
ORIGINAL PAPER

Effect of rock strength on failure mode and mechanical behavior
of composite samples

Jie Liu & Enyuan Wang & Dazhao Song & Siheng Wang &

Yue Niu

Received: 22 October 2013 /Accepted: 27 July 2014 /Published online: 19 August 2014
# Saudi Society for Geosciences 2014

Abstract Many dynamic events in coal mine are caused by
the instability of coal–rock body. In order to study the influ-
ence of rock strength on this type of instability, uniaxial
compression experiments of rock–coal–rock composite sam-
ples with different rock strengths are carried out, and the effect
and mechanism of rock strength on the mechanical behavior
and fracture mode of the composite samples are analyzed. The
results show that major failure modes of the composite sam-
ples are conjugate X-shaped shearing fracture and splitting
fracture. The angle between the shear fracture surface and the
end face increases with rock strength. The splitting fracture in
the coal body expands to the rock when the rock strength is
low. The strength properties of the composite samples mainly
depend on the coal strength instead of the rock strength. With
the rock strength increasing, the peak strain of the composite
samples decrease, and the differences from the coal strain and
strain rate to rock strain and strain rate become greater. These
failure modes and characteristics of deformation are shown to
be determined by the difference between the elastic modulus
of rock and coal constituting the composite samples.
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Introduction

Coal–rock dynamic disaster is the sudden destruction or
instability of coal–rock masses under load, including
coal and gas outburst, rock burst, etc. (Lama and
Bodziony 1998; Vesela 1996). During the process of
mining, the destruction of coal–rock mass is influenced
not only by their fracture surface, but also by the
characteristics of the roof and floor rock (Qin et al.
2006; Paul et al. 2012; Bai et al. 2013; Zhang et al.
2014). In the late period of many collieries, many
protective coal pillars and stopping coal pillars
(Shabanimashcool and Li 2012; Singh et al. 2011; Liu
et al. 2013) are left in the mining space, and the
composite structure consisted of these coal pillars and
overlying strata may determine the safety of the mining
space. With the increase of mining depth, the roof and
floor rock have larger effect on the stress in the coal
bed (Hosseini et al. 2013; He et al. 2005) and it is
necessary to study the deformation and fracture mecha-
nism of the system composed of roof–floor rocks and
coal.

The failure of rock samples in stress–strain testing is
similar to the dynamic disasters in the field (Cook
1965; Bieniawski et al. 1969; Wawersik and Fairhurst
1970); however, the stiffness of the testing machine is
much greater than that of the surrounding rocks in the
colliery. In order to better simulate the actual instability
of coal rock, many scholars combined two kinds of
rocks with different properties to simulate the phenom-
enon of dynamic instability (Chen et al. 1997; Lin et al.
1999; Seidel and Haberfield 2005; Xie et al. 2005), and
found that the stiffness of the rock part in series com-
bination is closely related to micro-fracture migration,
deformation localization, and post-peak fracture charac-
teristics. To better simulate the complicated geological
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and working condition of colliery, the fracture failure
mode and strength were also investigated for coal–rock
composite samples under different stress conditions (Zuo
et al. 2011a), and with different geometrical sizes
(Deng, et al. 2012), inclined angles (Guo, et al. 2011),
modes of combination (Zhang, et al. 2012), and loading
rates and paths (Zuo et al. 2011b; Huang and Liu
2013). These studies contribute to our knowledge about
the mechanical behavior and fracture failure mode of
composite samples.

Rock burst propensity is an important index to eval-
uate the probability of dynamic disaster, and the differ-
ence between this index of composite samples and coal
or rock was studied by Li et al. (2005). The effect of
height ratio (Liu et al. 2004), and strength and thickness
(Dou et al. 2006; Lu et al. 2009, 2010) of coal and rock
on this index were also investigated, and the rock burst
propensity of composite sample was found to increase
with the proportion of rock (in height and strength).
These studies help to illustrate the relationship between
the properties of coal–rock body and the energy re-
leased in fracture failure of composite samples.

Occasionally, different roof rock on top of the same
coal seam in different mining areas may lead to varied
dynamic behaviors of the coal seam. In the process of
dynamic evolution, knowledge about the deformation of
coal–rock mass is equally important as the development
of fracture. In this paper, rocks with different strengths
are selected to form composite samples with the same
coal body, and the stress–strain curves, fracture failure
mode, and deformation laws of these composite samples
under uniaxial compression are tested and the intrinsic
mechanisms of these mechanical behaviors are
discussed.

