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Abstract: A beam element is proposed that captures through the thickness ‘effects in composite
laminated beams, namely, transverse shear and normal stresses and strains. Stress continuity along
the thickness is inherently enforced leading to a system of algebraic equations that is solved in the
element level, permitting independence between the number of layers-and the number of degrees of
freedom, with all of them possessing a clear physical significance. Global-local superposition is
performed in the thickness direction, where a cubic global displacement field, that guarantees
imposition of the boundary conditions at the top and bottom surfaces of the beam, is combined with
a layerwise linear local displacement distribution that assures zig-zag behavior of the stresses and
displacements. The element behavior for different length-to-thickness ratios is assessed and

compared to the analytical elasticity solution, as well as a commercial finite element alternative.
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Introduction

The application of multilayered structures has increased in many fields of engineering,
accompanied by a burst in the number of theories and models to represent their behavior. The main
reason driving that burst was the inability of classical theories of beams, plates and shells [1-4] to
reproduce piecewise continuous displacement fields and transverse shear stress fields in the
thickness direction [5]. Those theories also neglect transverse normal stresses, that are fundamental

in failure analysis of multilayered structures (e.g., delamination).

This piecewise form of displacement fields and transverse stresses is often described in the open
literature as zig-zag (ZZ), and the theories that describe this behavior, as well as interlaminar
continuity (IC), are called Zig-Zag theories [6]. Those two effects are summarized by the acronym
C°, requirements, meaning that displacements and transverse stresses must be C° continuous

functions in the thickness direction.
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