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11. Summary of the new findings of the thesis:

The main contributions of the thesis include:

e Propose a new sinusoidal shear deformation theory aimed at simplifying the
complex calculations involved analyzing FG-CNTRC plates and shells, while still
accurately describing the nonlinear relationship between shear stress and strain.
This theory will provide equilibrium and motion equations derived from both the
proposed sinusoidal shear deformation theory and existing theories, such as Reddy's
shear deformation theories. These equations will be based on the virtual work
principle and Hamilton's principle, incorporating a von-Karman nonlinear
displacement field.

e Determine three solution forms of displacement and stress functions that correspond
to specific boundary conditions for FG-CNTRC plate and shell analysis based on
the analytical approach. These boundary conditions include fully simply supported
edges, fully clamped-clamped edges, opposite edges simply supported and other
edges clamped.



Establish governing equations for the nonlinear buckling and post-buckling analysis
of FG-CNTRC plates, double curved shells, and truncated conical shells to
determine the critical buckling load and the load-deflection relationship employed
both analytical and numerical approaches.

Establish a 3D finite element model in ABAQUS using user-defined subprogram
USDFLD to simulate the functionally graded distribution of CNTs along the
thickness. This model will then be utilized to analyze the buckling behavior of FG-
CNTRC plates and shells.

Establish governing equations to determine natural frequencies, deflection
amplitude-time relationships, deflection amplitude-frequency relationships in the
nonlinear vibration and dynamic analysis of FG-CNTRC plates, double curved
shells, and truncated conical shells.

12. Practical applicability:

Nonlinear buckling and dynamic analysis of FG-CNTRC plates and shells using

analytical, semi-analytical, and finite element methods provide results on critical loads,

load-deflection curves, natural frequencies, deflection amplitudes, and time responses.

These results help to understand how FG-CNTRC structures respond under static and

dynamic loading in real conditions. This contributes to providing support solutions in the

design and non-destructive diagnosis process, as well as enhancing the performance of

functionally graded carbon nanotube reinforced composite plates and shells.

13. Further research directions:

Analyze the static and dynamic problems of FG-CNTRC plates and shells using
various methods such as Navier solution and Fourier transform to determine closed-
form solutions of the equations.

Optimize CNT’s volume fraction to enhance performance as well as critical loads

and natural frequencies of FG-CNTRC structures.

e Use experimental, analytical, numerical simulation methods combined with

machine learning in the mechanical analysis of FG-CNTRC structures.

e Develop a model to determine the material properties of FG-CNT using the

Representative volume element method combined with artificial neural network

modeling.
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