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In this work, we present the Taylor-SPH meshfree method for dynamic problem. The PDEs are written in terms of stress and velocity. A corrected Lagrangian kernel is employed for spatial discretization and two different sets of particles are used for time discretization. This method is used to solve the propagation of shock waves in elastic-viscoplastic media. The Taylor-SPH method is shown to be efficient and it provides solutions of good accuracy.

Introduction

Finite Element Method (FEM) and Finite Volume Method have been widely used to solve many engineering problems in Solid and Fluid Mechanics. Despite of their great success, these mesh based numerical methods suffer from some difficulties when dealing with problems where large deformations, discontinuities and crack propagation are involved. To overcome these difficulties, some meshfree methods were developed in the past. One of the oldest meshfree methods is the Smoothed Particle Hydrodynamics (SPH) [START_REF] Gingold | Smoothed particles hydrodynamics: Theory and application to nonspherical Stars[END_REF][START_REF] Lucy | A numerical approach to the testing of fusion process[END_REF]. The classical formulation of SPH method presents several difficulties when dealing with Dynamics and shock wave propagation. We have published in previous works some different alternatives to solve the propagation of shock waves and localized strain in viscoplastic solid using FEM [START_REF] Mabssout | Taylor-Galerkin scheme for hyperbolic systems with source terms. Application to shock wave propagation in viscoplastic geomaterials[END_REF][START_REF] Mabssout | A two step Taylor-Galerkin algorithm for shock wave propagation in soils[END_REF][START_REF] Mabssout | A Taylor-Galerkin algorithm for shock wave propagation and strain localization failure of viscoplastic continua[END_REF]. In this paper, a new time discretization algorithm using SPH for solving the propagation of shock waves in viscoplastic media is presented. This method is based on two points; discretization in time based on the Taylor expansion in two steps and discretization in space based on the corrected SPH method. The Taylor-SPH method is applied to solve the problem of propagation of shock waves in an elastic-viscoplastic media. The paper is organized as follows. First the governing equations for dynamic problems in viscoplastic media are given in terms of stress and velocity. In section 3, numerical discretization is presented using the Taylor-SPH method. Some numerical examples in 1D and 2D are described in Section 4.

Governing equations

Neglecting the body forces, and for small strains, the balance of momentum and constitutive equations can be written in terms of stress s and velocity v as follows: -Equilibrium equation

  div t v    (1) 
-Constitutive equation It will be assumed that the material behaviour can be described by Perzyna's viscoplastic law [START_REF] Perzyna | Fundamental problems in viscoplasticity[END_REF]:
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Where ρ is the density, D e is the elastic constitutive tensor,  the strain tensor and vp  is the viscoplastic strain given by the Perzyna law [START_REF] Perzyna | Fundamental problems in viscoplasticity[END_REF]:
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In (3), <.> is the Macaulay brackets and γ and N are model parameters. F is a function describing a convex surface in the stress space. Von Mises yield criterion has been used. Equations ( 1) and ( 2) can be written as:

S divF t U     (4) 
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Taylor-SPH method (TSPH)

The Taylor-SPH method [START_REF] Mabssout | Runge-Kutta vs Taylor-SPH: Two time integration schemes for SPH with application to Soil Dynamics[END_REF][START_REF] Herreros | A two-steps time discretization scheme using the SPH method for shock wave propagation[END_REF][START_REF] Mabssout | Taylor-SPH vs Taylor-Galerkin for shock waves in viscoplastic continua[END_REF] is used to solve the PDEs (4), and it consists of applying first the time discretization by means of a Taylor series expansion in two steps and thereafter the spatial discretization using a corrected SPH.

3.1.Taylor-SPH: Time discretization

Time discretization of equation ( 4) is carried out by means of a Taylor series expansion in time of U up to second order of accuracy in two steps [START_REF] Mabssout | A two step Taylor-Galerkin algorithm for shock wave propagation in soils[END_REF][START_REF] Mabssout | A Taylor-Galerkin algorithm for shock wave propagation and strain localization failure of viscoplastic continua[END_REF]:
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3.2.Taylor-SPH: Spatial discretization

The Taylor-SPH spatial discretization is carried out using two steps and two sets of particles named "real and virtual" particles [START_REF] Mabssout | Runge-Kutta vs Taylor-SPH: Two time integration schemes for SPH with application to Soil Dynamics[END_REF][START_REF] Herreros | A two-steps time discretization scheme using the SPH method for shock wave propagation[END_REF][START_REF] Mabssout | Taylor-SPH vs Taylor-Galerkin for shock waves in viscoplastic continua[END_REF].

