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Dynamic compressive testing under confining pressure on a quasi-brittle material

. A metallic part gathers the confining cell and the output bar together, and guides the whole during compression. High-speed camera is used to follow the cell compression, and an image post-treatment is realised. The axial strain is consequently obtained from the displacement between the input and the output plugs. In addition, the confining pressure is calculated using the ring expansion and the material constitutive law. Finally, strain gauges on the output bar are used to determine specimen axial stress. Different projectile masses, specimen diameters and ring thicknesses were tested in order to get specimen strain up to failure associated for different constant confinements. Finally, the device allows obtaining different strain rates with various confining pressures.

INTRODUCTION

For an application on a charged polymeric specific material, the CEA Le Ripault and the Ecole Centrale Nantes studied the realisation of a dynamic compressive test on cylindrical specimen, with high-pressure confinement, allowing the measurement of stress and strains in the material. Firstly, a bibliographic investigation allowed a global view on the subject. The major part of works concerns tests with SHPB setup, applied on several materials (steels, ceramics, PMMA). The material is confined by a metallic sleeve between two instrumented bars [START_REF] Chen | Dynamic compressive failure of a glass ceramic under lateral confinement[END_REF][START_REF] Gary | Testing concrete at high strains and high rates of strain[END_REF][START_REF] Ravichandran | An experimental technique for imposing dynamic multiaxialcompression with mechanical confinement[END_REF][START_REF] Burlion | Comportement expérimental en compaction statique et dynamique du micro-béton MB50 : Réseau de Laboratoires GEO[END_REF][START_REF] Nemat-Nasser | Dynamic response, residual strength, and high strain-rate failure modes of rock and concrete[END_REF][START_REF] Huang | Influence of lateral confinement on dynamic damage evolution during uniaxial compressive response of brittle solids[END_REF][START_REF] Song | Confinement effects on the dynamic compressive properties of an epoxy syntactic foam[END_REF] (figure 1).

The sleeve is defined for to stay elastic during the test [START_REF] Gary | Testing concrete at high strains and high rates of strain[END_REF][START_REF] Burlion | Comportement expérimental en compaction statique et dynamique du micro-béton MB50 : Réseau de Laboratoires GEO[END_REF], or to be plastic. Chen and Ravichandran [START_REF] Chen | Dynamic compressive failure of a glass ceramic under lateral confinement[END_REF][START_REF] Ravichandran | An experimental technique for imposing dynamic multiaxialcompression with mechanical confinement[END_REF] use a plastic metallic sleeve on a ceramic test specimen. For the assembly, the specimen is cooled and the sleeve heated. This operation causes a confinement pressure, function of sleeve material and thickness, and relative diameter dimension. They determine this pressure by considering elastic law for the test specimen, and elasto-plastic perfect for the sleeve. They also considered a thin sleeve thickness in front of the ray of the test specimen in order to simplify their expressions. 

EXPERIMENTAL METHOD

Based on these studies, we conceive a test on crossbow system [START_REF] Hamdan | A crossbow system for high-strain-rate mechanical testing[END_REF], including a possibility of strain measurement by correlated pictures of a thin metallic sleeve during the test. The energy is produced by the impact of a 44 kg mass, moving at a speed of 4.8 m/s on a test mechanism (figure 2), which is mounted on a Hopkinson bar. The test specimen, included in the test mechanism, is quasi-instantaneous compressed. The Hopkinson bar gives a clean axial force expression before the wave returns.

The test specimen is into a metallic sleeve, between two plugs, guided in a test mechanism body (figure 3). The length sleeve must be higher than the specimen test in order to allow the installation of metallic plugs on both sides of the specimen test. This precaution makes it possible to apply the loading only to the plugs, which ensures a better confinement. In fact, if the compression is carried out on the sleeve and the test specimen, it is likely to have a relaxation of the confinement. Moreover, the plugs diameter must be slightly lower than the sleeve diameter, in order to limit friction between these two parts.

A high speed video camera films the sleeve and the two metallic plugs during the test (speed: 8000 p/s, resolution: 512 × 256 pix.) (figure 4).

