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To study the effect of high temperature on the dynamic mechanical properties and energy evolution characteristic of limestone
specimens, the basic physical parameters of limestone specimens that cool naturally after experiencing high temperatures of room
temperature (25°C), 200°C, 400°C, and 600°C were tested. In addition, compression tests with 6 impact loading conditions were
conducted using SHPB device. )e changes of basic physical properties of limestone before and after temperature were analyzed,
and the relationship among dynamic characteristic parameters, energy evolution characteristics, and temperature was discussed.
Test results indicated that, with the increase of temperature, the surface color of specimen changed from gray-black to gray-white,
and its volume increased, while the mass, density, and P-wave velocity of specimen decreased. )e dynamic compressive stress-
strain curve of limestone specimens after different high-temperature effects could be divided into three stages: elasticity stage, yield
stage, and failure stage. Failure mode of specimen was in the form of spalling axial splitting, and the degree of fragmentation
increased with the increase of the temperature and incident energy.With the increase of the temperature, the reflection energy, the
absorption energy, the dynamic compressive strength, and dynamic elastic modulus of rock decreased, while its transmission
energy, the dynamic peak strain, and strain rate increased. )e dynamic compressive strength, dynamic elastic modulus, dynamic
strain, and strain rate of limestone specimens all increased with the increase of incident energy, showing a quadratic
function relationship.

1. Introduction

Rock engineering safety problem induced by high temper-
ature had become an important topic in rock mechanics
research [1–3]. High-temperature rock mechanical behavior
was different from normal temperature, and its physical and
mechanical properties were closely related to the tempera-
ture; hence, studying the mechanical behavior of rock after
high temperature had important theoretical and engineering
significance [4–6].

Based on the response of rock to strain rate, the strength
and deformation characteristics of rock after high

temperature could be divided into static and dynamic as-
pects. Under static loads, Xi et al. [7] investigate the thermal
damage characteristic of granite after different high-tem-
perature effects, and the shear failure strength criterion of
granite under thermomechanical coupling was established;
in addition, test results indicated that temperature had
significant effect on the failure characteristic of granite
specimen. Su et al. [8] conducted the static compressive tests
on fine-grained sandstone after high temperature, and the
effects of temperature on static compressive strength and
structure characteristics of sandstone were also investigated
using X-ray diffraction and scanning electron microscope
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technique; the test found that 600°C could be used as a
threshold temperature of strength conversion of fine-
grained sandstone samples. Considering the stress state of
rock in engineering, Xu et al. [9] carried out the triaxial
compressive tests on granite and studied the strength and
deformation properties of granite under different confining
pressures and high-temperature effects. Under dynamic
loads, scholars conducted dynamic impact tests with the help
of split Hopkinson pressure bar (SHPB) device to investigate
the strength and deformation characteristic of rock at high
strain rate. Yin et al. [10] investigate the dynamic mode Ι
fracture toughness of granite with different temperatures
and strain rates under coupling static and dynamic loads.
)e mechanical behavior and failure mode of biotite granite
under combined action of cycle loading and high temper-
ature (20°C, 200°C, 400°C, and 600°C) were studied using a
modified SHPB device [11]; test results revealed that a
threshold temperature for biotite granite may have existed
between 400°C and 600°C. Wong et al. [12] found that the
peak stress and fragment size of marble sample after heating
were inversely related to the heating temperature, and most
of energy was dissipated through plastic deformation. Liu
and Xu [13] conducted dynamic impact tests on marble with
various high temperatures and air pressures, and the rela-
tionship between dynamic stress-strain curve characteristic
and failure mode was studied.

