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Abstract. The cycling impact test of red sandstone soil under different axial pressure and different impact loads are conducted
to reveal the mechanical properties and energy consumption mechanism of red sandstone soil with static-dynamic coupling
loading. The results show that: Under the action of different axial pressure and different impact loads, the peak stress of the
specimen increases, and then tends to be stable with the times of impact. With the increase of impact times, the specific energy
absorption value of the red sandstone soil specimen is increased first and then gentle development trend. When the impact loads
are certain, the larger the axial pressure is, the smaller the peak value of energy absorption, which indicates that the energy
utilization rate is not high under the condition of large axial pressure. Through the analysis of energy utilization, it is found that
the smaller the impact load, the higher the energy utilization rate. The greater the axial pressure, the lower the energy utilization
rate. when the axial pressure is large, the impact loads corresponding to the maximum values of reflectivity, transmissivity and
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absorptivity are the same. The relationship between reflectivity and transmissivity is negatively correlated.
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1. Introduction

In 1991, the International Conference on the
Development and Utilization of Underground Space was
held in Tokyo, Japan. At the meeting, scholars from
countries around the world have reached a consensus that
the 19th century is the century of bridges, the 20th century
is the century of high-rise building, while the 21st century
will be the century of underground space utilization (Kishii
2016, Cheng et al. 2018). During the construction of
underground engineering, the soil is inevitably affected by
the dynamic load (impact loads), such as the subway tunnel
construction (Mishra et al. 2018, Song et al. 2016, Wang et
al. 2017), the earthquake (Cheng et al. 2014, Kawamata et
al. 2016), and the engineering blasting (Jayasinghe et al.
2017, Li et al. 2018), which may leads to the redistribution
of soil stress field and brings about adverse effects.
Therefore, studies on the mechanical behavior and energy
consumption mechanism of the soil under dynamic loading
have great significance to the underground engineering
construction.

In recent years, relevant scholars have made great
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research about the dynamic mechanical response of
geomaterials under impact loads. Song et al. (2009)
obtained the dynamic compression stress-strain curve and
the quasi-static compression performance of dry sand by
using the improved Split Hopkinson Pressure Bar and the
MTSS810 material testing system. Analyzed the effect of
strain rate on its compression response under static-dynamic
loading, found that the initial density and the lateral
confinement level have a greater influence on the
compression response than loading condition. Luo et al.
(2011) improved the traditional Split Hopkinson Pressure
Bar to research the dynamic compression behavior and the
relationship between energy absorption and compressibility
of dry sand under high strain rate and compression stress,
the experimental results indicated that there is a power law
between the stress-strain and initial volume density, and the
index is 8.25. Jin et al. (2013) used the static-dynamic
loading test unit to study the impact resistance ability of
sandstone under cycle loading with different axial pressure
and confining pressure, and found the impact resistance
ability increases as the axial pressure decreases or the
confining pressure increases. Li et al. (2014) explored the
influence of length and diameter ratio to the energy
dissipation of red sandstone, the results showed that the
energy dissipation ratio decreases with the increase of
length and diameter ratio during the red sandstone failure
process. Hong et al. (2009) researched the energy
dissipation characteristics of sandstone, limestone and
granite under impact loading by using the SHPB device, the
results suggested that the energy dissipation density and the
dynamic strength of rock exhibit logarithmic relation. Liu et
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Fig. 1 Modified Split Hopkinson pressure bar testing system

al. (2015) used the MTS hydraulic servo control test
machine and Split Hopkinson Pressure Bar to study the
failure mode, fracture strength and energy dissipation
characteristics of coal rock under quasi-static and dynamic
compression conditions, which provides an important
reference for coal mining.

When studying the mechanical properties of soil under
dynamic load, for soil with less than 1m buried depth,
which crustal stress is small and can be ignored, just
consider the effect of dynamic load. While for soil with
more than 10m, the crustal stress can’t be neglected, in this
condition, the soil is under the effect of static-dynamic load
(Nikadat et al. 2016, Ranjbarnia et al. 2016). Therefore,
the effect of coupled static-dynamic load should be
considered while studying the mechanical behavior of deep
soil under dynamic load. However, the objectives of
previous studies on the mechanical properties and energy
dissipation mechanism under coupled static-dynamic load
were rock (Chakraborty et al. 2016, Kim ef al. 2018, Huang
et al. 2017), rather than soil (Omidvar et al. 2012, Yang et
al. 2017, Li et al. 2018). To research the dynamic
mechanical properties and energy consumption mechanism
of red sandstone soil subjected to impact loads, a series of
tests under different axial compression and different impact
loads are carried out by using the improved SHPB test
device. This paper provides a reference for the stability of
red sandstone soil foundation and the stability analysis of
tunnel surrounding rock.

