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Abstract
Different from fully mechanized mining face, there is the combination of top-coal and 

immediate roof which can be regards as a special material acting as cushion layer to bear 
the overburden load in the long wall top coal caving (LTCC) face. Further, the vertical stress 
causing the deformation of coal-rock combination material (CRCM) is transmitted to 
hydraulic support. In this paper, the elastic modulus and foundation coefficient of CRCM 
are calculated and analyzed in both conditions of CRCM with or without contact angle. The 
results show that the height of coal and rock, the elastic modulus of coal and rock, 
respectively, play vital roles on the elastic modulus and foundation coefficient of CRCM. 
Moreover, the height of coal and rock have similar influence on the characteristics of 
combination material. Meanwhile, it also indicates that the elastic modulus of coal and rock 
appear to exert similar effects on the behaviors of combination material. In the condition 
of CRCM with contact angle, the relationship between the elastic modulus and foundation 
coefficient of CRCM with the effective height ratio of coal and rock or contact angle is 
determined on the relative value of the elastic modulus of coal and rock, respectively. 
However, the influence of the contact angle on the elastic modulus and foundation 
coefficient of CRCM is not significant. Importantly, the analytic solution and change law for 
the elastic modulus and foundation coefficient of CRCM with the parameters of coal-rock 
combination are determined which provides the theoretical rational for further determining 
the work resistance of hydraulic support, selecting the type of hydraulic support and 
researching the moving rules of overlying strata at LTCC face.

Keywords: Coal-rock combination; Elastic modulus; Foundation coefficient; Theoretical 
calculation.

Introduction
China is the largest coal producers and consumers in the world. As shown in Fig. 1, 

there is similar tendency both of production and consumption for China and the world 
which indicates that China plays a vital role on the total coal economic in the world. The 
coal production and consumption percentage of China to the world is approximately 
50% in recent years [1]. Meanwhile, in the exploration of coal seam storage in China, 
thick coal seams (thickness≥3.5m) are rich in reserves accounting for approximately 
44% of all coal seam reserves. Moreover, the production of thick coal seams is roughly 
45% of the total coal production [2-5]. It can be seen that the thick coal seam has 
obvious advantage in resource reserves and practical production in China [6-8]. 
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Figure 1. Coal production and consumption of China and the world 
during the period of 1981-2016

At present, three kinds of methods with slice mining, high 
mining height mining and LTCC mining have been performed 
to exploit the resource of thick coal seam. Among these 
methods, LTCC has the advantages of exploitation technology 
which cannot be matched by others. Especially, LTCC can 
greatly reduce the number of inverted work face and material 
consumption, correspondingly decreasing the cost of per ton 
coal. Importantly, LTCC can adapt complex geological 
conditions and the conditions of coal seam occurrence as a 
result the fully mechanized mining can be achieved through 
LTCC mining with the advantages of technical and economic 
obviously in steeply inclined and extremely thick coal seams. 
Therefore, LTCC has a dominant position in the mining of 
thick coal seams [9-13]. It should be noted that the coal miner 
in other countries by using LTCC mining is relatively less 
compared with China due to the difference of the conditions 
of coal seam occurrence. The literatures on thick coal seam 
mining with LTCC mining technology or similar methods are 
mainly concentrated on several countries, such as Australia, 
India, Turkey, Russia, Slovenia [14-18].

In the LTCC working face, the determination of hydraulic 
support has vital role for the selection of reasonable support 
type which is the basis for the three machines equipment 
matching applied, and it is also the core content of the 
relationship between support and surrounding rock, which is 
extremely critical for roof management and achieving safe 
mining in stope. Thus, it is the importance of obtaining the 
reasonable theory calculation for overlying strata loading 
transmitting on support [19-24]. It is believed that the factors 
influencing on the determination of support working resistance 
mainly consist of geological factors and engineering factors 
[25-26]. In details, the geological factors mainly include the 
characteristics of mining height, overlying strata and top-coal. 
Moreover, the sufficient support working resistance is required 
as a result of increasing in vertical stress in working face with 
the increasing of the depth of coal seam causing more 
overburden loading. In addition, if the coal seam is in the 
condition of shallow thin bedrock, the main roof is unstable 
and unable to form bearing structure causing its loading acting 
on support fully and further increasing supporting work 
resistance. Meanwhile, the overburden loading transmitting on 
support decreases with the increasing of coal seam dip. In 
terms of engineering factors, these mainly include extraction-
caving ratio, face length, roadway layout and the treatment 
methods for support. In details, the mining space increases 

