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Among the various passive protection structures, embankments reinforced with horizontal inclusions are one of those capable of containing the blocks with the highest kinetic energies, e.g. exceeding 5000 kJ [START_REF] Descoeudres | Aspects géomécaniques des instabilités de falaises rocheuses et des chutes de blocs[END_REF]. The design of such structures requires consideration of parameters related to the soil-geosynthetic interfaces during the impact by the block on the embankment. In spite of recent technological developments, the response of soilgeosynthetic interfaces under dynamic loading of impact type remains largely unknown. This issue is tentatively addressed based on a numerical study of the dynamic pull-out behaviour of a geotextile sheet embedded into soil, as in rockfall protection embankments.

NUMERICAL MODELS

A 3D coupling DEM-FEM code [START_REF] Villard | Coupling between finite and discrete element methods for the modelling of earth structures reinforced by Geosynthetic[END_REF] was used to determine the relationship between the extraction force and displacements at the soil/geotextile interface during a pull-out test considering application to protection barriers. Thin triangular finite elements were used to describe the mechanical behaviour of the geosynthetic sheet while clumps of spheres were used to restore the soil behaviour. Specific interaction laws are used at the interface between the soil particles and the triangular finite elements. For comparison with analytical solution formulated under static conditions, the numerical tool was first tested considering low extraction velocity.

The analytical approach of the extraction behaviour of geotextile layer anchored in soil is established assuming that the normal stress acting on the sheet remains constant during the test (stress related to the thickness of soil above the geotextile sheet) and that the movements of the soil are negligible compared to the movements of the sheet. The extensibility of the sheet is taken into consideration as well as the friction forces on the two interfaces of the sheet. The shear stress that can be mobilized by friction on both lower and upper interfaces is defined using classical friction law as shown in Fig. 1a. The displacement at each point x of the sheet is obtained by summation of each segment of length ∆x included between the rear of the sheet and the position x.

GEOMETRY OF THE EXPERIMENTAL DEVISE

The dimensions of the numerical model are similar to those of an experimental pull-out device [START_REF] Jenck | Experimental characterization of the soil-geotextile interaction when subjected to a dynamic load of impact type[END_REF] shown on Fig 1b, namely a test tank of 1.00 m in length, 0.50 m in width and 0.80 m in height. Rigid rubbing walls were used at the base of the model and on its periphery to simulate the internal walls of the tank which are made of steel. The numerical soil samples consist of 45.000 clusters of two imbricated spheres of diameter D and maximum length 1.2 D. The micromechanical characteristics of the numerical soil are defined experimentally in order to mimic the behaviour of an average dense sand with a 33.75° friction angle. The bulk density of the soil is 13.4kN/m3 . The geosynthetic sheet consists of a set of 288 triangles with three nodes. The geosynthetic sheet was positioned at 0.25 m from the bottom of the tank (Fig 1b).

RESULTS

First, low extraction velocity was used considering different values of the interface friction angle. In terms of the pullout force as a function of the head displacement (Fig 2a), a good fit is observed between the numerical model and the analytical approach including the extraction force peak value (ϕ Soil/Gtx = 31.8°). The observed differences are attributed to simplifying assumptions made in the analytical model. In particular a perfectly plastic behaviour of the soil is considered in the analytical model while the numerical model takes into account a slightly softening behaviour of the There is also a slight raising of the soil particles above the geotextile sheet, and in particular at the soil layer surface close to the wall, which is linked to the abutment effect. Introduction to high extraction velocity lead to an increase of the extraction forces that it is difficult to connect to experimental data due to the lack of results in this field.

CONCLUSION

A DEM model for simulating the pull-out behaviour a geotextile sheet embedded in soil has been developed and validated in quasi static condition. The influence of friction between the geotextile sheet and the soil particles has been addressed, providing strong conclusions in view of highlight the influence of each parameter and to determine those which have a major influence on the extraction force. The modelling of dynamic tests, considering high extraction rates, can easily be achieved but the experimental data that can support this work are currently lacking. On the face of it, we can nevertheless think that the numerical model can be validated on dynamic experimental tests and that it will lead to a more realistic dimensioning of the soil/reinforcement interaction. 

  Fig 2cpresents the evolution of the displacements of the soil particles during a pull-out test. It can be seen in this Figure that the displacements of soil particles are essentially concentrated around the geotextile sheet, in particular at the point where the sheet has been extracted. There is also a slight raising of the soil particles above the geotextile sheet, and in particular at the soil layer surface close to the wall, which is linked to the abutment effect. Introduction to high extraction velocity lead to an increase of the extraction forces that it is difficult to connect to experimental data due to the lack of results in this field.

Figure 2 :

 2 Figure 2: Pull-out force versus head displacement (a), Rear displacement versus head displ. (b), Movement of the soil particles during the pull-out test (c).

Figure 1 :

 1 Figure 1: Constitutive law of Sol/Geotextile interface (a), Geometry of the pull-out tank (b), Normal stress on the geotextile sheet (c).
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