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a b s t r a c t

Three dimensional reticulated porous metal foams are widely used engineering materials. A failure model
with the simplified structure of these porous materials has been established, and the failure modes have
been analyzed for the corresponding porous components under several typical loads, which include tor-
sion, shearing and bending. The failure modes cover the tensile fracture, the shearing and the buckling of
the strut, which may lead to the final destruction of the whole porous structure. The mathematical rela-
tionships, which characterize different failure modes, have been derived for the strut failure resulting
from loading for these porous components under the above loading conditions. The results also show that
the failure mode is related with the material species for these materials under the above loads. The ten-
sile fracture of the strut will occur for the porous body with metallic materials in most cases, and the
shearing fracture of the strut may occur for that in a relatively little cases. Moreover, the elastic buckling,
the elastic–plastic buckling and the edge yielding may also occur on the strut of porous bodies when cer-
tain conditions are met.

� 2011 Published by Elsevier Ltd.

1. Introduction

Being engineering materials with sound properties, porous
metal foam structures could be applied in the field of separating, fil-
tering, gas-distributing, acoustic absorbing, vibration damping,
packaging, shielding, heat exchanging, bio-implanting, electro-
chemical process, light structures, etc. [1–3]. Special requirements
on mechanical properties of porous metal foams are needed in engi-
neering application, especially when used as light-weight struc-
tures. A lot of researches [4–20], including some preliminary
works [13,14,16–20] from the authors of this paper, have been car-
ried out on the mechanical behaviors of porous metals. Traditional
researches are focused on the tensile and compressive properties of
porous materials, among which are mainly on the compression
property of the close-cell structures [4,5]. Furthermore, there are
also some researches on the loading behaviors of close-cell struc-
tures, such as the bending property of the porous copper prepared
by unidirectional solidification [9], the shear response of the
aluminum foam [10] and the bending behavior of the aluminum
foam [15]. Comparatively, a few researches have been carried out
on the mechanical behavior of porous materials under torque [4]
and no helpful result has been obtained. On the other hand, open-
cell structures are required for porous metals in the application of

biomedicine [7]. For an example, artificial bones need an open-pore
environment for growing tissues and a certain ability for bearing
loads, which include compression, bending, torsion etc. Here the
bending strength and the torsional strength are important factors
in the application of these materials [11]. However, only a few
experimental studies could be found in this aspect [6,8,11]. Pres-
ently, the researches on torsional, bending and shearing behaviors
are far from enough for open-cell metal foams and their compo-
nents. In the works of the present authors, the uniaxial tensile prop-
erty is primarily investigated for porous materials in Ref. [13], and
the mechanical model is analyzed for metal foams under biaxial
tension in Ref. [14]. Afterwards, the mechanical relations are suc-
cessively found for porous metal foams under uniaxial and biaxial
loads of collective tension and compression in Ref. [16], for that un-
der triaxial loads in Ref. [17] and for that under several typical loads
in Ref. [18]. Moreover, the failure by tensile or shearing fracture
mode of the pore-strut is primarily investigated for metal foams un-
der compression in Ref. [19], and the failure by buckling mode of
the pore-strut is studied for metal foams under compression in
Ref. [20]. Based on the works of Refs. [18–20] and combined with
the corresponding calculation result of the octahedron model
[13], the possible failure modes of the strut have been further ana-
lyzed in this paper for the porous components of reticulated open-
cell metal foams under torsional, bending and shearing loadings,
which could also be helpful for strength design of this kind of mate-
rials under the above loads.
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