First

Step: Applying the corrected SPH spatial discretization to (6a), we obtain:

) ( 2 1 1 2 1 IJ n J Nr j J J IJ n J Nr j J J n vp n vp w F m W S m t U U             (7a) Where     N J J IJ IJ IJ W W W 1 ~; IJ J IJ N J IJ IJ W W X W          1 1 ) ( ~
The subscript VP refers to the virtual particles. W is the kernel function and ho is the smoothing length that defines the size of the kernel support. J is the "real" particles, such that

0 2h X X vp J   .
J m and J  are the mass and density associated to particle J and J  is the volume associated to particle J.

Second

Step: Applying the corrected SPH spatial discretization to equation (6b), we obtain
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where RP= Real particles and J are the "virtual" particles such that
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Numerical examples

4.1.Numerical stability of Taylor-SPH

The aim of this section is to study the numerical stability of the Taylor-SPH method with respect to the smoothing length ho and the courant number C. The case study is problem of propagation of a velocity shock wave in a 1D elastic bar. The bar is 1m length (L=1m) and unit section. The B-spline function [START_REF] Monaghan | A refined particle method for astrophysical problems[END_REF], with a support domain of radius 2h 0 , has been considered.

Stability analysis with respect to the smoothing length h0

It is well known that the smoothing length h is very important in the SPH method since it has direct influence on the efficiency of the computation and the accuracy of the solution. If h is too small, there may be not enough particles in the support domain of dimension κh to exert forces on a given particle, which results in very low accuracy. On the contrary, if the smoothing length is too large, local properties may be smoothed out, and the accuracy decreases too. Therefore the particles approximation used by the SPH method depends on having a sufficient and necessary number of particles within the support domain of κh.

To apply the Taylor-SPH method, the bar has been discretized using 50 "real" particles separated from each other a distance of Δx=0.02m. The time-step used for the analysis has been chosen to be Δt=2.10 -4 s.which corresponds to a Courant number
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where c is the wave speed. Fig. 1 (a) shows the error in the L2 norm of the velocity error for different values of ho/Δx. It can be observed that for values of ho/Δx between 0.6 -1.5, the results are in good agreement with the analytic solution. And the error is the order of 10 -8 %. By increasing the value of ho/Δx≥1.8, the error increases. The numerical solution loses its accuracy and it becomes highly distorted. For higher values of ho/Δx, the solution diverges.

Stability analysis with respect to the Courant number

In order to accomplish a sensitivity analysis of Taylor-SPH (TSPH) with respect to the time-step, Δt, a similar analysis as above has been carried out. Therefore the same problem of the propagation of a shock wave in an elastic bar of length L = 1 m has been solved considering a fixed distribution of 50 "real" particles separated from each other a distance of Δx = 0.02 m.The parameter h 0 /Δx has been chosen to be equal to 1.5. The value of parameter Δt has been gradually increased and the accuracy and stability of the solution for different values of the Courant number have been studied. Fig. 1 (b) shows the error in the L2 norm for different values of C. It can be observed that for Courant number C=2, the accuracy of the solution is maximal with an error of about 10 -7 %. As the value of the Courant number is decreased, the solution loses its accuracy and becomes oscillatory which results in an increasing error. For C < 2, the numerical solution diverge.

 The L2 norm of velocity error is obtained by:
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Where v exact is the exact solution and v h is the numerical solution given by Taylor-SPH.

4.2.Propagation of a shock wave on a 2D viscoplastic bar

This problem consists of two opposite velocity shockwaves propagate into a bi-dimensional bar. The bar is 1m long and its cross section has a diameter of 0.1m. A rectangular impulse with a velocity of 1m/s is applied to both ends of the bar. The bar is spatially discretized using a structured particle arrangement of 306 real particles. Fig. 2(a) shows the viscoplastic strain at the middle of the bar where the stress reaches the yield surface. The stretching of the bar causes the narrowing at the middle. This example shows that the Taylor-SPH algorithm is capable to describe and reproduce localized modes of failures. Fig. 2(b) illustrates the viscoplastic strain along the bar using the Taylor-SPH algorithm for two different refinements: 306 and 1111 real particles. It can be observed that the viscoplastic strain is localized at the middle of the bar and the results do not depend on the number of particles used in the simulation. 

Conclusion

The Taylor-SPH method applied to shock waves propagating in viscoplastic media has been presented. The results show that the Taylor-SPH algorithm is capable to describe and reproduce localized viscoplastic strain. The Taylor-SPH method has been proved to be stable, robust and efficient, requiring only a reduced number of particles to obtain accurate results. 
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 12 Figure 2: (a) Localized viscoplastic strain at the middle of the bar with γ = 50 and N = 1 (b) Influence of the number of particles: viscoplastic strain along the bar
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