with the increasing of extraction-caving ratio if coal seam 
thickness keeps constant in working face as a result the reduce 
of cushion effect caused by top-coal on the failure of overlying 
strata. Therefore, the overburden loading on support increases 
and the maximum support working resistance can bear this 
value. In general, the relationship between the support work 
resistance and extraction-caving ratio is not obvious [27]. 
However, this relationship is more reinforced with coal seam 
thickness increasing.

Compared with other mining methods, there is a layer of 
top-coal with low strength between support and overlying 
strata in LTCC mining acting as cushion for bearing overburden 
loading and then transmitting on support. Obviously, the 
cushion effect plays a key role in controlling roof subsidence 
and ensuring support working state as well as influencing on 
the relationship between support and surrounding rock. In 
currently literatures, the determination methods of support 
working resistance usually only consider top-coal or overlying 
strata. Many experts and scholars have conducted extensive 
research on the characteristics of deformation and failure of 
single coal or rock under uniaxial or triaxial loading condition 
by using acoustic emission, infrared thermal imaging and 
other equipment in laboratory [28-33]. In fact, the behaviors 
of immediate roof are similar to that of top-coal. Therefore, it 
is more reasonable to consider top-coal and immediate roof 
as combination material rather than taking into account each 
part separately influencing on the expression of support 
working resistance and moving rules of overlying strata in 
LTCC working face. In recent years, the mechanical properties 
of coal-rock combination material have been paid more 
attention to study by many literatures and a series of notable 
results are achieved through experiment tests [34-38]. Most 
of these results focused on the field of energy dissipation 
connecting with the mechanics of rock burst. However, there 
are few documents on CRCM through analytic solution and 
further building the relationship between combination 
material and the determination of support working resistance 
on LTCC working face. Therefore, top-coal and immediate 
roof is regard as combination material in this paper, and then 
the theory solution of the mechanical properties of CRCM as 
the whole cushion layer are described and the change rules of 
the elastic modulus and foundation coefficient of CRCM with 
coal thickness, rock thickness, the elastic modulus of coal and 
rock are analyzed, which lay theoretical foundation for 
determining support working resistance by considering the 
mechanical properties of CRCM in LTCC working face. 

Theoretical Solution of Mechanical 
Properties of CRCM
CRCM without Contact Angle

The schematic diagram of CRCM as a cube without 
contact angle is shown in Figure 2. In order to facilitate 
theoretical calculation, the various parameters of CRCM are 
listed in table 1. 



International Journal of Material Science and Research

25Volume 1 • Issue 1 • 1000104Int J Mater Sci Res.
ISSN: 2638-1559

Rock

Coal

Figure 2. CRCM without contact angle 

Table 1. Various parameters of CRCM without contact angle

Name Length Deformation Stiffness Pull-pressing 
rigidity

Elastic 
modulus

Contact 
area Force

CRCM L ΔL k k' E A F
Coal L1 ΔL1 k1 k1' E1 A F
Rock L2 ΔL2 k2 k2' E2 A F

Therefore, the height ratio of coal to rock, the stiffness 
and pull-pressing rigidity of CRCM can be expressed as follow.
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2
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Further, through equations (2) and (3), the relationship 
between the stiffness and pull-pressing rigidity of CRCM can 
be obtained as follows.

2
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∆

 (4)

Similarly, the relationship between the stiffness and 
pull-pressing rigidity of coal or rock can also be 
expressed as follow.
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In addition, according to Hooke’s Law, the vertical force 
causes a certain deformation for each part in CRCM.