2. Experiments

2.1 Experiment apparatus

The experiment was completed in the laboratory of
Jiangxi University of Science and Technology, the
improved Split Hopkinson Pressure Bar (Fig. 1) mainly

includes four parts, the power system consists of a high-
pressure nitrogen cylinder and a chamber, the load and
energy transfer system consists of a punch, an incident bar
(1500 mmx50 mm), a transmission bar (1200 mmx50 mm)
and a soil specimen (50 mmx50 mm) (Hill 1950, Davies
and Hunter 1963) in steel sleeve, the speed measuring
system consists of a laser velometer and the strain test
system consists of a strain gauge, a dynamic strain
apparatus and an oscilloscope. During the experiment, the
impact loads were adjusted by controlling the pressure of
the high pressure gas chamber (high pressure nitrogen) to
realize the constant speed impact load. The axial pressure
was adjusted by controlling the axial pressure loading
device of a manual oil pump to realize the constant axial
pressure.

2.2 Equipment principle

The SHPB test technique bases on two Dbasic
assumptions, uniformity assumption and first-order
assumption. According to the measured incident wave g,
reflected wave ez and transmitted wave &r, combined with
one-dimensional stress wave theory, the strain rate, strain
and stress of geomaterial material can be calculated.

. 2C,
Et)=- I &r
2C. §
e)y=——L|¢&,dt 1
(=== { . 0
A
0(t)=—IjEe£T

Assuming that the stress wave energy is W, according to
the energy balance principle and the integral principle, the
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Table 1 The physical and mechanical properties of the red
sandstone soil

Dry

densit Moisture Liquid  Plastic Cohesion Internal friction
/g-cm‘Z content/%  limit/%  limit/%  /kPa angle /°
1.88 7.5 25.5 9.3 19.68 34.61

energy balance equation of the material is obtained.

W= AC j;az(t)dt,ij=Ee 2)
W) = ,oAC j(: o, (t)dt
(= [ oy @ 3)
PeCe 90
W(D = A j "o ()t
0.C. 0

where: A.is the cross section area of the elastic bar, E.is the
elastic modulus of the alloy bar, ¢ is the duration of the
stress wave, p.C.is the wave impedance of the elastic bar, L
is the length of the specimen, 4;is the cross section area of
the specimen.

2.3 Specimen preparation

The red sandstone soil used in the experiment, which
has uniform particle sizes and mainly concentrates in the
range of 2~5 mm, were taken from Ganzhou City, Jiangxi,
Province, China (east longitude 113°54'-116°38', northern
latitude 24°29'-27°09"). The physical and mechanical
properties of the red sandstone soil are shown in Table 1.

The specimen preparation process is as follows: (1)
according to the dry density and moisture content of the
specimen, the required dry soil mass and moisture content
were calculated and stirred it fully then put it in a plastic
bag for 12 hours to prevent moisture loss and ensure even
distribution of moisture in the specimen. (2) butter was
applied to the inner wall of the casing, and put the prepared
specimen into the steel sleeve, which can be effectively
reduced the friction between the red sandstone soil and the
pipe wall. The coupling of stress wave at the “bar-soil”
interface is guaranteed, and the experimental error is
reduced. (3) the specimen was prepared according to the
Standard for soil test method. It was compacted in three
layers by stratification method, the height of each drop
hammer remained unchanged, each layer was compacted 10
times and subjected to nap treatment to prevent
delamination of the specimen. the specimen size of 50mm x
50mm was prepared. Due to the height of the hitting
hammer and the falling hammer used for preparing the
specimen was small, the impact load used to prepare the
sample was far less than the impact load of the experiment
itself, so the initial behavior of the sample under cyclic
impact load can be neglected. In order to ensure that the soil
specimen in the casing is completely in contact with the

two-bar interface, the parallelism of the last layer of the
specimen must be strictly ensured with an error of less

than+0.05 mm to ensure uniform transmission of the axial

impact force. There are 16 specimens were prepared in this
experiment.