Limestone was one of the most widely distributed
mineral resources in the Earth’s crust, which was the main
raw material for burning lime and cement; moreover, it was
also the requisite flux for steelmaking and ironmaking
[14–16]. Hence, it was valuable to study the physical and
mechanical properties of limestone after high temperature.
Rock material was composed of mineral particles of various
chemical compositions and different crystallinities, and
energy was an internal factor for the destruction of rock,
which was accompanied by the entire deformation and
destruction process [17–19]. Additionally, energy dissipa-
tion was the driving force for the destruction of material, and
rock deformation and failure could be regarded as the result
of mutual conversion between different forms of energy,
which produced irreversible energy dissipation [20–27]. Yin
et al. [28] investigated the damage degree and energy dis-
sipation characteristic of rock after high-temperature
treatment, and results showed that, with the increase of high
temperature, the reflected energy increased, while both
transmitted energy and absorbed energy decreased.

From the above investigation, it could be concluded that
the research results of high-temperature limestone mainly
focus on the static loads, and the dynamic mechanical
properties and energy dissipation of limestone were limited.
In this research, the basic physical parameters, such as color,
volume, mass, density, and longitudinal wave velocity of the
specimen after experiencing high temperatures of room
temperature (25°C), 200°C, 400°C, and 600°C, were com-
pared. Moreover, the dynamic compressive tests on sand-
stone after high-temperature effects were carried out with 6
impact pressures (0.4MPa, 0.5MPa, 0.6MPa, 0.7MPa,
0.8MPa, and 0.9MPa), and the dynamic stress-strain curves
and failure modes of sandstone specimen with various test

conditions were studied. Finally, the relationships among
dynamic compressive strength, dynamic elastic modulus,
dynamic strain, and strain rate, as well as the failure mode of
sandstone specimen and temperature, were analyzed from
the energy perspective.

2. Basic Physical Properties before and after
High Temperature

2.1. Processing and High-Temperature Heating of Limestone
Specimens. Rock specimens were collected from Shun-
geng mountain in Anhui province, China. To enhance the
contrast of the test results, test specimens used were
taken from the same rock block with good compactness
and homogeneity [29]. According to the recommenda-
tions of the international institute of rock mechanics [30]
and the China rock mechanics and engineering society’s
“Technical specification for testing method of rock dy-
namic properties” [31], the size of the limestone speci-
men was determined to be 50mm × 25 mm. Rock sample
processing equipment such as ZS-100 drilling sampler,
DJ-1 rock cutting machine, and SHM-200 double-end
grinder was used to core, cut, and grind and polish to
control the unevenness of the two ends of rock specimen
less than ±0.05 mm, and the error of the end surface
perpendicular to the axis of the test piece was less than
±0.25°, ensuring that the machining accuracy meets the
test requirements.

A box-type resistance furnace equipped with an auto-
matic temperature control system was used to heat the
limestone specimen at high temperature, as shown in Fig-
ure 1. )e size of the working room was
300mm× 200mm× 120mm, and the designed maximum
heating temperature was 1200°C. First, place limestone
specimens evenly in the furnace with a certain distance
between two specimens. Subsequently, the heating was
performed slowly at a heating rate of 10°C/min until
reaching the set temperature. )e temperature set values
were 200°C, 400°C, and 600°C, respectively, in addition, a set
of room temperature (25°C) was added for comparison. In
order to ensure that rock specimens were uniformly heated,
temperature would keep constant temperature for 4 h after
heating to the set temperature. Finally, the heated limestone
specimens were cooled to normal temperature in the furnace
by natural cooling.

2.2.ApparentMorphologicalCharacteristicsof Specimensafter
High Temperature. In this test, the apparent morphology of
limestone specimens subjected to room temperature (25°C),
200°C, 400°C, and 600°C is shown in Figure 2. It could be
noticed that the color of the limestone specimen at room
temperature was gray-black; moreover, the surface color of
the specimen changed significantly and become gray-white
after the high temperature. When the temperature increased
to 600°C, a small amount of powder particles appeared on
the surface of rock specimen, which illustrated that high
temperature action showed damage effect on the structure of
limestone and caused degradation of mechanical properties.
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2.3. Changes in Volume, Mass, Density, and Longitudinal
Wave Velocity. According to the “Standard for test method
of engineering rock mass” [32], the diameter, height, and
quality of the limestone specimen after different temperature
effects were measured and calculated, and the C61 type
nonmetal ultrasonic detector was used to obtain its longi-
tudinal wave velocity. )e volume, mass, density, and
longitudinal wave velocity of limestone specimen before and
after the high temperature are shown in Figure 3.

