Accepted Manuscript =

On three-dimensional nonlocal elasticity: Free vibration of rectangular nanoplate

Ehsan Abdollahzadeh Shahrbabaki

PII: S0997-7538(18)30164-5
DOI: 10.1016/j.euromechsol.2018.03.004
Reference: EJMSOL 3563

To appearin:  European Journal of Mechanics / A Solids

Received Date: 19 March 2016
Revised Date: 11 June 2017
Accepted Date: 1 March 2018

Please cite this article as: Shahrbabaki, E.A., On three-dimensional nonlocal elasticity: Free
vibration of rectangular nanoplate, European Journal of Mechanics / A Solids (2018), doi: 10.1016/
j-euromechsol.2018.03.004.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.euromechsol.2018.03.004

On three-dimensional nonlocal elasticity: freevibration of rectangular nanoplate

Abstract:

Ritz and Galerkin methods based on local theoryelafsticity employ polynomials as their
approximating functions, however these methodséir ttcommon form are not suitable to be used in
three-dimensional nonlocal analysis. The potentfigictions for Helmholtz displacement vector
representation of three-dimensional free vibratmalysis of simply-supported nanoplate and wave
propagation in three-dimensional infinite nonlocsblid were presented. In addition, novel
trigonometric series were developed as approximatimctions in Galerkin approach to analyze
three-dimensional nanoplates with other boundamnditmns. Furthermore, the effects of length to
thickness ratio, aspect ratio, nonlocal parameded different boundary conditions on the non-
dimensional natural frequencies of nanoplates \sardied. It can be shown that nonlocal theory of
elasticity and Aifantis’ strain gradient theory aguivalent, therefore, the results of this in\gegion
can be extended to that theory. The research shthaed nonlocal theory of elasticity, the difface

between two- and three-dimensional results is motieable.
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1. Introduction

Due to their Superior mechanical, chemical andtetzt properties, nanomaterials are used as the
building blocks for ultrasensitive and ultrafinesodution applications in the field of nano-electro-
mechanical systems (NEMS). Vibration of nanostregusuch as nanoplates is of great importance,
and various theories and approaches have beenogedelo describe the effects of scale on the
vibration behavior of nanoplates. Experimental amdlecular analysis of nano-structures are
expensive and time-consuming therefore many resees@mploy continuum based models such as
nonlocal theory of elasticity or strain gradientasicity theories in nano-structure analysis.
Conventional tools in classic theory of elasticitych as FEM and energy methods needs some
modifications to be used in analysis based on rahkheory of elasticity.

Eringen, (1983) presented a differential form ofgidutive equations in nonlocal elasticity. Later,
Polizzotto, (2001) proved that the principal of immom potential energy is also applicable to static

problems in nonlocal elasticity. Nonlocal vibrati@malysis of plates with simply-supported (SS)
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