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Abstract. The energy dissipation of coal under dynamic loads is a major issue in geomechanics and arising
extensive concerns recently. In this study, dynamic loading tests of coal were conducted using a split Hopkinson
pressure bar (SHPB) system, the characteristics of dynamic behavior and energy dissipation of coal were analyzed,
and the mechanism of energy dissipation was discussed based on the fracture processes of coal under dynamic loads.
Experimental results indicate that the energy dissipation of coal under dynamic loads has a positive linear correlation
with both incident energy and dynamic compressive strength, and the correlation coefficients between incident
energy, dynamic compressive strength and the energy dissipation rate are 0.74 and 0.98, respectively. Theoretical
analysis demonstrates that higher level of stress leads to greater energy released during unstable crack propagation,
thus resulting in larger energy dissipation rate of coal under dynamic loads. At last, a semi-empirical energy
dissipation model is proposed for describing the positive relationship between dissipated energy and stress.

Keywords: split Hopkinson pressure bar; energy dissipation; incident energy; dynamic compressive
strength; fracture processes

1. Introduction

Dynamic behavior of coal and rock is one of the most significant issues encountered in various
underground engineering, such as coal mining, tunnel excavation, civil construction, and blasting
(Yang et al. 2014, Zhang and Zhao 2014). Considerable research effort has been devoted to
characterize the dynamic behavior of coal and rock, and the results indicate that the failure process
of brittle materials under dynamic loads is always linked to the energy dissipation (Gaziev 2001).
Therefore, a thorough understanding on the energy dissipation features and its mechanism of coal
and rock is theoretically and practically significant for dealing with the failure issues encountered
in underground engineering.

Many tests have been conducted to investigate the energy dissipation of coal and rock under
different loading conditions, including quasi-static loads and dynamic loads. Since the rock
deformation and destruction under quasi-static loads was considered as an irreversible process of
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energy dissipation (Xie et al. 2011), many scholars have studied the energy dissipation of rock
under different quasi-static loading conditions, such as uniaxial compression (Song et al. 2015,
Sufian and Russell 2013, Wasantha et al. 2014), conventional triaxial unloading (Huang and Li
2014). A few others have also studied the energy dissipation of coal under uniaxial cyclic loading
(Song et al. 2012) and conventional triaxial loading conditions (Peng et al. 2015). These studies
show that the energy dissipation of coal and rock under quasi-static loads is closely related to
external loading conditions.

The research on energy dissipation of rock under dynamic loads was mainly conducted using
split Hopkinson pressure bar (Zhang and Zhao 2014). The energy dissipation of rock under
dynamic loads was first studied by Lundberg (Lundberg 1976) using an SHPB system. Numerous
studies have suggested that the energy dissipation of rock under dynamic loads is related to strain
rate (Liu et al. 2012), slenderness ratio (Li et al. 2014), incident energy (Hong et al. 2009), and
fragmentation (Whittles et al. 2006). However, the underlying mechanism of energy dissipation of
coal is still unclear, thus systematic and specialized investigations on the mechanism of energy
dissipation of coal under dynamic loads is quite necessary, which could provide a theoretical basis
for understanding the energy dissipation of coal. In this study, a series of dynamic loading tests
were conducted using the SHPB system, and the characteristics of dynamic behavior and energy
dissipation of coal are studied. Furthermore, the mechanism of energy dissipation is discussed
from the perspective of dynamic fracture processes, and a semi-empirical energy dissipation model
is finally proposed for describing the positive relationship between dissipated energy and stress.
The results obtained in this paper provide a theoretical basis for dealing with the various failure
issues encountered in underground engineering, such as coal mining, tunnel excavation, civil
construction, and blasting engineering.
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Table 1 Physical properties, thermal property, and proximate analysis result of Sanhejian coal specimens

Physical properties Proximate analysis Thermal property
True density ~ Apparent density Moisture Ash Volatile matter Calorific value
(kg/m3) (kg/m3) (%) (%) (%) MJ/kg)
1446 1541 2.1 26.27 37.53 23.15
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Fig. 2 Experimental system for determining quasi-static mechanical properties of coal specimens

Table 2 Quasi-static mechanical properties, wave velocities of Sanhejian coal specimens

Mechanical properties Wave velocities
Uniaxial compressive Young’s modulus Poisson’s ratio Dilatational Shear wave
strength (MPa) (GPa) wave (m/s) (m/s)
8.77 4.74 0.40 2126.89 1074.24

