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In the present work, the static and dynamic shear strength of concrete is investigated by means of Punch-Through Shear (PTS) tests. This experimental method consists in applying an axial load to the central part of the specimen which generates shear stresses in the ligament of the sample. Prior to the shearing stage, the concrete sample is subjected to a lateral confinement pressure that is applied by pre-stressing a metallic cell and then inserting the sample in-between the cell jaws so the confinement stresses are transferred to the concrete specimen during the unloading. The originality of this method lies then in the fact that the level of confinement is better controlled than the experimental protocol which can be found in the literature. A standard hydraulic press was used to conduct quasi-static experiments whereas a modified Split Hopkinson Pressure Bar device was used to perform the dynamic tests. The confinement cell is instrumented with strain gages so the confinement level applied to the ligament of the concrete specimen is measured before and during the shearing stage. The results on two sets of samples (dry and wet) shows that the shear strength is sensitive to the water content with higher values for dry samples and to the applied loading rate, with higher values of dynamic shear strength compared to static ones for both concretes.

Introduction

The behavior of concrete is a major issue since concrete is widely used in the construction of complex infrastructures such as protective structures, nuclear reactors, tunnels or dams. When subjected to dynamic loading such as earthquakes, blast loadings or soft and hard projectile impacts, compression, tensile and shear damage modes are observed [START_REF] Zukas | Penetration and perforation of solids[END_REF][START_REF] Forquin | Role of porosity in controlling the mechanical and impact behaviours of cement-based materials[END_REF]. The Punch-Through shear test configuration has been adapted by several authors in order to better understand the 2 behavior of concretes and other rock-like materials under mode II fracture in both quasi-static and dynamic regimes.

First attempts to create pure mode II crack in notched specimens were introduced by [START_REF] Ingraffea | Analysis of shear fracture tests of concrete beams[END_REF] and [START_REF] Bazant | Shear fracture tests of concrete[END_REF]. After subjecting notched beam specimens to concentrated forces, [START_REF] Bazant | Shear fracture tests of concrete[END_REF] stated that the failure of concrete is essentially due to shear fracture (mode II). Another new experimental technique to study materials under shear loading was considered by [START_REF] Watkins | Fracture toughness test for soil-cement samples in mode II[END_REF]. This technique was then developed by [START_REF] Luong | Fracture testing of concrete and rock materials[END_REF][START_REF] Montenegro | Characterization of concrete in mixed mode fracture under confined conditions[END_REF][START_REF] Backers | New data on mode II fracture toughness of rock from the punch-through shear test[END_REF]. The specimen is a short cylindrical sample with two cylindrical coaxial notches on the top and bottom faces leaving a cylindrical ligament. Originally, these tests were done without confinement; an axial load is applied to the central part in order to produce mode II fractures inside the ligament. Montenegro et al. [7; 9] developed an experimental technique to apply a confinement up to 8 MPa to the sample prior to shearing of the ligament. The authors noted a significant increase of stresses and ductility and a reduction of dilatancy effect with the lateral confinement. Backers et al. [START_REF] Backers | New data on mode II fracture toughness of rock from the punch-through shear test[END_REF] used the same technique on 6 different types of rocks in order to determine mode II fracture toughness. The authors applied a confinement up to 80 MPa on the specimens and established a bilinear relation between the confinement pressure and the fracture toughness. The mode II fracture toughness of rocks was more recently investigated [START_REF] Backers | ISRM suggested method for the determination of Mode II fracture toughness[END_REF][START_REF] Li | A new understanding of punch-through shear testing[END_REF][START_REF] Xu | Experimental Study of the Dynamic Shear Response of Rocks Using a Modified Punch Shear Method[END_REF]. Parallely, the split Hopkinson bar technique was used to apply high strain rates loading on shear specimens. Forquin et al [START_REF] Forquin | Influence of free water and strain-rate on the shear behaviour of concrete[END_REF][START_REF] Forquin | A testing technique to characterise the shear behaviour of concrete at high strain-rates[END_REF] conducted PTS experiments under quasi-static and dynamic loading on wet and saturated samples. The authors used an instrumented confining cell to induce a pressure inside the fractured zone and radial notches were performed to remove the effect of self-confinement induced by the peripheral part of the sample. Results of experiments on dry and wet concrete samples for different strain-rates showed that dry samples exhibit higher shear strength than wet ones and both concretes showed a small sensitivity to strain-rates. Lukić and Forquin [START_REF] Lukić | Experimental characterization of the punch through shear strength of an ultra-high performance concrete[END_REF] used the same experimental technique to study the static and dynamic shear behavior of ultra-high performance concrete and concluded that higher radial confinement stresses under high strain rate lead to an increase of the shear strength. The split Hopkinson pressure bar technique was more recently used to study the dynamic shear failure with a similar approach applied to different materials such as rocks [START_REF] Yao | A dynamic punch-through shear method for determining dynamic Mode II fracture toughness of rocks[END_REF] and steel [START_REF] Xu | A novel method in dynamic shear testing of bulk materials using the traditional SHPB technique[END_REF].

