 m) in 

China is rich in reserves and production accounting for 

about 45% of the total coal seam reserves and production 

(Wang et al. 2015, Zhang et al. 2019, Sun et al. 2019, Kong 

et al. 2019, Liu and Cheng 2019, Liu et al. 2018, Lv et al. 

2019, Cheng et al. 2018, 2019). Thus, it plays a significant 

role in the performance of Chinese coal industry (Wang et 

al. 2014). At present, there are three methods of multi-slice 

mining, large cutting height mining and top-coal caving 

mining adopted in thick coal seam mining and the 

production methods are generally similar at the former 

Yugoslavia, Hungary, Poland, France, India and China 

(Alehossein and Poulsen 2010 , Schweitzer 1977, 

Suchowerska et al. 2015). Top-coal caving mining is cost 

effective because the major features is the lower part of a 

coal seam cutting with 2-3 m height, followed by drawing 

of the broken top-coal to allow the upper part crushed into 

fragments under the overburden pressure and drawn 

through an opening at the rear of the shield support. The  
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Fig. 1 Coal production and consumption of China and the 

World 

 

 

broken top-coal finally is caved under gravity directly on, 

and removed from the face by, the armored chain conveyor 

behind (Wang et al. 2014, Alehossein and Poulsen 2010). 

Moreover, it can achieve high efficiency and effective 

production of coal, reduce the quantities of roadway 

excavation and the number of workfaces moving, decrease 

material consumption under complex geological conditions 

and coal seam occurrence conditions (e.g., steep inclined 

thick coal seam). Therefore, top-coal caving mining 

occupies is one of the major mining methods for extracting 

thick coal seams (Basarir et al. 2015, Wang 2018, Wang et 

al. 2014, Alehossein and Korinets 2000, Hoek and Brown 

1997). 

In terms of using numerical simulation to study top-coal  
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Abstract.  Due to top-coal and immediate roof as cushion layer connecting with support and overlying strata, it can make 

significant influence on strata behaviors in fully mechanical top-coal caving working face (TCCWF). Taking Qingdong 828 

working face as engineering background, FLAC3D and UDEC2D were adopted to explore the influence of top-coal thickness 

(TCT), immediate roof thickness (IRT), top-coal elastic modulus (TCEM) and immediate roof elastic modulus (IREM) on the 

vertical stress and vertical subsidence of roof, caving distance, and support resistance. The results show that the maximum roof 

subsidence increases with the increase of TCT and IRT as well as the decrease of TCEM and IREM, which is totally opposite to 

vertical stress in roof-control distance. Moreover, although the increase of TCEM and IREM leading to the increase of peak 

value of abutment pressure, the position and distribution range have no significant change. Under the condition of initial 

weighting occurrence, support resistance has negative and positive relationship with physical parameters (e.g., TCT and IRT) 

and mechanical properties (e.g., TCEM and IREM), respectively. 
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caving mining method, Xie et al. (1999) obtained the 

distribution of the abutment pressure and the deformation 

and failure of top-coal in mining process through numerical 

simulations by using FLAC software. Moreover, a macro-

shell composed of high stress existed in the rock 

surrounding an TCCWF, which is higher than its external 

and internal stresses through numerical and physical 

modeling tests (Xie et al. 2009). And the stress shell acts as 

the primary support system of forces due to bear and 

transfer the loads of overlying strata. Therefore, TCCWF 

was situated within the lower -stress zone and the 

mechanical nature of top-coal acting as a cushion layer was 

revealed. Alehossein and Poulsen (2010) developed a yield 

function to aid in the assessment of TCCWF by considering 

the in situ geological, geometrical and geotechnical 

conditions and the trends predicted by the yield function 

and the option of considering other geotechnical variables 

were confirmed by numerical modelling. On the other hand, 

researchers focus on how to increase the top-coal recovery 

ratio. Taken Omerler Underground Mine located at Turkey 

as engineering background, Yasitli and Unver (2005) 

illustrated top-coal should be uniformly fractured for 

decreasing dilution and increasing extraction ratio and  

 

 

 

efficiency of operation. Xie and Zhao (2009) demonstrated 

a new theory with vibration to increase top-coal recovery 

ratio by using discrete element method and the arch 

structure can be formed easily on the performance of 

vibration during the top-coal caving process. Wang et al. 

