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Some results on free vibration and buckling:
First four modes

SSSS square sandwich plate with FG core, f (z) = sinh(πz/h)h, with f (ZZ), a/h = 100, 152 points
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Results

A 172 Chebyshev grid.−1 1

1The shape parameter (c) is optimized [3] and
a Chebyshev grid with a variable number of
points is used.

Meshless method
The governing equations are interpolated by global collocation with radial
basis functions [2]. We consider the compact-support Wendland function
defined as φ(r) = (1− c r)8+

(
32(c r)3 + 25(c r)2 + 8c r + 1

)
.

Carrera’s Unified Formulation
The governing equations and boundary conditions are derived under a gen-
eralization of Carrera’s Unified Formulation (CUF) [1] based on the prin-
ciple of virtual displacements. Although the sandwiches present 3 physical
layers, we considerNl = 91 virtual (mathematical) layers of constant thick-
ness.


(
z−h0
h1−h0

)p
, z ∈ [h0, h1]

1, z ∈ [h1, h2](
z−h3
h2−h3

)p
, z ∈ [h2, h3]

E(z) = EmVm+EcVc with Vc =

Material properties The power-law function is adapted to describe the vol-
ume fraction of the metal (Vm) and ceramic (Vc) phases and the material
homogeneization technique adopted to the Young’s modulus is the law of
mixtures:
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• Equivalent single layer displacement based theories, Hybrid CUF

• ux = uy = u0 + zu1 + f (z)uH + f (ZZ)uZZ

•w = w0 + zw1 + z2w2
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Some theories used
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static, free vibration, and buckling analysis of functionally graded plates
and shells, including sandwiches with functionally graded core or skins

Topics
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