1 1 2 2F k L k L= ∆ = ∆  (7)

And then combining with equations (5) ~ (7), it can be 
concluded as follow.
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It should be noted that the stiffness of CRCM can also be 
obtained as equation (9) through the series stiffness formula 
of coal and rock separately.
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Thus, combining with equations (4) and (9), the pull-
pressing rigidity of CRCM can be expressed as follow.
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Bringing equations (5) ~ (6) into equation (10), there can 
be obtained the expression of the pull-pressing rigidity of 
CRCM.
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Both numerator and denominator of equation (11) are 
divided by L2

2 to get the new formula as follow.
2

1 1
2 2

22
2 2

1 21 1 2
2

1 2 2 11 2 2 12

2 1
( 1)'

11 1 (1 ) (1 )(1 ) (1 )
' '' '

L L
LL rk

k kL k k r
k k k kk k k kL

+ +
+

= =
+ + ++ + +

    

 (12)

However, the ratio of the stiffness of coal to rock can be 
known from equation (8).
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Further, bringing equation (13) into equation (12) and 
getting the final expression of CRCM’s pull-pressing rigidity 
as follow.
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From the relationship between elastic modulus and pull-
pressing rigidity, the elastic modulus of CRCM can be obtained 
as equation (15).

2
1 2

2
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( 1)'
2

E E rkE
A E E r r E E
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+ +
 (15)

According to elastic foundation beam model, the 
foundation coefficient of CRCM k0 can be calculated 
approximately and expressed as follow.

0
Ek
H

=  (16)

Where H is CRCM thickness, H=L1+L2; E is the elastic 
modulus of CRCM.

CRCM with Contact Angle
The schematic diagram of CRCM as a cube with contact 

angle α is shown in Fig. 3, and the parameters of CRCM are 
listed in table 2.
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Figure 3. Coal-rock combination with contact angle diagram

Table 2. Parameters of CRCM

Name Length Deformation Stiffness
Tension and 
compression 

stiffness
Elastic 

modulus
Base 
area Force

CRCM L ΔL k k' E A F

Coal L1-Ltanα (short)
L1 (long) ΔL1 k1 k1' E1 Acotα F

Rock L2-Ltanα (short)
L2 (long) ΔL2 k2 k2' E2 Acotα F

When the interface of coal and rock has a certain angle, 
the height ratio of coal to rock in CRCM is not effectively 
represented by single side length. Therefore, it is necessary to 
define the effective height ratio of coal to rock. Firstly, the 
ratio of the cross-section of single material paralleling to the 
direction of axial force to the length of CRCM is called the 
effective height of single material. Further, the effective height 
ratio of CRCM can be expressed as the ratio of the effective 
height of coal to that of rock. The coordinate of coal at the 
lower part of CRCM is established as shown in Figure 4 (a).

Coal

α

x

y

(a) Coal

α

Rock

x

y

(b) Rock  
Figure 4. Coordinate sketch-map

Therefore, the equation of interface line can be expressed 
as equation (17) through both sides height of coal.

1= tan tany x L Lα α+ −  (17)
Similarly, the coordinate can also be built based on the 

upper part of CRCM as shown in Fig. 4 (b).
Thus, the equation of interface line can also be obtained 

with another expression as follow.

2=- tany x Lα +  (18)
According to the definition of the effective height of 

single material, it can be expressed as follow.
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Where lcoal is the effective height of coal.
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Where lrock is the effective height of rock.
Thus, the effective height ratio of coal to rock for CRCM is 

expressed as equation (21) due to the above definition.
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Further, combining with equations (4) ~ (15) and (19) ~ 
(21), the elastic modulus of CRCM with contact angle can be 
obtained as follow.
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According to the geometric relationships of CRCM, the 
corresponding equation can be obtained as follow.

1 2 tanL L L L α+ = +    (23)

Let 1

2
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L

=  and simplifying equation (22) to get the 
expression of the elastic modulus of CRCM as follow.
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, then the elastic modulus of 

CRCM with contact angle can be finally expressed as 

follow.
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It should be noted that t is related to the three parameters 
of the long side of coal or rock and the contact angle of interface. 
From equation (16), the value of CRCM’s foundation coefficient 
with contact angle between coal and rock is also acquired.