2.4 Experiment schemes and procedures

In order to study the influence of axial pressure and
impact loads on the mechanical properties and energy
dissipation of red sandstone soil, the impact test under
different axial pressure and different impact loads were
carried out by means of dynamic and static combined
loading. In the test, four axial pressure conditions were
sequentially set to 0 MPa, 9 MPa, 18 MPa and 27 MPa, the
impact loads of 0.25 MPa, 0.50 MPa, 0.75 MPa and 1.00
MPa were sequentially applied under each axial pressure
condition. When the axial pressure was 0 MPa, there were 8
cyclic impacts under different impact loads. When the axial
pressure was 9 MPa, 18 MPa and 27 MPa, there were 6
cyclic impacts under different impact loads.

The experiment process consists of the following steps:
(1) Before the experiment, air flush the static and dynamic
combined loading device to check whether the strain gauges
are available and whether the incident bar and the
transmission bar were in good contact. If all was well, the
specimen shall be installed. (2) Install the specimen, in
order to ensure good contact between the two bar and
specimen, appropriate butter should be applied on the
contact surface of the incident bar, transmission bar and
specimen, the specimen of the casing should be clamped
between the two bar. (3) After the installation of the
specimen, adjust the manual oil pump so that the meter
value was the experimental set value (0 MPa, 9 MPa, 18
MPa, 27 MPa), adjust the depth of the bullet in the chamber
to about 97mm, and adjust the air pressure to the
experimental set value (0.25 MPa, 0.50 MPa, 0.75 MPa,
1.00 MPa) to ensure that the incident energy was
approximately equal during the cyclic impact process. (4)
At the beginning of the experiment, when the axial pressure
was 0 MPa, there were 8 cyclic impacts under different
impact loads. When the axial pressure was 9 MPa, 18 MPa
and 27 MPa, there were 6 cyclic impacts under different
impact loads. At the end of each impact, the value of the oil
pressure gauge should be checked to prevent the problem of
axial pressure caused by the compression of soil due to the
impact, and appropriate supplementary pressure should be
carried out to maintain the axial pressure at the set value of
the experiment.

3. Mechanical properties analysis based on the
principle of SHPB test

3.1 Characteristics of the stress wave shape curve

Fig. 2 shows the waveform of the specimen under the
impact load of 0.25 MPa without axial pressure when
striking the 1~8 times. As shown in Fig. 2, the stress wave
waveform of the red sandstone changed obviously during
cyclic impact. The incident wave waveform collected in the
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Fig. 2 Waveform diagram of the specimen under the same impact velocity
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Fig. 3 Characteristics of the stress-strain curves

experiment indicates that the incident waves are basically
coincident, which means all impact test have the same
incident energy. While the transmission amplitude increases
with impact times by the size of the transmission wave
crest, the peak of reflected wave decreases with the increase
of the impact times, and the phenomenon of “double peaks”
of reflected wave appears, This is mainly due to the large
difference in wave impedance between the specimen and
the bar, which makes the stress wave generated by the
impact can be transmitted to the transmission bar less
through the specimen, and most of it is reflected to the
incident bar. For certain red sandstone soil specimen with
invariant incident energy, the internal porosity of the
specimen commonly expressed by the transmittance. From
this knowable, the porosity of the specimen decreases and
the transmission increases gradually with the increasing of
impact times, which means the specimen structure tends to
dense under the impact loads.

3.2 Characteristics of the stress-strain curves

Fig. 3(a) shows the dynamic time-strain curve of the
specimen without axial pressure. As can be seen from Fig.
3(a), with the increase of impact times, the strain gradually
decreases and the shape variable also gradually decreases,
the specimen is compressed gradually and the internal pores
are gradually reduced. In addition, the time-history curves
of the initial and later stages of cyclic impact basically
coincide, which indicates that the physical properties of the

specimen do not change much under the small impact load
at the initial stage of the experiment. However, with the
increase of impact times, the specimen gradually
compacted, and in the later stage of the experiment, the
specimen has reached a certain degree of compactness,
which results in the time history curves of 7 and 8 times of
cyclic impact once again coincide.

