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In this paper, some impact properties including maximum impact force, maximum 

displacement, specific absorbed energy, and failure mode of composite sandwich panels 

with aluminum foam core and different skin layers were investigated both numerically 

and experimentally. To compare the effect of different types of skin layers, in addition to 

the conventional aluminum layer, glass/epoxy composite with cross-ply and quasi-

isotropic layouts was also employed. The experimental low-velocity impact tests were 

applied using a drop-weight device. All experimental tests were carried out based on the 

ASTM D7136. The finite element software, ABAQUS/Explicit, was employed to simulate 

the drop weight impact test of foam sandwiched composite. The finite element model was 

evaluated by comparing outputs between experimental results and the numerical 

simulation. Results showed that type of the face sheets and the fiber alignment in the 

composite surfaces significantly affected the impact behavior such as maximum impact 

force, failure mode, and absorbed energy. Based on the output results, the composite 

sheets with a quasi-isotropic skin layer had the highest specific absorbed energy. 

Moreover, in numerical results, the destruction area indicated more symmetry compared 

to the experimental ones. Also, the penetration depths of the impactor were completely 

dependent on the stacking sequence and type of top layer.  

 

1. Introduction 

Currently, sandwich composite sheets have 
found specific applications in the automotive, 
military, and aerospace fields. To decline the 
weight of the structure, the use of air-filled pores 
(or other neutral gases) to form a porous foam 
has received increasing attention. Numerous 
metals such as aluminum, copper, nickel, lead, 
zinc, magnesium, and titanium have foam ability 
properties through various processes. Among 
them, Al has gained huge attention due to its 
lightweight, low melting point, high specific 
stiffness, proper corrosion resistance, high 
strength, excellent energy absorption capacity, 
recyclability and possibility to be produced in 
homogenous and isotropic network structures. 
However, internal defects due to the impact loads 
and the declined residual resistance have 
remained among the main concerns [1]. 

The issue of the impact design can be 
addressed in two ways. Experimental approaches 
require several experiments under various 
environmental conditions, loading, and 
geometry; and the simulation approaches use 
finite element methods which require powerful 
hardware and software. Numerous tests are 
required to experimentally assess the effect of 
various parameters on material behavior. 
Numerical simulations can be also employed to 
achieve more accurate results with fewer 
experiments which can decrement the costs and 
time required for the design of the structure.  

Mohmmed et al. [2] experimentally and 
numerically (finite element) investigated the 
composite sheets under the low-velocity impact 
(LVI). They also studied the influence of the fiber 
angles on the impact behavior of the materials 
which indicated a proper agreement between the 
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two methods. Bozkurt et al. [3] used 
ABAQUS/Explicit software to simulate the impact 
behavior of composites under dropping weight. 
Sun et al. [4] examined memory alloys of 
glass/epoxy under LVI with various energy 
levels. In addition to the agreement between the 
experimental and numerical results, they 
indicated that matrix cracking and delamination 
are the main failure modes at low energies, while 
fiber failure was the major type of sheet 
destruction at high energy levels. The effect of the 
layup on the LVI failure of composite sheets was 
addressed by Riccio et al. [5] using finite elements 
as implemented in ABACUS. Finite element 
modeling of composite pinned joints under 
impact load was the subject of a study by Gou et 
al. [6]. In another study, Soydan et al. [7] modeled 
(finite element, ANSYS) the collision of the bullet 
to multilayer guards and compared the results 
with experimental findings which indicated a 
proper consistency. Ahmad et al. [8] studied 
carbon composite sheets with perpendicular 
layup both experimentally and numerically. They 
also found that the use of shell elements will lead 
to better and more accurate results as compared 
to solid elements. Three-point bending of the 
sandwich composite with a metallic top layer 
along with a glass/epoxy composite layer and 
organic adhesives was the subject of a study by 
Wang et al. [9]. They reported an improvement in 
the performance of such sheets compared to 
conventional sandwich sheets and optimized the 
production parameters. Liu et al. [10] simulated 
high-velocity impact on kevlar/epoxy composite 
sheets using finite element software and 
confirmed them by their comparison with 
experimental results, which showed acceptable 
consistency. A numerical and experimental study 
of the effects of high-velocity impact on a 
composite with various layup and impactor 
geometries was addressed by Ciu et al. [11]. A 
good agreement was observed between the two 
methods. A numerical model was used to 
determine the impact velocity, impact load, and 
failure mode. Numerical modeling of high-
velocity impact on ceramic composite was 
performed using AUTODIN finite element 
software and the results were compared with 
experimental findings of other researchers by 
Subramani and Kanna [12]. The best composite 
layup was proposed for optimal performance 
under impact load. Safarabadi et al. [13] 
presented a high-velocity numerical model of 
impact using Abaqus software and Matzenmiller 
theory for hybrid and non-hybrid polymer 
composite sheets and observed a proper 
agreement between the numerical and 
experimental results. The HVI ballistic 
performance of composite multilayers of 
kevlar/epoxy fabrics was experimentally and 

