
Accepted Manuscript

Three-dimensional bending and vibration analysis of functionally graded nano-

plates by a novel differential quadrature-based approach

R. Ansari, M. Faghih Shojaei, A. Shahabodini, M. Bazdid-Vahdati

PII: S0263-8223(15)00491-2

DOI: http://dx.doi.org/10.1016/j.compstruct.2015.06.027

Reference: COST 6526

To appear in: Composite Structures

Please cite this article as: Ansari, R., Faghih Shojaei, M., Shahabodini, A., Bazdid-Vahdati, M., Three-dimensional

bending and vibration analysis of functionally graded nanoplates by a novel differential quadrature-based approach,

Composite Structures (2015), doi: http://dx.doi.org/10.1016/j.compstruct.2015.06.027

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.

http://dx.doi.org/10.1016/j.compstruct.2015.06.027
http://dx.doi.org/http://dx.doi.org/10.1016/j.compstruct.2015.06.027


  

1 
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nanoplates by a novel differential quadrature-based approach 
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Department of Mechanical Engineering, University of Guilan, P.O. Box 3756, Rasht, Iran 

 

Abstract. In this paper, the three dimensional (3D) nonlocal bending and vibration analyses 

of functionally graded (FG) nanoplates are presented using a novel numerical solution 

method which is called variational differential quadrature (VDQ) due to its numerical essence 

and the framework of implementation. Through this approach, a quadratic weak formulation 

of 3D nonlocal elasticity for the considered phenomena is presented. Two types of the 

distribution of functionally graded materials (FGMs) namely power law distribution and 

exponentially varied along the thickness of the plate are considered. The energy quadratic 

representation of the problems is first obtained based on the 3D theory of elasticity. A weak 

form of local governing equations is then derived from this representation by a variational 

approach. To incorporate the effects of small size into the local model, a size-dependent 

energy functional based on the nonlocal elasticity theory is developed. By introducing this 

functional into Hamilton’s principle, the discretized equations of motion including size 

effects are derived. By the VDQ method, the need for derivation of strong statement of the 

problems through minimizing the energy functional in the differential quadrature formulation 

is bypassed. In several numerical examples, the obtained results are compared with the 

available solutions in the literature, and the validity and high accuracy as well as fast 

convergence rate of the VDQ are indicated. It is also found that the small scale has a 

decreasing effect on the stiffness of nanoplates. 
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