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Honeycomb materials have attracted people’s attention because of their light weight, high
specific strength, high specific stiffness, and excellent impact resistance and energy
absorption. At present, the specific materials have been widely used in aerospace,
transportation, mechanical construction, energy, and chemical industry. The
mechanical properties of honeycomb steel with special coating under quasi-static and
dynamic compression were studied by using the universal strength testing machine
(TAWD-2000) and split Hopkinson pressure bar (SHPB) devices. The results showed
that the stress–strain curves obtained from the quasi-static compression experiment
showed the characteristics of three typical deformation stages of porous materials: the
elastic deformation stage, stress platform stage, and densification stage. Due to the fact
that the loading time of the dynamic compression experiment is very short and because of
the effect of the sample’s height, there was no densification stage in the stress–strain
curves under dynamic loading. The dynamic compression deformation process of the
samples was captured by the high-speed photography equipment, and its different
deformations and failure modes were analyzed in combination with the characteristics
of stress–strain curves. The increasing relationship between the peak stress and strain rate
showed the strain rate sensitivity of the honeycomb structure. The dynamic energy
absorption characteristics of honeycomb materials were described and analyzed by
using the dynamic energy absorption capacity and dynamic energy absorption
efficiency. By using finite element simulation software, the same structure of the
honeycomb steel was modeled and analyzed to explore the causes of dynamic
compression failure. Because of its special mechanical properties and failure modes,
this honeycomb structure material will have a broader research and application prospect in
the future.
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INTRODUCTION

With the higher requirements of the engineering technology for
industrial production in the modern society, more and more
attention has been paid to the research of cushioning and energy-
absorbing materials. Porous metal has been applied to various fields
as a new structural functionalmaterial due to its excellent cushioning,
energy absorption, thermal conductivity, flow isolation, and silencing
properties (Li et al., 2018; Zhou et al., 2018;Wang et al., 2019). Due to
the special structural composition of porous materials, they can be
divided into two dimensional porous materials (honeycomb
structure) and three dimensional porous materials (foam
structure). The honeycomb structure has the advantages of low
relative density, low stiffness, and large compression deformation
capacity and its controllable deformation (Wang et al., 2014; Yan
et al., 2014; Zhao et al., 2015). It is an ideal vibration damping and
cushioning material and has broad application prospects in various
anti-collision and cushioning structures. Its internal hollow part can
also be designed and processed according to the actual application to
maximize its functional utilization. In recent decades, scholars at
home and abroad have focused on different metal materials such as
steel and aluminumhoneycombmaterials asmatrix has been studied
in many aspects (Mohr and Doyoyo, 2004; Liu et al., 2019; Wang,
2019), including the material failure mode (Xu et al., 2012; Zuhri
et al., 2014; Liu et al., 2016), impact velocity effect (Sibeaud et al.,
2008; Wang et al., 2014), and size effect (Zhou and Mayer, 2002;
Zhou et al., 2015). The shape, size, and composition of the
honeycomb structure have a vital impact on the mechanical
properties of honeycomb materials (Gibson and Ashby, 1997;
Hohe and Becker, 1999; Hohe et al., 1999). Honeycomb
structures mainly include regular hexagon, reinforced regular
hexagon, flat hexagon, diamond, rectangle, etc. After relevant
demonstration by many scholars, it is found that among
materials with the same quality, the regular hexagon structure has
the largest volume and the best stiffness and is the most material-
saving stable structure.

