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Dual phase steels are largely used to form automotive structural parts by deep drawing involving complex loading paths, which influence the material mechanical behavior and formability, as well as subsequent service life. The aim of this paper is to investigate the calibration of a strain path change model from an experimental database involving simple shear tests. The enhanced Homogeneous Anisotropic Hardening (e-HAH) is an advanced constitutive model that can take account of the strain path change influence on the material behavior by using a stress-based indicator. The performance of such a model depends highly on the material parameter identification and the experimental database. The mechanical behavior of a dual phase steel DP600 is first characterized under different linear strain paths, uniaxial and biaxial tension and simple shear, in order to quantify the initial anisotropy. Then, the influence of strain path changes on the material behavior is investigated during sequences involving simple shear, uniaxial tension and compression. Finally, the parameters of e-HAH model are identified and the influence of the experimental database on the optimised parameters is highlighted with the use of different strain paths and different strain ranges.

Introduction

Virtual prototyping is nowadays widely used to design sheet forming process and the development of advanced models has increased in the past decades to obtain accurate numerical predictions and thus reduce the cost and time dedicated to real manufacturing. To increase the efficiency of virtual mechanical design, an integrated approach is more and more investigated, that covers the whole lifespan of a structure from forming to in-service use. In the case of deepdrawn parts, one of the main objective is to predict the fatigue life based on the stress and strain fields resulting from the forming process [START_REF] Herault | Fatigue life prediction of a deep-drawn cylindrical cup[END_REF]. The main features influencing the fatigue life are residual stresses, pre-straining and excessive thinning after forming [START_REF] Wang | The study on the fatigue FEM analysis considering the effect of stamping[END_REF]. However, deep drawing processes are still mostly designed using as input an isotropic yield criterion associated with isotropic hardening and these models may not be able to predict accurately all these features. Indeed, the prediction of springback, which comes from a relaxation of the forming stresses leading to a modification of the final part geometry, is not accurate enough with such basic models to obtain acceptable results [START_REF] Haddag | Investigation of advanced strainpath dependent material models for sheet metal forming simulations[END_REF][START_REF] Oliveira | Study on the influence of work-hardening modeling in springback prediction[END_REF][START_REF] Laurent | Influence of constitutive model in springback prediction using the split-ring test[END_REF][START_REF] Lee | An application of homogeneous anisotropic hardening to springback prediction in pre-strained Udraw/bending[END_REF]. For example, springback prediction depends on the capability of the model to represent the Bauschinger effect occurring during reverse strain path changes and more generally, the residual stress field is strongly related to the strain history. Thus, advanced constitutive models have been developed to represent the specific material behavior under complex loading paths occurring during deep drawing processes, based on strain path change indicators. The first one is the Schmitt factor θ = εp 1 : εp 2 εp 1 : εp 2 with εp 1 and εp 2 corresponding respectively to the initial plastic strain rate tensor and the one after the strain path change [START_REF] Schmitt | Yield loci for polycrystalline metals without texture[END_REF]. However, this formulation does not capture continuous or multiple strain path changes. An improvement has been proposed introducing a new tensorial variable taking account of the strain path history and comparing it to the current plastic strain rate tensor [START_REF] Riel | Strain path dependency in sheet metal Experiments and models[END_REF]. Moreover, a stress-based formulation is considered in the Homogeneous Anisotropic Hardening (HAH) model, i.e. cos χ = H ĥ : ŝ where the normalized stress deviator ŝ is compared to the normalized microstructure deviator ĥ representing the stress history [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF]. In any case, the three main categories of strain path changes, which are monotonic, reverse and orthogonal, correspond respectively to the values 1, -1 and 0 of these indicators.

Reverse strain path changes have been largely studied in order to improve springback prediction. Usually, a mixed hardening of Chaboche type [START_REF] Lemaitre | Mechanics of solid mechanics[END_REF] is used, composed of an isotropic and one or several kinematic contributions, which respectively expands and translate the yield locus. This model is able to reproduce the decrease of the flow stress after a strain path reversal called Bauschinger effect. However, other associated features are also observed for dual phase steels under reverse loading, like a transient behavior with a rounded yield point followed by a work-hardening stagnation for large pre-strains and a resumption of the work-hardening with permanent softening in tension-compression [START_REF] Sun | Proportional and non-proportional hardening behavior of dual-phase steels[END_REF][START_REF] Zecevic | Dual-phase steel sheets under cyclic tension-compression to large strains: Experiments and crystal plasticity modeling[END_REF] or simple shear [START_REF] Gardey | Texture and dislocation structures observation in a dual-phase steel under strain-path changes at large deformation[END_REF][START_REF] Bouvier | Characterization of the strain-induced plastic anisotropy of rolled sheets by using sequences of simple shear and uniaxial tensile tests[END_REF][START_REF] Lee | Finite element modeling using homogeneous anisotropic hardening and application to spring-back prediction[END_REF]. Some limitations of Chaboche type models have already been highlighted, with difficulties to represent the transient behavior; moreover, the translation of the yield surface can not model specific features coming from orthogonal strain path changes. Dedicated sequential tests composed of a tensile pre-strain followed by simple shear are performed to characterize the material behavior in such cases. Two different features are observed depending on the materials, i.e. a cross-hardening corresponding to an increase of the flow stress above the level of monotonic loading after a strain path change is usually observed for mild steels contrary to dual phase steels which present a cross-contraction composed of a transient behavior followed by a hardening resumption to the monotonic level [START_REF] Gardey | Texture and dislocation structures observation in a dual-phase steel under strain-path changes at large deformation[END_REF][START_REF] Bouvier | Characterization of the strain-induced plastic anisotropy of rolled sheets by using sequences of simple shear and uniaxial tensile tests[END_REF][START_REF] Tarigopula | An evaluation of a combined isotropic-kinematic hardening model for representation of complex strain-path changes in dual-phase steel[END_REF].

