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Composites are widely used in high-performance structures as they have excellent specific
strength and stiffness. Highly optimised structures tend to be slender and thin-walled,
making nonlinear cross-sectional warping, large displacements and instabilities increas-
ingly prominent in designs. Therefore, accurate modelling of these effects is essential
when determining structural response and maximum permissible loads.

When analysing laminated composite structures for stiffness-based responses, shell ele-
ments are often considered of sufficient accuracy. However, their stiffness properties are
computed using assumptions, such as a plane stress state, that neglect any effects trans-
verse shear stresses may have. While these approximations are often good enough, in
some cases, capturing stiffness properties and stress components with greater fidelity is
crucial [1, 2]. For instance, in wind turbine blades, transverse stresses load the bond
lines to their detriment. Similarly, accurate cross-sectional bend-twist coupling terms are
required for aeroelastic simulations. For increased fidelity, 3D elements can be used on a
layerwise basis at the cost of increased computational effort.

Faster approaches exist to model multi-layered 3D elements, e.g. equivalent single layer
(ESL). The current work extends an ESL model [3] based on the Unified Formulation to
create a variable kinematics continuum finite element that can capture geometric nonlin-
earities and laminate thickness tapering, in addition to accurate 3D stress/strain fields.
These new capabilities address modelling limitations such as those affecting wind turbine
blades. The new element formulation and its computational efficiency are demonstrated
through stress and nonlinear stability benchmarks.
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