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Numerical study of mining-induced stress evolution of coal during the top coal 
caving process under different coal seam thicknesses is carried out, and the nu-
merical prediction agrees well with the field test data. Main characters on stress 
distribution and dangerous area are elucidated. For the same coal quality, coal 
layers under 7 m thick fail earlier than thicker coal layers; correspondingly, the 
internal fracture networks of thin layers are more easily developed. During the 
mining of a coal layer less than 7 m thick, stress monitoring of the “dangerous 
area” in the middle of the top coal should be emphasized, whereas during the 
mining of coal layers less than 11 m thick, stress monitoring of the “dangerous 
area” at the bottom of the top coal should be highlighted. The research is to op-
timize caving technique and extraction process. 
Key words: different coal seam thicknesses, mining-induced stress evolution, 

poppet pressure, delimitation of the risk area 

Introduction 

A series of studies on coal rock and wall rock deformation failure have been carried 
out through various methods, e. g., numerical simulation [1-6], theoretical analysis [7-9],  
on-site monitoring [10, 11], and indoor tests [12-14]. However, research on coal rock mining- 
-induced stress evolution for coal seams with various thicknesses during top coal caving has 
rarely been conducted. In the present study, a working face of Datong Tashan Mine, where 
the geological occurrence is a 7.25-20.19 m (average 11.17 m) thick coal seam, is used as an 
example to conduct a numerical study of the stress characteristics and fracture mechanisms of 
coal seams with three different thicknesses under sequential coal caving.  

Calculation model and method 

In this paper, coal seams with three different thicknesses are defined: i. e., “relative-
ly thin” (7 m), “medium thick” (11 m), and “super-thick” (19 m). The calculation model is es-
tablished according to the geological condition of the 8212 working face in Tashan Mine, 
where the average coal seam slope is 4°, and the uniaxial compressive strength is 20.0 MPa. 
The calculation model is shown in fig. 1. The excavation’s opposite direction is used as the  
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z-axis. The y-axis follows the vertical direction, 
with upward being the positive direction. The 
direction of the x-axis is parallel to the coal 
caving direction. The 3-D model has a range of 
300 × 300 × 300 m. The mining covered rock 
seam area is 50 × 50 × 50 m, which locates in 
the middle of the model. The bottom rock seam 
is under displacement constraint from the y-di-
rection; two sides are under Symmetry B. C. 
constraints from the x- and z-directions. The 
coal seam burial depth is 470 m. A stress of  
8.0 MPa is exerted on the top of the model to 
simulate the deadweight of the upper cover 
rock seam. The coal seam thicknesses are 7 m, 
11 m, and 19 m, respectively; the mining 
heights are all 3 m; and the mining caving rati-
os (mining height vs. top coal thickness) are 
1:1.3, 1:2.7, and 1:5.3, respectively. In the 
model, coal excavation and caving are simulat-

ed via the live or dead state of the unit. Support is implemented via a bar unit to simulate top coal 
caving. During on-site coal caving, top coal caving occurs once every 2 m. Therefore, during the 
numeric simulation, the top coal is divided into 25 blocks; the sequential caving process is 
shown in fig. 2. The physico-mechanical parameters of the rock used the in simulation are pre-
sented in tab. 1.  

Table 1. Mechanical parameters of the rock used in the calculation 

Top coal caving mining can be simplified into three steps: (1) Initial ground stress 
simulation. The ground stress in Datong Tashan Mine is primarily deadweight stress, and the 
effect of structural stress is not taken into account. Hence, this paper only uses deadweight 
stress as the initial ground stress. (2) Excavation and support installation simulation. Based on 
the initial ground stress, the condition of the original coal rock after 12 m of excavation in the 
working face is calculated; i. e., the finite element analysis uses the unit live-dead function to 
simultaneously kill the excavated caving coal unit and activates the support unit. (3) Coal cav-
ing process simulation for coal seams with different thicknesses. This study investigates the 
mining-induced stress distribution rule of top coal during sequential coal caving.  

Figure 1. The 3-D finite element model 
(for color image see journal web-site) 

 
Figure 2. Sequential coal caving process diagram

Rock type Natural density
[gcm–3]

Deformation 
modulus E [GPa]

Poisson 
ratio µ

Uniaxial compressive 
strength [MPa] 

Old bottom – grit stone with gravel 2.53 26.0 0.20 95.0 

Direct bottom – kaolin rock 2.60 20.0 0.28 51.0 

Coal 1.59 3.5 0.30 20.0 

Direct top – mud rock 2.58 5.0 0.28 79.6 

Old top – grit stone 2.40 28.4 0.24 90.0 

Wall rock 2.50 20.0 0.25 60.0 

Support  – steel 7.80 206.0 0.26 500 
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Analysis of the numeric simulation calculation results 

The Tashan Mine coal rock’s burial depth is used to calculate that the coal rock’s in-
itial ground stress in the excavation area is σ0 = 11.8 MPa under deadweight stress. On this 
basis, a simulation of 12 m excavation along the working face advancement direction with 
support installment yields a coal rock stress of σw = 18.4 MPa, which is approximately 1.57 
times the initial ground stress σ0. This result indicates that excavation has a significant effect 
on the coal rock stress.  