These studies also investigated the microstructural behavior of the material during the different strain path changes and show a link between the dislocation structures and the macroscopic mechanical behavior. During monotonic load-ing, dislocations arranged themselves into polarized boundaries in the loading direction called dislocation walls. When a reverse loading occurs, slip systems are activated in the opposite direction, which creates first a deletion of the predeformed dislocation walls corresponding to the work-hardening stagnation and then the resumption is caused by the creation of new walls. For orthogonal loadings, the stress increase above the monotonic loading level is associated to latent hardening, i.e., activation of new slip systems but in the case of dual phase steel, it seems that a progressive deletion and creation of new dislocations walls occurs with no pronounced impact on the macroscopic behavior [START_REF] Gardey | Texture and dislocation structures observation in a dual-phase steel under strain-path changes at large deformation[END_REF][START_REF] Haddadi | Towards an accurate description of the anisotropic behaviour of sheet metals under large plastic deformations: Modelling, numerical analysis and identification[END_REF].

Physically-based models have been developed to take into account the macroscopic behavior via a strain path change indicator. Firstly, Teodosiu and Hu [START_REF] Teodosiu | Evolution of the intragranular microstructure at moderate and large strains: modelling and computational significance, Simulation of materials processing: theory[END_REF] proposed to modify the kinematic hardening formulation of Chaboche type using the Schmitt factor to represent the material behavior during both reverse and orthogonal strain paths. Several studies compared the Teodosiu and Hu model to Chaboche type ones [START_REF] Haddadi | Towards an accurate description of the anisotropic behaviour of sheet metals under large plastic deformations: Modelling, numerical analysis and identification[END_REF][START_REF] Haddag | Investigation of advanced strainpath dependent material models for sheet metal forming simulations[END_REF][START_REF] Oliveira | Study on the influence of work-hardening modeling in springback prediction[END_REF][START_REF] Thuillier | Occurence of strain path changes in a two-stage deep drawing process[END_REF] and conclude that a better description of the transient behavior for reverse loading gives more accurate springback predictions; moreover, considering all strain path changes improves the results for two stage deep-drawing processes where orthogonal loading is evidenced.

In the past decade, other models have been developed based on the kinematic approach [START_REF] Carvalho-Resende | Numerical investigation and experimental validation of a plasticity model for sheet steel forming[END_REF][START_REF] Mánik | Strain-path change induced transients in flow stress, work hardening and r-values in aluminum[END_REF] or on a distortion of the yield surface [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF][START_REF] He | An extended homogenous yield function based anisotropic hardening model for description of anisotropic hardening behavior of materials[END_REF][START_REF] Qin | A combined isotropic, kinematic and distortional hardening model for aluminum and steels under complex strain-path changes[END_REF] or on a combination of the two approaches [START_REF] Clausmeyer | Modeling and finite element simulation of loading-path-dependent hardening in sheet metals during forming[END_REF]. The HAH model, which belongs to the distortional category, can represent strain path change with a reduced number of parameters. The original version [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF] takes into account only reverse strain path changes and has been improved (e-HAH) to model the two main features observed during orthogonal loading for sheet metals, i.e. latent hardening [START_REF] Barlat | Extension of homogeneous anisotropic hardening model to cross-loading with latent effects[END_REF] and cross-loading contraction [START_REF] Barlat | Enhancements of homogenous anisotropic hardening model and application to mild and dual-phase steels[END_REF].

The e-HAH model is considered in this study to investigate the new perspective of distortional hardening in the modeling of strain path change effects and also because it is available in the development versions of the industrial finite element computation softwares of ESI Group, Virtual Performance Solution (VPS) and PAM-STAMP1 . Without anisotropy consideration, three different tests are necessary to identify the material parameters, a monotonic test for isotropic hardening, and two sequential tests for reverse and orthogonal strain path changes. Both reverse tests previously mentioned can be used for the identification of the parameters but forward-reverse simple shear tests [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF][START_REF] Lee | Finite element modeling using homogeneous anisotropic hardening and application to spring-back prediction[END_REF][START_REF] Choi | Measurement and modeling of simple shear deformation under load reversal: Application to advanced high strength steels[END_REF][START_REF] Xue | Experimental assessment of nonlinear elastic behaviour of dual-phase steels and application to springback prediction[END_REF] can characterize the behavior at large strain contrary to tension-compression tests [START_REF] Lee | Stress integration schemes for novel homogeneous anisotropic hardening model[END_REF][START_REF] Lee | An application of homogeneous anisotropic hardening to springback prediction in pre-strained Udraw/bending[END_REF][START_REF] Choi | Measurement and modeling of simple shear deformation under load reversal: Application to advanced high strength steels[END_REF][START_REF] Li | Identification of advanced constitutive model parameters through global optimization approach for DP780 steel sheet[END_REF]. Indeed, it is necessary to use an anti-buckling device to perform compression with sheet metals and it is not possible to obtain the same level of strain than with shear tests. The values of pre-strain are then different, usually pre-tension values are between 1 and 10 % whereas the von Mises equivalent strain values of the pre-shear are between 5 and 25 %. Moreover, since the enhancement of HAH model, two-step tension tests have been increasingly used because it is possible to cover a rather large range of strain path change magnitude with different orientations [START_REF] Barlat | Extension of homogeneous anisotropic hardening model to cross-loading with latent effects[END_REF][START_REF] Barlat | Enhancements of homogenous anisotropic hardening model and application to mild and dual-phase steels[END_REF][START_REF] Ha | Strain hardening response and modeling of EDDQ and DP780 steel sheet under non-linear strain path[END_REF][START_REF] Vincze | Experiments and Modeling of Low Carbon Steel Sheet Subjected to Double Strain Path Changes[END_REF][START_REF] Liao | Constitutive modeling for path-dependent behavior and its influence on twist springback[END_REF][START_REF] Zaman | Deformation-induced anisotropy of uniaxially prestrained steel sheets[END_REF]. With a pre-tensile test along the rolling direction (RD), a quasi-orthogonal strain path change (cos χ = 0.25) is performed with a following tension along the diagonal direction (DD) and a quasi-reverse strain path change (cos χ = -0.5) is performed with a second tension along the transverse direction. However, orthogonal strain path changes (cos χ = 0.0) are rarely considered, as it would be necessary to perform a second tension at an angle of approximately 54.7 • from the rolling direction. A sequential test composed of a pre-strain in tension followed by a simple shear test leads to cos χ = 0.0, though it is not widely used for identification purpose [START_REF] He | An extended homogenous yield function based anisotropic hardening model for description of anisotropic hardening behavior of materials[END_REF][START_REF] Dallinger | Adaptive process control strategy based on accurate modeling of a two-step micro bending process[END_REF].