Comparative Analysis of CRCM’s Elastic Modulus and 
Foundation Coefficient

CRCM without Contact Angle
Theoretical solution shows that the coal height or rock 

height and the elastic modulus of coal or rock can affect the 
mechanical properties of CRCM without contact angle, that is 
to say, which the interface of CRCM is horizontal. The details 
of changing rules for these factors influencing on the elastic 
modulus and foundation coefficient of CRCM will be analyzed 
as follow.
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Coal height
In order to explain the influence of coal’s height on the 

elastic modulus and foundation coefficient of CRCM, the 
height of rock is selected as 4m as well as the three conditions 
of the coal’s elastic modulus are considered to be smaller, 
greater than or equal to the rock’s elastic modulus, 
respectively. That is to say, the elastic modulus of coal and 
rock are 4GPa and 6GPa, 6GPa and 4GPa, 6GPa and 6GPa, 
respectively. According to equations (15) and (16), the 
variation of elastic modulus and foundation coefficient of 
CRCM with coal height which is range from 0 to 10 m is shown 
in Figure 5.
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Figure 5. Variation of the elastic modulus and foundation 
coefficient of CRCM with coal height

According to Figure 5, it can be seen that the change of 
elastic modulus of CRCM shows different trends with the 
increasing of coal height under three conditions. Especially, 
the trend decreases in the condition of coal’s elastic modulus 
smaller than rock’s elastic modulus which is opposite to 
another condition of coal’s elastic modulus greater than 
rock’s elastic modulus. However, the trend increases or 
decreases slowly with the increasing of coal height. In addition, 
the elastic modulus of CRCM keeps constant if the coal’s 
elastic is equal to rock’s elastic modulus. 

In terms of the change of foundation coefficient of CRCM, 
the trends are quite different from the change of modulus of 
CRCM as a result of the increasing of coal height causing 
CRCM height increasing as well. Therefore, the trends all 
decreases with the increasing of coal height under three 
conditions regardless of the relative relationship between the 
elastic modulus of coal and the elastic modulus of rock. 

Compared with single rock material, the presence of 
a small amount of coal in combination material has a 
significant effect on its mechanical properties. When 
coal’s elastic modulus is not a same value with that of 
rock, a greater influence on the elastic modulus of CRCM 
than the foundation coefficient of CRCM with the 
changing of coal height can be indicated. Conversely, 

the foundation coefficient of CRCM has markedly 
changing with the elastic modulus of coal equaling to 
the elastic modulus of rock. Especially, when the height 
ratio of coal to rock is less than 2, the mechanical 
properties of CRCM are most affected with the changing 
of coal height. Meanwhile, the change of the elastic 
modulus and foundation coefficient of CRCM is 
approximately linearly with coal height when this height 
ratio exceeds a certain value. 

Rock height
To gain insight into the influence of rock height on the 

elastic modulus and foundation coefficient of CRCM, coal height 
is chosen to be 4m, and three conditions of the relative 
relationship between rock’s elastic modulus and coal’s elastic 
modulus are considered to analyze. That is to say, the coal’s 
elastic modulus and rock’s elastic modulus are selected as 4GPa 
and 6GPa, 6GPa and 4GPa, 6GPa and 6GPa, respectively. 
Therefore, the variation of the elastic modulus and foundation 
coefficient of CRCM with rock height can be revealed in Figure 6.
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Figure 6. Variation of the elastic modulus and foundation 
coefficient of CRCM with rock height

From Figure 6, it can be seen that the variation of the 
elastic modulus of CRCM with the increasing of rock height is 
opposite to that of coal height when the value of coal’s elastic 
modulus is different from rock’s elastic modulus. In other 
words, the trend of the elastic modulus of CRCM with the 
increasing of rock height increases under the condition of the 
coal’s elastic modulus smaller than rock’s elastic modulus and 
decreases under the opposite condition. Similarly, the elastic 
modulus of CRCM with the increasing of rock height remains 
constant when the coal’s elastic modulus is equal to rock’s 
elastic modulus. 

In terms to the foundation coefficient of CRCM, due to 
the increasing of rock height also causing CRCM height 
increasing, the change trend all decreases under three 
conditions regardless of the relative relationship between the 
elastic modulus of coal and the elastic modulus of rock. 



International Journal of Material Science and Research

28Volume 1 • Issue 1 • 1000104Int J Mater Sci Res.
ISSN: 2638-1559

Compared with single coal material, the presence of a small 
amount of rock in combination material has obvious effect on the 
elastic modulus and foundation coefficient of CRCM especially 
when the rock’s elastic modulus is not a same value with coal’s 
elastic modulus. In details, expect for the condition of both the 
elastic modulus of coal and rock is same, the changing of rock 
height has played more noticeable role on the elastic modulus of 
CRCM than the foundation efficient of CRCM. Moreover, when the 
height ratio of rock to coal is less than 2, the mechanical properties 
of CRCM are most affected with the changing of rock height. In 
addition, the elastic modulus and foundation coefficient of CRCM 
are almost linearly with rock height when the height ratio of rock 
to coal exceeds a certain value.