(2014) illustrated the recovery of top-coal affected by the 

thickness of top-coal, drawing technique and parameters. 

And the 3D draw body of top-coal resembles an 

approximate ellipsoid by numerical modelling.  

However, there are limit references to describe the 

overlying strata behaviors of considering the top-coal and 

immediate roof as a combined body. Therefore, the aims of 

this paper are to analyze the properties of cushion layer 

(TCT, IRT, TCEM and IREM) how to influence overlying 

strata behaviors (vertical stress, roof subsidence, first 

weighting interval and support resistance) by using 

numerical simulations. 

 

 

2. Engineering background 
 

Qingdong coal mine is in the location of Huaibei 

Municipality, Anhui Province, China. 828 mining face of 
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Fig. 2 Comprehensive stratigraphic column of 828 working face 

Table 1 Basic mechanical parameters of coal and rock mass in 828 working face 

No. Layer name 
Thickness 

(m) 

Bulk density 

(kN/m3) 

Bulk 

modulus 
(GPa) 

Shear modulus 

(GPa) 

Internal friction 

angle (°) 
Cohesion 

(MPa) 

Tensile strength 

(MPa) 

12 Fine sandstone 4.6 25.9 3.65 2.62 35 2.8 1.7 

11 No.7coal seam 1.6 14 2.67 1.60 25 1.5 0.8 

10 Mudstone 2.4 26.4 3.15 2.07 27 2.0 1.0 

9 Medium grain 5.0 24.2 3.42 2.21 30 2.2 1.4 

8 Fine siltstone 14.2 30 6.5 4.88 39 8 4.5 

7 Mudstone 4.3 26.4 3.15 2.07 27 2.0 1.0 

6 No.8 coal seam 8.6 13 2.43 1.39 25 1.5 0.8 

5 Mudstone 4.6 26.4 3.15 2.07 27 2.0 1.0 

4 Siltstone 5.0 26 4.14 2.98 35 3.2 2.0 

3 Mudstone 5.0 26.4 3.15 2.07 27 2.0 1.0 

2 Medium grain 10 24.2 3.42 2.21 30 2.2 1.4 

1 Fine sandstone 15 25.9 3.65 2.62 35 2.8 1.7 
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No. 8 coal seam was adopted top-coal caving method. And 

the average thickness of this working face is 8.6 m along 

with the cut mining height 2.5 m. It has a buried depth 

ranging from 475 to 520 m and inclined angle ranging from 

5 to 18°. Comprehensive stratigraphic column of 828 

working face is shown in Fig. 2 and Table 1 shows the 

corresponding physical and mechanical parameters of each 

layer. 

 

 

3. Numerical simulation by using FLAC3D 
 

3.1 Yield strength criterion 
 

It is of great importance to select a reasonable 

constitutive model in numerical simulation (Itasca 

Consulting Group 2012). In general, coal body occurrences 

failure and plastic movement after load reaching to the 

ultimate strength of rock. At the same time, the residual 

strength of rock can be observed a significant decreasing. 

Therefore, Mohr-Coulomb criterion is adopted as 

estimating the failure of coal and rock bodies. The 

expression of stress-strain can be shown as follows 

1 3

1 sin 1 sin
2

1 sin 1 sin
sf c

 
 

 

+ +
= − −

− −  
(1) 

where σ1 and σ3 are the maximum principle stress and 

minimum principle stress, respectively. φ and c are internal 

friction angle and cohesive, respectively.  

Coal and rock bodies generally can be observed the 

characteristics of resisting compression rather than tensile 

which means the tensile strength of coal and rock bodies 

very small. Therefore, coal and rock bodies observe tensile 

failure when the minimum principle stress is greater than 

the tensile strength of coal and rock bodies. 

 

3.2 Model establishment 
 

Taking Qingdong 828 working face as engineering 

background, the numerical model is established by using 

FLAC3D along with the advancing distance 200 m, inclining 

distances 200 m and height 100 m, respectively, as shown in 

Fig. 3. This model includes No.7 and No.8 coal seam along 

with its roof and floor. It should be noted that 828 working 

face is extracting No.8 coal seam with the thickness of 8.6 

m. And the immediate roof and main roof of No.8 coal 

seam are 4.3 m and 14.2 m, respectively. The horizontal 

displacement on both sides are restricted and vertical 

displacement on bottom side is restricted as well. Moreover, 

top surface is applied with the vertical stress of -1.18×107 

Pa to simulate the self-weight of overlying strata. Without 

considering tectonic stress, the horizontal stress is 0.3 times 

of vertical stress equaling to 3.54×106 Pa. And the adopt 

physical and mechanical parameter of numerical simulation 

are listed as Table 1. 
 