numerically examined by Khodadadi et al. [14]. 
They simulated their numerical model in LS-
DYNA software and performed experiments in 
the velocity range of 120-20 m/s using spherical 
and flat impactors. Their results show that the 
ballistic limit of the composite with the flat-head 
impactor was about 15% higher than the 
spherical one. Roudbeneh et al. [15] illustrated a 
numerical approach to simulate high-velocity 
impact loading in honeycomb sandwich panels 
reinforced with polymer foam. Torabizadeh and 
Fereidoon [16] experimentally analyzed 
composite sheets with aluminum foam core and 
aluminum or composite shell under the drop 
weight load at room temperature considering 
different top layers, foam core thicknesses, and 
impactor geometries They found that the sheets 
with orthogonal composite top layers could be a 
good alternative to conventional aluminum top 
layers under low-velocity impact loads. 
Karaglozova [17] and colleagues succeeded in 
presenting a finite element model for 
carbon/epoxy composite tubes under low-
velocity axial load. They developed their 
numerical model based on a novel method 
relying on the delamination process. Two 
orthogonal and angular layups were studied 
using the shell element. The failure criteria were 
modeled in ABAQUS software and the numerical 
results were compared with the empirical data of 
the other authors. The mechanical and high-
velocity impact performance of a hybrid long 
carbon/glass fiber/polypropylene thermoplastic 
composite was investigated by Asenjan et al. [18]. 
Taheri et al. [19] investigated the effect of 
stacking sequence on the failure mode of fiber 
metal laminates under low-velocity impact 
numerically and experimentally. They used a 
drop weight impact test and employed 
ABAQUS/explicit for the simulation of the FE 
model. Good agreement was reported between 
numerical and experimental results.  

Regarding the literature review in this field, it 
is essential to develop a finite element-based 
simulation to save costs and time and offer a 
quick way of investigating and understanding the 
effect of various parameters of sandwich 
composite sheets on their behavior. To do this, 
the finite element software, ABAQUS/Explicit, 
was employed to simulate the drop weight 
impact test of foam sandwiched composite. 
Failure patterns of composite skin layers and Al 
foam core were investigated. Furthermore, in this 
study, a new generation of composite sandwich 
panels was developed by replacing AL face sheets 
with glass/epoxy laminated composite. This type 
of composite sandwich panel provides similar 
impact performance in comparison with existing 
sandwich panels with lower production cost and 
weight. Therefore, the ultimate objective of this 
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research is to develop a numerical model to 
assess the failure modes of sandwich composites 
with aluminum foam core and different top layers 
under low-velocity impact at room temperature... 
The obtained results were compared with 
experimental reports to evaluate the accuracy of 
the proposed finite element model. Then, using 
the proposed numerical model, the behavior of 
the sheets was assessed by analyzing several 
output components of the model, and the effect of 
different top layers and glass/epoxy composite 
top layers with cross-ply and quasi-isotropic 
layups were considered. Finally, while evaluating 
the accuracy of the numerical model, the effect of 
some production parameters was assessed on the 
final behavior of the structure. 