In recent years, the mainly studied honeycomb samples from
scholars are two aspects: honeycomb materials and honeycomb

structures. The research methods mainly include experiment and
numerical simulation (Hazizan and Cantwell, 2003;
ZareiMahmoudabadi and Sadighi, 2011; Zhang et al., 2012; Roy
et al., 2014). As for honeycomb materials, Tang et al. proposed to
use the aluminum honeycomb skeleton and traditional material
Al/PTFE to prepare new energetic materials by a special process,
and its dynamic properties were tested by using an SHPB loading
system. Under the same impact conditions, compared with
traditional materials, the compressive strength and release
energy of the new material were significantly improved (Tang
et al., 2020). Tomas et al. conducted quasi-static and dynamic
uniaxial compression experiments on a special honeycomb steel
structure and observed the sample optically. Digital image
correlation was used to evaluate the in-plane displacement and
strain field. The results showed that the strain rate had a significant
effect on the denaturation characteristics of the microstructure
(Fíla et al., 2019). In terms of honeycomb structures, Shan et al.
studied the dynamic compression characteristics of the aromatic
hydrocarbon paper honeycomb with different heights using an
SHPB device and studied its failure deformation process combined
with the numerical simulation method. It is found that there are
two deformation modes: in-plane shear fold and out-of-plane wall
buckling, and there will be an abnormal size effect for samples with
a certain height (Shan et al., 2019). Hong et al. prepared two kinds
of numerical honeycomb materials with different horizontal
structures by using the PµSL technology. After studying their
dynamic and static load mechanical properties, it is concluded
that the collapse strength and energy absorption performance of
the materials are related to the level of the honeycomb structure. A
multi-level honeycomb has higher collapse strength and better
energy absorption performance than a single-level honeycomb. It
can be improved to improve the level of honeycomb materials
Mechanical properties of highmaterials (query) (Hong et al., 2020).
Many scholars choose to observe the compression deformation
behavior of honeycomb structures from the customary scale and
find that the overall size, cell size, and wall thickness of honeycomb
structures have a great influence on the macro deformation of the
sample (Mistou et al., 2000; Wilbert et al., 2011; Seemann and

FIGURE 1 | Diagram of the honeycomb sample (A) Front view. (B) Top view.
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Krause, 2017). The research on honeycomb panels is also a
research hotspot at present. The research on the impact
compression performance of honeycomb panels mainly depends
on the SHPB test and drop weight test (Jin et al., 2007; Liu and
Zhang, 2008). Yang et al. studied the static and dynamic
compression performance of density gradient grid core
sandwich panels by combining experimental and numerical
simulations and concluded that the gradient grid had an impact
on the failure mechanism of the sandwich panel, and the sandwich
panel with an ABC gradient structure had a higher impact strength
and energy absorption capacity at a higher impact velocity (Yang
et al., 2021). Dharmasena et al. analyzed the mechanical properties
of five sandwich structures with the same relative density
(including the multilayer pyramid lattice, square honeycomb,
triangular honeycomb, triangular ripple, and diamond ripple)

under underwater explosion load. The results show that the
strength of the lattice core is significantly lower than that of
other honeycomb sandwich structures (Dharmasena et al.,
2010). Zou et al. tested the mechanical properties of a
honeycomb plate under dynamic load and static load,
respectively, in-plane and out-of-plane, and studied the
mechanical properties of the steel honeycomb plate under
transverse dynamic impact load. The results show that for the
out-of-plane three-point bending test, the mechanical properties in
the L direction are better than that in theW direction, in which the
deformation of the honeycomb core plays an important role, but it
is important for in-plane bending. The effect of the three-point
bending experiment is not obvious (Zou et al., 2009).

The objective of this study is to analyze a honeycomb structure
with special coating on the surface. Its matrix material is stainless
steel. Compared with aluminum alloy, stainless steel has higher
hardness, better corrosion resistance, and heat resistance, which
can meet the needs of more practical engineering applications. In
order to study the mechanical properties and failure forms of the
honeycomb material, the quasi-static and dynamic compression
experiments are carried out with a pressure testing machine and an
SHPB device. The failure deformation process is photographed by
high-speed photography, the dynamic energy absorption
characteristics are analyzed, and the failure principle of the same
honeycomb steel structure is studied by numerical simulation.