Testing program

Sample preparation

The geologic model of the composite samples tested in this
study is a coal wall in the Sijiazhuang coal mine located in
Shanxi Province, China. The histogram of the target coal seam
in Fig. 1 indicates that the rock strata with great influence on
the deformation and stress of the coal seam are distributed
approximately in the proportions of 3:4:3 (with the coal seam
in the middle) in thickness. From the experimental perspec-
tive, if the rock part were too large, the fracture failure of the
coal part would not be easily observed; if the coal part were
too large, the influence of rock on the fracture failure of the
coal part would be too small. Moreover, according to the
ISRM standard (Fairhurst and Hudson 1999), “test specimens
shall be right circular cylinders having a height -to-diameter

ratio of between 2.0 and 3.0 and a diameter preferably of not
less than approximately 50 mm.” Finally, the sizes of the
composite samples shown in Fig. 2 are selected.

Rock blocks with different strengths for testing are taken
from the Sijiazhuang coal mine (SR) located in Shanxi
Province, China; Xinlu coal mine (XR) located in Heilong-
jiang Province, China; Liangbei coal mine (LR) located in
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Fig. 1 Coal seam histogram

Fig. 2 Sketch map of composite sample
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Henan Province, China; Jinhuangzhuang coal mine (JR) lo-
cated in Anhui Province, China; and Da’anshan coal mine
(DR) located in Beijing, and the coal blocks are from the
Sijiazhuang coal mine (SC) located in Shanxi Province,
China, all in sizes about 50 cm3×50 cm3×50 cm3. According
to the International Society for Rock Mechanics as suggested
by Fairhurst and Hudson (1999), the rock samples are core-
drilled and cut into two sizes: Φ50 mm×30 mm and
Φ50 mm×100 mm, and the coal samples are made into sizes
of Φ50 mm×40 mm and Φ50 mm×100 mm. The precision of
these samples should meet the following requirements: (1)
“the ends of the specimen shall be flat to ±0.01 mm and shall
not depart from the perpendicular to the longitudinal axis of
the specimen by more than 0.001 rad (about 3.5 mm) or 0.05
in 50 mm;” (2) “the sides of the specimen shall be smooth and
straight to within 0.3 mm over the full length of the specimen”
(Fairhurst and Hudson 1999). Standard samples of Φ50 mm×
100 mm are used to test the mechanical properties of coal and
rock, respectively; composite samples shown in Fig. 2 are
made by overlapped rock samples of Φ50 mm×30 mm and
coal samples of Φ50 mm×40 mm in natural contact. Com-
posite samples are divided into five groups, each containing
three samples, as shown in Fig. 3. The compositions and sizes
of the composite samples are listed in Table 1.

Testing system and process

Testing system

The testing system shown in Fig. 4 includes a loading module
and strain acquisition module, and Fig. 5 shows the photo-
graphs of the instruments.

The loading system is YAW4306 microcomputer-
controlled electrohydraulic servo pressure machine, with
maximum load of 3,000 kN. The resolution of the
testing force indication (FS) is 1/300,000 with ±1 %
relative error. This system can control either the applied
force or the displacement of testing sample, and perform
uniaxial compression, stretching, cyclic loading, and
creep experiments.

Strain gages are used to detect the deformation of
testing samples, and DSG9803 dynamic strain amplifier
and USB8516 data acquisition instrument are adopted for
strain data acquisition. DSG9803 dynamic strain ampli-
fier provides seven magnifications through electric
bridge: 10, 20, 50, 100, 200, 500, and 1,000, and can
supply seven voltages: 1, 2, 3, 4, 5, 6, and 8 V. In this
experiment, magnification of 200 and voltage of 4 V are
chosen, and the sampling frequency of USB8516 data
acquisition instrument is set to be 100 Hz.

Testing process

After testing samples are prepared, strain gages are
pasted on a sample and connected with the strain data
acquisition system, and then equipment debugging is
made. Testing samples are then loaded under the yaw
type servo compression at the loading rate of 300 N/s,
until overall fracture failure occurs. The stress–strain
and deformation characteristics of coal, rock and com-
posite samples are tested, respectively.Fig. 3 Composite samples instance

Table 1 Composed part and size of composite samples

Sample group Sample number Sample
composition

Sample size
(diameter × high)

