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Composite laminates are being used extensively in aircrafts, aerospace vehicles and civil
structures. In order to exploit the full capabilities of composites structures for primary
load-bearing components faster and more accurate analysis methodologies have to be de-
veloped. The prediction of the structures stress and strain fields becomes more challenging
as the sandwich panel or the multilayered composite becomes thicker; structural theories
that account for higher-order deformation effects are hence required. Moreover, multi-
layered laminates are employed in very demanding applications and they are required to
bear complex and extreme loading conditions. Under such conditions, the structure may
experience a non-linear behavior due to geometric and material nonlinearities.

Among higher-order theories, the Refined Zigzag Theory (RZT) is a novel formulation
that overcomes the drawbacks of the earlier Zigzag theories and yield accurate modeling
of homogeneous, laminated composite, and sandwich structures, while maintaining a fixed
number of kinematic variables regardless of the number of material layers. The theory’s
baseline is the First-order Shear-Deformation Theory which is enriched with a micro-
scale description of the laminate behavior while retaining the computationally efficient
C0-continuous kinematic field.

The present work deals with the development of a doubly curved node shell element in
the RZT framework suitable for implicit dynamics with small deformations. Parasitic
phenomena characteristic of bilinear shell elements, such as shear locking, have been
relieved by way of Assumed Natural Strain methods (ANS). Enhanced Assumed Strain
(EAS) methodologies have been employed to improve the performances of the element in
membrane-dominated and bending-dominated problems.

Convergence and accuracy of the proposed finite element have been assessed by way of
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analytical solutions and well-established benchmark problems for shell elements. When
composite laminates and multilayer structures have been modeled, the present element
showed excellent predictive capabilities.
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