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Introduction

Impact loadings on laminated composite materials may damage the interlaminar phase and initiate the delamination process. Ideally, the material constituting the interlaminar phase must ensure overall cohesion and resist crack propagation. However, large decohesion may critically compromise the integrity of CFRPs lightweight structures. The capacity of the material to resist crack propagation is classically modelled by the energy release rate G which stands for the energy per unit area dissipated to form new crack surfaces [START_REF] Griffith | The phenomena of rupture and ow in solids[END_REF]. For a mode I crack opening, the critical energy release rate G IC refers to the initiation, and the dynamic energy release rate G ID is dedicated to the propagation stage. The interlaminar fracture energy is not a material property of the matrix because it depends on the thickness of the interlaminar phase and for on the substrate material [START_REF] Blackman | Measuring the mode I adhesive fracture energy GIC of structural adhesive joints: the results of an international round-robin[END_REF]. For mode I opening, the initiation value of the interlaminar fracture energy for CFRPs is classically determined by a Double Cantilever Beam (DCB) quasi-static test defined in ISO standard [START_REF]ISO: Fibre-reinforced plastic composites | Determination of mode I interlaminar fracture toughness GIC for unidirectionally reinforced materials[END_REF]. However, dynamic effects associated with fast crack propagations produce sharp oscillations in the recorded load, making it unrepresentative of the instant crack growth [START_REF] Blackman | The failure of fibre composites and adhesively bonded fibre composites under high rates of test,Part I : Mode I loading experimental studies[END_REF]. Consequently, no test standard has yet been defined for the mode I fracture toughness evaluation under high rates of loading. The general purpose of the present research is the definition of an experimental procedure to characterize the dynamic fracture toughness dependency on the crack velocity G ID (å) for carbon fiber-reinforced epoxy matrix composite. This work focuses on the description of the experimental protocol and the evaluation of the energy release rate without monitoring the crack tip.

Development of an Innovative Experimental Protocol

The present work is focused on the analysis of the loading rate effect on the mode I fracture of laminate carbon fiberreinforced epoxy matrix composite T700/M21. The mode I is classically characterized using a DCB configuration tests [START_REF] Astm D | Standard test method for mode I interlaminar fracture toughness of unidirectional fiber polymer matrix composites[END_REF]. Uniaxial dynamic loading have been performed using a Tensile Split Hopkinson Bar for opening rates between 4 m.s -1 G. Portemont ( ) • T. Fourest • R. De Coninck DMAS, ONERA, Lille, France e-mail: gerald.portemont@onera.fr and 17 m.s -1 . The opening displacement with respect to the loading axis was measured using an optical extensometer. The measurement is based on the tracking of a black-and-white target. The input and output bars are equipped with strain gauges to measure the tensile strain applied on the bars in order to evaluate the transmitted forces in the specimen. To measure the strain on the outer skin of the specimen, five strain gauges have been glued on each specimen spaced 10 mm apart. The kinematic field has been measured using 2D Digital Image Correlation (DIC) technique on the edge of the specimens. The images are captured by a high speed camera (Photron SA-X). Figure 22.1 illustrates the experimental setup.

To process the experimental results, the energy release rate G IC is expressed using the Linear Elastic Fracture Mechanics (LEFM) theory. However in this approach, the determination of G IC is very sensitive to the crack length measurement. Indeed, due to its singularity, the crack tip is intrinsically difficult to measure experimentally, especially for high loading rates for which the camera resolution is low with respect to those usually obtained for quasi-static tests. Therefore, in the present work, an analytic approach is proposed to locate the crack tip. This method consists in extending the Corrected Beam Theory with Effective crack length method to the crack propagation stage. The crack propagation stage is estimated using only the load and the opening displacement measurements. In this study, the energy release rate is expressed by the energy dissipation mechanism [START_REF] Hashemi | The analysis of interlaminar fracture in uniaxial fibre-polymer composites[END_REF]:

d (W ext -U el -U kin ) bda = G - dU kin bda .
where W ext is the external work, U el is the elastic energy and U kin is the kinetic energy. The crack is assumed to have a straight front of width b and an extension da of the crack length a is considered. This new approach allows the evaluation of the energy release rate G ID and the crash velocity (å) without monitoring the crack tip. Consequently, each energy terms was determined experimentally thanks to the measurement of the specimen displacement using Digital Image Correlation (Fig. 22.2), strain gauges measurements and the opening loading. An assessment of the proposed technique by comparison with ASTM standard approach applied to the low loading rates has been performed.

Conclusion

An experimental protocol has been developed to identify the dynamic energy release rate for delamination processes in composite materials in mode I. Double Cantilever Beam specimens were selected and tested on tensile Split Hopkinson Pressure Bars for several loading rates up to 17 m.s -1 . A new analysis method was developed using strain measurements and displacement fields evaluated with the Digital Image Correlation method on the edges of the sample. 

Fig. 22. 1

 1 Fig. 22.1 Experimental setup and closed view of the DCB specimen

Fig. 22. 2

 2 Fig. 22.2 Measurement of the displacement field along the loading axis
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