I 1 SR-SC-SR 50.00 mm×99.90 mm

2 50.20 mm×104.82 mm

3 50.28 mm×101.00 mm

II 4 XR-SC-XR 50.22 mm×100.80 mm

5 50.06 mm×96.50 mm

6 50.30 mm×94.62 mm

III 7 LR-SC-LR 49.86 mm×101.80 mm

8 50.06 mm×99.88 mm

9 50.20 mm×102.66 mm

IV 10 JR-SC-JR 50.04 mm×101.58 mm

11 50.42 mm×93.64 mm

12 50.06 mm×97.60 mm

V 13 DR-SC-DR 50.00 mm×102.80 mm

14 50.40 mm×105.42 mm

15 50.40 mm×108.18 mm
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Testing results

Stress–strain curve

The stress–strain curves of coal, rock, and composite sam-
ples are shown in Fig. 6. The curves of composite samples
are located between the curves of rock and coal samples,
and closer to the coal curve. A yield phase obviously exists
in the curves of both composite samples and coal sample,
but not in the curve of rock sample. When the coal sample is
loaded above the peak stress, large deformation occurs in
the sample before its load-bearing capacity is completely
lost; in contrast, the composite samples had little deforma-
tion after the peak stress is reached and before fracture
failure occurs, suggesting that the composite samples have
a higher rate of fracture than the coal sample.

For the composite samples with different rock
strengths, with the increase of rock strength, the

variation of strain gets smaller from the yield point to
peak pressure, and the time for the growth of internal
cracks to breakdown gets shorter. Figure 6 also shows
that the process from the yield point to the peak stress
point is accompanied by obvious nonlinear behavior and
takes a longer time for the composite samples with
lower rock strengths, such as group I (rock strength of
38.66 MPa) and group II (rock strength of 57.86 MPa).
With increasing rock strength, this process takes a
shorter time.

Failure mode

Final failure modes of composite samples with different
rock strengths are shown in Fig. 7. The fracture surfaces
of some composite samples are not retained completely,
since the residual strength of coal can no longer support
the weight of the roof rock. Figure 7 also shows that

Fig. 4 Sketch map of testing system

Fig. 5 Physical experiment
system diagram. aYaw type servo
press. b Strain acquisition system
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the coal bodies are broken more thoroughly and seri-
ously than the rock bodies. The lower part of the coal
body is tapered, indicating that the coal body was
subject to shear stress and failed by shear fracture, and
suggesting that the “X”-type shearing fracture surface
must have been formed inside the coal before failure.
The angle between the shear fracture surface and the
end face, β, turns larger with the increase of rock
strength. Three vertical cracks are also observed in the
coal body of group I, and one vertical crack in group
III, indicating the occurrence of splitting fracture. It can

be inferred from the shear fracture surface and tensile
cracks that shear fracture mainly occurs before splitting,
and the final destruction of the coal is dominantly
splitting, as shown in Fig. 7f.

Failure modes of the rock part are shown in Fig. 8.
When the composite samples, groups I and II, fail, the
cracks in the coal part extend to the rock part, as shown
in panels a and b of Fig. 8. The rock is broken into two
parts, and the fracture surface is smooth, suggesting the
occurrence of tensile fracture. In groups III and IV, only
one composite sample has ruptured rock part each, as

Fig. 6 Stress–strain curves

Arab J Geosci (2015) 8:4527–4539 4531



shown in panels c and d of Fig. 8. It suggests that
composite samples with higher rock strength could be

broken when a large amount of energy is released
during coal–mass fracture. The rock parts of the

(a) I (b) II

(c) III (d) IV

(e) V (f) Fracture mode of composite sample

Fig. 7 Failure mode of composite samples a I, b II, c III, d IV, e V, and f Fracture mode of composite sample

(a) I (b) II (c) III (d) IV
Fig. 8 Failure mode of roof rock a I, b II, c III, and d IV
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samples in group V are complete, so they are not
included in Fig. 8.

Variation of strain in composite samples

Variation of strain in the rock and coal parts during the
loading process is shown in Fig. 9. The strain of the
coal and rock parts increases gradually with the increas-
ing of load, and the strain of the coal part is larger than
that of the rock part. By the time of fracture failure, the
strain of both parts changes greatly, and the coal part
also has larger change than the rock part, suggesting
that cracking deformation mainly occurs in the coal part

during the loading process. For group I with rock
strength of 38.66 MPa, the strain of the coal part is
about two times of the strain of the rock part before
fracture failure, and the strain rate of both parts are
almost equal. Groups II and III have greater rock
strength, 57.86 and 65.54 MPa respectively, so the
difference between the strain of the coal and rock parts
is even larger, and the strain rate of the coal part is
larger than that of the rock part. For groups IV and V
with even greater rock strength, 83.21 and 94.57 MPa
respectively, both the strain and strain rate of the coal
part are far larger than those of the rock part, and the
strain of the rock part is very small, as shown in panels
d and e of Fig. 9.