Before tests, the observed surfaces of both the metallic sleeve and the plugs, are previously prepared in depositing of randomly painted points (black on a white zone), in order to make a post-treatment by correlated pictures analysis. The pictures are analysed with specific software (ICASOFT from INSA Lyon) to determine displacements of plugs and strains in sleeve. Complementary, a gauge on the opposite surface gives a comparative information of radial strain in the middle of the sleeve. 

PARAMETERS

Sleeve material

We chose the 2017 aluminium alloy for the material sleeve. After some initial experimental investigations, we chose to simply assembly the test specimen in the sleeve without initial confinement pressure and with silicone lubricant. In fact, these parameters didn't significantly affect the measured forces. The elasto-plastic constitutive relation is necessary to control the confined pressure during the test. For 2017 aluminium alloy, this law is approximated by a two slopes model as depicted on figure 5.

Sleeve and specimen dimensions

The specimen test diameter and length are respectively D = 20 mm and L = 20 mm. The internal sleeve diameter is 0.02 mm upper than the specimen test diameter. The length sleeve is 40 mm and its thickness is e = 1.7 mm.
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RESULTS AND DISCUSSIONS

Video observation

The video recording shows a radial strain of the sleeve (figures 6a and 6b).

Using correlated pictures analysis allows for the radial strain field measurement on the observed surface (figure 6c). Because the observed surface is curved, the radial strain evolution moves in the space and its distance from the focal point of the camera evolves. For this test, knowing the relative position of the camera with respect to the sleeve, we could estimate that the maximum alteration of the radial strain on the middle of the sleeve was about 0.2 %.

For the most severe test, the maximal radial strain that we measured was about 6.5% on the middle of the sleeve surface. However, this final result has been confirmed by a direct measurement after test of the length variation of the specimen with a Palmer. The comparison between the video results and the radial strain measurement was also carried out by gauge glued in the middle of the sleeve that showed a very appreciable similarity (figure 7). Moreover, the video gives an expression of the radial strain after the rupture or separation of the gauge, and an expression of the strain field on all the observed surface, not only on a local zone like with the gauge. 

Radial dilatation

Radial stress and pressure confinement

The relation [START_REF] Chen | Dynamic compressive failure of a glass ceramic under lateral confinement[END_REF] and [START_REF] Gary | Testing concrete at high strains and high rates of strain[END_REF] give the formulation of the elasto-plastic law of the sleeve material. By considering the sleeve as a thin tube, a simplified hydrostatic calculation determines the confinement pressure "p" applied to the test specimen (figure 8). Thus, the radial stress, obtained with the radial deformation of the ring, yields to the confinement pressure (figure 9). 

Axial stress comparison

This test shows that the material resists to a more severe axial loading when subjected simultaneously to a radial confinement pressure. In fact, an initial study without confinement showed a dynamical compressive rupture stress of 75 MPa (45 MPa in quasi-static), against 195 MPa with confinement (figure 10).

CONCLUSION

We tried to show in this study that a "triaxial" dynamic test was possible, in which a direct strain fields measurement of the sleeve was carried out by image correlation. This kind of measurement enriches the classical tests carried out by Chen [START_REF] Chen | Dynamic compressive failure of a glass ceramic under lateral confinement[END_REF][START_REF] Ravichandran | An experimental technique for imposing dynamic multiaxialcompression with mechanical confinement[END_REF] or Gary [START_REF] Gary | Testing concrete at high strains and high rates of strain[END_REF] among others. It could therefore allow for a better dynamic characterization of friction for granular like materials.

Figure 1 .

 1 Figure 1. (a) Schematic of a SHPB setup with confinement for testing syntactic foam. (b) A close-up view of the confining setup [7].
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 23 Figure 2. a) Test mechanism on crossbow system. b) Detail of test mechanism.
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 4 Figure 4. a) High speed video camera on crossbow system. b) Picture of sleeve and plugs by camera.
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 67 Figure 6. a) Sleeve before test. b) Sleeve during test. C) Radial strain of sleeve after correlated pictures analysis.
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 89 Figure 8. a) Distribution in sleeve. b) Formulation of radial force F and confinement pressure p.

Figure 10 .

 10 Figure 10. Compressive stress vs axial strain for test dynamic and quasi-static tests, with and without confining pressure.