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that accounts for the transverse shear and transverse normal deformations, and incorporates realistic through the 
thickness approximations of the in-plane displacements. The strain-displacement relations are accurately 
accounted for in the formulation. The contributions of work done by applied load due to the higher-order 
function arising from the assumed displacement models are also incorporated. The governing equations 
obtained using the principle of minimum potential energy are solved through eigenvalue approach. The 
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ABSTRACT: Here, the free vibration characteristics of functionally graded elliptical cylindrical shells are 
analyzed using finite element formulated based on the theory with higher-order through the thickness 
approximations of both in-plane and transverse displacements. The power law variation of properties is 
assumed in the thickness direction. The finite element employed in the study is based on field-consistency 
approach and free from shear and membrane locking problems. The strain–displacement relations are accurately 
introduced in the formulation without making any approximation in the thickness co-ordinate to radius ratio 
terms. The detailed parametric studies are carried out to study the influences of non-circularity, radius-to-
thickness ratio, material composition and material profile index on the free vibration frequencies and mode 
shape characteristics of functionally graded elliptical shells. The significance of thickness stretch/contraction 
terms is highlighted through the mode shape study. 
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and ply-angle on the critical temperature parameter and buckling mode shapes. It is brought out that the rate of 
change of the critical temperature parameter with respect to ply-angle reduces significantly with the increase in 
the non-circularity parameter. Further the shells in the optimum ply-angle range are found to be highly sensitive 
to non-circularity whereas their sensitivity is very less away from the optimum ply-angle range. 
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ABSTRACT: The influence of meridional curvature on the postbuckling behaviour of angle-ply laminated 
cylindrical shells subjected to external pressure, torsional load, axial compression and uniform temperature rise 
is investigated using the semi-analytical finite element approach. The nonlinear governing equations are solved 
using Newton–Raphson iterative technique coupled with the adaptive displacement control method. The 
presence of asymmetric perturbation in the form of a small magnitude load spatially proportional to the linear 
buckling mode shape is considered to trace the postbuckling path. The variation of ply-angle and ply-thickness 



along the meridional direction is considered. The results presented reveal that the imperfection sensitivity of the 
cylindrical shells having negative Gaussian curvature decreases with the increase in the magnitude of H/r0 ratio 
for all the loading cases considered. The imperfection sensitivity of the positive Gaussian curvature shells 
increases for external pressure, torsional and thermal loading cases, whereas it decreases for axial loading case 
with the increase in H/r0 ratio 
 