3.3 Simulation results 
 

For analyzing the influence of coal-rock combined body 

on overlying strata behaviors, the change laws of vertical 

displacement and stress of roof can be observed through  

 

Fig. 3 Numerical model 

 

 

changing TCT, IRT, TCEM and IREM. 

 

3.3.1 Top-coal thickness 
TCT is adopted with 3 m, 6 m, 9 m and 12 m and other 

mechanical parameters of coal and rock bodies keep 

constant to explore the laws of roof subsidence and vertical 

stress. The change laws of roof subsidence with the increase 

of TCT are shown in Fig. 4. 

Five specimens were measured and calculated to obtain 

the average value in order to ensure the accuracy of result in 

same temperature and moisture content. The WAW-600B 

micro-computer controlled electro hydraulic servo universal 

testing machine was used in this study as shown in Fig. 5. It 

is mainly composed of the following parts: 600kN axial 

actuator, axial load and displacement transducers, screen 

display and testing results treatment. The device can be 

regarded as a rigid test machine because the failure 

strengths of the frozen soil are very small in relation to the 

measurement range of the test apparatus. Therefore, it meets 

the requirement of the International Society for Rock 

Mechanics (Hatheway 2009). During the experimental 

loading process, the strain rate used for all the specimens 

was 10 mm/min to make sure the loading time was around 2 

minutes only. At the same time, heat insulated foam plates 

were wrapped around the upper and lower loading plates for 

ensuring the temperature of specimens remaining constant, 

too. 

It reflects the conditions of vertical displacement under 

the same advancing distance with various TCT. To be 

specific, the maximum subsidence is 0.115 m, 0.213 m, 

0.767 m and 0.827 m when TCT is 3 m, 6 m, 9 m and 12 m, 

respectively. Obviously, the maximum subsidence increases 

with the increase of TCT. For analysing the change of TCT 

influencing on the deformation of overlying strata in roof-

control distance, taking below of main roof with 1m from 

the rear of support 5 m, 3 m and 0 m (coal wall) as 

monitoring points, it can be concluded that the roof 

subsidence gradually decreases with the advancing direction 

and the limit change can be observed. Moreover, the roof 

subsidence almost linearly increases with the increase of 

TCT under the same location. 

On the other hand, vertical stress versus TCT can be 

illustrated as Fig. 5. The maximum stress is 25.91 MPa, 

30.91 MPa, 32.41 MPa and 34.98 MPa when TCT is 3 m, 6 

m, 9 m and 12 m, respectively. The increase of TCT causes 

the maximum supporting pressure in advance of working 

face increasing and forward move of peak point. Therefore, 

the advancing pressure is distributed widely. For analysing  
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TCT influencing on roof stress within the roof-control 

distance, the location of interface between fine silt and 

mudstone is selected. With the increase of TCT, vertical 

stress decreases from 900 kPa to 150 kPa with its tendency 

gradually to slow. 

 

3.3.2 Immediate roof thickness 
IRTs are selecting as 3 m, 5 m, 7 m and 9 m to analyse the 

results of vertical stress and vertical displacement on 

TCCWF. The details as follows. 

 

 

 

Fig. 6 reflects the vertical displacement with various 

IRTs and same advancing distance. To be specific, the 

maximum vertical displacement is 0.176 m, 0.185 m, 0.194 

m and 0.200 m when IRT is 3 m, 5 m, 7 m and 9 m, 

respectively. It can be observed that IRT has no significant 

influence on the maximum vertical displacement. In terms 

of a specific point, the vertical displacement linear increases 

with the increase of IRT due to the mining space 

dramatical ly  increasing. Moreover,  the ver t ical 

displacement gradually decreases along with the advancing 

  

(a) TCT 3 m (b) TCT 6 m 

  
(c) TCT 9 m (d) TCT 12 m 

Fig. 4 Displacement nephogram versus TCT 

  
(a) TCT 3 m (b) TCT 6 m 

  
(c) TCT 9 m (d) TCT 12 m 

Fig. 5 Stress nephogram versus TCT 

272



 

Numerical simulation on strata behaviours of TCCWF influenced by coal-rock combined body 

 

 

 

direction in the limit roof-control range. Therefore, the 

maximum and minimum vertical displacement of main roof 

can be observed in the location of goaf and coal wall, 

respectively. 