Fig. 9 Strain change laws of composite samples

Arab J Geosci (2015) 8:4527–4539 4533



Analysis and discussion

Strength of composite samples under uniaxial compression

The force acting on the deformed rock–coal–rock composite
samples under uniaxial compression can be schematically
analyzed in Fig. 10 (Tang 1993; Chen et al. 1997); in the
figure, ur, uc, uf, and u represents deformation of the roof, the
coal, the floor, and the composite sample, respectively; P
denotes the applied external load. Before the occurrence of
fracture failure, the loading process can be regarded as a series
of static or quasi-static states, and force balance in the vertical
direction satisfies:

σr ¼ σc ¼ σ f ¼ σ ¼ P=A ð1Þ

where σr, σc, σf, σ denotes the vertical stress of the roof
rock, coal, floor rock, and composite sample, respectively; A
denotes the cross-sectional area of the composite sample. In
the process of quasi-static loading, the load on the coal part
and the rock part are the same. When the external load reaches
the uniaxial compressive strength of the coal part, fracture
failure of the coal part occurs, and the whole composite
sample loses load-bearing capacity; therefore, the uniaxial
compressive strength of the composite sample is determined
by the strength of the coal part. Comparison of peak strength
of the five groups of composite samples is shown in Fig. 11.
Among the five groups, the difference in the maximum
strength is 0.64 MPa, and the difference in the minimum
strength is 1.78 MPa. The difference between the maximum
and minimum value of average strength is 1.67 MPa. Consid-
ering individual deviations in the samples, the strength of the
composite samples can be generally regarded as the same
when the rate of loading is equal.

Comparison of the uniaxial compressive strength of the
composite samples and coal sample shows that the strength

of composite sample is much higher than that of coal sample,
which agrees with former research results (Li et al. 2005;
Huang and Liu 2013). Tuncay and Hasancebi (2009) found
that the height-diameter ratio is highly correlated to uniaxial
compressive strength; when the height-diameter ratio is less
than 2, the strength of the testing sample increases significant-
ly. The height-diameter ratio of the coal parts in the composite
samples in this study is just 0.8, so their uniaxial compressive
strength must be higher than the standard coal sample whose
height-diameter ratio is 2. Therefore, the uniaxial compressive
strengths of coal samples with a size of Φ50 mm×40 mm
(height-diameter ratio of 0.8) are tested for comparison, and
the result is shown in Fig. 12. Compared to the standard coal
sample, the uniaxial compressive strength of the Φ50 mm×
40m coal sample has improved and is almost equal to the
strength of composite sample.Moreover, the end effect caused
by the rock–coal interface has little influence on uniaxial
strength (Wawersik and Fairhurst 1970; Tang, et al. 2000). It
is concluded that the higher uniaxial compressive strength of
composite sample results from the reduced height-diameter
ratio of its coal part.

Fig. 10 Sketch map of composite sample force analysis

Fig. 11 Strength comparison

Fig. 12 Stress curve of single coal sample of φ50 mm×40 mm
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Rock strength and failure mode of composite samples

In order to discover the relationship between rock
strength and failure modes, the stress and strain of the
rock and coal part of the composite sample is analyzed.
An element is taken at the interface of coal and rock, as
shown in Fig. 13. Its upper part belongs to the rock
unit, and its lower part belongs to the coal unit. The
horizontal strain of both parts can be derived (Tan et al.
1994):

ε2r ¼ ε3r ¼ μr
σr

Er
ð2Þ

ε2c ¼ ε3c ¼ μc
σc

Ec
ð3Þ

where ε2r, ε3r, ε2c, and ε3c are the strain of the rock and coal
part in the horizontal direction, respectively; μr and μc is the
Poisson’s ratio of rock and coal, respectively; σr and σc are the
axial stress in the rock and the coal part, respectively, and Er

and Ec are the elastic modulus of rock and coal, respectively.
The Poisson’s ratio and elastic modulus of rock and coal
satisfy:

μr < μc;Ec < Er

Under uniaxial compression, σr=σc, so we have

ε2r < ε2c

suggesting that the strain in the horizontal direction in the
rock part differs from that in the coal part. It can be further
inferred that frictional force must exist on the rock–coal

interface to restrict the deformation of rock and coal, and this
frictional force can be expressed as

σ2r ¼ f rc˙ σr ð4Þ

where frc is the coefficient of friction between coal and rock
surfaces, the friction coefficient in the interface between coal
and rock varies with the distance from the interface center. The
relative displacement is different in the interface of coal and
rock. The relative displacement is zero in the center of the
interface, and it increases far away from center. Therefore, the
coefficient and friction vary with the distance from the center
of the specimen.

