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1. Introduction 
 

One of the most important tasks to guarantee the safe 

mining of coal is to maintain the stability of coal pillars, 

especially for strip mining, room and pillar mining, etc. 

Therefore, there are enormous research studies underway on 

pillar stability, including the theoretical method (Gao 2014, 

Gao and Ge 2016, Jia et al. 2011, Li et al. 2011, Yang et al. 

2015, Zhang JX et al. 2017), the numerical simulation 

method (Guo et al. 2016, Li et al. 2015, Shao and Xia 2011, 

Sherizadeh and Kulatilake 2016, Wang et al. 2016, Zhang 

GC et al. 2017, Zhang and Goh 2016, Zhang et al. 2013), 

and the engineering experience method (Chen SJ et al. 

2016, Ghasemi et al. 2014, Mark 1999, Reed et al. 

2017,Wattimena et al. 2013, Wilson 1972, Zhou et al. 

2011). Those studies can provide theoretical equations or 

empirical formulae for the coal pillar width, the distribution 

of the stress and strain in the coal pillar and its surrounding 

rock mass, etc. Thus, the stability of coal pillars can be 

analysed. Although those studies can improve the principles 

of coal pillar design, they analyse only the stress and 

strength of coal pillars; the influence of the roof and floor 

on the coal pillar cannot be considered. Generally, the 

loading system of a coal pillar in a two-dimensional state is 

shown in Fig. 1(a). It is similar to the loading system for the 

test of uniaxial compressive rock strength, shown in Fig. 

1(b). 

Thus, the stress state of the coal pillar is similar to that 

of a rock specimen in the uniaxial compressive strength test. 
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According to the basic theory of rock mechanics (Jaeger 

2009), the strength of a rock specimen is affected seriously 

by the constrained conditions of its two ends. The 

constraints of the ends will increase the strength of the rock 

specimen. For the coal mine, the interaction of coal and 

rock affects their mechanical properties very seriously. 

Some researchers have studied on the interaction of coal 

and rock. For example, for one combined support system, 

the influence of interaction of coal and rock on the stability 

of deep coal roadways has been analysed by the numerical 

study (Chen M et al. 2016). The influence of interaction of 

coal and rock on the rock damage has been studied by the 

acoustic emission method and plastic strain theory (Jin et al. 

2017). By using granular dynamic models, mechanical 

interactions of rock-coal composite samples has been 

studied (Zhang et al . 2018). Moreover, based on 

compressive simulation tests with 5 different interfacial 

angels of combined coal-rock samples conducted by 

PFC2D software, the influence of the interfacial angel on 

failure characteristics and mechanism of combined coal-

rock mass has been studied (Zhao et al. 2016). Therefore, 

the constrained conditions of the roof and floor for the coal 

pillar should seriously affect the strength of the coal pillar. 

In other words, the stability of coal pillar will be affected by 

the mechanical properties of rock mass for roof and floor. 

There are some studies for the influence of interaction 

between coal and rock on the stability of coal pillar. For 

example, based on the field measurement, Reed et al. 

(2017) proposed that the interaction between coal pillar and 

the overburden stiffness should be considered in the coal 

pillar design. Based on experimental study, the influence of 

interaction between coal pillar and the overburden on the 

stability of pillar-roof system has been investigated (Zhou et 

al. 2018). Moreover, the influence of interaction between 

coal pillar and the overburden on the stability of multiple  
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(a) Coal pillar system (b) Test system 

Fig. 1 Loading system for the coal pillar and test of 

uniaxial compressive rock strength 

 

 

pillars has been studied by numerical method (Zhou et al. 

2017). However, the systematically mechanical analysis for 

the influence of rock mass for the roof and floor on the 

stability of coal pillar has not been studied in previous 

researches. Thus, in this study, based on the basic theories 

of rock mechanics and elastic mechanics (Sadd 2005), one 

method to analyze the influence of rock mass for the roof 

and floor on the stability of strip coal pillars is proposed. 

Moreover, through application in one real engineering 

example, the affections of the rock mass for the roof and 

floor on the stability of the strip coal pillar are researched. 