Tashan Mine has a coal seam thicknesses of 7-21 m and is adopting the sequential 
coal caving method. Figure 3(a) displays the distribution curve of the pressure on the support 
collected on-site during sequential coal caving. Figure 3(a) shows that during coal caving, the 
field pressure on the support fluctuates by approximately 30.0 MPa. Figure 3(b) presents the 
numeric simulation of the distribution curve of the pressure on the support for an 11 m coal 
seam during sequential coal caving. Figure 3(b) reveals that, during sequential coal caving, 
the numeric simulation result of the pressure on the support is approximately 30.0 MPa. The 
numeric simulation result is consistent with the on-site monitored data and provides an excel-
lent reference value.  

    
Figure 3. On-site monitored vs. numeric simulated pressure on the support; (a) on-site monitored data, 
(b) result of the sequential coal caving numeric simulation for the 11 m thick coal seam  
(for color image see journal web-site) 

Numeric calculation results are used to 
analyze average top coal stress characteristics 
and differences for coal seams with three dif-
ferent thicknesses in different areas during 
sequential coal caving, as described in figs. 4 
to 6 and tab. 2.  

The sequential coal caving stress varia-
tion rule for coal seams with three different 
thicknesses demonstrates that, during sequen-
tial coal caving, the mining-induced top coal 
stress distribution for coal seams with differ-
ent thicknesses has significant variance along 
the direction of height. Based on the stress variation curve, a comparison of the top coal 
stress status of the 7 m, 11 m, and 19 m coal seams during entire coal caving shows that the 
top coal stress of the 7 m “relatively thin” coal seam in the direction of height (top, middle, 
and bottom) is always greater than the stress of the 11 m or 19 m coal seam. The 7 m coal 
seam has a higher level of top coal stress than the stress of the 11 m or 19 m coal seams 

Table 2. Average top coal stress distribution  
statistics for coal seams with different thicknesses 
in different areas during sequential coal  
caving [MPa] 

Area 
7 m 

sequential 
coal caving 

11 m  
sequential 

coal caving  

19 m  
sequential 

coal caving 

Bottom 20.0 18.6 18.9 

Middle 22.4 12.5 9.8 

Top 19.6 17.6 17.1 
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along the direction of height. This result indicates that, during the mining process of the thin 
coal seam, the stress on the coal rock is higher than that case on the thick coal seam. Under 
the same coal seam geological condition, the 7 m thick coal rock fails earlier than the thicker 
coal seams during the mining process and has a more developed internal fracture network. 
Moreover, the 7 m coal seam has a different stress “risk area” location compared with the 
other two types of coal seams, which is elaborated as follows: the “risk area” of the 7 m coal 
seam is located in the middle of the coal seam, whereas the “risk areas” of the 11 m “medium 
thick” and 19 m “super thick” coal seams are both located at the bottom of the top coal. 
Therefore, during the mining of coal rock with different thicknesses, the stress at the corre-
sponding “risk areas” should be closely monitored, and proper stress-release measures 
should be taken simultaneously.  

  
Figure 4. Stress distribution curve in different top coal areas of the 7 m thick coal seam during  
coal caving 

   
Figure 5. Stress distribution curve in different top coal areas of the 11 m thick coal seam during  
coal caving 

  
Figure 6. Stress distribution curve in different top coal areas of the 19 m thick coal seam during  
coal caving 
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Conclusions 

In this paper, geological information of the coal seam in Datong Tashan Mine is 
used as an example for an ANSYS-based simulation of the mining-induced stress-variation 
rule and differences for coal seams with three different thicknesses, “relatively thin” (7 m), 
“medium thick” (11 m), and “super thick” (19 m), during the top coal caving process. This 
study presents important reference values for studying the top coal rock-failure mechanism, 
internal fracture evolution and gas migration rule for coal seams with different thicknesses, 
which also guarantees safe mining of coal seams with different thicknesses in Tashan Mine 
and has significant theoretical meaning and engineering guidance value to prevent top coal 
caving-induced gas explosions, as well as for coal caving process and extraction process op-
timization. Final conclusions are as follows: 
• The comparison of the numeric simulated support pressure versus the on-site monitored 

support pressure reveals that the numeric simulation result is consistent with the on-site 
monitoring data and therefore has excellent reference value.  

• During sequential coal caving, the top coal stress distribution of coal seams with different 
thicknesses along the direction of height varies significantly. This finding is elaborated as 
follows: The top-coal stress of the 7 m thick coal seam in the direction of height (top, 
middle, and bottom) is always greater than the stress of the 11 m or 19 m coal seams. Fur-
thermore, coal seams with three different thicknesses have different top coal stress “risk 
area” locations; among them, the “risk area” of the 7 m “relatively thin” coal seam is lo-
cated in the middle of the coal seam, whereas, in the case of the 11 m “medium thick” or 
19 m “super thick” coal seam, the “risk area” is located at the bottom of the top coal.  

• During mining of the 7 m coal seam, the middle area with the maximum top coal stress 
increase should be closely monitored for real-time monitoring and alarms. When the coal 
rock stress in the middle reaches a certain threshold, relevant stress-release measures 
should be taken immediately. Similarly, during the mining of “medium thick” (11 m) and 
“super thick” (19 m) coal seams in Tashan Mine, the stress status of the coal-rock bottom 
area should be closely monitored. Proactive monitoring and alarming can accurately pre-
dict stress status in the top coal “risk area”, which can avoid the danger that gas in a cer-
tain area exceeds the threshold and explodes out of the mining face, thereby guaranteeing 
safe mining.  
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