EXPERIMENT

Experimental Material
The honeycomb structure used in this experiment is made of
stainless steel with specially processed coating materials on the
surface. The height of the sample is 48 mm, its thickness is
0.55 mm, its cell length is 7.6 mm, and its weight is 40 g. The

FIGURE 2 | Quasi-static compression experiment.

FIGURE 3 | Dynamic test system.
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specific schematic diagram is shown in Figure 1. Because there
are four coating materials used on the sample surface, the sample
numbers for the quasi-static compression test are S-1, S-2, S-3,
and S-4, and the sample numbers for the dynamic compression
test are D-1, D-2, D-3, and D-4. The dynamic load experiment
mainly studies the impact velocity of 15 m/s and 30 m/s, and the
samples are refined in numbered D-1-a and D-1-b, respectively.

Quasi-Static Compression Tests
The universal strength testing machine (TAWD-2000) was used to
conduct the quasi-static compression test on the honeycomb
sample. Before the test, the sample was placed between the load
application devices, as shown in Figure 2. At the beginning of the
test, 1KN prestress is applied to the sample. After the force is stable,
the sample was loaded at a displacement loading rate of 5mm/min,
and photos were taken to record the test process meanwhile.

Dynamic Compression Tests
The dynamic compression test of the honeycomb sample is
mainly recorded by the dynamic test system composed of the
split Hopkinson pressure bar (SHPB) and high-speed
photography equipment. The specific schematic diagram of the
equipment is shown in Figure 3. The SHPB is the device to
characterize the dynamic response of materials deformed at a
high strain rate (102–104s−1). It is widely used in the experimental
study of dynamic mechanical behavior characteristics of
materials under one-dimensional stress state (Mukai et al.,
1999; Wang et al., 2015; Deshpande and Fleck, 2020).

The experimental technology of the SHPB is mainly based
on two basic assumptions: one is one-dimensional stress wave
assumption, which is basically valid when the bar diameter is
small, and the other is uniformity assumption, which requires
that the stress and strain in the sample are evenly distributed
along the length of the sample. The experimental principle is to
measure the incident pulse, reflected pulse in the incident bar,
and the transmitted pulse in the transmission bar by using
strain gauges. Then, the stress–strain relationship of the
sample is derived according to the one-dimensional stress
wave theory (Marc, 1994). The specific relationship could
be given as follows:

σ(t) � AE

A0
εt(t),

ε(t) � −2C0

L0
∫
t

0

εr(t)dt,

_ε(t) � −2C0

L0
εr(t),

(1)

where σ(t) is stress, ε(t) is the strain, _ε(t) is the strain rate, A is
the cross sectional area of the bar, E is the elastic modulus of the
bar,C0 is the elastic wave velocity in the bar,A0 is the initial cross-
sectional area of the sample, L0 is the initial length of the sample,
εr(t) is the reflection strain, and εt(t) is the transmission strain.

In this experiment, the SHPB with a diameter of 50 mm is used
to carry out the dynamic compression experiment of four
honeycomb materials under a high strain rate. The SHPB

adopts the dynamic loading mode by releasing the compressed
air (nitrogen) stored in the launcher which pushes the bullet to
accelerate in the gun of the barrel to impact the incident bar. The
bar assembly consists of an incident bar, a transmission bar, an
absorption bar, and a buffer device at the end. The corresponding
lengths of the 3 bars are 300, 300, and 120 cm, respectively. The
bar body is made of silicon manganese spring steel, with an elastic
modulus of 210 Gpa, a density of 7.8 g/cm3, and a wave velocity of
5188 m/s. The linear elastic material with high yield strength can
ensure the propagation of one-dimensional stress wave in the bar.
At the same time, the initial impact velocity of the bullet is
recorded by using a laser speedometer, and the experimental data
are collected and recorded by the strain gauge symmetrically
pasted on the surfaces of the incident bar and the transmission
bar and the connected data acquisition system.