In terms of vertical stress as shown in Fig. 7, the 

maximum value is 32.31 MPa, 31.78 MPa, 31.37 MPa and 

30.90 MPa when IRT is 3 m, 5 m, 7 m and 9 m, 

respectively. The maximum support pressure obviously 

decreases with the increase of IRT, while the location of 

peak point has no change. Therefore, IRT has influence on 

peak value rather than stress distribution. For a specific 

 

 

 

point, the vertical stress gradually decreases with the 

increase of IRT along with a slow decrement as well.   
 

3.3.3 Top-coal elastic modulus 
Obviously, TCEM has significant influence on vertical 

stress and displacement. Therefore, keeping mining height, 

TCT, IRT and other mechanical properties constant, TCEMs 

with 1.15 GPa, 1.72 GPa, 3.29 GPa and 4.42 GPa are 

selected to explore vertical stress and displacement. The 

details are illustrated as follows. 

As shown in Fig. 8, the maximum roof subsidence is 

  
(a) IRT 3 m (b) IRT 5 m 

  
(c) IRT 7 m (d) IRT 9 m 

Fig. 6 Displacement nephogram versus IRT 

  
(a) IRT 3 m (b) IRT 5 m 

  
(c) IRT 7 m (d) IRT 9 m 

Fig. 7 Stress nephogram versus IRT 
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0.241 m, 0.219 m, 0.199 m and 0.193 m with TCEM of 

1.15 GPa, 1.72 GPa, 3.29 GPa and 4.42 GPa, respectively. 

The higher TCEM possesses higher compressive strength 

representing the better integrity of top-coal. Therefore, the 

mechanical properties of coal-rock combined body is better 

to undertake the load of overlaying strata causing less roof 

subsidence.  

In terms of a specific point, the vertical displacement 

decreases with the increase of TCEM. In the limit range of 

roof-control, roof subsidence decreases along with  

 

 
 

advancing direction. That means the minimum roof 

subsidence can be observed in the location of coal wall. 
The maximum stress is 24.07 MPa, 25.15 MPa, 27.36 

MPa and 28.60 MPa under four conditions with the increase 
of TCEM as shown in Fig. 9. However, the peak point of 
advancing support stress increases with the increase of 
TCEM, while the change of TCEM has no influence on the 
stress distribution. Taking the interface of fine siltstone and 
mudstone as a specific cross-section, the vertical stress 
increases with the increase of TCEM for any point in this 
cross-section. 

  
(a) TCEM 1.15 GPa (b) TCEM 1.72 GPa 

  
(c) TCEM 3.29 GPa (d) TCEM 4.42 GPa 

Fig. 8 Displacement nephogram versus TCEM 

  
(a) TCEM 1.15 GPa (b) TCEM 1.72 GPa 

  
(c) TCEM 3.29 GPa (d) TCEM 4.42 GPa 

Fig. 9 Stress nephogram versus TCEM 
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3.3.4 Immediate roof elastic modulus 
The IREM values of 4.17 GPa, 5 GPa, 5.83 GPa and 

7.21 GPa are selected to explore the situations of vertical 

stress and displacement with keeping other mechanical 

properties constant. 

Fig. 10 illustrates the distribution of vertical stress with 

various IREMs. The maximum roof subsidence is 0.172 m, 

0.168 m, 0.166 m and 0.163 m under four conditions with 

the increase of IREM, respectively. The higher IREM leads 

to a higher elastic modulus of coal-rock combined body to 

undertake better bearing capacity. In terms of a specific  

 

 

 

point, vertical displacement decreases with the increase of 

IREM and roof subsidence gradually decreases along with 

the advancing distance under the same horizontal section 

and the same IREM. 

In terms of vertical stress, the maximum value is 32.27 

MPa, 32.44 MPa, 32.57 MPa and 32.73 MPa under four 

conditions with the increase of IREM as shown in Fig. 11. 