 

 

2. Computational model and basic assumptions 
 

Because the stability of a strip coal pillar is controlled 

by its confined elastic core (Gao 2014), in this study, the 

stability of the confined elastic core is analyzed. 

To simplify the calculation and avoid significant errors, 

the follow assumptions are made: 

a. The confined elastic core of the coal pillar is in the 

triaxial compression stress state, and its upper and lower 

strata are in this state, too (Guo and Cai 2008, Wu et al. 

1994); 

b. The cohesive forces between the confined elastic core 

and its upper and lower strata are large enough (Wu et al. 

1994), thus they can be described as the bedded composite 

rock mass (Tan and Xian 1994). 

Based on the above assumptions, the computational 

model for the confined elastic core of a coal pillar is shown 

in Fig. 2. In this model, the rock strata of the roof, the coal 

pillar, and the rock strata of the floor are indicated as rock 

layers A, B and C, respectively. 

As typical rock layers of coal mine, for the coal stratum, 

rock strata of roof and floor, generally, there are following 

equations (Li and Lian 2011) 
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𝜇𝐴 < 𝜇𝐵 ,   𝜇𝐶 < 𝜇𝐵 (2) 

where EA, EB and EC are the elastic modulus for the three 

layers, and A, B and C are the Poisson’s ratios for the 

three layers. 

 

Fig. 2 Computational model of the coal pillar 

 

 

Fig. 3 Computational model of the interfacial unit 

between layers A and B by the compression of σ3 

 

 

3. Stress analysis of the interfacial unit between two 
layers 
 

According to the stress superposition principle (Sadd 

2005), the triaxial compression stress can be described by 

the superposition of three uniaxial compression stresses. 

Thus, the mechanical analysis of the interfacial unit 

between two layers is as follows. 

 

3.1 Analysis of the interfacial unit between layers A 
and B 
 

First, the stress-strain analysis of the interfacial unit by 

the stress of σ3 is conducted. The computational model is 

shown in Fig. 3. 

Because of EA>EB and 𝜇𝐴 < 𝜇𝐵, the derived stress can 

be created in the interfacial unit by the cohesive 

constraining forces (Tan and Xian 1994). Generally, along 

orientation 2, the derived tensile stress can be created in 

layer A, and the derived compressive stress can be created 

in layer B. Moreover, along orientation 3, the derived 

compressive stress can be created in layer A, and the 

derived tensile stress can be created in layer B (Tan and 

Xian 1994). Based on the deformation continuity condition 

and static equilibrium condition (Li and Lian 2011), there 

are the following equations 
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where AB

A

3

3 , AB

A

3

2 , AB

B

3

3  and AB

B

3

2  are the strains in the 

layers A and B for the interfacial unit along the orientation 3 

and 2, respectively. AB

A

3
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B

3

3 , AB

A

3

2 , AB

B

3

2 , AB

A

3

1  and 
AB

B

3

1  

are the stresses in layers A and B for the interfacial unit 

along orientations 3, 2 and 1, respectively. AB3

3  and 
AB3

2  

are the derived stresses in layers A and B for the interfacial 

unit along orientations 3 and 2, respectively. The 

orientations 3, 2 and 1 are shown in Fig. 2. 

Combining the generalized Hooke law (Sadd 2005) 

which is as Eq. (4) and Eq. (3), Eq. (5) can be obtained. 
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Second, the stress–strain analysis of the interfacial unit 

by the stress of σ2 is conducted. Using the same method as 

above, there are the following equations, 
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where 
AB

A

2

3 , 
AB

B

2

3 , 
AB

A

2

2 , 
AB

B

2

2 , 
AB

A

2

1  and 
AB

B

2

1  are the 

stresses in layers A and B for the interfacial unit along 

orientations 3, 2 and 1, respectively. k3AB=k1AB. K4AB=k2AB. 

Third, the stress–strain analysis of the interfacial unit by 

the stress of σ2 is conducted. In this state, generally, along 

orientations 2 and 3, the derived tensile stress can be 

created in layer A, and the derived compressive stress can 

be created in layer B. Using the same method as above, 

there are the following equations 
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and 1, respectively. 

