Abstract

In the present thesis, firstly the buckling and vibrational behavior of defective single-
walled carbon nanotubes under axial, tortional and bending loads has been investigated
using the ABAQUS software. Further, the influence of various vacancy and stone-wales
defects on the critical buckling load, related displacement, tortional and bending moment
and related angle has been studied. Then, after proposing a new model by adding van der
Waals force, identical analyses have been preformed for the perfect and defective double-
walled carbon nanotubes. In this section, the buckling behavior of DWCNTSs under axial,
tortional and bending loadings and the effect of van der Waals force, number and position
of defects on these CNTs were obtained.

The nessecity of getting special experimental conditions and also time consimung of
atomic simulations were the major motivation for proposing this new structural mechanics
model, which contains the proper accuracy and short runtime, and it does not have the
limitations of previous methods. Actually, the present model is a combination of other
structural models which can remove the most of their errors.

In order to model the axial and tortional intractions, the nonlinear connectors and for
angle variation and van der Waals intractions, the nonlinear springs were used. Then, the
obtained results were compared to the continuum model results and it can be shown that
the buckling behavior of CNTs have many similarities to the buckling behavior of
cylindrical shells (with a wall thickness of 0.066 nm and Young’s modulus of 5.5 TPa).
Finally, the results of the present model were compared to some of the reliable molecular,
structural and continuum models. It can be concluded that the present model has high
accuracy and low time and also it has capabilities that the existing structural models do not

have.

Keywords: Structural mechanics, Carbon nanotubes, Defects, Axial loading, Bending and
torsional moment
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5> Molecular mechanics

¢ Li and Chou
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! Schrodinger wave equation
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4 Ab- initio

5> Semi- empirical

¢ Density functional theory (DFT)
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' Full many-body problem

2 Hohenberg, Kohn and Sham (HKS)
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5 Local density approximation (LDA)

¢ Generalized gradient approximation (GGA)
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4 Stone- Wales defect
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Critical axial buckling load (nN)

perfect 1 Vacancy 2 Vacancy 3 Vacancy
Length (nm)
7, @(12,12) (7,7) (12,12) (7,7)@(12,12) (7,7) (12,12) (7, 7)@(12,12) (7,7) (12,12) (7,7)@(12,12)
0.98 195.00 146.25 150.74 132.60 142.35 146.25 128.70 134.55 140.40 126.75
2.09 171.27 128.45 132.05 116.46 125.03 128.45 113.04 118.18 123.31 111.33
3.07 167.55 125.83 129.85 113.93 122.31 125.66 110.58 115.61 120.64 108.91
4.06 165.96 124.30 127.79 112.85 121.15 124.47 109.53 114.51 119.49 107.87
5.17 163.04 122.77 126.85 110.87 119.02 122.28 107.61 112.50 117.39 105.98
6.27 160.35 121.87 124.11 109.04 117.06 120.26 105.83 110.64 115.45 104.23
7.26 156.46 115.78 118.91 106.39 114.22 117.35 103.26 107.96 112.65 101.70
8.36 152.65 114.49 117.69 103.80 111.43 114.49 100.75 105.33 109.91 99.22
9.47 149.77 107.83 115.47 101.84 109.33 112.33 98.85 103.34 107.83 97.35
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Critical buckling torque (nN.nm)

perfect 1 Vacancy 2 Vacancy 3 Vacancy
Length (nm)
(7,N@(12,12) (7,7) (12,12) (7,7 @(12,12) (7,7) (12,12) (7, 7)@(12,12) (7,7) (12,12) (7,7)@(12,12)
0.98 103.41 101.72 82.48 81.03 100.49 83.81 81.19 99.64 73.72 70.00
2.09 72.12 70.68 57.70 56.51 70.08 56.97 55.53 69.49 51.41 49.04
3.07 66.04 64.72 52.83 51.75 64.18 52.17 50.85 63.63 47.08 44.91
4.06 59.31 58.12 47.45 46.47 57.63 46.85 45.67 57.14 42.28 40.33
5.17 56.12 55.00 44.90 43.98 5454 44.34 43.21 54.08 40.01 38.16
6.27 53.04 51.98 42.43 41.56 51.54  41.90 40.84 51.11 37.81 36.07
7.26 51.51 50.48 41.21 40.36 50.06  40.69 39.66 49.63 36.72 35.03
8.36 50.37 49.36  40.29 39.47 48.95 39.79 38.78 4853 35.91 34.25
9.47 50.17 49.17 40.14 39.31 48.75 39.63 38.63 48.34 35.77 34.12
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Critical bending buckling moment (nN.nm)

perfect 1 Vacancy 2 Vacancy 3 Vacancy
Length (nm)
7, @(12,12) (7,7) (12,12) (7,7)@(12,12) (7,7) (12,12) (7, 7)@(12,12) (7,7) (12,12) (7,7)@(12,12)
0.98 66.95 65.87 39.11 38.36 65.74 38.78 36.34 64.36  36.90 31.35
2.09 55.45 5456 32.39 31.77 54.45 32.16 30.60 53.29 30.50 26.62
3.07 54.00 53.13 3155 30.94 53.02 31.32 29.80 51.89 29.70 25.92
4.06 54.12 53.25 31.62 31.01 53.14 31.39 29.87 52.01 29.77 25.98
5.17 53.87 53.00 31.47 30.87 52.90 31.25 29.73 51.77 29.63 25.86
6.27 53.75 52.88 31.40 30.80 52.78 31.18 29.66 51.65 29.56 25.80
7.26 53.55 52.69 31.28 30.68 52.58 31.06 29.55 51.46 29.45 25.70
8.36 53.46 52.60 31.23 30.63 52.49 31.01 29.50 51.38 29.40 25.66
9.47 53.37 52,51 31.18 30.58 52.41 30.95 29.45 51.29 29.35 25.62
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