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INTRODUCTION

Plant fiber composites compete with glass fiber composites in terms of specific mechanical properties [START_REF] Manaia | Industrial Hemp Fibers: An Overview[END_REF]. This is an increasing motivation for industry to consider them in the development of their structural or semi-structural products. However, it is important to analyze the quality of the yarn/matrix interface because debonding can have consequences on the mechanical properties of a plant fiber composite [START_REF] Perrier | Influence of water on damage and mechanical behaviour of single hemp yarn composites[END_REF]. The aim of this work consists in measuring the strains at the yarn/matrix interface in a single hemp yarn biocomposite by using two and threedimensional image correlations (DIC and DVC). Holmes et al. [START_REF] Holmes | Digital image and volume correlation with X-ray micro-computed tomography for deformation and damage characterisation of woven fibrereinforced composites[END_REF] performed DVC measurements on micro-CT scans for glass fiber reinforced composite using the fiber sections as markers. In the present work, the speckle pattern was obtained by filling the epoxy matrix with metal oxide powder. Moreover, a specific experimental procedure was developed to enable the reconstruction of the same studied volume after each ex-situ tensile test and each tomographic acquisition. The DIC results were obtained by using the OpenDIC software [START_REF] Vanderesse | An Open Source Software for the Measurement of Deformation Fields by Means of Digital Image Correlation[END_REF] and DVC strain fields were calculated by using an open-source DVC program implemented in MatLab (ALDVC v1.0.3). For DIC calculations, the measurement points had a size of 15 pixels and were spaced 9 pixels from each other. For DVC calculations, their size was 20 voxels with a distance between them of 10 voxels.

RESULTS AND CONCLUSIONS

The different steps of the interrupted fragmentation test are described in Table 1, and the associated damage events observed after tomographic acquisitions are detailed. Yarn breaks, internal and surface matrix cracks successively appeared. Location of each detected damage is given in Fig. 1a. The first yarn break occurred during the second step of the fragmentation test, corresponding to a loading up to 410 N. Then, two other yarn breaks appeared during the fourth step. The internal cracks in the matrix appeared during the fifth step and all were initiated from a yarn break zone. Surface cracks were observed after the steps 5 and 6 because of the high displacement levels. Finally, the large amount of damage caused the early failure of the sample in step 7. Some circular pores are visible in Fig. 1b, due to the manufacturing process. The comparison of Fig. 1c and 1d allows to validate the DVC calculation method, showing the same in-plane strain field as the DIC results. The obtained strain fields show that yarn breaks and, to a lesser degree, the pores, play the role of strain concentrators. High strain values can be seen in +45 and -45 directions from each damage, demonstrating the complex stress distribution developing around each yarn break during the fragmentation test.
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Fig. 1 .

 1 Fig. 1. a) Scheme of the observed damage events in the single hemp yarn composite. For step 5: b) micro-CT slice chosen for DIC calculation, c) longitudinal strain field εxx obtained by DIC for the chosen slice, d) 3D εxx field calculated by DVC with zones where | εxx | > 4.5% visible in the volume by transparency.

Table 1

 1 Charge and displacement levels reached and associated damage events observed by using micro-CT images at each step of the fragmentation test.

	Experimental step	Displacement (mm)	Charge (N)	Yarn Breaks (YB) ; internal Matrix Cracks (MC) ; Surface Cracks (SC)
	1	0.190	313	-
	2	0.281	410	YB1
	3	0.320	410	-
	4	0.348	400	YB2, YB3
	5	0.450	344	MC1, MC2, MC3, MC4, SC1, SC2
	6	0.437	248	SC3, SC4
	7 (Break)	0.193	219	-
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