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HIGHER ORDER ZIG-ZAG SHELL THEORY
FOR SMART COMPOSITE STRUCTURES
UNDER THERMO-ELECTRIC-MECHANICAL LOADING

Jinho Oh, Maenghyo Cho
KEY WORDS : Zig-Zag theory, Uncoupled theory, Mechanical, Thermal, Piezoelectric($ % 8}5°)
ABSTRACT

A higher order zig-zag shell theory is developed to refine accurately predict deformation and stress of
smart shell structures under the mechanical, thermal, and electric loading. The displacement fields through the
thickness are constructed by superimposing linear zig-zag field to the smooth globally cubic varying field.
Smooth parabolic distribution through the thickness is assumed in the transverse deflection in order to
consider transverse normal deformation. The mechanical, thermal, and electric loading is applied in the
sinusoidal distribution function in the in-surface direction. Thermal and electric loading is given in the linear
variation through the thickness. Especially, in electric loading case, voltage is only applied in piezo-layer. The
layer-dependent degrees of freedom of displacement fields are expressed in terms of reference primary
degrees of freedom by applying interface continuity conditions as well as bounding surface conditions of
transverse shear stresses. In order to obtain accurate transverse shear and normal stresses, integration of
equilibrium equation approach is used. The numerical examples of present theory demonstrate the accuracy
and efficiency of the proposed theory. The present theory is suitable for the predictions of behaviors of thick
smart composite shell under mechanical, thermal, and electric loadings combined.
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