During the experiment, the dynamic compression process of
the sample was photographed and recorded by high-speed
photography equipment. The equipment included high-speed
camera and high-intensity fill light. Because the loading time
is very short, the shooting mode is set to automatically shoot and
record when the high-intensity fill light is turned on, and in order
to prevent the test sample from falling off after impact and
causing damage to the equipment, the high-speed photography
device shall keep a distance of more than 1.5 m from the place
where the sample is placed.

TABLE 1 | Dynamic compression experimental results.

Sample Impact pressure/Mpa Impact velocity/m.s−1

D-1-a 0.5 15.101
D-1-b 1.8 30.223
D-2-a 0.5 15.304
D-2-b 1.8 30.308
D-3-a 0.5 15.110
D-3-b 1.8 30.463
D-4-a 0.5 15.019
D-4-b 1.8 30.233

FIGURE 4 | Stress–strain curves of quasi-static compression
experiments.
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In order to ensure the stress balance and uniform deformation
of the sample in the dynamic compression process, the incident
wave shaping technology is used before the experiment, and the
rubber shaper is pasted at the center of the impact end of the
incident bar. The rubber shaper changes the incident waveform
by plastic deformation after being impacted by the bullet so as to
obtain the incident waveform with long rise time and flat rise
front. At the same time, Vaseline is applied on the surface of the
bar in contact with the sample to reduce the impact caused by
friction. Considering the principle of repetitive experiments, the
data with the best experimental effect of each group are selected as
the final experimental results for processing. The experimental
results are shown in Table 1.

RESULTS AND DISCUSSION

Stress–Strain Curve
The stress–strain curves of four honeycomb specimens under
quasi-static loading are shown in Figure 4. The results in the
figure can be obtained that the curves of the four specimens show
the characteristics of three stages of typical compression

deformation of porous materials: the elastic deformation stage,
stress platform stage, and densification stage. In the initial stage of
loading, the samples mainly undergo elastic deformation, and the
stress increases linearly when reaching the primary peak stress.
The stress will decrease rapidly after the peak stress, which is due
to the instability and collapse of the cell wall of honeycomb
samples, resulting in the reduction of strength. Then, the curve
enters the stress platform stage. In the subsequent compression
process, the thin-walled structure of the honeycomb sample is
continuously folded, resulting in the stress fluctuation up and
down. Each peak corresponds to the beginning of a folding
process of the cell wall, which is also the main part of the
energy absorption of the honeycomb samples. When the cell
wall of the whole sample is folded, it begins to enter the
densification stage. The folded and buckled honeycomb cell
walls contact each other, the internal pores of the sample
continue to shrink, and the stress increases rapidly until the
pore wall of the sample finally realizes complete densification.

The stress–strain curves of the four samples under dynamic
loading are shown in the Figure 5. It can be seen from the figures
that the stress–strain curves of the four samples also experienced
the elastic deformation stage and stress platform stage, and there

FIGURE 5 | Stress–strain curves of dynamic compression experiments. (A) D-1, (B) D-2, (C) D-3, and (D) D-4.
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was no densification stage in the end. This is mainly because the
time of the dynamic compression is very short, the cell wall of
samples has not been fully folded and compacted, or the loading
has stopped after folding and compaction. Another reason is that
it is related to the sample height of honeycomb samples. Liu et al.
carried out the impact test with the different heights of the
honeycomb samples including 30, 50, and 60 mm and found
that there is no densification stage in the stress–strain curve of the
sample with the highest height of 60 mm (Liu et al., 2009). It can
be seen from the figures that with the increase of impact speed
and the strength of dynamic loading, the peak stress of the four
samples also increases, and the platform stress stage of the
stress–strain curve fluctuates in a higher stress range.
Moreover, the peak stress of samples D-1 and D-2 are delayed
after the increase of the impact speed, while the peak stress of
samples D-3 and D-4 are almost at the same position, and the
stress–strain curves of the two samples entering the stress
platform stage are advanced compared to samples D-1 and D-
2. These phenomena may be related to the different coating
materials on the surface of the four honeycomb samples and the
compression failure forms. The research on the compression

failure forms of honeycomb samples will be described in the
next section .