Fig. 3(b) shows the dynamic stress-strain curve of the
specimen under impact load of 0.25 MPa without axial
pressure when striking the 1~8 times. From Fig. 3(b), it can
be seen that in the initial stage of the impact, there is a large
number of pores inside the specimen, and the energy
produced by the impact is mainly converted into the slip
between the soil particles, the collapse of the pores and the
rearrangement of the particles. The porosity of the specimen
decreases gradually and the stress begins to rise with the
increase of the cumulative impact times, the distribution is
dispersed in the whole graphics area, the stress growth
amplitude is uniform. When the specimen reaches a certain
degree of compactness (taking the 8th cyclic impact as an
example), the stress-strain curves of the specimen can be

divided into four stages: (Dsharp rise stage, @descending
stage, slow ascending stage, @sharp decline stage.

(DSharp rise stage: during the initiation of loading, a large
increase in stress occurs, and this stage approximately
considered as an elastic stage. The compactness of the
specimen increases while the stress first time reaches the
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peak value. @Descending stage: due to the too rapid
loading rate, there exists a force lag effect, which leads to

the dynamic stress of the specimen decreases. ®Slow

ascending stage: when the specimen is in full force state,
the compactness of the specimen increases with the increase
of stress. And stress gradient increases with the increase of
the cumulative impact until the reaches the peak stress of

the loading interval. @Sharp decline stage: when the stress

reaches a certain value, the stress begins to drop sharply,
indicating that the specimen becomes denser with impact
loads. The stress rises sharply while the strain increase
amplitude decreases. During the whole loading process, the
third stage costs the most of the time, and the specimen
deformation is the largest, the compaction effect is the best
in this stage.

3.3 Characteristics of peak stress variation

Fig. 4 shows the relationship between peak stress and
impact times of the specimen under different axial pressure
and different impact loads. From Fig. 4, the peak stress of
the specimen increases gradually with the impact times, and
finally tends to be stable.

By comparing the peak stress curves of the specimen
under different axial pressure and different impact loads
show that the axial pressure and impact loads have a great
influence on the peak stress of the specimen. Fig. 4(a)
shows that as the impact times increase, the amplitude of
peak stress is positively associated with the impact loads
under the condition of no axial pressure. There are three
stages: slow growth, sharp growth and steady development.
Figs. 4(b)-(d) indicate that when there exists axial pressure,
with the increase of impact times, the larger impact loads,
the larger peak stress value. There are two stages: sharp
growth and steady development. This is because the
specimen is subjected to the three-dimension effect, namely,
casing, axial pressure and impact loads. Under the greater
axial pressure and impact loads, the earlier of time for the
peak stress of the specimen get the largest value, the earlier
enters the steady stage. In addition, it can be found that no
matter how the axial pressure and the impact load change,
the peak stress will reach a certain value and no longer
increase with the impact times, the specimen has a certain
degree of density.

3.4 Characteristics of average strain rate variation

Fig. 5 shows the relationship between average strain rate
and impact times of the specimen. It can be seen from Fig. 5
that average strain rate of the specimen decreases with the
increase of impact times under different impact loads of the
same axial pressure, and finally tends to steady
development.

By comparing the relationship between the average
strain rate and the impact times under different conditions,
it can be seen that with the increase of the impact times, the
average strain rate of the specimen decreases gradually. As
a whole, the larger impact load, the greater difference
between the initial and stationary values of the average
strain rate. The larger the axial pressure, the smaller initial

value and final value of the average strain rate. Fig. 5(a)
shows that the average strain rate decreases gradually with
the increase of impact times without axial pressure, the
change of the average strain rate is the greatest when the
impact load is 1 MPa. Figs. 5(b)-5(d) shows that the larger
impact loads, the greater difference between the initial and
stationary values of the average strain rate. Under the same
impact load, the difference between the average strain rate
at the last impact and the average strain rate at the previous
impact gradually decreases with the increase of impact
times, and the final difference tends to zero. From the
relationship between the average strain rate and the
reflection wave in Eq. (1) shows that the reflection wave
decreases with the decreasing of the average strain rate. At
the same time, combining the relationship between incident
wave, reflected wave and transmitted  wave:
oi(t)=or(t)+o1(t), it can be seen that under the same incident
energy, the reflection wave decreases gradually and the
transmittance increases, which indicates that the inner pore
of the specimen decreases gradually and the specimen is
getting stronger.

