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In order to study the influence of pillar stopping blasting on the stability of cemented backfill, the dynamic impact test under low
strain rate (61.1∼86.8 s−1) was conducted on cemented backfill with two kinds of strength using three-dimensional coupled static-
dynamic SHPB equipment. At the same time, the strain rate effect of failure mode, dynamic strength factor, and energy transfer of
backfill were analyzed.,e results show that when the cemented backfill was loaded under different strain rates in the initial three-
dimensional static pressure environment, the pore compaction process was no longer obvious but directly entered the elastic
deformation stage. Within the range of strain rates, the extreme value of dynamic intensity factor (DIF) of CTB230 was 6.8, while
the extreme value of dynamic intensity factor of CTB310 specimen did not appear within the range of strain rates due to the
improvement of the internal cementation force between particles. ,e fracture surfaces of specimens were perpendicular to the
direction of load, and the failure mode was mainly the axial tensile failure, and the fracture surfaces were mostly close to the
loading end. According to energy calculation, reflected energy accounts for 80.4%∼86.6% of incident energy; dissipated energy,
5.5%∼14.3%; transmitted energy, 5.3%∼7.9%.

1. Introduction

,e backfill mining method is widely used in underground
mining projects because of its safety, economy, and envi-
ronmental protection characteristics. With the working face
advancing, to prevent the surrounding rock from caving and
surface subsidence, mined rock is used as a filling aggregate
to fill mined-out area, which provides a relatively safe
working environment and reduces the economic cost of
subsidence in mining enterprises [1]. As a kind of brittle
material, cemented filling body showed a small structural
damage under impact load, and the corresponding strain
load time is short; then, this high strain rate induces the
accumulation of the energy and stress concentration, which
results in the generation, expansion, penetration of internal
cracks, and structural failure under the action of the induced
stress.

Split Hopkinson pressure bar (SHPB) impact test
technology is generally used to study the dynamic charac-
teristics of cemented backfill. Up to now, a large number of
studies on the dynamic strength and failure energy of
cemented backfill and similar-concrete materials have been
carried out [2–16]. In Figure 1, the relevant dynamic
compression experimental results are sorted out, and it can
be seen that with the increase of strain rate, the dynamic
strength of cemented backfill also increased.When the strain
rate was low, the dynamic strength did not change obviously,
but it changed obviously at a higher strain rate. In order to
better describe the strength variation of materials similar to
concrete under the effect of load, many scholars have
proposed relevant dynamic strength criteria [17–19] based
on experimental laws and concluded the variation equation
of strength with strain rate. Wang et al. [20] studied the
physical mechanism of dynamic strength of concrete-like
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materials under different strain rates and showed that there
was an extreme value of dynamic strength and obtained the S
criterion of dynamic uniaxial compressive strength through
theoretical deduction and experimental verification. ,e
theoretical formula is as follows:

DIF � 1 +
FmaxF0(_ε/_ε)ξ/ln 10

Fmax − F0 + F0 _ε/_ε0( 
ξ/ln 10 . (1)

Here, ξ is the initial growth rate; Fmax represents the
maximum growth factor.

For the cement-like backfill material, when it is dam-
aged, the consumed energy per volume is a constant [20].
According to this criterion, its dynamic strength will not
increase infinitely with the strain rate but converge. Xu et al.
[21] used the SHPB experimental technique to establish the
empirical formula of dynamic strength change of backfill
material. Besides, based on the fact that the increment of
tensile strength and compressive strength caused by strain
rate effect is equal, they proposed the inertia effect failure
theory by conducting a dynamic tensile test. Yu et al. [3]
analyzed the response of concrete-like materials under
different strain rates. ,e results showed that the concrete-
like material is not sensitive to the strain rate at low and
medium strain rates, but its dynamic strength or yield stress
is very sensitive at high strain rates. ,e S criterion of dy-
namic strength is used to modify the strain rate effect
function of the classic Johnson-Cook constitutive.

When the cemented backfill material is subjected to
different strain rates, the specimens will be tensile or
experience splitting failure at different degrees, and this is
a very complicated process. Song et al. [22] used the
laboratory triaxial hydraulic test system to carry out cyclic
loading and compression experiments on the cemented
backfill material to explore the energy consumption

mechanism during the failure process, deriving the cal-
culation formula of damage in the three-dimensional
state. Cheng et al. [9] used acoustic emission equipment to
detect the ringing times of cemented backfill in the
process of loading and explored the size effect of com-
pressive strength and damage mode. Some scholars have
explored the failure of cemented backfill materials under
static and dynamic loads through numerical simulation
technology and revealed the strain rate effect and energy
dissipation law of backfill under load.

