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ABSTRACT 
 
It is well known that nonlocal elasticity models are successfully applied to various nanostructure based systems 
to study their stability or vibration behavior [1]. Such modified continuum approach shows to be reliable and 
much more efficient way to study complex nano-scale systems and structures compared to atomistic methods 
based on discrete nature of nanostructures. Nonlocal elasticity introduces the scale effects into the model via 
single material parameter also called nonlocal parameter. Dissipation of mechanical energy in nanostructures is 
important feature of nano-scale system that significantly affects their dynamic or stability behavior. Various 
rheological models can be applied to describe such effects. However, well known comparison of fractional 
derivative rheological models compared to classical integer order one, candidates them for this application [2]. 
Finally, combination of nonlocal elasticity and fractional order viscoelasticity constitutive relations yield hybrid 
models that due to their nonlocal nature can describe nonlocality in space domain as well as 
relaxation/retardation processes in time domain. Here, we apply nonlocal elastic and fractional viscoelastic 
models to study vibration behavior of nanoplate and nanobeam like structures [3]. Euler-Bernoulli beam theory 
and Kirchhoff-Love plate theory are used for nanobeams and nanoplates, respectively. Several fractional 
derivative rheological models are shown and some of them applied to given nanostructure models. Governing 
equations are derived using D’Alambert’s principle and solutions for the simply supported boundary conditions 
are found using separation of variables, Laplace transform and Mellin-Fourier inverse transform methods as well 
as residue theory. Complex poles of unknown functions are determined by finding the roots of the characteristic 
equation using technique that is available in the literature. In order to show the effects of fractional derivative 
parameters, damping coefficients and nonlocal parameter on complex roots i.e. damped frequencies and damping 
ratios as well as on transient response of the systems, several numerical examples are given. 
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