2. Materials and Methods 

A356 cast aluminum alloy was employed as 
the base phase, while SiC particles (purity: 98%; 
average particle size: 11 μm) served as the 
reinforcing phase. Calcium carbonate powder 
with (purity: 99.5%; mean size: 5 μm) was also 
used as a foaming agent. More details on the 
fabrication process and foam properties can be 
found in [1]. Unidirectional glass fiber fabrics 
were used to prepare the top layer. Each layer 
had a thickness of 0.2 mm and a mass of 200 
g/m2. This type of fiber is currently considered 
for various industrial applications. ML503 epoxy 
resin and HA11 hardener1, which are commonly 
used in domestic industries, were utilized. The 
top and bottom layers had 10 layers each with 
different layups. The manual production of top 
and bottom layers at room temperature will lead 
to the formation of two different types of  
cross-ply ([0/90]) and quasi-isotropic 
[0/±45/90]) structures. Pure aluminum was also 
used for comparison. For chemical consistency, 
the top and bottom layers were connected to the 
aluminum foam core using the same two-
component epoxy resin applied in the production 
of composite layers at a very small thickness and 
low clamp pressure. The dimensions of the 
samples were based on the fixture of the device 
used (120×120 mm2, and a thickness of 20 mm) 
(Table 1). Figure 1 shows an example of 
aluminum foam next to a cross-ply sandwich 
composite sheet.  

Table 1. Geometrical specifications of the produced 
specimens 

Top layer 
Thickness of 
the foam 
core (mm) 

Thickness 
of the top 
layer (mm) 

Weight of 
the sample 
(g) 

Aluminum 20 2 388 
Quasi-isotropic 20 2 301 
Cross-ply 20 2 278 

 
1 Supplied by MOKARRAR Materials Engineering Company, Iran 

The low-velocity impact was carried out by a 
drop-weight machine made by Iran Sayesh 
Company in the Fracture Mechanics Laboratory 
of the Faculty of Mechanical Engineering of K. N. 
Toosi University of Technology. In this apparatus, 
the projectile is on a rail with very little friction 
for free falling. In this research, the low amount 
of friction in the rails and equipment of the device 
was neglected according to the manufacturer's 
recommendation. The total mass of the impactor 
and its accessories (force sensor, bearings ...) is 7 
kg, which can fall on the target from a maximum 
height of 1 m. The capacity of the force sensor is 
10 KN and with a data collection frequency of 25 
kHz. The mass and height of the impactor can be 
changed to reach different kinetic energies. 

For all the tests, the weight of the impactor 
was increased to 17 kg by adding a 10-kg weight. 
The impactor fell on the samples from a height of 
70 cm. 

 
(a) 

 
(b) 

Fig.1. Produced specimens for impact tests (a) AL foam 
(b) Composite sheet with a cross-ply top layer 
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Figure 2 illustrates the applied apparatus. As 
seen, the square-shaped samples were placed on 
the support and fixed by 4 screws. In this way, all 
four edges of the sample were clamped with a 
width of 10 mm; leaving a 100×100 mm2 area for 
the test. The spherical impactor precisely fell on 
the center of the sample (Fig. 2 b). All the tests 
were carried out based on the ASTM D7136 
standard [20]. To prevent the re-collision of the 
impactor, a pneumatic jack was applied which 
operated after the first impact and stopped the 
impactor immediately. To prevent experimental 
scatter, each impact test was repeated three 
times. By computing statistic parameters (mean 
value and standard deviation), the reliability of 
outputs is evaluated with 90% accuracy. For 
more information about the experimental 
procedure and details, see Ref. [16]. 

 
(a) 

 
(b) 

Fig. 2. Drop-weight device (a) Overall view, (b) Collision 
of the weight on the sample. 