2. Methods
2.1 Specimen preparation and basic properties

Coal samples were obtained from the Sanhejian coal mine located in Jiangsu Province (Fig.
1(a)). In accordance with the recommended specimen size for SHPB experiments (Davies and
Hunter 1963), the samples were processed uniformly through drilling from the raw coal blocks
along parallel bedding directions, then slicing and polishing into cylindrical specimens (Fig. 1(b)-
(c)). The roughness at both ends of the polished specimens is less than 0.02 mm, and the ends of
these polished specimens are perpendicular to their axial line. The maximum angle of deviation
between each end of polished specimen and the axial line of specimen is less than 0.25°. Physical
properties, thermal property, and proximate analysis result of Sanhejian coal specimens are listed
in Table 1 as an essential part of the basic description for specimens.

Quasi-static mechanical properties of Sanhejian coal are obtained using a MTS C60 hydraulic
servo-control testing machine (Fig. 2(a)) based on the ISRM suggested method (Bieniawski and
Bernede 1979). The results are listed in Table 2, including uniaxial compressive strength, Young’s
modulus, and Poisson’s ratio. In addition, the wave velocities of Sanhejian coal are determined by
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ultrasonic pulse transmission technique (Fig. 2(b)) according to the ISRM suggested method
(Aydin 2014). The ultrasonic pulse is generated by an arbitrary waveform generator board (ARB-
1410) and received by an acoustic emission board (Express-8). The product names of transducers
utilized for converting electrical pulses into mechanical pulses (or reversely) are NANO-30 and
SWC37-0.5. The tested dilatational wave velocity and shear wave velocity of Sanhejian coal are
2126.89 m/s and 1074.24 m/s, respectively (Table 2).

2.2 Experimental method

Dynamic loading tests were conducted using a SHPB system (Fig. 3) according to the ISRM
suggested method (Zhou et al. 2012). The SHPB system consists of a pneumatic impact loading
unit, a velocity measurement unit, and a dynamic-strain-acquisition unit. The pneumatic impact
loading unit consists of a striker bar (@50 x 600 mm), incident bar (350 x 2400 mm), transmission
bar (050 x 1200 mm), and damper. All the bars are made of 40Cr alloy steel, with an elastic
modulus of 210 GPa and an elastic wave velocity of 5160 m/s. The coal specimen to be tested is
placed between the incident bar and the transmission bar. Since coal is quite brittle, a cubic pulse
shaper made of rubber (10 mm X 10 mm x 3 mm ) was used to extend the impulse rising time in
order to achieve dynamic equilibrium in the specimen. The striker bar is driven by high-pressure
gas in a gas cylinder. During testing, the striker bar hits the incident bar with great force, causing
an impact on the specimen. The velocity of the striker bar is defined as a ratio of beam spacing (40
mm) to the time interval of truncating two laser beams when the striker bar moves through the
time counter. Part of the stress wave in the incident bar will reflect at its end in contact with the
specimen, and the remaining part of the stress wave is transferred to the transmission bar by
penetrating through the specimen. Both bars are subjected deformation under the stress wave, and
therefore, the individual strain gauges on both bars will record the respective bar’s deformation.
The strain pulse signals recorded by the strain gauge on the incident and transmission bars are
stored by the dynamic strain-acquisition instrument.

The basic assumptions of the SHPB experimental technology are one-dimensional stress wave
hypothesis in the elastic bar and stress homogenization hypothesis in the test specimen (Chen and
Song 2010). The strain rate, strain, and stress in specimen could be calculated based on the
recorded incident wave signal &%), reflected wave signal ¢.(¢), and transmitted wave signal &(?)
according to the ISRM suggested method (Zhou et al. 2012).

Time Counter
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p A — W == |g
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Fig. 3 Schematic diagram of the SHPB system
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where £(¢) is the strain rate, &(¢) is the strain, o(¢) is the stress, C is the longitudinal wave velocity
of bar, Ly is the sample thickness, 4 is the cross-sectional area of bar, A, is the cross-sectional area
of specimen, & denotes strain, and the subscripts i, », ¢ refer to the incident, reflected and
transmitted waves, respectively. The dissipated energy of coal specimen under dynamic loads can
be calculated as follows (Lundberg 1976)

W=W,—(W,+W,) “

where W. is the dissipated energy of coal specimen, W, W, and W, are energy carried by the
incident, reflected, and transmitted wave, respectively, which can be calculated as follows