The aim of this study is to characterize the mechanical behavior of a dual phase steel DP600 of thickness 1.2 mm, as part of a virtual integrated design approach considering forming and fatigue. The constitutive equations of e-HAH model, associated either with von Mises or Yld2000-2d yield criterion, are first recalled. Then, the mechanical tests used in this study are presented, as well as the calibration procedure. The experimental database includes monotonic tests in uniaxial and biaxial tension, hydraulic bulging, simple shear and sequential tests of tension-compression, reversed simple shear and tension-simple shear.

Results are then presented, concerning i) the calibration of the yield criterion Yld2000-2d with a value of the exponent different from the one recommended in literature [START_REF] Barlat | Plane stress yield function for aluminum alloy sheetspart 1: theory[END_REF] in order to give an accurate and consistent description of both uniaxial tensile and simple shear tests and ii) the use of sequential tests with a pre-strain in tension followed by a simple shear test for cross-loading and both forward-reverse simple shear and tension-compression for reverse strain path changes. The database consistency and the model predictions with the different sets of parameters are analyzed by means of the evolution of the internal variables and the yield surface during the different strain path changes.

Constitutive model

The constitutive model considered in this study is the enhanced Homogeneous Anisotropic Hardening model (e-HAH) coupled to an isotropic hardening law and an anisotropic yield criterion. Constitutive equations are briefly recalled in the two following sections.

Yield criteria

The 2D anisotropic yield criterion proposed in [START_REF] Barlat | Plane stress yield function for aluminum alloy sheetspart 1: theory[END_REF], Yld2000-2d, is compared in this study with von Mises isotropic criterion. Within the framework of sheet metal forming, the plane stress assumption is used and von Mises yield function

reduces to σ = σ 2 1 -σ 1 σ 2 + σ 2 2 (1)
with σ the equivalent stress and σ i , i = 1, 2 the principal stresses.

Yld2000-2d yield criterion is an extension of an isotropic criterion performed with two linear transformations of the Cauchy stress tensor σ, by means of tensors X = L .σ and X = L .σ. Each linear transformation is carried out via the respective tensor L or L , the components of which in the anisotropy frame 1, 2 are expressed as
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with eight parameters α i , i = 1, .., 8. The yield condition is defined as

φ = |X 1 -X 2 | a + |2X 2 + X 1 | a + |2X 1 + X 2 | a = 2σ a (4) 
where X i , X i , i = 1, 2 are the principal values of the tensors X and X . The criterion reduces to von Mises one when the exponent a is equal to two and all the parameters α i are equal to one.

e-HAH model

The Homogeneous Anisotropic Hardening (HAH) model is a distortional hardening law proposed originally to model reverse strain path change effects on the material behavior [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF]. Then, enhancements of the model (e-HAH) extended the model to cross-loading effects [START_REF] Barlat | Extension of homogeneous anisotropic hardening model to cross-loading with latent effects[END_REF][START_REF] Barlat | Enhancements of homogenous anisotropic hardening model and application to mild and dual-phase steels[END_REF]. Though the model is macroscopic, it aims at simulating the microstructural behavior of the material. Strain path changes are detected with the indicator cos χ, already presented, involving the normalized microstructure deviator ĥ, defined as

ĥij = h ij √ Hh kl h kl (5) 
using Einstein summation convention and the normalized stress deviator ŝ is defined such that ŝ : ŝ = 1 H with H a scalar equal to 8 3 . The microstructure deviator, which represents a collective behavior of the dislocations, is first aligned with the stress deviator s, leading to cos χ = 1 and when a strain path change occurs, it rotates to regain this alignment, with the evolution law given by

d ĥ = ksign(cos χ) cos χ H 1 z + g R ŝ -cos χ ĥ dε p ( 6 
)
where εp is the equivalent plastic strain defined according to plastic work conservation, z and k are two parameters and g R is a state variable defined as

dg R dε p = k R k R 1 -cos 2 χ -g R (7) 
with k R and k R two other parameters.