3. Finite element model 

The finite element method as implemented in 
ABAQUS/Explicit was used to simulate the 
impact load. To this end, a square composite 
sheet was studied under clamped boundary 
conditions according to the fixture of the applied 
device. ENCASTRE boundary conditions are 
imposed for all sides of the plate as U1=U2=U3=0. 
Figure 3 depicts the finite element model of the 
sandwich composite sheet with a spherical 
impactor along with the boundary conditions. 
Element size is determined by convergence 
analysis of the FEM model of the plate. For this 
purpose, FEM simulations are performed with 
different mesh sizes and the residual kinetic 
energy is compared as a function of the element 
size. From this analysis, it can be seen that the 
residual kinetic energy increases with an 
increase in the number of elements through the 
thickness of the plate. However, the change in 
residual kinetic energy is low when the number 
of elements across the thickness increases from 
10 to 20 (about 13%). Since the computational 
cost associated with 10 elements is significantly 
lower than with 20 elements, it is desirable to 
have 20 elements through the plate thickness. 
The top and bottom layers of the sandwich 
composite were modeled by a reduced linear 
shell element (S4R); while the AL foam core was 
meshed by a linear reduced solid element 
(C3D8R). The convergence of the applied meshes 
was assessed to make sure the mesh size reaches 
acceptable results. The top and bottom surfaces 
of the sandwich sheet were modeled by *SPECIAL 
SKIN SHELL in the software which is considered 
a complete connection to the foam core. 

 
(a) 

 
(b) 

Fig. 3. (a) Finite element model of the sandwich 
composite sheet along with the spherical impactor (b) 

Clamped boundary condition in the finite element model. 
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The mutual effect of the sheet and impactor 
was simulated in two steps using ABAQUS 
software. Finally, the metallic impactor with a 
spherical head (diameter of 13 mm) was modeled 
as a solid object. The foam core was modeled as 
an elastic-plastic material. To simulate the elastic 
part of the matter, the isotropic elastic module 
was used considering the input elasticity 
modulus and Poisson's ratio coefficient of the AL 
foam. The behavior of the aluminum foam part 
was simulated utilizing the *CRUSHABLE FOAM 
and *CRUSHABE FOAM HARDENING options in 
the software with 0.25 g/cm3 density, 354 MPa 
Young's modulus, and 1.71 compression yield 
stress ratio [22]. The hardening features of the 
foam were modeled based on the axial 
compressive yield strength and the stress-strain 
data from the empirical axial compression tests 
in [1]. Figure 4 shows the stress-strain diagram of 
the AL foam which first showed a linear behavior 
based on which the elasticity modulus can be 
determined. By further increase of the 
compressive load, the diagram reached a plateau 
(i. e. the stress remained constant by 
incrementing the strain) which indicates the 
onset of the internal destruction of the foam at 
yield stress. With further increase of the load and 
the failure of the cell walls of the foam, stress 
again increased in the final section of the 
diagram. The nonlinear finite element model was 
used to simulate the collision of the impactor to 
the sandwich sheets utilizing ABAQUS/Explicit 
software. 

The top and bottom surfaces of the sandwich 
sheet were also simulated as elastic glass/epoxy 
material based on the experimental mechanical 
parameters tested by the authors (Table 2). 
These surfaces were defined in terms of the 
mechanical properties of unidirectional fibers. 
Figure 5 represents the layup of the cross-ply and 
quasi-isotropic composite surfaces. 

 
Fig. 4. Stress-strain behavior of the foam core under 

compressive load [1]. 

Table 2. Description of the properties of skin  
layers used [21] 

Properties Value 

Longitudinal tensile modulus (GPa) 19.94 

Transverse tensile modulus (GPa) 5.830 

In-plane shear modulus (GPa) 2.110 

Longitudinal tensile strength, (MPa) 700.1 

Longitudinal compressive strength, (MPa) 570.3 

Transverse tensile strength, (MPa) 69.85 

Transverse compressive strength, (MPa) 122.1 

In-plane shear strength, (MPa) 68.89 

Hashin's failure criteria were employed to 
evaluate and identify the matrix and fibers failure 
under compression and tension (4 types of failure 
modes) with the following representations: 

 
(a) 

 
(b) 

Fig. 5. Composite skin layer (a) Cross-ply (b) Quasi-
isotropic used in finite element modelling 



Torabizadeh and Fereidoon / Mechanics of Advanced Composite Structures 10 (2023) 111-122 

116 

(1) 
Fiber failure 

under tension 

(
𝜎11

𝑋𝑇
)

2

+ (
𝜎12

𝑆
)

