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Abstract 

This paper presents mechanical characterization of two different types of closed-cell aluminium foams 
under static compressive loading. The experimental tests were carried out on cylindrical specimens with 
skin (D = 40 mm, H = 51 ÷ 52 mm) having densities in range of 507 and 1026 kg/m3 for AlMg1Si0.6  and 
between 472 and 866 kg/m3 for AlSi10Mg0.6 foams. The compression tests were made at room 
temperature (T = 23°C) with constant crosshead speed of v = 10 mm/min. Experimental results show that 
the mechanical properties increases with increasing of density. 
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Introduction 

Metallic foams, especially those made from aluminium and its alloys, have received a 
significant increase of interest in the past few years. They present excellent stiffness to weight, 
impact energy absorption, vibration damping, noise attenuation, electromagnetic shielding at a 
relatively low density (300 - 900 kg/m3).  

Manufactured cellular materials such as metallic, polymer and ceramic foams offer an 
extremely attractive option as materials and can be engineered for a wide range of applications 
like filters, light-weight structures, biomedical implants, heat exchangers, sound absorbers, 
mechanical damping devices, electrodes, sensors and catalyst substrates [1-6]. 

Although relative density has long been believed to be the dominating factor determining the 
stiffness and strength of foams [1], other parameters, such as cell packing, cell distribution and 
cell shape, might influence the mechanical behavior [7–9]. Li et al. [10] studied the effect the 
dual cell size morphology on the mechanical properties of open cell foams. 

Saadatfar et al. [3] characterize four metallic foam samples manufactured under various 
experimental conditions. They used X-ray tomography to study 3D structure of the foam 
samples. The influence of meso-inhomogeneities of the apparent density on the quasi-static and 
dynamical energy absorption behavior of aluminium foam was examined by Daxner et al. [11]. 
Kesler and Gibson [12] studied the impact of the foam shear strength size effect on the limit 
load of foam core sandwich beams. Mechanical effects of mass density gradients in metallic 
foams have been investigated experimentally by Doyoyo and Mohr [13]. Also, experimental 
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tests of sandwich beams with open and closed-cell metallic foam cores were performed under a 
range of temperatures and applied stresses by Kesler et al. [14]. 

Cellular structures of used Aluminium Foams: AlMg1Si0.6 and AlSi10Mg0.6 are presented in 
Figure 1. The useful properties of these materials are a direct consequence of their cellular 
characteristic. It is important therefore to link the physical properties of cellular solids to their 
apparent density and parameters such as average cell size, cell size distribution, cell wall 
thickness, etc. 

         
Fig. 1. Cellular structure of used Aluminium Foams: a) AlMg1Si0.6; b) AlSi10Mg0.6 

Experimental Results 

This work presents a mechanical characterization of two different types of closed-cell 
aluminium foams AlMg1Si0.6 (M8) and AlSi10Mg0.6 (S7) under static compressive loading. 
Experimental tests were performed using a testing machine produced by LBG Testing 
Equipment: A009 ELECTROMECHANICAL-COMPUTERIZED 100 kN, (figure 2a). In figure 
2b is presented the positioning of the specimen. 

    
  a)                                                        b) 

Fig.2. LBG 100 kN testing machine 

The compression tests were performed at room temperature (T = 23°C) with constant crosshead 
speed of v = 10 mm/min. For each type of test 5 specimens were used, and the tests were 
performed according to International Standard for Compression Test of Porous and Cellular 
Metals. 

The experimental tests were carried out on cylindrical specimens (D = 40 mm, H = 51 ÷ 52 mm) 
with skin having densities in range of 507 and 1026 kg/m3 for M8 and between 472 and 866 
kg/m3 for S7. Shapes of used specimens are shown in Figure 3. Also, the same figure presents a 
comparison between the initial shapes of the specimen, non-deformed and deformed. 
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Fig.3. Compression specimens 

Figure 4 presents typical stress – strain curves for different densities of AlSi10Mg0.6, indicating 
an increase of mechanical properties with increasing density. 

 
Fig.4. Stress-strain curves for AlSi10Mg0.6 foam - static compression tests 

 
Stress-strain curves resulted from experimental tests, shows three regions: linear elastic region, 
plateau region with hardening and densification (figure 5) [15, 16]. 

