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Abstract. In the present paper the characterization of structure and properties of open-cell porous materials by high-
resolution x-ray micro-computed tomography (μCT) and finite element method (FEM) is addressed. The unique 
properties of open porosity foams make them interesting in a range of applications in science and engineering such as 
energy absorbers, lightweight construction materials or heat insulators. Consequently, a detailed knowledge of 
structure as well as mechanical properties (i.e. Young’s Modulus, Poisson’s Ratio) of such foams is essential. The 
resulting pixel size of the μCT was 40 μm, which enabled satisfactory visualization of the complex foam structure 
and quantitative characterization. Foam morphology was studied on post-processed computed tomography images, 
while mechanical properties were analyzed with use of the finite element method on numerical model obtained from 
μCT results.  

1 Introduction 
High porosity open-cell foam materials are significantly 
interesting in commercial applications such as energy 
absorbers, elements for lightweight constructions, 
structural dampers, sound absorbers and heat insulators 
[1-5]. Both structure and mechanical properties of such 
materials have been the subject of intensive research. 
Structural parameters of commercially available foams 
have been a subject of studies with use of X-ray micro-
computed tomography [6-10]. μCT is a technique widely 
used to study various porous subjects, even the rocks 
[11,12]. Structural descriptors such as porosity, specific 
surface, mean strut diameter and mean pore diameter are 
most commonly used for characterization of complex 
structure of foam materials.  

Mechanical properties have also been a subject of 
extensive research, and includes experimental [13,14], 
analytical [15] and numerical [16,17] approaches. 
Numerical analysis uses both simplified model structures, 
and calculation models derived from μCT data [18]. 
Finite element method analysis of models developed 
basing on tomography results allows the consideration of 
the complex, random mesostructure of the material [19], 
therefore it has been chosen for present analysis.  

The primary purpose of this study is to present results 
of morphology assessment supplemented with numerical 
simulations for typical foam structures. Five foams of 
nominal pore densities from 10 to 50 ppi and porosities in 
the range from 71 to 74 % are investigated. 

  
 
 

2 Materials and Methods  
In the present study five commercially available 
aluminum foam specimens were investigated.  Materials 
with nominal pore densities of 10, 20, 30, 40 and 50 
pores per inchwere used. 

To this end, μCT scans of samples were performed. 
The three dimensional image acquisition was performed 
using X-Radia XCT-400 made by SkyScan under 
acceleration voltage of 150kV and current of 50A, which 
assured a voxel resolution in the range from 15 to 45 
μm/voxel. A three-dimensional reconstruction of the 
sample was generated by collecting a series of absorption 
radiographs of the cellular material. A total of 900 
projections of the 2D radiography images were 
reconstructed using XCT-reconstruction software. This 
process resulted in a set of 256-level grayscale bitmap-
format tomograms. In order to recover the actual 
geometry of the specimen, this dataset had to be filtered 
and binarized, i.e., each pixel had to be prescribed with a 
value 0 or 1 (black or white) denoting void or solid phase. 
Both processes were performed using SkyScancTAN 
software. First, a median filter was used to remove the 
noise. This filtering procedure has an additional 
advantage of smoothing the boundaries. Then, an 
appropriate threshold level for binarization was chosen. 
Subsequently, a 3D structural analysis was performed. 

Numerical analyses of elastic properties of aluminum 
porous structures consisted of obtaining three-
dimensional models of complex geometries and FE 
analysis.  
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Precise finite element analysis requires adaptive 
numerical models with minimal number of elements. 
Investigated specimens have complex topology, therefore 
it is necessary to perform a series of operations on the 
high resolution μCT images to obtain valid computational 
mesh for FEM simulations: conversion of images to three 
dimensional surface object (STL format), reduction of 
number of faces of 3D model, conversion of 3D model to 
cloud of points to eliminate errors and smoothing of the 
structure.  

In the first step a series of BMP images is conversed 
into numerical model based on binarized image and voxel 
size determined during tomography. Representation of 
three dimensional object is created with use of triangular 
elements – the surface of the sample is divided to a 
logical series of triangles (Fig. 1). 

 

Figure 1. Bitmap images conversion to STL file. 

 The geometry of the sample in form of STL file has a 
high number of elements due to significant number of 
struts of porous foams combined with irregular shape of 
pore connections. Reduction of number of faces is 
necessary to optimize calculation time. Inaccuracy of 
conversion process causes the STL geometry to exhibit 
errors such as double edges or crossing surfaces. To fix 
such issues surface geometry can be converted into cloud 
of points, which integrates problematic areas. Next step is 
generating new three dimensional mesh with valid 
topology. The last step is smoothing of obtained 
digitalized geometry.  

Subsequently, after processing μCT images of foam 
structures with 10-50ppi (pores per inch), finite element 
meshes were generated on model geometries. Parts of 
obtained meshed models are shown in Fig. 2. 

 Figure 2. Example parts of meshed geometrical models for 
FEM analysis: a) 10 ppi, b) 20 ppi, c) 30 ppi, d) 40 ppi, e) 50 
ppi 

Finite element analysis, conducted using ANSYS 
software, can be separated into the following steps: 
preprocessing, solution and post-processing.  