The comparison of the microstructure and stress deviator directions is included in the definition of the yield function Φ(s) = [ξ(s) q + f q 1 | ĥ : s -| ĥ : s|| q + f q 2 | ĥ : s + | ĥ :

s|| q ] 1 q = σ ( 8 
)
The model is compatible with any isotropic hardening law σ, and any isotropic or anisotropic yield function φ. In this study, a hybrid Swift-Voce law is used for isotropic hardening and defined as

σ y (ε p ) = R [K (ε 0 + εp ) n ] + (1 -R) [Q 1 (1 -Q 2 exp (-Q 3 εp ))] ( 9 
)
where εp is the equivalent plastic strain and

L, K, ε 0 , n, Q 1 , Q 2 , Q 3 are seven parameters.
The two functions f j , j = 1, 2, given by

f j = √ 6H 4 1 g j -1 1 q , j = 1, 2 (10) 
distort the yield surface when a strain path change occurs, in order to model the Bauschinger effect for reverse ones in particular. They depend on the two variables g j , j = 1, 2 corresponding respectively to the amplitude and the rate Table 1: Evolution laws of the state variables g 1 to g 4 where σ0 is the value of σ when the equivalent plastic strain εp is equal to zero

cos χ > 0 < 0 dg 1 dε p k 2 k 3 σ0 σ -g 1 k 1 g 4 -g 1 g 1 dg 2 dε p k 1 g 3 -g 2 g 2 k 2 k 3 σ0 σ -g 2 dg 3 dε p 0 k 5 (k 4 -g 3 ) dg 4 dε p k 5 (k 4 -g 4 ) 0
of distortion. Moreover, two state variables are added to model the permanent softening. The evolution law of these four variables, presented in Tab. 1, are dependent on the sign of cos χ and are controlled by the parameters k j , j = 1 to 5.

The first term of the yield condition, Eq. 8, is equal to

ξ(s) = φ s c + s o g L 2 + φ 4(1 -g s ) g L s o 2 (11) 
with φ the anisotropic yield function defined in Eq. 4 and s c and s o the stress deviator components, respectively coaxial and orthogonal to the microstructure deviator. The additional state variables g L and g S added to model the effects of orthogonal strain path changes, respectively latent hardening and cross-loading contraction, evolve with the laws

dg L dε p = k L σ y (ε p ) -σ 0 σ y (ε p ) L(1 -cos 2 χ) + cos 2 χ -1 + 1 -g L ( 12 
)
dg S dε p = k S [1 + (S -1) cos 2 χ -g S ] (13) 
where k L , L, k S and S are four parameters.

Altogether, 29 material parameters, with 7 related to isotropic hardening, 9

for the anisotropic yield criterion and 13 for e-HAH, must be identified.

Experiments and calibration procedure

The material considered in this study is a dual phase steel DP600 of thickness 1.2 mm. The material is provided by ArcelorMittal, with a chemical composition of 0.15% C, 0.8% Si, 2.5% Mn (in weight %). Typical microstructure of dual phase steels is made of a dispersed hard phase within a ductile ferritic matrix, which depends on the processing route, and the mechanical behavior is characterized by a high hardening rate just after the initial yield point [START_REF] Tasan | An overview of dual-phase steels: Advances in microstructureoriented processing and micromechanically guided design[END_REF][START_REF] Kalhor | A review of recent progress in mechanical and corrosion properties of dual phase steels[END_REF].

In this study, the microstructure is fixed. Different monotonic experiments are performed to characterize isotropic hardening and initial anisotropy parameters.

Moreover, sequential experiments for reverse and orthogonal strain path changes are added to the database. All the tests are carried out in quasi-static conditions, i.e. with a strain rate around 1 × 10 -3 s -1 , and at least 2 times to check the repeatability of the results. ] respectively for the rolling, the diagonal and the transverse directions except for r 90 which is a little higher than the maximal value of the range [START_REF] Padmanabhan | Effect of anisotropy on the deep-drawing of mild steel and dual-phase steel tailorwelded blanks[END_REF][START_REF] Livatyali | An experimental analysis of drawing characteristics of a dual-phase steel through a round drawbead[END_REF][START_REF] Firat | A finite element modeling and prediction of stamping formability of a dual-phase steel in cup drawing[END_REF][START_REF] Ozturk | Effects of Anisotropic Yield Functions on Prediction of Forming Limit Diagrams of DP600 Advanced High Strength Steel[END_REF][START_REF] Roth | Effect of strain rate on ductile fracture initiation in advanced high strength steel sheets: Experiments and modeling[END_REF][START_REF] Bandyopadhyay | Limiting drawing ratio and deep drawing behavior of dual phase steel tailor welded blanks: FE simulation and experimental validation[END_REF]. Young's modulus is calculated from additional loading-unloading tensile tests performed with an extensometer. Four loading-unloading are performed in the elastic range to obtain a stabilized value of the initial Young modulus. An average value equal to 199 GPa is finally obtained with an error of ±6 GPa.

In addition to the tensile tests, bulge tests are performed with circular specimens [START_REF] Zang | Prediction of anisotropy and hardening for metallic sheets in tension, simple shear and biaxial tension[END_REF] of diameter 270 mm, cf. Fig. 1, to evaluate the material behavior at large strains closer to the levels obtained in forming. The logarithmic strain components ε XX and ε Y Y are extracted from two perpendicular sections, respectively parallel to transverse and rolling directions and the normal strain ε ZZ is calculated using the assumption of plastic strain incompressibility. The bulge stress is calculated from the pressure, the curvature at the pole and the actual thickness.

Simple shear tests are also carried out along the rolling direction with a rectangular geometry presented in Fig. 1 of gauge width 4 mm and length 46.5 mm in the center. Though a significant strain variation is present at the extremities close to the grips, the strain field remains rather homogeneous in the center. Thus, the logarithmic strain component ε XY is calculated as an average value over an area in the center of the specimen represented in red on the strain field in Fig. 2(b). Then the shear strain is calculated as γ = 2ε XY and the shear stress τ is obtained by division of the force recorded by the load cell per the section.