Finally, according to the stress superposition principle, 

the stresses in layers A and B for the interfacial unit under 

the triaxial compression state are 
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where AB

A3 , 
AB

B3 , 
AB

A2 , 
AB

B2 , 
AB

A1  and 
AB

B1  are the stresses 

in layers A and B for the interfacial unit along orientations 

3, 2 and 1, respectively. 
 

3.2 Analysis of the interfacial unit between layers B 
and C 
 

Using the same method as in section 3.1, the stresses in 

layers B and C for the interfacial unit under the triaxial 

compression state are 
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It must be noted that the stress outside the interfacial 

area is not changed. 
 
 

4. Strength analysis of the interfacial unit between 
two layers 
 

In this study, the generally used Mohr-Coulomb strength 

criterion is applied (Jaeger 2009), which is, 

cjpj k   31  
(18) 

where σ1j and σ3j are the maximum and minimum principal 

stresses, respectively, σc is the uniaxial compression 

strength, and Kp is a stress coefficient, which can be defined 

as follows 
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where φ is the effective internal friction angle. 
According to the computation results in section 3.1, the 

maximum and minimum principal stresses of layers A and B 
in the interfacial area are 
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Eq. (20) is substituted into Eq. (18). The strength of the 

layer A in the interfacial area is 
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Using the same method, the strength of layer B in the 

interfacial area is 

ABpB

cBABABpB

jB
kk

kkk

5

2213

1
1

])1([









 

(23) 

The same method is used to analyze the strength of 
layers B and C in their interfacial areas. The strength of 
layer B is 
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The strength of the layer C is 
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(25) 

However, the strengths of rock mass A, B and C outside 
the interfacial area are not changed, and are their normal 
triaxial compressive strengths. 
 

 

5. Stability analysis of strip coal pillar 
 

Based on above analysis, for the interfacial constraint, 

the compressive strength of the rock layer in the interfacial 

area will be changed. And the strength rely on the elastic 

modulus and the Poisson’s ratio for all rock layers. Because 

these parameters can affect the stress state of the rock 

layers, their confining pressure will be changed. According 

to the basic principle of rock mechanics (Jaeger 2009), the 

triaxial compressive strength of the rock is controlled by its 

confining pressure. As the confining pressure increases, the 

triaxial compressive strength will increase too. As for the 

coal measure strata, this kind of interfacial effect will 

increase the strength of the coal pillar in the interfacial area, 

and decrease the strength of rock strata for the roof and 

floor in the interfacial area. Because the length and width of 

the strip coal pillar are much bigger than its height, 

generally, the interfacial effect will affect the whole height. 

Therefore, the strength of the whole coal pillar will be 

increased. Because the stability of strip coal pillar is 

controlled by the strength of its elastic core, the interfacial 

effect will increase the stability of the strip coal pillar. From 

the Eqs. (22)-(25), the higher the hardness of the roof and 

floor are and the lower that of coal pillar is, the larger the 

interfacial effect on the coal pillar will be. 
 

 

6. Engineering example and discussion 

 

To verify the method proposed in this study, one strip 

coal mining area in China is used (Gao and Ge 2016). This 

strip mining area is exploited by strip mining along the 

seam strike, whose elevation is between -495 and -600 m. 

The entire mining area is divided into four sections, which 

are four working faces, width of 25 m, and three strip coal 

pillars, width of 30 m. The height of coal pillar is 2.5 m. 

The rocks of the roof and floor for the coal seam are 

medium sandstone and grit sandstone. The mechanical 

parameters for the coal material and its surround rocks are 

summarized in Table 1. 

Based on the site measurement and engineering 

experience, the three-dimensional stress of the coal pillar 

can be obtained, as σ1=14.3 MPa, σ2=11.2 MPa, σ3=9.7 

MPa. 

Based on the Mohr-Coulomb strength criterion of Eq. 

(18), the triaxial strengths for rock mass of roof, floor and 

coal pillar are 102.65 MPa, 98.12 MPa and 34.07 MPa, 

respectively. 

