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Generalized Exponential, Polynomial and
Trigonometric Theories for Vibration and Stability
Analysis of Porous FG Sandwich Beams Resting on

Elastic Foundations

Fiorenzo A. Fazzolari*

University of Liverpool, School of Engineering, Brownlow Hill, Liverpool, L69 3GH, UK

Abstract

The present article investigates the free vibration and elastic stability behaviour of three-
dimensional functionally graded sandwich beams featured by two different types of porosity,
with arbitrary boundary conditions and resting on Winkler-Pasternak elastic foundations.
The investigation is carried out by using the method of series expansion of displacement
components. Various hierarchical refined exponential, polynomial, and trigonometric higher-
order beam theories are developed in a generalized manner and are validated and assessed
against 3D FEM results. The weak-form of the governing equations (GEs) is derived via
Hamilton’s Principle. The GEs are then solved by using the Ritz method, whose accuracy
is significantly enhanced by orthogonalizing the algebraic Ritz functions by virtue of the
Gram-Schmidt process. Convergence and accuracy are comprehensively analysed by testing
86 quasi-3D beam theories. Moreover, the effect of significant parameters such as slenderness
ratio, volume fraction index, porosity coefficient, elastic foundation coefficients, FG sand-
wich beam typology as well as boundary conditions, on the circular frequency parameters

and critical buckling loads, is discussed.
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