The theoretical strength of the element can be predicted
according to the Mohr-coulomb criterion (Tan et al. 1994):

σ1 ¼ 1þ sinφ
1−sinφ

σ3 þ Rc ð5Þ

where σ1 and σ3 are the vertical and horizontal ultimate
principal stress, respectively; φ is the internal frictional angle of
the interface; and Rc is the uniaxial compressive strength. When
no friction exists on the interface of rock and coal, we have

σ1 ¼ Rc

Figure 13 also shows that

σ1 ¼ σr;σ3 ¼ −σ2r

The strength of the rock part in the vicinity of the coal–rock
interface is

σrc ¼ Rrc

1þ 1þ sinφr

1−sinφr
f rc

ð6Þ

Similarly, the uniaxial compressive strength of the coal part
is

σcc ¼ Rcc

1−
1þ sinφc

1−sinφc
f rc

ð7Þ

Formulas (5) and (6) show that near the coal–rock interface
on the rock side, the uniaxial compressive strength is smaller
than that away from the interface area; however, on the coalFig. 13 Element at the interface between coal and rock
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side, the uniaxial compressive strength is greater than that
away from the interface area.

Under uniaxial compression, the stress state in the com-
posite sample can be shown in Fig. 14. Near to the coal–
rock interface, the magnitude of the horizontal compressive
stress in the coal body equals the horizontal tensile stress in
the rock body, and the direction is opposite; at the interface,
both stresses reach the maximum, σ2r, and decrease toward
the center of the coal or rock gradually, and eventually
disappear.

In the region under the influence of end effect, the coal
elements are in triaxial compression, so the coal is not easy to
fracture; the coal in the middle part is still subject to uniaxial
stress, and the radial tensile stress generated under compres-
sion, so tensile rupture is easy to occur, and the type “X” or
“hourglass” crack may be formed in the coal body after
fracture failure.

Generally, the rock with higher uniaxial compressive
strength has greater elastic modulus and lower Poisson’s
ratio, so the relative deformation between rock and coal
gets larger. Accordingly, the friction between the coal–
rock interfaces is greater and the region under the influ-
ence of end effect in the coal body gets larger, so the
angle β between the shear fracture surface and horizontal
end face is bigger.

After the load is increased to the peak strength of
coal, the internal cracks outside the zone subject to the
end effect grow and link up into fracture parallel to the
axial stress. At the same time, a large amount of energy
is consumed and released. At this moment, the cracks

will expand to both ends and across to the rock, and if
the strength of rock is not high enough, fracture failure
of the rock may occur. This phenomenon has been
observed in the experiment shown in Fig. 8.

Rock strength and characteristics of deformation

As shown in Fig. 10, the deformation of composite sample is

ur þ uc þ uf ¼ u ð8Þ

The stiffness of the composite sample is

λ ¼ P

u
¼ P

ur þ uc þ uf
¼ P

P

λr
þ P

λc
þ P

λ f

¼ λrλcλ f

λrλc þ λrλ f þ λcλ f
ð9Þ

where λ, λr, λc, and λf are the stiffness of the composite
sample, roof rock, coal bed, and floor rock, respectively.
According to the relationship between elastic modulus and
stiffness, the following equation can be obtained:

E ¼ λh=A ð10Þ

where E is the specimenmodulus; h is the specimen height;
and A is the cross-sectional area of the specimen. Supposing
that the lithology and size of the roof and floor rock are the
same, the elastic modulus of composite sample can be obtain-
ed as follows:

E ¼ ErEcA

Erhc þ 2Echr ˙
h

A
¼ Ech

hc þ 2hrEc=Er
ð11Þ

where Er and Ec are the elastic modulus of rock and coal
and hr and hc are the height of the rock and coal bed. Accord-
ing this formula, the elastic modulus of the composite sample
is related to the elastic modulus and height of the rock and
coal.