Finally, in order to obtain additional information on the initial yield surface, in-plane biaxial tensile tests are performed with cruciform specimen [START_REF] Wi | Experimental and theoretical plasticity analyses of steel materials deformed under a nonlinear strain path[END_REF] presented in Fig. 1. The loads on each arms of the specimen, F X and F Y , respectively in the rolling and the transverse directions, are controlled to apply specific load ratios between the two directions. In this study, tests are performed with two load ratios, F X = 1 2 F Y and F X = 2F Y . The strains are measured with gauges positioned at each base of the arms. Logarithmic strains and Cauchy stress components are then calculated [START_REF] Hanabusa | Numerical verification of a biaxial tensile test method using a cruciform specimen[END_REF].

Non-linear strain path experiments

Two specific experiments are performed for reverse strain path changes.

First, forward-reverse simple shear tests are performed with the same geometry as the monotonic tests. Three different values of forward strain are considered, γ = 0.084, 0.212, 0.452. As part of another study on DP600 low cycle fatigue characterization [START_REF] Herault | Fatigue life prediction of a deep-drawn cylindrical cup[END_REF], cyclic tension-compression tests are also performed with smaller strain values between 0.0018 and 0.006. Only the highest strain amount and the first fatigue cycle are considered for the calibration of the model. A dedicated geometry from the German VDEh [START_REF] Vdeh | STAHL-EISEN-Prüfblätter (SEP 1240)Testing and Documentation Guideline for the Experimental Determination of Mechanical Properties of Steel Sheets for CAE-Calculations[END_REF], Fig. 1, is used to prevent buckling of the specimen, associated to an anti-buckling device similar to the one presented in [START_REF] Munier | Determination of high cycle fatigue properties of a wide range of steel sheet grades from self-heating measurements[END_REF]. This device is placed on both sides of the specimen and it is thus not possible to measure the strain with DIC and instead an extensometer is set on the lateral side.

Finally, sequential tests composed of a pre-strain in uniaxial tension followed by a simple shear tests are performed to characterize the material behavior under orthogonal strain path changes. In a first step, uniaxial tensile tests are carried out in the rolling direction with a larger and longer geometry than for monotonic tests, Fig. 1. Two shear specimens are cut out for each tensile specimen, with a metal circular saw, to perform the subsequent tests also in the rolling direction.

Two different values of tensile pre-strain are considered, ε = 0.049 and ε = 0.193.

These values are calculated at the end of the pre-strain, i.e. after unloading, and correspond to average strains over the shear specimen area represented between the dotted lines in Fig. 2(c). is assumed equal to one because the anisotropy is rather small. On the other hand, the exponent of the yield criterion is manually adjusted with an iterative approach to fit the simple shear stress level. The exponent is usually equal to These tests correspond to different strain path changes and, as they are performed to calibrate a constitutive model dedicated to forming simulation, high values of pre-strain are considered in forward shear and in pre-tension. However, in the context of integrated design, the model is expected to be versatile and can be used for fatigue and forming analysis. To ensure the accuracy of the model at low strain, a second identification is performed with the addition of a cyclic tension-compression test at a strain level of 0.006, originally carried out for the characterization of a fatigue criterion. The boundary conditions used to simulate simple shear and tension or compression are represented in Fig. 4.

Symmetries are present in tension in order to fixed the element and the displacement is applied on the top side following Y axis whereas in simple shear, all the degrees of freedom of the left and right sides are fixed except for the rotation around the normal of the shell element and the displacement is applied on the right side along Y axis.

For all of the tests, the imposed displacement U Y is calculated from the experimental strain and the stresses obtained with the model are optimized.

The tests are simulated for a given set of parameters A and an objective function S obj is calculated by SiDoLo [START_REF] Cailletaud | Identification and inverse problems: a modular approach[END_REF] with a least square formulation expressed as

S obj = j k=0 1 n k p n j p i=0 (Z exp i (t i ) -Z num i (t i , A)) 2 ( 14 
)
where j is the number of experimental tests, n j p the number of points for each test, Z exp i the experimental ouptut at time t i and Z num i the numerical output calculated with the set of parameters A and interpolated at the same time. The initial set of parameters A 0 is chosen from other sets of parameters identified for similar materials in the literature [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF][START_REF] Liao | Mechanical, microstructural behaviour and modelling of dual phase steels under complex deformation paths[END_REF] and maximal and minimal values are also given for each parameter. The set of parameters A 0 , A min and A max are summarized in Tab. 3. The Levenberg-Marquart gradient-based algorithm [START_REF] Levenberg | A method for the solution of certain non-linear problems in least squares[END_REF][START_REF] Marquardt | An algorithm for least-squares estimation of nonlinear parameters[END_REF] is used to minimize the objective function and the optimization ends when the gap between the value of the objective function at the current iteration and the best value during the optimization is lower than 1 × 10 -20 or if the number of iterations is higher than 500.

Table 3: Initial, minimal and maximal set of parameters of the e-HAH model (q = 2, Eight parameters need to be identified to calibrate the e-HAH model for the dual phase steel considered in this study. The parameters dedicated to the microstructure deviator evolution are all fixed to values recommended by the literature apart from k which should be identified with the cross-loading parameters. First, it was attempted to identify all the parameters simultaneously but the parameter k always diverged to the lower bound A min fixed for the inverse analysis. Thus, the parameter k is fixed to 30 because it is the generic value proposed in the original model [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF] and it is used in several studies [START_REF] Lee | Stress integration schemes for novel homogeneous anisotropic hardening model[END_REF][START_REF] Lee | An application of homogeneous anisotropic hardening to springback prediction in pre-strained Udraw/bending[END_REF][START_REF] Choi | Advanced constitutive modeling of advanced high strength steel sheets for springback prediction after double stage U-draw bending[END_REF]. Then, the identification of the seven remaining parameters is carried out, considering

H = 8 3 , z = 5, kr = 15, k r = 0.2, L = 0, k L = 1) A k S k S k 1 k 2 k 3 k 4 k 5 0 30 
or not the tension-compression test.