Compression Failure Mode
Figures 6, 7 show the compression failure modes of the quasi-
static compression tests and dynamic compression tests,
respectively, and this article mainly studies the failure mode
under dynamic compression. The failure mode of the
honeycomb structures in the process of dynamic compression
experiments is studied by using high-speed photography
equipment. Figure 7 shows the picture of one frame of the
deformation process of four samples taken by high-speed
photography in the dynamic compression experiment with an
impact speed of 15 m/s. The compression position of D-1 begins
from the impact site, that is, the section in contact with the
incident bar; the compression position of D-2 begins from the site
connected with the transmission bar; D-3 is folded from the
middle; the compression position of D-4 begins from both sides,
and the compression speed of one side near the transmission bar
is faster than that of the other side. The failure modes of the four
samples in the quasi-static compression tests are completely

FIGURE 6 | Quasi-static compression failure modes. (A) S-1, (B) S-2, (C) S-3, and (D) S-4.
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consistent with those in the dynamic compression tests according
to Figure 7. Considering that the structure and matrix materials
of the samples are exactly the same, the root cause of the
difference in compression failure modes is the different
coating materials on the surface of the four honeycomb
samples. Combined with the compression failure modes of the
samples and the stress–strain curve of the dynamic compression
experiments in the previous section, it can be concluded that for
the samples with compression failure only from one side, the
strain corresponding to the stress–strain curve reaching the stress
platform stage is larger, and the upward and downward trends of
stress in the elastic stage are more gentle than the other two
samples. Combined with Figures 5, 7, it can be found that during
the stress platform stage of No. 4 sample, the stress suddenly
decreases and then recovers. Combined with the pictures taken by
high-speed photography, it can be concluded that since the
compression failure of No. 4 sample begins from both sides,
when the cell walls at both sides fold to a certain extent, then the
remaining middle cell walls of the sample are unstable and

FIGURE 7 | Dynamic compression failure modes. (A) D-1, (B) D-2, (C) D-3, and (D) D-4.

FIGURE 8 | Curves of peak stress and strain rate.
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collapse Then, the cell walls of the remaining part begin to repeat
the process of yield folding, and the stress platform stage is
recovered.

Strain Rate Effect
The strain rate sensitivity of porous structural materials is the
focus of many scholars. In the mechanical response of the
honeycomb structure, the peak stress represents the critical
stress that the structure could bear and plays an important

role in the design of the buffer energy absorbing structure.
The strain rate effect of the honeycomb material is closely
related to the structural composition and material composition
of the honeycomb sample. In this study, the dynamic response of
honeycomb samples under two impact speeds is studied, and the
corresponding strain rates are 300s−1 and 500s−1, respectively.
Figure 8 shows the relationship between the peak stress and
strain rate of four samples in the dynamic compression test.
According to the curves in the figure, the peak stress of the four
samples increases significantly with the increase of the strain rate,
which reflects the strain rate correlation of honeycomb structural
materials. The increase of peak stress of the four samples is
slightly different. According to the specific data in Table 2, the
peak stress of D-2 increases most significantly by 28.16% with the
increase of the strain rate, while the amplification of D-1 is the
lowest by only 7.02%. Zheng et al. studied the dynamic uniaxial
impact behavior of foam metal by using the three-dimensional
finite element model. The dynamic stress–strain curve is related
to the stratified collapse mode, and the equivalent quasi-static
curve is related to the mode of random shear band collapse.
(Zheng et al., 2014). The matrix materials of the honeycomb

TABLE 2 | Peak stress of honeycomb samples at different strain rates.

Samples Strain rate/s−1 Peak stress/Mpa

1 300 21.52
500 23.03

2 300 16.83
500 21.57

3 300 13.58
500 16.49

4 300 17.54
500 19.19

FIGURE 9 | Energy absorption under dynamic loading.
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samples used in this study are same, and the micro-collapse mode
of the cell wall is also identical. The reason affecting the strain rate
sensitivity of the samples may be related to the coating materials.