The elastic moduli of coal and rock are obtained from the
mechanical test result shown in Table 2. The elastic modulus
of composite samples can be independently obtained from
either the result of their mechanical test or Eq. (11), as shown
in Fig. 15. According to Fig. 15, the elastic modulus of
composite samples derived from Eq. (11) is larger than that
obtained from the test result, but with identical trend of
variation.Fig. 14 Stress state and failure modes inside composite sample
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The ratio of the strain of coal and rock can be also calcu-
lated. According to Eq. (1),

Erεr ¼ Ecεc ð12Þ

and

εc
εr

¼ Er

Ec
ð13Þ

where εr and εc represent the strain of coal and rock,
respectively. The calculated ratio of strain in the elastic
phase and the experimental results are both shown in
Fig. 16. The calculated strain ratio and the experimental
results rise linearly with rock strength and have identi-
cal trend.

According to Figs. 15 and 16, the elastic modulus of
composite samples derived from Eq. (11) and the strain
ratio derived from Eq. (13) are larger than that obtained

from the test result because the mechanical properties of
coal and rock are different.

The stress–strain curves of rock and coal can be
divided into compaction phase and elastic phase before
they yield. The compaction phase and elastic phase of
coal and rock are not synchronous because of the dif-
ferent mechanical properties of coal and rock, which
lead to the differences between experimental results
and calculated results. From the stress–strain curves
shown in Fig. 6, it is obtained that the deformation
phases of the coal are similar with the composite sam-
ples. They have little influence on the differences be-
tween experimental results and calculated results, so the
influence of deformation phase discrepancies between
rock and composite sample on the differences between
experimental results and calculated results is mainly
analyzed in this paper.

Take group I as an example; the stress–strain curves of rock
and composite sample of group I before composite sample
yielded are shown in Fig. 17. OA1 and OB1 are the

Table 2 Elastic modulus of rock and coal

Test No. E (GPa) Average
value (GPa)

Test No. E (GPa) Average
value (GPa)

I-R-1 8.53 6.37 IV-R-1 21.74 17.85
I-R-2 5.79 IV-R-2 18.02

I-R-3 4.79 IV-R-3 13.79

II-R-1 10.41 10.80 V-R-1 16.56 18.51
II-R-2 11.20 V-R-2 23.16

II-R-3 10.78 V-R-3 15.81

III-R-1 11.54 11.84 Coal-1 1.57 1.77
III-R-2 11.06 Coal-2 1.16

III-R-3 12.93 Coal-3 2.57

Fig. 15 Elastic modulus

Fig. 16 Strain ratio of calculation and experiment

Fig. 17 Stress–strain curves of rock and composite sample before com-
posite sample yield
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compaction phase of stress–strain of rock and composite
sample, respectively; A1A2 and B1B2 are the elastic phase of
stress–strain of rock and composite sample, respectively.
A3A2 in the stress–strain of rock is corresponding to B1B2 in
the stress–strain of composite sample, so the secant modulus
of A3A2 determines the elastic modulus of composite sample.
From the stress–strain curves, the secant modulus of A3A2 is
obviously less than the elastic modulus of rock. Therefore, the
experimental results are less than the calculated results from
Eqs. (11) and (13). The other samples, groups II, III, IV, and V,
are similar with group I.

Although choosing the elastic moduli of rock and
coal to analyze the elastic modulus and deformation
rules of composite sample could lead to little difference
with the experimental results, the secant modulus of
A3A2 is close to the elastic modulus of rock. Therefore,
the model established in the paper can be used to
qualitatively compare and analyze the elastic modulus
and deformation rule of composite sample.

Conclusions

In this paper, the effects of rock strength on the mechanical
behavior of rock–coal–rock composite samples are studied
through laboratory experiments and theoretical analysis. The
following statements can be concluded:

(1) The composite samples have stress–strain curve between
that of rock and coal, and closer to coal. A nonlinear
phase obviously exists in the stress–strain curves of
composite samples and coal sample. Increase of rock
strength can significantly shorten the time for the com-
posite samples to go from the yield point to peak strain
point. The strength properties of composite samples de-
pend mostly on the coal part, and the effect of rock
strength is negligible.

(2) The composite samples demonstrate conjugate X-shaped
shear fracture and splitting fracture in the coal. The angle
between the shear fracture surface and end face increases
with rock strength, which can explained by the influence
of end effect caused by the difference between the elastic
modulus of coal and rock. When rock strength is low,
splitting fracture in the coal body expands to the rock.

(3) With the increase of rock strength, the peak strain of
composite samples decrease, and the difference be-
tween either the strain or strain rate of rock and coal
becomes greater. This characteristic of deformation is
considered to be related to the variation of the elastic
modulus of composite sample, which is dependent on
the elastic modulus and height of the rock and coal
bed.
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