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Tensile strength of metallic foams based on octahedral model theory
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(1. Key Laboratory of Beam Technology of Ministry of Education, School of Physics and Astronomy, Beijing Normal University,
Beijing 100875, China; 2. Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: Based on the preliminary work on tensile property characterization of porous materials from the octahedral model theory,
the characterization of tensile strength for metallic foams is investigated. Firstly, the material form is extended from reticular pore
structure to cellular pore structure. Secondly, the characterized results are compared and analyzed against the well-recognized
Gibson-Ashby model theory. Using the derived tensile property characterization relationship, the practical application of the model
theory in calculating the tensile strength of metallic foams is discussed. The results show that the octahedral model theory is
applicable to both reticular porous materials and cellular porous materials. Both the octahedral model theory and the Gibson-Ashby
model theory can be well applied to calculate the tensile strength of metallic foams, and the octahedral model theory achieves
superior calculation performance. The theoretical calculation deviation for the former is mostly within 8%, while that for the latter is
mostly around 10%. The Gibson-Ashby model theory yields a relatively large calculation deviation close to 20% for reticular porous

material, whereas its deviation is smaller for cellular porous material.
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Fig. 1 Structure of high-porosity metallic foams

(a) reticulated metallic foamm; (b) close-cell cellular metallic foam"" ;
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(c) open-cell cellular metallic foam""’
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Table 1 Test' "> and calculated results of the tensile strength of reticulated nickel foam

(121 - Octahedral model GA model

Sample number 0/% o /MPa
o/MPa Al% o/MPa Al%
1 88.60 6.75 6.91 2.3 9.02 33.6
2 89.66 6.45 6.12 52 7.79 20.8
3 90.19 5.40 5.73 6.0 7.20 333
4 92.55 4.16 4.06 24 4.76 14.5
5 93.52 3.23 3.41 5.6 3.86 19.7
6 95.79 2.48 1.98 16.6 2.02 18.4
7 95.83 2.00 1.97 1.7 2.00 0.2
8 97.15 1.28 1.22 4.6 1.13 11.9
9 98.38 0.63 0.60 4.0 0.48 233
10 98.84 0.38 0.40 4.5 0.29 23.0
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Table 2 Test'"” and calculated results of the tensile strength of two reinforced aluminum foams

Octahedral model GA model
Type Sample number 0/%[10] atv/MPa[m] »/MPa % +/MPa %
Reinforced aluminum foam 1 1 82 3.36 3.15 6.0 3.34 0.5
2 75 4.23 4.96 17.2 4.99 17.9
3 70 6.99 6.38 8.8 6.25 10.6
4 65 7.78 7.88 1.3 7.56 2.8
Reinforced aluminum foam 2 5 82 3.58 3.43 4.3 3.63 1.4
6 75 432 5.38 24.5 5.42 254
7 70 7.47 6.91 7.4 6.78 9.2
8 65 9.16 8.55 6.7 8.21 10.3
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Table 3 Testm]

and calculated results of the tensile strength of 6061 aluminum alloy foam

a1 Octahedral model GA model
Sample number 0/%** JW/MPa[M]
o/MPa Al% o/MPa Al%
1 67.32 5.17 4.92 4.9 4.87 5.8
2 70.27 4.48 432 3.7 4.33 34
3 71.31 3.74 4.11 9.9 4.14 10.8
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Table 4 Test'"" and calculated results of the tensile strength of stainless steel foam

Octahedral model GA model
Sample number 0% aw/MPam]
o/MPa Al% o/MPa Al%
1 26.8 712.0 665.1 6.6 655.6 7.9
2 352 582.0 562.4 3.4 560.2 3.7
3 40.6 516.0 499.0 33 501.0 2.9
4 48.6 352.0 409.0 16.2 416.5 18.3
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Fig. 5 Comparison between test"" and calculated tensile
strength of cellular stainless steel foam
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