Results and discussion

The results of the identification procedure are presented step by step beginning with the isotropic hardening and the anisotropic criterion. Then, the results of both calibrations of the enhanced HAH model with and without the tension-compression test are presented and discussed by means of the evolution of the yield surface and the internal variables of the model including the strain path change indicator cos χ.

Isotropic hardening

The isotropic hardening is identified with both tensile test along the rolling direction and bulge test by curve fitting, Fig. 5. Indeed, these two tests are really close to each other suggesting an isotropic behavior of the material. In order to describe accurately the whole curve up to a plastic strain of 0.6, a hybrid Swift-Voce law presented in Eq. 9 is chosen using 7 parameters presented in Tab. 4. Furthermore, the simple shear test along the rolling direction is also represented using the equivalent stress and strain of von Mises criterion. The simple shear curve is slightly higher than the two others but the difference between the curves is not greater than the dispersion for each type of test. Considering the experimental database composed mainly of shear tests, a well description of the shear level is preferred and the value of 3.6 is selected for the exponent. The Yld2000-2d criterion calibrated with a = 3.6 predicts a consistent description of both tensile and shear tests with in addition the representation of the strain anisotropy. For the identification of the e-HAH parameters with a database composed mainly of shear tests the use of Yl2000-2d with an exponent equal to 3.6 is chosen. However, the use of von Mises criterion is also possible in some further applications such as forming.

Orthogonal strain path changes

The behavior during orthogonal strain path changes is presented first because only one kind of test is used for their characterization and because the two parameters S and k S are not influenced by the addition of the tension-compression test in the database. Indeed, the experimental database considered in this study is only composed of strain path changes characterized by cos χ = 0 or -1 and thus it is possible to completely dissociate the material behavior observed for each strain path. The parameter values of both identification are presented in Tab. 6.

Pre-tensions followed by simple shear tests are considered with two values of pre-strain but the behavior during pre-tension is only simulated and not included in the optimization because it is similar to the monotonic tension.

The optimization is thus performed only on the following shear tests. The shear stress-strain curves obtained after both pre-tensions are represented with dotted lines in Fig. 8(a) in comparison with the monotonic shear test. A transient behavior is observed, with a stress upon reloading slightly lower than the monotonic one, for both pre-strains. Then, the stress level resumes the one for the monotonic test. The predicted behaviors during the two simple shear Table 6: Identification (Id) of the e-HAH parameters (q = 2, H = 8 3 , z = 5, kr = 15, k r = 0.2, L = 0, k L = 1) compared with the e-HAH model calibrations already presented in the literature for dual phase steels (d=database : S=forward-reverse shear, 2T=two-step tension, TC=tension-compression) tests performed after pre-tensions are the same for both identification and are also represented in Fig. 8(a). For both pre-strains, the transient behavior and the resumption of the hardening rate until the monotonic one are described by the model. However, a decrease of the flow stress is observed between the transient hardening and the resumption of the hardening behavior.

Id k S k S k 1 k 2 k 3 k 4 k
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This decrease of the flow stress is controlled by the parameters k and k S .

However, the parameter k was fixed to 30 because this value is often used in the literature but the synthesis of the parameters already identified for similar materials presented in Tab. 6 shows that this value is only used with the original version of the model that does not take into account cross-loading contraction and k is higher than 30 with the enhanced HAH model [START_REF] Xue | Experimental assessment of nonlinear elastic behaviour of dual-phase steels and application to springback prediction[END_REF][START_REF] Liao | Mechanical, microstructural behaviour and modelling of dual phase steels under complex deformation paths[END_REF][START_REF] Li | Identification of advanced constitutive model parameters through global optimization approach for DP780 steel sheet[END_REF]. Thus, modifications of this parameter are tried to improve the description of the material behavior and the value of 130 appears to suppress the decrease effect observed on the flow stress. The comparison of the experimental and predicted stress-strain curves obtained for both tests with k equal 130, are presented in Fig. 8(b). The decrease of the flow stress is not present anymore but for the highest forward strain, a non-continuous increase of the stress is observed which suggests that the decrease of the flow stress could still exist for higher forward strains. The evolutions of the yield surface with plastic strain for both values of the parameter k are also presented in Fig. 9. The increase of the value of the parameter k improves the description of the material behavior while the value is reduced when the parameter is included in the optimization loop. This inconsistency creates difficulties to calibrate the model and the use of a fixed value of k finally gives a good description of the material behavior during cross-loading. However, the modification of the parameter k after the identification of the other parameter is only possible if dissociate orthogonal and reverse strain path changes are considered in the database because in that case there is no influence on the reverse behavior.

Reverse strain path changes

Forward-reverse shear tests are performed to characterize the behavior during the reverse strain path changes with two forward shear strains values of γ = 0.084 and 0.212. The shear stress-strain curves are represented in Fig. 11 with absolute stress and cumulative strain to compare the reversal behavior with the curve of the monotonic shear test. The Bauschinger effect is observed with a pronounced transient behavior followed by an hardening stagnation which increases with the forward strain value. Then, in both case, the hardening rate resumes the monotonic one with a constant gap between the monotonic shear stress level and the ones after reversals, characteristic of the permanent softening. A tension-compression test is also considered with a strain level of 0.006, considerably lower than the precedent tests. In that case, the work-hardening stagnation is not observed on the stress-strain curve represented in Fig. 12, the transient behavior is followed directly by the hardening resumption.

