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Abstract

Mechanical behavior of smart nano-beams based on non-classical continuum mechanics

S. Talieh Pourashraf

In this research, using non-classical continuum theories, mechanical behaviors of nanobeams
made of smart materials are investigated. Smart materials are designed materials with one or
more properties which change significantly in a controlled fashion by external stimuli such as
stress, temperature, moisture, electric or magnetic fields. The geometrically nonlinear
equations of motion and corresponding boundary conditions are derived using Hamilton’s
principle on the basis of the Euler-Bernoulli and Timoshenko beam theories. Using the
Gurtin-Murdoch and Eringen elasticity theories, the surface stress and nonlocal effects are
taken into account in obtained equations, respectively. In order to solve differential equations,
analytical solutions including closed form solution and multiple scales perturbation technique
are presented. Mechanical behaviors such as bending, buckling, postbuckling and vibration
under postbuckling domain, linear and nonlinear free vibration and Forced vibration of
nanobeams are considered. In the result section, the influences of different parameters are
investigated. Also, comparisons are made between the results obtained from the classical and
non-classical theories. It is shown that the classical theory doesn’t predict materials behavior
precisely and as the thickness decrease, the difference between results observed from classical
theory with those obtained from non-classical ones increases. It is also shown that as the
thickness of nanobeam decreases, the surface stress effect moderates the hardening-type
nonlinear behavior of nanobeams. This effect is more prominent at low magnitudes of
thickness. Moreover, one can find that by increasing the nonlocal parameter, the hardening-
type response of nanobeams is intensified.

Key words: Nano-beams, Smart Materials, Analytical Solution, Mechanical Behavior
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