According to the Eqs. (22)-(25), the strengths of rock 

mass for roof and coal pillar in the interfacial area are 50.66 

MPa and 142.07 MPa, respectively. And the strengths of 

rock mass for floor and coal pillar in the interfacial area are 

47.56 MPa and 138.93 MPa, respectively. Therefore, the 

interfacial effect between the roof and coal pillar will 

decrease the strength of rock mass for roof very largely, and 

its strength is only about half of the original one. While the 

interfacial effect between the roof and coal pillar will 

increase the strength of coal pillar very largely, and its 

strength is about four times of the original one. And the 

same conclusion can be drawn for the interfacial area 

between the floor and coal pillar. Thus, the interfacial effect 

can improve the stability of the coal pillar very largely. 

Moreover, for the interfacial effect, the strength of coal 

pillar will be larger than those of rock mass for roof and 
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Table 1 Mechanical parameters for coal pillar, roof and 

floor 

Parameter E/GPa μ C/MPa φ/degrees σc/MPa 

Coal pillar 5.1 0.35 1.45 28 7.2 

Roof 32 0.27 13.5 36 65.3 

Floor 25 0.22 11.7 40 53.5 

 

 

Fig. 4 Influence of the elastic modulus for rock mass of 

roof on the strength of roof and coal pillar 

 

 

Fig. 5 Influence of the Poisson’s ratio for rock mass of 

roof on the strength of roof and coal pillar 

 

 

Fig. 6 Influence of the elastic modulus for coal pillar on 

the strength of roof and coal pillar 

 

 

floor very much. Thus, the coal pillar will squeeze into the 

roof and floor, and cause the roof fall or floor heave, which 

can be found in previous studies (Gao 1998). 

To analyze the influence of mechanical parameters of  

 

Fig. 7 Influence of the Poisson’s ratio for coal pillar on 

the strength of roof and coal pillar 

 

 

the elastic modulus and the Poisson’s ratio on the interfacial 

effect, the interfacial area between roof and coal pillar is 

studied. However, the interfacial area between floor and 

coal pillar can be researched by the same method. In this 

study, only the mechanical parameters whose influence are 

researched are changed at the condition that the other 

parameters are fixed. 

The influence of the elastic modulus of rock mass for 

roof on the strength of roof and coal pillar are shown in Fig. 

4. The influence of the Poisson’s ratio of rock mass for roof 

on the strength of roof and coal pillar are shown in Fig. 5. 

As shown in Fig. 4, the strength of rock mass for roof 

and coal pillar are all affected by the elastic modulus of 

rock mass for roof. The relationship between the elastic 

modulus of roof and the strength of roof and coal pillar are 

all hyperbola. However, their changing laws are opposite. 

As the elastic modulus of roof increases, the strength of 

roof decreases, and the decreasing rate of the strength of 

roof decreases as well. On the contrary, as the elastic 

modulus of roof increases, the strength of coal pillar 

increases too, and the increasing rate of the strength of coal 

pillar increases as well. Moreover, the effect of the elastic 

modulus of roof on the strength of coal pillar is very 

serious, while the effect on the strength of roof is 

sometimes little. As shown in Fig. 5, the strength of roof 

and coal pillar are all affected by the Poisson’s ratio of rock 

mass for roof too. The relationship between the Poisson’s 

ratio of roof and the strength of roof is almost one straight 

line. As the Poisson’s ratio of roof increases, the strength of 

roof increases too. However, the relationship between the 

Poisson’s ratio of roof and the strength of coal pillar is 

hyperbola. As the Poisson’s ratio of roof increases, the 

strength of coal pillar increases too, and the increasing rate 

of the strength of coal pillar increases as well. Moreover, 

the effect of the Poisson’s ratio for roof on the strength of 

coal pillar is serious, while the effect on the strength of roof 

is very little. Compared Fig. 4 with Fig. 5, the follow 

conclusion can be drawn, the effect of elastic modulus is 

much larger than that of Poisson’s ratio. And the effect on 

the strength of roof is much less than that on the strength of 

coal pillar. 