It can be seen from Figure 3(a) that the limestone speci-
mens showed volume expansion after different high-temper-
ature effects, and the increase rate of volume increased with the
increase of temperature. After 200°C, 400°C, and 600°C, the
volume increased by 0.40%, 1.03%, and 2.81%, respectively,
comparedwith that after room temperature.)is phenomenon
was caused by the volume expansion of the mineral particles
composed of limestone due to high temperature, and the
original micropores and microcracks inside the specimen
began to germinate new cracks, which caused the expansion of
specimen volume. After different high-temperature effects, the
limestone specimens lost mass, and the mass reduction rate
increased slightly with the increase of action temperature. After
200°C and 400°C, themass reduction rate of specimen was only
0.02% and 0.04%, respectively. When the action temperature
increased to 600°C, the mass loss rate of rock specimen in-
creased slightly, and the mass reduction rate was 0.97%.

Figure 3(b) indicates that density of rock specimen
decreased with increasing temperature after high tempera-
ture. )e density of limestone specimens at room high
temperature was 2.711–2.721 g/cm3, while after 200°C,
400°C, and 600°C, the average density was 2.711 g/cm3,
2.692 g/cm3, and 2.604 g/cm3, which was 0.37%, 1.05%, and
3.94% less compared with that after room temperature.
Figure 3(c) shows that the longitudinal wave velocity of the
limestone specimen without high-temperature effect ranged
from 3975m/s to 4117m/s. With the increase of tempera-
ture, the longitudinal wave velocity of the limestone spec-
imen showed a downward trend. After 200°C, the
longitudinal wave velocity of the specimen was 3793m/s,
which was 7.87% less compared with that after room
temperature. When the temperature increased to 400°C and
600°C, the velocity of the longitudinal wave was reduced by
32.69% and 51.98%, respectively. )e main reasons could be
concluded in two aspects: On one hand, due to the effect of
high temperature, the constituent minerals inside the
limestone specimen were expanded and new cracks were
caused by different expansion coefficients. When the action
temperature increased, the rock structure degradation de-
gree increased, and powder particles appeared on the surface
of the specimen. On the other hand, the pore volume caused
by the evaporation of various types of water in the test piece
increased. )e increase of pores and the deterioration of

(a) (b) (c) (d)

Figure 2: Apparent morphology of limestone specimens after high temperature. (a) 25°C. (b) 200°C. (c) 400°C. (d) 600°C.

Figure 1: Box-type resistance furnace heated at high temperature.
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internal structure caused by new cracks had a blocking effect
on the propagation of stress waves, which caused the at-
tenuation of stress wave propagation energy in the specimen
and the decrease of wave velocity.

3. The Basic Principle and Test Result of
SHPB Test

3.1. SHPB Test Device and Its Basic Principle. SHPB test
device in the state key laboratory of mining response and
disaster prevention and control in deep coal mine (as shown
in Figure 4) was used to perform impact tests on limestone
specimen with various temperature effects.

During SHPB test, the same impact velocity and loading
waveform could be obtained using the same impact air
pressure. When the incident stress pulse reached the in-
terface between the incident bar and rock specimen,
transmission and reflection occurred due to the different
wave impedances. )e stress pulse signal propagating in the

pressure bar could be obtained from the strain gauges
mounted on the incident and transmitted bar, respectively,
as shown in Figure 5.

