
1. Introduction

Metal foams are newly developed and functional materials 
that have low density, high specific strength, and excellent 
energy absorption [1–4]. Metal foams are environmentally 
friendly because they are easily recycled [5–6]. Metal foams 
are divided into open-cell and closed-cell types, depending 
on the shape of the cell in their structure. Accordingly, many 
studies have been carried out in order to understand the elastic 
modulus, tensile and compressive strength, buckling, and 
fracture behavior of various metal foams [7–12]. 

In recent years, many researchers have concentrated 
on using the finite element method to study the mechanical 
behavior of aluminum foam. The famous Gibson–Ashby 
model and numerical analysis based on a regularly periodic 
array of cells might be typical examples [13]. Konstaintinidis 
et al. [14] developed a three-dimensional (3D) model to 
account for the different cell geometry of aluminum foams, 
such as circular, elliptical, rectangular, and square. They also 
studied the elastic modulus and plateau stress according to 
cell geometries. Kenesei et al. [15] reported that analytical 
and numerical descriptions have been developed and 
compared with the results of compression tests in order to 
increase the plateau stress of metal foams. Both uniform and 
non-uniform cell-size distributions have been investigated. 
The energy absorption properties were also studied. Sassov 
et al. [16] showed that non-destructive 3D reconstruction 
and measurement of the internal micromorphology of foam 
structures offer new perspectives for standardization of 
such structures. Also, 3D quantitative parameters obtained 
through a micro-computed tomography (CT) investigation 
can be used in correlation with physical properties as a base 
for creating foam materials with predefined characteristics. 

Ohgaki et al. [17] explored the compressive and damage 
behavior of aluminum foams. Using the local tomography 
technique and an in-situ test rig, the relationship between 
microstructural features and fracture behavior were assessed 
by 3D local strain mapping. Yan Liu et al. [18] reported an 
empirical formula for dynamical plateau stress that was fitted 
with the calculated results. It is shown that the strain-rate 
effect and the relative density will increase the plateau stress 
by using 2D images. However, a few researchers have used 
a 3D numerical model of actual aluminum foam to analyze 
the foam.

In this study, the CT image from an X-ray imaging 
technique was used to model the internal structure of 
aluminum foam in finite element analysis in order to predict 
the compressive behavior of aluminum foam. Finite element 
analysis and experimental tests were performed on aluminum 
foam with densities of 0.2, 0.25, and 0.3 g/cm3. The predicted 
compressive behaviors were compared with those determined 
from the compressive tests.

2. Experimental 

2.1. Compressive test

The materials used in this study were aluminum foam 
with densities of 0.2, 0.25, and 0.3 g/cm3. The aluminum foam 
was cut into plates for compressive tests; each plate was 20 
mm long, 70 mm wide, and 30 mm thick. A universal testing 
machine was used to carry out compressive tests at room 
temperature by applying displacement control at a rate of 
3 mm/min. At least five tests were performed to ensure the 
reliability of the test results.
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2.2. modeling and analysis

Computed tomography images of aluminum foams were 
used to obtain detailed depictions of aluminum foam for the 
3D model. CT scanning was carried out using a CT system 
(Ray Scan 250, HWM, Germany), and an X-ray source of 
225 kv and 2 mA was used. The tomography resolution was 
300 μm. By detecting the edges of the images, a 3D graphic 
image was developed from the CT image slices by using 
CAnTIBIO (Bionix BodyBuilder 3.36). A 3D finite element 
model of the aluminum foam was developed with ABAQUS/
CAe (Dassault Systems Simulia Corp., U.S.A.), which allows 
for pre/post processing of finite element analyses. The model 
was divided into two parts according to the lightness and 
darkness of the CT images as aluminum and cell by controlled 
threshold through the segmentation process in Fig. 1. The 
segmented CT images were then stacked to form a 3D volume 
model of the aluminum foam in Fig. 2. This finite element 
model was developed using tetrahedron elements. A total 
of 100,000–250,000 nodes and 400,000–800,000 elements 
were used to mesh the model according to density in Fig. 3. 
Contact conditions were then applied using a general contact 
method. The boundary conditions were that the bottom plane 
was fixed in all directions (X, Y, and Z displacements and 
rotations) and the top plane was fixed except the load direction. 
A commercial software package, ABAQUS (Dassault 
Systems Simulia Corp., U.S.A.) was used for analysis of this 
model in order to compare it with the experimental results. 
Fig. 4 shows a flow chart for modeling and analysis of the 
aluminum foam. 

Fig. 1. Typical CT image segmented by controlling threshold

Fig. 2. Stacked CT images of aluminum foam

Fig. 3. Aluminum foam 3D model
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Fig. 4. Flow chart for modeling and analysis of aluminum foam

3. results and discussion

Fig. 5 shows the compressive stress–strain curves of 
aluminum foams with densities of 0.2, 0.25, and 0.3 g/cm3. 
For the aluminum foam with a density of 0.2 g/cm3, the 
compressive strength was 0.6 Mpa, and the plateau regime 
occurred in the strain range between 0.02 and 0.63. For the 
foams with densities of 0.25 and 0.3 g/cm3, the compressive 
strength values were 1.83 Mpa and 4.6 Mpa, respectively. 
The plateau regime occurred in the strain range between 
0.02 and 0.56 for the foam with a density of 0.25 g/cm3 and 
between 0.04 and 0.48 for the foam with a density of 0.30 g/
cm3. According to Gibson et al. [13], the plateau regime is 
associated with collapse of the cell under compressive loading. 
When the cells of the foam material have almost collapsed, 
opposing cell walls touch, and further strain compresses the 
solid itself, producing the final region of rapidly increasing 
stress. Therefore, as the density increased, the range of the 
plateau regime decreased under compressive conditions.