2

= 𝑒𝐹+
2      {

𝑒𝐹+ ≥ 1         𝑓𝑎𝑖𝑙𝑢𝑟𝑒
𝑒𝐹+ < 1   𝑛𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 

 

(2) 
Fiber failure 

under 
compression 

𝜎11

𝑋𝐶

= 𝑒𝐹−     {
𝑒𝐹− ≥ 1         𝑓𝑎𝑖𝑙𝑢𝑟𝑒
𝑒𝐹− < 1   𝑛𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 

 

(3) 
Matrix failure 
under tension 

(
𝜎22

𝑌𝑇
)

2

+ (
𝜎12

𝑆
)

2

= 𝑒𝑀+
2      {

𝑒𝑀+ ≥ 1         𝑓𝑎𝑖𝑙𝑢𝑟𝑒
𝑒𝑀+ < 1   𝑛𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 

 

(4) 
Matrix failure 

under 
compression 

(
𝜎22

𝑌𝐶
)

2

+ (
𝜎12

𝑆
)

2

= 𝑒𝑀−
2      {

𝑒𝑀− ≥ 1         𝑓𝑎𝑖𝑙𝑢𝑟𝑒
𝑒𝑀− < 1   𝑛𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒

 

in which, 𝜎𝑖𝑗  shows the components of stress 

tensor and i and j are respectively indicative of 
the longitudinal and transverse directions 
relative to the fibers in each layer. The thickness 
alignment is also denoted by z. The failure 
criterion of Johnson-Cook which is based on 
nonlinear deformation was also utilized to 
predict the defects in the AL layer using finite 
element modeling as given in the following: 

𝜎𝑦(𝜀𝑝, 𝜀�̇�, 𝑇) 

= [𝐴 + 𝐵(𝜀𝑝)
𝑛

][1 + C 𝑙𝑛(𝜀�̇�
∗)][1 − (𝑇∗)𝑚] 

(5) 

The first term in the square bracket accounts 
for the effect of strain at the point of deformation. 
In this 𝜀𝑝 is the cumulative plastic strain, Α is 

equal to the initial yield stress at the reference 
strain rate at the reference temperature, Β is the 
hardening term and n is the exponent on the 
cumulative equivalent plastic strain. The second 
term characterizes the effect of strain rate on the 
deformation behavior with C as the strain rate 
constant and 𝜀�̇�

∗ is a ratio of instantaneous strain 

rate (𝜀�̇�) to reference strain rate (𝜀0̇). The effect 

of temperature is captured by the third term. T* 

is defined as 𝑇∗ =
(𝑇−𝑇0)

(𝑇𝑚−𝑇0)
 , where Tm is the melting 

temperature of the metal, T0 is the reference 
temperature and T is the instantaneous 
temperature. Constants Α, B, n, m is evaluated 
experimentally. For more details see Ref. [22]. 

4. Results and discussions 

The accuracy and validity of the finite element 
model were explored by comparing the 
maximum impact force, maximum displacement, 
and specific absorbed energy with the 
experimental data. Figures 6 and 7 represent the 
force values obtained by numerical and 
experimental methods for the sandwich 
composite sheets with cross-ply and quasi-
isotropic skin layers, respectively.  

 
Fig. 6. Numerical and experimental force-displacement 

diagram of the sandwich composite sheet with cross-ply 
skin layer compared with the conventional AL layer 

A similar diagram of the conventional AL top 
layer is also presented for comparison. As 
expected, the maximum impact force of the AL 
top layer was higher than the two composite skin 
layers. Regarding the higher weight of the 
samples with AL top layer, the influence of the 
sample weight was neutralized by comparing the 
specific absorbed energy which is defined as the 
ratio of the absorbed energy to the sample 
weight. 