The main drawback of the previous technique employed in [START_REF] Forquin | A testing technique to characterise the shear behaviour of concrete at high strain-rates[END_REF] is the use of passive confinement (based on non-pre-stressed confining cell) that results in a strong change of confinement level during the sample shearing stage. A new experimental configuration with a so-called "active confinement" applied to the concrete specimen has been recently proposed in [START_REF] Forquin | method to characterize the shear strength of concrete based on pre-stressed samples[END_REF]. The technique consists in using a pre-stressed metallic cell on a parallelepiped specimen.

The lateral surfaces of the specimen are subjected to a confinement, and then forces are applied on an orthogonal direction creating a shear loading in the specimen. A close-form solution was proposed to predict the level of applied confinement knowing the cell and sample stiffnesses and given the difference between the sample length and the available spacing in-between the cell jaws.

In this paper, it is proposed to extend this technique to dynamic loadings in order to study the influence of the strain-rate on the confined shear response of concrete. First, the geometry of the specimen will be presented with a brief description of the confinement method. Then, the experimental results obtained in quasi-static and dynamic tests will be presented for different confinement levels and moisture contents of concrete.

Experimental methodology

Tested material

The present study was done on a R30A7 ordinary concrete. This concrete contains hard siliceous aggregates with a maximum aggregates size of 8mm. It was already used in quasistatic triaxial tests [START_REF] Gabet | Triaxial behaviour of concrete under high stresses: Influence of the loading path on compaction and limit states[END_REF][START_REF] Vu | Experimental analysis of concrete behavior under high confinement: Effect of the saturation ratio[END_REF][START_REF] Zingg | Influence of cement matrix porosity on the triaxial behaviour of concrete[END_REF], in quasi-oedometric tests [START_REF] Piotrowska | Experimental study of static and dynamic behavior of concrete under high confinement: effect of coarse aggregates strength[END_REF] and in bending tests [START_REF] Regal | Experimental Study of the Dynamic Flexural Strength of Concrete[END_REF]. Its composition and mechanical properties are listed in Table 1. After pouring, concrete blocks are stored for 1 month in water saturated with lime. Specimens are then cut and rectified and notches are done with a saw under water lubrication to avoid heating the concrete. The defect in parallelism of two opposite faces should be less than 0.05 mm to avoid a non-homogeneous distribution of stresses during tests. This was verified thanks to a surface plate and a dial indicator set-up.

The saturated specimens were kept in water until few minutes before testing. Since the drying kinetic of a saturated sample during its preparation occurs quickly, a saturated sample loses in general 20% of the water mass in its volume after 24h of exposure to air [START_REF] Vu | Experimental analysis of concrete behavior under high confinement: Effect of the saturation ratio[END_REF]. The preparation of a concrete sample requires at least 2-3 hours, so that the majority of the saturated samples become partially saturated samples with a saturation degree between 85% and 90% at the beginning of the test.

The dried specimens were oven-dried at 60°C during several weeks until a constant weight has been achieved. The saturation ratio of the dried concrete tested in this study is approximately 11% [START_REF] Vu | Experimental analysis of concrete behavior under high confinement: Effect of the saturation ratio[END_REF]. 