W= AEe,[ & (t)at (5)
W, = AEe,[ & (t)dt (6)
W, = A,Ec,[ & (1)dt 7

where 7 is the duration of stress wave, p.c.is the wave impedance of bars, 4, is the cross-sectional
area of bars, o(f) denotes stress in bar at time ¢, and the subscripts i, », ¢ refer to the incident,
reflected and transmitted waves, respectively. To eliminate the influence of the amplitude
fluctuation of incident wave, the energy dissipation rate of specimen is defined as w,, which is a
dimensionless quantity, and its expression is as follows

w, =W, [W, @®)

3. Results
3.1 Characteristics of dynamic behavior

The experiments were conducted using the SHPB system shown in Fig. 3, and the results are
listed in Table 3, which indicate that the range of impact velocity is 10.47—13.49 m/s; the range of
strain rate of coal is 44.40-66.69 s'; and the range of dynamic compressive strength of coal is
5.41-18.70 MPa.
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Table 3 Strain rate and dynamic compressive strength (o,) of coal under dynamic loads

Sample ID Di(arlrrlnnei;er szr%f)h Impaz:rtn\//se)locity Strezisr}l )rate ( 1\/?15;3)
M1 49.80 49.90 13.28 62.70 18.70
M2 48.50 49.80 10.72 44.40 5.58
M3 49.82 49.72 13.49 64.34 9.30
M4 49.42 49.82 12.73 57.77 7.29
M5 48.84 49.40 12.95 54.88 10.18
M6 49.60 49.42 12.11 51.42 8.05
M7 48.80 49.76 12.46 61.79 12.41
M8 48.52 49.62 10.47 46.19 541
M9 49.42 49.82 11.99 54.40 15.30
M10 49.38 49.36 12.82 61.24 10.82
M1l 48.64 49.86 14.07 66.69 9.00
MI12 49.30 49.52 12.15 59.69 8.02

Stress-strain behavior is considered as one of the most significant characteristics of materials.
The dynamic stress-strain curves of coal samples under dynamic loads are shown in Fig. 4. These
stress-strain curves go through a gradual descent after the peak stress rather than drop down
immediately, which is the most significant difference compared with the stress-strain curves of
coal under quasi-static loads. As can be seen from Fig. 4, the dynamic behavior of coal under
dynamic loads consists of three evolutionary stages (i.e., stages I, II, III of sample M1). Stage I can
be further divided into three parts, namely, OA, AB, and BC. The OA part named compaction
stage shows an upward concavity, which is attributed to the closing of pre-existing cracks. Since
there are various defects, such as flaws, porous, and joints, in natural coal, the closure of these
defects results in an noticeable upward concavity in most stress-strain curves. The compressive
capacity of coal gets strengthened after the OA part. The AB part is the linear elastic stage, in
which the stress and strain curve increases synchronously and the stress and strain show a positive
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Fig. 4 Dynamic stress-strain curves of coal samples under dynamic loads
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linear correlation with steady deformation and elastic energy accumulation in coal body. The BC
part is the nonlinear deformation stage, in which the tendency of the stress-strain curve tend to be
nonlinearly rising and the slight increase of stress leads to a significant increase in strain. The
duration of the BC part is significantly longer than that of the OA and AB parts. At the end of
Stage I, the stress-strain curve of coal body shows a peak value (i.e., the dynamic compressive
strength), and begins to enter Stage II, which is called the post-peak stage. In Stage II, the coal
loses the compressive capacity and the stress decreases gradually while the strain increases rapidly,
that is to say, the deformation of coal will continue even if the external loads get removed. Stage
III is called the failure stage, in which the stress-strain curve exhibits a rapidly drop down trend,
and the coal gets completely decomposed.

3.2 Characteristics of energy dissipation

The dissipated energy and energy dissipation rate of coal specimens under dynamic loads can
be calculated using Egs. (4) and (8), respectively. Fig. 5 shows the relationship between energy
dissipation and the strain rate, and Fig. 6 shows the relationship between energy dissipation and
incident energy. In these figures, In.Energy represents incident energy, Re.Energy represents
reflected energy, Tr.Energy represents transmitted energy, Di.Energy represents dissipated energy,
and Di.Energy rate represents energy dissipation rate.