Based on this, in this paper, under different strain rates,
the three-dimensional dynamic and static combined impact
tests of cemented backfill with two kinds of strength were
conducted, and the influence of different strain rates on the
dynamic characteristics and failure mode of cemented
backfill were explored. Furthermore, the strain rate effect of
cemented backfill material was analyzed from the aspect of
energy and damage.

2. Preparation of Specimen

In the actual backfill project, the cement content of the
cemented backfill body ranged from 210kg/m3 to 280kg/m3. In
this research, cemented backfill bodies with two different
strengths, 230kg/m3 (represented by CTB230 in the following)
and 310kg/m3 (represented by CTB310 in the following) were
selected. ,e material ratio of these two cemented backfill
bodies is shown in Table 1.,e impact test under four different
loading strain rates was carried out, while coaxial confining
pressure was kept the same. ,e specimens with the size of
50mm× 50mm (diameter× height) were cured for 28 days
under standard curing conditions. In order to ensure the
uniform distribution of internal stress and strain when the
specimen is impacted, the experiment requires a high
smoothness on both ends of the specimen, and the parallelism is
generally required to be within the range of 0.02mm. ,e test
piece was polished twice with a grinding machine, and the final
length error of the test piecewas controlled to be±0.02mm, and
its roughness was about 0.02mm (Figure 2).

3. Experimental Principle and Scheme

3.1. Test Equipment. ,e experiment was carried out on
the SHPB experimental system with a diameter of 50 mm,
as shown in Figure 3. ,e length of the incident rod and
transmission rod is 2 m, and the bullet length is 0.35 m.
During the experiment, different strain rates were real-
ized by changing the impact pressure. In order to ac-
curately and better analyze the strain rate effect of
cemented backfill under three-dimensional conditions,
all the tests were carried out under the same axial con-
fining pressure. ,e SHPB experiment mainly collects the
pulse values generated by the incident wave εI, reflected
wave εR and transmitted wave εT in the impact process
through strain gauges attached to the incident bar and
transmission bar and then deduces the stress-strain re-
lationship of the specimen according to the stress wave
theory [23–25] following formulas (2)–(4):
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Figure 1: Research status diagram of the relationship between
uniaxial dynamic compressive strength and strain rate of backfill
material.
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σ �
AE

A0
εT. (2)

In formula (2), σ is the stress generated when the
specimen is impacted, MPa; A is the cross-sectional area of
the incident bar; A0 is the cross-sectional area of the
specimen; εT is the strain in the transmission rod under the
action of transmitted wave.

ε � −
2C0

l0


t

0
εRdt. (3)

In formula (3), ε is the strain generated when the
specimen is impacted; C0 is the elastic wave velocity of the
incident bar; l0 is the length of the specimen; εR is the strain
in the incident bar under the action of reflected wave; t is
time.

_ε � −
AE

A0
εR. (4)

In formula (4), _ε quarter is the average strain rate of the
specimens; E is the elastic modulus of the incident bar.

3.2. Test Strain Rates Loading. Different strain rate was re-
alized by controlling the loading rate of the bullet. In order to
obtain the experimental data while approximately keeping a
loading with constant strain rate, a cylindrical brass plate
with 5mm thickness and the same diameter as the rod was
used as the waveform shaper [26–29]. Under the condition
of four different strain rates, triaxial coupled static-dynamic
SHPB tests were carried out on cemented backfill with
different strength (CTB230 and CTB310), and the following
typical waveforms were obtained as shown in Figure 4.

In Figure 4, UR represents the reflected wave, UI rep-
resents the incident wave, and UT represents the transmitted
wave. ,e impact rod used in the triaxial coupled dynamic
and static combined impact test is spindle-shaped. ,e
original waveform of data is in the shape of incident wave UI
and reflected wave UR. Figure 4 shows the original wave-
forms of cemented backfill with the same material under the
action of different strain rates. It can be seen that the ab-
solute value of the peak incident wave was 0.13 mv when the
strain rate was 62.1 s−1 and 0.21 mv when the strain rate was
82.1 s−1. It can be seen that the UI amplitude at different
strain rates is proportional to the strain rate, and the width of

Table 1: Proportion of specimens of cemented backfill with different strength.