Specimen geometry

To apply the confinement, parallelepipedal specimens are used as shown in Figure 1(a) and 

Sample Confinement

The sample confinement was fully described in [START_REF] Forquin | method to characterize the shear strength of concrete based on pre-stressed samples[END_REF]. It consists into deforming elastically a metallic cell and using the stored elastic energy to pre-stress the specimen. First, a compressive force (F1) is applied to the cell along the Y direction (Figure 2). When the cell is enough deformed the concrete specimen is inserted inside. A certain number of steel sheets are used between the sample and the cell in order to adjust the level of needed confinement. Afterwards, the load F1 is released. When the cell jaws get in contact with the sample, a compressive load is transferred to the specimen along the X direction up to the aimed lateral confinement stress.

The deformation of the cell is measured during the loading and unloading by means of gages glued on the cell as shown in Figure 2. For each case, the slope of the curve presenting the force as function of the measured strain at each gauge is calculated (i referring to the gage number from 1 to 4). The final relation for each gage is:

= + (1)
For each of the two rings (aluminum and steel), the coefficientsα andβ for each gauge are calculated and reported in Table 2. The change of strain versus applied force during a sample pre-stressing operation is plotted in the Figure 4. When the maximum force is applied to the cell the specimen is inserted inside the cell jaws. In the unloading stage, when the specimen is get in contact with the cell, the strain-force slopes change as shown in Figure 4(b). At the final stage of unloading, the only load applied to the cell is the confinement force applied to the concrete sample , which can be deduced from the measured strain of the gages ( = with = 0). An example of the evolution of the forces applied during the pre-stressing stage of an aluminum cell is shown in Figure 4(b). In this example, a vertical load of about 15 kN is applied to the cell, the vertical load when the contact between the sample and the cell occurs is 13 kN, the force transferred to the concrete specimen is 11 kN (according to equation 1 and Table 2). The principle of samples pre-stressing is fully detailed in [START_REF] Forquin | method to characterize the shear strength of concrete based on pre-stressed samples[END_REF]. where corresponds to the shear surface of both ligaments.

= 2 × # × $ (2b)
# being equal to 30 mm and $ equal to 20 mm (refer to Figure 1).

On the other hand, shear stresses are calculated by dividing the axial force measured by the press (Fy) by the shear surface.

()*+, = - (3) 
. / 0 / 1 / 10 3.3 Quasi-static tests results

Repeatability of tests

Several tests were performed twice to check the repeatability of results. For both tests, a good agreement between the two sets of results was noticed. Figure 6 shows two tests conducted on the same concrete with the same confining level. Same shear strength and mean confining stress were obtained for both tests in particular until the peak shear stress was reached. A statistical study could be also conducted to asses for this repeatability. At the time of this investigation, it was not possible to do it in one batch because of the numerous tests with numerous conditions involved in this campaign. Then, the reader should be aware that this study is a first advanced step to understand the behaviour of concrete in these conditions. For researchers who would like to tackle this topic for a given composition of concrete, the latter would have to do numerous tests (at least six), for each level of pre-stress, to trustfully characterize the mechanical behaviour of the concrete to be studied, in order to ensure that the specimen manufacturing can not bias the results.

Influence of confinement pressure

Two types of cells were used, one made of a high-strength aluminum alloy and one made of steel. As the cell can be considered as a measurement device, the advantage of using an aluminum alloy cell is its smaller stiffness compared to the one made of steel. Indeed, for a given applied load, higher deformations are obtained with the aluminum alloy cell and thus the signal to noise ratio is increased in comparison with the steel cell. On the other hand, the steel cell exhibits higher yield strength which allows sustaining higher force; therefore, higher confinement level can be reached. It is the reason why, the aluminum cell was used for small level of confinement and the steel cell was employed for the highest confinement values.

