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Abstract

This work was motivated by the need for an accurate assessment of fracture properties
of composite laminates over a wide range of crack propagation speeds. A review of the
literature indeed reveals that rate-dependent fracture properties of composites have to be
considered in order to accurately predict the behaviour of composite structures numerically
(1), (2). However, composite materials can be manufactured with various processes and
their specific microstructures play an important role in their multiscale damage mechanisms
and, consequently, on their macroscopic responses (3), (4). Therefore, the microstructure’s
contribution needs to be accounted for in the comprehensive understanding of delamination
in composite. Furthermore, the intrinsic nature of composite laminates makes them sensi-
tive to manufacturing defects or impact damage (5), while their modularity makes them the
perfect candidates for the design of ”"smart materials” with embedded sensors for structural
health monitoring applications for example (6). These material discontinuities (damage,
void, sewing yarns, embedded sensors) can locally influence the microstructure, further rein-
forcing the need for a comprehensive understanding of composite fracture properties as these
discontinuities are likely to influence the crack propagation rate and therefore the material
and structural responses. Such conclusions have already been drawn in the adhesive field,
and it was proven that artificially generated defects along the crack propagation path can
change the crack propagation speeds and the overall fracture scenario (7). As such, with the
effect of the microstructure and its properties in mind, one is allowed to question the actual
meaning of fracture standardized tests on composite laminates.

This communication, in response to these challenges, describes the experimental methods
developed for the estimation of mode I fracture energies of composite laminates under differ-
ent crack propagation rates. As such, specific mode I tests fixtures, based on Arcan fixtures
(8) and meant to promote instabilities and rapid crack propagation, have been developed
and compared to traditional DCB fixtures. In situ observations with an optical microscope
mounted on a high-speed camera during crack propagation at speeds ranging from 10 m/s
to 1000 m/s have been carried out. A multi-scale approach was used in an attempt to cor-
relate the in-situ observations at small space-time scales to the macroscopic response of the
specimens. Post mortem fractographic analyses, using both optical microscopy and SEM
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methods, were also conducted to reveal the evolution of damage at the microscopic scale
with regards to crack propagation speed. Preliminary results indicate a decrease of fracture
energies in mode I with increasing crack propagation speeds. These results are supported by
the in-situ and post mortem analyses of the fracture process zone and consequent damages.
These findings provide critical insights into the fracture properties of composites, further
reinforcing the importance of considering microstructural effects in fracture analysis of com-
posite structures.
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