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A aenenJ two-dImensional theory 01 laminated cylindrical shells is preseated. Tbe tbeo" aceoUDtI for a
desired degree 01 approximation of tbe displacements tbrougb the thickness, tbus accouDdDI foraaJ dlscoadnuJttes ia tbeir derivatives at the iaterface of laminae. Geometric nollllDtartly ID tbe sease of tile yo. KarmU
straias is also included. Navier-type solutions of tbe linear tbeory are presealed lor simply supported boaadaly
conditions.

Introduction

L

AMINATED cylindrical shells are often modeled as
equivalent single-layer shells using classical, i.e., LoveKirchhoff shell theory in which straight lines normal to the
undeformed middle surface remain straight, inextensible, and
normal to the deformed middle surface. Consequently, transverse normal strains are assumed to be zero and transverse
sneatdefofrI'lations are neglected. 1- 3 The classical theory of
shells is expected to yield sufficiently accurate results when the
lateral dimension-to-thickness ratio s / h is large, the dynamic
excitations are within the low-frequency range, and the material anisotropy is not severe. However, application of such
theories to layered anisotropic composite shells could lead to
as much as 300/0 or more errors in deflections, stresses, and
natural frequencies.4-6
As pointed out by Koiter, 1 refinements to Love's first approximation theory of thin elastic shells are meaningless unless
the effects of transverse shear and normal stresses are taken
into account in a refined theory. The transverse normal stress
is, in general, of order hla (thickness-to-radius) times a bending stress, whereas the transverse shear stresses obtained from
equilibrium conditions are of order h/ t (thickness-to-Iength
along the side of the panel) times a bending stress. Therefore,
for alt> 10, the transverse normal stress is negligible compared to the transverse shear stresses.
The effects of transverse shear and normal stresses in shells
were considered by Hildebrand et aI., 8 Lure, 9 and Reissner, 10
among others. Exact solutions of the three-dimensional equations and approximate solutions using a piecewise variation of
the displacements through the thickness

the use of polynomial expansion with compact support (Le.,
finite-element approximation) through the thickness proves to
be convenient. This approach was introduced recently for
laminated composite plates by Reddy. 11 It is shown that the
theory gives very accurate results for deflections. stresses, and
natural frequencies. lJ The theory is extended here to laminated composite cylindrical shells.

Formulation of the Tbeory
Displacements and Strains
The displacements (uDU,.u:) at a point (x, 8,%) (see Fig. 1) in

the laminated shell are assumed to be of the form
ux(X, 8,:,/) = u(x, 8,/) + U(x,8,%,/)
ug(x,9,%,/)

= v(x, 8,/) + V(x,8,%,/)

u:(x, 8,%,/)

= w(x, 8,t) + W(x,8 t4,/)

where (u, v, w) are the displacements of a point (x, 8 to) on the
reference surface of the shell at time I, and U, V, and W are
yet arbitrary functions that vanish on the reference surface as
U(x,8,O) = V(x,8,O)

= W(x,8,O) = 0

(2)

In developing the governing equations, the von Karman type
of strains are considered, 8 in which strains are assumed to be
small, rotations with respect to the shell reference surface are
assumed to be moderate, and rotations about normals to the
shell reference surface are considered negligible. The nonlinear
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Fia. 1 Shell geometry aad coordiDate system.

