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Concrete structures can suffer damage from the shock waves caused by explosions. However, the damage can be mitigated in
practice by increasing the size of the energy-absorbing interlayers to improve the antiknock performance of the concrete. ,e aim
of this paper is to investigate the energy-absorbing capability of a composite structure of polyurethane-foamed aluminum and
concrete. ,e composite structure consisted of C60 concrete with foamed aluminum or polyurethane-foamed aluminum as
a sandwich material. ,e thickness of the interlayers and the relative amounts of the different materials in the structure were the
variables that were adjusted from test to test. To capture data related to the explosion, the structure was instrumented with
pressure, acceleration, strain gauge, and displacement sensors.,e efficacy of this structure was validated by way of surface contact
explosions using 0.5 kg of TNT. By appropriately positioning the explosives in each test, the related parameters in the explosions,
including the stress, displacement, acceleration, and strain, were recorded. ,e results of the tests indicated that the energy-
absorbing capability of the polyurethane-foamed aluminum was significantly higher than that of the foamed aluminum, and the
thickness of the energy-absorbing layer had a great impact on the energy absorption effect.

1. Introduction

In wars, terrorist attacks, and other events, concrete
structures may be damaged by shock waves from explosions.
,us, it has become important for researchers to determine
how to increase the antiknock performance of concrete
structures. ,e explosion resistance performance of two
groups of high-strength reinforced concrete (RC) slabs
versus common RC slabs was studied experimentally by Lu
et al. [1] as part of an exploration into the failure mecha-
nisms and the development and distribution of cracks in
concrete. ,e results indicate that the adoption of HHT 600
high-strength steel bars can effectively reduce the devel-
opment of cracks and enhance the explosion resistance
performance of RC slabs. Zhai et al. [2] investigated the
performance of RC structures subjected to blast loading after
being exposed to fire. ,e experimental and numerical re-
sults showed that RC beams after being exposed to fire
suffered greater blast-induced damage than those that were

not exposed to fire. Zong et al. [3] investigated the dynamic
response characteristics, damage modes, and failure
mechanisms of reinforced concrete (RC) piers under blast
loading and near-field and contact explosion tests while
considering different cross-sectional shapes, the slenderness
ratio, the type of concrete, the form of stirrup, and the
parameters related to the axial compression ratio in order to
determine a suitable fitting formula. Chen et al. [4, 5]
conducted an experimental study of the combined effects of
a high temperature and high strain rate on normal concrete
materials and provided a new empirical model to describe
the dynamic increase in the strength factor and the secant
elastic modulus of concrete at elevated temperatures. In
recent years, interlayer-type structures that incorporate new
energy-absorbing layers in the form of foamed metal have
received significant research and development attention.
Shen et al. [6] applied a blast load via an explosion to
a curved laminboard with an aluminum panel and foamed
aluminum core to study its dynamic response and found that
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the curved laminboard could absorb more explosive energy
than a solid board and an interlayer plate of an equal weight.
,is further demonstrated the excellent properties of foamed
aluminum in resisting explosion shock. Merrett et al. [7]
used foamed aluminum when conducting explosion tests to
study the wave surface effect under shock wave compression.
Yun et al. [8] analyzed the energy-absorbing and -buffering
functions of foamed aluminum materials in the interlayer of
a steel plate and found that reinforcing the concrete wall by
way of a sacrificial layer of foamed aluminum could dra-
matically reduce the influence of the bursting pressure.
Polyurethane is a foam material with a small specific gravity,
low price, and good workability. Due to its excellent energy
and shock-absorbing capabilities, it has been widely used for
protection in the packaging of fragile goods, construction of
protective layers, inner filling of relevant structures, and
national defense applications [9–11]. Zhang et al. [12] an-
alyzed the static mechanical properties of the foamed
aluminum-polyurethane composite material. Xie et al. and
Zhang et al. studied the kinetic performance of the
polyurethane-foamed aluminum composite material via
relevant experiments [13–15].

In this study, polyurethane foam was used in a perfo-
rated foamed aluminum plate to fabricate the advanced
composite material called polyurethane-foamed aluminum.
,is combination enhanced the energy-absorbing capability
of foamed aluminum. ,e focus of the current study is to
investigate the explosion resistance and energy absorption
characteristics of a concrete plate composite structure when
polyurethane-foamed aluminum is used as the energy-
absorbing interlayer.