Through comparison and analysis of the changing trend, it 
can be indicated that both coal and rock height have similar 
effects on the mechanical properties of CRCM. Therefore, it can 
be considered that there is no obvious effect on the mechanical 
characteristics of CRCM whether the combination form is coal-
rock or rock-coal. That is to say, the behaviors of combination 
material are irrelevant to the relative location of coal and rock.

The elastic modulus of coal
In order to analysis the effect of coal’s elastic modulus on 

the elastic modulus and foundation coefficient of CRCM, the 
changing of coal’s elastic modulus is range from 1GPa to 24GPa, 
which rock’s elastic modulus remains at 6GPa. Meanwhile, taking 
CRCM height as 10m for example, the corresponding height 
ratio of coal to rock is 1:2, 1:1, 2:1, 4:1, 6:1, and 8:1, respectively. 
It should be noted that the changing trend of elastic modulus of 
CRCM is the same with the foundation coefficient of CRCM 
under the condition of CRCM height keeping constant according 
to equations (15) to (16). Therefore, taking the changing trend of 
the foundation coefficient of CRCM as example, a comprehensive 
analysis about variation of CRCM’s foundation coefficient with 
coal’s elastic modulus is shown in Figure 7.

According to Figure7, it indicated that the foundation 
coefficient of CRCM increases with the increasing of coal’s elastic 
modulus regardless of the height ratio of coal to rock and the 
tendency to change reduces. In details, the changing of the 
foundation coefficient of CRCM is nonlinearly with the increasing 
of coal’s elastic modulus when coal’s elastic modulus is smaller 
than rock’s elastic modulus, while this changing is approximately 
linearly with coal’s elastic modulus increasing under the condition 
of coal’s elastic modulus greater than rock’s elastic modulus. 
Meanwhile, when the height ratio of coal to rock is relative small, 
the changing of coal’s elastic modulus has remarkable effect on 
the mechanical characteristics of CRCM under coal’s elastic 
modulus smaller than rock’s elastic modulus. On the contrary, 
there is no significant effect on the mechanical characteristics of 
CRCM under coal’s elastic modulus greater than rock’s elastic 
modulus. On the other hand, when the height ratio of coal to 
rock is relative large, the influence of the relative relationship 
between coal’s elastic modulus and rock’s elastic modulus on 
the foundation coefficient of CRCM becomes less prominent. 
That is to say, there is remarkable effect on the foundation 
coefficient of CRCM in the entire range of coal’s elastic modulus.

The elastic modulus of rock
Similarly, for studying the variation of the elastic modulus 

and foundation coefficient of CRCM with rock’s elastic 
modulus, the different rock’s elastic modulus is considered 
with the range from 1GPa to 24GPa, while coal’s elastic 
modulus keeps with 6GPa. Meanwhile, CRCM height is 
assumed as 10m, and the corresponding height ratio of coal 
to rock is 1:4, 1:2, 2:3, 1:1, 4:1, and 8:1, respectively. It should 
be noted that the variation of the elastic modulus of CRCM is 
similar to the foundation coefficient of CRCM under the 
condition of CRCM height remaining constant according to 
equation (16). Therefore, taking the variation of the foundation 
coefficient of CRCM with rock’s elastic modulus as example, 
the comprehensive analysis is shown in Figure 8.

According to Figure 8, it can be seen that the foundation 
coefficient of CRCM increases with the increasing of rock’s 
elastic modulus. In details, the changing of the foundation 
coefficient of CRCM is nonlinearly increasing with the increasing 
of rock’s elastic modulus under the condition of rock’s elastic 
modulus smaller than coal’s elastic modulus, while this 
changing is linearly increasing with the increasing of rock’s 
elastic modulus under the opposite condition. In addition, the 
influence of rock’s elastic modulus on the foundation coefficient 
of CRCM always exists with the changing of rock’s elastic 
modulus when the height ratio of coal to rock is relative small. 
However, this obvious trend can only be revealed under the 
condition of rock’s elastic modulus smaller than coal’s elastic 
modulus when the height ratio of coal to rock is relative large. 
In general, the reduction impact of rock’s elastic modulus on 
the foundation coefficient can be found with the increasing of 
the height ratio of coal to rock.
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Figure 7. CRCM’s foundation coefficient versus coal’s elastic modulus
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Figure 8. CRCM’s foundation coefficient versus rock’s elastic modulus
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CRCM with Contact Angle

