A multiscale computational framework to predict the nonlinear response of
fibre-reinforced polymer composites

q Two dominant damage mechanisms [1]:
o Matrix plasticity (using pressure-dependent paraboloidal
yield criterion).
o Fibre-matrix decohesion (using zero thickness cohesive
interface elements).
o Yarns/fibres as transversely isotropic materials (calculation of
fibre directions using potential flow analysis) [2].

Micro-scale
(Heterogeneous)

q Implementation of the computational framework in an opensource finite element software MoFEM (Mesh Oriented Finite
Element Method) and is designed to take advantage of the
high-performance computing [5].
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Cohesive elements

• Plain weave textile composites.
2.9 Constituent Materials

Figure: Multi-scale computational homogenisation
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Fi9.2.10 Examples of fabric
weave styles:(a) plane weave,
(b) 2 x 2 twill, and ( c )eightharness satin weave.
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Matrix

q Generalised imposition of the RVE boundary conditions which
allows convenient switching between displacement, traction
and periodic boundary conditions [3].
q Adoption of hierarchic finite elements, which permits the use of
arbitrary order of approximation [4].
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Methods:
q The multi-scale computational framework provides the
macroscopic constitutive behaviour of the structures based on
its microscopically heterogeneous representative volume
element (RVE).
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Objective:
Development of multi-scale computational framework for the
prediction of nonlinear micro/meso response of the fibrereinforced polymer (FRP) composites.

Numerical examples:
• Unidirectional glass fibre-reinforced polymer composite

(c)

The various fibers discussed before are not always used as straight yams, but they are
often used in the form of woven fabrics or textiles. An orthogonal woven fabric consists
of two sets of interlaced yarns. The longitudinal direction of the fabric is called warp and
the transverse direction weft orfill. The various types or styles of fabric areReference
characterized
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et al., 2001)
by the repeat pattern of the interlaced regions as shown in Figs. 2.10 and 2.11. (Kollegal
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11: Stress-strain responses for the plain weave textile composites subjected to different loading conditions
polymer composites.
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which is a measure of the yam waviness. The crimp fraction decreases and the drapeability of the fabric increases as we move from plain to twill and multiharness satin weaves.
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Concluding remarks
Thermoset polymers are the most predominant types of matrix systems. Thermoset
resins undergo polymerization and cross-linking during curing with the aid of a hardening
agent and heating. They do not melt upon reheating, but they decompose thermally at high
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