2. Test Design

,e structures designed for the explosion tests included
C60 concrete with thicknesses of 100 and 220mm. A
100mm thick overburden layer was applied to the concrete,
and the surface of this layer was subjected to a contact
explosion of 0.5 kg of TNT. In the test, foamed aluminum
and polyurethane-foamed aluminum plates were selected
as the interlayer materials. ,e thicknesses of the interlayer
material and different combinations of materials were used
as variables. Five tests were designed to study the explosion
resistance capability of the polyurethane-foamed
aluminum.

2.1. Preparation of the Test Specimens

2.1.1. Preparation of the Polyurethane-Foamed Aluminum.
As shown in Figure 1, polyurethane-foamed aluminum was
prepared by mixing and foaming the black (toluene diiso-
cyanate: PM200) and white (polyether ternary alcohol:
N303, hydroxyl value: 470mg KOH/g) ingredients of
polyurethane.

,e parameters of the open-cell aluminum foam pro-
duced by Shanghai Zhonghui FoamAluminumCo., Ltd., are
shown in Table 1.

First, a certain amount of blackmaterial was added to the
foamed aluminum plate and spread evenly over the plate

until it was absorbed. ,en, the white material was added
according to a mass ratio of 1 :1 so as to mix it with the black
material and cause them to react and foam. A purpose-built
generation vessel was pressurized to force the produced
polyurethane foam into the voids of the foamed aluminum
plate.

,e weight of the polyurethane-foamed aluminum plate
was much higher than that of the foamed aluminum plate.
When analyzed, the weight of the polyurethane-foamed
aluminum plate increased from 73.79% to 89.29%. ,is
was because the amount of polyurethane had significantly
increased the weight. ,e result was a fairly ideal composite
material that was suitable for use in the subsequent ex-
plosion resistance and energy absorption tests.

2.1.2. Preparation of the Concrete. Table 2 shows the mixture
ratio of the concrete.

Additional details are as follows:

(i) ,e cement was P.O. 52.5 ordinary Portland cement
(ii) ,e pebbles should meet the continuous grading

requirement for a maximum particle size of 20mm
(iii) Silica fume produced in Xuzhou was used
(iv) Grade II coal ash was used
(v) A polycarboxylate-type high-efficiency slushing

agent was used

,e concrete plate in this test was fabricated by manual
mixing. ,e raw material was prepared as per the relevant
mix proportions, and the concrete was mixed as per the
standard procedure. Once mixed, the concrete was poured
into a mold and vibrated. Finally, the finished concrete
sample was cured for 28 d in a suitable environment before
the explosion tests were conducted.,e in-progress concrete
plates are shown in Figure 2.

2.2. Test Setups. During the tests, concrete composite boards
with polyurethane-foamed aluminum as the energy-
absorbing interlayer were utilized to study the destructive
effects of an explosive load of 0.5 kg TNT, as shown in
Figure 3. Five different combinations of the material were
prepared, as shown in Figure 4.

,e five tests varied according to the interlayer material
type, thickness, and combination of materials. ,e observed
phenomena and the sensor data captured during the ex-
plosions were used to analyze the explosion resistance
performance of the polyurethane-foamed aluminum. In the
second and third tests, the polyurethane-foamed aluminum
was compared with foamed aluminum in terms of the ex-
plosion resistance performance. ,en, in the fourth and fifth
tests, the effects of the interlayer material thickness and the
combination of materials on the explosion resistance per-
formance of the structure were studied. By comparing the
results of the latter tests (Tests 2, 3, 4, and 5) with the results
of the first test (Test 1), the differences between the explosion
resistance performance of the single-layer concrete structure
and that of the composite structures were studied.
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3. Field Explosion Test

As shown in Figure 5, a 1m high steel structure was pur-
posely built for this test.,e top of the structure matched the
size of the concrete samples so that the bottom of the test
specimens was suspended in air. ,e steel structure was
assembled in an open field, and measurement points were
chosen for the concrete plate and the interlayer layer that
were relatively close to the steel structure. Electric circuit
adapters to facilitate the measurements were placed on the
steel structure. After the measuring points were arranged,
the concrete and interlayer plates were stacked on and at-
tached to the bracket, and then the top of the upper layer of
concrete was covered by dirt.

Due to the large range of an explosive shock wave, the
data transmission wires near the center of the explosion were
installed in a steel conduit to protect them from damage. For
the same reason, the data acquisition system was assembled
in a shelter 20m away from the center of the explosion
(Figure 5(b)). ,e measuring points on the test structure
were transmitted via wire to the shelter to prevent effects of
the explosion shock wave on the data acquisition system.

