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ABSTRACT

The approach to improve the mechanical performance of fibre-reinforced polymer composites at
lower scales relies on micromechanical modelling of the representative volume elements combined
with homogenisation techniques so that a detailed expression of the mechanical response can be
provided. Besides the fibres, the mechanical response of the polymer matrix plays a crucial role
in the overall composite performance. Due to the highly non-linear nature of polymers, a robust
and consistent numerical treatment of its material model is a prerequisite.

The pressure-dependent plastic behaviour is an inherent feature in polymer matrices. The
paraboloidal yield criterion postulated by [1] is adopted to describe pressure-dependent plasticity,
which represents a paraboloid surface in the triaxial principal stress coordinates system. It meets
the requirement for a closed surface avoiding angular apex in pure tensile and an open surface
in pure compressive octants. The elastoplastic computational implementation developed by [2]
computes plastic strain increment using a computationally demanding iterative approximation
technique based on Newton-Raphson’s method that does not always succeed under very large
deformations.

This research aims at developing an efficient and exact implementation of the elastoplastic
constitutive model with the paraboloidal plasticity theory. With this novel implementation,
the evolution of plastic strain is computed by using a non-iterative scheme with unprecedented
accuracy. This is achieved by solving the quadratic equation of the yield criterion described as a
function of plastic strain increment, obtained using the update of trial stress from radial return
mapping algorithm. This procedure diminishes the computational time and avoids the risk of
aggregating approximation errors that lead to convergence solver issues. For verification, the
proposed implementation is numerically investigated in three levels of benchmark examples: (i)
simple single-element test to observe its functionality, (ii) cylinder compression test to analyse
convergence issues and (iii) applicability of the implementation for realistic complex dog-bone
geometry.
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