Group Tailings content (kg/m3) Cement content (kg/m3) Water (kg/m3) Contrast Compressive strength (MPa)
CTB230 1159 230 532 1 : 5 2.5
CTB310 1058 310 532 1 : 3.5 5.0

50 mm

50 m
m

Figure 2: Specimen preparation.

Figure 3: Triaxial coupled static-dynamic SHPB test equipment.
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UI is related to the length of the bullet. ,e longer the bullet
length, the wider the UI width.

,e experimental technique of SHPB is based on two
basic assumptions: one is the one-dimensional stress wave
hypothesis, which is basically true in the impact system with
a bar diameter of 50mm; the other is the specimen uni-
formity hypothesis under certain conditions. ,e wave
impedance ratio of the test sample to Hopkinson bar ma-
terial β has a significant effect on the stress balance; wave
impedance σ � ρ∗C0 (ρ is the specimen density, C0 is the
specimen wave velocity, and C0 �

���
E/ρ


, ρ is the specimen

density). When β> 1/100 and the reflected stress wave is less
than 10 times, the relative stress in the sample can be re-
duced to a low level, and the stress balance can be achieved
inside the specimen.

Figure 5 shows the stress balance test curve of
cemented backfill, namely, the superposition test of the
stress at the incident end and the stress at the transmission
end of the specimen.,e stress at the incident end refers to
the stress generated when the stress wave initially acts on
the specimen, and the stress at the transmission end refers
to the stress generated when part of the stress wave passes
through the specimen. After the specimen was subjected to
impact load, different degrees of internal and external
damage occurred, and part of the energy was consumed.
,erefore, there exists a certain deviation between the
transmission stress curve and “incident + reflection” stress
curve, as shown in Figure 5, in which the positive stress
represents compressive stress, and the negative stress
represents tensile stress [28–30]. Moreover, the reflected
stress wave was mainly negative, that is, tensile stress, but
positive at the end mainly because the specimen of
cemented backfill body still had a certain residual strength.
When the incident stress decreased, the elastic potential
energy stored in the specimen was released and transferred
to the bar, and a small amount of stress spring back
occurred, indicating that the specimen satisfied the one-
dimensional stress wave hypothesis and uniformity hy-
pothesis under the strain rate.

In order to simulate the downhole pressure environ-
ment, the axial pressure (Pi � 1.8MPa) and confining
pressure (Pa � 0.9MPa) were kept unchanged, the impact
pressure (Ip) was set to be 0.40∼0.55MPa, and the strain rate
was controlled in the range of 61.1∼86.8 s−1 during the
experiment.

4. Analysis of Dynamic Mechanical Properties

4.1. Dynamic Stress-Strain Curves. Under the impact of
three-dimensional dynamic and static load, the dynamic
strength of the cemented backfill has a positive relationship
with the strain rate. As the strain rate increased, the dynamic
strength of the material increased, and the plasticity was
enhanced. Under the three-dimensional condition, before
being subjected to a dynamic load, the specimen was sub-
jected to a certain static load in both axial and radial di-
rections, so that the original cracks in the specimen were
closed and the elastic energy storage stage was completed.
When the dynamic load was applied, the specimen directly
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Figure 4: Typical waveforms at different strain rates.
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Figure 5: Stress balance test of cemented backfill.
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entered the elastic deformation stage, and linear deforma-
tion occurred. In the stress-strain curve, the front part of the
curve is linear, which is different from the conventional
SHPB impact test.

In Figure 6(a), CTB230 showed significant differences in
dynamic strength under the action of different strain rates.
When the strain rate was 62.3 s−1, the dynamic strength of
the specimen was 12.6MPa. When the strain rate was
65.1 s−1, the growth rate of the dynamic strength was about
33.6%. When the strain rate increased to 82.2 s−1, the dy-
namic strength was 17.3MPa and the growth rate was 3.5%.
When the strain rate was 86.8 s−1, the dynamic strength of
the specimen is 17.7MPa, and the growth rate is about 5.6%.
It is indicated that when the strain rate of the backfill with
cement content is relatively low, the strain rate effect of the
material is more sensitive. When the strain rate is high, the
strain rate effect of the material is less sensitive. When the
strain rate was 62.3 s−1, the slope of the front section of
the σ − ε curve was significantly higher than that under other
strain rates, and the specimen entered the stress yield stage
when the strain was about 0.005. Because the load acting
on the specimen was relatively small at a lower strain rate,
the specimen showed strong “resistance” in the early stage,
and the slope in the front part of the curve was higher. With
the continuous increase of the load, the energy in the
specimen accumulated, and finally, the failure occurred.