Five tests were conducted as per the testing program
using the five setups shown in Figure 6.

After the test setups were configured, the data acquisi-
tion system was enabled and the operation of the sensors at
each point was confirmed. ,en, all persons around the test
field were evacuated before 0.5 kg of the TNT explosive
material was placed on the overburden layer and detonated,
as shown in Figure 7.

In the test, the parameters related to the explosion
damage, such as the pressure, displacement, acceleration,
and strain, were recorded via the measurement points
configured in each test.,e sensors used at the measurement
points are shown in Figure 8.

All of the measurement points were located under the
powder charging points. ,e pressure- and acceleration-
measuring points were set on the lower surface of each

(a) (b)

Figure 1: Preparation of the polyurethane-foamed aluminum.

Table 1: Parameters of the open-cell aluminum foam.

Aperture Porosity Hole rate Bulk density Compressive strength σc Bending strength σw Tensile strength σb
1.66mm 68–78% 90–95% 0.60–0.85 g/cm3 8.61MPa 8.06MPa 3.41MPa

Table 2: Mixture ratios of the concrete (kg/m3).

Water Cement Silicon Fly
ash Sand Stone Water-reducing

agent
150 370 50 80 595 1155 9

Figure 2: Concrete preparation.

Figure 3: 0.5 kg TNT.

Advances in Civil Engineering 3



intermediate layer, and one displacement point was set on
the lower surface of the structure. As no displacement- and
velocity-measuring points were placed at the other locations,
the displacement and velocity were derived from the
acceleration.

In Test 1, there was no measuring point on the testing
plate. However, Tests 2, 3, and 4 employed identical

arrangements of testing points. For the �rst layer (concrete
plate), a pressure sensor (i.e., overpressure measurement
point) was mounted at the center of the lower surface and
a second sensor was placed 100mm away from the center.
One acceleration sensor was mounted at a point
50mm away from the center of the lower surface. For
the second layer (either a foamed aluminum plate or
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Figure 4: Di�erent test combinations. (a) Test 1. (b) Test 2. (c) Test 3. (d) Test 4. (e) Test 5.
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Figure 5: Test site layout.
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a polyurethane-foamed aluminum plate), strain gauges
were applied after the surface of the concrete was prepared
by rubbing. For the third layer (concrete plate), one
pressure sensor was mounted at the center of the lower
surface and another at a point 100mm away from the
center. In addition, one displacement sensor was mounted
on one side (50mm away from the center) of the lower
surface, and one acceleration sensor was mounted on the
other side.,e arrangement of the sensors in Tests 2, 3, and
4 is shown in Figure 9.

In Test 5, for the first layer (concrete plate), one pressure
sensor was mounted at the center of the lower surface and
another at a point 100mm away from the center. For the
third layer (concrete plate), one pressure sensor was
mounted at the center of the lower surface and another at

a point 100mm away from the center. For the fifth layer
(concrete plate), one pressure sensor was mounted at the
center of the lower surface and at a point 100mm away from
the center. In addition, one displacement sensor was
mounted on one side (50mm away from the center) of the
lower surface, and one acceleration sensor was mounted on
the other side. ,e arrangement of the sensors in Test 5 is
shown in Figure 10.

Because this explosion test was performed on a com-
posite material plate and the concrete had a high strength
after curing and molding, it was difficult to determine
suitable measurement points at which to place the sensors as
per the plan and relevant requirements. For this reason, the
decision was made to mount the sensors at key points while
the concrete was poured. To facilitate this, the acceleration
sensor that was placed inside the concrete plate was
waterproofed to protect it while the concrete was being
poured into the mold. ,e acceleration sensor in the bottom
concrete plate was placed prior to the explosion test. ,e
placement of these sensors is shown in Figure 11.

To ensure there was sufficient space for setting the
pressure measurement points while the concrete was being
poured, bamboo tubes of an appropriate size were inserted
into the concrete.

In this experiment, the data acquisition system con-
sisted of a YE5853B charge amplifier, MSO 3014 oscillo-
scope, and CS dynamic resistance strain gauge along with
a National Instruments NI 9215 data acquisition module.
,e data were input to a computer via the universal serial
bus (USB) interface, and the data collection and reduction

(a) (b)

(c) (d)

Figure 6: Experimental test setups. (a) Test 1. (b) Tests 2 and 3. (c) Test 4. (d) Test 5.

Figure 7: Explosion.
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steps employed the self-improved rocket gun dynamic
parameter measurement system shown in Figure 12.