 
Fig. 5. Typical regions from stress-strain curve for AlSi10Mg0.6 foam 

The compressive stress–strain curve of open-cell metal foams shows linear elasticity at low 
strains, caused by the bending of cell walls. At higher strains, plastic hinges form in the cell 
walls, causing the cells to collapse, which results in a long collapse plateau (increasing strain at 
constant stress). Finally, the foam densifies, resulting in a steep rise of the stresses. In case of 
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closed-cell foams the above mechanisms are accompanied by cell face stretching in the elastic 
regime and by face yielding during collapse [17]. 

The mechanical characteristics of the used AlMg1Si0.6 metal foams depending on density are 
listed in Table 1. Table 2 presents the same properties for AlSi10Mg0.6 metal foams. 

Table 1. The mechanical characteristics of AlMg1Si0.6 

Sample Density 
[kg/m3] 

Young Modulus 
[MPa] 

Yield Stress 
[MPa] 

Plateau Stress 
[MPa] 

M8-1 645 176.7 4.9 8.3 
M8-2 754 310.1 11.6 25.6 
M8-3 928 754.3 16.1 37.4 
M8-4 1026 1625.8 21.1 55.2 

Table 2. The mechanical characteristics of for AlSi10Mg0.6 

Sample Density 
[kg/m3] 

Young Modulus 
[MPa] 

Yield Stress 
[MPa] 

Plateau Stress 
[MPa] 

S7-1 473 447.71 6.5 6.8 
S7-2 620 629.62 8.7 13.0 
S7-3 666 656.23 9.2 18.2 
S7-4 865 865.6 10.9 29.5 

Young’s Modulus histogram versus density for AlMg1Si0.6 aluminium foams are presented in 
Figure 6. In Figure 7 is shown Yield Stress and Plateau Stress histogram versus density for 
AlMg1Si0.6. 

 
Fig.6. Young’s Modulus versus density for AlMg1Si0.6. 

 
Fig.7. Yield Stress and Plateau Stress versus density for AlMg1Si0.6. 
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Figure 8 presents Young’s Modulus histogram versus density for AlSi10Mg0.6 aluminium 
foams. In Figure 9 is presented Yield Stress and Plateau Stress histogram versus density for 
AlSi10Mg0.6. 

 
Fig.8. Young’s modulus versus density for AlSi10Mg0.6 

 

 
Fig.9. Yield Stress and Plateau Stress versus density for AlSi10Mg0.6 

Conclusions 

This paper presents an experimental study on static compression properties of closed-cell 
aluminium foams AlMg1Si0.6 and AlSi10Mg0.6. This study shows the influence of density on 
Young’s modulus, yield stress and plateau stress. Experimental results show that Young’s 
modulus (figure 6 and figure 8), yield stress and plateau stress (figure 7 and figure 9) properties 
increases with increasing density. It is shown that the density of foam and type of used 
aluminium alloy have a major role on mechanical properties in compression. 

It could also be observed that the hardening increases with density and the ratio between plateau 
stress and yield stress increase from 1.7 for 645 kg/m3 density to 2.62 for 1026 kg/m3 for 
AlMg1Si0.6 and from 1.05 for 473 kg/m3 density to 2.7 for 865 kg/m3 for AlSi10Mg0.6. 
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Determinarea experimentală a proprietăţilor la compresiune 
pentru spumele din aluminiu cu celule închise 

Rezumat 

Lucrarea prezintă o caracterizare mecanică a două tipuri diferite de spume din aluminiu cu celule 
închise AlMg1Si0.6 şi AlSi10Mg0.6 solicitate la compresiune statică. Testele experimentale au fost 
efectuate pe probe cilindrice (D = 40 mm, H = 51 ÷ 52 mm) având densităţile cuprinse între 507 si 1026 
kg/m3 pentru M8 şi între 472 şi 866 kg/m3 pentru materialul S7. Testele de compresiune s-au realizat la 
temperatura ambiantă (T = 23°C) cu viteză constantă v = 10 mm/min. Rezultatele experimentale arată că 
proprietăţile mecanice cresc odată cu creşterea densităţii. 