4. Energy dissipation analysis based on the principle
of SHPB energy balance

4.1 Analysis of specific energy absorption value

In order to analyze the energy consumption mechanism
of the specimen, this paper makes the following
assumptions: (1) No energy loss in the elastic bar and the
section of the specimen. (2) The kinetic energy of the
special-shaped punch completely translate into the energy
carried by the incident wave. Based on the law of
conservation of energy, the energy absorbed by the
deformation of the specimen is related to the energy carried
by the incident wave, the reflection wave, and the
transmission wave, which can be calculated by the
following formula.

W,y =w,( W, () -W,(D )

W= Ae OT[O'IZ(Z)—JRZ(Z)—JTz(t)]dt (5)
PeCe

where: Wa(f)-absorption energy, Wi(f)-Incident energy,

Wr(t)-reflection energy, Wr(f)-transmission energy.

Under the impact loads, the energy consumed in the
process of compaction can be considered in terms of the
energy dissipation capacity of the specimen in addition to
the measurement of energy absorbed. Therefore, the unit
volume absorption energy of red sandstone soil is
introduced, that is the specific energy absorption value W,.

w.(0

w,(p) = (6)

s

where: A4, -specimen cross-section area, L -specimen initial
length.
When the axial pressure is 18 MPa, the incident energy,
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Table 2 The partial date of specimen under different impact
loads with axial pressure of 18 MPa

Impact  Impact
load times  Wyt)/J Wr)/J Wr(t)J ne/% nd%  ni/%
/MPa /Time

1 30.79 2696  2.83 87.56 9.18 3.26

2 31.62 21.50 734 6799 2323 878

0.25 3 33.84 19.05 1063 5629 31.41 123
4 3430 1696 1351 4945 394 11.15

5 31.00 11.50 1570 37.08 50.64 12.28

6 30.16  9.05 17.32 30.00 57.41 12.59

1 41.70  39.60 1.70 9497 409 094

2 4342 2949 7.03 6791 16.18 1591

0.50 3 41.70 2297 1220 55.08 29.27 15.65
4 4278 2039  16.14 47.65 37.72 14.63

5 4192 1839 1738 4386 41.46 14.68

6 41.64 1538 1998 3693 4798 15.09

1 75.61 71.10 336 94.04 445 1.51

2 77.72 51.63 18.05 6642 2322 10.36

0.75 3 7235 3940 2569 5445 3551 10.04
4 7543  37.74 3057 50.03 4053 9.44

5 77.56 3694 3344 4763 43.12 925

6 7823 3586 3526 4583 4507 9.10

1 100.03 89.47 490 89.44 489 5.67

99.26 47.54 4158 4790 41.89 10.21

1.00 99.75 4648 4391 46.60 44.03 9.37

100.46 4543 46.29 4522 46.08 8.70

2
3
4 99.60 4621 4472 4640 4490 8.70
5
6

99.71 4401 4680 44.14 4693 893

reflection energy and transmission energy of the specimen
under different impact loads are shown in Table 2.
Therefore, the specific energy absorption value of the
specimen can be calculated by the Eq. (6).

Fig. 6 shows the relationship between the specific
energy absorption value and the impact times of the
specimen. From Fig. 6, it is found that with the increases of
impact times, the specific energy absorption value of the
specimen increases first and then develop smoothly. Fig.
6(a) shows that when the axial pressure is 0 MPa, the
specific energy absorption value increases with the increase
of impact times with a small growth rate, and when the
impact times reach a certain value, the specific energy
absorption value tends to stabilize. While the impact load is
0.75 and 1.00 MPa, the change law of the specific energy
absorption value is basically consistent. Therefore, under
the condition of no axial compression, the specific energy
absorption value does not increase with the impact load
when the impact load is greater than 0.75 MPa. Fig. 6(b)-
6(d) indicates that with the increase of the impact times, the
specific energy absorption value increases more rapidly
than the condition of no axial pressure is applied, and only a
few impact times (3-4 times) results in the specific energy
absorption tends to be stable, and the larger the impact load,

the greater the peak value of the specific energy absorption
value. Compared with the different axial pressure, when the
axial pressure is 27 MPa, the peak value of the specific
energy absorption decreased, which indicates that excessive
axial pressure goes against the energy absorption.