It can be seen from Fig. 5 that with the increase of the strain rate, the incident energy and
reflected energy present a synchronous upward trend. Results of correlation analysis showed that
the incident energy and the strain rate are subject to a positive linear correlation of y = 2.93x —
89.51 (correlation coefficient, 0.94), and that the reflected energy and the strain rate are subject to
a positive linear correlation of y = 2.00x — 54.62 (correlation coefficient, 0.99). Based on the
remarkable positive linear correlation between strain rate and impact velocity (Table 3), and
between incident energy and strain rate, we can safely deduce that the higher the impact velocity
of striker bar, the more is the incident energy carried by the incident wave.

As can be seen from Fig. 6, the dissipated energy and energy dissipation rate are increased
linearly with the incident energy increasing gradually. Results of correlation analysis shows that
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Fig. 5 Relationship between energy dissipation and strain rate



664 Junjun Feng, Enyuan Wang, Rongxi Shen, Liang Chen, Xuelong Li and Zhaoyong Xu

50 0.6
Di. Energy
40 || e Di. Energy rate
Linear Fit of Di. Energy Jos
30 L ——— Linear Fit of Di. Energy rate '
s ¢ {04 §
B 1wl . 8
© @
(=4 [ =4
LI;J ok 403 w
(=] [a]
A0k
402
.20
_30 1 1 1 1 1 1 1 1 01
40 50 60 70 80 9 100 110 120

In. Energy (J)

Fig. 6 Relationship between energy dissipation and incident energy

140 2.4 i
| % In. Energy . ‘Energy. J 40 - ® g: E:‘Wzg; rate
120 | ® Re. Energy Linear Fit of Tr. Energy {50 Linear Fit of D| Energy los
- = - 30 — Linear Fit of Di. Energy rate .
I 100 N
B = : 116 m
2 8ot 5 ® = - 5 5 20r 104 2
L:; B, e, e * li25 ) 3
2 eof P g o 10r g
o3 ° [] 0 w 403 4§
> ° i - i —
g w0l % 0.8 = 8 ol [a]
w
: 102
£ 20r 104 10 -
[N
L L | L | ' ' 40.0 -20 I I L L L L I 0.1
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
0, (MPa) 0, (MPa)
(a) Incident energy, reflected energy, transmitted (b) Dissipated energy, energy dissipation rate,
energy, and dynamic compressive strength and dynamic compressive strength

Fig. 7 Relationship between energy dissipation and dynamic compressive strength (a;)

the dissipated energy and energy dissipation rate are positively linearly correlated with the incident
energy. The respective correlation functions are y = 0.38x — 11.76 and y = 0.002x + 0.05, and the
corresponding correlation coefficients are 0.89 and 0.74, respectively. Since the incident energy, as
well as the strain rate, is positively correlated with the impact velocity of striker bar, it can be
concluded that the energy dissipation of coal is closely related to the external loading conditions.
Figs. 7(a) and (b) show the relationship between energy dissipation of coal and its dynamic
compressive strength. It can be seen from this Fig. 7(a) that the incident energy, reflected energy,
and transmitted energy increased with the increase of the dynamic compressive strength of coal.
Results of correlation analysis showed that the dynamic compressive strength is linearly correlated
with incident energy and reflected energy, respectively, with corresponding correlation coefficients
of 0.69 and 0.46, whereas the correlation coefficient for the relationship between the dynamic
compressive strength and transmitted energy is 0.86. This suggests that with improvements in the
dynamic compressive strength of coal, the transmitted energy in coal will be increased
significantly. Additionally, the dissipated energy and energy dissipation rate are positively linearly
correlated with the dynamic compressive strength. The respective correlation functions are y =
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2.19x —4.30 and y = 0.016x + 0.057, and corresponding correlation coefficients are as high as 0.91
and 0.98, suggesting that the higher the dynamic compressive strength of coal under dynamic
loading conditions, the more is the dissipated energy of coal.

In order to verify the correlation between incident energy, dynamic compressive strength and
the energy dissipation, some existing experimental data of rock (granite, sandstone, limestone, etc.)
obtained using SHPB (Hong et al. 2009) were analyzed and compared with the results in this study.
The results indicate that there is also a good positive relationship between the incident energy,
dynamic compressive strength and the energy dissipation, which agrees well with the results in this
study. However, the existing literature didn’t explain the mechanism of energy dissipation in rock
under dynamic loads, thus there is still necessary to give further discussion.

4. Discussion
4.1 Fracture processes of coal under dynamic loads

Since the energy dissipation happens simultaneously with the fracture of coal under dynamic
loads, a thorough understanding of the failure mechanism which describes the processes taking
place in coal in the course of dynamic loads would be an essential prerequisite for revealing the
mechanisms of energy dissipation.