 Preprocessing stage included import of the meshed 
geometry models, defining material properties and 
boundary conditions. Ideal elastic material model for 
matrix has been defined by following sets of isotropic 
Young’s modulus and Poisson’s ratio of E=69GPa, 
ν=0.33 for aluminum.Boundary conditions corresponded 
to uniaxial compression test. 

In order to investigate the anisotropy, investigated 
structures were subjected to numerical simulations of 
uniaxial compression in three perpendicular directions.An 
algorithm was implemented using APDL language 
(ANSYS software) which included commands allowing 
to import meshed geometry file, define boundary 
conditions, set solution parameters, calculate results, 
post-process obtained data and save them into the output 
file. Block diagram of abovementioned algorithm is 
depicted in Fig. 3. 

 

Figure 3. Finite element analysis algorithm for investigating 
mechanical properties of foams 

 Each model was constrained on two nodal 
components located at the opposite sides – zero 
displacement at the bottom and displacement equal to 
0.1% of initial edge length at the top. Additionally one of 
the nodes from the bottom was constrained in three 
directions (ux, uy anduz displacement were fixed). The 
value of macroscopic engineering stresses has been 
evaluated as a quotient of the sum of the nodal reaction 

a)  b) c) 

d) 
 e) 
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Table 1. Results of image analysis. 

forces ΣFn divided by initial engineering cross-section 
area A=a2. 

                                    (1) 

 The engineering strain values were obtained by 
dividing applied displacement by initial height of the 
computed structure. 

3 Results and discussion  

Complete data from three dimensional image analysis, 
performed using SkyScanCTan software, is listed in 
Table 1. The presented data does not refer to the entire 
foam because the scanning process could not cover the 
entire foam specimen. Serious disturbances occurred on 
the borders of measured samples. Additionally, the total 
scanned volume was related to the scanning resolution. 
10 and 20 ppi foam scans were performed with resolution 
of 45 μm and resulted in a cubic shaped geometry of 35 
mm edge length. Such resolutionis sufficient for 
obtaining precise representation of complex foam 
geometry, and the obtained sample size seems sufficient 
to be treated as representative regarding the mean pore 
size of foams. The 30 ppi foam was scanned at 25 μm 
resolution (obtained edge length of 25 mm) due to 
smaller size of struts for this structure. 40 and 50 ppi 
foams required scanning resolution of 12 μm, because 
scans with lower resolution exhibited distorted foam 
topology. The obtained edge length of these foams was 
15 mm.  

 Similar foam specimens investigations using μCTcan 
be found in literature [16,18,19]. Good correlation 
between values obtained for studied samples and data 
reported by other researchers was obtained. Some 
discrepancies can also be found in [20], however they can 
be attributed to different preprocessing of the specimen 
and insufficient scanning resolution. 
 Mechanical properties calculated using finite element 
method are listed in Table 2.Open-cell foam structures 
are characterized by randomly distributed cells. 
Investigation of such structures requires consideration of 
the size of representative volume in order to obtain 
reliable macroscopic mechanical properties of the 
material. Recommendations in literature range from 5 
cells [21,22] to 10 cells [23,24]. Models used in this 
study comprise of 8 or more cells per edge length, 
therefore they seem to constitute a representative volume. 

 The results obtained are in accordance with data 
reported in literature for similar structures [14,16,18]. 
Moreover, anisotropy of mechanical properties is 
detected for every studied sample. Calculated values of 
Young’s Modulus vary from 4% for 50 ppi foam, through 
13% for 30 and 40 ppi samples, up to 35% for 10 ppi 
material. Such material behavior was also observed in 
[16].  
 Results obtained also indicate, that mean strut 
diameter is not the primary decisive factor determining 
Young’s Modulus Value (Fig. 4 a). Literature indicates 
lower stiffness of the material for higher porosity. The 
overall trend obtained in the present study also suggests, 
that structures with lower porosities exhibit higher 
Young’s Modulus, however the range of porosity value 
of studied samples is quite narrow, and the results 
obtained do not linearly depend on porosity (Fig. 4 b). 

a)   

b)

Figure 4. Calculated values of relative Young’s modulus 
against: a) mean strut diameter and b) porosity 

 

 

Pore size  
[Pores Per Inch] 

Porosity  
[%] 

Specific surface 
[1/mm] 

Mean pore diameter  
[mm] 

Mean strut diameter  
[mm] 

10 74,01 0,779 3,53 1,37 
20 71,82 1,132 2,29 1,21 
30 72,22 1,227 2,08 0,896 
40 73,62 1,448 1,63 0,523 
50 75,42 1,847 1,16 0,45 
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Table 2. Mechanical properties calculated using FEM 

 

4 Summary 
This work addressed the determination of structural 
parameters and mechanical properties of open-cell foam 
materials. Young’s modulus,as well as Poisson’s ratio, 
exhibits anisotropy. Combination of used analysis tools, 
i.e. micro-computed tomography and finite element 
analysis, gives new possibilities in studying both 
structural parameters and properties of geometrically 
complex materials such as foams. Exhibited structural 
differences and anisotropy of studied samples can be 
crucial in applications, where stiffness of used material is 
of primary importance, since more than 30% difference 
in Young’s Modulus value was observed in present 
analysis. The results obtained were compared against 
other researchers’ data for similar structures and good 
agreement was found. In all cases, foam anisotropy was 
detected. 
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