Moreover, the influence of the elastic modulus for coal 

pillar on the strength of roof and coal pillar are shown in 

Fig. 6. The influence of the Poisson’s ratio for coal pillar on 
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the strength of roof and coal pillar are shown in Fig. 7. 

As shown in Fig. 6, the strength of roof and coal pillar 

are all affected by the elastic modulus of coal pillar. The 

relationship between the elastic modulus of coal pillar and 

the strength of roof is almost hyperbola. As the elastic 

modulus of coal pillar increases, the strength of roof 

increases too, and the increasing rate of the strength of roof 

increases as well. However, the relationship between the 

elastic modulus of coal pillar and the strength of coal pillar 

is almost one straight line. As the elastic modulus of coal 

pillar increases, the strength of coal pillar increases too. 

Moreover, the effect of the elastic modulus of coal pillar on 

the strength of coal pillar is very serious, while the effect on 

the strength of roof is very little. As shown in Fig. 7, the 

strength of roof and coal pillar are all affected by the 

Poisson’s ratio of coal pillar. The relationship between the 

Poisson’s ratio of coal pillar and the strength of roof and 

coal pillar are all hyperbola. However, their laws are 

opposite. As the Poisson’s ratio of coal pillar increases, the 

strength of roof decreases, and the decreasing rate of the 

strength of roof decreases as well. On the contrary, as the 

Poisson’s ratio of coal pillar increases, the strength of coal 

pillar increases too, and the increasing rate of the strength 

of coal pillar increases as well. Moreover, the effect of the 

Poisson’s ratio of coal pillar on the strength of coal pillar is 

very serious, while the effect on the strength of roof is 

sometimes little. Compared Fig. 6 with Fig. 7, the follow 

conclusion can be drawn, the effect of elastic modulus is 

much larger than that of Poisson’s ratio. And the effect on 

the strength of roof is much less than that on the strength of 

coal pillar. 
 

 

7. Conclusions 
 

Because the stress state of coal pillar is similar with that 

for rock specimen of the uniaxial compressive strength test, 

the constrained conditions of roof and floor for the coal 

pillar should affect the strength of coal pillar very seriously. 

To analyze the influence of rock mass for the roof and floor 

on the stability of coal pillar, one method was proposed. 

This method can obtain not only the derived stress by the 

cohesive constraining forces for the coal pillar, but also the 

derived stress for the rock mass of the roof and floor. 

Moreover, the effect of different mechanical parameters for 

the roof and floor on the stability of coal pillar have been 

analyzed more comprehensively. This method can not only 

analyze the stability of strip coal pillar, but also analyze the 

stability of other mining pillars whose stress distribution is 

similar with that of the strip coal pillar. 

From the theoretical and the engineering application 

studies, the follow conclusions can be drawn. 

• The interfacial effect between roof and coal pillar or 

floor and coal pillar can decrease the strength of rock mass 

for roof and floor very largely and increase the strength of 

coal pillar very largely. And the strength of coal pillar 

should be much larger than those of rock mass for roof and 

floor. 

• As the elastic modulus of roof and floor increases, the 

strength of roof and floor decreases, and the strength of coal 

pillar increases. As the Poisson’s ratio of roof and floor 

increases, the strength of roof and floor, and the strength of 

coal pillar all increases. 

• As the elastic modulus of coal pillar increases, the 

strength of roof and floor, and the strength of coal pillar all 

increases. As the Poisson’s ratio of coal pillar increases, the 

strength of roof and floor decreases, and the strength of coal 

pillar increases. 

• The effect of elastic modulus is much larger than that 

of Poisson’s ratio. And the effect on the strength of roof and 

floor is much less than that on the strength of coal pillar. 

However, this is only one primary study, and the 

theoretical analysis only under certain assumptions for the 

influence of rock mass for the roof and floor on the stability 

of the coal pillar has been conducted. Moreover, the plastic 

failure of rock stratum is not considered. In-depth studies, 

such as field measurements, will be the subject of future 

work. 
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