The pore sizes of the aluminum foams with densities of 
0.2, 0.25 and 0.3 g/cm3 were studied using CT images. Fig. 6 

shows the mean values and standard deviations of the aluminum 
foam pore sizes. For a density of 0.2 g/cm3, the pore size is 
13.4 mm and the standard deviation is ±6.32 mm. For densities 
of 0.25 g/cm3 and 0.3 g/cm3, the pore sizes are 10.76 mm and 
7.65 mm, respectively, and standard deviations are ±3.9 mm, 
±2.27 mm, respectively. As the density of the aluminum foam 
increased, the pore size and standard deviation decreased. 
These differences in pore size and standard deviation affect the 
compressive stress of aluminum foam. 

Fig. 5. Compressive stress-strain curves of aluminum foams for three 
densities

Fig. 6. Comparison of pore size for aluminum foams of three densities

Figs. 7–9 compare the predicted compressive stress–
strain curves with those determined by experiments for 
the aluminum foam with densities of 0.2, 0.25, and 0.3 g/
cm3. For the foam with a density of 0.2 g/cm3 in fig.7, the 
predicted compressive stress–strain curve showed a tendency 
similar to that of the experiment up to 0.5 strain. For the 
foams with densities of 0.25 and 0.3 g/cm3, shown in Figs. 8 
and 9, the predicted compressive stress–strain curves showed 
tendencies similar to those of the experiment up to 0.4 strain. 
In the 0.2 g/cm3 case, the compressive strength determined 
from the analysis was higher than that determined from the 
experiment. However, in the 0.25 and 0.3 g/cm3 cases, the 
predicted stress was higher than the experimental one after 
about 0.4 strain. The discrepancy in the compressive stress–
strain curves in a high-strain range is associated with the 
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contact between the aluminum foam walls broken by the 
large deformation [13]. Also, the standard deviation of the 
aluminum foam pore size affected discrepancy of simulation 
results. 

Fig. 7. Comparison of experimental and simulation compressive 
results for 0.2 g/cm3 density

Fig. 8. Comparison of experimental and simulation compressive 
results for 0.25 g/cm3 density

Fig. 9. Comparison of experimental and simulation compressive 
results for 0.3 g/cm3 density

Figs. 10–13 show the compressive deformation 
pattern of aluminum foams with densities of 0.2 and 0.3 g/
cm3 obtained by the experiment and the simulation by 3D 
FeA aluminum foam model. As shown in Figs. 10 and 12, 
the collapse of the actual aluminum foams was initiated 
at the top of the foam, and the collapse occurred from 
top to bottom. This deformation means that compressive 
energy was absorbed. Aluminum foam is broken from the 
top since the whole foam aluminum is not connected by 
pores of aluminum foam. Aluminum foam is a complex 
material in which metal walls and air are interconnected. 
Therefore, the compressive stress operates intermittently, 
not continuously, which breaks the aluminum foam from 
the top. The compressive simulation results (Figs. 11 and 
13) showed deformation patterns similar to those of the 
experiment, i.e., the collapse of the 3D aluminum foam 
model was initiated at the top. The 3D model also collapsed 
from top to bottom, the same as seen in the experiments. 
Thus, the predicted deformation pattern agrees well with the 
experimental one within a certain range of strain. However, 
the discrepancy between the predicted and experimental 
deformation patterns increased as the strain increased. The 
reason is that many elements were distorted and had contact 
problems, which caused numerical errors. To overcome 
this problem, it is necessary to increase the computational 
capability, which would make it possible to refine the mesh 
and avoid elements with low aspect ratios.

(a) Strain 0.16 mm/mm (b) Strain 0.33 mm/mm

(c) Strain 0.5 mm/mm (d) Strain 0.6 mm/mm
Fig. 10. experimental results of aluminum foam compressive 
deformation (density 0.2 g/cm3).

(a) Strain 0.16 mm/mm (b) Strain 0.33 mm/mm
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(c) Strain 0.5 mm/mm (d) Strain 0.6 mm/mm
Fig. 11. Simulation results of aluminum foam compressive 
deformation (density 0.2 g/cm3)

(a) Strain 0.16 mm/mm (b) Strain 0.33 mm/mm

(c) Strain 0.5 mm/mm (d) Strain 0.6 mm/mm
Fig. 12. experimental results of aluminum foam compressive 
deformation (density 0.3 g/cm3)

(a) Strain 0.16 mm/mm (b) Strain 0.33 mm/mm

(c) Strain 0.5 mm/mm (d) Strain 0.6 mm/mm

Fig. 13. Simulation results of aluminum foam compressive 
deformation (density 0.3 g/cm3).

4. Conclusions

In this study, numerical analysis on the compressive 
behaviors of aluminum foam with various densities was 
performed using a 3D aluminum foam model constructed 
from CT images. The predicted compressive behaviors were 
compared with those determined by the actual compressive 
tests. The conclusions obtained from this study are as 

follows. First, the predicted compressive stress–strain curves 
displayed tendencies similar to those determined from the 
experiment for the three densities. However, the compressive 
strengths determined from the analysis were higher than 
those determined from the experiment. The discrepancy of 
compressive behaviors between the analysis and the experiment 
is associated with the contact of the aluminum foam walls by 
deformation. The differences of real and predicted pore sizes 
affected the compressive simulation results of the aluminum 
foam. By developing an image processing method and meshing 
technique, the numerical model based on FeM seems to be 
appropriate for modeling foam materials. 
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