SHPB experimental principle was based on the as-
sumption of one-dimensional stress wave and stress uni-
formity [33]. )e three-wave method was used to obtain
dynamic mechanical parameters such as stress σ(t), strain
ε(t), and strain rate _ε(t) of the specimen:

σ(t) �
AE

2As

εI(t) + εR(t) + εT(t) ,

ε(t) �
C

Ls


τ

0
εI(t) − εR(t) − εT(t) dt,

_ε(t) �
C

Ls

εI(t) − εR(t) − εT(t) ,

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(1)

where A, E, C were the cross-sectional area, elastic modulus,
and elastic longitudinal wave velocity of the compression
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Figure 3: Relationship between basic physical parameters of limestone and temperature. (a) Volume andmass. (b) Density. (c) Longitudinal
wave velocity.
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bar, respectively; AS and LS were the specimen cross-sec-
tional area and specimen length, respectively; εI(t), εR(t),
and εT(t) were the incident, reflected, and transmitted wave
strain signals, respectively; τ was the duration of stress
loading.

3.2. Dynamic Compressive Stress-Strain Curves of Rock
Specimen. SHPB test device was used to carry out impact
compression test with 6 kinds of impact gas pressures on the
limestone specimen under room temperature (25°C), 200°C,
400°C, and 600°C. )e dynamic compressive stress-strain
curves of limestone specimen after different temperature
effects were obtained and are shown in Figure 6.

Figure 6 reveals that the dynamic compressive stress-
strain curves of limestone specimens after room and high
temperature could be divided into three stages: elasticity
stage, yield stage, and failure stage. In elastic stage, the re-
lationship between stress and strain was proportional, and
its slope increased with the increase of impact pressure;
moreover, the ratio of elastic stage gradually decreased with
the increase of temperature. In yield stage, the curve slope
gradually decreased, and the slope of the curve was 0 when it
reached the peak value; in addition, the decline rate of curve

slope slowed down with the increase of temperature, and the
ratio of yield stage gradually increased with the increase of
temperature, which was due to the continuous evolution and
development of fissures inside rock. Final, the internal cracks
of the rock penetrated to form macrofailure and the slope of
the curve was negative. )e curves of limestone specimens
showed upward trend with the increase of the impact
pressure, and under the same loading conditions, the curve
showed downward trend with the increase of the
temperature.

3.3. Dynamic Failure Mode of Rock Specimen. )e dynamic
failure modes of rock specimens with various tempera-
ture effects are shown in Figure 7. It could be noticed
that, for limestone specimens, after experiencing dif-
ferent high temperatures, the fragment failures were
mainly sheet-shaped and axial splitting failure shape.
Under the same action temperature, with the increase of
impact air pressure, the incident energy generated in-
creased, and the fracture surface of the specimen and
degree of fragmentation gradually increased, while the
size of the fragment decreased. Under the same impact
pressure, the incident energy generated was basically the
same, and the crushing degree of the specimen increased
with the increase of temperature. )e damage degree of
limestone after 600°C high temperature was higher than
the same loading condition at room temperature. When
the impact gas pressure was relatively low, the limestone
specimen could not be completely destroyed, and the
number of fragments and specimen size was small. As the
impact air pressure increased, the incident energy in-
creased, and the fragmentation degree increased, the
damage fragments were significantly increased, and the
size of the fragments becomes significantly smaller.
Under small impact air pressure, the incident energy
acting on the specimen was relatively small. )e random
microcracks randomly distributed in the direction were
developing in an orderly direction, and the number of
broken blocks was small. With the incident energy acting
on the test piece being increased, the cracks in the test
piece were fully developed, resulting in a decreased size
of fragments.

Figure 4: SHPB test device.
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4. Dynamic Characteristic Parameters and
Energy Evolution of SHPB Test

4.1. Energy Composition in SHPBTest. In SHPB compressive
tests, from the beginning of loading to the unloading pro-
cess, the energy carried by the incident wave εI(t), the re-
flected wave εR(t), and the transmitted wave εT(t) could be
obtained by equation (2) [34, 35]:

EI(t) � E0C0A0 
τ

0
ε2I(t)dt,

ER(t) � E0C0A0 
τ

0
ε2R(t)dt,

ET(t) � E0C0A0 
τ

0
ε2T(t)dt,

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎭

(2)

where εI(t), εR(t) and εT(t) were the incident energy, re-
flected energy, and transmitted energy, respectively.