4. Results and Analysis

4.1. Analysis of the Test Phenomena. Test 1 employed
a 220mm thick concrete layer. After 0.5 kg of explosive was
detonated, the overburden layer was destroyed by the impact
force and fragments were strewn around the site. �e shock
wave also spread downwards to destroy the lower concrete
structure. After the explosion, there was a depression on the
top of the concrete that extended outward from the center of
the concrete plate. �e center of the depression was 1-2 cm
deep, and the diameter was about 30 cm. Cracks appeared
along the sides of the concrete and extended from the upper
surface to the bottom. �e bottom of the concrete slumped
to form pot holes with diameters of 10–15 cm.�e damage is
shown in Figure 13.

In Tests 2 and 3, foamed aluminum and polyurethane-
foamed aluminum were employed as the energy-absorbing
interlayers, respectively. In these tests, the upper layer of
concrete was severely damaged and fragments were strewn
around the site. In addition, the shock wave from the ex-
plosion caused compressional deformation of the interlayer
material. In the two tests, many cracks appeared in the lower
layer of concrete and extended from the top of the bottom
plate to the bottom. �is is shown in Figure 14.

Compared with Test 1, the bottom sides of the bottom
concrete plates, as shown in Figure 15, had better integrity,
although the bottom of the concrete in Test 2 was more
damaged than that in Test 3. �is showed that when
polyurethane-foamed aluminum was used as the interlayer
of the concrete, it was able to provide more protection to the
structure than the foamed aluminum under the same blast
load.

As shown in Figure 16, the shock of the explosion caused
extensive compressional deformation to the interlayer ma-
terial in Tests 2 and 3. On the foamed aluminum plate, many
cracks appeared in the areas near the depressions. In con-
trast, the voids in the polyurethane-foamed aluminum plate
were �lled with polyurethane foam, which allowed the plate
to have a certain amount of elasticity. �us, its compres-
sional deformation was smaller than that of the foamed
aluminum plate.

10010050

5050

Pressure 
Acceleration 

Displacement
Strain 

Figure 9: Arrangement of the measurement points in Tests 2, 3,
and 4.
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Figure 10: Arrangement of the measurement points in Test 5.
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Figure 8: Types of sensors used in the tests. (a) Pressure sensor. (b) Acceleration sensor. (c) Strain gauge. (d) Displacement sensor.
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In terms of the composite board in Test 4, the thickness
of the interlayer material changed from Test 3. After the
explosion, the upper concrete plate was not completely
fragmented and the backside of the lower concrete plate had
a small number of fine cracks. ,us, the integrity of the
concrete in this test was better than that in Test 3. Based on
this result, the thickness of the polyurethane-foamed alu-
minum energy-absorbing layer was shown to be an im-
portant factor in influencing the explosion resistance
capability of the concrete composite plate. ,ese results are
shown in Figure 17.

In Test 5, the thicknesses of the layers were changed from
those in Test 4 by dividing the 40mm thick interlayer into
two 20mm layers. Also, the first two layers of concrete were
thinner than those in Test 4. ,e effect of the additional
layers intensified the reflection effect of the shock wave
between the different media, which caused the first two
layers of concrete to be more severely damaged. ,e bottom
of the top layer of concrete had extensive fragmentation and
generally poor integrity. In the center of the second layer of
concrete from the top, penetrating cracks appeared and the
entire plate broke from the middle. Based on the state of the

(a) (b)

Figure 11: Sensors buried.

(a) (b)

Figure 12: Rocket gun dynamic parameter measurement system.

(a) (b)

Figure 13: Damage phenomena from Test 1.
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surface of the bottom layer of concrete, the bottom layer of
concrete in Test 5 retained good integrity and exhibited
damage that was much the same as in the same layer in Test
4. ,ese results are shown in Figure 18.

In Test 5, the single layer of polyurethane-foamed
aluminum from Test 4 was divided into two layers and
placed amid the concrete layers. However, this did not
improve the explosion resistance capability of the structure,
while its construction became more difficult.

4.2. Analysis of the Pressure and Strain Test Results. ,e
collected data were analyzed with respect to the pressure and
strain, and the stress variation of each layer of the material in
all tests was observed and analyzed. In this way, the in-
tuitional description of the force analysis in all tests was
converted into numerical results. ,ese results are plotted in
Figures 19 and 20.

In Figure 19, the measured points were located on the
bottom of the upper layer of concrete, and the shock wave

(a) (b)

Figure 14: Blast damage phenomena from Tests 2 and 3. (a) Damage to the upper layer. (b) Bottom of the lowest plate.