Dynamic Energy AbsorptionCharacteristics
Honeycomb materials are mainly used as a buffer and energy
absorbing materials in practical engineering applications. On the
premise of meeting the compressive strength, improving the
energy absorbed per unit volume to enhance its cushioning
performance is the main research idea of buffer materials at
present. Related research is usually divided into two directions:
one is to change its materials and study newmaterials with lighter
weight and higher strength. Many honeycomb materials are
manufactured under such circumstances (Shin et al., 2008).
The other is to design more reasonable structural composition.

At present, the former method is more efficient and applicable,
and the use of new materials can greatly improve the cushioning
and energy absorption characteristics of porous materials.

Honeycomb material has an excellent energy absorption
performance in the process of compression. When it is in the
process of dynamic compression, the work carried out by the
external force is folded through the cell wall continuously and
transformed into the plastic properties required for material
deformation. The energy (E) absorbed per unit volume of the
honeycomb structure can be characterized by the area
surrounded by the stress–strain curve. The formula is as follows:

E � ∫
εp

0

σ(ε)dε, (2)

where σ(ε) and ε represent the compressive stress and
compressive strain, respectively, and εp is the strain before the
densification stage; because there is no densification stage in the
dynamic compression test, the final strain is selected as the value.

As an energy absorption structure, the energy absorption
efficiency (η) is another important parameter to describe the
dynamic energy absorption characteristics of porous materials.
The formula is as follows (Smorygo et al., 2012):

η � ∫ε

0
σ(ε)dε
σmaxε

, (3)

where the molecule is the actual absorbed energy at a given
compressive strain, and the denominator is the ideal energy
absorption obtained by the product of a given compressive
strain and the peak stress σmax.

Figure 9 shows the energy absorption curves of four honeycomb
structures under dynamic loading. According to the results in the
figures, the energy absorption per unit volume of the four samples
increases approximately linearly with the increase of the strain. The
energy absorbed per unit volume of the sample increases obviously
with the increase in impact velocity. In the initial stage of loading, for

FIGURE 10 | Energy absorption efficiency under dynamic loading.

FIGURE 11 | FEM model of the honeycomb sample.
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samples D-1 and D-2, the energy absorption of them under low
impact velocity is more, but with the increase of strain, the energy
absorption of samples under high impact velocity is more. This is
because when D-1 and D-2 are in the elastic stage, the strain of the
samples rises faster at a low loading speed and reaches the peak first;
they absorb more energy in the initial stage. For D-3 and D-4, the
phenomenon of energy absorption curves is that the rising trend of
the two samples is almost the same in the elastic stage, and the stress
value and peak stress of the samples are larger at a higher impact
speed. After the samples pass the peak stress and reach the stress
platform stage, the stress value of the samples at the lower impact
speed is higher, so they absorb more energy in this part. Then, their
energy absorption is exceeded by the samples at a higher impact
speed with higher overall platform stress. Figure 10 shows the
dynamic energy absorption efficiency of four honeycomb samples
under two loading speeds. The regular pattern of the energy
absorption efficiency curve is the same as that of porous metal

materials studied by Smorygo et al., (2012). In the initial stage of
dynamic loading, with the increase of strain, the stress and strength
of the samples increase as well, and the energy absorption efficiency
also increases. Because of the low toughness of the material under
dynamic loading, the honeycomb material decreases significantly
after the stress reaches the peak. Therefore, although the stress
plateau stage is the main part of the energy absorption of
honeycomb samples, the energy absorption efficiency decreases at
this stage obviously.

Numerical Simulation Analysis
The finite element analysis software (LS-dyna) was used to
conduct dynamic simulation to explore the failure process of
the honeycomb sample under dynamic load. This is because the
composition of the surface coating material of the honeycomb
sample studied in this article is too complex, and there are no
material constitutive parameters to characterize it. This article

TABLE 3 | Partial parameters in the FEM simulation.