When there is a certain angle with the interface of 
CRCM, the effect of coal’s elastic modulus or rock’s 
elastic modulus on the elastic modulus and foundation 
coefficient of CRCM is similar to that of CRCM without 
contact angle according to compare the equation (25) 
with equation (15) and combine with equation (16). 
Therefore, there is no much detail about the influence of 
coal’s elastic modulus or rock’s elastic modulus on the 
elastic modulus and foundation coefficient of CRCM 
with contact angle here. On the other hand, the effective 
height ratio of coal to rock and the value of contact 
angle have different impact on the elastic modulus and 
foundation coefficient of CRCM due to the existence of 
contact angle on CRCM. Therefore, in order to analyze 
the variation of elastic modulus and foundation 
coefficient of CRCM with the changing of the effective 
height ratio of coal to rock and contact angle, the CRCM 
height is assumed as 10m with the effective height ratio 
of coal to rock ranging from 0.4 to 2.0 and contact angle 
ranging from 0° to 26°. It should be noted that the 
changing trend of CRCM’s elastic modulus is similar to 
that of the foundation coefficient of CRCM according to 
equation (16). Therefore, taking the variation of the 
foundation coefficient of CRCM with the effective height 
ratio and contact angle as example is described and 
analyzed. In addition, three conditions of the relative 
relationship between coal’s elastic modulus and rock’s 
elastic modulus are considered with 4GPa and 6GPa, 
6GPa and 4GPa, 6GPa and 6GPa, respectively. The details 
are as follows.

The effective height ratio of CMCR with 
contact angle

As shown in Figure 9, the variation of the foundation 
coefficient of CRCM with the effective height ratio of coal to 
is reflected when the contact angle of CRCM is 0°, 6°, 10°, 14°, 
18°, 22° and 26°, respectively. It indicated that the foundation 
coefficient of CRCM decrease with the increasing of the 
effective height ratio of coal to rock on all contact angle when 
coal’s elastic modulus is smaller than rock’s elastic modulus, 
while this trend is opposite when coal’s elastic modulus is 
greater than rock’s elastic modulus. However, these changing 
trends slow down. Therefore, the foundation coefficient of 
CRCM is affected greatly within the lower effective height 
ratio of coal to rock when coal’s elastic modulus is different 
from rock’s elastic modulus. By contrast, the foundation 
coefficient of CRCM keeps constant with the increasing of the 
effective height ratio of coal to rock under the condition of 
coal’s elastic modulus equaling to rock’s elastic modulus.
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Figure 9. Variation of the foundation coefficient of CRCM with the 
effective height ratio of coal to rock

Contact angle
Figure 10. shows the changing trend of CRCM’s foundation 

coefficient with the changing of contact angle in the range of 
effective height ratio from 0.4 to 2.0. It can be found that the 
variation of CRCM’s foundation coefficient is approximately 
linearly with contact angle when coal’s elastic modulus is 
smaller than rock’s elastic modulus, while this trend is opposite 
under the condition of coal’s elastic modulus greater than 
rock’s elastic modulus. However, there is no changing for 
CRCM’s foundation coefficient with contact angle when coal’s 
elastic modulus is equal to rock’s elastic modulus due to the 
similar mechanical properties both coal and rock at this 
condition.
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Figure 10. Variation of the foundation coefficient of CRCM with 
contact angle

Although the relationship of foundation coefficient of CRCM 
with the effective height ratio of coal to rock and contact angle 
is described as above, the influence of contact angle on the 
foundation coefficient of CRCM is not remarkable on the whole. 
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Meanwhile, through analyzing the influence factors of contact 
angle and the effective height ratio of coal to rock on the 
foundation coefficient of CRCM, the results show that the impact 
of the effective height ratio of coal to rock on the foundation 
coefficient of CRCM is greater than that of contact angle.