(a) (b)

Figure 15: Damage to the bottom of the concrete in Tests 2 (a) and 3 (b).

(a) (b)

Figure 16: Differences in the damage between the polyurethane-foamed aluminum sandwich (a) and aluminum foam sandwich (b).
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pressures measured at these locations in Tests 2, 3, and 4
were similar. �us, the re�ected shock waves on the upper
layer of concrete were equivalent. From Figure 19, it can be
seen that the thickened polyurethane-foamed aluminum in

Test 4 had the best attenuation e�ect on the shock wave
pressure, the second best was for the polyurethane-foamed
aluminum interlayer used in Test 3, while the attenuation
e�ect of the foamed aluminum interlayer in Test 2 was the

(a) (b)

Figure 17: Complete setup for Test 4 (a) and the damage to the base (b).

(a) (b)

Figure 18: Complete setup for Test 5 (a) and the damage to the back of the base (b).
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worst. Because the polyurethane-foamed aluminum in Test 4
was thicker than that in Test 3, this delayed the time for the
shock wave to arrive at the bottom layer of concrete. �is
caused the peak value of the pressure curve in Test 4 to appear
later than those of the pressure curves in Tests 2 and 3.

�e deformation of the interlayer materials in the dif-
ferent tests that were subjected to shock wave destruction is
shown in Figure 20. In Test 2, during deformation, voids in
the foamed aluminum were gradually squeezed and com-
pacted. However, as the voids in the polyurethane-foamed
aluminum were �lled with the polyurethane foam material,
the corresponding deformation was less than that in the
foamed aluminum material, and the strain displayed in the
curve was smaller.

�e relationship between the pressure and strain was
analyzed to obtain the stress-strain curves of the interlayer
materials under explosive conditions. �ese curves are
shown in Figure 21.

4.3. Analysis of the Acceleration Test Results. In this test, the
acceleration sensor buried in the concrete was used to
measure the acceleration.�e associated curves are shown in
Figure 22. In Figure 22(a), the peak curve of Test 3 was
smaller than that of Test 2. Because the shock resistance of
the polyurethane-foamed aluminum interlayer material was
superior to that of the foamed aluminum used in Test 2, the
bottom concrete in Test 3 deformed slowly after the shock
wave went through the interlayer material. In Test 4, because
the interlayer material was thicker, it could absorb more
energy while resisting the shock wave and therefore better
protect the bottom concrete structure. For this reason, the
concrete deformation speed in the curve of Test 4 was the
slowest. As there was little di�erence between the two curves
in Figure 22(b), it was di�cult to compare the deformation
speeds of the bottom concrete in Tests 4 and 5. Even so, after
the explosions, the bottom concrete in both tests exhibited
similar damage.

4.4. Analysis of the Displacement Test Results. �e
displacement-monitoring points were located on the bottom
of the last layer of concrete, which meant that the dis-
placement caused by a shock wave could be measured.

It can be seen in Figure 23 that the displacement values of
the bottom concrete in Tests 2, 3, and 4 varied with time and
the respective displacements increased gradually. �ese
results demonstrate that the polyurethane-foamed alumi-
num interlayer provided better explosion resistance to the
overall structure than did the foamed aluminum interlayer.
However, by adding an equivalent composite layer, in-
creasing the thickness of the polyurethane-foamed alumi-
num interlayer was found to be an e�ective way to enhance
the explosion resistance capability of the protective struc-
ture. �e displacement curves of the bottom concrete layers
in Tests 4 and 5 were almost equivalent, which indicated that
the protective capability of the polyurethane-foamed alu-
minum interlayer material for the bottom concrete was no
di�erent before or after layering.

4.5. Analysis of the Quantity and E�ciency of Energy
Absorption. Energy absorption is an important property of
the interlayer material of the composite plate. In the tests, it
was found that the polyurethane-foamed aluminummaterial
had good energy absorption properties as it was able to
dampen the explosive shock wave. �is was an important
�nding in the tests. �e energy absorption properties Q of
a material are primarily related to the quantity of energy
absorbed.

In a stress-strain curve, the area encircled by the starting
stage to the compaction stage of the curve and the horizontal
axis represents the energy absorbed by the bu�er material
within the strain variation range under the corresponding
amount of stress. �e size of the area re�ects the energy
absorption capability of the material under the relevant
applied forces [16]. �e energy absorption quantity Q can be
de�ned as follows:
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Q � 
εi

0
σ dε. (1)

,e result of Equation (1) is equivalent to the area below
the dashed area of the curve shown in Figure 24.