The peak value of advancing support stress increases with 

the increase of IREM and the location of peak point has no 

change causing the influence range of advancing support 

stress keeping constant. Moreover, the vertical stress 

  
(a) IREM 4.17 GPa (b) IREM 5 GPa 

  
(c) IREM 5.83 GPa (d) IREM 7.21 GPa 

Fig. 10 Displacement nephogram versus TCEM 

  
(a) IREM 4.17 GPa (b) IREM 5 GPa 

  
(c) IREM 5.83 GPa (d) IREM 7.21 GPa 

Fig. 11 Stress nephogram versus TCEM 
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increases with the increase of IREM and the increment 

tends to slow. 
 

 

4. Numerical simulation by using UDEC2D 
 

4.1 Design schemes 
Taking Qingdong 828 working face as engineering 

background, overlying strata behaviors (e.g., initial caving 

distance, periodic caving distance, roof subsidence and 

support loading) are explored with various conditions (TCT, 

IRT, TCEM and IREM) of coal-rock combined body. 

In this numerical simulation, plane-strain model is 

adopted (Itasca Consulting Group 2004). The length, width 

and mining height are 100 m, 100m and 2.5 m, respectively, 

as shown in Fig. 12. The upper boundary is uniform load 

and both sides are restricted in horizontal direction. 

Moreover, the lower boundary is restricted in vertical 

displacement. And the gravitational acceleration is 9.8 m/s2. 

 

 

 

Fig.12 Numerical model 

 

  
(a) advancing 20 m (b) advancing 25 m 

  
(c) advancing 45 m (d) advancing 65 m 

Fig.13 Top-coal thickness 3 m 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 55 m 

Fig.14 Top-coal thickness 6 m 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 55 m 

Fig.15 Top-coal thickness 9 m 

 

  
(a) advancing 15 m (b) advancing 35 m 

  
(c) advancing 45 m (d) advancing 55 m 

Fig. 16 Top-coal thickness 12 m 
 

 

For analyzing the influence of TCT, IRT, TCEM and 

IREM on caving distance, roof subsidence and support 

resistance, TCTs are selecting as 3 m, 6 m, 9 m and 12 m, 

IRTs are selecting as 3 m, 5 m, 7 m and 9 m, TCEMs are 

selecting as 1.15 GPa, 1.72 GPa, 3.29 GPa and 4.42 GPa, 

IREMs are selecting as 4.17 GPa, 5.00 GPa, 5.83 GPa and 

7.21 GPa, to explore the overlying strata behaviors in 

Qingdong 828 working face. 

 

4.2 Simulation results 
 
4.2.1 Top-coal thickness 
Figs. 13-15 illustrate the strata behaviors under different 

TCT. As shown in Fig. 13, immediate roof has obviously 

separation layer with advancing distance of 20 m when TCT 

is 3 m. Subsequently, immediate roof collapses directly 

when advancing distance is 25 m. And initial caving weight 

can be observed with the working face continue to advance 

reaching to 45 m. Moreover, the first periodic caving weight 

can be observed in the advancing distance of 65 m. It can be 

concluded that the initial caving distance and periodic 

caving distance are 45 m and 20 m, respectively, when TCT 

is 3 m. 

The obviously separation layer and initial collapsing of 

immediate roof can be observed when the advancing 

distance is 15 m and 20 m, respectively, with TCT of 6 m.  
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(a) Roof subsidence under initial caving 

 
(b) Support load under initial caving 

Fig.17 Characteristics of initial weighting versus TCT 
 
 

Subsequently, the initial caving distance and periodic 

caving distance can be obtained with the advancing distance 

of 40 m and 55 m, respectively. Therefore, the initial caving 

distance and periodic caving distance are 40 m and 15 m, 

respectively, as shown in Fig. 14. 

Fig. 15 illustrates the strata behaviors when TCT is 9 m. 

The initial caving of immediate roof and main roof is 

occurred in the advancing distance of 20 m and 40 m, 

respectively. Subsequently, the first and second periodic 

caving weight can be observed in the advancing distance of 

55 m and 65 m, respectively. Initial caving distance and 

periodic caving distance are 40 m and 10-15 m, 

respectively. With the increase of TCT, mining space 

increases as well causing the decrease of caving distance. 

Fig. 16 illustrates the strata behaviors when TCT is 12 

m. The initial caving of immediate roof and main roof is 

occurred in the advancing distance of 15 m and 35 m, 

respectively. Subsequently, the first and second periodic 

caving weight can be observed in the advancing distance of 

45 m and 55 m, respectively. Initial caving distance and 

periodic caving distance are 35 m and 10 m, respectively. 

