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General Introduction

The low cost, low density and the competitive specific mechanical properties comes in favor of natural fibers when compared to glass fibers [START_REF] Militello | Low-velocity impact behaviour of green epoxy biocomposite laminates reinforced by sisal fibers[END_REF][START_REF] Pil | Why are designers fascinated by flax and hemp fibre composites?[END_REF]. Flax fibers are among the best in terms of mechanical properties when compared to other natural fibers [START_REF] Yan | Flax fibre and its composites -A review[END_REF]. In this study the impact and fatigue behaviors of unidirectional and cross-ply flax/epoxy composites are investigated. A specific flax reinforcement inspired from papermaking process and denoted flax UD-mat is used. It is constituted of unidirectional (UD) flax strands held together by a mat binder composed of 6 ± 1 mm long short flax fibers. The mechanical behavior under impact and fatigue loadings is analyzed with a particular attention to the damage mechanisms involved.

Materials and experimental methods

A unidirectional [0]8 and a cross-ply [0/90]2S lay-ups are considered in this work denoted FUM0 and FUM090, respectively. A thermoset CR72 resin supplied by Sika Industry (USA) is used. The laminates were produced by the resin transfer molding (RTM) process with an average fiber volume fraction of 40%. Low velocity impact tests were performed using a CEAST Instron 9350 drop tower with a hemispherical impactor. Four impact energies were selected which are 3 J, 5 J, 8 J and 11 J. Three specimens were tested for each energy level. Tensile tests were performed in order to determine the ultimate tensile strength (UTS) for the tensile-tensile fatigue tests. The latter are performed on an Instron 8801 servo hydraulic machine with a frequency (f) of 5 Hz and a stress ratio (R) equal to 0.1. Three maximum stresses (Ã max), equal to 40%, 60% and 80% of the UTS of the two lay-ups, were chosen for the fatigue loadings. Three specimens were tested for each Ãmax value.

Results

The peak load, maximum and permanent displacements as well as the absorbed impact energy were recorded during the impact tests. Figure 1 shows typical force-displacement curves obtained for both lay-ups. The two well-separated loading and unloading curves indicate that a significant damage took place in the specimens. For the cross-ply flax/epoxy laminates and for all energy levels, higher peak loads and lower permanent displacements were obtained compared to the UD laminates. The rear face images presented in Figure 2 show a progressive increase in the damage area, which took a butterfly shape for the FUM090 and mainly longitudinal and transverse cracks for the FUM0. Wöhler's curves obtained for both laminates are plotted in Figure 3. Linear regressions were considered to represent the S-N curves using the Wöhler's model following Equation (1) [START_REF] Liang | Étude de comportement en fatigue des composites renforcés par fibres végétales prise en compte de la variabilité des propriétés[END_REF]. N f is the number of cycles at failure and A and B are determined experimental parameters:

log(Nf)=A+B Ãmax (1)
Figure 3 shows a better fatigue endurance for the cross-ply laminates which have a lower slope of S-N curve, result also quantified by evaluating the slopes of these linear regressions. UD laminates are more sensible to fatigue than the cross-ply laminates.

However, for a given Ãmax, the fatigue life is better for the UD laminates. In addition, when evaluating the secant modulus, a stiffening effect was observed, for all fatigue levels and for both laminates. 4 Conclusion

To sum up, the flax/epoxy laminates of this study, made of the UD-mat reinforcement, showed good dynamic behavior. When facing a low velocity impact, the cross-ply laminates exhibited a higher impact resistance and a lower permanent displacement than the UD laminates. While a higher fatigue life is obtained for the latter and fewer fatigue sensibility recorded for the cross-ply laminates. Finally, works are in progress to analyze the fracture surfaces of the tested specimens by using SEM images.
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  Fig.1. Load-displacement curves of the: a) UD and b) cross-ply flax UD-mat/epoxy laminates.
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 2 Fig.2. Rear face images of the unidirectional and cross-ply flax UD-mat/epoxy laminates impacted at 3 J, 5 J, 8 J and 11 J.
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 3 Fig.3. S-N curves of the unidirectional and cross-ply flax UD-mat/epoxy laminates denoted FUM0 and FUM090, respectively.