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Abstract

DEVELOPMENT OF COMPUTATIONAL TECHNIQUES FOR THE NONLINEAR ANALYSIS

OF NANOSTRUCTURES BASED ON GENERALIZED CONTINUUM MECHANICS
Vahid Mohammadi

With the rapid development of nanomechanics, it is necessary to find a general, efficient and reliable method for predicting the
nonlinear behavior of nanostructures. Although there are many numerical techniques in the literature for the analysis of
structures in the nonlinear regime, the present thesis aims at linking the fundamental concepts of applied mathematics to the
nanomechanics. In this thesis, some numerical methods are developed which have two features: first, all of them are developed
to be applied to any kind of structure even in n-dimensional space; second, they are computational effective. To this end, the
matrices theory and vectorization process are used. In this regard, many of the classic (but efficient) numerical methods are
developed and reorganized based on the matrix relations. Also, some new matrix-based methods are proposed.

In addition, nanostructures experience some extraordinary phenomena due to their small scales. Itis experimentally shown
that in contrast to the mechanical behavior of structures at macroscale, the mechanical behavior of micro- and nanostructures
is size-dependent. To capture the size effects, the modified continuum mechanics theories are developed. Of these theories,
the Gurtin-Murdoch surface stress theory and the Eringen nonlocal theory have the capability to predict the experimental
results. In this research, based on these theories and by considering the von Karman hypothesis, the governing equations of
different kinds of nanostructures are derived. The other novelty of this thesis is the new finite element (FE) formulation of the
nanostructures in which the surface energies are taken into account. This novel nonlinear FE formulation is directly obtained
from the energy functional. Moreover, the good agreement of the FE results with the exact results is investigated.

Several nonlinear analyses for various nanostructures with different boundary conditions and subjected to different loading
conditions are conducted. All of the presented solution strategies for different phenomena are general and independent of
discretization type. Linear and nonlinear free vibrations, buckling, postbuckling, vibrations around the postbuckling
configurations and pull-in instability, which are of high importance in nanoelectromechanical systems (NEMS), are studied
herein.

At last, to reveal the generality and efficiency of the proposed numerical methods, diverse numerical results are presented. In
the numerical results, the effects of dimension of the nanostructures on their nonlinear behavior are investigated. Furthermore,
the influences of surface stress and related parameters, and the nonlocal effects on the results are analyzed.

Keywords: Nano-structures, Finite Element Analysis, Nonlinear Vibration, Post-buckling, Pull-in Phenomena, Numerical
Techniques, Solution Strategies
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1"There's Plenty of Room at the Bottom" , Richard Feynman, 1959
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! high-level programming language
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' nanoparticle
2 nanowire

3 nanofilm
4nanobeam

5Snanoplate
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1 principle of local action
2 inter-atomic interactions
3J. Willard Gibbs
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1 generalized continuum theories

2 micro-structural (polar) theories

3 higher order Gradients theories

4 non-local continuum mechanics theory
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1J. Peddieson

2 closed form solution
3 nano actuator
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