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Abstract

Many of the composites such as aramid-rubber, polyster-rubber, carbon-carbon, soft

biological tissues, bone referred to as bimodular composites exhibit different elastic

properties in tension and compression. The dynamic analysis of bimodular structures is

computationally challenging due to the non-smooth nonlinear nature of governing

equations with elastic moduli dependent on the sign of stress/strain which is unknown a

priori. For thin structural components undergoing transverse displacements of the order of

their thickness, the consideration of geometric nonlinearity becomes important for

accurate prediction of deflections, strains, stresses and response frequencies. It is

concluded from the literature review that the periodic response characteristics of

bimodular laminated plates/panels including geometric nonlinearity have not been

investigated. An attempt is made in the thesis to address the problem using the first-order

shear deformation theory based finite element model incorporating bimodularity through

Bert’s constitutive model and geometric nonlinearity. The governing equations of motion

are solved to obtain the state vector representing the periodic response by employing

shooting technique coupled with Newmark time marching and arc length/pseudo-arc

length continuation algorithms.

The combined influence of bimodularity and geometric nonlinearity on the steady

state periodic response characteristics of bimodular material laminated composite

rectangular/annular sector plates and cylindrical/conical panels is analysed for the first

time and several new results are presented. The stable and unstable portions of the

frequency response and the associated bifurcations have been identified. The temporal and

through the thickness stress/strain variations, frequency spectra of the steady state
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displacement/stress histories, phase plane plots and strain energy contributions from

linear, quadratic and cubic restoring forces are presented to explore the non-linear

dynamic characteristics. The results presented herein, without apriori assumptions of

participating modes and harmonics, may also serve as reference for validation of

approximate analytical solutions. Significant differences in the positive/negative half cycle

response/stress amplitudes with unequal time spent in the positive/negative half cycle are

predicted for bimodular plates/panels. Further significant differences in the response/stress

amplitudes are predicted with and without geometric nonlinearity. Steady state frequency

response of bimodular laminated rectangular/annular sector plates reveal hardening

nonlinear behaviour for all the cases whereas the cylindrical/conical panels exhibit

hardening or softening behaviour depending upon the parameters and boundary

conditions. It is predicted that the hardening behaviour changes to softening one for

cylindrical/conical panels with the decrease in the radius to thickness ratio. The degree of

hardening nonlinearity increase with the increase in bimodularity ratio, aspect ratio,

thickness ratio, sector angle, semi-cone angle and load amplitude. The GNL frequency

response in some cases reveals strong modal interactions between first and third modes,

and the presence of secondary branch emanating from the primary one through period

doubling bifurcation. The radially outward imperfection results in increased hardening and

the inward one in reduced hardening behaviour for cylindrical panels.
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