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Summary: This communication focuses on the experimentatguare used to characterize the crack network in
laminated composites. Damage was produced seqgliemtith the help of increasing load step on a tlensiachine. A
dedicated device was designed to apply a suffidiemgile load on the sample in order to open tlaeks during the
computation of tomography pictures.

1. Introduction
Designing liner-less composite vessels for launehieles enables cost and weight savings at the siamee and
is therefore a core issue for aerospace industne €hallenge of this application is to reach themmability
requirements with the composite wall itself. Pristcomposite laminate meets the permeability requént, but
damage growth may occur for low thermo-mechanicading cases, with very little effect on the stéfs.
Transverse cracks and micro-delamination in adjapéas may connect together, resulting in a leakagtwork
through the composite wall (see Fig. 1(a)) [1,2heTaim of this study is to provide a relevant diggion of
damage growth and the resultant network for leakageliction. This work is based on an experimeatalysis
which aims at developing a damage meso-model builstrength and energy criteria as proposed in EFiite
Fracture Mechanics) [3].
This communication focuses on the experimental @doce used to characterize the crack network irinatad
composites produced by mechanical loading.
A first work based on cross section examinationthvan optical microscope through the width of spesmis
submitted to tensile loading demonstrates that dgntensities are significantly affected by edge&fi4]. For
example, after removing by abrading and polishirfgva microns of the edge, in J@0,/0,] lay-ups, delamination
almost disappears and in [+45/-45iransverse cracks almost disappears. Howeverobservation of crack
connexions between adjacent plies is fastidiouh wibss section examinations. An experimental ptaoe based
on computed tomography was therefore set up.

2. Experimental method

The crack density defined as the mean distancedsstviransverse cracks is in the order of magnitafdemm.
Thus, the observation of the crack network and islgahe crack connexion requires an observatiae slose to
10mm which leads to a resolution (size of voxeQhar than im. Without loading, crack opening is lower than
this resolution making the observation of damagpdssible. The experimental procedure is therefasetl on
observations made on loaded sample. However, becaiuthe material properties of Carbone Fibre Rwuicdd
Polymers (CFRP) used for spatial applications, ghHbad is required to develop damage. So, the oblthe
experimental device designed for this test was dolkeep a sufficient tensile load on the sampleinduthe
computation of tomography pictures in order to migihtly open the cracks. Damage was produced seially
with the help of increasing load step on a tensiechine and tomography was performed after eaatingastep.
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3. Results

Figure 1(c) shows a tomography picture on a [0/%687.5/+67.5/0] laminate which highlights a regular patte
of short cracks in the two +67.5 plies connectedatdong transverse crack in the -67.5° ply. Sudeess
observations demonstrate that the long transveamaekds created first and that density of shortcksincreases
progressively. This result points out the high fatgion between the damage processes of adjaciest gohd will
be very useful for the modelling of damage.
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Figure 1. (a) Transverse crack and delamination: crack ndtwotwo damaged plies and (b) micrograph of one
transverse crack with delamination at crack tip, ttomography picture of a [0/+67.5/-6%/567.5/0] composite
laminate
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