,e energy absorption efficiency is denoted as E and can
be defined as follows:

E � 
εi

0

σ dε
σi

�
Q

σi

. (2)

In Equation (2), the result after integration represents
the ratio of the absorbed energy Q when the material is
deformed to a certain strain under load and the corre-
sponding stress represented by the energy absorption effi-
ciency E of the material. When the energy absorption
efficiency E reaches a maximum, this indicates that it has the
best energy absorption capability under the corresponding
strain and that the energy absorption was optimal.

According to the definition of the energy absorption
quantity Q, the stress-strain curves of polyurethane-foamed
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Figure 22: Test acceleration curves from the bottom of the bottom plates. (a) Tests 2, 3, and 4. (b) Tests 4 and 5.
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Figure 23: Bottom points of test displacement curves. (a) Tests 2, 3, and 4. (b) Tests 4 and 5.
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aluminum and foamed aluminumwere integrated (Figure 21)
bymeans of Equation (1).�en, the energy at each strain stage
derived from the integration was processed. �e variable
value of the horizontal axis was adjusted to obtain the strain-
energy absorption quantity curve and the stress-energy ab-
sorption quantity curve (Figures 25 and 26). By comparing
the energy absorption curves of the polyurethane-foamed
aluminum and foamed aluminum, the energy absorption
quantities of the two interlayer materials under explosive
shock can be obtained. Ideally, the results will intuitively
re�ect the energy absorption capability of the two materials.

From Figure 25, it can be seen that the maximum energy
absorbed by the polyurethane-foamed aluminum in the
explosive destruction process in Test 3 was 8.58MJ, which is
larger than 7.78MJ of energy absorbed by the foamed
aluminum interlayer material. Also, it can be seen that as the
strain increased, the slope of the energy absorption quantity
curve of the polyurethane-foamed aluminum increased
faster than that of the foamed aluminum. From Figure 26, it
can be seen that, before the stress caused by the explosion
reached 30MPa, the energy-absorbing quantities of the two
materials were similar. However, when the stress increased
beyond 40MPa, the polyurethane-foamed aluminum
absorbed more energy.

According to the de�nition of the energy absorption
e�ciency E, when a material has the maximum energy
absorption e�ciency, this proves that the material is ideal
and has the best energy absorption status. From the test data,
the energy absorption e�ciency-stress curves and the energy
absorption e�ciency-strain curves of the polyurethane-
foamed aluminum and foamed aluminum were obtained,
as shown in Figures 27 and 28. From Figure 27, it can be seen
that as the strain grew, the slope of the energy absorption
e�ciency curve of the polyurethane-foamed aluminum
increased faster than that of the foamed aluminum. For this
reason, when the material deformation was large, the
polyurethane-foamed aluminum material had a higher en-
ergy absorption capability. From Figure 28, it can be seen
that foamed aluminum had the best energy-absorbing status
when the stress was in the range of 25 to 33MPa, while the
polyurethane-foamed aluminum achieved an optimal state
within a stress range of 33 to 40MPa.

By analyzing the energy absorption quantities and e�-
ciencies of polyurethane-foamed aluminum and foamed
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Figure 27: Energy absorption e�ciency-strain curve.
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aluminum, it was concluded that polyurethane-foamed
aluminum had better energy absorption capability than
foamed aluminum when the stress was higher than 33MPa.
In the tests, the polyurethane-foamed aluminum interlayer
absorbed more energy than the foamed aluminum
interlayer.

5. Conclusions

By analyzing the results of the explosions and tests, it was
found that the polyurethane-foamed aluminum had better
absorption for an explosive shock wave than the foamed
aluminum, and the thickness of the polyurethane-foamed
aluminum had a remarkable impact on the energy ab-
sorption and explosion resistance e�ects. However, when the
polyurethane-foamed aluminum plate was divided into two
layers with the same overall thickness, the performance of
the split layers was not signi�cantly better. �is demon-
strated that the overall structure of the layers did not have
a signi�cant impact.

It was seen from analyzing the energy absorption ca-
pability that the polyurethane-foamed aluminum had ob-
vious advantages in terms of the energy absorption quantity
and e�ciency. Under the same explosive environment, the
maximum energy absorbed by the polyurethane-foamed
aluminum in the explosive destruction process was
8.58MJ, while that by the foamed aluminum interlayer
material was 7.78MJ.
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