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Abstract

Several modelling approaches are available in the literature to predict longitudinal tensile failure of
fibre-reinforced polymers. However, a systematic, blind and unbiased comparison between the pre-
dictions from the different models and against experimental data has never been performed. This
paper presents a benchmarking exercise performed for three different models from the literature:
(i) an analytical hierarchical scaling law for composite fibre bundles, (ii) direct numerical simula-
tions of composite fibre bundles, and (iii) a multiscale finite-element simulation method. The results
show that there are significant discrepancies between the predictions of the different modelling ap-
proaches for fibre-break density evolution, cluster formation and ultimate strength, and that each of
the three models presents unique advantages over the others. Blind model predictions are also com-
pared against detailed computed-tomography experiments, showing that our understanding of the
micromechanics of longitudinal tensile failure of composites needs to be developed further.
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1. Introduction

Composites are a rapidly growing class of materials for lightweight, high-performance applica-
tions. However, composite components are often overdesigned, which leads to sub-optimal perfor-
mance and hence larger and heavier parts. A reason for this overdesign is the lack of reliable predictive
models for the mechanical response of composite materials, which is directly linked to an incomplete

understanding of their failure mechanisms. Since composites consist of reinforcing fibres inside a
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