The predictions obtained with the parameters of the identifications 1 and 2, respectively without and with the tension-compression in the database, are also represented in Figs. 11 and12. For both identification, the Bauschinger effect observed in forward-reverse shear is well described but the curve shape after reversal is different from the experimental one because the work-hardening stagnation is not captured by the model. The second identification leads to parameters k 1 to k 5 significantly different in particular k 1 and k 2 , cf. Tab. 6, but their influence is not really visible on the predictions of forward-reverse shear tests. The predictions obtained with both set of parameters are really close to each other with only differences during the transient hardening whereas a huge difference is visible between the two predictions for the tension-compression test.

The yield stress after reversal is largely overestimated with the parameters from the first identification. The addition of the test in the identification database gives an acceptable value of the yield stress with the second set of parameters.

An influence of the database used for the identification on the reverse parameter values is also observed in the literature, cf. Tab. 6. Indeed, higher values of the parameter k 1 and k 2 are obtained when tension-compression tests are used for the identification or two-step uniaxial tension because the forward strains are lower than those considered during forward-reverse shear tests. The evolution of the internal variables g 1 and g 2 controlled by k 1 and k 2 represented in Fig. 13 for the first forward-reverse shear test and the tension-compression test shows an exponential decrease of g 1 during the first path and g 2 during the second one.

In the case of the forward-reverse shear test, the evolutions are really different depending on the identification but the values of g 1 before the strain path change are close to each other. Indeed, the saturated value of g 1 which is controlled by k 3 , is the same for both identification and is almost reached at the end of the first strain path. Thus, a similar stress-strain behavior is observed with both set of parameters during the strain path change in shear whereas the evolution of the internal variables shows really different values before each strain path change in tension-compression. The strain range is lower and thus the variables do not reach their stabilized values before the following strain path change. The influence of the set of parameters is also visible on the yield surface evolution in Fig. 14. The 2 identifications lead to a very different yield surface at the end of the test. An extra strain path change, e.g. in plane strain tension, would be necessary to differentiate the 2 sets of parameters. It should be highlighted that other authors [START_REF] Zaman | Deformation-induced anisotropy of uniaxially prestrained steel sheets[END_REF][START_REF] Wi | Experimental and theoretical plasticity analyses of steel materials deformed under a nonlinear strain path[END_REF] have already made such a comparison but it is out of the scope of this study.

Analysis of the database consistency

The consistency of the experimental database is analyzed with the predictions obtained for both set of parameters. In order to compare the two identifications for the whole database, the evolution of the internal variable g 1 that controls the value of the yield stress after the first reverse strain path change is considered. This variable decrease during the forward loading and in the case of tension-compression, at the end of the forward loading, g 1 is equal to the ratio of the following yield stress in compression over the stress in tension before reversal [START_REF] Barlat | An alternative to kinematic hardening in classical plasticity[END_REF]. It is possible to calculate the same value experimentally for all tests with different forward strains. Indeed, the yield stress after reversal, represented by σ B in Fig. 12, is determined on the stress-strain curve. To define this value, a linear approximation of the unloading curve is performed and represented with the black dashed lines. Then, the gap between that line and the stress-strain curve is calculated and a threshold value is taken to define the yield stress. Specifically, σ B is fixed to the stress value when the gap between the stress and the linear approximation is greater than 10 MPa in tension and 6 MPa in shear. The stress before reversal, represented with σ A in Fig. 12 is calculated with the same method. Thus, it is not exactly corresponding to the stress at the end of the first strain path like in the simulations because velocity effects create a rounded curve at the beginning of the reversal [START_REF] Feaugas | On the origin of the tensile flow stress in the stainless steel AISI 316L at 300 K: back stress and effective stress[END_REF].

The experimental evolution of the ratio -σ B /σ A is calculated for all the tests available in the database, i.e. cyclic tension-compression tests performed at different strain levels (0.18,0.19,0.22,0.25,0.3,0.4,0.5 and 0.6 %) for fatigue characterization and forward-reverse simple shear tests performed with three values of pre-shear (0.084, 0.212 and 0.452). The comparison of the ratios obtained experimentally with the evolution of g 1 predicted by both set of parameters is represented in function of the equivalent plastic strain in Fig. 15. is only describe correctly with the second set of parameter. Indeed, the first identification with only shear tests does not contain enough information to represent the material behavior under reverse strain path changes in a very low strain range. To obtain a better description of the behavior at this level it is thus necessary to consider the steep evolution of g 1 under 2% of plastic strain.

Conclusion

The elastoplastic behavior of a dual phase steel DP600 is investigated in this study regarding different monotonic and complex strain paths. The yield criterion Yld2000-2d is considered to describe the initial anisotropy of the material.

The calibration procedure using uniaxial tension tests, monotonic shear test and bulge test is detailed. Biaxial tensile tests are also performed to validate the shape of the initial yield surface. Then, the enhanced HAH model associated to the Yld2000-2d criterion is used to model the material behavior during strain path changes. Sequential tests composed of pre-tension followed by simple shear are considered for orthogonal strain path changes whereas forward-reverse shear tests and tension-compression tests are both available for reverse strain path changes. Thus, two calibrations of the model with and without the tensioncompression tests are compared. The following points can be highlighted from this study:

• The use of the Yld2000-2d criterion is adapted to model the almost isotropic behavior in stress with a more anisotropic behavior in strain and to model exactly the shear stress level by decreasing the criterion exponent from 6 recommended for bcc materials to 3.6. A consistent description of all the monotonic tests of the database is obtained with this modification of the exponent value.

• The e-HAH model gives an accurate prediction of the material behavior under the different strain path changes and a consistency between the different strain levels. However, in the case of reverse strain path changes in shear, the model does not predict the work-hardening stagnation observed after reversal at large strain.

• For reverse strain path changes, a smooth evolution of the yield stress after inversion is obtained as a function of the plastic strain level which reflects a consistency of the material behavior between tension-compression and forward-reverse shear.