 
Fig. 7. Numerical and experimental force-displacement 
diagram of the sandwich composite sheet with quasi-

isotropic skin layer compared with the conventional AL 
layer 

The comparison results revealed a proper 
consistency between the results. Experimental 
and numerical force-displacement diagrams also 
exhibited similar patterns. They showed an initial 
linear part followed by deformation due to the 
sheet failure. Both empirical and numerical 
diagrams showed several oscillations in all cases 
which might be assigned to the vibrations of the 
support, material failure onset, or noises in the 
sensors. In the case of the sandwich composite 
sheet with a quasi-isotropic skin layer, the 
impactor stopped in the foam core after 
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destroying the top layer with no destruction in 
the bottom layer. For the cross-ply skin layer, 
however, the destruction of the bottom layer can 
be also observed. As the total thickness of the 
sample was 24 mm, this important point can be 
determined from the final displacement of the 
impactor. This phenomenon was also observed in 
the experimental samples. Concerning the cross-
ply skin layer, after reaching the maximum force 
(first peak), a sudden drop, followed by a slight 
increment (second peak) can be observed in the 
force value. This behavior can be due to the 
destruction of the top layer at the first peak and 
then penetration of the impactor into the foam 
core and collision with the bottom layer. By 
increasing the kinetic energy of the sample, the 
second peak of the force-displacement diagram 
got more evident [2]. The numerical and 
experimental maximum impact forces of the 
sandwich sheets with cross-ply and quasi-
isotropic skin layers can be compared in Figures 
6 and 7. Numerical values are so close to the 
experimental finding, however, the numerical 
results were slightly higher than the 
experimental ones although the difference was 
acceptable. These differences can be due to the 
initial defects of the experimental specimens 
which cannot be identified in the finite element 
modeling. For example, non-uniform distribution 
of the resin, incomplete bonding of the skin layers 
and foam core, or different layers of composite 
surfaces can lead to some initial defects during 
the production process. 

As mentioned earlier, the difference in the 
final displacement of the samples indicates the 
different penetration depths of the impactor in 
the three layers (top and bottom layers and foam 
core). The lowest and highest penetration depths 
of the impactor were observed in the samples 
with AL and cross-ply skin layers, respectively. 
Figure 8 illustrates the cross-section of the 
samples and the penetration depth of the samples 
with different skin layers to evaluate and validate 
the experimental and numerical results. The 
failure mode of the samples can be also 
determined. Since the analysis of specimen 
damage and its mechanism of destruction was 
not the subject of this article, it is merely a case 
report. As can be seen, the spherical impactor 
entered the plate with aluminum and quasi-
isotropic surfaces from the top but stopped in the 
foam core of the plate while for the cross-ply skin 
layer, the impactor passes through the bottom 
plate. The separation of the skin layer was 
observed in the case of the cross-ply sample, 
which was not seen in the quasi-isotropic case. 
Also, the maximum penetration was observed in 
the plate with a cross-ply skin layer while the 
lowest one was detected in the plate with a pure 
aluminum surface. As seen, fiber failure and 

delamination of the surface layer from the foam 
core, as well as matrix cracking, are among the 
main failure modes which are in proper 
agreement with the prediction of the finite 
element modeling based on Hashin's failure 
criterion. Furthermore, the results of Figs. 6 and 
7 on the impactor penetration can be observed in 
Fig. 8 as well. 

Figure 9 depicts the top face of the sandwich 
composite sheets with AL, quasi-isotropic, and 
cross-ply skin layers after impact with the 
spherical impactor and compares them with the 
numerical values. Noteworthy, the finite element 
results of this figure are related to the main 
failure in the sandwich sheets in all layers and 
elements of the model. To illustrate the failure in 
the sample with the AL skin layer, the output of 
the Johnson-Cook criterion was presented. For a 
better comparison of the results, the visible 
defect areas of the experimental samples are 
marked by red color. As seen, the area and 
pattern of the failure presented by the numerical 
finite element method showed proper 
consistency with the experimental findings. 

Based on Hashin’s failure criteria, each layer 
has a different mode of failure. For example, for 
the cross-ply skin layer, the fiber failure under 
tension criterion (right pattern), and also the 
fiber failure under compression criterion (left 
pattern), are separately shown in Fig.10. As can 
be seen, these failure modes gradually decreased 
with the passing of the impactor through the top 
layer and reaching other layers. However, in the 
last few layers of the cross-ply skin layer, due to 
the incomplete bonding with the foam core and 
the consequent increase in the delamination of 
layers, the amount of damage increased again. 