Part Mass density/g.cm3 Young’s modulus/Gpa Poisson’s ratio

Bar assembly 7.9 210 0.3
Sample 7.8 193 0.305

FIGURE 12 | Effective stress diagrams of honeycomb specimens at different stages.
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just studied the failure form of the same honeycomb structure.
Figure 11 shows the built model, and the whole model adopts
solid units (solid163) for modeling; the material constitutive
models of the bullet, incident bar, and transmission bar are set
as the linear elastic model. The constitutive model of the
honeycomb sample is set as MAT-plastic-kinematic, which is
an elastic–plastic material model related to the strain rate and
with failure. Partial material parameters are shown in Table 3.
The contact between the four components is set as face-to-face
contact. The bullet is given an initial impact velocity at 15 m/s.

Figure 12 shows the effective stress diagrams of honeycomb
samples at four different stages. It can be seen from the results in
the figures that after the sample is impacted by the incident bar, the
decreasing effective stress is generated from the impact surface to
the other side of the sample. The compression deformation of the
sample occurs from the side in contact with the incident bar
initially. When the effective stress at the side in contact with the
transmission bar reaches a certain value, the compression
deformation also occurs. When the side impacted initially
reaches the peak stress, the cell wall close to this side yields and
folds and also absorbs more energy. When the impact energy is
transmitted to the other side, it has been greatly decreased, so the
compression deformation on this side of the sample is reduced.
Only the effective stress of the honeycomb material with the same
structure is used to study its deformation and failure mode in this
study. The honeycomb materials used in this study will be further
studied in the subsequent numerical simulation.

CONCLUSION

In this article, quasi-static compression experiments and dynamic
compression experiments were carried out on four kinds of
honeycomb steel with special coating materials; their
mechanical properties and failure forms were studied by using
a pressure testing machine and the split Hopkinson pressure bar
(SHPB) device. This special honeycomb structure material will
have a broader research and application prospect in the future
because of its particular mechanical properties and failure modes.
The experimental conclusions are as follows:

1) The quasi-static compressive stress–strain curves of the four
honeycomb samples show the characteristics of three typical
compression deformation stages of porous materials: the
elastic deformation stage, stress platform stage, and
densification stage. In the dynamic compressive
stress–strain curves, there is no densification stage due to
the short loading time and the height of the samples.
Furthermore, the relationship between the dynamic peak
stress and strain rate is studied, which shows that the
honeycomb structure material has a strong correlation with
the strain rate.

2) The dynamic compression deformation processes of four
kinds of honeycomb samples were recorded by high-speed
photography and analyzed combined with their stress–strain
curves. The results show that the peak stress of the samples
with compression failure from one side is delayed when the

loading speed is higher; the stress–strain curves of the samples
damaged from both sides will drop instantaneously at the
stress platform stage and then restore the phenomenon of
stress fluctuation.

3) The relationship between the peak stress under dynamic
loading and strain rate is studied. The result showed the
conventional phenomenon of the honeycomb structure
material: strain rate effect. The strain rate sensitivity of the
four honeycomb samples is different, and the reason may be
related to the coating materials.

4) The dynamic energy absorption characteristics of honeycomb
sampleswere studied.With the increase of the strain, the dynamic
energy absorption curves increased approximately linearly, and
the dynamic energy absorption efficiency increases rapidly in the
initial stage and then decreases to a steady state.When the impact
velocity changes, the energy absorption characteristics of the
honeycomb structure also change.

5) The honeycomb steel with the same structure is simulated by
the finite element method, and its dynamic failure form is
analyzed through the effective stress diagrams. Compression
deformation occurs at both sides of the sample. The side first
impacted by the incident bar absorbs more energy, and its
compression deformation is also prominent. The honeycomb
materials used in this article will be further studied in the
subsequent numerical simulation.
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