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Abstract

In this study, various types of porous beams were designed and analyzed to examine the relationship between the behavior of a porous beam
and certain nonlocal parameters. The nonlocal parameters were defined as functions of the conditions of defects in the porous material. Finite
element analysis was conducted on the beams under typical boundary and loading conditions. Beams with stiffeners having the same
dimensions as the defects in the porous beams were also analyzed. The deformation tendency of these beams was determined and described in
terms of the nonlocal parameters. The deformation of a porous beam was linearly proportional to the square of the diameters of the defects,
whereas that of a beam with a stiffener was linearly proportional to the cube of the diameter of the stiffener. Furthermore, for a stiffened beam

with axial loading, the results derived from a 3D solid element and those under 2D plane stress conditions were different.
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Fig. 1 An unit cell in porous beams and defined parameters
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Fig. 3 Beam configurations for FEM analysis and corresponding
parameter values
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Fig. 4 Geometry of the designed beams

Fig.5 The dept of stiffeners
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Fig.6 The normalized displacement(x") of concave beam due to
the tension in respect of the defect number ratio(5 )
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Convex beam under axial loading
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Fig. 7 The normalized displacement(u") of convex beam due to
the tension in respect of the defect number ratio(3 )
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Fig. 8 The normalized displacement(u") of concave beam due to
the bending in respect of the defect number ratio(3 )
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Convex beam under transverse loading
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Fig. 9 The normalized displacement(u) of convex beam due to
the bending in respect of the defect number ratio(3 )
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Fig. 10 Results from 2D and 3D analysis of axial beams with
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Fig. 11 Normal stress distribution of 3D and 2D plane stress
analysis

Table 1 Deformations of the beam with simple rectangular
stiffeners via different types of elements

3D Solid 2D Plane Stress E-B
Tip
. 9.6178 8.9449 9
deformation(mm)
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Table 2 Boundary and loading conditions of bending beams

Boundary and loading

.. Ilustration
conditions

. . 7 i
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