4.2 Analysis of energy utilization rate

The impact loading process is the process of compacting
by air pressure on red sandstone soil specimen. The
absorption energy of the specimen is determined by the
energy of the incident wave, the reflection wave and the
transmission wave, and the absorbed energy is mainly used
for the slip, friction and rearrangement of the soil particles
in the specimen, so that the inner pores of the soil are closed
and the soil is compacted. The energy utilization rate of the
specimen during impact can be calculated by the following
formula.

w
w= —/-* ® x100% (7)
W, (1)

Under the condition of 0 MPa and 9 MPa axial pressure,
the energy utilization rate of the red sandstone soil
specimen is calculated by the Eq. (7), and the relationship
between energy utilization efficiency and impact times can
be obtained.

Fig. 7 shows the change of energy utilization efficiency
with impacts times. As can be seen from Fig. 7(a), with N<6
impact times, the energy utilization rate increases with the
impact times. The energy utilization rate is the highest when
the impact times reaches 6 times, and the impact load is
smaller, the energy utilization rate is higher. This is because
there is a lot of porosity inside the specimen, and the energy
transfer requires a certain time and process. When the
impact load is small, the energy generated by the impact is
mainly converted into the slip between the soil particles, the
collapse of the pores and the rearrangement of the particles,
the pores gradually decrease and the energy utilization rate
is higher. When the impact load is large, the instantaneous
production of larger impact energy, so that the water inside
the specimen cannot be discharged in time, and the pressure
is assumed together with the solid particles to form the
resistance mechanism, at this time the energy utilization
rate is relatively small. With 6<N<8 impact times, energy
utilization rate does not increase with the number of
impacts, and the curve is flat and basically tends to
stabilize. As can be seen from Fig. 7(b), when the axial
pressure is 9 MPa, the change trend of energy utilization
rate is increased first then decreased slightly and flat
development finally. With the increase of impact times, the
energy utilization rate rises sharply. The impact load of 0.25
MPa, 0.50 MPa, 0.75 MPa and 1.00 MPa reached the peak
of energy utilization rate at the 4th, 2nd, 2nd and 2nd
impacts respectively. The energy utilization rate of the
specimen of red sandstone soil decreased slightly after
reaching the peak value, because the loading rate of the
specimen is too fast, which results in the lag effect and
decrease of the energy utilization rate of the specimen.
Increasing the number of impacts again, the energy
utilization rate basically stabilized. As can be seen from
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Figs. 7(c) and 7(d), with the increase of impact loads, the
change trend of energy utilization rate is increased first then
decreased slightly and flat development finally, and there is
a maximum value. When the axial pressure is 18 MPa, the
impact load of 0.25 MPa, 0.50 MPa, 0.75 MPa and 1.00
MPa reached the peak of energy utilization rate at the 3rd,
2nd, 2nd and 2nd impacts respectively. When the axial
pressure is 27 MPa, with the increase of impact loads, the
maximum energy utilization rate is reached at the second
cyclic impact.

To sum up, with no axial pressure, when the impact
times reaches about 6 times, the energy utilization
efficiency is the highest, the impact load is 0.25 MPa, 0.5
MPa, 0.75 MPa, 1.00 MPa, the corresponding energy
utilization rate peak is 24%, 22%, 20% and 15%
respectively. When axial pressure is 9 MPa, the impact load
is 025 MPa, 0.5 MPa, 0.75 MPa, 1.00 MPa, the
corresponding energy utilization rate peak is 19%, 14%,
14% and 12% respectively. Compared with the 0 MPa and 9
MPa data, it is found that the smaller the impact load, the
higher the energy utilization rate. The greater the axial
pressure, the lower the energy utilization rate.

When axial pressure is 18 MPa, the impact load is 0.25
MPa, 0.5 MPa, 0.75 MPa, 1 MPa, the corresponding energy
utilization rate peak is 12%, 16%, 10% and 10%
respectively. When axial pressure is 27 MPa, the impact
load is 0.25 MPa, 0.5 MPa, 0.75 MPa, 1.00 MPa, the
corresponding energy utilization rate peak is 7%, 10%, 8%
and 9% respectively. Compared with the 18 MPa and 27
MPa data, it is found that the change rule of energy
utilization rate is not obviously related to the impact loads

with the increase of impact times under large axial pressure.