By comparing these two Figures 6(a) and 6(b), it is found
that CTB230 shows different failure strains under different
strain rates. When the strain rate was 62.3 s−1, the failure
strain was about 0.005, and the failure strain was about 0.008
when the strain rate was 65.1 s−1, 82.2 s−1, and 86.8 s−1.
However, the failure strain of CTB310 at different strain rates
remained unchanged at about 0.01. ,is is because that the
CTB230 has a low content of cement, the cementation be-
tween the particles is low, and the dynamic response reg-
ularity under different strain rates is poor, while for CTB310,
the content of cement is relatively high, the cementation
strength is strong, and the strain rate effect law is more
obvious.

4.2. Dynamic Strength Factor Analyses. Under dynamic load
with different amplitudes, the strain rate of material is
different, and its strength is also different. ,e dynamic
strength of cemented backfill under three-dimensional
combined dynamic and static load did not increase infinitely
with the increase of load. ,e S criterion characterizes the
nonlinear dynamic strength of class concrete materials,
indicating that the materials converge at high strain rates.
DIF values of CTB230 and CTB310 specimens were calculated
using formula (1), and the data were sorted out, as shown in
Figure 7.

As shown in Figure 7, when the test strain rate ranged
from 61.1 s−1 to 86.8 s−1, the DIF value of the CTB230
specimen was fitted, and the change of DIF value conforms
to the binomial law. When the strain rate ranged from
60.0 s−1 to 80.0 s−1, the DIF value increased rapidly. When
the strain rate was greater than 80.0 s−1, the growth rate of
DIF became slow and tended to be a constant value with the

increase of strain rate, which conforms to the S criterion. By
contrast, for the CTB310 specimen, the slope of the fitting
curve of the DIF basically did not change with the strain rate.
,e damage of the specimen was caused by the external
energy acting on the inside of the specimen, causing the
energy to concentrate in the material particles. When the
energy reached a certain threshold, the specimen reached the
peak strength of the material. Because the cementation force
between particles of CTB310 is higher than that of CTB230
specimen, when the strain rate is between 61.1 s−1 and
86.8 s−1, the acting energy is not enough to reach the failure
energy. ,erefore, the slope of the curve changes little, and
the DIF value does not show a peak.

5. Failure Behavior of Cemented Backfill under
Different Strain Rates

5.1. Failure Characteristics. ,e typical failure modes of
CTB230 and CTB310 specimens at different strain rates are
shown in Figure 8.

Under triaxial coupled static-dynamic combined impact,
with the increase of strain rate, the crushing degree of
cemented backfill became higher, and the macroscopic
cracks became more obvious. When the strain rate was
61.1 s−1, visible macroscopic cracks appeared in the speci-
men. Because the specimen had been subjected to a certain
radial and axial static load before subjecting to dynamic load,
the internal cracks began to expand and penetrate under the
action of tensile stress, a complete failure plane was de-
veloped inside, and the direction of the failure plane was
perpendicular to the direction of dynamic load.,e splitting
tensile failure mode is obviously different from the con-
ventional uniaxial SHPB test [31–35], and tensile failure
occurs mainly in the specimens. As the strain rate continued
to increase, the specimen produced multiple failure surfaces
under the action of tensile stress, and most of the failure
surfaces were inclined to the impact end, which finally
formed axial layered failure. Due to axial pressure and
confining pressure, the stress released at the crack inside the
specimen was guided by axial and radial stress when the
specimen was subjected to dynamic load. At the same time,
the axial confining pressure was applied to make the
specimen denser, which led to a larger failure lumpiness of
cemented backfill in the triaxial coupled static-dynamic
combination SHPB test than in the conventional SHPB test.
At 62.3 s−1, a macroscopic tensile crack surface was gener-
ated on the side of the CTB230 specimen, while the overall
structure changed little and still had a certain bearing ca-
pacity. When the strain rate was greater than 65.1 s−1, two
macroscopic tensile cracks appeared, and the silty failure
occurred. ,is may be due to the poor uniformity during the
preparation of specimens. For the CTB310 specimen, when
the strain rate was less than 81.0 s−1, only one visible tensile
crack was produced, and the specimen kept integrity. When
the strain rate was greater than 81.0 s−1, two macroscopic
fractures appeared, leading to complete loss of bearing ca-
pacity. With the increase of strain rate, the load strength of
the specimen also increases, so the failure degree of the
specimen also increases. Due to the difference in cement
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content, the cementation strength between CTB230 particles
is less than that of CTB310, and the damage degree of CTB230
is significantly higher than that of CTB310 at the approximate
strain rate.