In SHPB test, since the lubricant was applied on the
contact surface between the rock specimen and the pressure

rod, the energy consumed by the friction between the
contact interfaces and between the specimen and the
pressure rod could be ignored. Hence, according to the
principle of energy conservation, the absorbed energy of
limestone specimen could be obtained:

EA(t) � EI(t) − ER(t) + ET(t) . (3)

)e absorbed energy by the rock specimen was mainly
dissipated in the following three aspects:

EA(t) � EFD(t) + EK(t) + EO(t), (4)

where EFD(t) was energy consumption, mainly used for
the propagation of original cracks inside the test piece and
the generation of new fracture surfaces; EK (t) was ejection
kinetic energy, mainly referring to the energy carried by
the flying pieces of rock specimen. EO (t) was another
energy consumption, such as acoustic energy, thermal
energy, radiant energy, and other forms of dissipated
energy.
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Figure 6: Dynamic compressive stress-strain curves of limestone specimen after different temperature effects. (a) 25°C. (b) 200°C. (c) 400°C.
(d) 600°C.
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Previous investigation showed that the ratio of EO (t) was
relatively small and could be ignored [36]; hence

EA(t) � EF D(t) + EK(t). (5)

Zhang et al. and Hong [37, 38] found that EFD (t) was
about 95% of ES (t); hence, the rock absorption energy EA (t)
was used to replace rock energy consumption EFD (t).

4.2. Relationship between Energies in the SHPB Test.
According to the obtained wave singles and calculation
method, the incident energy, reflected energy, and trans-
mitted energy of limestone specimen during the SHPB test
could be calculated and are shown in Figure 8.

Figure 8 shows that incident energy, reflected energy,
transmitted energy, and specimen absorbed energy all
increased with the duration of loading, and the energy
remains basically constant after reaching a certain value.
)e total incident wave loading time was about 207 μs.
Figure 8(a) indicates that, at low impact air pressure
(0.4MPa), the transmission energy accounted for the
largest proportion, about 71% of the incident energy,
while the proportion of reflected energy was the smallest,
only 4% of the incident energy. Moreover, the absorbed
energy of the rock specimen was slightly higher than the
reflected energy, accounting for about 24% of incident
energy, and reached peak value at 133.2 μs. Figure 8(b)
illustrates that, at high-impact air pressure (0.9MPa),
transmitted energy and reflected energy account for

approximately 24% and 39% of the incident energy, re-
spectively, and the absorption energy of specimen was
about 37% of the incident energy, which reached peak
value at 199.7 μs. For rock at room temperature (25°C),
under the low impact pressure, the degree of damage is
small, and the energy absorbed by the specimen is rela-
tively small. Most of the incident energy was transmitted
to the transmitted bar through limestone specimen, and
only a small part of them reflected to the incident bar. )e
rock specimen was damaged, caused by high temperature.
After 600°C, under the effect of higher-impact pressure,
the destruction degree of the specimen was severe, and the
energy absorbed by the specimen increased. Most of the
incident energy reflected to the incident bar. Most of the
energy absorbed by limestone specimen was dissipated in
the damage evolution process of the microcrack; hence,
the original disordered crack in the test piece gradually
developed in an orderly direction, and finally a macro-
scopic main crack was formed, which led to the structure
failure of test specimen.

When the SHPB test was carried out using 6 kinds of
impact air pressures of 0.4MPa, 0.5MPa, 0.6MPa, 0.7MPa,
0.8MPa, and 0.9MPa, the similar incident energy could be
obtained under the same loading conditions, and the inci-
dent energy increased with the increase of impact air
pressure, showing positive correlation, as shown in Figure 9.

Figure 10 shows the relationship among reflected energy,
transmitted energy, and absorbed energy of limestone with
incident energy. )e reflected energy, transmitted energy,
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and absorbed energy all increased with the increase of in-
cident energy, showing quadratic function relationship, and
the fitted minimum correlation coefficients were 0.9772,
0.9273, and 0.9607, respectively.

