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Abstract

Abstract

Carbon nanotubes (CNTs), one of the best nanometer materials, are known for
the supreme elastic modulus and tensile strength. Due to the excellent mechanical
properties, CNTs exhibit great potential application value. Therefore, it is necessary to
study the mechanical properties of CNTs, especially for defective CNTs. In this thesis,
based on the molecular structure mechanics, finite element method is used to establish
the models of single-walled carbon nanotubes (SWCNTs) and multi-walled carbon
nanotubes (MWCNTs) to investigate several mechanical problems of CNTs. The main
contents are as follows.

(1) Finite element modeling of CNTs. SWCNTs and MWCNTs models are
obtained. The type, number, location and density of defects in models are
parameterized.

(2) Calculations of the elastic constants of CNTs. Elastic modulus, shear
modulus and Poisson's ratio are calculated. The effects of factors on the elastic
constants are investigated. The results indicate that the most dangerous defect is
double-atom vacancy defect. Van der Waals forces decrease the elastic modulus of
DWCNTs slightly.

(3) Simulation of the compression buckling behavior of CNTs. The critical
buckling loads and strains are calculated. The effects of factors on them are
investigated. The results indicate that there is an optimum diameter at which the
critical compression buckling strain of SWCNTs with the same lengths reaches its
maximum value. The critical buckling loads and strains decrease much more when the
location of the defects is close to the middle of SWCNTs. Van der Waals forces
increase the critical buckling strains of DWCNTs.

(4) Analysis of the vibration properties of CNTs. The natural frequencies and
vibration modes are investigated. The effects of factors on them are analyzed. The
results indicate that the 1st natural frequencies of SWCNTs decrease linearly with the
increasing of the axial distance between two defects. Van der Waals forces increase

the 1st natural frequencies of DWCNTs.
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