5.2. Failure Energy Analyses. In order to better analyze the
failure law of cemented backfill in a three-dimensional
dynamic and static combined impact test. According to the
SHPB experimental data processing principle [36, 37], the
experimental data are integrated into Table 2. IP represents
the impact pressure of the test, Φ represents the diameter of
the specimen, H represents the height of the specimen, EI
represents the incident energy, ER represents the reflection
energy, ET represents the transmission energy, EA represents
the dissipation energy, ED represents the energy dissipation
density, _ε represents the test strain rate, DCS represents the
peak strength of the specimen, and GLSp represents the peak
strain when the specimen is damaged.

In the triaxial coupled static-dynamic combination
SHPB test system, the energy comes from the bullet’s kinetic
energy, and it propagates in the bar in the form of a stress
wave when it hits the incident bar. As shown in Figures 9(a)
and 9(b), with the increase of experimental strain rate, the
reflected energy in the system also increased, accounting for
about 80% of the incident energy. On the contrary, the
transmitted energy and dissipated energy changed little.,is
is because the filling material is relative to rock or other
materials, in which there are a large number of primary
pores even under the effect of axial confining pressure.
When the stress wave acts on the specimen, it is difficult for
the stress wave to pass through the holes and cracks, most of
the stress wave is reflected into the incident bar in the form
of reflected energy, but only a small part of the stress wave
passes through the specimen and acts on the transmission
bar. ,erefore, the incident and reflected energy are high in
the whole process, while the permeable and dissipated

energy is low. Besides, under the condition of a similar strain
rate, the dissipated energy of the CTB310 specimen is higher
than that of the CTB230 specimen. ,is is because the ce-
mentation force between particles in the CTB310 specimen is
higher than that of CTB230, and the failure energy of CTB310
specimen is higher. ,e ratio of transmitted energy and
dissipated energy to incident energy reflects the character-
istics of the material during the impact. ,is ratio of CTB230
and CTB310 specimens was about 8% and about 5%, re-
spectively. According to the Figure 9, when the strain rate
ranged from 61.1 s−1 to 86.8 s−1, the ratio of dissipated energy
was higher than that of transmitted energy. Because the
cemented backfill material is a multipore material, the en-
ergy is concentrated on the tip of the original pore crack
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Figure 6: Stress-strain curves of cemented backfill under different strain rates. (a) CTB230; (b) CTB310.
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when the stress wave acts on the specimen, which is used for
the development and expansion of the pore crack. However,
due to this large number of pore cracks, it is difficult for the
energy to pass through the specimen, so the dissipated
energy is higher than the transmitted energy.

Energy dissipation density is the ratio of the energy used
for specimen destruction in the system to the volume of the
specimen when the material fails, and it represents the
difficulty of material destruction under this load [38–44]. As
it can be seen in Figure 10, when the strain rate increased, the
ED of the two kinds of backfill bodies also tended to increase
as a whole. ,e ED of CTB310 is higher than that of CTB230 at
similar strain rates. However, when the strain rate was about
62 s−1, the ED of CTB310 and CTB230 was 0.127 J·cm−3 and
0.136 J·cm−3, respectively. It can be seen from Figure 8 that

when the strain rate was about 62 s−1, CTB230 specimen
obviously showedmacroscopic crack surface, and the system
consumed more energy for failure. By contrast, the CTB310
specimen did not show a macroscopic failure under this
strain rate due to its high strength, and the system consumed
less energy for failure. At this strain rate, the ED of CTB310
was lower than that of CTB230.

6. Discussion

In this paper, under three-dimensional static and dynamic
loads, the strain rate effect of mechanical properties of two
kinds of cemented backfill was explored through laboratory
tests and theoretical analysis. ,e dynamic strength factor,
failure mode, and energy distribution law of cemented

ε=62.3 s-1 ε=65.1 s-1 ε=82.2 s-1 ε=86.8 s-1

(a)

ε=61.1 s-1 ε=67.2 s-1 ε=81.0 s-1 ε=85.6 s-1

(b)

Figure 8: Failure modes of cemented backfill under different strain rates. (a) CTB230. (b) CTB310.