4.3 Analysis of energy ratio

According to Eq. (4), the -energy reflectivity,
transmissivity and absorptivity of the specimen can be
expressed as follows

W,
= —x100% 8
un W.I 0 3
T
=—x100% 9
7 W, 0 ©)
n, =—+x100% (10)

1

where: ng-reflectivity, 7-transmissivity, 774 -absorptivity.

According to the Egs. (8)-(10), the reflectivity,
transmissivity and absorptivity of the specimen can be
calculated with the test data.

Fig. 8 shows the variation of reflectivity, transmissivity
and absorptivity with the impact loads at 6th times the
cumulative impact. It is shown from Fig. 8 that when
there is no axial pressure, the reflectivity decreases first and
then increases, the transmissivity keeps fluctuating up and
down in a certain range, the absorptivity of energy
decreases gradually. The impact loads corresponding to the
maximum values of reflectivity, transmissivity and
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absorptivity are 1.00 MPa, 0.5 MPa, 0.25 MPa,
respectively. When the axial pressure is 9 MPa, the
reflectivity decreases first and then increases, the
transmissivity increases first and then decreases, however,
the absorptivity of energy in general decreases. The impact
loads corresponding to the maximum values of reflectivity,
transmissivity and absorptivity are 0.25 MPa, 0.5 MPa, 0.25
MPa, respectively. When the axial pressure is 18 MPa, the
reflectivity and absorptivity of energy are both increases
first and then decreases, the transmissivity decreases first
and then increases, The impact loads corresponding to the
maximum values of reflectivity, transmissivity and
absorptivity are 0.75 MPa, 0.25 MPa, 0.50 MPa,
respectively. When the axial pressure is 27 MPa, the
reflectivity increases first and then decreases, the
transmissivity decreases first and then increases, the
absorptivity keeps fluctuating up and down in a certain
range, The impact loads corresponding to the maximum
values of reflectivity, transmissivity and absorptivity are
0.75 MPa, 0.25 MPa, 0.50 MPa, respectively.

In summary, it can be seen that when the axial pressure
is 18 MPa and 27 MPa, the impact loads corresponding to
the maximum values of reflectivity, transmissivity and
absorptivity are the same. When the axial pressure is 0 MPa
and 9 MPa, the impact loads corresponding to the maximum
values of transmissivity and absorptivity are the same. With
the increase of axial pressure, the absorptivity decreases
gradually, indicating that the excessive axial pressure is not
conducive to the absorption of energy. The relationship
between reflectivity and transmissivity is negatively
correlated, which is consistent with the variation rule of Eq.

(4).

5. Conclusions

This paper takes red sandstone soil as the research
object, the dynamic response characteristics of red
sandstone soil with cyclic impact under the confined
conditions. The influences of different axial pressure and
different impact loads on the dynamic mechanical
properties and energy dissipation mechanism of red
sandstone soil are revealed.

The conclusions are as follows:

* According to the test results, the dynamic stress-strain
curve of the red sandstone soil specimen can be divided into
four stages: sharp rise stage, descending stage, slow
ascending stage and sharp decline stage. Sharp rise stage: At
the initial stage of loading, the stress rises sharply. The red
sandstone soil deformation is the largest in the slow
ascending stage of the stress, and the compaction effect is
the best.

e Under the action of different axial pressure and
different impact loads, the peak stress of the red sandstone
soil specimen increases, and then tends to be stable with the
times of impact.

» With the increase of impact times, the specific energy
absorption value of the red sandstone soil specimen is
increased first and then gentle development trend. When the
impact loads are certain, the larger the axial pressure is, the
smaller the peak value of energy absorption, which
indicates that the energy utilization rate is not high under

the condition of large axial pressure.

* When the axial pressure is large, the impact loads
corresponding to the maximum values of reflectivity,
transmissivity and absorptivity are the same. The
relationship between reflectivity and transmissivity is
negatively correlated.

The results can provide a theoretical basis for the
mechanical properties and energy dissipation law of red
sandstone soil under impact loads at different depths.
Especially for the application of roadbed filling, subway
tunnel excavation, compaction of deep pile foundation of
the super high-rise building, backfilling of goaf in the deep
coal mine, etc., the dynamic response characteristics under
the accidental load encountered in the construction process
and later use process are explored. However, this
experiment only focuses on the preliminary study of the
dynamic mechanical properties of small specimens, and the
applied axial pressure has a large range, which has certain
limitations on its practical application. In the later research,
we will further improve it to make it more research
significance and practical value.
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