Based on the hypothesis for the mechanism of brittle fracture of rock (Bieniawski 1968), the
fracture process in rock from initial load application to complete disintegration of specimen has
been divided into following phases: closing of cracks, linear elastic deformation, stable crack
propagation, and unstable crack propagation. Since coal is a typical quasi-brittle rock material, the
fracture processes of coal under dynamic loads can also be determined from its complete stress-
strain curve according to the hypothesis specified above (Fig. 8).

During the first phase called closing of cracks, the pre-existing microscopic pores and cracks in
coal gradually closed under the applied dynamic loads, and the compressive capacity has been
strengthened through compaction under axial stress. After the completion of crack closure, the
stress-strain curves become linear and strain being elastic, which is called the linear elastic
deformation phase. It should be noted that the linear elastic deformation phase lasts for a quite
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Fig. 8 The fracture processes of coal under dynamic loads. Phase a is closing of cracks, phase b is linear
elastic deformation, phase c is stable crack propagation, and phase d is unstable crack propagation
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short period under the dynamic loads, and soon further deformation leads to fracture initiation
when the closed cracks start to propagate. Now the phase called stable fracture propagation
prevails, during this stage, a part of the elastic energy is released to extend the crack surfaces,
which is the initiation of energy dissipation. When the applied dynamic loads increase to a certain
degree, unstable fracture propagation starts and persist until the final rupture happens. The strength
failure occurs during the unstable fracture propagation, which means the coal losses its maximum
compressive capacity (i.e., the dynamic strength of coal material). After the strength failure
happens, the coal undergoes a rather long period of unstable fracture propagation before the coal
rupture occurs, and that, in fact, is the most significant difference compared with that of coal under
quasi-static loads. The rupture of coal is the final stage of the fracture processes when the
disintegration of coal takes place. The ejected fragments consume the residual elastic energy
within coal.

As can be seen from Fig. 8, criteria for stable crack propagation and unstable crack propagation
are key points in fracture processes, the criterion for stable crack propagation is also applicable for
determining the onset of energy dissipation. Based on the stability concept of brittle fracture, the
onset of stable crack propagation is determined by means of the well-known Griffith energy
balance at fracture initiation, and the beginning of unstable crack propagation is identified by the
Irwin’s concept of critical energy release. Since the dynamic loads applied to coal specimen
increase rapidly, the fracture initiation and critical energy release occur almost simultaneously,
thus resulting in a relatively short stage of stable crack propagation compared with the unstable
crack propagation. What’s more, after the onset of unstable crack propagation, the crack edge
generally accelerates to a very high velocity, which would dissipate a large amount of the elastic
energy to sustain crack growth. Hence, in this study, we attribute the most dissipated energy to the
unstable crack propagation in fracture processes of coal under dynamic loads.

4.2 Energy dissipation model of coal under dynamic loads

In the SHPB tests on rock materials, assuming that the energy lost at the interfaces between the
specimen and the bars is negligible, the dissipated energy, W,., defined by Eq. (4) is primarily
partitioned into three parts: (1) fracture and damage energy, W, associated with fracture surface
and micro-cracks; (2) kinetic energy, Wk, of flying fragments; (3) other energy, Wy, consumed in
other forms of energy such as thermal energy and radiant energy. Since the energy W, is usually
negligible compared with the other forms of energy, the relationship between W,., Wi, and W is
generally given as follows (Zhang et al. 2000).

W, =W, +Wy )

According to a previous experimental study on energy portioning in SHPB tests (Zhang et al.
2000), the kinetic energy of flying fragments is a small proportion of the dissipated energy (less
than 7%), most of the dissipated energy is used to forming new fracture surfaces and inner
cracking damage. Thus, the dissipated energy W, in Eq. (9) can be approximately rewritten as

W, =Ws=G,4, (10)

where, A, is the new macro- and micro-fracture surfaces generated in coal under dynamic loads,
and Gy is the dynamic energy release rate defined as the rate of mechanical energy flow out the
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body and into the crack tip per unit extension (Freund 1998), which equals the dissipated energy
per unit extension. The relationship between the dynamic energy release rate and the dynamic
stress intensity factor is as follows (Freund 1998).