In order to study the influence of confinement on the concrete shear strength, experiments were carried out with both (aluminum alloy and steel) confinement cells. A comparison of shear experiments performed with dry concrete samples is presented in Figure 7. For the static shear test performed with the aluminum alloy cell (Figure 7a), the confinement stress is approximately equal to 9 MPa at the beginning of the test and increases up to 13 MPa when the shear stress reaches its peak, with a maximum value of 14 MPa after the peak. With the steel cell, the initial confinement is around 20 MPa and increases up to 25 MPa. For these different confining stresses, we can notice a difference in shear strength (defined at the maximum mean shear stress), i.e. 25 MPa for the aluminum alloy cell and 33 MPa for the steel one. Therefore, it is observed that by changing the stiffness of the cell the confinement level in the concrete sample is changed resulting in different shear strength. Finally, it is concluded that concrete is pressure sensitive under shear loading as observed in previous work [13; 24].

Influence of moisture content

To study the influence of moisture content, experiments were conducted with dry and wet specimens. The saturated specimens were kept in water until few minutes before testing. The ''dried'' specimens were oven-dried at 60°C during several weeks until a constant weight has been achieved. The results of two quasi-static tests performed with an aluminum alloy cell are reported on Figure 8. For approximately the same confinement level, the maximum shear stress reached in wet specimen was 19 MPa while on the other hand, the dry sample exhibited higher shear strength of about 25 MPa. This result is consistent with the one reported by [START_REF] Forquin | Influence of free water and strain-rate on the shear behaviour of concrete[END_REF] with (non-pre-stressed)

"passive confinement" cell.

Post-mortem observation

Videos and pictures were taken during the static testing in order to follow the development of visible surface cracks. The propagation of crack was analyzed for the test called 'shearstat06' at different stages of loading (Figure 9).

It was noticed that a main planar shear fracture connected to the two notches develop from each side of the specimen; this fracture corresponds to the expected Mode II fracture and seems to initiate at the peak of loading (Figure 9 (b)) as no fracture is visible on the sample surface prior the shear stress peak (Figure 9 (a)). In parallel to the mode II fracture, wing cracks are initiated (Figure 9(c)) at the tip of the sample upper notch. These cracks were not observed before the peak and seem to appear after the peak. Since only the surface of the sample is visualized, it is difficult to know if these cracks were initiated before or after the peak in the core of concrete. It was stated by Watkins [START_REF] Watkins | Fracture toughness test for soil-cement samples in mode II[END_REF] and Backers [START_REF] Backers | Rock fracture toughness testing in Mode II -punch-through shear test[END_REF] that these cracks should initiate before the peak but stop and should not influence the principle mode II fracturing. velocities at each bar/specimen interface can be calculated [START_REF] Kolsky | An Investigation of the Mechanical Properties of Materials at very High Rates of Loading[END_REF].

Dynamic shear tests

Processing technique

The forces and particles velocities at the specimen faces are calculated by shifting the waves to the same points assuming that no wave dispersion occurs in the slender elastic bars. which means that the force equilibrium condition inside the sample is well insured at the peak of the shear stress. Finally, the mean shear stress in the ligament is obtained by averaging the input and output forces divided by the section of the ligament:

()*+, = JKLMN + OMNLMN 2 PJQ (10) 
The strain rate of dynamic tests is estimated from the time evolution in the elastic stage by measuring the slope of the shear stress versus time:

RS ()*+, = TS UVWXY Z , ( 11 
)
where G is the shear modulus (G = E/(2+2ν)). A typical dynamic shear deformation curve in the dynamic PTS sample is shown in Figure 13. The output stress divided by the concrete shear modulus is drawn as function of time and the slope of this curve is defined as the loading rate.

This method was used to determine the loading rate for each dynamic punching-through shear The influence of confinement and strain rate on concrete was also displayed in a different way;

the shear stress was plotted as function of the strain rate for both types of concrete (Figure 19).

The size of the points plotted for each test depends on the level of confinement at the peak of the shear stress. Although a small scatter in the test results is observed, these figures clearly indicate that the shear strength of concrete depends on the confining pressure and on the applied loading-rate.

Conclusion

The security of concrete structures used in many applications such as nuclear containments, bunkers or dams is of considerable concern since these structures can be exposed to various extreme loadings during which different compressive, tensile and shear failure modes might be observed. Various experimental methods have been used to explore the behavior of concrete under different types of loading over a wide range of strain rates. It was shown in the literature that concrete exhibits an increase of strength under confinement (triaxial and quasi-oedometric

(b) (a)
compression tests) and dynamic tensile loadings (spalling tests). However, in contrast to tensile behavior, the shear behavior of concrete under compression and dynamic loadings has not been carefully studied at constant confinement level.