Discussion
Based on elastic foundation beam model, it is of great 

importance to describe the elastic modulus and foundation 
coefficient of CRCM for determining support working resistance 
in LTCC face. Therefore, this paper describes the variation of 
elastic modulus and foundation coefficient of CRCM with coal 
height, rock height, coal’s elastic modulus and rock’s elastic 
modulus without contact angle as well as the effective height 
ratio and contact angle with contact angle. Results indicate that 
all factors mentioned above have certain degree effect on the 
mechanical properties of CRCM. Although there are some rules 
revealed by theory solutions and further analysis, some 
limitations should also be admitted. In the study, both coal and 
rock are considered as ideal elastic body. In fact, as top-coal 
caving in LTCC face, both top-coal and rock gradually broken 
with the process of mining. Meanwhile, it should be paid more 
attention on the law of energy transfer and dissipation in 
cushion layer as well as the preparation of joint fracture samples 
in the future theoretical studies and laboratory tests. However, 
in summary, the analysis and theoretical solution of the elastic 
modulus and foundation coefficient of CRCM lay theoretical 
foundation for the effect of the mechanical properties of CRCM 
on determining support working resistance in LTCC face. 
Authors also carried out experiments test to research the effect 
of coal height, rock height, coal’s elastic modulus, rock’s elastic 
modulus, the effective height ratio of coal to rock, and contact 
angle on the elastic modulus of CRCM. In addition, the 
theoretical solution of support working resistance in LTCC face 
have been solved combined with the results of this paper and 
based on elastic foundation beam model. These results will be 
described and analysed in other articles.

Summary and Conclusions
This paper mainly describes the process of theorical 

solution for the elastic modulus and foundation coefficient of 
CRCM and analyses the influence factors of coal height, rock 
height, coal’s elastic modulus, rock’s elastic modulus, the 
effective height ratio of coal to rock, and contact angle on the 
elastic modulus and foundation coefficient of CRCM. The 
conclusions can be obtained as follow.

1.  Building CRCM without contact angle and with contact 
angle model, the corresponding theorical solution of the 
elastic modulus and foundation coefficient of CRCM can 
be obtained under both conditions.

2.  Both coal height and rock height have quite different 
effect on the elastic modulus and foundation coefficient 
of CRCM without contact angle. The elastic modulus of 
CRCM decreases with the increasing of coal height when 
coal’s elastic modulus is smaller than rock’s elastic 

modulus and increases with the increasing of coal height 
when coal’s elastic modulus is greater than rock’s elastic 
modulus. However, the opposite trend of CRCM’s elastic 
modulus with the increasing of rock height can be 
revealed under the same condition. In terms of the 
foundation coefficient of CRCM, it always decreasing with 
the increasing of coal height or rock height. And all trends 
slow down.

3.  The elastic modulus and foundation coefficient of CRCM 
increase with the increasing of coal’s elastic modulus or 
rock’s elastic modulus and the tendency to change 
reduces. In addition, the reduction impact of coal’s elastic 
modulus on the elastic modulus and foundation 
coefficient of CRCM can be found with the decreasing of 
the height ratio of coal to rock, while the opposite result 
which the reduction impact of rock’s elastic modulus on 
the elastic modulus and foundation coefficient of CRCM 
with the increasing of the height ratio of coal to rock can 
be indicated.

4.  When there is contact angle for CRCM, the similar 
changing trend of the elastic modulus and foundation 
coefficient of CRCM can be described with that of CRCM 
without contact angle.

5.  The elastic modulus and foundation coefficient of CRCM 
decrease with the increasing of the effective height ratio 
of coal to rock on all contact angle when coal’s elastic 
modulus is smaller than rock’s elastic modulus, while this 
trend is opposite when coal’s elastic modulus is greater 
than rock’s elastic modulus. And these changing trends 
slow down. 

6.  The variation of the elastic modulus and foundation 
coefficient is approximately linearly with contact angle 
when coal’s elastic modulus is smaller than rock’s elastic 
modulus, while this trend is opposite under the condition 
of coal’s elastic modulus greater than rock’s elastic 
modulus. However, there is no apparent effect of contact 
angle on the elastic modulus and foundation coefficient 
of CRCM on the whole. In addition, the results show that 
the impact of the effective height ratio of coal to rock on 
the mechanical properties of CRCM is greater than that of 
contact angle.
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