With the increase of TCT, mining space increases as well 

causing the decrease of caving distance. 

Roof subsidence and support load with various TCT are 

monitored under the occurrence of initial caving weight and 

the results are shown in Fig. 17. Selecting three positions 

(goaf, rear of support 3 m, rear of support 5 m) within the 

range of roof-control distance, roof subsidence almost linear 

increases with the increase of TCT. And roof subsidence 

decreases along with the advancing direction within the 

range of roof-control distance. Support resistance decreases 

with the increase of TCT and its increment tends to small 

under the occurrence of initial caving weight. 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 60 m 

Fig.18 Immediate roof thickness 3 m 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 55 m 

Fig.19 Immediate roof thickness 5 m 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 35 m (d) advancing 50 m 

Fig.20 Immediate roof thickness 7 m 
 
 

4.2.2 Immediate roof thickness 
The strata behaviors with various IRT are illustrated in 

Fig. 18-21. As shown in Fig. 18, there is slightly subsidence 

of immediate roof when IRT is 3 m. And initial caving of 

immediate roof is in the advancing distance of 20 m. 

Moreover, the advancing distance of 40 m occurs initial 

caving of main roof. And with the advancing distance 

continually reaching to 60 m, the first periodic caving 

weight can be occurred. Therefore, the initial caving 

distance and periodic caving distance are 40 m and 20 m, 

respectively, when IRT is 3 m. 

A significant separation layer can be observed when  
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(a) advancing 20 m (b) advancing 25 m 

  
(c) advancing 35 m (d) advancing 45 m 

Fig. 21 Immediate roof thickness 9 m 

 

 
(a) Roof subsidence under initial caving 

 
(b) Support load under initial caving 

Fig. 22 Characteristics of initial weighting versus IRT 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 35 m (d) advancing 45 m 

Fig. 23 Top-coal elastic modulus 1.15 GPa 
 

 

working face is advanced in 15 m under IRT of 5 m as  

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 30 m (d) advancing 40 m 

Fig. 24 Top-coal elastic modulus 1.72 GPa 
 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 50 m 

Fig. 25 Top-coal elastic modulus 3.29 GPa 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 45 m (d) advancing 60 m 

Fig. 26 Top-coal elastic modulus 4.42 GPa 
 

 

shown in Fig. 19. Initial caving distance of immediate roof 

and main roof is 20 m and 40 m, respectively. With working 

face continue to reach to 55 m, the first periodic weight can 

be observed. Therefore, the initial caving distance and 

periodic caving distances are 40 m and 15 m, respectively, 

with IRT of 5 m. 

As shown in Fig. 20, the initial caving weight can be 

observed when the advancing distance is 35 m. And another 

15 m advancing leads to the first periodic caving weight. 

Therefore, the initial caving distance and periodic caving 

distance can be regards as 35 m and 15 m with the IRT of 7 

m.  
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(a) Roof subsidence under initial caving 

 
(b) Support load under initial caving 

Fig. 27 Characteristics of initial weighting versus TCEM 
 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 50 m 

Fig. 28 Immediate roof elastic modulus 4.17 GPa 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 55 m 

Fig. 29 Immediate roof elastic modulus 5.0GPa 
 

 

As shown in Fig. 21, the initial caving weight can be 

observed when the advancing distance is 35 m. And another  

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 65 m 

Fig. 30 Immediate roof elastic modulus 5.83 GPa 

 

  
(a) advancing 15 m (b) advancing 20 m 

  
(c) advancing 40 m (d) advancing 65 m 

Fig. 31 Immediate roof elastic modulus 7.21 GPa 

 

 
(a) Roof subsidence under initial caving 

 
(b) Support load under initial caving 

Fig. 32 Characteristics of initial weighting versus IREM 
 

 

10 m advancing leads to the first periodic caving weight. 

Therefore, the initial caving distance and periodic caving 
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distance can be regards as 35 m and 10m with the IRT of 9 

m. In general, with the increase of IRT causing mining 

space increasing as well, the caving distance of working 

face decreases. 

In terms of support load and roof subsidence under the 

occurrence of initial caving weight with various IRT, the 

results of three positions in the range of roof-control 

distance are exhibited in Fig. 22. It can be observed that 

roof subsidence linear increases with the increase of IRT, 

while it decreases along with the advancing distance. 

