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Abstract

Plates and shells, made of isotropic or laminated composite materials are used
as major load carrying components of aerospace, automobile, submarine, civil,
offshore and other important engineering structures. Hence, the stability and dynamic
characteristics of such thin-walled structures is an important problem to be understood
well for their effective and lightweight design.

In this thesis, an attempt is made to investigate some of the characteristic
features of the nonlinear stability and dynamics of plates and cylindrical shell panels
using the shear deformable finite element approach. For this purpose, one high
precision shear flexible plate bending element with fourteen degrees of freedom per
node is developed. The nonlinear stiffness matrix is formulated based on von
Kérmén’s strain-displacement assumptions to obtain the stiffness interaction
(coupling) between the in-plane and bending degrees of freedom. Then, the plate
bending element is modified using Marguerre’s strain-displacement assumptions and
a shallow shell element is obtained. Further, the sixteen-noded MITC (mixed
interpolation of tensorial components) shell element based on assumed strain fields
(initially proposed by Bucalem and Bathe 1993) is extended here for the nonlinear
vibration analysis of composite cylindrical panels.

At the beginning, the critical buckling load and the subsequent posubuckling
behavior (i.e., the lateral displacement and end-shortening) of isotropic and composite
plates under static in-plane load are studied in this thesis. Numerical investigation is
focused to investigate the influences of (a) different in-plane boundary conditions, (b)

per-buckling corner stresses in the skew plate, (c) position and distribution of
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localized in-plane edge load for the rectangular plate, (d) lamination parameter and (e)
sinusoidal imperfection.

Nonlinear dynamics of plates and shells is a complex phenomenon involving both
flexural vibration and in-plane strain. Attempt is made in this thesis to obtain the
steady-state un-damped vibration characteristics of composite plates and shell panels.
Approximate time functions (corresponding to a steady-state periodic oscillation) for
the displacement components are assumed and a nonlinear matrix amplitude equation
is obtained by employing Galerkin’s method. The coupled nonlinear matrix amplitude
equation (in-plane motion is coupled with flexural motion) is solved to estimate
(a) nonlinear free flexural vibration frequencies of isotropic and composite plates

with different in-plane boundary conditions,

(b) flexural vibration amplitudes of such plates under transverse harmonic pressure,
(c) flexural vibration amplitudes of such plates under periodic in-plane load,
(d) vibration amplitude versus disturbing energy relationship for the case of free
flexural vibration of cylindrical shell panels,
(e) Frequency-amplitude relationship of cylindrical shell panels under radial
harmonic pressure.
Finally, the time history analysis is carried out in each case to understand the
steady-state or unsteady nature of the flexural vibration of plates and shell panels

under different loading and boundary condition.
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