The aim of the present work is to investigate the quasi-static and dynamic shear behavior of concrete under confined conditions. In previous experiments, concrete samples were either subjected to a small level of confinement [START_REF] Montenegro | Characterization of concrete in mixed mode fracture under confined conditions[END_REF] or a high level of confinement with a passive metallic cell [START_REF] Forquin | A testing technique to characterise the shear behaviour of concrete at high strain-rates[END_REF]. In the last method, a strong change of confinement level occurs during the tests and constitutes a major drawback of this technique. In this work, a method has been developed to apply a confinement to samples before testing them under shear. It consists in inserting a concrete specimen into a pre-stressed metallic cell. When the loading is released, confining stresses are transferred to the ligament of the concrete sample. Then, a vertical displacement is applied to the central part of the sample to produce shear deformation in the ligament. Two types of metallic cell were used (aluminum and steel) in order to study the influence of confinement. Finally, higher shear strength was reported with higher confinement which confirms the pressure sensitivity of concrete. Dynamic tests performed with the Split Hopkinson Bar technique were performed to analyze the effect of strain-rate on the confined shear behavior of concrete. It was observed that at the same level of confinement, concrete samples subjected to dynamic loadings exhibits higher shear strength than the ones subjected to static loadings. Moreover, considering dried and saturated samples it was noted that dry samples exhibit higher shear strength than saturated ones. An integration of the reported experimental data into a constitutive or numerical model describing the shear behavior of concrete as function of the applied strain-rate and confinement constitutes a naturel prospect of the current work.
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 11 Figure 1(b). The dimensions and the position of the notches are adapted for the testing of the R30A7 ordinary concrete as previously discussed in [18]. One can notice that the inner surface of the bottom notches coincides with the outer surface of the upper notches to make two straight shear fracture surfaces 40 mm apart (Figure 1(b)). The surfaces related to the application of the lateral confinement (Confining Pressure) and the shear loading (Axial Force) are depicted on Figure 1(c).
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 23 Figure 2 The location of the gages glued on the cell and the force applied to calibrate the gages
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 3 Figure 3 The process of applying the forces Fx and Fz to calibrate the gages

Figure 4 (

 4 Figure 4 (a) A concrete specimen confined in-between the cell jaws (b) The evolution of the strain at each gage during confinement
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 5 Figure 5 Schematic representation of the static Punch-through shear tests 3.2 Determination of radial and shear stresses

Figure 6

 6 Figure 6 Results of two quasi-static shear tests performed on dry R30A7 concrete with a steel confining cell at the same confining level

Figure 7

 7 Figure 7 Results of quasi-static shear tests performed on dry R30A7concrete with (a) aluminum alloy and (b) steel confining cells

Figure 8

 8 Figure 8 Results of quasi-static shear tests performed with an aluminum cell on (a) dry and (b) wet R30A7 concrete specimens.
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 9 Figure 9. Fracturing on the surface of a dry concrete sample at different stages of static loading.
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 10 Figure 10 Schematic representation of the SPHB system for dynamic Punch-through shear tests

Considering 23 4 * 25 ,

 425 ,*6 *35*4 and 5,+2(7 55*4 the shifted incident, reflected and transmitted wave respectively, the forces and velocities at the contact surfaces can be calculated as follows:

Figure 11

 11 Figure 11 Experimental device used for dynamic tests (a) General view of the setup (b) zoom on a concrete sample with the confinement cell before testing (c) Concrete sample after shearing The input bar was instrumented with strain gages glued at different locations on the input bar: one at the quarter length and the other one at the mid length of the input bar whereas a strain gage was glued in the middle of each output bar. Typical strain gage signals measured in dynamic test are shown in Figure 12(a). The shifted forces deduced at both ends of the sample are shown in Figure 12(b).