Moreover, although support load increases as well with the 

increase of IRT under the occurrence of initial caving 

weight, the total increment value can be ignored. 

 

4.2.3 Top-coal elastic modulus 
The strata behaviors with various TCEM in TCCWF can 

be illustrated in Figs. 23-26. Immediate roof occurs a slight 

subsidence with the advancing distance of 15 m followed 

by collapsing directly under advancing distance reaching to 

20 m when TCEM is 1.15 GPa. Moreover, when TCEM 

increases to 1.72 Gpa, 3.29 Gpa and 4.42 Gpa, the initial 

caving distance is 30 m, 40 m and 45 m, respectively. And 

periodic caving distance is corresponding to 10 m, 10 m and 

15 m, respectively. Obviously, the increase of TCEM leads 

to a better integrity of coal-rock combined body for 

undertake more overlying loads. Thus, the caving distance 

can be observed a slight increasing. 

The values of roof subsidence and support load are 

monitored under the initial caving weight as shown in Fig. 

27. Obviously, roof subsidence decreases with the increase 

of TCEM and its decrement tends to small in the limit range 

of roof-control distance. At the same time, roof subsidence 

decreases along with the advancing direction. Moreover, 

support load increases with the increase of TCEM and its 

increment tends to small as well.   

 

4.2.4 Immediate roof elastic modulus 
As shown in Figs. 28-31, the strata behaviors with 

various IREM can be illustrated. To be specific, the initial 

caving distance is almost 40 m with the increase of IREM. 

However, the periodic caving distance is 10 m, 15 m, 25 m 

and 25 m when IREM is 4.17 GPa, 5.0 GPa, 5.83 GPa and 

7.21 GPa, respectively. Similarly, the increase of IREM can 

also lead to a better integrity of coal-rock combined body. 

Therefore, although IREM has limit influence on the initial 

caving distance, periodic caving distance has a significant 

increasing with the increase of IREM.  

In terms of roof subsidence and support load with 

various IREM under initial caving weight, the results of 

three positions with goaf, rear of support 3 m and rear of 

support 5 m can be illustrated in Fig. 32. With the increase 

of IREM, roof subsidence decreases along with the 

advancing direction and support load decreases. However, 

the tendency shows to become slow.   
 

 

5. Conclusions 
 

Taking Qingdong 828 working face as engineering 

background, two numerical simulation methods are adopted 

to explore the influence of coal-rock combined body 

properties (e.g., TCT, IRT, TCEM and IREM) on strata 

behaviors (e.g., vertical stress, vertical displacement, initial 

caving distance, periodic caving distance, roof subsidence 

and support resistance). Some conclusions are obtained as 

follow. 

1) The maximum roof subsidence increases with the 

increase of TCT and IRT as well as the decrease of TCEM 

and IREM under the same advancing distance. In terms of a 

specific point within the roof-control distance, the roof 

subsidence increases with the increase of TCT and IRT as 

well as the decrease of TCEM and IREM. The former 

increment is constant while the later increment tends to 

slow. 

2) The increase of TCT contributes to the increase of the 

maximum advancing support stress and the forward move 

of peak point causing a wide distribution, while the 

maximum advancing support stress decreasing and the 

location of peak point keeping constant can be observed 

with the increase of IRT. In terms of a specific point, 

vertical stress decreases with the increase of TCT and IRT 

and its decrement tends to slow. Although the maximum 

advancing support stress increases with the increase of 

TCEM and IREM, the location of peak point and 

distribution range have no significant change. 

3) The increase of TCT and IRT leads to the decrease of 

caving distance because of mining space increasing. 

Moreover, the higher TCEM and IREM represents a better 

integrity of coal-rock combined body to possess better 

bearing capacity for overlying strata load. Therefore, caving 

distance increases with the increase of TCEM and IREM. 

4) Roof subsidence under initial caving liner increases 

with the increase of TCT and IRT. And support resistance 

decreases with the increase of TCT and IRT along with its 

decrement tending to small. On the other hand, the increase 

of TCEM and IREM causes to the decrease of roof 

subsidence and its decrement tends to small, which is totally 

opposite to the condition of support resistance. 
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Notations 
 

TCCWF top-coal caving working face 

TCT top-coal thickness 

IRT immediate roof thickness 

TCEM top-coal elastic modulus 

IREM immediate roof elastic modulus 
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