Table 2: Calculation results of three-dimensional dynamic and static combined impact energy of cemented backfill.

Specimen number IP (MPa) Φ (mm) H (mm) EI (J) ER (J) ET (J) EA (J) ED (J·cm−3) _ε (s−1) DCS (MPa) GLSp
CTB230-1 0.40 50.02 49.89 96.4 83.51 5.59 8.30 0.136 62.3 12.51 0.0163
CTB230-2 0.45 50.00 50.04 121.1 102.73 8.29 10.08 0.133 65.8 16.08 0.0175
CTB230-3 0.50 49.98 49.95 165.9 140.19 11.78 13.93 0.142 82.2 17.07 0.0235
CTB230-4 0.55 50.05 49.99 207.1 173.76 16.36 16.98 0.173 86.8 17.96 0.0238
CTB310-1 0.40 49.87 50.11 89.8 72.20 5.21 12.39 0.127 61.1 10.81 0.0159
CTB310-2 0.45 49.94 49.87 131.6 107.25 8.55 15.80 0.162 67.2 12.02 0.0183
CTB310-3 0.50 50.03 50.00 172.8 142.21 14.69 15.90 0.164 81.0 16.80 0.0227
CTB310-4 0.55 50.06 50.10 210.7 181.41 11.18 18.11 0.184 85.6 19.08 0.0231
In order to avoid the contingency and discreteness of the test, each group of specimens should be tested three times and the average value should be taken.
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Figure 9: Relationship between incident, reflection, penetration and absorption energy, and strain rate. (a) CTB230. (b) CTB310.
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backfill under different strain rates were discussed. Compared
with the conventional uniaxial SHPB test, the three-dimen-
sional dynamic and static combined impactmodel was adopted
in the test, which can simulate the triaxial coupled static-dy-
namic of cemented backfill in the mine. At the same time, the
dynamic mechanical parameters of the material under the
triaxial coupled static-dynamic were obtained, which provides
a reference for the relevant numerical simulation experiments.
However, the test only used the three-dimensional dynamic
and static combined impact equipment, which cannot com-
pletely simulate the real force state of the backfill. At the same
time, only the backfill of two strengths was selected in the test
process, and the backfill of other strengths was not considered.
In the process of the test, the influence of the original crack and
water content of the specimen on the test was not considered,
which is a lack of comprehensiveness and diversity. ,erefore,
when mining the ore body adjacent to the filling body in the
deep environment of high in situ stress, nonexplosive mining
technology can be considered to reduce the influence on the
stability of the cemented filling body [45–48].

7. Conclusions

In order to reflect the force of cemented backfill in the mine
more truly, three-dimensional dynamic and static combina-
tion SHPB impact tests under different strain rates were
conducted to study the dynamic mechanical properties, failure
modes, and energy laws of cemented backfill with two kinds of
strength, and the following conclusions can be drawn.

(1) In the three-dimensional dynamic and static com-
bined impact test, due to the preloading of axial and
radial static loads, the initial section of the stress-
strain curve of the cemented backfill under different
strain rates does not experience an obvious pore
compaction process but directly enters the elastic
deformation stage and finally yields and fails. When

the loading strain rate is between 61.1 s−1 and
86.8 s−1, the extreme DIF value of CTB230 is 6.8, and
the extreme DIF value of CTB310 does not appear
within the range of the strain rate due to the high
interparticle bonding force.

(2) In three-dimensional dynamic and static combined
impact tests, under different strain rates, the failure
surfaces of specimens are all perpendicular to the
loading direction, and the failure modes are mainly
axial tensile failure, and the tensile fracture surfaces
are primarily close to the loading end.

(3) ,e relationship between the incident, reflected,
permeable, and dissipated energy of the cemented
backfill with two strengths and the strain rate is
established. With the increase of strain rate, the
reflected energy in the system also increases, which
accounts for about 80% of the incident energy.
During the impact process, the dissipated energy of
CTB230 and CTB310 specimens accounts for about
8%, and the transmitted energy accounts for about
5%. At the same time, the fitting degree of energy and
strain rate data is higher than 0.9, indicating that the
change of energy with strain rate accords with bi-
nomial relation. At the same time, the law of energy
dissipation density under different strain rates is
analyzed.
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