The energy absorbed due to the deformation 
of the sandwich composite sheet can be obtained 
by calculating the area under the force-
displacement diagram. Since the sample weight is 
one of the effective parameters in the absorbed 
energy, as mentioned earlier, the effect of sample 
weight was eliminated by considering the 
concept of specific absorbed energy. Figure 11 
shows the specific absorbed energy of the 
sandwich composite sheets with different skin 
layers. This quantity showed proper agreement 
with the numerical results in the case of the 
aluminum surface due to the formation of fewer 
structural defects during production. However, in 
samples with the composite surface, due to the 
greater sensitivity in the production process and 
the greater probability of initial defects, a larger 
difference can be observed between the 
experimental and numerical results. The highest 
specific absorbed energy belongs to the sandwich 
sample with a quasi-isotropic skin layer while the 
lowest one was detected in the sample with the 
aluminum skin layer. The sample with quasi-
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isotropic layers exhibited higher impact 
resistance and as a result, more flexibility (ability 
to absorb kinetic energy) due to the presence of 
±45 layers as reported in [2]. 

The stress is transferred from the upper layer 
of the sandwich sheet to the foam core and then 
to the bottom layer. The stress distribution 
depends on its density and elasticity modulus, 
and the time it takes to pass through the layers. 

Three nodes from three different positions of the 
finite element model of the sandwich sheet with 
the cross-ply composite surface (top and bottom 
faces as well as the core) were selected and the 
history of the stress distribution was investigated 
as depicted in Fig. 12. The results indicated that 
the highest stress was in the top and bottom 
layers, whereas the foam core exhibited the 
lowest stress. 

Skin layer type 

Pure AL  Quasi-isotropic  Cross-ply 

 

 

 

 

 

     

 

 

 

 

 
Fig. 8. A cross-section of the sandwich composite sheet with cross-ply, quasi-isotropic, and AL skin layers obtained 

by numerical and experimental results. 
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Fig. 9. The top layer of the sandwich composite sheet with AL, quasi-isotropic, and cross-ply top layers obtained 

by experimental and numerical analysis 
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The reason could be searched in the low 
elasticity modulus and density of the AL foam 
compared to the mechanical properties of the 
composite skin layer. The first stress peak can be 
seen at t=0.0016 s which is the time of the 
destruction of the cross-ply composite top layer. 
Regarding the low thickness of this layer, the 
stress distribution was immediately extended to 

the foam core. Then, the first stress peak in the 
bottom layer was observed at t=0.005 s with a 
relatively long-time distance from the top layer, 
indicating that the impactor required 0.0034 s to 
pass the foam core. Such a long time can be 
assigned to the low density and high thickness of 
the AL foam. 

 

Fig. 10. Failure of the sandwich composite sheet with cross-ply skin layer considering the fiber failure in tension (right) 
 and fiber failure under compression (left) for each layer. 
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Fig. 11. Numerical and experimental specific absorbed energy of the sandwich composite sheets with various skin layers 

 

 

 

(a) (b) 

Fig. 12. (a) Three points selected on the top layer, foam core, and bottom layer (b) History of stress distribution  
in the composite sheet with cross-ply skin layer  
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5. Conclusion 

The behavior and properties of sandwich 
composite sheets with various skin layers (AL, 
cross-ply, and quasi-isotropic) were numerically 
and experimentally explored under low-velocity 
impact. A comparison between the specific 
absorbed energy, force displacement, and failure 
pattern indicated a proper agreement between 
the experimental and numerical findings. Both 
methods showed similar destruction behavior. 
However, in the numerical model, debonding 
between surfaces and foam core and 
delamination of composite layers could be 
neglected. Moreover, in numerical results, the 
destruction area indicated more symmetry 
compared to the experimental ones. The type of 
the face sheets and the fiber alignment in the 
composite surfaces significantly affected the 
impact behavior such as maximum impact force, 
failure mode, and absorbed energy. Based on the 
comparisons, the composite sheets with a quasi-
isotropic skin layer had the highest specific 
absorbed energy; thus, it could be a proper 
alternative for the conventional AL surfaces of 
the sandwich sheets with foam core. 
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