Figure 10(a) revealed that, with the increase of tem-
perature, the fitting curve of reflected energy and incident
energy showed an upward trend, and the increase magnitude
of reflected energy gradually increased with the increase of
acting temperature. For example, the reflected energy of
specimen at room temperature increased from 1.09 J to
7.25 J, while the reflection energy of the specimen after the
600°C increased from 4.88 J to 34.95 J. Figure 10(b) indicated
that, with the increase of temperature, the fitted curve of
transmission energy and incident energy showed a down-
ward trend, and the increase magnitude of reflected energy
gradually decreased with the increase of temperature. After
600°C, the transmission energy increased from 10.41 J to
23.77 J when the incident energy increased from 24.55 J to
95.95 J. Figure 10(c) illustrates that, with the increase of

incident energy, the increase gradient of absorbed energy of
rock specimen after high temperature was basically the same.

4.3. Relationship between Dynamic Compressive Strength and
Incident Energy. In this test, the dynamic compressive
strength of limestone was defined as the peak dynamic stress
in stress-strain curve. )e dynamic compressive strength of
limestone with various temperature effects is shown in
Figure 11.

It could be observed from Figure 11 that the dynamic
compressive strength of limestone specimens increased with
increasing incident energy after different high-temperature
effects, showing quadratic function relationship, as shown in

σT � aE
2
I + bEI + c, (6)

where σTwas the dynamic compressive strength of limestone
after high temperature, MPa; a, b and c were the fitting
parameters, and their calculation values are shown in
Table 1.

Figure 11 also indicates that the σT−EI fitting curve
showed a downward trend with the increase of temperature,
and the dynamic compression strength of the specimen
decreased. )e dynamic compressive strength decreased by
3.5% and 7.9% when the action temperature increased to
200°C and 400°C, respectively. After 600°C, the dynamic
compressive strength was obviously reduced, with a 28.3%
decrease amplitude. )is was caused by the thermal stress
expanding the microcracks inside the specimen and initi-
ating new cracks, causing the deterioration of the internal
structure of the rock specimen.

4.4. Relationship between Dynamic Elasticity Modulus and
Incident Energy. )e dynamic elasticity modulus of lime-
stone with various temperature effects is shown in Figure 12.

Figure 12 shows that the dynamic elasticity modulus of
limestone specimens increased with increasing incident
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energy after different high-temperature effects, showing a
quadratic function relationship, as shown in

YT � dE
2
I + eEI + f, (7)

where YT was the dynamic elasticity modulus of limestone
after high temperature, GPa; d, e and f were the fitting
parameters, and their calculation values are shown in
Table 2.
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Figure 10: Relationship among reflected energy, transmitted energy, and absorbed energy of limestone with incident energy. (a) Reflected
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Figure 11: Relationship between dynamic compressive strength
and incident energy.

Table 1: Parameter values of dynamic compressive strength and
incident energy.

T (°C) a b c Correlation coefficient R2

25 −0.0075 1.6243 37.4229 0.9972
200 −0.0092 1.7498 33.7856 0.9688
400 −0.0109 1.9628 25.2459 0.9809
600 −0.0087 1.4030 25.9517 0.9565
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Figure 12 reveals that the YT−EI fitting curve showed a
downward trend with the increase of temperature. )e
dynamic elasticity modulus decreased by 5.4% and 34.5%
when the action temperature increased to 200°C and 400°C,
respectively. )e dynamic elasticity modulus decreased,
72.9%, after 600°C. With the increase of the incident energy,
dynamic elastic modulus of the limestone specimen in-
creased rapidly at 25°C, 200°C, and 400°C. When the action
temperature increased to 600°C, the fitting curve approxi-
mates horizontal line, and the dynamic antielastic modulus
was 11.03GPa–17.99GPa, which was obviously reduced
compared with that after room temperature. After high-
temperature effect, the microcracks in the limestone spec-
imen gradually expand, which reduced the ability of the
specimen to resist deformation. In addition, when the action
temperature exceeded a certain value, the internal mineral
composition of the rock changed due to high temperature,
which also weakened resist deformation ability of rock
specimen.