Figure 12

 12 Figure 12 Results for a typical dynamic test (a) Signals recorded by strain gages (b) Forces deduced at the bar/sample interfaces. First, it is observed that the two signals measured on each output bars (left and right) are very similar. This result also observed in the other dynamic tests tends to demonstrate that the same shear force is generated in both sample ligaments and the test is well symmetric. The total output force was then obtained by adding the two forces extracted from these two signals. The profiles of mean shear strength calculated from the input and output forces are plotted as function of time in Figure 12(b). It can be seen that the curves are very close above 16 MPa,

  impact velocity was similar for all the tests (around 9 m/s) resulting in loading rates ranging from 27 s -1 to 40 s -1 .
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 13 Figure 13 Typical elastic shear deformation curve for determining the strain-rate of dynamic tests
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 14432 Figure 14 Results of dynamic shear tests performed on dry specimens with (a) aluminum and (b) steel confining cells
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 1516 Figure 15 Results of dynamic shear tests performed with an aluminum cell on (a) dry and (b) wet specimens

Figure 17 CT

 17 Figure 17 CT scans on a tested concrete specimen at different depths (b) 0mm (c) 10mm (d) 20mm and (e) 30mm.
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 175 Figure 17 represents the CT images of four cross-sections spaced of 10 mm and located at 0, 10, 20 and 30 mm through the sample depth. The vertical shear surface (mode II) inside the ligament is clearly visible at different locations inside the concrete sample which means that this vertical fracture occurs throughout the volume.

Figure 19

 19 Figure 19 Shear stress in function of the strain rate in quasi static and dynamic conditions (a) dry concrete (b) wet concrete.

Table 1 Composition and mechanical properties of R30A7 Concrete mix proportions Kg/m3 Water 169 Sand D (diameter)max 1.8mm 838 Aggregate D 0.5 to 8mm 1007 Cement CEM I 52.5N 263 Mechanical properties Average Compression strength after 28 days (MPa) 28.6 Average slump (cm) 6.9 Porosity accessible to water (%) 12 W/C ratio 0.64

 1 

Table 2 Coefficients of each gauge used to calculate the confinement pressure applied by means of an aluminum or steel cell Aluminum Steel

 2 

	-0.000138	-0.000045
	0.000212	0.000071
	0.000208	0.000021
	-0.000057	-0.000047
	0.000139	0.000047
	-0.00014	-0.000048
	-0.00014	-0.000014
	0.00006	0.000051
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where 2<=5 and A=5<=5 are the input and output forces, B 2<=5 and B A=5<=5 are the particle velocities at the incident and transmitted bars ends, 2<=5 and A=5<=5 are the cross section areas of the incident and output bars, ? @+, is the Young's modulus of the bar and C @+, the elastic wave speed of the bar.

The axial displacement is then deduced by integrating the axial velocity obtained as follows:

The mean axial force is deduced by averaging the input and output forces as follows:

This processing technique was applied to a series of dynamic experiments performed on wet specimens. Experimental results are presented hereafter.

Dynamic tests results

The experimental setup used for dynamic tests is presented in Figure 11.

A series of tests have been performed on concrete considering two types of moisture content, different levels of confinement and both static and dynamic conditions. A summary of all the obtained results is presented hereafter. On the one hand, for both loading-rate conditions (static and dynamic), it is clear that the shear strength increases with the confining level. This trend is easily observed with dry samples and with wet samples tested in dynamic condition. For instance, given a confinement stress of 10 MPa, the shear stress obtained in wet concrete is around 32 MPa whereas it reaches about 40

MPa for a confinement of 30 MPa. Unfortunately, it was difficult to reach higher confinement level for wet R30A7 concrete, because concrete sample could be damaged due to compression stresses before applying the shear loading. The same trend was noticed for dry R30A7. In static conditions, the maximum shear stress reaches 25 MPa for a confinement level of 12 MPa whereas the shear strength increases up to 33 MPa at 25 MPa of confinement stress. In dynamic conditions, the increase of shear strength in dry concrete is even more spectacular from 30 MPa up to 45 MPa when the confinement stress increases from 15 MPa to 27MPa.

On the other hand, for a given level of confinement stress, higher shear strength is noted in dynamic testing conditions than in static ones. This result is clear for wet R30A7 concrete for