• To describe accurately the material behavior for the whole range of strains considered in different applications such as forming and fatigue, it is necessary to identify the reverse parameters of the model with different forward strain levels. For the dual phase steel of this study, it is necessary to use at least one test with a forward plastic strain level lower than 2 % because the material behavior evolves significantly below this value. 

3. 1 .

 1 Linear strain path experiments Uniaxial tensile tests are performed every 15 • in the range [0 • ,90 • ] to determine the initial anisotropy of the material. The tensile load is applied along the Y axis, cf. Fig. 1, and the X axis corresponds to the transverse direction in the sheet plane of normal Z. The logarithmic strain components ε Y Y and ε XX are calculated by DIC as average values over the blue area on the surface of the specimen, of approximate dimensions 10 mm × 30 mm and where the strain field represented with the major strain in Fig. 2(a) is homogeneous. The Cauchy stress σ is calculated from the force recorded by the load cell and stress ratios s α = σα σ0 are then deduced for each orientation with α corresponding to the angle between the Y axis and the rolling direction. They are calculated for a stabilized value of plastic work W = σ : ε p = 60 MPa, σ and ε p are respectively the Cauchy stress and the plastic strain tensors. In addition, the plastic anisotropy coefficients r α = ε p XX ε p ZZ are determined from the plastic strain components assuming plastic incompressibility and a Poisson's coefficient ν equal to 0.3. The values obtained for the representative tests are presented in Tab. 2. A stress isotropy is observed with all the stress ratios really close to one, only the test at 45 • present a slightly higher stress level. More anisotropy is visible in strain with a variation of approximately ±15 % from 1 with minimal and maximal values respectively along the rolling and transverse directions. This non-linear evolution of the plastic anisotropy coefficient is not usually observed in the literature. Indeed, only the three values corresponding to the rolling, the diagonal and the transverse directions are measured in most cases and scattered values are obtained. The values obtained in this study are in agreement with the ranges observed in the literature which are [0.835 -1.01], [0.76 -0.96] and [0.869-1.13

Figure 1 :

 1 Figure 1: Specimen geometries of the different tests (dimensions in mm, (a) Uniaxial tension, (b) Hydraulic bulge, (c) Simple shear, (d) Biaxial tension, (e) Tension-compression, (f) Prestrain in tension )

Figure 2 :

 2 Figure 2: Strain field recorded by DIC for the different tests

Figure 3 :

 3 Figure 3: Illustration of the calibration procedure. Isotropic hardening (in blue) and Yld2000-2d (in orange) parameters are first determined, sequentially, and then considered fixed in the iterative determination of e-HAH parameters (in green). 2 different databases are used, without (identification 1) or with tension-compression tests at very low strain (identification 2 in red).

Figure 4 :

 4 Figure 4: Boundary conditions used for uniaxial tension and simple shear simulations with one shell element (U and U R are respectively corresponding to displacement and rotation)

Figure 5 :

 5 Figure 5: Cauchy stress versus equivalent plastic strain for the different monotonic tests and the isotropic hardening law

Figure 6 :

 6 Figure 6: Initial yield surfaces represented in different projection planes

Figure 7 :

 7 Figure 7: Evolution of the stress ratios sα and the plastic anisotropy coefficients rα as a function of the orientation α.

Figure 8 :

 8 Figure 8: Comparison of the predicted and experimental stress-strain curve of the simple shear tests after pre-tensions (PT).

Figure 9 :

 9 Figure 9: Evolutions of the yield surface during a pre-tension (0.049) followed by a simple shear test for the two k values and the first set of parameters

Figure 10 :

 10 Figure 10: Comparison of the evolutions of the strain path change indicator cos χ and the internal variable that controls cross-loading g S as a function of the equivalent plastic strain during the first sequential test simulation with k equal to 30 or 130

Figure 11 :Figure 12 :

 1112 Figure 11: Comparison of the absolute shear stress as a function of the cumulative strain for the forward-reverse shear tests and predictions (FS=Forward shear)

(a) Identification 1 (b) Identification 2 Figure 14 :

 1214 Figure 14: Evolutions of the yield surface during the tension-compression test with the different set of parameters

Figure 15 :

 15 Figure 15: Comparison of the ratio -σ B /σ A calculated for tension-compression tests and forward-reverse shear tests with the two predicted evolutions of g 1 as a function of the equivalent plastic strain

  

  

Table 2 :

 2 Stress ratios and plastic anisotropy coefficients of the representative uniaxial tensile

	tests						
	α ( • ) 0	15	30	45	60	75	90
	s α	1.0000 0.9945 1.0030 1.0120 0.9990 0.9998 0.9994
	r α	0.8803 0.9477 0.9172 0.9505 0.9360 1.1160 1.1680

  6 for body-centered cubic (bcc) materials but it is necessary to decrease it in order to represent correctly the simple shear tests. The exponent is progressively decreased and the eight other parameters are calculated at each iteration in order to represent the simple shear test and check the stress level.

	Finally, the parameters of the e-HAH model are identified with an inverse
	approach, i.e. the gap between the numerical predictions of the model and
	the experimental results is minimized. For that, finite element simulations are
	performed with one shell element to simulate homogeneous test. Firstly, two
	different tests are considered for the identification, forward-reverse shear tests
	with two different forward strains, γ = 0.084 and 0.212, and sequential tests with
	two different values of pre-tension, = 0.049 and 0.093, before simple shear test.

Table 5 :

 5 Yld2000-2d parameters

	a	α 1	α 2	α 3	α 4	α 5	α 6	α 7	α 8

3.6 1.2410 0.7422 0.6935 0.9793 0.9969 1.272 0.9878 0.9783 (a) σ 11 -σ 22 (b) σ 11 -σ 12

The model implementation is performed by Hongjin Choi and Myoung-Gyu Lee in Seoul National University.
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