4.5. Relationship between Dynamic Peak Strain and Incident
Energy. )e dynamic peak strain was the strain corre-
sponding to peak stress; the dynamic peak strain of lime-
stone with various temperature effects is shown in Figure 13.
After the same temperature gradient, the dynamic peak
strain of the specimen was not significantly affected by the
incident energy, and the strain scopes were 2.07–2.79×10−3,
2.34–4.24×10−3, 3.57–4.89×10−3, and 5.29–6.46×10−3 after
25°C, 200°C, 400°C, and 600°C, respectively. However, dy-
namic peak strain increased with increasing temperature,

and the strain of limestone specimens after 200°C, 400°C,
and 600°C was 1.2 times, 1.6 times, and 2.4 times compared
with that after room temperature.

After different temperatures, the dynamic strain of the
limestone specimen increased with the increase of the in-
cident energy, showing a quadratic function relationship:

εT � iE
2
I + jEI + k, (8)

where εTwas the dynamic peak strain of limestone after high
temperature, GPa; i, j and k were the fitting parameters, and
their calculation values are shown in Table 3.
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Figure 12: Relationship between dynamic elasticity modulus and
incident energy.

Table 2: Parameter values of dynamic elasticity modulus and
incident energy.

T (°C) d e f Correlation coefficient R2

25 0.0211 −1.0492 43.4581 0.9675
200 0.0186 −0.8274 37.6388 0.9719
400 0.0161 −0.9026 32.0116 0.9879
600 0.0008 −0.0048 10.9194 0.9524
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Figure 13: Relationship between dynamic peak strain and incident
energy.

Table 3: Parameter values of dynamic peak strain and incident
energy.

T (°C) i j k Correlation coefficient R2

25 −2.98E−4 0.0428 1.2616 0.8629
200 3.44E−5 0.0236 1.8426 0.9480
400 6.78E−5 0.0069 3.5238 0.8906
600 −4.93E−4 0.0700 3.9821 0.8658
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Figure 14: Relationship between strain rate and incident energy.
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4.6. Relationship between Energy Dissipation and Strain Rate.
)e relationship between strain rate and incident energy is
shown in Figure 14.

)e strain rate of limestone specimen increased with the
increase of incident energy after different high temperatures,
which showed a quadratic function relationship, as shown in

_εT � lE
2
I + mEI + n, (9)

where _εT was the strain rate of limestone after high
temperature, s−1; l, m and n were the fitting parameters, and
their calculation values are shown in Table 4.

5. Conclusions

)e SHPB test device was used to perform compression tests
on limestone after 25°C, 200°C, 400°C, and 600°C with 6
impact air pressures. )e effects of high temperature on the
basic physical properties, dynamic characteristic parameters,
and energy of limestone specimens were analyzed.

(1) )e color of limestone specimen at room temperature
was gray-black, and the specimens become gray-white
after high temperature. When the action temperature
increased to 600°C, powder particles appeared on the
surface of rock specimen, which showed that the high
temperature effect damages the limestone structure.
With the increase of temperature, the volume of the
limestone specimen increased, while the mass, den-
sity, and longitudinal wave velocity decreased.

(2) )e dynamic compressive stress-strain curve of
limestone specimens after different high-temperature
effects could be divided into elasticity stage, yield stage,
and failure stage. Under the same temperature gra-
dient, the curve showed upward trendwith the increase
of impact air pressure, while the curve shows a
downward trend with the increase of the temperature

(3) )e limestone specimen failure with exfoliated axial
splitting, and the crushing degree of specimen in-
creased with the increase of temperature.)e reflected
energy, transmitted energy, and absorbed energy
increased with the increase of incident energy,
showing a quadratic function relationship. )e dy-
namic compressive strength, dynamic elastic modu-
lus, dynamic peak strain, and strain rate of limestone
specimens all increased with the increase of incident
energy, showing a quadratic function relationship.
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