1-p’ 1
G, = Ep [AI(V)KIZd-’_A]( )Klzld] ZAIH( )K1211d (11)

where, E is the modulus of elasticity, u is the elastic shear modulus, p is the Poisson’s ratio, v is the
crack speed, K4, Kj4, and Kj; are dynamic stress intensity factors of three basic modes of crack,
A[v), A;(v) and A;;(v) are universal functions defined as fallows (Freund 1998).

4,(v)= s 7 (12)

(1-p):| 4o, ~(1+))

v

A4, = . 2
) (1-p)c? [4050,0@ —(1+ af) (13)

Ay (V) = 1/as (14)

where, \/ V/ C \]1 B "/ C , Cy 1s the dilatational wave speed, C is the shear wave

speed. The relatlonshlp between the dynamlc stress intensity factors and static stress intensity
factors is summarized as follows (Freund 1998).

K[de,(V)K,, K= k ( )KH’ K[Hd:klll(v)Klll (15)

where, £, (V) R (1 - V/CR)/ 1-v/C, , ky (V) ~ (1 -v/C, )/ 1- V/Cs k111 \/1 - V/Cs , Cy 1s the
Rayleigh wave speed, K;, K;;, Ky are static stress intensity factors. The expressmn of static stress
intensity factor for different cracks varies from one type to another, but the common form is
K =Yo+Jza , where a is the initial crack length, Y is a load-independent constant related to crack
geometric parameters only. With the Egs. (12)-(15) substituted into Eq. (11), we get the dynamic
energy release rate given by

arv’o’ (1-v/Cy) 1+p) Yf\/l—vz/Cj+Y,f\/1—vz/Cs2
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Fig. 9 Theoretical dynamic energy release rate and experimental dissipated energy rate under different
stress level. G, denotes the dynamic energy release rate

It can be concluded from Eq. (16) that the dynamic energy release rate, equivalent to the energy
dissipated per unit crack advance, is mainly affected by the crack velocity and the magnitude of
loads. According to the aforementioned fracture processes of coal under dynamic loads, the most
dissipated energy is caused by unstable crack propagation within coal. Early studies of the unstable
fracture propagation process in rock materials have revealed that as the stress level approaches
strength failure, the fracture propagates with rapidly increasing velocity, reaching its maximum
(i.e., the limiting crack speed) and thereafter constant value at strength failure (Bieniawski 1968).
Other experimental studies have shown that the limiting crack speed is a physical constant for
nominally brittle materials, and the available maximum crack propagation velocities of rock-like
materials under dynamic loads are in the range from 0.2 Cy to 0.57Cg (Zhang and Zhao 2014). By
substituting the parameters shown in Table 2 into Eq. (16) and the Rayleigh wave speed given by
(0.862 + 1.14p)/ (1 + p) C; (Zhang and Zhao 2014), we get the dynamic energy release rate with
respect to different crack speed and stress level plotted in Fig. 9.

As a basis for further discussion, we would preannounced that the theoretical dynamic energy
release rate shown in Fig. 9 is calculated with assuming that the crack initial length, a, and the
crack geometric parameters, Y, is constant. As can be seen from Fig. 9, the dynamic energy release
rate, as well as the experimental dissipated energy rate increases synchronously with the increasing
stress. Thus a semi-empirical energy dissipation model is proposed based on the expression of
dynamic energy release rate (Eq. (16)).

w, =Co” 17

where, w, is the energy dissipation rate defined in Eq. (8), C and b are material constants, which
are 0.038 and 0.75 for coal specimen in this study. It can be concluded that higher level of stress
leads to greater energy released during unstable crack propagation, thus resulting in larger energy
dissipation rate of coal under dynamic loads.

5. Conclusions

In this paper, the energy dissipation of coal under dynamic loads is investigated by the
experiments conducted using a SHPB system, as well as the theoretical analysis carried out from
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the perspective of dynamic fracture processes. The conclusions are as follows:

e The energy dissipation rate are positively linearly correlated with incident energy and
dynamic compressive strength, and respective correlation functions are y = 0.002x + 0.05
and y = 0.016x + 0.057, with correlation coefficients of 0.74 and 0.98.

e The most dissipated energy is attributed to the unstable crack propagation in fracture
processes of coal under dynamic loads, higher level of stress leads to greater energy released
during unstable crack propagation, thus resulting in larger energy dissipation rate of coal
under dynamic loads.

e The positive relationship between dissipated energy rate (w.) and stress (o) could be
described by an semi-empirical model w. = Co”, where C and b are material constants,
which are 0.038 and 0.75 for coal specimens in this study.
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